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Abstract
Among large organizations managing multiple projects simultaneously, maintaining
numerous projects presents significant challenges, particularly in prioritizing projects
and managing knowledge erosion.

This study aims to develop and validate indicators for efficient project prioritization
and knowledge loss prevention by creating a Software Measurement System (SMS)
that offers stakeholders practical information.

This research follows a design science research method, iteratively designed and
implemented the SMS in two cycles. In the first cycle the conceptual model of the
SMS is designed. Then the SMS is implemented and evaluated in the second cycle.

The two indicators proposed in this study are verified to be relevant, clear, and
effective in guiding project prioritization and knowledge management. Stakeholders
found the SMS useful, but documentation and transparency in calculation methods
were recommended. This research contributes to industrial and academic domains
by offering a robust SMS for real-world projects and providing empirical insights
into the relationships between various data sources and project metrics.

Keywords: software measurement system, project prioritization, knowledge loss, ar-
chitectural erosion, measures, indicators.
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1
Introduction

Maintaining numerous projects presents several challenges for organizations, partic-
ularly in terms of prioritization [1]. Project prioritization is a process of determining
which software project to work on to best meet an organization’s long-term goals
[2]. By prioritizing, organizations can focus on the most important and impactful
project, avoid wasting time and resources on low-value or unnecessary ones, and
align teams and stakeholders in the same direction and expectations [2].

Nevertheless, prioritization is a complex task in large organizations especially when
a significant amount of projects are running at the same time: most importantly,
how do product owners (POs) and developers know if they are effectively prioritizing
projects [1]? The answer for many firms is to have a software measurement system
where POs and developers can see the status of projects [3]. A software measurement
system(SMS) is a software program that collects data about the number of attributes
[4, pp. 2], and displays those data to the stakeholders who are monitoring the system
and making decisions based on the data. The SMS is very helpful in addressing the
problem of lacking quantitative insights into projects [4, pp. 4].

However, the effectiveness of this prioritization is not solely dependent on the selec-
tion and execution of these projects [5]. A crucial but often overlooked factor is the
team members’ familiarity with each project. When stakeholders have various levels
of understanding of projects, those with more knowledge about certain projects can
prioritize them more effectively due to their deeper understanding of project details
[6]. However, this benefit is often lost when knowledgeable stakeholders leave the
organization. Over time, many organizations face the issue of knowledge loss, which
can lead to possible architectural erosion. This occurs when the initial design and
structure of the system degrade due to continuous changes, lack of documentation,
and the departure of key employees [7]. This erosion can lead to increased system
complexity and reduced maintainability [8].

The study aims to provide stakeholders with insight into two areas: effectively pri-
oritizing projects and identifying potential architectural erosion before it occurs.

To achieve the goal of prioritizing projects effectively, a team needs to share a clear
prioritization strategy. We aim to develop a prioritization indicator based on critical
base measures such as the number of fixes for security scans, code complexity, and
frequency of the project being used. An indicator is a variable that communicates in-
formation to stakeholders about the state or trend of one or more system attributes,
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1. Introduction

reflecting a specific value at a required time [9]. The prioritization indicator will
give actionable guidance to the team to focus on the most important projects. The
expected outcome is an indicator showing the prioritization status for projects. Ul-
timately, this will result in a shortened amount of time for decision formulation for
project prioritization.

This thesis also aims to reduce the risks of architectural erosion for projects. To
achieve this, we worked towards implementing an indicator that tracks inactive file
percentage in a project and project modification frequency difference between differ-
ent developers using git logs and alerts relevant stakeholders for critical but neglected
projects, possibly leading to knowledge loss of certain projects. The expected deliv-
erable is an indicator showing the status of knowledge erosion for various projects.
The anticipated long-term outcome is reduced architectural erosion risks, leading to
faster completion of maintenance tasks.

This study aims to benefit stakeholders and researchers in project prioritization and
knowledge erosion. For the research community, this study contributes empirical
findings within a specific setting, enhancing the understanding of the relationships
between various data sources and indicators for projects. It advances the existing
knowledge in project prioritization and architectural erosion, providing actionable
insights to inform future research and development practices. For stakeholders, it
provides a software measurement system that helps determine project priorities and
the need for knowledge-sharing sessions. It also highlights the relationship between
git log attributes to architectural erosion, as well as web server logs, source code,
SAST data to project prioritization, offering practical insights for managing project
indicators.

1.1 Purpose of the study
The purpose of the study is to identify indicators from different types of data, for
example: log files, source code, and SAST scans. The data were selected based on
the availability from stakeholders. We then evaluated how these indicators could
assist in the following scenarios:

• Project Prioritization As a technical architecture lead, I want to know
among 50 projects, which project I should prioritize first to improve the code
quality. So the team can focus on the most important things and know where
to improve. Key indicators for this use case could be project prioritization
status.

• Architectural Erosion As a Product Owner, I want to track project popu-
larity and modification frequency. I also want alerts when a critical project
is infrequently updated and only understood by a few developers. This will
avoid the potential risks of knowledge loss and architectural erosion when cer-
tain maintainers leave. Key indicators for this use case could be architectural
erosion status.

Throughout the study, we followed a design science research method. Two itera-
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1. Introduction

tive cycles were conducted, getting valuable indicators for a software team in Volvo
Group Trucks Technology (Volvo GTT), a global leader in manufacturing trans-
portation, mobility, and construction equipment. These indicators formed the basis
for developing a measurement information model [10].

The thesis aims to develop two indicators that accelerate the decision-making process
for project prioritization and initiate knowledge-sharing sessions. We have a project
where we can study different kinds of log files, static application security testing
results, and source code. Based on the data, we delivered two indicators, calculated
using several base measures, and presented them as a software measurement system.

Indicators are the main measurements generated by software measurement systems.
The SMS collects and analyzes data to create indicators, providing stakeholders
with clear and actionable insights [11]. The effectiveness of a measurement sys-
tem is determined by how well its indicators fulfill stakeholder needs quickly and
understandably [12].

Our first indicator is the project prioritization status. We anticipated this would
help stakeholders identify which projects to prioritize, avoiding wasting time on
unnecessary ones. In the long term, this would reduce the time required for decision-
making in project prioritization by increasing task management efficiency.

The second indicator is the architectural erosion status. We planned to analyze git
logs to understand how frequently different developers interact with a project. This
would allow us to deliver an indicator indicating when stakeholders should initiate
a knowledge-sharing session. We anticipated that this would help avoid the risks of
architectural erosion. In the long term, this would ensure that different developers
have a similar level of knowledge about projects within the organization.

1.2 Research questions
Two major research questions will be addressed in this thesis study:

• RQ1: Which indicator can help in quantifying project priority?

– RQ1a: What challenge should the indicator indicate?

– RQ1b: To what extent can the identified indicator help?

• RQ2: Which indicator can help in quantifying architectural erosion?

– RQ2a: What challenge should the indicator indicate?

– RQ2b: To what extent can the identified indicator help?

These research questions are crucial for this thesis as they address organizations’
need for effective project management and knowledge retention. By investigating
these questions, this study aims to provide actionable insights that can help improve
organizational efficiency and project stability.

We designed two indicators to help the two scenarios. Starting with understanding
the essential difficulties stakeholders face, we identified the specifics of how these
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1. Introduction

obstacles relate to the team’s goals in the workplace and explored a solution to
these obstacles.

1.3 Significance of the study
This study aims to benefit stakeholders and researchers in project prioritization and
knowledge erosion in software design research areas. In this thesis, we focus on the
technical aspects of software knowledge.

The contributions of this study are threefold. Firstly, stakeholders from the company
will benefit from a software measurement system based on the provided indicators.
This system helps answer two crucial questions: "What project should we work on
first?" and "Do we need to have a knowledge-sharing session?" Additionally, the
system is designed to easily adjust any new measures stakeholders may want to add
in the future.

Secondly, the study offers empirical insights into the relationship between various
data sources and indicators. Specifically, it explores the connection between git log
attributes and the architectural erosion status indicator, as well as the relationship
between web server logs and data from SonarQube with project prioritization indi-
cators. These insights enable stakeholders to understand and visualize the statistics
generated from these data sources, providing a deeper and broader understanding
of project metrics.

Thirdly, this study contributes to the research community by enhancing the existing
knowledge of project prioritization and architectural erosion. Existing knowledge
in project prioritization includes methodologies such as Agile prioritization, Value-
Based prioritization, and Risk-Based prioritization, which emphasize customer feed-
back, stakeholder value, and potential risks, respectively. In the area of architectural
erosion, existing knowledge is techniques for identifying and mitigating erosion, such
as consistency-based, evolution-based, defect-based, and decision-based approaches.
Studies have highlighted the importance of early detection of erosion symptoms, us-
ing metrics and evaluation methods to prevent long-term architectural degradation.
By exploring these areas within a specific setting, the study provides actionable
insights to inform and improve software development practices, addressing critical
industry topics.

1.4 Outline
The thesis is arranged in the following manner:

Background This section presents the background and context information neces-
sary to understand the thesis topics.

Related Work This section covers the current state-of-the-art in prioritization and
architectural erosion fields. It also identifies previous work in the field.

4



1. Introduction

Method This section outlines the methodology used to address this thesis’s two
primary research questions.

Execution and Results This section reports the outcomes and findings of the
researchs cycles.

Discussion and Conclusion This section concludes the thesis by discussing the
findings and the outlook for further research. It also contains the threats to validity.

5



1. Introduction

6



2
Background

This chapter presents the necessary background information for this study, includ-
ing theoretical background and context information. Based on the two scenarios
introduced in the introduction section, we extend the basics of prioritization and
knowledge erosion in this chapter. Since we have identified software measurement
systems as a solution to the two scenarios, we also provide an in-depth knowledge of
software measuring systems, comparing various architectures and explaining their
use in decision support.

2.1 Theoretical Background
Software maintenance is a large research area. This study focuses on maintenance
tasks in an industrial context, as the team we collaborated with works mainly on
maintaining existing projects.

This section presents the theoretical background of the thesis, addressing the two
main areas of our research questions: project prioritization and software architec-
tural erosion.

2.1.1 Project Prioritization in Software Engineering
Prioritization activities are crucial in software engineering. With limited organiza-
tion resources, project managers strive to ensure that development efforts align with
business goals. For developers in agile teams, prioritization is a dynamic and itera-
tive activity essential for sprint planning and backlog management. Teams regularly
review and reorganize backlog items in response to evolving project requirements,
business goals, and user input.

In addition to task and requirement prioritization, project prioritization is another
critical challenge for project managers. Given the limited resources, allocating more
to the most important projects is preferable[13].

In environments with tight development cycles and limited resources, quickly identi-
fying and focusing on the most significant project can significantly reduce the time
and effort spent finding and fixing bugs. This involves evaluating factors such as
complexity, dependencies, technical risks, and the availability of skilled personnel
or tools. Projects that require fewer resources, have lower technical risks or can be
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2. Background

delivered more quickly are often prioritized, especially when resources are limited.
However, it’s essential to balance short-term gains and long-term technical debt, en-
suring that prioritization decisions align with the overall health and sustainability of
the software product. Various tools and methodologies support this prioritization,
such as static code analysis and change impact analysis. These tools help assess
the significance of different files based on their potential impact on the overall sys-
tem. Effective prioritization not only provides immediate support for current tasks
but also contributes to the long-term health of the software architecture, preventing
architectural erosion in the later stages of the lifecycle.

2.1.2 Architechtural Erosion and Knowledge Loss
Software engineering relies heavily on specialized knowledge. The primary assets
in this field are the expertise of the employees and the software they create [14].
Knowledge loss occurs when an organization loses access to previously acquired
information. A typical case could be a senior developer leaving the project abruptly
and leaving a gap in understanding the code base. The general impact of such
knowledge loss on software projects includes decreased quality [7] and productivity
[15]. As we explore the impacts of knowledge erosion in software engineering, a
critical area to understand is architectural erosion.

Software architectural erosion is the deterioration of a software architecture’s struc-
ture, leading to increased resistance to change and decreased maintainability [8].
This erosion can be caused by various factors, including poor design and architec-
tural mismatch problems.

The connection between knowledge loss and architectural erosion is clear: lost in-
sights and undocumented decisions result in deviations from the original architec-
tural design, complicating maintenance efforts. Jansen [16] argues that the erosion
observed in the evolution of software architecture is partly due to knowledge loss.
The current approach often implicitly embeds knowledge and information about de-
sign decisions within the architecture without explicit representation. This leads to
the disappearance of crucial knowledge in the architecture itself, escalating these
issues.

The cause of knowledge loss and software architectural erosion exceeds technical rea-
sons, emphasizing the importance of focusing on both non-technical and technical
causes. Software knowledge loss can occur due to staff turnover, lack of knowledge
retention strategies, and reliance on informal communication tools like instant mes-
saging. The phenomenon where contributors in the teams join, leave, or change
their role is referred to as turnover [7]. The turnover can be catastrophic for the
project if a knowledgeable contributor on major parts of the system leaves, reducing
the spread of the knowledge and leading to a significant drain of tacit knowledge
and expertise. Contributor turnover is rated very high in the software industry,
especially in volatile job markets or projects with high stress levels [17]. Also, re-
liance on informal communication tools like instant messaging hurts the durable
or searchable records of crucial decision-making processes and technical discussions,
leading to overlooked discussions and decisions, especially in startups and software

8



2. Background

companies [18].

Knowledge loss in software engineering projects affects continuity, software quality,
and team productivity. It introduces potential delays, increased costs, and reduced
quality. Project continuity is compromised as new team members, or replacements
may struggle to fill knowledge gaps, leading to delays and increased project costs.
Similarly, software quality may decline when the complicated reasons behind specific
design and implementation decisions are lost, potentially resulting in errors and
bugs.

Multiple methods are being experimented with to mitigate knowledge loss in soft-
ware engineering, including integrating knowledge management in the software de-
velopment process [19], using gamification [20], and implementing knowledge sharing
framework [21].

Transitioning from the topic of mitigating knowledge loss, it is crucial to under-
stand how retained knowledge impacts the structural integrity of software architec-
ture. There are two types of knowledge: explicit knowledge and tacit knowledge
[22]. Explicit knowledge is codified, representable, and transferable using formal
language, and tacit knowledge is unarticulated and preconscious. During software
development, developers gain knowledge about the design and code, but solutions
are often not well-documented. Much of this knowledge remains tacit. Nonaka
and Takeuchi claim that knowledge is constantly converted in these two forms [22].
However, these kinds of transfer remain informal and unassessable until a knowledge
retention strategy is made to ensure the formal mechanisms to capture and dissemi-
nate the accumulated wisdom effectively. Tacit knowledge is often lost due to team
turnover. Critical design decisions about software architecture are frequently not
explicitly documented but are implicitly embedded within the architecture itself.
Over time, as the rationale and details of these design decisions become obscured
or forgotten, the architecture deviates from its original design intent. This devi-
ation manifests as architectural erosion, where the structure becomes increasingly
resistant to change and less maintainable.

Metrics are widely used in identifying and addressing architectural erosion, with
various approaches proposed to detect and handle erosion, including through code
review comments. Baabad [23] identified more than 100 metrics for identifying decay
and enabling further mitigation.

Current trends in software architectural erosion include using erosion symptoms as
an early warning to developers and exploring the correlation between test smells and
architectural smells. A "code smell" in computer programming is any characteristic
in a program’s source code that may indicate a deeper issue. However, De Silva
[24] concludes that no single strategy can fully address the erosion problem. The
possibility of combining strategies and developing a holistic controlling framework
has been explored. This thesis aims to provide a preventive measure for preventing
architectural erosion at early stages by identifying knowledge loss in developers.

9



2. Background

2.1.3 Software Measurement Systems
A software measurement system(SMS) is a technical system that gathers information,
runs calculations and shows stakeholders the results of the calculations. A stake-
holder is an individual who requires the outcome of measurement to make decisions
that are significant for their work and organization [4]. The measurement process
lets developers know whether they are on the right track in their development and
has been an essential part of any development activities. ISO/IEC 15939:2007 [25]
defines measurement process as “a process for establishing, planning, performing
and evaluating measurement within an overall project, enterprise or organizational
measurement structure“.

Like in all other engineering domains, measurement is essential to software engineer-
ing to describe, assess, control, and improve processes, product quality, estimation
accuracy, and productivity. Examples of these software entities include processes,
products, and resources. In this era, every software system generates vast amounts
of data, providing developers with extensive information to measure and analyze;
software measurement is ubiquitous.

For large-scale corporations involved in software engineering, having a robust Soft-
ware Measurement System (SMS) is critical. Within this context, measurement
programs are integrated into the measurement process [26]. Such a system enables
the quantification and assessment of various aspects of software projects, including
software quality, project progress, software complexity, and more [27].

This is where the measurement program comes into play. A measurement program
is a socio-technical system that gathers data on various attributes (such as program
size and quality) and presents it to stakeholders.

ISO/IEC 15939:2007 [25] gives a thorough definition of the terminologies involved
in the measurement process:

• Entity: An object that is to be characterized by measuring its attributes.

• Attribute: A property or characteristic of an entity that can be distinguished
quantitatively or qualitatively by human or automated means.

• Base Measure: A measure defined in terms of an attribute and the method
for quantifying it.

• Analysis Model: Algorithm or calculation combining one or more base
and/or derived measures with associated decision criteria.

• Derived Measure: A measure that is defined as a function of two or more
values of base measures.

• Indicator: A measure that provides an estimate or evaluation of specified
attributes derived from a model with respect to defined information needs.

Figure 2.1 illustrates a model delineating how specific elements interrelate and out-
lines the method for quantifying and translating pertinent attributes into indicators,
which form the basis for decision-making. In this thesis, we follow the modeling

10



2. Background

Figure 2.1: Relationships in the measurement information model [25]

language as the ISO 15939 standard shown in the figure, a box represents a measure-
ment, and an oval represents an indicator. A critical distinction is between measures
and indicators: indicators are crucial for initiating decisions (metrics push), while
measures play a role in overseeing the implementation of those decisions [4].

The SMS must operate on two levels simultaneously: technological measuring sys-
tems and social stakeholders and their organizations. The social component of the
measurement defines the measurement’s meaning and value. The technical portion
of the measurement program provides the method of data gathering and manage-
ment to arrive at the measure of the ‘what’ [4]. This brings challenges including
ensuring the sustainability of measurement methods, establishing clear goals, select-
ing appropriate measuring technologies, and allocating necessary resources, time,
and budget. According to a recent study, the vast majority of MPs do not last more
than two years and frequently fail to achieve their goals [27]. The reasons for these
failures are typically linked to a mismatch between MPs and larger company goals,

11



2. Background

a lack of organizational commitment, and a lack of alignment between measurement
results and subsequent action plans.

The SMS is designed to address two critical scenarios: project prioritization and
knowledge erosion. By integrating specific indicators, the SMS enables stakeholders
to get a straightforward impression of the project’s current status, enabling them
to identify and prioritize high-impact projects and monitor the risk of architectural
erosion due to knowledge loss.

2.2 Domain Background
The thesis received support from Volvo Groups, Trucks, Technology (Volvo GTT),
a leading transportation, mobility, and construction equipment manufacturer, head-
quartered in Gothenburg, Sweden, with a global workforce exceeding 100,000. Specif-
ically, the research was conducted within Software Development Team A at Volvo
GTT, responsible for engineering database services for internal stakeholders. This
team, comprising nine members, including product owners, software architects, de-
velopers, and testers, operates with overlapping roles. All team members actively
participated in the research, facilitated by the company’s provision of financial sup-
port, industry supervision, and access to essential resources.

As Staron [4] mentioned, a metrics team should have at least one person dedicated
full-time to measurement. In this case, two software engineering students developed
this software measurement program. We built the program based on specifications
provided by company stakeholders, ensuring timely delivery of our deliverables and
thorough evaluation of the software.

One key success factor for measurement programs is clear communication with stake-
holders regarding their goals and needs [27]. The POs and developers are identified
as external stakeholders in this project. There may be an overlap in the identity as
POs also take on some development tasks.

In Agile practices, POs are responsible for evaluating progress, prioritizing backlog,
and managing an overall vision for the product. They provide domain knowledge and
team-specific information on which the design of the measurement program should
take into consideration. They also give instant feedback on our design and guide us
in identifying suitable development team members for interviews and workshops.

The developers are the primary users of our measurement program. They use the
information model we create and are directly impacted by it. Their input is incor-
porated at various stages, including prototyping, development, and evaluation.
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3
Related work

This section covers the related work for prioritization and architectural erosion, with
a minor focus on applying measures.

3.1 Project Prioritization
Project prioritization is an important part of software engineering. Bug prioriti-
zation, pull request prioritization, and requirements prioritization are examples of
common project prioritization aspects [3].

While direct literature on project prioritization is limited, there is a relevant re-
search topic on requirement prioritization. Requirement prioritization is essential
for project success because it helps decide which features to implement first based
on factors like risk, time to market, value, and cost. Traditional methods like the
Analytical Hierarchy Process (AHP) [28] have issues, such as being difficult to scale
and taking too much time with pairwise comparisons. To overcome these problems,
a method called Use Case-Based Analytical Hierarchy Process (UC-Based-AHP)"
[29] has been proposed. This method uses natural language processing and existing
use cases to make the process simpler and more reliable.

For project prioritization, several approaches are usually adopted. Agile prioritiza-
tion emphasizes customer feedback and iterative development, while Value-Based
Prioritization focuses on maximizing stakeholder value through techniques like Cost
of Delay (CoD) and Return on Investment (ROI). Risk-based prioritization priori-
tizes projects by assessing potential risks using methods like Failure Mode and Ef-
fects Analysis (FMEA) [30]. Common frameworks include the MoSCoW method
[31], which categorizes features into must-haves, should-haves, could-haves, and
won’t-haves; the Kano model [32], which balances customer satisfaction against
implementation cost; and the RICE framework [33], which scores features based on
reach, impact, confidence, and effort. These approaches help align project outcomes
with strategic goals, improve decision-making, and enhance communication among
stakeholders.

Combining different prioritization methods is becoming popular to leverage the
strengths of each approach. Hybrid models offer more comprehensive and flexi-
ble prioritization frameworks, tailored to specific project needs and organizational
contexts.
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Software project prioritization trends are shifting significantly. There’s a strong em-
phasis on automation and generative AI to streamline low-value tasks and enhance
decision-making processes [34]. Additionally, the integration of data analytics is
becoming standard practice for building data-driven project management.

Despite advancements, academic research often faces challenges in providing context-
specific solutions, integrating complex systems, and ensuring reliability. Thus, there
is a need for empirical studies where the effectiveness of different prioritization meth-
ods is validated across diverse industrial contexts. Addressing these needs can im-
prove the practical applicability of academic findings and support the adoption of
innovative technologies in the industry.

Our approach uses automation and data analytics to support decision-formulation
processes, providing a useful solution that addresses gaps in current research and
offers practical, context-specific solutions for diverse industrial applications.

3.2 Architectural Erosion
Software architectural erosion is an important issue invoking problems like declined
software quality and increased complexity. Although Lehmans Laws of software
evolution [35] has proven that it’s inevitable that software quality deteriorates over
time and the complexity increases, a lot of research has been done to both identify
and mitigate architectural erosion.

According to Jansen [16], knowledge loss contributes to the erosion of software ar-
chitecture evolution. The common approach of incorporating knowledge and data
into architectural design choices implicitly causes problems of crucial knowledge’s
disappearance. Identifying erosion symptoms early has been ideal for preventing
further degradation and ensuring software stability. In this chapter, we discuss both
from the knowledge side and from the architecture side.

Lima [18] explains how automated approaches can be used to identify lost knowledge
in software development projects. The methods used are data-mining techniques
and text summarization algorithms. Newton [36] gives an empirical case on how
expertise levels and complexity, impacting productivity can help identify knowledge
loss in open-source software development. Nonnen [37] proposed a method to identify
knowledge loss in software engineering by monitoring vocabulary divergence among
developers, tracking active developers’ word usage, and analyzing commit history
for word understanding discrepancies. Manner [38]investigated how knowledge loss
affects the software development process and proposed a Knowledge Loss Risk Model
(KLRM). This model identifies and minimizes risks by focusing on documentation,
expertise retention, and comprehensive process knowledge. Additionally, Rashid [39]
emphasized the impact of knowledge loss in open-source projects, where abandoned
code and project instability are common due to turnover and unshared expertise.

Li [40] did comprehensive research covering all aspects of software architectural ero-
sion. Four types of detecting approaches were defined: consistency-based approaches,
which depend on the evaluation of architecture consistency; evolution-based ap-
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proaches, where different history versions are checked; defect-based approaches,
where review and inspections are performed; and decision-based approaches, where
important design decisions are captured.

Measures also play an important role in addressing and preventing architectural
erosion, including preventive and remedial measures. Preventive measures are widely
in the form of monitoring and evaluation. Bouwers [41] applied an architecture
evaluation method to periodically assess the implemented architecture at different
developing steps so architectural erosion could be effectively identified and prevented.
Remedial measures focus more on maintenance. However, Li [40] points out that
repairing erosion is not always an option in light of dependency on code quality and
architecture knowledge. Building a new system would be more cost-effective.

After building a framework and comparing all existent architecture erosion control
techniques, De Silva [24] concluded that none of the techniques in existence is ef-
fective in preventing architecture erosion. And Li [40] identified a gap between
theoretical frameworks and practice, more empirical studies should be conducted.

We contribute to developing a Software Measurement System (SMS) that explicitly
addresses architectural erosion by integrating knowledge retention strategies. This
approach helps in ensuring critical knowledge is preserved and architectural integrity
is maintained.
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4
Methods

This chapter presents the methodological framework of this thesis. The thesis was
developed through two iterative cycles. The first cycle focused on identifying chal-
lenges the proposed indicator should indicate (RQ1a and RQ2a) and identifying
stakeholder’s information needs. The second cycle focused on illustrating and eval-
uating the identified indicator’s effect (RQ1b and RQ2b).

4.1 Research Methodology
We followed a design science research(DSR) method described by Henver [42] and
Peffers [43]. The suitability of DSR is justified by its alignment with the research
questions, through the structure of three iterative cycles, each cycle consists of the
full process of understanding, execution and evaluation. The innovative artefact is
an SMS. The first cycle focuses on identifying current challenges, perceiving the situ-
ation, and helping stakeholders identify things they are not clear about (RQ1&RQ2),
the generated artefact is a conceptual model of the SMS, mapping the aspects of in-
dicators and metrics. Subsequent cycles are dedicated to the creation of a prototype
and the final implementation of the SMS, respectively, to address the comprehen-
sive research questions designated as RQ1, RQ2, and RQ3. Later in this chapter,
we present the detailed design for every cycle, focusing on how to iteratively develop
the SMS.

4.1.1 Design Science Research
Design Science Research Method (DSRM) has grown in popularity and importance
particularly in information systems, due to its emphasis on developing and evalu-
ating new artifacts that solve real-world problems and contribute to both practical
and theoretical knowledge.

Compared to Action Research, where the focus is on improving specific organiza-
tional contexts practically and understanding the change process, DSRM aims at
creating new realities by constructing innovative artefacts to solve generic problems
[44]. The artefact could be any designed object with an implemented solution to an
understood research question [43]. In the field of software engineering, the artefact
could be a model in a UML (Unified Modeling Language) or a prototype of a soft-
ware system. The DSR framework involves three stages: understanding, executing,
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Figure 4.1: DSRM Process Model [43]

Figure 4.2: Overview of each cycle

and evaluating. Figure 4.1 presents typical design process elements.

Figure 4.2 gives an overview of the process of our two cycles. The boxes at the top are
the three main stages from DSRM, and correspondingly, we have our stages in each
Cycle 1 and Cycle 2. The description in the purple boxes presents the correlation
of the stages and the research questions. The description in the green box gives a
brief introduction on the activities in each stage of the cycle. Cycle 1’s problem
investigation is performed by interviews with stakeholders and thematic analysis,
focusing mainly on identifying common challenges stakeholders face in their daily
development related to our two scenarios (RQ1a&RQ2a). Through literature review,
we developed a conceptual model for our SMS containing indicators needed for the
two scenarios (RQ1&RQ2). The evaluation is performed by a workshop where then
stakeholder advice is taken into model refinement (RQ1b&RQ2b).

Cycle 2 starts with prototyping, this is the stage of defining the objectives of a
solution. This aims to provide concrete examples and data to inform subsequent
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design decisions. The execution stage is performed by implementing a measurement
system. And the evaluation meeting with a key stakeholder is conducted as the
evaluation of the artefact we produced.

4.2 Cycle1: Conceptual model
This section outlines the methodology and development process of the conceptual
software measurement information model within the first cycle of our research, fig-
ure 4.2 gives a visual workflow. The innovative artifact at this stage is the SMS
information model, a conceptual model designed to map the final product.

4.2.1 Interview and Thematic Analysis
A semi-structured interview is ideal for understanding the specific limitations and
challenges related to project prioritization and knowledge erosion. Since we are not
very familiar with the team’s work, it allows flexibility in discussion, enabling a
deeper exploration of issues directly from stakeholders’ perspectives. We aimed to
dig out the qualitative data that is rich and context-specific that could help when
identifying practical solutions for RQ1a and RQ2a, guiding the development of an
effective software measurement system (SMS). Three participants are selected based
on their roles and experience as presented by Figure 4.2.1

Table 4.1: Background of interview participants

Role Time at EDB Often make technical decisions
Developer 4 Yes
PO 22 No
PO 24 No

4.2.1.1 Interview guide

Our goal for the interview is to address RQ1a and RQ2a: What challenge should
the indicator indicate? Starting from this goal, we try to develop our first version
of interview questions. We iterated and formalized our interview questions twice
with the help of our supervisor to avoid problems that were too vague or too broad.
As a result, 8 questions are included in the final draft. A consent form A.3 is also
designed for ethical reasons.

The interview was conducted individually in an informal setting and had open-ended
questions to guarantee the flexibility of the discussion, allowing the participants to
freely express their thoughts and provide insights beyond the scope of predetermined
answers. The two participants were selected based on their roles, expertise and
involvement in the decision-making process.

Before the interviews, the participants were reminded of the anonymity and con-
fidentiality of the study. We ask interviewees for permission to record and use
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Table 4.2: Mapping of interview questions to research questions

Interview Questions Research Questions
Q1. How much do you know about SMS? General
Q2. Can you describe your experience with using metrics
to formulate decisions in software development? What
metrics have you found most valuable?

General

Q3. How does your team currently prioritize projects?
What challenges do you face in this process?

RQ1a

Q4. What strengths and weaknesses do you see in your
current approach to project prioritization?

RQ1a

Q5. What specific challenges do you encounter with
knowledge management and architectural erosion?

RQ2a

Q6. Can you provide examples of how knowledge loss
has impacted your projects?

RQ2

Q7. Can you share examples of the types of log data that
you find particularly valuable for your decision-making
process for project prioritization and knowledge erosion?

General

their words in our study and have them sign a consent form. The purpose of the
study and structured interview questions were then given to participants, following
the guideline [45]. This introduction to the interviews can be found in Appendix
A. The interview was hosted virtually with Microsoft Teams with recording and
auto-transcription using the same tool. All interviews last between 45 minutes to
60 minutes. Table 4.2 shows the connections between our interview questions and
research questions.

4.2.1.2 Thematic Analysis

An inductive approach is adopted for qualitative thematic analysis. We used a tool
called NVivo to do the thematic analysis for the interview. After creating a project in
NVivo, we import transcripts from two interviews. By carefully reading through the
transcripts, we find some interesting text and we label them with codes. Then, we
categorize the code we identified into themes. Note that the process was conducted
separately and concurrently, and then discussed together to reach a consensus on
the themes, this also guarantees that the result is more accurate and less biased by
personal preference on expression.

This bottom-up approach allowed for a detailed analysis where each quote was coded,
leading to a nuanced understanding of the interviewees’ perspectives. This process is
iterative for more in-depth, specific, and actionable results for our workshop design.

To maintain consistency, we individually categorized the participants’ responses into
different themes. Following this initial coding phase, we reviewed our separate
analyses together, aiming to align our understanding of themes. The outcome of the
collaborative process is then documented in a Google document. Furthermore, we
constructed a thematic relation diagram to visually represent the interconnections
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among the identified themes.

4.2.2 Initialization of information model: V-model identify-
ing information need

Figure 4.3: V-model: Process of developing measurement systems [10]

The V-model presented by Staron [10] illustrates the development process of mea-
surement systems in an industrial context, a list of activities planning is suggested
in a natural way. The model has a structure of a top-down approach in the ini-
tial stages followed by a bottom-up approach during implementation. This aligns
with the traditional model of software development. This structure ensures that
the system meets the information needs of stakeholders while minimizing misunder-
standings through iterative refinements in the middle stages of the process.

The information and interpretation stage is performed by the interview and thematic
analysis. Later we followed the first top-down approach to define the indicator and
the corresponding analysis mode, derived measures(DM) and base measures(BM).
Staron [10] also provided example questions for each activity in the v-model, when
defining the specific measures, we started with answering these example questions.
Thus the first draft of the information model was built. The v-shape also allowed us
to demonstrate the transition from high abstraction levels to detailed specifications.
The information model was then used to guide the follow-up implementation of the
measurement system using the bottom-up approach in Cycle 2.

4.2.3 Workshop
The workshop was meticulously designed to validate and refine the proposed indica-
tors within our measurement information model. The primary goal was to ensure
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these indicators accurately reflect the practical needs and can be effectively applied
in real-world scenarios. Encourage participants to provide case studies or examples
illustrating the use of these indicators in decision-making processes. We selected 3
stakeholders for this workshop, with no overlap on participants with our interviewees
in the interviews.

The workshop was structured as follows:

• Introduction (10 minutes): Briefly introduce our research work and the ob-
jectives of the workshop. This included an explanation of the terms and def-
initions, ensuring all participants have a uniform understanding of the key
concepts.

• Workshop Session (45 minutes): Dive into the core activities of the workshop.
This involved presenting an initial illustration of four indicators derived from
our current research findings. Participants were then invited to discuss, verify,
and refine these indicators, focusing on their relevance and applicability.

• Closing (5 minutes): Summarize the discussions, acknowledge the contribu-
tions of the participants, and outline the next steps following the workshop.

The Key Questions and Activities ensured a thorough evaluation and refinement of
the proposed indicators and measures.

• Verification of Information Need: We asked participants to verify the goal of
refactoring code/files based on the information provided by the indicators.

• Elicitation of Interpretations: Participants were encouraged to share how they
would act based on the indicator information, providing examples through
a Post-it activity. This helped in verifying if the anticipated prioritization
actions aligned with practical actions taken by the participants.

• Verification of Indicators: We specifically sought feedback on the "File_Priority_Status"
indicator, categorized by color codes (Red, Yellow, Green) to determine the
urgency of working on the code.

• Defining Analysis Models and Measurement Functions: Through discussions
and Post-it activities, we explored the BM used to calculate DM, including
establishing formulas and thresholds.

• Verification of DM: This included discussing the importance, decommission
points, file performance points, and knowledge erosion possibility, aiming to
understand how these DMs contribute to the overall prioritization index.

4.3 Cycle2
This section describes the approach and development process of the software mea-
surement system during the second cycle of our research. Figure 4.2 gives a visual
workflow. The innovative artifact at this stage is the software measurement system.
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4.3.1 Prototyping: defining the objectives of a solution
Prototyping is a key method to explore and express designs for interactive computer
artefacts [46]. The prototype was designed with a functional focus, aiming to visually
and practically demonstrate the system’s core functionalities. The primary goal was
to create a practical representation of the system to facilitate understanding and
feedback. We adopted an evolutionary prototyping approach, incrementally refining
the design based on stakeholder feedback. The initial design established the basic
framework, focusing on core functions. Subsequent iterations added features like
adjustable attribute weights to enhance flexibility.

Cycle 2 starts with prototyping to define the objectives of a solution. This stage
provides concrete examples and data to inform subsequent design decisions. The
prototype provided a conceptual design of the information dashboard and created
an adaption of the information model to illustrate the planned system. The pro-
totype demonstrates the system’s functionalities, aiming to provide a practical and
functional representation to facilitate stakeholder feedback.

The key activity is to decide which information to show and in which form should we
present it to the stakeholders. Staron pointed out that the result of a measurement
could be signs (e.g., an arrow pointing up), a diagram, or just a color (e.g., red,
indicating a problem)[4, pp.51]. The interpretation and valuation of the numbers
provided by the measurement systems are conveyed through these signs, diagrams,
and colors [4, pp.51]. In this study, we adopt the color coding strategy since color
is straightforward to give a highlight on a status. The prototype includes two main
indicators with attributes that determine their values. The status of these indicators
follows the color coding method and is illustrated using three colors: red (immediate
action required), yellow (no immediate action needed), and green (no action needed).
Stakeholders’ feedback confirmed the effectiveness of the prototype, with several
functions receiving high recommendations.

4.3.2 Execution
To develop a robust SMS, we began by exploring a variety of existing models and
practices documented in academic and industry literature. Frameworks such as
Goal Question Metrics (GQM), Goals Questions Indicators Measures (GQIM), and
the ISO/IEC 15939:2007 Measurement Information Model are examined. We also
reviewed adaptations like GQM+ Strategies and Goal Argument Metrics (GAM)
to understand their structured approaches and identify potential areas for improve-
ment, particularly addressing operational shortcomings such as process rigidity and
inconsistent terminology [27].

Following Fenton’s foundational principles[47], our approach started with defining
the measurement initiative with clear objectives. We iterated the information model
defined in Cycle 1 and performed data analysis on real data to ensure the system
was grounded in practical, actionable insights. After distinguished whether the goal
was assessment-oriented or predictive, we identified specific entities and attributes
to be assessed to tailor the system to our project needs, avoiding a one-size-fits-all
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approach. Then, a thorough analysis to distinguish between internal and external
attributes critical to our metrics is conducted. By employing this methodical ap-
proach, we developed a measurement system that is precisely adapted to our project
goals, supporting informed decision-making on the two identified scenarios.

During the design and development phase, we transformed the prototype into a real
system. To quickly build a minimal viable product, we used MySQL as the database,
Node.js for the backend, and Vue for the frontend.

4.3.2.1 Data collection and analysis

Before implementing the software measurement system (SMS), a data collection and
analysis phase was conducted. Data was gathered from various sources, including
git logs, web server logs, and SonarQube. We acknowledge that in Cycle 1, the
connections between attributes are rather ambiguous, the links between BMs, DMs
and indicators were not perfectly clear. This section analyzes the collected data and
clarifies how these connections are established.

Git logs were obtained using a script, web logs were downloaded by a cron job on
the production server, and SonarQube data were collected through Web API. Some
attributes are internal which can be measured purely in terms of it’s own without
considering its behavior, like git log. Other attributes are external and must be
measured by their interaction with the environment, where behavior is crucial, such
as web server logs.

• Example internal attribute: git log

commit d815a (HEAD -> master, origin/master, origin/HEAD, origin
/Jira-8848)
Author: Developer <developer@se.com>
Date: Thu Feb 1 14:51:05 2024 +0100

Add test of BindVar default constructor (#2271)
* Add test of BindVar default constructor
* Add test of BindVar default constructor

• External attribute: web server log

[1/Feb/2024:02:15:27 +0100] 192.168.1.101 b528971 TLSv1.3 ECDHE-
ECDSA-CHACHA20-POLY1305 "GET /api/test/envstatus.cgi HTTP/1.1"
5021 200
[1/Feb/2024:02:15:31 +0100] 192.168.2.102 - TLSv1.3 ECDHE-ECDSA-
AES256-GCM-SHA384 "POST /api/info/dashboard.php HTTP/1.1"
2450 200

Following Staron, we use measurement instruments to assign a value to base mea-
sure from an attribute[10]. Measurement instruments are used to quantify specific
properties of one type of entity. An example of a widely used type of measurement
instrument is a command line script measuring the number of physical lines of code
in a program. An example of our instruments is a script that analyzes Git logs to
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calculate, for each file within a specified time, how many different people modified
it and the number of modifications made by each person. The calculation from base
measure to derived measure is defined as measurement functions in ISO/IEC 15939,
measurement functions are formulas that combine BMs and get a derived measure,
in theory, the BMs’ quantity could be infinite, but more BMs will lead to low in-
terpretability. Then the final goal is to define indicators that allow stakeholders to
interpret.

4.3.3 Evaluation meeting
In this section, we evaluate the measures defined in terms of the information need
and the implemented SMS. This activity also aims to answer our RQ1b and RQ2b.

Software measurement validation is always an ongoing topic raising practitioner’s
awareness, Fenton [47] proposes that a measure must be viewed in the context
in which it will be used. A valid measure is if it can accurately characterize the
attribute it claims to measure. A validation process for a software measure ensures
the measure is a proper numerical characterization of the claimed attributed by
showing that the representation condition is satisfied. We use validation to make
sure the measures are defined properly and are consistent with the entity’s real-world
behavior.

One participant was selected. He is the key stakeholder as he is the initializer for
this project in the company, he has experience in the team for over 20 years. The
evaluation meeting lasted for 30 minutes, with a 10-minute opening session aligning
our understanding and showing the system, and a 20-minute session for evaluation.
The evaluation meeting provided significant insights for answering RQ1b and RQ2b.
A list of Likert scale questions are designed, followed up by requests for further
elaboration on the rating. We asked the stakeholder to assess the effectiveness and
clarity of specific indicators used in project prioritization and knowledge loss. For
RQa, we asked stakeholders to rate the complexity and clarity of these indicators
on a scale of 1-10. We also evaluated how accurately these indicators captured
challenges in assessing project priority and identified any limitations. For RQb, we
examined the usefulness of these indicators in providing actionable data for decision-
making. Stakeholders rated their effectiveness on the same scale and described ways
in which the indicators aid in prioritization. The detailed meeting question can be
found in Appendix A.2.
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Execution and Results

5.1 Cycle 1
In Cycle 1, we aimed to get insights into RQ1a & RQ2a by conducting interviews,
doing a literature review, and hosting a workshop.

Initially, a thematic analysis of the interviews was performed. Following this, we
conducted a literature review, which informed the early development of a conceptual
information model. The model was then evaluated and revised during the workshop.

5.1.1 Cycle Execution & Results

5.1.1.1 Interviews and Thematic Analysis

The topics discussed during the interviews were what are the challenges and limita-
tions of project prioritization and architectural erosion identification process with
the existing approaches, as well as how the indicator can indicate those challenges.
These topics were discussed as part of investigating RQ1a and RQ2a.

A metric is a standardized measure to evaluate the extent to which a software
system or process exhibits a specific property [48]. Indicators, on the other hand, are
metrics accompanied by their associated interpretations [4]. We want to emphasize
the meaning of metrics here since they will be pivotal in the subsequent themes
discussed in this section.

Figure 5.1 presents a combined overview of the themes identified from thematic
analysis. Each theme was also described in further detail, combined with support
from interview quotes.

Theme: The use of current quantifiable indicator for making decisions

The first challenge participants mentioned was although there were already some
monitoring tools in use within the team, such as Grafana and SonarQube, their
usage in decision-making processes remains limited. Grafana, a platform for mon-
itoring and observability, is a dashboards that display real-time data about devel-
opers’ operations. SonarQube, on the other hand, is a static analysis tool that
helps in continuously inspecting the code quality and detecting bugs and security
vulnerabilities.
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Figure 5.1: Overview of Thematic Analysis

The fact they have monitoring tools that contain several indicators but they were
not in used shows a gap between the current resources and how well they have been
used in practical decision-making scenarios.

“I mean, I haven’t been much involved in that. But we monitor a lot of services on
the platform called Grafana. So, there are a lot of monitoring of services on that
one” -P2
“I wouldn’t say metrics do much in this decision-making process, I guess. I mean
you can say it’s like we have a lot of tests in this program or we do not have a lot
of tests in this program. So, it’s kind of maybe like black and white, if tests are not
enough, then you write it. And I guess until then it’s good enough at least.” - P2

Theme: Limitations in metrics itself

sub-theme: Incomplete understanding of the projects

Followed by the challenges that existing tools are not often used for the decision-
making process. Participants expressed frustration over their inability to obtain a
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full picture of the project using the existing tools. For example, while SonarQube
provides metrics such as the number of lines of code and code complexity for specific
files, participants pointed out that it lacks a big picture of the project’s overall
functionality. Consequently, they find it challenging to determine whether changes
to the code base are beneficial or if the changes complicate the system without
adding clear value to SonarQube.

“I don’t know if that exists yet, but basically, SonarQube is working like that, and
you can do all the stuff, but it is not on a high level. This tends to be more on the
details. They don’t understand the big picture of what the system does, so they
still don’t really give a full picture of whether this makes sense.” - P1

“They don’t know at the end of the day if it contributes in a good way or if it’s
over-complicated because it doesn’t do any global analysis.” - P1

sub-theme: Incompatible for solving creative problems

Our participants pointed out that existing measurement tools have limitations when
it comes to addressing creative problems. Participants mentioned that when faced
with such challenges, the metrics and indicators provided by these tools proved
insufficient. The tools failed to offer the necessary insights or guidance needed to
solve creative problems, leading stakeholders to rely on intuition or other methods
instead of these metrics.

“That was when people tried to find the solutions with statistics. But it’s not really
applicable. I mean, for statistics, they only capture one aspect at a time. I mean it
can still be the wrong thing to focus on because it’s a kind of micro-optimization.”
- P1

sub-theme: Incompatible for solving safety critical problems

As highlighted in the previous sub-theme, the metrics are incompatible with creative
problems and prove insufficient in safety-critical problems. Participant 1 noted that
while SonarQube provides valuable metrics, their experience in safety-critical sys-
tems was less than satisfactory. In the safety-critical context, where resolving 100%
of security issues is mandatory, they found themselves spending an excessive amount
of time addressing what often turned out to be false positives. This inefficiency shows
the metrics are not suitable in situations where speed and accuracy are important.

“With SonarQube I think they provide good metrics. But there I have a bit of a
bad experience when you work in safety critical systems where you need to solve
100% of all these rules that you know you have to spend a disproportionate amount
of time on on the arrows that might be for false positives.” - P1

Theme: Limitations in applying metrics in development

sub-theme: Outdated code linters

One significant challenge in applying metrics is current code linters are outdated,
which provides inaccurate information to developers in the team. This misinfor-
mation can lead to the implementation of incorrect features, potentially causing
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subsequent issues in the development process.

“About measurement system outputs, old code linters are bad to use. That’s not
updated. That gives false positives and also performance benchmarks that measure
CPU counts when the network latency is the dominating factor. Then maybe you
don’t understand this management system so well. Otherwise, it’s very good.” - P1

sub-theme: Stakeholders have different scales for metrics, strong opinion
from major financial stakeholders

Another challenge encountered in applying metrics arises from the diverse range of
stakeholders involved. Stakeholders who contribute more financially often have more
influence, potentially making final decisions. This issue is particularly pronounced
when such stakeholders interpret metrics differently from others, leading to decisions
that may not align with broader consensus or perspectives.

“Then you also have strong individuals that can decide the budget, so we have 10
stakeholders, we have a stakeholder that pays more. He has to answer his managers
about what he gets for the money so then you have to mix that thing. About the
metrics, we put values on things, we put estimations on how long time it takes,
how high priority this is all on a very high level and according to the safe and agile
principles” - P1

Theme: Conflicts between must-dos and code quality improvement: need
to prioritize important projects to refactor
Numerous projects have been developed over 20 years since the team has been
established. Even though they remain functional, there has been a tendency to
prioritize the initiation of new projects over the improvement of the code quality
in these older applications. Currently, there is a growing focus on enhancing the
maintenance of these critical yet code-deficient legacy projects.

“Overall the goal is to know if we should work on the code, it is just different reasons
for doing it” - P3

“So you tend to have a lot of items that are binary decision-making in the sense that
they are must DOs and they expel others, they take precedence before other items
like improve quality, removing technical work long term with things. So you have a
software prioritization situation where you have a problem working long-term to do
things that they are not the most and that is I think in the industry, in general, is
a problem.” - P1

Theme : Architectural erosion
As indicated by the stakeholders, there are amount of legacy code within the orga-
nization that requires updating and refactoring to enhance code quality. However,
many of the earliest applications, developed by developers who have since transi-
tioned to other roles or organizations, lack clear documentation or explanations for
their code. Despite this, numerous legacy projects continue to be operational and
essential. Furthermore, these older systems often serve as a foundation for newer
projects, creating dependencies that add difficulty to modifying the legacy code.
This situation pronounced a knowledge gap for those applications, complicating the
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maintenance of these critical systems.

“I mean, we have a lot of old code. It’s not very up-to-date.” - P2

“Yeah, you have to do it quite manually to pin the problem down and sometimes
you need to get the knowledge from someone else who has worked on it before.” -
P2
“We have a lot of services, so you can’t really be an expert on everything. It’s really
important to have logs because you can’t be an expert on everything and you need
to be able to get information from logs to pin down things."” - P2

“Yeah. I mean you can do that, or you can do it yourself with just analyzing logs,
of course. But maybe it takes more time.” - P2

The themes "Conflicts between must-dos and code quality improvement: need to
prioritize important projects for refactoring" and "Architectural erosion" is highly
relevant to our RQ1a and RQ2a. These themes provide insights into the question,
What challenge should the indicator indicate? and were used in subsequent steps of
our analysis.

5.1.1.2 Initialization of conceptual information model

In the development of our conceptual measurement systems, we used the V-model,
a framework well-documented by Staron et al [10]. In their work, the V-model was
used to structure the development process which involves identifying stakeholder
needs, defining measures, and developing and validating. The process was depicted
in Figure 5.2. This model guided us in identifying specific information needs from
the thematic analysis. This section is divided into two parts: the process of how we
conducted the initial conceptual model and a detailed explanation of the model.

Process of initialization of the conceptual information model

To initialize a conceptual information model, we first elicited information needs
through thematic analysis. The participants we interviewed, as primary users,
pointed out that they wanted to get an idea of which file should be prioritized
first to work on from the SMS. This need helps speed up decision-making in file
prioritization and improves the overall code quality of projects.

“Overall the goal is to know if we should work on the code, it is just different reasons
for doing it” - P3

“So you tend to have a lot of items that are binary decision-making in the sense that
they are must DOs and they expel others, they take precedence before other items
like improve quality, removing technical work long term with things. So you have a
software prioritization situation where you have a problem working long-term to do
things that they are not the most and that is I think in the industry, in general, is
a problem.” - P1

Next, we focused on understanding how participants interpret this information
need. They indicated a requirement for metrics that would help them decide
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Figure 5.2: V-model: Process for developing measurement system [10]

whether to work on files when faced with conflicting maintenance tasks. This under-
standing guided us in defining relevant indicators, with the primary one being the
file_priority_status.

To define the indicator and the corresponding analysis model, decision measures
(DMs) and base measures (BMs), we followed a top-down approach. Staron [10]
provided example questions for each activity in the V-model. When defining the
specific measures, we started by answering these example questions.

Initially, we did not obtain any information on how stakeholders could define the
analysis model based on literature review, so we left it as combined with different
kinds of measures. However, during a later workshop with stakeholders, the analysis
model was defined and subsequently documented in Chapter 5.1.13.

The top-down approach led us to ask ourselves questions, which revealed that partic-
ipants did not suggest any specific measures to include in the formulas for defining
decision measures (DM). However, we proceeded to define base measures (BM). The
necessary BMs identified included the frequency of file touches, file-related URL re-
quests, and the time taken to complete these requests.

We then defined measurement methods to describe how values are assigned to BMs,
such as using git logs to count the number of changes and web server logs to count
URL requests and measure the time to complete these requests.

Lastly, we aimed to define the entities and their attributes, which are critical as
they form the main sources of information. At this stage, specific entities and their
relationships were not fully detailed by the participants. The primary attributes
identified for measurement were derived from git logs and web server logs.
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Explanation for Conceptual Information Model

Figure 5.3: The initial conceptual information model for SMS

The results of are summarized in Figure 5.3. The figure was explained from top to
bottom. As the figure presents, on the left-hand side is the conceptual information
model based on the theoretical framework from the literature, while the right-hand
side represents the model developed from thematic analysis and literature review.
The main indicator identified is the file_priority_status, which is divided into three
thresholds: RED, indicating high urgency and files that should be prioritized; YEL-
LOW, indicating moderate urgency and files that may be prioritized; and GREEN,
indicating low urgency and files that should not be prioritized. the indicator helps
participants make informed decisions about file prioritization.

Base measures provide the raw data needed for the analysis model. The identified
base measures include the frequency of a file being touched, file-related URL requests,
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and the time to complete file-specific URL requests. These are tracked using git logs
for file changes and web server logs for URL requests and response times.

The attributes define specific characteristics of the entities being measured. In this
model, the attributes include data from git logs and web server logs, which provide
detailed information on file changes and URL requests.

The final output is presented in an information dashboard that helps stakeholders
decide if a file needs refactoring based on the file_priority_status. This dashboard
visualizes the derived measures and provides a clear indication of which files should
be prioritized for maintenance or improvement.

This stage played a crucial role in informing the early development of a conceptual
information model. The review helped us identify key concepts, frameworks, and
methodologies that are essential for constructing a robust conceptual information
model. This model served as the foundation for the workshop preparation, ensuring
that our measurement strategies were not only grounded in theoretical frameworks
but also finely tuned to address specific organizational contexts. This step primarily
aimed to deepen our understanding of Research Questions 1a and 2a.

5.1.1.3 Evaluation: Results from Workshop

Figure 5.4: The conceptual information model for SMS developed after revision
of workshop: one indicator was split into two, adding architectural erosion status
as a new indicator. Additional data source types were included as attributes. An
analysis model for project priority status was also defined.

The goal of this workshop was to validate and refine the conceptual information
model with stakeholders. Three participants attended the workshop.
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This section presents the process of how the workshop was been conducted and the
results of the revised conceptual information model, organized into several main
areas: topics and focus areas, areas for improvement and adjustments made, and a
summary for the workshop.

Workshop topics and focus areas

The workshop focused on two key goals to ensure the applicability of our information
model. First, we aimed to validate how participants act on the information provided
by the indicator. i.e. file_priority_status. Participants were encouraged to refine
the actionable steps based on the indicator. For example, if action should be taken
when certain thresholds are met, such as deciding whether to refactor the code or
file.

Second, we aimed to verify the validity of the indicators. Participants were asked to
validate the indicators previously defined, specifically the file_priority_status indi-
cator. The indicator was demonstrated to participants with the following examples:
Red indicates that the team should work on the code (when it exceeds the thresh-
old), Yellow suggests that the team can work on the code if they have extra time,
and Green means there is no need to work on the code. This discussion was crucial
to ensure that the indicators met the stakeholders’ needs.

Areas of Improvement and Adjustments Made:

• Diverse Data Sources: During the workshop, participants identified the
need for incorporating diverse data sources, as the current model relies heavily
on log files. Expanding the range of data sources could significantly enhance
the comprehensiveness of the information model. This would provide a broader
and more accurate picture, capturing nuances that log files alone might miss.
By integrating data from multiple sources, the model can become more robust
and reflective of real-world scenarios.

– Adjustment: To address this issue, we incorporated extra attributes
beyond those found in log files. Specifically, this includes source code
and SAST scans. This enhancement ensures that the information model
includes a wider variety of data, leading to a more complete and accurate
representation. The additional attributes enable the model to account for
different aspects of the data, improving its overall quality and usefulness.

• Classification of Indicators: Another area of improvement identified was
the classification of indicators. Participants suggested that the current model’s
indicators are too limited, with "file_prioritization_status" being the primary
example. They recommended categorizing indicators based on their attributes
to facilitate more effective analysis and interpretation. A more detailed clas-
sification system would make it easier to derive meaningful insights from the
data, as it would allow for a finer granularity of analysis.

– Adjustment: In response to this feedback, we refined the classifica-
tion system by separating a single indicator into two distinct indica-
tors. From file_priority_status to project_priority_status and architec-
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tural_erosion_status. This change allows for more precise measurement
and analysis, enabling users to gain deeper insights from the data. By
having more specific indicators, the model can better capture the com-
plexities of the data, leading to more accurate and actionable results.

• Development of Analysis Models: The final area of improvement dis-
cussed was the absence of analysis models for indicators. Participants noted
that without these models, it is challenging to fully use the information pro-
vided by the indicators. The development of robust analysis models was cru-
cial for making the most of the data and deriving valuable insights. Since
the current team does not have established thresholds for security and com-
plexity values, the stakeholder would like an adjustable parameter, ranging
from 0 to 1 for both values. This will help them make adjustments once they
have defined the thresholds for these values. Parameters are presented as x
and y in the analysis model for project priority status indicator. These mod-
els would provide the necessary framework for interpreting the indicators and
understanding their implications.

– Adjustment: To address this gap, we collaborated with workshop par-
ticipants to formulate a preliminary analysis model. This initial model
serves as a foundation for further refinement and validation in subsequent
project cycles.

– Project Priority Status:

Project Priority Status = (x×Security+y×Complexity)×Frequency of URLs

– Knowledge Erosion Status:

Knowledge Erosion Status depends solely on the frequency of file touches.

Summary for the workshop

During the workshop, stakeholders iteratively refined the indicator, transitioning it
from file_priority_status to project_priority_status. This change resulted from the
recognition that monitoring file_priority was infeasible due to existing limitations
within our development and logging systems.

Additionally, the workshop identified the need for different kinds of data sources.
Consequently, we adjusted our attributes to include SAST scans, CPP files, web
server logs, and git logs. A prioritization session conducted during the workshop
determined that SAST scans should be given the highest priority when deciding
whether the project needs refactoring. This contributes to the development of the
analysis model for project prioritization.

In subsequent discussions, consensus was reached on the architectural_erosion_status
indicator derived from git log data, leading us to retain this indicator in our analysis.

The workshop conducted was a pivotal element in achieving the overarching goals
of this thesis, which aims to validate and refine the initial information model. This
step primarily aimed to verify our understanding of Research Questions 1a and 2a.
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5.2 Cycle 2
Initially, Cycle 2 aimed to develop a software measurement system to illustrate the
conceptual model created in Cycle 1. The process was divided into three stages:
design, development, and evaluation.

During the design stage, we designed and demonstrated the potential SMS of a
solution to a stakeholder. The feedback we received from the stakeholder ensured
that we were aligning their needs with our understanding and staying on the right
track. This stage was crucial for aligning the system’s features with stakeholder
needs (RQ1a & RQ2a). Next, the SMS was developed targeted to our specific
organization. The analyzed data was entered into the SMS. Finally, the evaluation
stage was conducted through an interview with a company stakeholder (RQ1b &
RQ2b).

5.2.1 Cycle Execution & Results
5.2.1.1 Design for SMS

Figure 5.5: Prototype for SMS

A prototype was drawn to illustrate the function of the SMS. The prototype’s design
was primarily functional, aiming to demonstrate the system we were planning to
build. It focused on illustrating the functionalities. The main goal was to provide a
practical and functional representation of the system. Figure 5.5 shows the prototype
of the SMS.

The system initially lists project names, followed by measures represented in blue
cubes. These cubes denote various base measures that contribute to two critical
indicators: Knowledge Erosion Status and Project Prioritization Status. Knowledge
Erosion Status was intrinsically tied to the touch frequency of files, indicating how
often files were modified, which could suggest potential knowledge loss. Project
Prioritization Status uses multiple base measures, including the number of fixes for
security scans, code complexity, and frequency of URL requests. These indicators
were assessed using an analysis model, with their statuses represented by three colors:
red indicates immediate action is required, yellow signifies that action is not required
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immediately, and green means no action is needed at all. The analysis model defines
how these derived measures are calculated from the base measures.

The prototype also has a feature of adjustable weights under base measures, enabling
users to modify the importance of different measures. This offers flexibility in how
the data is interpreted and applied.

During the development process, these features were presented to a key stakeholder
and received confirmation. Several functions within the prototype were highly rec-
ommended by stakeholders for their effectiveness and utility.

The contribution of the prototype was to define objects as solutions for RQ1a &
RQ2a.

5.2.1.2 Implementation of the SMS

Data collection and analysis Before implementing the SMS, a comprehensive
data collection and analysis phase was undertaken. This phase involved gathering
data from various sources, including git logs, web server logs, and SAST scans. The
purpose of this data collection was to extract relevant insights needed to address
Research Questions 1b and 2b.

Data collection

The data was collected from several sources:

• Project Repository on github: source code from EDB team repo and
related log files were gathered from the project repository to ensure accuracy
and relevance.

• Production Server: Logs from the production server provided critical oper-
ational insights.

• Static Application Security Testing (SAST) Scans: Data from Sonar-
Qube contributed to the security and code quality analysis.

Data Analysis

During the implementation of the SMS, we applied a significant change due to
the lack of direct connections between some base measures and indicators when
analyzing real data. Specifically, we could not establish a direct link between the
frequency of file touches and the architectural erosion status. Consequently, we
carefully re-examined the data and modified the base measures from the frequency
of file touches to inactive file percentage and ownership overlap.

Inactive file percentage refers to the proportion of files in a project that have not
been modified for a long time. A low inactive file percentage indicates that many files
have not been touched for a significant period, suggesting a high risk of knowledge
erosion within the project.

Ownership overlap measures how many different developers have worked on a project
over a given period. If ownership overlap is zero, it means that only one developer
has touched the project within that time frame, indicating a high risk of knowledge
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loss. Conversely, a high ownership overlap value means multiple developers have
contributed to the project, reducing the risk of knowledge loss.

Another change is we add a feature that provides historical trends for two base
measures derived from git logs. By analyzing the git logs, we can extract data
over specific time periods, such as week-by-week comparisons. These adjustments
were necessary to better reflect the real-world dynamics of knowledge erosion and
to improve the accuracy of our indicators. The refined model incorporating these
changes is presented in the figure 5.6.

Figure 5.6: Final version of the information model for SMS

The collected data was analyzed using Python scripts. The analysis was structured
as follows:

• Git Logs:

– Inactive File Percentage Calculation: This was calculated to understand
the proportion of files that had not been modified over a specified period.

– Ownership Overlap: Analysis of contributions by various developers helped
in assessing the distribution of work and identifying key contributors.

– Time Frame: The analysis of git logs covered the period from January 1,
2024, to February 1, 2024.

• Web Server Logs:

Below are two example entries of the web server log:

[1/Feb/2024:02:15:27 +0100] 192.168.1.101 b528971 TLSv1.3 ECDHE-
ECDSA-CHACHA20-POLY1305 "GET /api/test/envstatus.cgi HTTP/1.1" 5021
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200
[1/Feb/2024:02:15:31 +0100] 192.168.2.102 - TLSv1.3 ECDHE-ECDSA-
AES256-GCM-SHA384 "POST /api/info/dashboard.php HTTP/1.1" 2450 200

Checking the web server logs revealed critical information, including times-
tamps, client IP addresses, unique session identifiers, TLS protocol versions,
HTTP methods, specific URIs requested, data size transmitted, and HTTP
response codes. Understanding how often different web pages (URLs) were
visited helped address prioritization challenges in decision-making processes.

– Frequency of a project-related URL requests: This measure tracked how
often different projects were accessed, providing insights into project pop-
ularity and usage patterns.

“ Frequency of URLs is nice to have to monitor code quality.” - P3

– Time to Complete Requests: Stakeholders indicated the importance of
tracking how long it takes to complete each request in the web server
logs. This information could be used to determine the time efficiency for
different programs/files and identify key areas for improvement.

“Time to complete request could be useful, I will ask a developer to
deploy a function to production environment.” - P3

“I mean time information is of course important. ” - P2

– SAST Scans: We got data directly from SnoarCube

– Time Frame: The web server logs analyzed were on February 1, 2024.

Implementation

The SMS is shown as figure 5.7 and 5.8.

The features are described as follows:

• Adjustable Weight Sliders

– Security Fixes: Allows users to adjust the weight given to security fixes.

– Code Complexity: Adjusts the weight given to code complexity.

– Inactive File Percentage: Adjusts the weight given to the percentage of
inactive files.

– Ownership Overlap: Adjusts the weight given to the overlap of code
ownership among developers.

• Data Display: Measures

– ID: Unique identifier for each project.

– Security Fixes: Number of fixes for security scans.

– Code Complexity: Complexity score of the code.

– Urls Frequency: Frequency of URL requests related to the project.
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Figure 5.7: SMS without history trend for the project

– Inactive File Percentage: Percentage of files that have not been modified
over a specific period.

– Ownership Overlap: Degree of overlap in contributions from different
developers.

– Actions: Provides options to view detailed information for each entry.
The "Click to see details" button expands to show the detailed history
and trends for the specific project.

• Data Display: Indicators

– Project Prioritization: Indicates project prioritization status. This indi-
cator uses different colors to show priority levels:

∗ Green: Low priority

∗ Yellow: Medium priority

∗ Red: High priority

– Architectural Erosion: Shows the level of architectural erosion, with col-
ors indicating the severity:

∗ Green: No erosion

∗ Yellow: Moderate erosion

∗ Red: High erosion

• History Trend

– Inactive File Percentage (Blue Line): Tracks the percentage of inactive
files over weeks.
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Figure 5.8: SMS with history trend for the project

– Ownership Overlap (Red Line): Tracks the overlap in code ownership
among developers over weeks.

Summary

This software system provides multiple measures to assess different aspects of soft-
ware projects. The ability to adjust the weights of various factors allows users to
tailor the prioritization and evaluation criteria according to their specific needs. The
analysis of both git and web server logs offers valuable insights into code mainte-
nance, developer contributions, and project usage patterns.

5.2.1.3 Evaluation

The evaluation meeting provided valuable feedback on the effectiveness and clarity
of the indicators and the implemented software system.

The stakeholder was presented with two indicators: knowledge erosion and project
prioritization. For knowledge erosion, the stakeholder was asked to rate the com-
plexity and clarity of the indicators on a scale of 1-10, where 1 is easy to understand
and 10 is hard. He rated the complexity of the knowledge erosion indicator as 3,
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adding that it was straightforward to understand once the calculation method was
explained. The clarity was also found satisfactory. For the project prioritization
indicator, the stakeholder found it equally easily understandable, rating it similar
to the knowledge erosion indicator.

The stakeholder, with over 20 years of experience, rated the complexity and clarity
of the project prioritization indicator as straightforward and understandable. On
a scale of 1 (very inaccurate) to 10 (very accurate), scoring it a 3 on a scale of
1-10. This indicator was effective in capturing the key challenges of project prioriti-
zation and was rated 7(very effective) in terms of accuracy. Similarly, the architec-
tural erosion indicator was also rated positively for its clarity and relevance. The
stakeholder emphasized that both indicators provided actionable data that assisted
decision-making processes, effectively identifying the challenges they were designed
to indicate. He acknowledged their relevance and suggested the potential addition of
more indicators for a comprehensive evaluation. However, the stakeholder suggested
that further improvements and additional features could improve the comprehensive-
ness of the evaluation. The stakeholder expressed a positive attitude towards the
indicators’ ability to provide valuable reference points for the team. He particularly
noted the benefit of projects with priorities lower than "most important" but still
significant. Furthermore, he advised considering future features such as an indicator
reflecting the current alignment with the decided strategy.

On the evaluation of the SMS, the stakeholder emphasized the importance of doc-
umentation and transparency in the calculation of these indicators. He suggested
providing detailed documentation or a help page to explain the values and their
derivation, which would enhance understanding and trust among team members.
He also suggested adding a tool that allows users to go deeper into the data under-
lying every indicator for better clarity.

The evaluation results indicate that the current indicators are on the right track in
terms of complexity, clarity, relevance, and accuracy. However, adding documenta-
tion and features is necessary. The stakeholder’s feedback provides a clear direction
for future improvements, ensuring that the SMS remains relevant and useful for
project prioritization and knowledge loss assessment. This ongoing refinement pro-
cess will help in achieving a more robust and comprehensive measurement system.

The evaluation meeting provided important insights on answering RQ1b and RQ2b.
The stakeholder, with over 20 years of experience, rated the complexity and clarity
of the project prioritization indicator as straightforward and understandable. This
indicator was effective in capturing the key challenges of project prioritization and
was rated 7 in terms of accuracy. Similarly, the architectural erosion indicator was
also rated positively for its clarity and relevance. The stakeholder emphasized that
both indicators provided actionable data that assisted decision-making processes,
effectively identifying the challenges they were designed to indicate. However, the
stakeholder did suggest that further improvements in comprehensiveness and addi-
tional indicators could be implemented in the future.
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6
Discussion

This chapter discusses the methods of the study and how they helped to answer the
main research questions and their sub-research questions outlined in the introduction
section. The discussion will then move on to the threat of validity and future work.

In our project, addressing the challenge of project prioritization proved difficult
due to the limited amount of literature specifically focused on this topic. However,
industry practices often involve using software measurement systems (SMS) to ad-
dress similar issues [49]. Our approach uses SMS to define a project prioritization
indicator, providing stakeholders with actionable insights on which projects to pri-
oritize. This indicator bridges a significant gap in the literature by adapting project
prioritization into software development.

For our approach, we developed an indicator that helps stakeholders make informed
decisions on project prioritization, ensuring that the most critical projects are main-
tained first.

Our study introduces an indicator that tracks the percentage of inactive files and
modification frequency differences among developers using git logs. This indicator
can give stakeholders actionable guidance on critical but neglected projects, initializ-
ing knowledge-sharing sessions to prevent knowledge loss. By integrating data from
git logs, we provide a comprehensive view of project architectural erosion status.

Unlike previous models like KLRM, which focus broadly on risk assessment, our ap-
proach specifically uses real-time data analysis to provide actionable insights. While
KLRM is adaptable to various software development processes, our indicator is de-
signed to continuously monitor and alert stakeholders about potential knowledge
loss, thereby facilitating immediate actions.

To forecast architectural erosion from evolutionary history, Gracia [50] proposed
architectural quality prediction models using an effective set of prediction metrics.
One aspect is architectural co-change metrics. The number of changes and the
number of co-changed files are two examples of co-change metrics. Then, they com-
bine file-level metrics with cross-module level metrics and do a regression analysis
without transforming the raw format of data. Our study presents a similar DM
called ownership overlap, which measures the extent to which different developers
contribute to the same files over time. It focused on file level and was inferred from
multiple BMs. This gives a specialized view of the collaborative patterns within the
codebase, allowing us to identify potential hotspots of architectural erosion.

45



6. Discussion

This thesis contributes significant insights for industrial stakeholders as well as the
research community. It offers empirical evidence for research from a specific setting,
emphasizing the relationships between various data sources and project indicators.
This study presents a useful software measurement method that helps detect the
need for knowledge-sharing sessions and helps determine project priorities for indus-
try stakeholders.

contribution jennifer flagged: This thesis aims to provide a preventive measure for
preventing architectural erosion at early stages by identifying knowledge loss in
developers.

6.1 Answering Research Questions
RQ1 The indicator identified for quantifying project priority is the Project Priority
Status. This status is derived from multiple DMs, including the frequency of project-
specific URL requests, the time to complete these requests, the number of security
fixes, and code complexity, aggregating them to calculate the overall priority status.
The evaluation meeting revealed that the project prioritization indicator is effective
and well-received in terms of complexity, clarity, and accuracy. The stakeholder
noted that the indicator provides valuable reference points for the team, aiding
in distinguishing the relative importance of projects beyond the "most important"
category.

RQ2 The indicator identified for quantifying architectural erosion is the Architec-
tural Erosion Status. This status is calculated based on the percentage of inactive
files in a project and the ownership overlap, which measures the extent of contri-
butions from different developers to the same files over time. It could identify the
challenge of maintaining code integrity and avoiding deterioration due to infrequent
updates or excessive contributions from multiple developers, pointing to areas of
potential architectural weakening. This indicator received a rating of 7 out of 10 in
terms of accuracy in reflecting real-world challenges. The stakeholder emphasized
that the indicator provided data on the file level, aiding in initializing knowledge-
sharing sessions by highlighting the extent of architectural erosion.

6.2 Threats to Validity
Wohlin presented four main types of validity threats: conclusion validity, internal
validity, construct validity, and external validity [51].

External validity refers to the degree to which study findings can be generalized to
other contexts or organizational departments. Our initial obligation was to demon-
strate that the proposed measures are valid in a narrow sense, which presents a
validity threat. Without a stated hypothesis and planned experiment, it is difficult
to show that these measures are valid in a broader sense.

We proposed solutions for two specific scenarios, but the generalizability of these
scenarios to other contexts remains uncertain. This could be an issue for both
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practitioners and academics seeking to draw inspiration from this research. Further-
more, since the research was conducted in an industrial setting in collaboration with
a company inside one department, it is challenging to determine whether the Soft-
ware Measurement System (SMS) is applicable to other departments or companies,
it is also challenging to provide detailed information about the technical aspects of
the toolchain due to confidentiality constraints.

Internal validity refers to the degree to which a research study develops a reliable
cause-and-effect link. The data collected through interviews with participants could
threaten the internal validity. The participants’ subjective experiences and biases
might influence their perception of the two scenarios. This is important given
the constrained perspectives provided by the three participating interviewees, all
of whom have similar demographic characteristics.

Construct validity refers to how well a test or tool measures the concept it is in-
tended to measure. When it comes to the validation for our proposed indicator by
the evaluation meeting, the validity we argued was solely based on the credibility
of our stakeholders, rather than on a rigorous validation procedure. Also, we made
the connection between the number of issues and the priority in the repo, this vali-
dation was made by showing our measures are related to some well-known, existing
measures, this implies an assumption that the existing measures are valid.
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7
Conclusion

This thesis finished a comprehensive study on the instantiation and implementation
of a Software Measurement System (SMS) designed to assist in project prioritiza-
tion and the prevention of architectural erosion within the automotive industry. Two
critical indicators were discovered by the research and validated through practical
application and stakeholder feedback: one for project priority and another for archi-
tectural erosion. The results showed that these indicators are useful, relevant, and
effective at giving stakeholders useful information to help them make decisions on
knowledge retention and project management. However, further formal validation
will be required in the future to guarantee that extending the concept is worthwhile.
The complexity of the scenarios, the volume of data, and the trade-offs between
short- and long-term objectives were identified to be the main challenges to the
validation of these metrics.

7.1 Future Work
This study primarily focuses on the automotive industry. However, in the future,
the scope can be expanded to other fields, as the software measurement system is
highly flexible and adaptable to various types of software organizations.

One limitation of our study is the time frame, which was defined as one month.
Future studies could extend this period to a longer duration, thereby reducing in-
ternal threats to validity. Longer time frames would allow for a deeper analysis of
historical trends or patterns.

During cycle 2’s evaluation meeting, stakeholders expressed they wanted a help page
in the SMS that explains the meaning of the data. Due to time constraints, we were
unable to implement this feature in the current study. However, this could be an
important addition in future work, enhancing user understanding of the system.

Additionally, future research could involve more teams using these indicators to
prioritize projects and minimize knowledge erosion risks. By involving a larger
number of teams, we can gather more feedback and adjust indicators to have more
generality.

In summary, these future directions aim to enhance the applicability, validity, and
user-friendliness of the software measurement system.
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Appendix 1

A.1 Interview 1: process & questions
Current process and challenges(RQ1a and RQ2a)

• How much do you know about software measurement system?

– Do you use metrics in your work? Any experience in interacting metrics?

• Can you describe your experience with using metrics to formulate decisions in
software development? What metrics have you found most valuable?

• How does your team currently prioritize projects? What challenges do you
face in this process?

• What strengths and weaknesses do you see in your current approach to project
prioritization?

• What specific challenges do you encounter with knowledge management and
architectural erosion?

• Can you provide examples of how knowledge loss has impacted your projects?

• Can you share examples of the types of log data that you find particularly valu-
able for your decision-making process for project prioritization and knowledge
erosion?

• Are there some parts of the system that would provide metrics that trigger
those decisions frequently? Are there some parts that dont trigger very often?
Would you describe their characteristics?

A.2 Evaluation meeting: process & questions
RQ1a: What challenge should the indicator indicate?

• On a scale of 1-10, where 1 is Not complex and 10 is Very complex, how clear
and understandable are the indicators to stakeholders?

• On a scale of 1-10, where 1 is Not a lot and 10 is A lot, how accurate is the
indicator capturing challenges in assessing project priority?
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• Are there any limitations in the indicator’s ability to capture project prioriti-
zation challenges?

RQ1b: To what extent can the identified indicator help?

• On a scale of 1-10, where 1 is Not a lot and 10 is A lot, how effective is the
indicator in providing actionable data on project priority?

• In what ways will the indicator be useful in decision-making for project prior-
itization?

RQ2a: What challenge should the indicator indicate?

• On a scale of 1-10, where 1 is Not complex and 10 is Very complex, how clear
and understandable are the indicators to stakeholders?

• On a scale of 1-10, where 1 is Not a lot and 10 is A lot, how accurate is the
indicator capturing challenges in assessing knowledge loss?

• Are there any limitations in the indicator’s ability to capture knowledge loss
challenges?

RQ2b: To what extent can the identified indicator help?

• On a scale of 1-10, where 1 is Not a lot and 10 is A lot, how effective is the
indicator in tracking and quantifying knowledge loss?

• How has the indicator been utilized to mitigate knowledge loss within the
program?

• On a scale of 1-10, where 1 is Not a lot and 10 is A lot, to what extent will
the indicator contribute to strategies aimed at preventing knowledge loss?

A.3 Consent From
Below is the consent form used for individual interviews in this study.

II



 

Consent and information about processing of personal data in 
student thesis  
 
I agree to my personal data in the form of:  

 name, job, audio / video recording or other information  

may be treated by Chalmers University of Technology for the study:  

A master thesis conducted by Chalmers students Xiaoyan Shan and Sisi Lai. The purpose of 

the study is to explore the potential of log file analysis for decision-making in the industry. 

 

Information  

Your personal data will be handled as follows:  

The data will be stored within Volvo Group system, discussed with school supervisor and 

examiners, analyzed and published as a part of a master thesis. 

Your consent is valid until further notice. You have the right to withdraw your consent at 

any time. You do this through contacting Xiaoyan Shan or xiaoyans@chalmers.se.  

If you withdraw your consent, we will cease processing personal data we have collected 

with the support of your consent. Some information may be saved due to Chalmers 

obligations under Swedish archive legislation.  

Chalmers University of Technology, org. No. 556479-5598 is personal data controller. You 

can find Chalmers privacy policy at www.chalmers.se.  

As a participant you have the right to receive information about how your personal data is 

processed. You have the right to have incorrect information corrected, redundant data 

deleted, request that processing shall be restricted and data transferred to another actor. 

You also have the right to submit a complaint to the Swedish Authority for Privacy 

Protection (Integritetsskyddsmyndigheten). Do you have any questions about Chalmers’s 

processing of personal data contact Chalmers’s data protection officer at 

dataskydd@chalmers.se. 

 

I agree that Chalmers University of Technology processes personal data about me in 

accordance with the above. 

Place:  Signature 

Date:  Name clarification 

The form is drawn up in duplicate.  
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