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Abstract
Flaky tests produce inconsistent results without code changes, representing a signif-
icant challenge in software development by undermining developer confidence and
delaying continuous integration processes [33]. Despite their recognized impact on
software quality assurance, the relationship between requirements quality and test
instability remains underexplored in industrial contexts. This study investigates how
industry practitioners perceive the relationship between requirements quality and
flaky tests and identifies specific requirements quality attributes that most signifi-
cantly contribute to this problem, providing evidence-based guidelines to mitigate
these issues. A mixed-methods approach was employed by combining quantitative
survey data from 74 industrial practitioners with qualitative semi-structured inter-
views from eight professionals across diverse domains, including automotive, bank-
ing, healthcare, and software development. The findings establish flaky tests as a
widespread phenomenon, with 80% of practitioners reporting regular encounters
with test flakiness in their projects. The study reveals a notable awareness practice
gap: while 80% of practitioners recognize that requirement completeness frequently
impacts test stability, only 56% consistently consult requirements during flaky test
investigations. This selective behavior reflects sophisticated contextual reasoning
rather than a lack of knowledge, with practitioners strategically assessing when
requirements-related factors are likely contributors versus when technical diagnos-
tics are more appropriate. The critical requirements quality attributes emerge as
contributors to test flakiness: completeness deficiencies (including unspecified time-
out durations affecting 77% of practitioners, missing acceptance criteria at 61%,
and incomplete data specifications at 62%), and ambiguity issues (especially unclear
success and failure conditions reported by 65%). The research identifies timing spec-
ifications as a critical blind spot in current requirements practices, often treated as
implementation details rather than explicit requirements, leading to cascading effects
where independent timing assumptions by developers and testers create environment
sensitive test behavior. The study demonstrates significant domain-specific variation
in the requirements-flakiness relationship, with practitioners reporting varying lev-
els of requirements related contributions across different sectors. Structured domains
with formal processes (banking, healthcare) show lower requirements related flaki-
ness, while less regulated environments experience higher impacts. This contextual
dependency reflects how organizational processes, regulatory constraints, and sys-
tem criticality mediate the impact of requirements quality on test stability. Based on
empirical findings, the research presents evidence-based guidelines organized around
fundamental requirements quality attributes to systematically reduce requirements
related test flakiness. These guidelines provide systematic approaches for organi-
zations to reduce requirements-related test flakiness through targeted interventions
addressing the identified quality gaps. The study establishes requirements quality as
a measurable contributor to software system reliability, with practitioners estimat-
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ing that 21-60% of flaky tests originate from requirements related issues, deserving
systematic attention alongside traditional technical factors in software quality as-
surance efforts.

Keywords: Flaky tests, Requirements quality, Test stability, Completeness, Ambi-
guity, Software development
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1
Introduction

1.1 Problem Description
Software testing is a crucial aspect of the software development life cycle (SDLC),
helping to uncover defects, enhance software quality, and ensure reliability and ro-
bustness. For example, Google executes 50 million test cases daily to ensure the
quality of its products [23]. To achieve quality, many processes have become auto-
mated, and testing has followed this trend, with test cases increasingly automated to
deliver better quality outcomes. However, a significant challenge within this process
is flaky tests, and it becomes a major problem in test automation [35]. Flaky tests
are the tests that, for the same version of code and tests, can pass and fail unpre-
dictably on different runs [25]. Figure 1.1 illustrates a typical flaky test scenario,
shows how a test is executed and categorized. A test that passes on the first run is
marked PASS. If it fails initially, it is rerun up to five times; a later pass indicates
a FLAKY test, while repeated failures are classified as UNEXPECTED. This be-
havior creates uncertainty about the reliability of the software, as it is difficult to
determine whether this behavior is caused by code defects or influenced by other
factors [37].

Figure 1.1: Decision flow illustrating flaky test scenario[26]

Research indicates that many software failures can be traced back to issues in re-
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1. Introduction

quirements engineering (RE), with problems arising from inconsistent, incomplete,
or hidden requirements [8, 20, 27, 12, 45]. For instance, the Heathrow Terminal
5 Baggage System resulted from unclear and incomplete requirements , while the
Ariane 5 rocket explosion system failure stemmed from constantly changing require-
ments [42].

In this context, RE refers to the creation of requirements artifacts, such as systematic
specifications, use cases, or user stories that guide other development activities.
Therefore, the quality of requirements has a direct impact on the success of the
development process [41]. For example, ambiguous requirements can lead to incorrect
or incomplete implementations [22].

Building on prior literature [8, 22], it is reasonable to hypothesize that poor require-
ments quality attributes, such as incompleteness, ambiguity, inconsistency , and in-
correctness can contribute to flaky test behavior [4, 32, 27]. When requirements are
ambiguous or incomplete, test designers make assumptions about expected system
behavior [16]. For instance, vague performance requirements (e.g., the system should
respond quickly) can result in timing-dependent tests that fail unpredictably due
to environmental variations. Similarly, incomplete functional requirements may lead
to tests that check for behaviors not consistently implemented, causing intermittent
failures when the system’s actual behavior varies from the tester’s assumptions.

Most of the literature studies were focused on technical causes of flakiness, including
concurrency, test order dependency, network issues, randomness, platform depen-
dency, environment dependency, external behaviors, timing, and others [37]. Cur-
rent solutions focus primarily on fixing technical aspects, improving test tools, or
adjusting test environments [19, 54, 50]. However, despite the recognized connection
between poor requirements and unstable test behavior, there has been limited sys-
tematic investigation into how software requirements quality specifically contributes
to test flakiness. For example, research [4] highlights that the lack of clear require-
ments during the test design process is mentioned as the perceived cause of the
increase in test flakiness in companies. While this research points out requirements
quality as a contributing factor, it does not provide a thorough systematic analysis
of this relationship.

1.2 Purpose of the Study
The lack of understanding around how requirements quality influences flaky tests
limits the software engineering community’s ability to implement proactive strate-
gies that address flakiness early in the SDLC. Reactively addressing flaky tests
during testing or debugging is often more costly and time-consuming than prevent-
ing them through improved requirements engineering practices. This study aims to
fill that gap by investigating how industry practitioners perceive the relationship
between requirements quality and the occurrence of flaky tests. It also seeks to
identify which specific aspects of requirements quality most significantly contribute
to flakiness in real-world software projects. Furthermore, the study aims to derive
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1. Introduction

evidence-based guidelines from practitioner experiences that can help to improve re-
quirements quality and mitigate test flakiness in practice. Through quantitative and
qualitative analysis of practitioner responses, the research seeks to uncover real-
world challenges, experiences, and resolution strategies related to managing flaky
tests, with the broader goal of informing better practices for requirements engineer-
ing and test design in industrial contexts. By bridging the gap between requirements
specification and test reliability, the study contributes to a deeper understanding of
how improving requirements quality can reduce test flakiness and enhance overall
software quality assurance.

The study aims to answer the following research questions:

RQ1: How do industry practitioners perceive the relationship between requirements
quality and the flakiness of test cases?

RQ2: What specific attributes of requirements quality most significantly contribute
to test flakiness?

RQ3: What guidelines can be derived from practitioner experiences to enhance
requirements quality and mitigate test flakiness?

This study was conducted in collaboration with the industrial partner TestScouts
AB. To address these questions, a mixed-methods approach was employed, with
quantitative and qualitative analysis of surveys and interviews with software pro-
fessionals across different domains, aiming to identify patterns and insights about
requirements-related causes of flaky tests. The findings are intended to guide im-
provements in requirements engineering and testing practices, enhancing overall soft-
ware quality and reducing test instability.

1.3 Significance of the Study
This study is significant because it addresses a critical yet often overlooked factor
affecting software quality: the connection between requirements quality and test
flakiness.While prior work has focused on the technical causes of flaky tests [33, 37,
18, 36], this research explores the issue from a requirements perspective, offering a
proactive approach to improving test reliability.

This connection is fundamental because requirements form the foundation for test
design and expected behavior specifications [43]. When requirements are ambiguous,
incomplete, or inconsistent, the test designers are forced to make assumptions about
system behavior, leading to tests that may pass or fail unpredictably based on these
assumptions rather than actual system correctness [22]. By improving requirements
quality at its source, organizations can potentially prevent flaky tests from occurring
rather than merely fixing them after they occur.

Importantly, this study not only identifies practitioner perceptions (RQ1) and key
requirements quality attributes contributing to flakiness (RQ2), but also derives
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1. Introduction

evidence-based guidelines from practitioner experiences (RQ3). These guidelines
provide actionable recommendations for enhancing requirements quality and mit-
igating test flakiness in practice, bridging the gap between empirical understanding
and practical implementation. By capturing real-world experiences and transform-
ing them into structured guidance, the study contributes both to academic research
and industrial practices, supporting the development of more reliable automated
testing and improved overall software quality.
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2
Background and Related Work

This chapter establishes the foundational concepts essential for understanding this
research, providing definitions and core principles of software testing, requirements
engineering, flaky tests, and their interrelationship. It also reviews the existing re-
search literature in three key areas: research on flaky tests, studies on requirements
quality, and work connecting requirements to testing outcomes. Together, these dis-
cussions create the conceptual framework for investigating the connection between
requirements quality and test flakiness. The review further reveals a significant gap
in the systematic understanding of this relationship, which this study aims to ad-
dress.

2.1 Requirements Engineering and Quality

Requirements Engineering (RE) is a systematic, iterative, and disciplined ap-
proach to eliciting, analyzing, specifying, and validating the requirements of a soft-
ware system, ensuring that all stakeholders share a common understanding [43].
There are two main types of requirements: user requirements, which are are high-
level and abstract descriptions of what the system should do from the user’s per-
spective, and system requirements, which are detailed and technical specifications
that describe the services the system must provide and the constraints under which
it must operate, reflecting the needs and expectations of users [43].

A requirements specification document serves a wide range of stakeholders,
including senior management who fund the project as well as engineers responsible
for designing, implementing, and testing the system [31]. The level of detail included
in these documents often depends on the type of system being developed and the
software development methodology adopted.

The quality of documentation produced during the requirements phase is critical
to the overall success of a software system. Poorly defined requirements can lead
to misunderstandings, implementation errors, and project delays. Imprecise require-
ments specifications may also result in disputes between customers and developers
regarding the system’s expected functionality and behavior [31].

Furthermore, high-quality requirements help minimize the risk of defect propagation
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2. Background and Related Work

into later stages of the software development life cycle, such as design, construction,
testing, and deployment [22]. Effective requirements should be documented, ac-
tionable, measurable, testable, traceable to business objectives, and spec-
ified in sufficient detail to support system design [43].

2.2 Requirements Quality Attributes

Requirements comprises a variety of artifacts that capture what a system should do.
The commonly used requirement artifacts such as user stories, system specifications,
and use cases, which are integral inputs for subsequent phases of the Software Devel-
opment Life Cycle (SDLC) [22, 34]. When referring to requirement quality, this study
focuses on the quality of these documented artifacts. Several criteria are widely used
to evaluate requirement quality. According to Lauesen [31], a high-quality require-
ments specification should fulfill essential criteria such as being correct, complete,
unambiguous, consistent, modifiable, verifiable, and traceable. Similarly,
the ISO/IEC/IEEE 29148:2018 outlines that each system requirement should exhibit
specific attributes: it must be appropriate, unambiguous, complete, singular,
feasible, verifiable, correct, consistent, comprehensible, and capable of
validation [3]. Among the various quality attributes identified in the literature, the
four attributes: completeness, unambiguity, consistency, and correctnessare
particularly prominent due to their significant influence on downstream development
processes [34, 7, 6]. These attributes form the focus of this research because of their
critical impact on software development outcomes.

Completeness refers to the extent to which a requirement includes all necessary
information to fully describe its intended functionality or condition [3]. A complete
requirement contains all essential details needed for implementation and testing,
including: [31]

• Functional behavior descriptions
• Input and output specifications
• Business rules and constraints
• Dependencies on other requirements
• Edge cases and exception handling
• Performance and quality criteria.

Missing elements such as business rules, dependencies, or edge cases can result in
incomplete implementations or inadequate testing. In Agile methodologies, com-
pleteness is often interpreted as a user story being “ready,” including acceptance
criteria and relevant details [31, 3].

Unambiguity means that the requirements allows only one interpretation [3]. An
unambiguous requirement uses precise language that cannot be misunderstood by
different stakeholders. Ambiguous or vague wording such as fast, efficient, or user-
friendly can lead to inconsistent implementation and test results. In requirements
engineering, ambiguity is described as a requirement that does not have a clear single
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2. Background and Related Work

meaning [17, 45, 32]. Eliminating ambiguity ensures that all stakeholders, including
developers and testers, share a common understanding of the requirement [8, 3].
This is particularly important in automated testing, where precise, deterministic
criteria are essential for consistent test execution.

Consistency means that requirements do not conflict with one another or with
other project documents [3]. In existing literature, inconsistency in requirement en-
gineering is described, in which specifications contain conflicting or contradictory
statements of the expected behavior of the system [44]. Consistent requirements
maintain logical coherence across the entire specification, avoiding contradictions
that could lead to [30, 1]:

• Incompatible system behaviors
• Duplicated development effort
• Logical contradictions in test design
• Dependencies on other requirements
• Conflicting implementation decisions

Correctness means that a requirement accurately captures the stakeholders’ needs
and intended system functionality [3]. Correct requirements align with business
goals, are feasible within constraints, and do not misrepresent user expectations.
Incorrect requirements often result in rework and poor user satisfaction [22, 31].

Research has revealed that requirements quality significantly impacts software devel-
opment outcomes [51]. Studies shows that incomplete and incorrect requirements are
among the most prevalent quality issues [12, 6, 27] representing 23.5% and 35.3% of
observed defects respectively, while inconsistent requirements account for 5.9% [9].
Researchers also observed that improving the consistency of requirements can reduce
completeness [29]. Furthermore, systematic study consistently reports ambiguity as
one of the most common defects during requirements validation and consider it an
inherent limitation of natural language specifications [9, 7]. This body of work estab-
lishes the practical significance of requirements quality issues in real-world software
development.

2.3 Software Testing Fundamentals
Software testing is a critical component of the software development life cycle, serv-
ing as the primary mechanism for quality assurance and defect detection. It is es-
sential to verify that a system behaves as intended and meets specified requirements
[2, 43]. According to the IEEE standard, software testing is defined as the process
of analyzing software to detect differences between existing and required conditions
(i.e., defects/errors/bugs) and to evaluate the features of the software item [2].

The evolution of software development methodologies has significantly influenced
testing practices. In traditional waterfall approaches, testing was typically conducted
in distinct phases following the completion of development activities. In contrast,
modern Agile and DevOps methodologies have integrated testing throughout the
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2. Background and Related Work

development cycle [43]. This paradigm shift has led to an increased emphasis on au-
tomation testing to support rapid iteration and continuous delivery (CI/CD) [13].
Automated test suites are expected to execute reliably and provide consistent feed-
back throughout the development process. In a CI/CD environment, code changes
automatically trigger the execution of these test suites, which must reliably assess
software quality without human intervention. However, despite their advantages,
automation frameworks face several challenges, one of the most significant being the
prevalence of flaky tests, which undermine test stability and reliability [25].

2.4 Flaky Tests
Flaky tests are test cases that exhibit non-deterministic behavior, passing or fail-
ing intermittently without any modifications to the source code or execution en-
vironment [33]. This unpredictability undermines the reliability of test results and
complicates software quality assurance. Recent literature reflects a growing body of
research on flaky tests, with numerous new approaches emerging [36, 14, 24, 50].

Flaky tests pose a fundamental challenge to software testing by introducing uncer-
tainty into the testing process. When a test fails, developers must determine whether
it signals a genuine defect or merely reflects non-deterministic behavior [40]. This
ambiguity reduces trust in automated testing, potentially leading to overlooked de-
fects or wasted effort investigating false failures [35]. Test automation is therefore
significantly impacted by the emergence of flaky tests [25].

A concrete example of a flaky test caused by asynchronous timing is discussed by
Rahman et al. [36] in Fig. 2.1. The testCustomBufferSize, an email dispatch occurs
in a separate thread after an error is logged. If this operation exceeds the five-
second wait in the main thread, the test intermittently fails, demonstrating how non-
deterministic thread execution can produce timing-related flakiness despite correct
logic.

The effects of flaky tests extend beyond individual cases, disrupting entire devel-
opment workflows. They can trigger intermittent failures in continuous integration
pipelines, delay software releases, reduce developer productivity, and weaken confi-
dence in automated quality assurance processes [40].

Prevalence and Impact: Research has established that flaky tests are a widespread
industry problem with significant impacts on software development productivity [11,
37, 19, 18]. Studies show that flaky tests reduces trust in test results, leading develop-
ers to potentially ignore genuine failures [25]. They impose substantial maintenance
burdens and frequently delay software releases by causing intermittent failures in
continuous integration pipelines. Developers productivity is also reduced, as time is
diverted from feature development to test debugging. At scale, these inefficiencies
can result in measurable economic costs; for example, Microsoft has reported losing
thousands of developer hours annually due to flaky tests [49].
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2. Background and Related Work

Figure 2.1: An example of a flaky test caused by asynchronous timing

Technical Causes Identified: Initial research on flaky tests focused predomi-
nantly on technical factors. Luo et al. conducted an empirical analysis identify-
ing ten distinct root causes, primarily including implementation-level issues such as
asynchronous waits, concurrency problems, resource leaks, test order dependency,
network issues, timing problems, I/O dependencies, randomness, floating point op-
erations, and unordered collections [33]. Thorve et al. extended this foundation by
analyzing Android projects, adding causes related to program logic, dependencies,
and UI behaviors [48]. Eck et al. surveyed developers to explore their perceptions of
flaky test causes, confirming that most issues were rooted in technical implementa-
tion [18].

Contemporary Research: Recent studies have continued to focus primarily on
technical causes and solutions. Amjad et al. produced a comprehensive taxonomy
emphasizing concurrency, test order dependency, network availability, and random-
ness [37]. Habchi et al. conducted qualitative studies confirming these technical
focuses while noting that the analysis of flaky tests must consider the whole testing
ecosystem [25].
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2. Background and Related Work

2.5 Requirement Engineering and Software Test-
ing

Software testing and requirements engineering are interrelated disciplines that com-
plement each other in ensuring software quality. According to IEEE standards, re-
quirements form the foundation for test design, while testing serves to validate that
the implemented system meets those requirements [53]. Requirements are the foun-
dation on which the software systems are built. There are many failures in software
systems stem from poor requirements definition [8], the relationship between re-
quirements and testing is bidirectional [41]:

Requirements → Testing: Requirements serve as the basis for:

• Test case design and test scenario creation
• Test data specification and boundary condition identification
• Acceptance criteria definition
• Test coverage determination

Testing → Requirements: Testing activities provide:

• Validation of requirements feasibility and clarity
• Feedback on requirements completeness and consistency
• Discovery of missing or incorrect requirements
• Evidence of requirements satisfaction

Effective coordination between Requirements Engineering and Software Testing is
essential for delivering high-quality software. A misalignment between these disci-
plines significantly reduces the likelihood of project success, as both disciplines play
a crucial role in ensuring that the developed product meets customer expectations
in terms of functionality and quality [47]. Research on the international standard-
ization of software quality and testing emphasizes the importance of aligning re-
quirements and testing practices to achieve consistent and reliable outcomes [53].
Testability emerges as a critical quality attribute that bridges requirements and
testing. A testable requirement can be verified through specific test cases with ob-
jective pass/fail criteria [52]. Requirements that lack testability create challenges for
validation and quality assurance. This foundational understanding of requirements
quality attributes, and their relationship to testing provides the conceptual frame-
work for investigating how specific requirements quality deficiencies contributed to
flaky tests.
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2.5.1 Limited Research on Upstream Flaky Tests Causes
While extensive research has examined technical causes of flaky tests, limited at-
tention has been paid to potential upstream causes in the software development
lifecycle:

Specification Nondeterminism: Shi et al. introduced the idea that flakiness can
stem from specification nondeterminism, where tests implicitly assume determin-
istic behavior from inherently non-deterministic APIs. This work suggested that
ambiguities in specifications may be an overlooked cause [39].

Requirements-Related Factors: Ahmad et al. identified upstream issues such as
unclear requirements as potential contributors to flakiness, especially in organiza-
tions using ad-hoc test design approaches. However, their study did not systemati-
cally investigate specific requirements quality attributes [5].

2.6 Summary
The reviewed literature establishes that requirements quality has a significant in-
fluence on software development outcomes, and that flaky tests are a pervasive
industry challenge affecting testing. However, existing research in requirements en-
gineering largely focuses on the impact of specification quality on implementation
correctness and project delivery, while flaky test research concentrates on technical
and environmental causes. The intersection between these domains remains under-
explored.Although prior studies have examined practitioner perspectives on flaky
tests [35, 4, 37, 36, 33] and documented common challenges in achieving high-
quality requirements [20, 6, 22], none have systematically investigated how specific
requirement quality attributes contribute to flaky test phenomena. Addressing this
gap could enable preventive strategies for flaky test reduction through improved
requirements practices, the integration of explicit considerations into requirements
engineering, enhanced coordination between requirements and testing activities, and
more comprehensive approaches to testing reliability that address upstream causes.

.
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3
Methods

3.1 Research Design : An Exploratory Case Study
Software engineering research is often categorized into two primary types: knowledge-
seeking and solution-seeking. Solution-seeking research typically involves de-
signing, creating, or developing tools, models, or algorithms to address specific chal-
lenges in software engineering. In contrast, knowledge-seeking research focuses on
exploring and uncovering new insights, theories, or understandings. This approach
is particularly valuable when investigating complex or nuanced phenomena or when
establishing a foundational knowledge base for future studies [46].

In accordance with Robson’s classification, Runeson et al. identified four different
types of research purposes, including exploratory research, which aims to deter-
mine what is happening, gain new insights, and develop ideas and hypotheses for
future research [38].

The approach adopted in this thesis follows a knowledge-seeking approach. The
central aim is to investigate the relationship between flaky tests and the quality
of software requirements. The study focuses on gathering insights from industry
practitioners to deepen the understanding of this underexplored aspect of soft-
ware engineering. This research employs an exploratory case study to investi-
gate practitioners’ experiences with flaky tests and requirement quality (RQ1 and
RQ2). Furthermore, it seeks to integrate these practitioner experiences into action-
able guidelines to enhance requirements quality and minimize test flakiness (RQ3).
Mixed methods research is particularly well-suited where both the breadth of pat-
terns (quantitative data) and the depth of individual experiences (qualitative data)
are used [28]. This methodological choice enables a comprehensive exploration of
how requirements quality may influence test flakiness from multiple perspectives.

The study employed a sequential mixed methods approach. First, a quantitative
survey was conducted to identify general trends and patterns among a broader
sample of software engineering practitioners. This provided an overview of prac-
titioners’ perceptions regarding the relationship between requirements quality and
test flakiness. The quantitative data were analyzed using descriptive statistics. Fol-
lowing the survey, qualitative semi-structured interviews were conducted to explore
the identified trends in greater depth. These interviews offered deeper insights into
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practitioners’ experiences and perspectives that could not be fully captured through
survey responses alone. To analyze the qualitative data, thematic analysis was used
to identify recurring patterns, concepts, and relationships within participants’ re-
sponses. This sequential approach provided richer insights than would have been
possible through a single method.

3.2 Data Collection
To understand how industry practitioners perceive the relationship between require-
ments quality and the flaky tests,this study uses a combination of quantitative and
qualitative data collection methods. These methods were chosen to identify the
initial pattern and generate detailed insights. The study design directly supports
the research questions: the survey primarily addresses RQ1 and RQ2, while the
interviews provide richer explanations for these questions and contribute to the de-
velopment of actionable guidelines in RQ3.

3.2.1 Quantitative Study: Survey
A survey is a type of empirical study in which data is collected by asking questions to
participants. It provides quantitative or numerical descriptions of trends, attitudes,
or opinions within a population by studying a sample of that population [15]. The
survey aims to investigate the relationship between flaky tests and the quality of the
requirements by answering the research questions. For RQ1, it captures practitioners’
overall perceptions of how requirements quality influences test flakiness. For RQ2, it
systematically examines specific requirements quality attributes to determine which
ones practitioners consider most significant in contributing to flaky tests.

Survey Instrument

The survey instrument was constructed as a structured questionnaire, designed to
ensure clarity, relevance, and ease of understanding. In designing the survey, spe-
cial attention was given to clarity through carefully phrased questions to minimize
ambiguity and to relevance, by ensuring that only questions directly linked to the re-
search objectives were included. It included 10 closed-ended questions. Closed-ended
questions primarily used Likert scales to quantitatively capture participants’ per-
ceptions of flaky tests and requirements quality attributes, including unambiguity,
completeness, correctness, and consistency. These attributes were chosen because
prior studies have frequently identified them as critical factors influencing the clar-
ity and reliability of software specifications [8, 45, 44, 27]. Furthermore, ambiguity,
incompleteness, and incorrectness in requirements have been consistently associated
with difficulties in both development and testing activities, making them particularly
relevant for exploring their potential impact on test flakiness [17, 6].

The questionnaire underwent a validation process: it was reviewed by university and
Test Scouts supervisors, followed by five academic experts who assessed clarity, rel-
evance, and appropriateness. Revisions were made based on their feedback. Before
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full deployment, a pilot study was conducted to evaluate the survey’s clarity and
effectiveness. Feedback from two initial participants indicated that two questions
required clarification. These were revised and tested with three additional partic-
ipants, whose consistent responses confirmed that the issues were resolved. This
process ensured the survey instrument was valid, reliable, and ready for broader
distribution.

Survey Population

The survey target audience consisted of professionals involved in various phases
of software development and testing, including software testers, developers, and
requirements analysts. Participation was also open to individuals with experience
or knowledge of flaky tests and requirements, regardless of formal job titles. This
broad approach aimed to capture a diverse range of perspectives from both industry
and academia.

Survey Deployment

To facilitate wide participation, the survey was distributed electronically through
multiple channels. It was shared on LinkedIn, via private invitations, in online testing
communities such as Discord, and on relevant blogs and forums, including Reddit.
Additionally, the survey was distributed internally to the Test Scouts office group
through their Microsoft Teams communication channel. This multi-channel approach
enabled efficient, global data collection over the survey period.

3.2.2 Qualitative Study: Semi-Structured Interviews
The most widely used method in qualitative research is interviews. There are three
types of interview processes: structured interviews, unstructured interviews, and
semi-structured interviews. Structured interviews involve asking a list of predeter-
mined questions, with minimal variation between interviews. No follow-up questions
are permitted based on the responses, ensuring consistency across participants. This
approach enables systematic data collection and facilitates comparative analysis. In
contrast, unstructured interviews gravitate toward open-ended conversation and do
not follow any pre-planned set of questions. This approach allows participants to
express themselves freely and enables researchers to explore unanticipated themes
that emerge during the dialogue. Semi-structured interviews combine characteristics
of both approaches. They employ a predefined set of questions asked of all partici-
pants while also allowing spontaneous inquiries that emerge during the conversation.
This hybrid method offers a balance between consistency and flexibility, enabling
researchers to address specific research questions while remaining responsive to par-
ticipants’ unique perspectives and experiences [28]. For this study, semi-structured
interviews were conducted to provide detailed qualitative insights for RQ1 and RQ2
while also serving as the primary basis for synthesizing practitioner-informed guide-
lines in RQ3. The survey identified industry patterns regarding practitioners’ per-
ceptions of the relationship between requirements quality and test flakiness (RQ1)
and the different quality attributes that contribute to test flakiness (RQ2). The in-
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terviews were designed to explore the underlying mechanisms and gather in-depth
explanations of how requirements quality influences test flakiness based on practi-
tioners’ real-world experiences and to generate practical strategies for addressing
these issues, thereby informing the development of guidelines (RQ3).

Interview Guide:

Semi-structured interviews were chosen to explore practitioners’ perspectives in
depth while allowing flexibility for open-ended responses. The interview guide was
developed consisting of seven open-ended questions. Each interview followed this
guide, incorporating the core and follow-up questions when necessary. The inter-
view questions were formulated after analyzing trends in the survey responses to
generate questions distinct from those in the survey to avoid redundancy. The pri-
mary objective of the interviews was to obtain detailed and nuanced responses on
aspects not sufficiently captured through the survey. The interview questions were
strategically developed based on key trends identified in the survey responses. Some
questions directly explored the connection between requirements and flaky tests, as
survey data suggested this relationship but lacked specific examples and mechanisms.
Dedicated questions investigated requirements quality attributes, prompted by sur-
vey responses indicating concerns about requirements clarity while othes aim to
discover practical experiences, coping strategies, and improvement practices. These
responses formed the foundation for deriving the actionable guidelines presented
in the discussion (RQ3), enhancing the validity of findings through methodological
triangulation. Finally, open-ended questions were incorporated to create space for
unanticipated insights, addressing a limitation of the structured survey format. This
complementary approach allows the research to achieve both breadth (survey) and
depth (interviews). The guide was reviewed and validated by university supervisors,
the industry partner, and four other academic experts for clarity, comprehensibil-
ity, and logical structure. Revisions were made based on feedback, and three pilot
interviews were conducted to refine the guide before final deployment.

Interview Population

The strategy for recruiting participants in this study was based on convenience sam-
pling [28]. The goal was to recruited individuals who were willing to participate and
possessed relevant expertise to provide meaningful insights into the topic. A total of
eight participants were selected. All participants, both internal (from Test Scouts)
and external, were selected voluntarily. Four internal participants were available,
while no additional Test Scouts members could participate due to prior commit-
ments. To complement this, four external participants were recruited from survey
respondents who had experience with flaky tests and were willing to take part in
follow-up interviews. Including external practitioners ensured a diversity of perspec-
tives and helped mitigate potential organizational bias, capturing a broader range
of experiences and practices beyond a single company context.
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Interview Deployment

To systematically capture and analyze insights, the interviews were audio recorded.
Each interview lasted between 30 and 50 minutes. Prior to recording, participants
were informed about the purpose of the study and provided their consent. They were
also given explicit information regarding the procedures for ensuring anonymity and
confidentiality. The interviews with members of the Test Scouts team were conducted
in their office in Gothenburg, while the interviews with external practitioners were
carried out via virtual team meetings. All interviews were automatically transcribed
using Teams’ transcription tool. To ensure the answers were accurately recorded,
each recording was manually reviewed, and errors introduced by automated tran-
scription were corrected.

3.3 Data Analysis
To comprehensively address the research questions, this study employed multiple
approaches to analyze the data, reflecting its mixed-methods design. Both quanti-
tative and qualitative data were systematically analyzed to capture overall trends
as well as detailed aspects of the relationship between flaky tests and requirements
quality.

3.3.1 Quantitative Analysis
Quantitative data were collected through a survey, resulting in 85 responses via
Microsoft Forms. After removing incomplete, duplicate, and inconsistent entries, 74
valid responses were retained for analysis. The Likert scale data then underwent a
preparation process in which responses were converted into numerical values. Missing
values were observed, primarily due to incomplete responses from some participants,
and these were excluded from the analysis to avoid distorting the final results.

Descriptive analyses were conducted to explore and summarize the quantitative
survey data. Using Microsoft Excel, the data were organized and visualized through
tables and charts. Measures such as frequencies, percentages, means, and standard
deviations were calculated to provide an overview of participants’ responses and to
identify general trends regarding their perceptions of flaky tests and requirements
quality. Descriptive statistics were selected because they offer a clear yet robust
method for characterizing the dataset, enabling the identification of key patterns,
distributions, and variations within the responses.

16



3. Methods

3.3.2 Thematic Analysis

The qualitative data was gathered through eight semi-structured interviews with
industry practitioners. To analyze the qualitative data, this study employed a Braun
and Clarke thematic analysis six-step approach to systematically identify, interpret,
and report themes within the dataset [10]. This method facilitated an in-depth
exploration of the underlying meanings reflected in participants’ experiences and
perspectives. To maintain rigor and ensure trustworthiness, the analysis followed
established guidelines and was carried out through multiple iterative and reflective
steps, allowing for comprehensive engagement with the data throughout the process.

Data Familiarization

First, the data were pre-processed by extracting key notes, removing duplicate en-
tries, and standardizing expressions to ensure consistency for subsequent analysis.
Following this, familiarization with the data was achieved through repeated, thor-
ough readings of the interview transcripts, during which patterns such as recurring
concepts, unclear or vague statements, and implicit assumptions were identified.
This in-depth engagement provided a comprehensive understanding of the content
and supported the emergence of preliminary analytical insights.

Systematic Coding

In the second phase, the data were systematically coded using an inductive cod-
ing approach. This method allowed codes to emerge directly from the data, rather
than being predetermined by an existing framework. Meaningful text segments that
encapsulated core ideas were labeled accordingly. Inductive coding reduced the com-
plexity of the raw data and highlighted patterns relevant to the research questions.
These codes subsequently served as the foundation for the development of broader
themes, facilitating the extraction of nuanced insights.

Theme Development

This step involved integrating the codes into themes and identifying patterns and re-
lationships within the data to address the research questions. Themes were conceived
as higher-level summaries of the codes, capturing not only the extracted elements
of the data but also meaningful explanatory concepts. After completing keyword
extraction and coding, codes with similar meanings were grouped together, and rep-
resentative themes and sub-themes were developed through repeated comparison
and verification.

Theme Refinement and Review

The subsequent phase involved reviewing and refining the themes to ensure internal
consistency and clarity. Each theme was evaluated against both the coded extracts
and the complete dataset to confirm that it accurately represented participants’
narratives. Particular emphasis was placed on verifying that the themes were well-
supported by the data and aligned with the central research questions.
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Defining and Naming Themes

In the final stage, each theme was precisely defined and assigned a clear, meaningful
label that encapsulated its core essence. These thematic definitions formed coherent
narratives, which served as the foundation for the analytical discussion presented in
the findings section.
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Results

This chapter presents findings from a mixed-methods study consisting of 74 survey
responses and eight semi-structured interviews with industrial practitioners. A sur-
vey was conducted to identify patterns and perceptions regarding the relationship
between flaky tests and requirements, whereas semi-structured interviews were sub-
sequently conducted to explore identified patterns in greater depth. These interviews
enabled a deeper understanding of industrial perspectives on flaky test causes and
their relationship to requirements quality attributes.

4.1 Survey Findings

This section presents the quantitative findings derived from a survey conducted with
74 industry practitioners. The data collected was systematically analyzed using de-
scriptive statistics to summarize responses and provide an overview of key variables
relevant to the relationship between requirements quality and test flakiness.

A comprehensive understanding of the survey participants’ backgrounds is crucial
for contextualizing the findings and assessing their generalizability. The survey suc-
cessfully gathered responses from individuals across diverse roles, experience levels,
and industry sectors, thereby establishing a robust dataset for analysis.

The participant distribution shows a balanced mix of experience levels that can
be shown in Table 4.1, with 34% having over 10 years and 30% having 0–3 years
in the field. This diversity suggested that practitioners with extensive experience
can provide insights based on long-term industry patterns. The survey participants
represented various industry sectors, with the majority (55%) originating from the
software development industry. The automotive sector accounted for 26% of respon-
dents, with smaller proportions from finance, e-commerce, and healthcare. Regard-
ing involvement in the Software Development Life Cycle (SDLC) phases, the largest
proportion of participants (96%) reported being primarily involved in the testing
phase. This was followed by involvement in requirements (26%) and development
(22%). It is important to note that this was a multiple-selection question, allowing
participants to indicate engagement in more than one SDLC phase.

Having established the diverse backgrounds and substantial experience of the survey
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Table 4.1: Survey Respondent Demographics

Aspect N=74 Percentage
Work Experience
0–3 years 22 30%
4–6 years 17 23%
7–10 years 10 14%
10+ years 25 34%
Involvement in SDLC Phases
Requirements 19 26%
Design 4 5%
Development 16 22%
Testing 71 96%
Deployment & Maintenance 11 15%
Industry Sector
Tech & Software Develop-
ment

41 55%

Automotive 19 26%
Finance & Banking 8 11%
E-commerce and Healthcare 2 2%
Other 4 5%

participants, the analysis now turns to the core research questions guiding this study.
The investigation is structured around two main research questions. For clarity,
‘SQ’ refers to individual Survey Questions from the questionnaire. RQ1 explores
how industry practitioners perceive the relationship between requirements quality
and test flakiness, drawing on responses to SQ5, SQ6, and SQ10. RQ2 investigates
which specific attributes of requirements quality are most likely to contribute to
flaky tests, informed by SQ7, SQ8, and SQ9. Additionally, SQ4 provides contextual
insight into the general prevalence and frequency of flaky test experiences across the
participant pool. The following sections present these findings in relation to each
research question.

The survey included five Likert-scale questions: SQ4, SQ5, SQ7, SQ8, and SQ9 using
a scale ranging from Always to Never. In addition, SQ6 and SQ10 were presented
as single-choice questions to capture specific practices and estimations related to
requirements-driven test instability.

The survey results demonstrated that flaky tests are a prevalent issue within the in-
dustry. When participants were asked how often they experienced flaky tests (SQ4), a
substantial 80% of the 74 surveyed practitioners reported encountering flaky tests in
their projects. This finding is further underscored by the fact that only one respon-
dent (1%) reported never experiencing flaky tests, establishing this phenomenon as
a nearly universal challenge in contemporary software development practice. A ma-
jority of practitioners (56%) reported frequently referring to requirements(SQ5) 4.1,
indicating a general recognition that requirements are a relevant factor in under-
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Figure 4.1: Practitioners’ experience with flaky tests and the influence of require-
ments

standing or resolving test flakiness. However, a significant proportion (14%) re-
ported rarely consulting requirements during such investigations, and three partic-
ipants(4%) indicated never doing so. This divergence between acknowledging the
relevance of requirements and consistently integrating them into daily investigative
practices is a critical observation suggesting that while awareness of the relationship
exists, its practical application may be hindered.

Practitioners employ a variety of strategies to mitigate test flakiness related to re-
quirement specifications. When asked how they handle requirements they believe
lead to flaky tests (SQ6), the most common approach reported by 48% of respon-
dents 4.1 was seeking clarification from stakeholders. Other strategies include adding
error handling and designing multiple test scenarios with 18% of respondents each.
These findings suggest that practitioners are aware of the impact that ambiguous
or unstable requirements can have on test flakiness and take proactive measures
to address such issues, although the predominance of clarification seeking indicates
that many requirements related problems stem from ambiguity rather than technical
complexity.

The industry’s recognition of the relationship between requirements quality and test
flakiness is evident in the survey responses addressing specific requirement quality at-
tributes 4.2. A significant majority of respondents (80%) indicated that requirements
completeness frequently cause flaky test, with only 1% never observing this con-
nection. This strong consensus among practitioners signifies a clear perception of a
robust connection between the quality of requirements, particularly in terms of their
clarity and completeness, and the consistent, reliable behavior of tests. Similarly, a
substantial number of participants also reported a frequent association between flaky
tests and poorly defined test conditions. Specifically, 6 participants (8%) experienced
this issue, while 46 (62%) encountered it with moderate to high regularity. Only 14
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Figure 4.2: Impact of Requirement Quality on Flaky Tests

(19%) noted it as an infrequent occurrence, whereas 7 (9%) participants reported
never encountering this issue. These figures collectively underscore the widespread
prevalence of insufficiently specified test conditions, a problem that often originates
either from flaws in the test design process itself or, more fundamentally, from a lack
of clear and complete requirements.

Figure 4.3: Likelihood of Requirement Issues Causing Flaky Tests

The survey findings, as illustrated in Figure 4.3 ,indicate that practitioners perceive
all four categories of requirement specification issues as contributing factors to test
flakiness, albeit with varying levels of reported impact. Unspecified timeout du-
rations emerged as the most significant issue, reported by 77% of respondents as
a cause of flakiness, with only 12% indicating they rarely encounter this problem.
This high percentage suggests a significant influence of missing or implicit timing
constraints within requirement specifications. Unclear success and failure con-
ditions were identified by a majority (65%) of participants as relevant contributors
to flakiness, whereas 8% never encountered this issue. This highlights the critical
role of ambiguity and a lack of precision in defining the expected outcomes of system
behavior. Similarly, a majority of participants (61%) also identified theabsence of
clear acceptance criteria as a relevant contributing factor. This reinforces the
necessity for well-defined benchmarks against which system functionality can be
verified. Incomplete data specifications, cited by 46 participants (62%)as con-
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tributing to flaky test behavior. This further underscores the negative impact of
incomplete or vague data requirements on the reliability and consistency of tests.

Figure 4.4: Estimating proportion attributed to Requirements

To understand practitioners’ nuanced views on the extent to which flaky tests orig-
inate from requirements issues versus other factors, such as implementation-related
problems, we included question SQ10. The participants expressed diverse views ,
While responses were distributed across all ranges, most participants estimated that
a moderate proportion of flaky tests (between 21% and 60%) stems from require-
ments related problems. Only a smaller subset attributed either none (0%–20%) or a
large proportion (over 60%) of flaky tests to requirements. This distribution suggests
that although there is no universal agreement, a significant number of practition-
ers perceive requirements issues as a moderate but substantial contributor to test
flakiness.

Survey Conclusions

Having established the diverse backgrounds and substantial experience of the sur-
vey participants, the analysis now turns to the core research questions guiding this
study. Contextual insight from SQ4 demonstrates that experiences of flaky tests are
common across the participant pool, underscoring the relevance and importance of
examining the relationship between requirements quality and test flakiness. RQ1
explores how industry practitioners perceive the relationship between requirements
quality and the flakiness of test cases. Responses to SQ5, SQ6, and SQ10 indicate
that participants generally perceive a strong connection between these two factors.
Most practitioners perceive that a moderate proportion of flaky tests (21%–60%)
originate from requirements issues (SQ10), indicating they consider requirements a
contributing factor to test instability. Building on these perceptions, RQ2 investi-
gates which specific attributes of requirements quality most significantly contribute
to test flakiness, drawing on responses from SQ7, SQ8, and SQ9. The survey re-
sults revealed primary findings that informed the subsequent semi-structured in-
terviews. Practitioners generally recognize that requirements quality, particularly
clarity and completeness, has a direct impact on test stability (SQ7). However, this
awareness is not consistently applied in practice, with only 56% frequently consult-
ing requirements during flaky test investigations (SQ5). This gap between recogni-
tion and practice represents a significant finding for understanding current industry
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approaches. When addressing flaky tests arising from requirements issues, practi-
tioners employ various approaches, with seeking stakeholder clarification being the
most common response (SQ6). However, these responses are often informal or ad
hoc rather than systematic. The survey identified specific contributing attributes
(SQ9) that practitioners associate with test flakiness, including unspecified time-
outs, unclear success conditions, missing acceptance criteria, and incomplete data
specifications. These findings provided clear directions for the interview phase to ex-
plore these patterns in greater depth and understand the mechanisms by which these
quality issues translate into test instability. The survey findings establish a founda-
tion for the qualitative interview phase, with practitioners demonstrating awareness
of the requirements-flakiness relationship while revealing inconsistencies in how this
knowledge is applied in practice. The identification of specific quality attributes of-
fers concrete areas for deeper investigation into the causal mechanisms underlying
test flakiness.

Although the survey primarily addressed RQ1 and RQ2, its findings also highlighted
issues such as unclear requirements, missing acceptance criteria, and unspecified
timeouts. These insights not only informed the design of interview questions for
deeper exploration of RQ1 and RQ2 but also identified key areas where practitioners
need guidance, directly contributing to the development of evidence-based guidelines
to address RQ3.

4.2 Thematic Analysis of Interview Data
Based on the eight interview transcripts, the final stage of analysis, conducted
through multiple rounds of in-depth examination, produced 20 inductive, data-
driven codes. These codes were subsequently organized into five core themes, which
were mapped to the research questions and reviewed for consistency. The identi-
fied themes collectively illuminate the dynamics between flaky tests and require-
ments quality, revealing relationships that influence industrial practitioners’ prac-
tices. While deepening the exploration of RQ1 and RQ2, the interviews simulta-
neously gathered practitioner insights that served as the empirical foundation for
addressing RQ3. To provide context on the participants contributing to these in-
sights, Table 4.2 presents an overview of the interviewees, including their current
roles, years of professional experience, and respective industry domains. The follow-
ing section provides a detailed examination of each identified theme, incorporating
participant quotations as empirical evidence to support the interpretations.

4.2.1 Overview of Codes and Themes
The 20 inductive codes identified from the interviews were subsequently organized
into five core themes, as illustrated in Figure 4.5. This thematic map highlights the
relationships among codes and themes and their alignment with the research ques-
tions. All codes and themes were carefully reviewed and validated by the supervisor
to ensure accuracy and consistency with the study objectives.
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Table 4.2: Overview of Interview Participants

ID Current Role Years of Experience Industry
P1 Senior Software Developer 8 Healthcare
P2 Test Architect 10 Banking
P3 Automation Engineer 7 Automotive
P4 Automation Consultant 3 Automotive
P5 DevOps Engineer 7 Software&IT
P6 Test Lead 8 Automotive
P7 System Test Developer 8 Software&IT
P8 Software Automation Tester 3 Automotive

4.2.2 Presentation of Themes
The subsequent sections detail the findings for each identified theme, incorporating
illustrative quotes from the interviews to contextualize and support the analysis.
These quotations provide empirical evidence, highlighting participants’ perspectives
and experiences.

4.2.3 Theme 1: Requirement Completeness Deficiencies
A recurring theme identified in the analysis concerned requirement completeness
deficiencies that contribute to test flakiness. This theme directly connects to the
survey finding that 80% of practitioners reported requirements completeness as fre-
quently impacting test flakiness. Requirement completeness refers to the extent to
which a specification contains all necessary details for accurate implementation and
testing, including critical parameters and real-world operating constraints such as
supported browsers and different version details. Participants reported that when
requirements lacked these essential elements, test designers were forced to make
assumptions, resulting in tests that behaved inconsistently across different environ-
ments or scenarios. These gaps in the requirements often led to test cases that would
pass under certain conditions but fail unpredictably, increasing overall test flakiness
and undermining confidence in automated testing suites.

The impact of insufficient specification became evident through participant experi-
ences. One participant emphasized the challenge, stating:

Most of the time, flaky tests occur because the requirements are not spe-
cific enough. The requirements do not include detailed pre-conditions for
the test, and that changes the result of the test if I only assume them.
—P3

This observation highlights how insufficient specification of preconditions can intro-
duce variability in test execution, where different assumptions about initial condi-
tions can lead to inconsistent test outcomes.

Participants also pointed out that even when requirements appear detailed, missing
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Figure 4.5: Visual representation of the codes organized into core themes

critical parameters can cause significant flaky tests issues:

Requirements defined a specific calculation method but omitted two criti-
cal parameters, leading to inconsistent outcomes when those parameters
varied. —P6

Beyond missing parameters, the absence of real-world operating context, such as
supported browsers or platform versions, further addresses the problem.One partic-
ipant reflected on this, saying,

Flaky tests occurred due to missing requirements about supported browsers
and platform compatibility, as a results JavaScript version caused incon-
sistent behavior across different browsers. —P2

This reflects a gap not only in documented requirements but also in tester assump-
tions about browser coverage. Testers primarily validated the system on common
browsers, where tests passed consistently. When the same tests run across a wider
range of browsers, previously unseen compatibility issues emerged, resulting in flak-
iness and undermining trust in the automation suite.

Overall, these findings demonstrates that incomplete requirements not only increase
the risk of flaky tests but also slow down development and testing cycles due to re-
work and troubleshooting. These findings collectively demonstrate how requirements
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incompleteness creates information gaps. Such omissions contribute to unpredictable
test behavior and hinder the development of stable, reliable tests,directly supporting
the survey finding that incomplete data specifications affect 62% of practitioners. By
identifying completeness deficiencies as a significant contributor, this theme provides
a concrete answer to RQ2, and this insight directly informed the practitioner guide-
lines in Chapter 5 to answer RQ3, which emphasize completeness as an important
factor for reducing flakiness.

4.2.4 Theme 2: Requirement Ambiguity and Interpretation
Variability

Ambiguity in requirements emerged as a significant concern among participants, di-
rectly aligning with the survey finding that 65% of practitioners identified unclear
success and failure conditions as contributors to flakiness. Vague or overly flexible
language left room for multiple interpretations, often resulting in unstable or mis-
aligned tests. This issue was particularly critical in automated testing environments,
where precise and testable conditions are essential.

Tne participant shared:

The test generated random names with varying lengths, sometimes four
digits, sometimes five or three. The test passed only when the name length
accidentally matched the expected format. The requirement mentioned a
format but didn’t define it, which led to different interpretations. —P2

This demonstrates how format ambiguity can create tests that pass or fail based on
random chance rather than genuine system behavior, representing a classic manifes-
tation of flakiness rooted in requirements quality issues. Such unclear requirements
forced testers to guess implementation details, increasing test unpredictability.

Terms such as “fast,” “comfortably,” or “as soon as possible” were frequently cited
as problematic due to their lack of objective, measurable criteria. The participant
highlighted the challenge of interpreting qualitative descriptions:

Some requirements don’t include facts, but they include feelings, such as
when you release the brake, the truck should start rolling comfortably.
What’s comfortable for the driver? —P3

This observation illustrates the fundamental challenge of translating subjective re-
quirements into objective, testable conditions, where the absence of measurable cri-
teria makes it impossible to develop consistent test assertions. This type of subjective
language made it difficult to define precise test criteria, adding to flakiness. Addi-
tionally, broad or overly general requirements also caused confusion. A participant
recounted receiving a vague requirement:

I received a requirement that was a one-liner: ‘Implement file upload func-
tionality for a specific e-commerce application.’ Now, file upload could be
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considered at many places, so it was vague. —P5

These examples collectively reveal how ambiguity and lack of detail in requirements
increase interpretation variability among team members, making it challenging to
design stable and reliable test cases. When requirements contain subjective language,
undefined formats, or overly broad specifications, they create an environment where
test outcomes become dependent on individual interpretations rather than clear,
objective criteria.

This theme also aligns closely with survey findings, which identified specific at-
tributes of requirements associated with test flakiness, including unclear success
and failure conditions. The theme provides deeper insight into these patterns, il-
lustrating how ambiguous or broadly defined requirements force testers to interpret
implementation details individually, thereby increasing variability in test outcomes.
Together, the survey and interview findings reinforce that ambiguity is a critical
attribute of requirements quality contributing to flakiness, directly addressing RQ2.
Also, the recognition of ambiguity and interpretation variability reinforced the need
for precise, measurable requirements. These observations were translated into guide-
lines that recommend strategies for eliminating vague or subjective terminology in
requirements.

4.2.5 Theme 3: Timing and Threshold Specification Gaps
This theme directly corresponds to the survey’s most significant finding: 77% of
practitioners reported unspecified timeout durations as a cause of flakiness. The
interview analysis revealed that timing-related flakiness emerged as a distinct and
significant issue, with participants identifying time-related requirement issues as a
primary cause of flaky test behavior in their projects.

In most of the cases, requirements contain implicit timing assumptions, lack of
explicit threshold values or ambigious specifications, leading to inconsistent results
across test runs. Missing or unclear timing requirements, as well as absent threshold
definitions, led to inconsistent outcomes across test runs.

For example, one participant explained:

If the time limits provided in the requirements are incorrect or if no time
is specified we make assumptions. Based on the test results, we then
adjust the code and update the timing constraints accordingly. —P8

This highlights how the absence of defined timing parameters forces teams into reac-
tive adjustments, increasing instability in tests and creating a cycle of assumption-
based modifications rather than requirement-based precision. Such timing gaps could
be subtle and difficult to detect. Another participant described a case where:

A student scheduling app for airplane work, stable for three years with no
updates, suddenly crashed. After two months of investigation, the cause
was traced to daylight saving time and regional time differences that was
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not define in requirements that led to flaky behavior. —P4

This case demonstrates how time-related edge cases, when not explicitly addressed
in requirements, can cause tests to become flaky within seemingly stable systems. It
also created a false sense of security, masking the underlying vulnerability to specific
temporal conditions. This example underscores how requirements must anticipate
and explicitly address various temporal contexts, including time zone changes, day-
light saving transitions, leap years, and other calendar-related edge cases that may
only manifest under specific circumstances.

These findings collectively demonstrate that clear, quantitative timing and threshold
specifications are not only helpful additions to requirements but essential compo-
nents for achieving stable, reliable tests. The theme reveals that time-related require-
ments must address not only obvious timing constraints but also edge cases, system
reaction patterns. By exposing the hidden risks of implicit timing and threshold
assumptions, these findings shaped guidelines that advocate for explicit temporal
and threshold specifications in requirements.

4.2.6 Theme 4: Requirements Quality Governance & Change
Management

The interview analysis revealed that organizational procedures and constraints of-
ten create barriers that prevent teams from maintaining good requirements quality,
which participants identified as a significant factor contributing to test flakiness.
This theme helps explain the gap identified in the survey between practitioners’
awareness of requirements issues (80% recognizing completeness impact) and their
inconsistent application of this knowledge in practice (only 56% frequently consult-
ing requirements).

One participant stated:

There is a resistance in software development to alter requirements, es-
pecially if they have been active for quite a while. —P6

Participants reported that organizational resistance to updating requirements after
they are documented often results in specifications that no longer fully match the
system. When requirements can’t be updated as the system evolves, they lose their
accuracy, which means tests based on these old specifications become unstable and
leaving testers to make assumptions or create loosely defined expected outcomes.
Under varying runtime conditions, these assumptions sometimes align with the sys-
tem’s actual behavior (pass) and sometimes do not (fail), even when no code changes
occur. Practitioners described this mismatch between ambiguous requirements and
variable conditions as a common way in which poor requirements quality produces
flaky tests.

One participant explained organizational constraints force teams to accept poor
requirements quality and adapt their tests:
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We need the changes to the test part because the requirements section in
a big corporation, it’s challenging to change the requirements or docu-
mentation. —P8

This creates a problematic situation where teams have to work around poor re-
quirements quality by modifying tests instead of fixing the root problem. When
organizational processes make it harder to correct requirements than to adapt tests,
teams naturally choose the easier path, which allows requirements quality problems
to persist and get worse over time. This approach embeds ad-hoc or assumption-
based expectations into tests, rather than correcting the root problem. This approach
allowing requirements quality problems to persist and intensify over time.

Another major issue was analysed that testers often get involved too late in the
process to help improve requirements quality. Participants said that when testing
expertise is not included early enough, requirements end up missing important de-
tails that are needed for stable tests.

One participant described this problem:

When it comes to requirements, they were written a long time ago, and
we (as testers) were not involved in their creation. By the time we come
into the process, the requirements are already considered final. —P3

When testing knowledge is excluded from requirements development, important
qualities like being testable, measurable, and technically complete details get over-
looked. By the time requirements are finalized, they already contain ambiguities,
missing conditions, and specifications that can not be properly tested, which sets
the stage for flaky tests.

The analysis also revealed that that organizational communication and collabora-
tion processes affect how complete and consistent requirements are. Participants
identified systematic gaps in how teams share information, which directly impacts
requirements quality, especially in technical details and implementation context that
are crucial for stable test development. The lack of standardized processes for doc-
umenting requirements emerged as a significant factor that compromises complete-
ness.

One participant explained organizational documentation practices create quality
gaps:

Flaky tests were often caused by requirement gaps, especially missing low-
level technical details. Our teams focused primarily on mid-level require-
ments, and the lack of standardized documentation across teams resulted
in misunderstandings. —P1

When low-level technical requirements are missing, testers have to guess about im-
plementation details, timing constraints, and system behaviors. The lack of stan-
dardization across teams makes this problem worse that how much detail and what
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types of information get captured in requirements documents. These completeness
gaps directly contribute to test flakiness by leaving critical implementation aspects
undefined and open to interpretation.

A participant highlighted this critical information management issue:

Critical information is often undocumented and remains only in people’s
heads, and every individual executes testcase from their perspective if
nothing is written down —P4

This creates several quality problems: critical information is not available to all
team members who need it for test design, creating gaps in the documented require-
ments. Additionally, this personal knowledge can be lost when people leave, making
requirements unstable over time, and it means that tests may be designed based on
incomplete information, leading to assumptions and interpretations that contribute
to unpredictable behavior.

Therefore, this theme captures practitioners’ perceptions of the relationship between
requirements quality and test flakiness, directly addressing RQ1. Participants em-
phasized that organizational procedures, constraints, and the late involvement of
testers often hinder the maintenance of high-quality requirements, which in turn in-
creases test flakiness. Their accounts indicate that while practitioners recognize the
importance of requirements completeness and clarity, systemic barriers frequently
prevent this knowledge from being effectively applied, contributing to the occurrence
of flaky tests. These insights further contributed to guidelines that emphasized tester
involvement, systematic documentation, and flexible change management.

4.2.7 Theme 5: Practitioner Assessment of Requirements-
Flakiness Relationship Significance

The analysis reveals that practitioners not only recognize requirements quality as a
contributing factor to test flakiness but can also quantify its impact, rank different
quality attributes by significance, and understand how contextual factors influence
the strength of this relationship. This theme represents practitioners’ explicit evalua-
tions of the requirements-flakiness connection, supporting and extending the survey
findings that showed diverse but substantial estimates of requirements impact (with
most estimating 21-60% of flaky tests stem from requirements issues).

Participants demonstrated a clear understanding of how requirements quality affects
test flakiness by providing specific estimates of how much flaky test behavior they
attributed to requirements problems, based on experience across different domains.
This ability to quantify the impact suggests that their understanding is grounded
in long-term observation and analysis.

One participant contrasted two domains:

When we were working in the real estate domain, I would say around
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15–20% of flaky test issues could be attributed to requirement problems.
But once I moved to the banking domain, the process became more struc-
tured and formal. As a result, I’ve seen fewer flaky test issues caused by
requirements, maybe just 5–7%. But it’s still there to some extent. —P4

This detailed comparison reveals several important insights. First, practitioners can
quantitatively estimate how much requirements contribute to the problem, indicat-
ing they have been systematically observing and analyzing this relationship over
time. Second, the impact of requirements problems varies significantly by domain,
showing that practitioners understand the relationship isn’t uniform across contexts.
Third, they recognize that organizational process maturity affects how requirements
influence flakiness.

When asked directly about the influence of requirements, practitioners expressed
strong confidence:

I believe requirements plays a major role when it comes to flaky tests
—P2

This straightforward statement indicates that practitioners don’t view requirements
as merely one small factor among many, they consider them a major cause of flaky
tests. The confidence in this statement suggests this assessment is based on substan-
tial experience dealing with these problems rather than speculation.

Another participant explained their thinking about why requirements are so impor-
tant:

Requirements are the foundation of any system, and testing is based on
them. If the requirements are unclear or poor in quality, testing becomes
ineffective and can, in some cases, lead to flaky tests. —P8

This reflects a foundational understanding that if tests are based on flawed re-
quirements, they are inherently unstable, leading to inconsistent results the defining
characteristic of flaky tests. Not all practitioners agreed that requirements play a
major role; others viewed them as a contributing factor rather than the primary
cause.An important insight across participants was that the impact of requirements
on flakiness depends on context, particularly the maturity of organizational pro-
cesses. Consequently, this theme directly addresses RQ1 by capturing the nuanced
and conditional perceptions of practitioners regarding the relationship between re-
quirements quality and test flakiness, highlighting that its impact varies across do-
mains and organizational contexts. These findings shaped the guidelines by placing
requirements practices in their organizational and contextual settings.
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This study examined how industrial practitioners perceive the relationship between
requirements quality and test flakiness, and which specific quality attributes con-
tribute to this problem. Through a mixed-methods approach combining survey data
from practitioners and semi-structured interviews with participants, this research
provides empirical evidence for a relationship that is often discussed informally but
has received limited systematic attention in existing literature. The discussion is
structured around the three research questions: RQ1 and RQ2 are addressed by inter-
preting how practitioners perceive the requirements–flakiness relationship and which
attributes most significantly contribute to it, while RQ3 is addressed by synthesizing
practitioner experiences into concrete guidelines for enhancing requirements quality
and mitigating test flakiness.

5.1 RQ1: How do industry practitioners perceive
the relationship between requirements qual-
ity and the flakiness of test cases?

Awareness Versus Consistent Practice

The study reveals a notable pattern emerged in the relationship between practitioner
awareness and behavior regarding requirements quality. While 80% of practition-
ers recognize that requirements completeness frequently impacts test stability, only
56% consistently consult requirements when investigating flaky tests. This distinc-
tion should not be seen as a disregard for documentation, but rather as an indica-
tion of how practitioners strategically prioritize and assess potential causes. Flaky
tests can arise from a range of sources [37] environmental instability, memory con-
straints, concurrency issues, or defects in implementation that have no direct link to
requirements. In these situations, experienced practitioners understand that review-
ing documentation is unlikely to resolve the problem and instead focus on technical
diagnostics. This targeted approach demonstrates professional judgment rather than
a knowledge practice gap. In contrast, when the observed pattern flakiness indicates
a likely requirements related issue, most notably unclear timing behaviors, incom-
plete specifications, or ambiguous success conditions, practitioners are significantly
more inclined to consult the documented requirements or engage stakeholders for
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clarification. The survey and interview findings highlight that omissions in detailed
specifications and use of ambiguous subjective terms, such as timing related details,
in particular, are a recurring contributor to instability, making them a common
trigger for revisiting requirements documentation. This behavior demonstrates that
practitioners employ context-sensitive reasoning rather than adopting a uniform,
indiscriminate approach .

The survey finding that 48% of practitioners seek stakeholder clarification when
handling problematic requirements further supports this interpretation. Rather than
indicating inconsistent behavior, this demonstrates that practitioners recognize when
requirements consultation is likely to be productive and engage accordingly. The
interview data reveals that this selectivity is also influenced by practical factors:
practitioners may avoid consulting requirements that are outdated, inaccessible, or
organizationally protected, focusing instead on actionable investigative approaches.

Domain-Specific Contextual Understanding

The study revealed notable variation in how requirements contribute to test flakiness
across domains, reflecting practitioners’ sophisticated contextual understanding. For
example, participant P5, with experience in both the real estate and banking sectors,
reported that approximately 15–20% of flaky tests were attributable to requirements
issues in real estate, whereas in the more structured banking domain, this proportion
dropped to 5–7%. This comparison is particularly instructive, as it reflects the same
practitioner’s observations across domains, controlling for individual assessment dif-
ferences.

Healthcare and banking organizations, operating under strict regulatory require-
ments and formalized processes, generally maintain more rigorous requirements prac-
tices. Interview participant P1 (healthcare) confirmed that, while flaky tests still
occur, requirements-related issues contribute relatively little. In contrast, P2 (bank-
ing) noted that despite systematic practices, requirements still play a significant role
in flaky tests. These perspectives indicate that even within the same domain, the
impact of requirements on test flakiness varies across organizations depending on
processes, culture, and implementation practices.

Automotive systems practitioners (P3, P4, P6, and P8) provided a distinct per-
spective, emphasizing that requirements often become outdated, and organizations
frequently adjust tests rather than updating specifications. In this domain, incom-
plete or ambiguous timing specifications were particularly critical, with time-related
omissions causing severe flakiness due to deterministic expectations in safety-critical,
real-time systems. Although timing-related issues were noted across domains (77%
overall), their consequences are amplified in high-criticality environments.

Collectively, these domain-specific observations underscore that, while requirements
quality is widely recognized as relevant to test flakiness (RQ1), its specific impact
is context-dependent. Organizational processes, regulatory constraints, and system
criticality shape how requirements deficiencies manifest in flaky tests. This nuanced
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understanding demonstrates that practitioners not only recognize the general rela-
tionship between requirements and flakiness but also apply domain-specific reasoning
to prioritize interventions and assessments.

Reactive Vs Preventive Approaches

The interview findings reveal that practitioners predominantly employ reactive rather
than preventive approaches to requirements related flakiness. Theme 4 (Require-
ments Quality Governance & Change Management) shows that many practitioners
described modifying tests to accommodate unclear and ambiguous requirements,
rather than working to correct the requirements themselves. In some cases, updat-
ing requirements was perceived as more difficult than adjusting tests, creating a cycle
where symptoms are addressed while root causes persist and potentially intensify.

This reactive behavior directly informs RQ1, highlighting practitioners’ perception
of the relationship between requirements quality and test flakiness. Practitioners
recognize that ambiguous, incomplete, or outdated requirements are factors that
cause flaky tests. However, organizational constraints and process difficulties often
limit their ability to proactively improve requirements, reinforcing a reliance on
reactive solutions.

The preference for seeking stakeholder clarification (48% of practitioners) over more
systematic preventive measures indicates that flakiness is often perceived as stem-
ming from ambiguity and incompleteness rather than purely technical test issues.
This shows that practitioners are aware of the causal role of requirements in test
instability, but practical limitations influence how they act on this knowledge. Con-
sequently, the persistence of reactive practices helps explain the awareness practice
gap: even when practitioners understand the importance of requirements quality,
organizational and process barriers restrict preventive interventions.

Overall, this pattern underscores that addressing requirements-related flakiness re-
quires not just individual awareness but organizational commitment to preventive
approaches, demonstrating that practitioners’ experiences and perceptions align
with the core concern of RQ1, the influence of requirements quality on flaky tests.

5.2 RQ2: Which requirements quality attributes
most significantly contribute to test flakiness?

The Impact of Requirements Quality Attributes

Survey responses established a hierarchy of requirements quality issues most often
linked to flaky tests: unspecified timeout durations emerge as the most critical fac-
tor, followed by unclear success/failure conditions, absent acceptance criteria, and
incomplete data specifications. This hierarchy provides important insights into the
nature of requirements related flakiness. The predominance of timeout-related is-
sues suggests that temporal specifications represent a critical blind spot in current
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requirements practices. Unlike functional requirements, timing constraints are often
treated as implementation details rather than explicit requirements and therefore
omit important details from specifications.

The interview findings reveal how such omissions trigger a cascade of issues: devel-
opers introduce implicit timing assumptions during implementation, while testers
form their own interpretations in the absence of explicit specifications. These in-
dependent, unaligned assumptions increase the likelihood of mismatches between
intended and tested behavior, making tests highly sensitive to environmental varia-
tions and resulting in inconsistent, flaky outcomes. The daylight saving time example
from participant P4 illustrates how seemingly stable systems can possesses tempo-
ral vulnerabilities for years before manifesting as flakiness. The high frequency of
unclear success/failure conditions points to a fundamental challenge in translating
subjective requirements into objective test criteria. As participant P3, “comfort-
able” truck braking example demonstrates qualitative language, while these terms
are meaningful to human stakeholders, creates significant challenges for automated
testing,which requires precise, measurable conditions. This finding suggests that re-
quirements elicitation practices may need to incorporate testing considerations more
systematically, ensuring that all requirements are expressed in clear and testable
terms. Finally, the grouping of acceptance criteria and data specifications indicates
that completeness issues are multifaceted. The interview analysis reveals that these
are not independent problems but interconnected aspects of requirements maturity.
Missing acceptance criteria often correlate with incomplete data specifications. This
pattern indicates that weaknesses in one aspect of requirements quality often re-
flect broader shortcomings in organisational requirements practices, where maturity
across attributes tends to rise or fall together.

Time-Related Specifications as a Critical Blind Spot

The finding that 77% of practitioners experience flakiness due to unspecified time-
out durations represents more than just a high-frequency problem, as it reveals a
fundamental blind spot in current requirements practices. This issue is particularly
seen in automotive domains, where practitioners reported that timing issues and
signal timing problems are especially critical due to real time system constraints
and hardware-software integration requirements.

Unlike other functional requirements, which have mostly established elicitation and
specification techniques, time-related requirements often lack systematic approaches
and are left to developer judgment during implementation. In these domains, practi-
tioners emphasised that timing specifications are not simply performance consider-
ations but define critical system behaviours and when left unspecified or ambigious,
they introduce variability in how the system responds under different conditions,
leading to inconsistent or intermittent behaviour during testing. Such instability
manifesting as tests that pass or fail unpredictably creates flakiness in real-time and
safety-critical systems, where timing precision is essential.

The interview findings provide crucial insight into why temporal issues are so prob-
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lematic across domains. The daylight saving time example from participant P4 illus-
trates how temporal vulnerabilities can remain hidden for years before manifesting
as test flakiness. A long-stable scheduling application began exhibiting inconsistent
behaviour following a daylight saving time change. The problem arose because some
employees’ shifts began during the “missing” hour created by the time adjustment. In
some instances, the system processed the shift data correctly; in others, it produced
unexpected results or flagged errors, with no clear pattern. This edge case processing
logic, which had not been specified in the requirements, created intermittent and
difficult-to-reproduce issues that are the indicators of flakiness despite the system
having operated reliably for years under normal conditions. This example shows
that temporal requirements are not limited to setting timeout values, they also need
to account for different edge cases related to timing interactions with external sys-
tems and environmental factors. The research reveals timing issues take on an added
level of complexity. Signal timing and the precise coordination of inter-component
communication are critical, with even microsecond-level differences potentially al-
tering system behavior. When such relationships are left unspecified and unclear in
the requirements, small variations in execution can lead to intermittent behaviour
and difficult to reproduce outcomes during testing. These issues become even more
pronounced in hardware–software integration, where additional timing dependencies
rarely documented in traditional requirements and introduce further opportunities
for flaky behaviour to emerge.

The interview data also reveals that practitioners often lack systematic approaches
for defining and managing time-related specifications across the domains. The par-
ticipant P8 description of making initial timing assumptions and then reactively
adjusting them based on test results illustrates the ad hoc nature of current prac-
tices. This reactive approach creates a cycle where tests are adapted to undocu-
mented or poorly understood system behaviours rather than being based on explicit
requirements, a pattern that increasing the likelihood of inconsistent behavior.

Ambiguity and Translation into Tests

The finding that practitioners experience flakiness due to unclear success and failure
conditions highlights a fundamental challenge in translating stakeholder intent into
testable specifications. The interview examples illustrate this challenge vividly: Par-
ticipant P3 "comfortable" truck braking and participant P2 undefined name format
specifications demonstrate how seemingly reasonable requirements specifications be-
comes untestable when testing and creates uncertainty in the stability of tests. This
translation challenge is particularly acute in automating testing environments, where
precise, objective criteria are essential for consistent execution. Human testers can
apply contextual judgment to ambiguous requirements, making reasonable inter-
pretations based on domain knowledge and stakeholder feedback. Automated tests,
however, require explicit, deterministic criteria that can be evaluated consistently
across different execution environments and time periods. The interview findings
reveal that ambiguity creates tests that pass or fail based on coincidence rather
than genuine system behavior. Participant P2’s example of tests passing only when
randomly generated names "accidentally matched the expected format" represents
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a manifestation of requirements-induced flakiness. Such tests create false signals
about system quality, passing when they should fail and failing when they should
pass, undermining confidence in the entire testing process. The ambiguity problem is
rooted in the fact that requirements documents often use qualitative language that is
meaningful in human communication but problematic for testing. Terms like "fast,"
"comfortable," "user-friendly," or "as soon as possible" convey useful information in
stakeholder discussions but provide insufficient precision for test automation. This
highlights the need for structured approaches to transform qualitative stakeholder
requirements into measurable and testable specifications.

Completeness as a Multi-Dimensional Issue

The finding that 61-62% of practitioners experience flakiness due to missing accep-
tance criteria and incomplete specifications reveals that completeness is a multi-
faceted challenge with different dimensions and implications. The interview analysis
shows that completeness deficiencies manifest in various ways: missing preconditions
(participant P3), omitted critical parameters (participant P6 calculation method),
and absent environmental specifications (participant P2 browser compatibility is-
sues). Missing preconditions create particular problems because they force test de-
signers to make assumptions about initial system states. When these assumptions
prove incorrect under certain conditions, tests exhibit inconsistent behavior that
appears random but reflects unstated environmental dependencies. This type of
completeness deficiency is particularly hidden because tests may function correctly
during initial development and fail unpredictably in different environments or over
time. The omitted critical parameters identified by participant P6 illustrate how
seemingly incomplete requirements can hide critical gaps. A requirement that spec-
ifies a calculation method but omits key parameters may appear adequate during
requirements review but proves insufficient during implementation and testing. This
suggests that completeness assessment requires not just a review of what is specified
but a systematic analysis of what might be missing. Environmental specification
gaps, such as participant P2 browser compatibility issues, reveal that complete-
ness must extend beyond functional requirements to encompass operational context.
Tests that pass consistently in development environments may fail unpredictably in
production due to unspecified environmental assumptions. This suggests that com-
pleteness assessment should systematically address deployment contexts, platform
variations, and integration dependencies.

The findings also reveal that ambiguity and incompleteness do not always occur
independently; in the mentioned cases above, they interact and compound each
other’s effects. When these issues overlap, they make it even harder to spot and fix
problems in requirements, which means it’s important to tackle both ambiguity and
incompleteness together.

Interconnected Quality Attribute Relationships

The quality attribute impacts around 61-65% suggests that these issues are not
independent problems but interconnected aspects of requirements maturity. Orga-
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nizations with poor practices in one area are likely to struggle with others, cre-
ating effects that impact flakiness problems. The interconnected nature of these
issues impacts both the identification and resolution of problems. From a diagnostic
perspective, it has been observed that flaky tests often have multiple contribut-
ing requirements quality issues rather than a single root cause. A test that behaves
inconsistently may be affected by unclear success conditions AND missing timeout
specifications AND incomplete definitions. This multiplicity of causes makes root
cause analysis more complex and suggests that systematic approaches are needed
to identify the full scope of contributing factors. From an intervention perspective,
it suggests that making small, isolated fixes might not be very effective. Addressing
timeout specifications while leaving success/failure conditions unclear may reduce
some flakiness but not eliminate it entirely. This indicates that requirements quality
improvement initiatives should take comprehensive approaches that address multi-
ple attributes simultaneously rather than focusing on single issues. The intercon-
nectedness also suggests that organizational factors play a crucial role in require-
ments quality outcomes. Organizations with mature requirements processes tend
to perform well across multiple requirements quality attributes, while those with
immature processes struggle broadly. It is suggested that organizational dimension
indicates that sustainable improvements require process-level changes rather than
just technique-level modifications.
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5.3 RQ3: What guidelines can be derived from
practitioner experiences to enhance require-
ments quality and mitigate test flakiness?

Based on the comprehensive analysis of survey and semi-structured interview data,
this section addresses RQ3 by presenting guidelines derived from practitioner expe-
riences. These guidelines highlight critical aspects of requirements quality identified
through the empirical study and provide actionable strategies for mitigating test
flakiness in industrial practice.

5.3.1 Requirements Completeness

Generalized Guidelines
1. Specify Complete Data Formats and Constraints: Define exact

structure, length, type, allowed characters, and encoding (e.g., UTF-8,
Windows-1252). Include regional or special character requirements.

2. Explicitly Define Temporal and Operational Boundaries: Specify
timeouts, processing delays, daylight saving transitions, leap years, and
timezone handling.

3. Include Validation and Error Handling Rules: Clearly define ac-
ceptable inputs, invalid data, and system responses for each case.

4. Account for Edge Cases and Special Scenarios: Consider rare but
critical inputs, boundary values, and unusual character sets in testing.

5. Ensure Data Integrity Constraints: Specify which data or system
components must remain unchanged after operations.

6. Document Gaps Explicitly: For incomplete requirements, note miss-
ing details, assumptions, and required clarifications.

7. Validate Requirements: Verify requirements from the testers’ per-
spective using example test cases.

8. Document Critical Parameters and Inter-Parameter Relation-
ships: Include all calculation parameters and their dependencies with
other inputs.

9. Specify System Preconditions and Environmental Context:
Clearly define system initial states, required preconditions, environmen-
tal dependencies (hardware, software, network), platform compatibility,
integration contexts, external system dependencies, and deployment en-
vironments (production, testing, development).

Implementation Example: The following description, shared by participant P2,
illustrates how complete requirements should look like:
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Participant P2 Description

Complete Specification:
The system must generate random test data in the specified name format.
Format: 3-digit or 5-digit numeric code + alphanumeric string.
Character Set: English letters (A–Z, a–z) and Nordic characters å, ä, ö.
Encoding: Windows-1252.
Validation: Mismatch in format/characters triggers failure.
Data Integrity: Location data remains unchanged.

Incomplete Specification:
The system must generate random test data in the specified name format.
Gaps: Missing format rules, allowed character sets, encoding, error handling,
and data integrity constraints.

5.3.2 Requirements Unambiguity

Generalized Guidelines
1. Replace Subjective Language: Avoid words like "comfortable," "fast,"

and "user-friendly." Use quantifiable metrics instead.
2. Define Measurable Success Criteria: Establish objective thresholds,

numeric limits, or observable conditions.
3. Specify Failure Scenarios Explicitly: Clearly define triggers, error

states, and expected system responses.
4. Use Structured Formats (BDD Approach): Employ the precondi-

tions (Given), actions (When), and expected outcomes (Then) format, as
used in Behavior-Driven Development (BDD) [21], to write unambiguous
requirements and reduce interpretation variability.

5. Provide Concrete Examples: Include both successful and failed sce-
nario examples for clarity.

6. Decompose Broad Requirements: Break down high-level require-
ments into actionable, testable components.

7. Specify Interaction Flows Step-by-Step: Document user interac-
tions and system responses explicitly, avoiding assumptions.

8. Clarify Scope Boundaries: Define what is included/excluded to pre-
vent interpretation differences.

9. Explicit Temporal Specifications: Define timeouts, processing de-
lays, daylight saving adjustments, leap years, timezone handling, and
real-time constraints.

Implementation Example:
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Unambiguous Specification:
The system must acknowledge user input within 200ms and complete process-
ing within 2 seconds under normal load conditions (≤ 100 concurrent users).
Timeout handling must account for daylight saving time transitions."

Ambiguous Specification:
The system should respond quickly to user input.

5.3.3 Other Practical Guidelines
Organizational and technical factors influence requirements accuracy and alignment
with system needs

1. Stakeholder Validation:
• Conduct structured requirements reviews with cross-functional teams

including testers.
• Establish regular stakeholder validation throughout the requirements

development lifecycle.
• Document assumptions and verify them with appropriate stakeholders.

2. Technical Feasibility Validation:
• Include technical experts in requirements validation processes.
• Verify the implementation feasibility for all specified requirements.
• Identify technical constraints that may affect requirement correctness.
• Validate integration assumptions with external systems and depen-

dencies.
3. Real-World Constraint Alignment:

• Identify real-world operating conditions that may affect system behav-
ior.

• Validate requirements against actual usage patterns and environmen-
tal conditions.

• Consider long-term operational scenarios, including edge cases and
unusual conditions.

• Test requirements assumptions in production-like environments.
• Update requirements based on operational experience and feedback.

These guidelines directly respond to the practitioner concerns identified in RQ1,
where 80% recognizing requirements quality impact test flakiness, only 56% consis-
tently apply this knowledge in practice. By providing structured approaches to the
specific quality attributes identified in RQ2, these guidelines bridge the awareness-
practice gap revealed in the empirical findings. In summary, the proposed guide-
lines offer concrete, evidence-based approaches for practitioners to systematically
reduce requirements-related test flakiness. Derived from survey responses and semi-
structured interviews across multiple domains, the guidelines address key aspects
of requirements completeness, unambiguity, and practical validation processes. By
specifying complete data formats, operational boundaries, measurable success crite-
ria, and structured stakeholder and technical validation practices, organizations can
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bridge the gap between recognized requirements issues and consistent implementa-
tion. Applying these guidelines can improve test reliability, reduce the proportion of
flaky tests attributed to requirements deficiencies, and encourage more predictable
and robust system behavior in practice.

5.4 Integration of Mixed-Methods Findings
The integration between survey and interview data strengthens confidence in the
findings while revealing important aspects. The survey established the quantitative
scope of the problem, while interviews explained the mechanisms behind the pat-
terns. For example, the survey finding that 77% of practitioners experience timeout-
related flakiness gains deeper meaning through interview examples showing how
temporal edge cases can remain hidden before causing system inconsistencies. The
mixed-methods approach also revealed important contextual factors that pure quan-
titative or qualitative approaches might have missed. The survey captured domain
variation in requirements impact, while interviews explained why organizations with
formal processes experience lower requirements-related flakiness than organizations
with informal processes. This demonstrates that the requirements-flakiness relation-
ship is not universal but mediated by different other contexts. Importantly, the
qualitative findings help explain apparent contradictions in the survey data. While
practitioners recognize requirements issues as significant contributors to flakiness,
their inconsistent consultation of requirements during troubleshooting reflects prac-
tical constraints rather than lack of awareness.

5.5 Theoretical Contributions
This study offers several theoretical contributions to the literature on software test-
ing and requirements engineering.

First, it empirically demonstrates that flaky tests are not solely the result of tech-
nical deficiencies but are also rooted in the quality of software requirements. While
existing literature has focused primarily on code or environment-related causes of
flakiness [18, 33], this study demonstrates that these technical manifestations often
originate from software requirements deficiencies. By recognizing requirements qual-
ity as an early causing factor, this study shifts the understanding of flaky tests from
a strictly technical perspective towards a socio-technical framework.

Second, the study extends requirements quality frameworks by identifying specific
attributes such as incompletness, ambiguity, and time-related aspects that impact
test flakiness. Traditional requirements quality models emphasize correctness, com-
pleteness, and consistency [32, 30, 27], but rarely consider their downstream effects
on flaky tests.

Third, the findings contribute to understanding the organizational dimensions of
software quality. The governance and change management patterns uncovered that
requirements quality emerges not only from individual specification practices but
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also from team communication, stakeholder alignment, and change control processes.
This supports the view of software engineering as a socio-technical system while
extending it to the requirements–testing interface.

Finally, the study provides a methodological contribution by demonstrating how a
mixed-methods design combining quantitative patterns with qualitative practition-
ers’ insights can uncover multi-layered causes of flakiness. This approach demon-
strates how integrating data collection types strengthens theory building in empirical
software engineering.

5.6 Threats to Validity
This section discusses threats to validity, focusing on how the research questions
were answered, and how this undermines the reliability and validity of the findings.

Internal Validity

The survey sample was mostly composed of practitioners involved in testing (96%),
which may have biased the results toward a testing focused view of the relationship
between requirements and flaky tests. Testers might be more inclined to attribute
flaky tests to issues in requirements rather than to their own testing practices, mak-
ing the role of requirements appear more significant. Both, survey responses and
interview accounts rely on practitioners’ retrospective assessments of flaky test in-
cidents and their causes. Practitioners’ estimates of how much flakiness stems from
requirements issues may be influenced by recent experiences, particularly memorable
cases, or cognitive biases that favor certain types of explanations over others. The
eight practitioners who participated in interviews were self-selected from the broader
survey sample based on their willingness to participate. This introduces potential se-
lection bias, as individuals who volunteer for interviews may hold stronger opinions,
have more vivid experiences, or possess different characteristics compared to the
wider population. Consequently, this may affect the representativeness and general-
izability of the qualitative insights used to complement and explain the quantitative
findings. The study captures practitioners’ perspectives at a specific point in time,
but both requirements practices and testing technologies are rapidly evolving. The
relationship between requirements quality and test flakiness may change as organi-
zations adopt new development methodologies or testing technologies (AI-assisted
testing).

External Validity

The survey sample, while diverse in experience and industry representation, may not
be representative of the broader software development population. The study’s re-
cruitment methods may have attracted practitioners who are particularly interested
in or experienced with flaky test problems, potentially overestimating the prevalence
and impact of requirements related issues. While the study includes participants
from multiple industries (software development 55%, automotive 26%, finance 11%),
the findings may not generalize uniformly across all software development domains.
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Specialized domains such as aerospace, medical devices, gaming, or artificial intelli-
gence systems may have different requirements, practices, and different relationships
between requirements quality and testing outcomes. The study does not explicitly
address geographic or cultural factors that may influence requirements, practices,
and their relationship to testing outcomes. Different regions may have varying ap-
proaches to documentation, stakeholder communication, and process formality that
could affect the generalizability of findings.

Construct Validity

Both the quantitative and qualitative approaches rely primarily on practitioner
perceptions rather than objective measurements of requirements quality or flaki-
ness rates. While these perceptions offer valuable insights into how practitioners
experience and understand the relationships between these constructs, they intro-
duce potential threats to construct validity. Practitioners’ subjective assessments
of requirements quality may be influenced by individual experiences, organizational
contexts, or cognitive biases such as the availability heuristic, wherein recent or
memorable incidents disproportionately affect their perceptions. The study opera-
tionalizes complex constructs, such as “requirements quality attributes” and “test
flakiness,” through survey items and interview questions. However, these measures
may not fully capture the multidimensional nature of these phenomena. In particu-
lar, requirements quality encompasses numerous attributes beyond those measured
here, and the interplay between these attributes in real-world contexts may be more
nuanced than what the selected indicators reveal.
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5.7 Future Work
The limitations identified in this study highlight several promising opportunities for
future research. First, expanding the qualitative dataset to include a broader and
more diverse range of practitioners would enhance the depth, validity, and general-
izability of insights regarding how requirements deficiencies influence test behavior.
Additionally, empirical validation using real-world software projects is essential to
strengthen and contextualize these findings. This could involve analyzing actual re-
quirements documents alongside test execution data, establishing traceability links
between requirements and test cases, and applying NLP-based tools for automated,
scalable assessment of requirements quality. Such data driven approaches would
enable researchers to systematically examine the relationship between specific re-
quirements quality attributes and the occurrence of flaky tests, providing stronger
causal evidence and actionable insights for improving software quality.

Furthermore, the organizational aspects of the requirements flakiness relationship
requires deeper investigation. Research exploring how different organizational struc-
tures, communication patterns, and change management approaches affect require-
ments quality and its relationship to testing outcomes could inform organizational
design decisions.

The domain variation identified in this study also suggests significant value in in-
dustry specific research. Detailed investigations into requirements practices across
domains such as healthcare, automotive, and financial services could reveal domain
specific patterns and facilitate the development of tailored guidance.
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Test flakiness remains a pervasive challenge in software development, undermining
developer confidence, increasing maintenance costs, and producing misleading sig-
nals about system quality [36, 54, 48]. While the technical causes of flaky tests have
been extensively studied, the impact of requirements quality on test instability has
received limited attention.

This mixed-methods study explored the relationship between flaky tests and require-
ments quality from industrial practitioners’ perspectives, addressing three primary
research questions: (RQ1) How do practitioners perceive the connection between
requirements quality and test flakiness, (RQ2) Which specific requirements quality
attributes contribute to flakiness and (RQ3) What guidelines can be derived from
practitioner experiences to enhance requirements quality and mitigate test flakiness?
By analyzing survey data from 74 practitioners and conducting eight semi-structured
interviews, the study provides empirical evidence linking requirements deficiencies
to test instability, while also proposing actionable practitioner-informed guidance to
reduce flakiness.

The findings demonstrate that the relationship between requirements quality and
test flakiness is significant, context-dependent, and informed by sophisticated prac-
titioner reasoning. RQ1 showed that practitioners widely acknowledge requirements
as a contributor to test instability, though their awareness is not always system-
atically applied in practice. RQ2 highlighted the most critical attributes such as
completeness, unambiguity, and timing specifications that practitioners associate
with flaky tests. RQ3 extended these insights into concrete, evidence-based guide-
lines that translate practitioner experiences into structured improvement strategies.

The evidence-based guidelines framework bridges research and practice, offering or-
ganizations a systematic approach to reducing test instability. These recommenda-
tions are grounded in empirical observations rather than theoretical assumptions,
making them practical and feasible for real-world organizational contexts and con-
straints. Most importantly, the study establishes requirements quality as a measur-
able factor in software reliability, deserving systematic attention alongside tradi-
tional technical quality factors.

Ultimately, the contribution of this work lies not only in documenting the require-
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ments–flakiness relationship but also in providing both empirical foundations (RQ1,
RQ2) and actionable guidelines (RQ3) for practitioners to systematically improve
software quality through better requirements practices.
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Declaration of Generative AI

During the preparation and writing of this thesis, generative AI tools most notably
ChatGPT was used in a limited and clearly defined manner. The tool was employed
primarily to assist the author in improving phrasing for academic english and in
structuring LaTeX code for formatting tables, figures, and references.
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A.1 Survey Questions

Demographics

1. Which phase of the Software Development Life Cycle (SDLC) is your work
most closely related to?

(a) Requirements

(b) Design

(c) Development

(d) Testing

(e) Deployment & Maintenance

2. How many years of experience do you have in your field?

(a) 0–3 years

(b) 4–6 years

(c) 7–10 years

(d) More than 10 years

3. How do you define the nature of your work domain?

(a) Tech & Software Development

(b) Automotive

(c) Finance & Banking

(d) E-commerce & Healthcare
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(e) Others

Flaky Test and Requirement Quality
4. How often have you encountered flaky tests (test cases that sometimes pass

and sometimes fail without changes to the code under test)?

(a) Always

(b) Frequently

(c) Occasionally

(d) Rarely

(e) Never

5. Do you refer back to requirements/user stories/features list while investigating
flaky tests?

(a) Always

(b) Frequently

(c) Occasionally

(d) Rarely

(e) Never

6. How do you typically handle requirements that you believe might lead to flaky
tests?

(a) Request clarification from stakeholders before writing tests

(b) Write tests with additional error handling and fallback mechanisms

(c) Document assumptions and implicit behaviors in test cases

(d) Create multiple test scenarios to cover different interpretations

(e) Others

7. How likely are the following issues in the requirement specification to con-
tribute to flaky tests? (Missing acceptance criteria, unclear success/failure
conditions, unspecified timeout durations, incomplete data specifications)

(a) Always

(b) Frequently
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(c) Occasionally

(d) Rarely

(e) Never

8. Based on your experience or knowledge, do you think the completeness of
requirements impacts the stability of tests?

(a) Always

(b) Frequently

(c) Occasionally

(d) Rarely

(e) Never

9. In your experience, how often have you encountered flaky tests caused by
poorly defined test conditions such as preconditions, inputs, or expected out-
comes?

(a) Always

(b) Frequently

(c) Occasionally

(d) Rarely

(e) Never

10. In your experience/knowledge, approximately what percentage of flaky tests
stem from requirements issues versus implementation issues?

(a) 0–20% (Almost None)

(b) 21–40% (Small Proportion)

(c) 41–60% (About Half)

(d) 61–80% (A Large Proportion)

(e) 81–100% (All)
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A.2 Interview Guide

Demographics
1. How many years of experience do you have in the industry?

2. Can you briefly describe your role?

Flaky Tests and Requirements
3. Can you share a specific case where you encountered flaky tests that you

believe were caused by requirement quality issue?

(a) What behavior or feature were these tests trying to validate?

4. Requirement quality is commonly assessed using attributes such as unambi-
guity, completeness, correctness, and consistency.

(a) How have any of these attributes posed challenges to flaky tests in your
experience?

(b) What was the specific issue in the requirement?

(c) How was it eventually resolved?

(d) Were any changes made to the requirements document as a result?

5. How do you think the requirements (or lack of good requirements) contributed
to the flakiness of those tests?

6. From your experience, what strategies have helped reduce flakiness caused by
requirement-related issues?

7. Is there anything else you would like to share about the relationship between
requirements and flaky tests that was not covered in this interview?
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