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Context: Large embedded systems in vehicles tend to grow in https://doi.org/10.1145/3756681.3756960

size and complexity, which causes challenges when maintaining

these systems. Objective: We explore how developers perceive 1 Introduction

the relation between maintainability effort and various sources of Embedded software in the automotive domain becomes increasingly
complexity. Methods: We conduct a case study at Scania AB, a complex because of the constant growth of functionality; heavy
heavy vehicle OEM. The units of analysis are two large software vehicles like trucks are examples of such products [30]. The grow-
systems and their development teams/organizations. Results: Our ing complexity leads to increased effort to maintain the software.
results show that maintainability effort is driven by system inter- Automotive OEMs address the problem of increased complexity by
nal complexity in the form of variant management and complex adopting modern software development paradigms like SAFe and
hardware control tasks. The maintainability is also influenced by technologies like Continuous Integration/Continuous Deployment
emergent complexity caused by the system’s longevity and constant [31].
growth. Besides these system-internal complexities, maintainability However, ultimately, the increased effort to maintain software
effort is also influenced by external complexities, such as organiza- falls on the software developers, architects, and testers who must
tional coordination and business needs. During the study, developer add new functions to the existing code base while maintaining its
trade-off strategies for minimizing maintainability effort emerged. overall quality, reliability, and safety to keep the software maintain-
Conclusions: Complexity is a good proxy of maintainability ef- able. According to ISO/IEC 25010:2023 [21], maintainability can be
fort, and allows developers to create strategies for managing the approximated using such metrics as complexity and readability. The
maintainability effort. Adequate complexity metrics include both maintainability of software systems has been a cornerstone of soft-
external aspects—e.g., coordination complexity—and internal ones— ware engineering research due to its profound impact on long-term
e.g., McCabe Cyclomatic Complexity. system evolution and costs. Despite the availability of various met-
rics to evaluate maintainability, discrepancies often arise between
CCS Concepts calculated metrics and developers’ perceptions of maintainability.

For example, many studies use McCabe complexity as a proxy for
maintainability, but complex software is only unmaintainable if it
is not balanced by the competence of the team that develops it [3].
Additionally, maintainability is influenced by system architecture,
team structure, and the dynamic interplay between these factors.
Understanding these discrepancies is critical for developing ef-
fective tools and practices that align technical evaluations with
software engineering practice. Therefore, in this paper, we conduct
Embedded Systems, Automotive Industry, Maintainability a case study (according to the guidelines of Runeson and Hést [28])
at one of the Swedish vehicle manufacturers, Scania CV AB, which
develops complex embedded software for large organizations. The
software is subject to rigorous standardization and certification,

« Software and its engineering — Extra-functional properties;
Embedded software; Maintaining software; « Do Not Use This
Code — Generate the Correct Terms for Your Paper; Generate
the Correct Terms for Your Paper; Generate the Correct Terms for
Your Paper; Generate the Correct Terms for Your Paper;
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(3) RQ3: How do team structure and interactions align with
developer-experienced maintainability effort?

We combine a metric-based analysis with qualitative developer
interviews to provide an understanding of maintainability that
bridges the gap between technical and human-centered perspec-
tives. Our results show that developers make trade-off decisions
that allows for minimizing the total effort of maintainability, while
simultaneously managing the risk of change. This means that de-
velopers will sometimes go against commonly held beliefs of best-
practice in the source-code to minimize risk or lower the effort of
maintaining software.

The remainder of the paper is structured as follows. Section 2
explains the main concepts studied and the relationships between
them. Section 3 introduces the most recent studies in this area.
Section 4 describes the details of the research design of this study.
Section 5 presents the results, and Section 6 discusses them in
the light of the existing studies. Finally, Section 7 presents the
conclusions drawn from this study.

2 Theoretical Framework

In the context of this study, the theoretical framework applied
when constructing the research is depicted in Figure 1. We are
interested in the high-level concepts of maintainability and com-
plexity. Maintainability is a quality property that is affected by
complexity, among other factors. Although it is an intangible prop-
erty that is hard to measure quantitatively, it is recognizable by
most developers. At the same time, the complexity of the software is
more tangible but still a multifaceted concept. It is affected by both
the complexity of the problem addressed in the software and the
team that develops it. A complex problem often leads to complex
software.

Complexity is viewed as comprised of several interrelated as-
pects of a whole, including code complexity, product complexity,
and organizational complexity. Code complexity can be measured
by different complexity metrics, product complexity is made up
of intricacies related to the problem domain—such as e.g., variant
management. These are interrelated in the sense that they influ-
ence each other. For example, product complexity can drive design
choices that increases code complexity. Code complexity and prod-
uct complexity together form a complex system.

The organization itself often drives the team and the complexity
of the problem. The organization decides how the team is structured
and which competence it has. The software development teams
and organizations are more tangible than maintainability and com-
plexity properties, but they are still more elusive as the entities like
software source code, variants, or software development processes
followed.

Therefore, this study also focuses on the tangible elements of
software development organizations—software products (we fo-
cus on the source code and variants) and software development
processes—de facto ways of working in the organization.

The conceptual model depicted in Figure 1, shows the interac-
tions between studied phenomena, actors, and entities. This model
is a sub-set of the total set of phenomena, actors, and entities that
could have been studied. The sub-set was chosen as the one most
applicable for this study. We focus on the complexity metrics as
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Figure 1: Theoretical Framework

the proxy of maintainability because we can reason about increas-
ing/decreasing complexity [5]. As previous studies indicated, com-
plexity and size often correlate with many other properties [24],
which allows us to use it as a proxy for many of them.

3 Related Work

Maintainability is a multifaceted concept that has been the focus
of extensive research in software engineering. Coleman et al. [11]
introduced foundational metrics for evaluating maintainability, em-
phasizing the importance of code structure and readability. Subse-
quent work by Antinyan et al. [4, 6] expanded on this by exploring
the impact of complexity triggers and practitioners’ perceptions
on maintenance activities. Heitlager et al. [17] proposed practical
models for measuring maintainability, highlighting the challenges
of applying theoretical metrics in real-world scenarios.

Studies examining the relationship between maintainability met-
rics and developer perceptions have revealed areas where code met-
rics do not capture the whole developer experience. Holzmann [19]
and Buse and Weimer [10] emphasized that metrics often fail to
capture nuances such as code readability and cognitive load, which
are critical to developers. Similarly, Mamun et al. [24] highlighted
the limitations of automated measurements in capturing the socio-
technical aspects of maintainability. Developer perceptions have
been used to assess system defects, e.g., Santos et al. [29] used
developer perception to evaluate an Al-tool generated defect pre-
dictability assessment, finding that the developers focused on code
complexity over other metrics.

The interplay between team structure and system architecture
has also been explored, with Lehman [20] and Bosch and Bosch-
Sijtsema [9] providing insights into how organizational dynamics
influence software evolution. Concas et al. [12] and Mubarak et
al. [26] further examined social network metrics in software teams,
demonstrating the impact of collaboration patterns on code quality
and maintainability.

Conejero et al. [13] examined the relation between maintain-
ability and technical debt in the requirement level, relating these
to modularity. They found that a larger amount of what they call
modularity anomalies, the greater the maintainability effort. Related
to this, Gordieiev et al. [16] studied the long-term evolution of a
system. They found that the relation between the software develop-
ment process and requirement handling has effects on the amount
of defects in a system.



Aspects of complexity in automotive software systems and their relation to maintainability effort. A case study

The study of cyclomatic complexity and other metrics as mea-
sures of system complexity, and its impact on maintainability has
been studied to a great extent, e.g., complexity [15] and information
flow [18]. Developer perceptions have been used to assess system
defects, e.g., Santos et al. [29] used developer perception to evaluate
an Al-tool generated defect predictability assessment, finding that
the developers focused on code complexity over other metrics.

A number of systematic literature reviews have been produced
on the topic of maintainability. Mehwish et al. [25] investigated the
predictive power of code metrics, finding little evidence of their
effectiveness. Ardito et al. [8] examined tooling for code metric anal-
ysis, identifying an optimal set of tools, but also identifying missing
coverage for some cases—such as for some programming languages.
Abilio et al. investigated feature- and aspect-oriented programming
and constructed a lists of metrics for these technologies. Elmidaoui
et al. [14] collected and evaluated research on software maintain-
ability prediction comparing the accuracy of different models, and
concluding that the models are still limited. Malhotra and Anu-
radha [23] investigated trends in software maintainability predic-
tion, finding that machine learning approaches have increased, but
concluding that hybrid techniques are preferable and that more
empirical studies are needed in the field. Finally, in a later review
Malhotra and Lata [22] found that machine learning approaches
to maintainability predictions outperformed statistical models, but
that hybrid techniques were still rarely used.

While these studies offer valuable insights, they often treat main-
tainability metrics, developer perceptions, and organizational fac-
tors as separate domains. This study builds on this foundation by
investigating the alignment and interactions between these ele-
ments with the aim to provide a more holistic understanding of
software maintainability effort.

4 Methodology

Our case study adopts a mixed methods approach, integrating quan-
titative analysis of software metrics and system structure with qual-
itative insights from developers. The methodology is structured
around a case study characterized as a positivist explanatory [27]
seeking to explain the link between code metrics and developer-
experienced maintainability effort—and how these relate to orga-
nization and architecture. Thus, the phenomena under study are
maintainability and complexity.

Following Antinyan et al. [7], quantitative data on code com-
plexity was gathered using cyclomatic complexity, structural fan-in,
and structural fan-out metrics. Lines of code without blank spaces
and comments were also calculated to provide general information
about the systems under study. Other metrics were excluded due
to their correlation with cyclomatic complexity [7].

Qualitative data was gathered via interviews with five senior
developers and one meeting with a technical manager to gather
overall information such as team organization charts and release
planning process description. Information about the developers can
be found in Table 1.

The methodological triangulation of combining qualitative and
quantitative data was augmented using data (source) triangulation
combining an investigation of two real-time embedded systems de-
veloped in different parts of the organization. This means that there
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Developer | Current system | Total | System
1A 7 23 A
2A 16 20+ A
3A 12 12 A
1B 6 6 B
2B 7 18 B

Table 1: Developer years of experience.

are two units of analysis in the case, i.e., two system-developers-
units within the same context.

Integrating the quantitative metrics and qualitative interviews
enabled an examination of maintainability from both technical and
human-centered perspectives. Triangulation of quantitative and
qualitative findings ensured robustness and validity in addressing
the research questions.

4.1 Case Description

The case study is set within Scania CV AB, an Original Equipment
Manufacturer (OEM) specializing in the heavy vehicle sector of the
automotive industry. Historically, Scania has utilized a combination
of in-house and third-party software, with a stronger emphasis
on in-house development compared to many other OEMs. In re-
cent years, as is the general trend within the automotive industry,
the organization has experienced significant growth in both the
complexity and size of its vehicle software systems. This growth
has necessitated a substantial increase in the developer workforce,
which in turn has strained traditional interaction patterns——e.g.,
social networks and relationships among senior developers.

Additionally, the organization has expanded its operations to
include software delivery to other brands within its corporate group,
referred to in this text as external delivery. The inclusion of other
brands and the historical variety of trucks delivered resulted in
a significant number of software variants. The size, domain, and
maturity of the organization, make it an exemplary context for a
case study.

In this case, the two units of analysis are two real-time, safety-
critical embedded control systems. Both systems are developed
in-house and operate on the same internally developed platform
software, which includes the operating system and middleware for
functions such as CAN communication. The ECU hardware and
firmware used in these systems are provided by Tier 1 suppliers.
These systems have undergone several generational iterations and
have been deployed in products for over 20 years. The in-house
development and long history made these systems suitable units of
analysis for this study.

System | # modules | Approx. # files | Approx. # LOC
A 58 2,000 500,000
B 121 3,000 800,000

Table 2: System descriptions. Numbers are given, excluding
platform software.
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Each system comprises several combined modules to form differ-
ent products and use variant handling to handle multiple deploy-
ments. Variations in module behavior depend on the overall product
configuration, mechatronic hardware installation, or specific hard-
ware components controlled by the software. Variant handling can
be achieved within the source code or by creating separate module
variants—largely derived from the same code base with minor ad-
justments. An overview of the systems’ characteristics is provided
in Table 2.

The developers included in this study were primarily selected
based on their seniority. Seniority was a crucial criterion, as it en-
sured that the developers had the experience and historical knowl-
edge necessary to provide insights into the evolution of maintain-
ability within their respective systems over time. These developers
were chosen from 11 development teams that work with these sys-
tems, each team ranging between 6-12 people. From these teams
the developers were sampled based on recommendations from one
senior manager, two managers, and one senior technical advisor.

4.2 Quantitative Metrics Analysis for
Maintainability (RQ2, RQ3)

Maintainability metrics were calculated according to the specifi-
cations in ISO/IEC 25010 [21] and models proposed by Heitlager
et al.[17] and Antinyan et al.[6]. The metrics were implemented
in Python. Cyclomatic complexity was assessed using the Lizard!
Code Complexity calculator, while fan-in and fan-out metrics were
derived by parsing the code with the LLVM? compiler. These quan-
titative metrics were then analyzed alongside qualitative data col-
lected from developer interviews. For the two systems under study,
the analysis of System A focused on differences in the hardware it
controlled, while the analysis of System B examined the distinctions
between internal and external delivery.

The team structure was analyzed using organizational charts
and cross-referenced with interview responses to uncover key in-
teraction patterns and their impact on perceived maintainability
efforts.

Data on system structure and module variant handling was gath-
ered by analyzing documentation that detailed how various module
variants were combined to create different products.

4.3 Developer Perception Analysis (RQ1, RQ2,
RQ3)

Semi-structured interviews were conducted with developers to
gather qualitative data on their experiences and perceptions of
maintainability. The prepared interview questions are given in the
appendix, Section A.

The interview data was analyzed using thematic analysis. The
analysis investigated how developers articulate the relationship
between perceived maintainability effort, the collected code metrics,
how interaction patterns influence their maintenance practices, and
the relation to module variant complexity.

https://github.com/terryyin/lizard
Zhttps://llvm.org/
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A systematic process was implemented to ensure data integrity
in the analysis of developer interviews. Thematic codes were docu-
mented alongside their corresponding excerpts and cross-checked
to maintain consistency in interpretation.

5 Results

We start our analysis with the quantitative data about the complex-
ity of the software systems A and B.

5.1 Code metric analysis

The cyclomatic complexity, fan-in, and fan-out were calculated
for two complete versions of each system—A:1, A:2, B:1, and B:2,
referred to as products. The products are, therefore, designated as
follows:

e Product A:1: Internal delivery, control of hardware H:1

e Product A:2: Internal delivery, control of hardware H:2

e Product B:1: Internal delivery, control of main hardware H

e Product B:2: External delivery, control of main hardware H
The internal deliveries were products used by Scania vehicles,

whereas the external products were delivered to other brands in

the corporate group.

5.1.1 Products A:1 and A:2. Figure 2 shows the complexity of two
systems — A:1 and A:2. They implement the same functionality but
for controlling different hardware versions. Figure 2a and Figure
2b show histograms with similar trends. Most functions have a
complexity below 10, and the largest number of functions have a
complexity below 5.

The most complex functions, however, are the most interesting
ones since they can indicate challenges with their maintainabil-
ity. We identified two primary sources of this high complexity:
1) continuous development over a long period and 2) handling
of variants inside large, so-called common functions. Both types
of complexity relate to design decisions but can cause low main-
tainability. The complex mechatronic hardware’s complex control
software must contain complex state machines. The same is true for
variants—reusing the same control software for different engines
causes multiple variants, which cause higher complexity—if or
switch statements.

A comparison of Products A:1 and A:2 reveals that, although
they contain the same number of modules, Product A:1 includes a
significantly higher number of functions. While the distributions
appear broadly similar, the greater number of functions in Product
A:1 suggests that it is inherently larger.

Functions associated with high fan-in were checked manually,
with aid from the developers to clarify when needed. Several gen-
eral categories of functions were identified: 1) functions for getting
raw CAN data, 2) helper-functions to calculate physical quantity, 3)
helper-functions to check preconditions, 4) utility functions to up-
date values in data structures, 5) system functions to access system
information, helper-functions for complicated and re-usable func-
tionality, 6) helper-functions to request actuation of hardware parts,
and 7) Simulink generated helper-function to perform a change in
set state.
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High scores in fan-out were also checked, and these functions fell
into the following identified categories: 1) functions related to real-
time database actions calling middleware functions, 2) functions
that received information from other systems over CAN, extracted,
and transformed the data, 3) functions that process raw data from
sensors, 4) periodically executed control functions using feedback
control and model-based algorithms, 5) stateful functions that han-
dle errors, translate internal values to outputs, and sent these to
other systems, and 6) step functions generated by Simulink called
by the scheduler.

Cyclomatic Complexity Distribution (Combined) Cyclomatic Complexity Distribution (Combined)
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(a) Cyclomatic complexity his-
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(b) Cyclomatic complexity his-
togram showing the spread of
the metric over functions for
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Figure 2: Complexity metrics for A:1 and A:2. The diagrams
show that the distributions are similar between these two
versions, but A:2 is larger in size in terms of a number of
functions.

5.1.2  Product B:1and B:2. A comparison of Product B:1—see Figure
3—with the previous two products reveals that this system contains
a significantly higher number of functions. This observation is
consistent with the larger size of Product B:1, as measured by lines
of code (LOC) and the number of modules. Notably, the fan-in metric
is more consistently distributed between 1 and 5, whereas the fan-
out metric exhibits slightly higher values. The number of functions
with a complexity exceeding 20 is comparable. This suggests the
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presence of a core set of functions that inherently require higher
complexity.

A comparison of Products B:1 and B:2 reveals that they are
highly similar, with no significant differences observed from a prod-
uct metric perspective. This suggests that, in contrast to Product
A, controlling different hardware configurations can contribute
to increased internal product complexity and maintenance effort.
However, external delivery does not significantly affect the product
metrics.

This system’s main source of complexity was, in part, the same
as for System A 1) and 2), with the addition of 3) state-full functions
for managing hardware tasks.

Functions with high fan-in values were found to fall into the fol-
lowing categories: 1) functions for managing input/output towards
hardware, 2) helper functions for various messaging, 3) conversion
functions between physical properties, 4) monitoring and state-
information functions, and 5) functions for storing data.

Fan-out heavy functions fell into the categories: 1) checking and
storing run-requests, 2) synchronization tasks, 3) functions to pro-
tect hardware, 4) periodically executed functions, 5) various control
functions, 6) helper functions for monitoring, and 7) functions for
conversion from raw data to internal signals.

5.2 Variant and structure analysis

The two systems were managed as a single development track;
however, during release, it was necessary to package the system
for various applications, mechatronic hardware configurations, and
brands. This process was internally called compiling and build-
ing the codebase into distinct products, and the need to package
them into different configurations and brands contributes to higher
maintainability effort and higher complexity.

Scania’s developers employed two primary strategies to address
the resulting complexity: (1) splitting modules into variants and (2)
incorporating variant handling directly within the modules’ code.
Splitting modules involved maintaining distinct .h and .c files with
identical names but stored in separate directories within the file
structure. While this approach reduced the complexity of individual
files, it introduced the need to update multiple files during system
maintenance. Table 3 provides an overview of how these trade-offs
were managed across the two systems.

A comparison of the two systems shows significant differences
in the number of module variants. Despite being smaller than Sys-
tem B in terms of lines of code and the total number of modules,
System A has more module variants. Developer interviews quoted
in the next section attribute this discrepancy to the broader range
of hardware configurations controlled by System A. The diversity
of mechatronic hardware versions and the associated complexity
of control tasks render it impractical to encapsulate this complex-
ity solely within the codebase. Consequently, the complexity is
managed through the software build system.

The organizational structures of the teams further highlight this
distinction. Teams working on System A were organized around
specific projects, whereas those managing System B assumed re-
sponsibility for modules independently of the project context. This
organizational approach aligns with the more diverse control tasks
required to manage System A’s mechatronic hardware variations.
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Figure 3: Complexity metrics for B:1 and B:2. The diagrams
show that the distributions are similar between these two
versions, indicating that external deliveries do not influence
product complexity to any greater extent.

Variants | System A | System B
1 5 41
2 13 67
3 12 6
4 5 4
5 8 2
6 7 1
7 3 0
8 0 0
9 5 0

Table 3: Module variants share the same boundary or inter-
face, but the code is different, and the number of files in the
module can vary over variants. The count in a system means
the number of modules with that number of variants.

Although System A’s structure may initially seem to introduce ad-
ditional complexity, it reflects a deliberate trade-off between code
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complexity and build system complexity. This approach balances
these factors to effectively address the distinct challenges posed by

each system.

5.3 Thematic analysis

A systematic analysis of the interview transcripts resulted in the
development of a set of thematic codes documented in a codebook.
The transcripts were then iteratively coded, during which new codes
were identified, and overlapping codes were refined or merged. This
iterative process led to continuous updates and refinements of the
codebook. The finalized set of codes is presented in Table 4.

nation

Code Code Shorthand | Description

Definition of Maintain- | DEF_MAINT References to how interviewees define or conceptualize

ability maintainability.

Complexity COMPLX Mentions of code complexity, complexity triggers, or spe-
cific statements about code structure that increases or de-
creases complexity.

Legacy Code LEGACY References to inherited or old code that is difficult to refactor
due to risk or lack of documentation.

Testing TEST Anything about testing methods, unit tests, test cells, test
coverage, challenges in testing, or the difference between
testing "what it does" vs. "what it should do.

Requirements and Doc- | REQ_DOC Mentions of how—or whether—requirements are specified,

umentation documented, or communicated. Includes references to JIRA
tickets or the absence of formal requirements.

Processes and Work- | PROCESS Mentions of the formal or informal steps needed to im-

flow plement, approve, or release changes—e.g., CCB approvals,
SOP tickets, risk analysis.

Hardware-Software Co- | HW_SW Situations where the controlled hardware’s changes drive

evolution software changes, or where the hardware is still in develop-
ment while software must already be implemented.

Organizational Coordi- | ORG_COORD References to interactions with other teams, specialized

roles, or the challenges of distributing knowledge across
multiple stakeholders.

Refactoring and Modu- | REFACTOR_MOD

Mentions of modular design, code splitting, or attempts to

larization isolate functionality to improve maintainability.
Regulatory / External | REGS Mentions of R155, R156, or other regulatory requirements
Constraints and how they influence design, logging, or maintainability.

Perceived Maintainabil- | PERCEPT_TIME

ity Over Time

Statements about whether the system’s maintainability has
improved, declined, or remained the same over the past
year.

Tools and Infrastruc- [ TOOLS_INFRA Mentions of version control, logging systems, or other tools

ture that either help or hinder maintenance work.

Variant Handling / | VARIANT Anything related to the explosion of variants, product lines,

Product Diversity multiple configurations, or how branching logic affects
maintainability.

Engineering trade-off TRADEOFF Mentioning active trade-off between different technical so-

lutions to lower maintainability effort.

Table 4: Thematic codebook

The application of thematic analysis to the coded transcripts
resulted in the identification of several key themes. These themes,
along with their associated codes, are as follows:

e Higher number of variants lead to higher complexity and
maintainability effort (VARIANT, COMPLX)
o Difficulty describing functional requirements impacts testing

(TEST, REQ_DOC)

Risk awareness moderates legacy code refactorization (LEGACY,
REFACTOR_MOD)

Parts of the perceived maintainability effort relate to or-
ganizational complexity (PERCEPT_TIME, TOOLS_INFRA,
ORG_COORD)

Parts of the perceived maintainability effort relate to system
external complexity (REGS, PROCESS, HW_SW)

Trade-off strategies for balancing maintainability effort (DEF_MAINT,
TRADEOFF)
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The following sections detail the theme descriptions and present
excerpts to show how the themes were constructed.

5.3.1 Higher number of variants lead to higher complexity and main-
tainability effort. Respondents highlighted that the number of sup-
ported software variants contributes to system complexity. Suc-
cessfully managing these variants becomes part of the engineering
challenge developers must solve, it is particularly evident when
managing interactions between variants and external systems, as
one developer explained:

"When you have a lot of variants, and you have con-
nection to outside of [the system] in any way, then
it’s hard."

These developers need to solve the business problem of adding
new variants while managing old ones. To effectively manage these
business needs, developers need to make good design choices and
adhere to processes to ensure risk-free product operation, which
increases the maintenance effort.

There was evidence of experimentation to try to encapsulate the
complexity in the code to reduce the number of module variants,
which indicates constantly balancing and optimizing the maintain-
ability effort:

"We started to try to reuse what was already written
and just tweak it a bit and introduce variant handling
in that code to handle the differences. But ... it ended
up being too big differences."

The developers’ challenge was to successfully manage the added
complexity from variant handling while simultaneously ensuring
that safety and functional quality remained high. This was high-
lighted as the main part of the effort and required a deep under-
standing of the system.

5.3.2 Difficulty describing functional requirements impacts testing.
The analysis of developer excerpts reveals that testing of func-
tional requirements vehicle properties related to driver preference
impacted the maintainability effort. Effective descriptions of these
qualitative feeling-based functions were hard to formalize in written
requirements. Instead, these types of requirements were conveyed
via conversations and iterative explorations. While recognizing
the effort needed to work with the qualitative requirements the
developers also insisted on the value of documentation and require-
ments:

"If you don’t have requirements, then it’s difficult to
know what to test against. How it’s meant to work"

Mitigating risks related to understanding requirements included
an organizational policy to pay for developers’ driver’s licenses,
enabling them to spend a lot of time using the products. This gave
them an intuitive feeling of the functional qualities that stakehold-
ers conveyed. The developers highlighted this as a strength and
something that helped them.

However, even though functional requirements describing the
qualitative feel of vehicle behavior seem challenging, non-functional
requirements were handled differently:

"Risk mitigation requirements are different. That re-
quirement handling is much more strict with test
cases and follow-up."

This implies that non-functional requirements were easier to
convey because of their more quantitative nature.

Testing functional requirements impacted the effort of maintain-
ing the systems. Although conveying functional intent in written
requirements was hard due to their qualitative nature, this problem
was recognized and continuously improved.

5.3.3 Risk awareness moderates legacy code refactorization. The
analysis of developer excerpts highlights risk awareness when de-
ciding whether to refactor legacy code. This type of code was de-
scribed as contributing to complexity. When asked to define what
such a function could be, one developer explained:

"It’s implementing one huge function that does a lot
of things. And it’s very difficult to get a good overview
when you look at the code.

Developers described how legacy code, built and modified over
many years, could become deeply ingrained in systems, making
it difficult to manage and evolve, leading to high maintainability
effort. Because of this, the effort spent on refactoring was important.
However, the risk of introducing errors during refactoring was
highlighted, indicating that risk management was considered when
deciding to refactor.

"... it introduces some risk to refactor legacy code."

On the other side of the balance were incentives for refactoring.
For example, a function’s intent could be lost, or coupling could be
added to the system. If the developers didn’t spend time refactor-
ing, this could create confusion about the relationships between
components.

There were different reasons why legacy code had been struc-
tured as it had been. For example, the code could have been designed
to accommodate practices and structures shaped by older project
needs.

While refactoring required effort, developers adopted strategies
to mitigate risks and manage legacy complexity. One strategy was
to split functionalities into separate modules managed by the build
system, which allowed gradual improvements without disrupting
stable components. Another strategy was using incremental steps
towards a more modular structure and ensuring stable interfaces
allowed parts of the system to evolve without widespread disrup-
tion:

5.3.4  Parts of the perceived maintainability effort relate to organi-
zational complexity. The analysis of interview transcripts identifies
several factors attributed to organizational complexity instead of
software complexity; this influenced the perception of maintain-
ability effort.

Time pressure affected the perceived maintainability effort. De-
velopers noted that the pace of project delivery needed to be con-
sidered and balanced with refinement or improvement of existing
functionality:

"But I mean, then it’s hard to prioritize these kind of
modularity and that work that enables future work,
[like] maintainability, because the project pace is so
high"
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The available tools and infrastructure also played a role in shap-
ing maintainability effort perceptions. For example, developers de-
scribed challenges with aligning development needs with changes
to tooling infrastructure. Changing infrastructure and tooling re-
quired learning new systems and time spent refining ways of work-
ing, which added to the maintainability effort.

Coordination within and across teams impacted maintainabil-
ity efforts, particularly in systems that support multiple products,
customers, and variants. This added effort in terms of coordination
overhead but was still highlighted as crucial for product delivery:

"And we have the right contacts. Which is also really
important... That you have contacts with the hardware
people. ... it’s our delivery together with them.

Interrelated factors such as time constraints, infrastructure limi-
tations, and organizational coordination shaped the perceived main-
tainability effort. While developers reported these interactions as
crucial for product development, they also conveyed that they added
to the effort.

5.3.5 Parts of the perceived maintainability effort relate to system
external complexity. Compliance with external standards and reg-
ulations could introduce additional complexity since such regula-
tions demand extensive testing, documentation, and certification.
Leaders found ways to lower this perceived effort by facilitating
communication, for example, by arranging feedback meetings from
tests.

The developers highlighted planning and synchronization as a
source of perceived maintainability effort. One developer explained
the need to provide good quality software to test prototypes of
mechatronic hardware, which led to timing issues since hardware
specifications could not be finalized until later in the development
process:

"The hardware is not frozen before the software needs
to be frozen."

To decrease the effort related planning and synchronization,
and support effective collaboration between hardware and software
teams, the organizational and architectural structures were modeled
to suit the product:

"You need to divide the software parts so that you
have a collaboration with the hardware side."

External factors such as regulatory compliance, processes, and
evolving mechatronic hardware requirements impact perceived soft-
ware maintainability efforts. While these factors were unavoidable,
improved collaboration between teams, streamlining processes, and
addressing hardware-software relations were identified as strate-
gies that mitigated their effects.

5.3.6  Trade-off strategies for balancing maintainability effort. De-
velopers often experienced the challenge of balancing maintain-
ability with software evolution. The interviews revealed various
strategies and considerations employed to achieve this balance.

Maintainability was widely understood as the ability to make
changes or add new functionality with minimal risk to existing
features. Developers emphasized clarity, modularity, and ease of
testing as critical attributes:
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"Maintainability I would say it’s the ease of adding
functionality without risking functionality that’s al-
ready in the files."

Good maintainability also involved having a clear system archi-
tecture. Breaking code into smaller, manageable modules was also
essential to improving maintainability. Developers highlighted the
risks of overly large or complex functions:

"Don’t write too large functions or too large blocks
of code. Instead, break it down into smaller pieces."

Developers made clear that this trade-off regarding where to
place the maintainability effort was not accidental but deliberate:

"We’re replacing some [modules] in the build step...
The trade-off is whether to create a variant or keep it
common."

Balancing maintainability required navigating trade-offs between
modularity, variant handling, and reuse. Strategies like modulariza-
tion, clear interfaces, and robust testing frameworks helped mitigate
risks. Developers continuously evaluated which approach led to
the lowest maintainability effort. By focusing on clarity and mini-
mizing the cascading effects of changes, teams could manage these
trade-offs effectively.

5.4 Synthesis of quantitative and qualitative
results

The findings from this study highlight the multifaceted nature of
maintainability in complex automotive software systems, demon-
strating the interplay between quantitative code metrics and quali-
tative developer insights. This synthesis builds upon the theoretical
framework and enriches it with new dimensions derived from the
case study. Key results are summarized below:

Code Complexity and Its Impact on Maintainability. Quantitative
analysis of cyclomatic complexity, fan-in, and fan-out metrics across
the studied systems revealed distinct patterns in complexity distri-
bution. While most functions exhibited low complexity, legacy code
and inherent product-specific challenges contributed to localized
high complexity.

Complexity arising from team-external decisions. A notable source of
complexity and maintenance effort arose from the need to support
diverse and complicated hardware control tasks. This complexity
originated in organizational decisions to accommodate a wide range
of controlled hardware configurations and requests from other
brands within the corporate group.

This need to support diverse mechatronic hardware configura-

tions or move to new markets—adding regulatory requirements—drives

internal and external complexity. Developers highlighted that this
increased the maintainability effort. This highlights a recurring
theme in the results: maintainability effort is not solely intrinsic
to the code but also relates to business-driven decisions and the
product domain.

Legacy Code and Risks. Working with legacy code often meant
working with complex functions. Although it was desirable to
refactor, working with legacy code imposed risk and effort. Risk
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management and planning were considered crucial before attempt-
ing legacy code refactoring. Incremental modularization was high-
lighted as a preferable strategy over big-bang changes.

Trade-Offs and Developer Strategies. Developers employed vari-
ous strategies to balance complexity management and minimize
maintainability efforts. Modularization, clear interface design, and
selecting the best way to handle variants were key approaches.
These trade-offs required conscious thought and deliberate design
choices.

Perception of Maintainability. Technical and organizational factors
shaped developers’ perceptions of maintainability. For example,
time pressures and documentation challenges were cited as fac-
tors increasing maintainability efforts. Improving modularity and
streamlining workflows were recognized as positive steps toward
enhancing maintainability.

Proposed Extensions to the Theoretical Framework. Building on the
conceptual model presented in the theoretical framework, this study
introduces the following additional elements:

e Variant Complexity: A critical factor influencing main-
tainability, particularly in systems with diverse mechatronic
hardware configurations.

e Organizational Coordination: The role of team structures
and inter-team interactions in shaping maintainability out-
comes.

e Regulatory and Process Constraints: External pressures
necessitating trade-offs between maintainability effort and
compliance.

e Legacy Code Inertia: The organizational and technical
challenges associated with legacy systems and the strategies
required to address them.

By integrating these elements, the theoretical framework provides
a more comprehensive representation of the factors influencing
software maintainability efforts in complex automotive systems.
This expanded model offers a more realistic view of the theoretical
framework applied in the context of this study. A visualization of
the expanded theoretical framework is shown in Figure 4.
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Figure 4: Expanded theoretical framework. Additions high-
lighted with pink lines.
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6 Discussion

This study examined the relationship between sources of com-
plexity and maintainability effort. The results are discussed in the
following sections.

6.1 RQ1: Developer perceived complexity

In answer to RQ1, what aspect of complexity do developers high-
light regarding maintainability effort? This study shows that de-
velopers face multiple sources of complexity and need to manage
them: 1) the code itself can be complex due to complex hardware
control tasks, 2) mechatronic hardware variant management in the
code, or 3) there can be parts of the system that were built before
the thinking-tools used for minimizing maintainability effort were
introduced in the teams.

There are also product management complexities that affect
maintainability efforts. Hardware variant handling can be man-
aged by creating module variants, creating product complexity that
affects the maintainability effort.

Furthermore, complexities also arise from system-external sources
such as coordination complexity—e.g., to align plans—and communi-
cation complexity—e.g., understand qualitative personal-preference
based functional requirements. External complexities, such as busi-
ness decisions can also drive system internal complexity, e.g., deci-
sion to control a new variant hardware.

Our findings regarding what developers perceive as complexi-
ties that affect maintainability efforts, align with existing literature,
such as on the "technical debt" of legacy systems, where the accumu-
lated cost of deferred maintenance undermines long-term system
evolution [16], and previous research emphasizing the influence of
external organizational factors on software systems. For example,
Bosch and Bosch-Sijtsema [9] discuss how market-driven decisions
and product line strategies increase system variability and complex-
ity. This result can explain why Mehwish et al. [25] found that code
metrics predictive power for maintainability is still lacking. It fails
to capture all the complexities that impact maintainability effort.

6.2 RQ2: Code and variant complexity metrics

Our analysis shows an alignment between measured complexity
and the developers’ answers in the interview study. The developers
pointed out parts of their system that required more effort to main-
tain, and the measures confirm that these parts of the system are
more complex as measured from a product complexity perspective.
Our qualitative complexity measures revealed that the parts associ-
ated with complicated hardware control tasks, variant management,
and legacy code were more complex, which aligned with developer
perceptions.

Our findings align with other research regarding developer per-
ceptions of complexity, such as in [10, 19, 24, 29]. However, our
work identified a stronger alignment between complexity metrics
and maintainability effort. We also expand prior work by expanding
the reasons developers provided for why the code was considered
complex.
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6.3 RQ3: Team structure and interactions

The results from the analysis showed that a well-thought-through
team structure, e.g., aligning teams with high need of commu-
nication and alignment, such as embedded software teams and
mechatronic hardware teams, reduces the maintainability effort.
Other interactions required mitigations. One example was the com-
munication of qualitative requirements. There, an organizational
wide policy was implemented allowing driver’s licenses for team
members.

Our work expands the previous research [9, 12, 20, 26] by focus-
ing on maintainability and identifying patterns that aid the joint
development of complicated hardware control systems by software
and hardware teams. The results show that aligning team and prod-
uct structures for minimizing external complexity, by identifying
the most complex communication paths, is a viable strategy for
lowering maintainability effort.

6.4 Emergent discovery of trade-off decisions

During the analysis of the interview study, a theme emerged regard-
ing trade-off decisions. The developers balanced design options and
had clear intentions regarding how to minimize the maintainability
effort. The main balancing point was increasing the module variant
complexity or the code complexity. These findings suggest that code
complexity metrics might need to be evaluated together with vari-
ant complexity measurements to understand the total complexity
of a system.

These trade-offs resonate with prior studies on maintainability.
Antinyan et al. [6] highlighted the difficulty of applying theoretical
best practices in the face of real-world trade-offs, limiting the use of
code complexity measures in industry. We have presented examples
of trade-off decision-making, and traced strategies for iterative
exploration of design choices that minimize maintainability efforts.

6.5 Validity Considerations

Several steps were taken to address validity concerns to ensure the
credibility of the findings: Construct Validity: The use of both
quantitative and qualitative data ensured a comprehensive under-
standing of maintainability. Metrics such as cyclomatic complexity,
fan-in, and fan-out provided objective measures, while developer in-
terviews offered insights into perceived maintainability challenges.
This triangulation of methods enhanced the robustness of the find-
ings. Internal Validity: Although causation is difficult to establish
in case study research, the mixed-methods approach allowed for
the exploration of relationships between code metrics, organiza-
tional practices, and perceived maintainability. For example, align-
ing quantitative metrics with qualitative reports of complexity in
legacy code lends credibility to the identified relationships. Exter-
nal Validity: The study is limited to two embedded automotive
software systems within a single organization, which constrains the
generalizability of the results. However, including multiple prod-
ucts and systems within the same organizational context somewhat
mitigates this limitation. Future research should explore maintain-
ability in other domains to validate the transferability of these
findings. Reliability: To ensure reliability, detailed documenta-
tion of the data collection and analysis process was maintained.
Coding frameworks were iteratively refined, and cross-checking
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of codes was conducted to reduce bias in qualitative analysis. The
quantitative analysis relied on established metrics and reproducible
methodologies. 5) Researcher Bias: While the authors sought to
remain objective, the close collaboration with developers could
introduce bias. The main author is also a long-time employee of the
organization, and although this might be beneficial when interpret-
ing the developers, preconceptions unknown to the author might
still influence the results. Efforts to mitigate this included member-
checking—sharing findings with participants for feedback—and
using multiple data sources to validate interpretations.

7 Conclusions

This paper shows that developers highlight different sources of sys-
tem internal and external complexity as the main drivers of main-
tainability effort. Our findings suggest complexity measured with
code and variability metrics align well with developer-perceived
complexity. Furthermore, we found that team structures can mit-
igate certain types of external complexity in a system. We also
found that developers make trade-off decisions in their designs
to minimize maintainability efforts, often using experience-based
heuristics as guiding thinking tools when making these decisions.

To conclude, the developer-experienced perceived maintainabil-
ity effort is impacted by complexity, but only focusing on code
complexity misses some sources of complexity. External complexi-
ties, like organizational and regulatory imposed ones, needs to be
considered in order to fully understand maintainability effort. Our
work shows what sources of complexities need to be considered
when determining complexities that can be used as a proxy for
the total maintainability effort. To some extent explaining the lack
of predictability power in current complexity code metrics, they
seemingly do not capture the whole set of complexities that affect
maintainability effort.
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The following questions were asked in the developer interviews:

Developer experience questions:

(1) Which parts of the system are you currently working on?
For example, which files and or functions do you develop?

(2) How many years have you been working with this system?

(3) How many years of experience do you have as a developer?

Maintainability questions:

(1) When we talk about maintainability, what does this mean to
you, i.e., how would you define it?

(2) If you were starting to work on a new system and wanted to
know how hard the system was to maintain, what method
would you use and what would you look for?

(3) With this in mind, how would you rate the system or part
of the system that you are working with now in terms of
maintainability?

(4) Any parts of the system or functions in particular that are

extra tricky to understand, change, and maintain?

How easy is it to test?

If you need to make a change in the system, e.g., to add new

functionality, can you describe the steps you need to take?

How much effort would you say it takes to make such a

change?

If you need to fix a problem, could you describe how you

perform analysis of the system?

(9) Would you consider this straight forward or requiring a lot

of effort?

How would you describe the modularity of the system?

Can you reuse functionality in an easy manner, or do you

often find yourself re-writing code that has already been

written in other parts of the system?

(12) Are there any complexities outside of the code that makes

the system hard to maintain? For example, when working

with the system, do you often need to coordinate with other
teams or individuals?

Reflecting back over a year’s time, has the maintainability

of the system become higher, lower, or stayed the same?

(14) Why do you think that is?

(13
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