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This thesis explores the challenges and best practices of implementing test automation within
Agile software development environments that incorporate Continuous Integration and
Continuous Delivery (CI/CD) practices. The study identifies key obstacles, including
frequent requirement changes, unreliable or flaky tests, limited access to stable test data, and
integration difficulties within CI/CD pipelines.

Conversely, effective strategies such as early tester involvement, risk-based prioritization,
delta testing, and cross-functional collaboration were found to enhance automation
outcomes. The findings demonstrate that the success of test automation depends not only on
technical proficiency and tool selection but also on organizational culture, communication,
and shared ownership. By combining qualitative interview insights with quantitative survey
data, the research provides a comprehensive understanding of how Agile practices influence
test automation and offers practical guidance for improving automation maturity and
sustainability in modern software teams.
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1 Introduction

The effectiveness of any software in the modern world is highly reliant on the ability of a
team to provide quality and reliable software in an efficient way. Customers are more
demanding in terms of quick updates and constant changes, but their patience toward failures
has decreased. Such conflicting needs have changed the way organizations plan, test, and
release software. In most situations, the time of releases has also become as important as the
quantity of features provided. To satisfy these demands, organizations need processes that
can be changed and modified as required; yet must remain consistent enough to avoid
constant disruption. Software testing used to be done only after the development process
was done. The extended, staged testing cycles that were carried out by independent QA
teams were efficient in defect detection but were very slow at delivery. This sequential
method was no longer viable as the time between releases became shorter. The duration of
regression testing, especially, turned out to be not compatible with the speed of software
delivery pipelines of the modern era. Trying to deal with these issues, numerous teams
resorted to test automation as the sole solution to be able to follow through with the regular
iterations. Routine tests can be automated allowing teams to develop large test suites quickly,
compare results to expected results and produce reports with little human interaction. This
method does not only speed up the testing, but also provides more coverage as well as
making it possible to find the defects at an earlier stage when they can be much easier and
cheaper to correct. Agile methodologies and their advent have strengthened this change.
Work in Agile development is broken down into time-boxed iterations of work (one to four
weeks) where planning, development, testing, and review happen simultaneously. Teams
do not produce a complete product but produce small and functional fragments which could
be improved, depending on feedback. Agile also promotes cross-functional teamwork, i.e.
the developers, testers, and stakeholders should closely collaborate with each other within
every sprint. The cooperative and repetitive framework offers the most appropriate
preconditions of efficient application of automated testing. Nevertheless, there are no issues
with introducing automation into the Agile workflows. The manual testing will never be
able to match the high rate of sprints and automated testing will be necessary to ensure the
speed and quality. This has made automation a very important aspect of software

development lifecycle not only to conventional QA roles. This is further reinforced by
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modern development practices, including Test-Driven Development (TDD) and Behaviour-
Driven Development (BDD) in which testing is part of the actual code development process.
These approaches encourage the development of pre- or co-production code tests, and
gradually increase coverage of significant functionalities. These automated tests can be used
when part of Continuous Integration/Continuous Delivery (CI/CD) pipelines to ensure that

the codebase is always stable, deployable and in line with the Agile principles.

1.1 Background and Motivation

The purpose of this thesis is to investigate what the main challenges are and what the best
test automation practices are when introducing test automation in agile projects. It also
discusses the influence of Agile principles, including Continuous Integration (CI),
Continuous Delivery (CD), and shorter development cycles, on the efficacy of automation.
Agile and continuous delivery methods (such as Scrum, Kanban and SAFe) are broadly
adopted by software development organizations to provide value quickly and frequently.
Automated testing integrated into Continuous Integration/Continuous Delivery (CI/CD)
pipelines is used to help with relatively fast feedback cycles and frequent releases.
Automated testing has a lot to offer, including faster regression validation, consistency and
the ability to execute massive test suites automatically — all of which are critical for quality

in fast moving Agile environments.

However, for some Agilists such advantages are never fully realized as they find themselves
facing various challenges while navigating through the Automation space. Practitioners
complain about brittle (flaky) tests, challenges of having and maintaining stable test data or
that test suites are expensive to maintain, and that there is friction when trying to fit tests
into pipelines for continuous integration / deployment. These operational issues erode
confidence in automated validation, stress testers and DevOps engineers, and result in
underinvestment of automation when appropriate. As industry trends tend towards even
shorter cycles (e.g., trunk-based development, feature toggles) and increasing
regulatory/security needs, a closer look at how teams are able to introduce, maintain and see
benefits from tests automation in Agile/CI/CD settings is equally timely and practically

important.
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1.2 Research Objectives

The primary goal of this thesis is to investigate the effectiveness and challenges faced by
Agile software development teams when implementing test automation. More specifically,
the aim of this study is to explore the most common problems that Agile teams encounter as
they adopt and implement the practice of automated testing. These are the most influential
problems affecting the practice of automation because of the dynamics of Agile
development, such as constantly evolving requirements, strict odd cycles and sprints, lack
of testing, and the absence of compatibility with the tools. These challenges can be better
understood and further optimisation of automation strategies and alignment of automated
testing with Agile principles can be achieved on a deeper understanding of such issues. The
main objective of the research is to address the issue of the role of test automation in the
Agile software development context, particularly, the problems, the best practices, and the
role of Agile principles in automation procedures. In this regard, the research questions that

will be addressed by the study are:

RQ1: What are the key challenges faced by software teams in implementing and maintaining

test automation in Agile environments?

RQ2: What best practices enable teams to adopt and sustain effective test automation in

Agile workflows?

RQ3: How do Agile practices such as Continuous Integration and short development cycles

influence test automation?

Additionally, this thesis aims to investigate the best practices that have proven to be
successful during real-world Agile projects. Specifically, these include Behaviour-Driven
Development, modular test design, continuous testing through the CI/CD pipeline, and risk-
based testing. The objective is to identify successful approaches that can help teams enhance
the sustainability and success of their automation efforts. Finally, what the thesis is seeking
to achieve is understanding the extent to which test automation is influenced by Agile
development practices, particularly the concepts of CI/CD and short-term iteration. Agile
presents a unique combination of challenges and opportunities for successful
implementation, and this specific objective aims to identify the ways those practices

facilitate automation design, execution, and maintenance.
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1.3 Structure of the Thesis

The remainder of the thesis is organized as follows:

Chapter 2 focus on the literature reviews of Agile development, CI/CD and test automation,
identifies gaps. Chapter 3 describes the mixed-methods design selected, the survey and
semi-structured interview data collection, sampling process, and chosen analysis methods.
Chapter 4 is dedicated to the presentation of empirical findings of both the survey and the
interview. Chapter 5 discusses the findings in the context of established knowledge and
provides practical recommendations for the Agile teams. Chapter 6 contain the final

summary of contributions and limitations and proposes the directions for future inquiry.
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2 Literature Review

The intersection of Agile methodologies, Continuous Integration/Continuous Delivery
(CI/CD), and test automation has become one of the most widely studied yet practically
debated areas in modern software engineering. The principles of Agile, including the agile
development, quick feedback, and adaptability have revolutionized the process of software
design, creation and testing (Beck et al., 2001; Dingsoer et al., 2012). Meanwhile, the
increased usage of CI/CD pipelines has increased the pressure to ensure quality and speed

of delivery through automated testing (Fowler and Foemmel, 2006; Stahl and Bosch, 2014).

Even though it is quite a common belief among scholars and industry professionals that
automation is a crucial part of the Agile environment, the literature frequently raises the
issue of the ongoing difficulties in the efficient implementation and maintenance of
automation. These obstacles are manifested in different forms, which translates to the
establishment of several best practices meant to counter them. This section critically reviews
the academic and practitioner literature on test automation in Agile and CI/CD environments,
identifies common themes and contradictions, and positions this thesis within that body of

work.

2.1 Challenges of Test Automation

Among the most widely debated issues of the literature is the need to deal with the dynamism
of Agile requirements. Since Agile projects are characterized by short iterations, changing
user stories, and feedback, automated tests can be invalidated, or they need to be constantly
updated. According to Collins and Lucena (2012), such dynamic evolution makes the test
suites unstable hence causing high maintenance overhead. In the same vein, Hilton et al.
(2016) discovered that product backlog shifting as well as mid-sprint requirement alterations

are associated with automation brittle and high rework.

These results are supported by Wang et al. (2022), who present a large-scale empirical
investigation of the open-source projects and revealed that those teams that had immature
automation practices were the most susceptible to requirement churn. Delays in CI pipeline

in such projects were longer and confidence in release readiness were low. All these studies
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point to one thing: requirement volatility is not a trend that will go away in the short term,
on the contrary, it is a set of inherent properties that define the viability and sustainability of

test automation in an Agile setting.

The other problem that has persisted in the literature is that of flaky tests, the ones that give
different results when performed repeatedly. According to Khomh et al. (2012), the cause
of this issue is due to testing environments being unstable, the sharing of infrastructure and
inconsistent system behavior. According to Collins (2012), flaky tests tend to reduce
confidence in automation, and usually tend to drive teams to a manual verification process.
This argument is supported by Bach (2003) who states that unreliable automation is a waste
of time and gives false impression of security to the stakeholders. He emphasizes the fact
that the testability of the systems, that is, their controllability and observability, should be
improved to minimize the environmental dependence and enhance the reliability of the

automated results.

Another limitation to good automation that seems to be a consistent one is test data
management. Collins and Lucena (2012) emphasize that Agile teams usually do not have a
systematic way of creating and sustaining consistent test data especially when systems are
reliant on external integrations. Hilton et al. (2016) add to this perspective and note that
erratic or obsolete test data diminishes reproducibility and trust in pipelines of CI/CD. It is
common to compensate many teams in terms of mocking or contract testing to provide the
simulation of unavailable integrations, yet, in general, this leads to the decreased realism

and lack of coverage.

The integration of automated testing into CI/CD pipelines is still a technically and
organizationally challenging task. According to Collins (2012), old environments,
incompatibility of tools and rigid procedures of approving new technologies slows the
process of automation. Bach (2003) warns of the search of hard and fast frameworks and
instead promotes the notion of lightweight and context-driven frameworks being developed

and executed in small steps to meet the needs of teams.

Besides technical obstacles, human and organizational ones also are very crucial. According
to Collins and Lucena (2012), underutilized or wobbly automation is caused more than often
by lack of skills, divided roles, and poor communication channels. Bach (2003) points out

that, automation is not to substitute human testers, rather is to support them and therefore
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emphasizes on a balance and cooperative method. Hilton et al. (2016) also confirms that
inadequate communication between the testers, developers, and the operations staff results

in greater maintenance expenses and reduced reliability of automation.

2.2 Best Practice for Agile Test Automation

However, the literature has also provided some best practices that have been found to be
effective in enhancing the success of automation despite the above challenges. Enhancing
product testability is one of the most basic ones. Wang et al. (2022) determine that the key
aspects of automation maturity are controllability and observability and empirically that
systems that are built with these features can reach the faster release cycles and better product

quality without necessarily increased automation effort.

Bach (2003) also emphasizes on the need to expose logs, APIs and hooks to ensure that
automated testing is more robust and maintainable. These guidelines are very similar to the

DevOps activities, according to which testability is a precondition of sustainable CI/CD.

Another key best practice is the issue of priority. Instead of trying to do everything
automatically, Collins and Lucena (2012) prefer risk-based methods that focus on high-
value regression tests. Hilton et al. (2016) proves this point by their concept of delta testing
where only recently changed code is retested so that the suite size and execution time could

be minimized.

Bach (2003) emphasizes developing small, contextual automation solutions incrementally
by developers collaborating closely with testers. It is also necessary to incorporate
automation in pipelines of CI/CD. According to Fowler and Foemmel (2006), CI/CD without
automated regression test could cause the spread of defects at a pace, whereas Stédhl and
Bosch (2014) refer to continuous testing as a continuation of continuous integration- making
sure that all changes are tested automatically. Wang et al. (2022) also offer empirical data
that the maturity of automation is strongly associated with the speed of the release cycle and
a better quality of the software, which, in turn, implies that the maturity of automation and

the pipeline should be developed simultaneously.

The concepts of collaboration and communication are always revealed as non-technical, but

important enablers of automation success. Collins and Lucena (2012) discover that tester
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participation in the planning of short sprints and backlog refinement is more effective when
initiated early in the process to enhance coverage and minimize rework. Testers and
automation specialists should work closely to design scripts and be relevant, which Bach
(2003) recommends. Wang et al. (2022) support these conclusions, claiming that the
automation maturity is based on communication and training that need to be embedded in

the organizational culture.

Finally, Bach (2003) expands the applications of automation by noting that it is not supposed
to be restricted to functional tests execution. The activities such as data generation,
configuration management, coverage analysis, and oracle design are automatable and ought
to be automated. Such a multifunctional application makes the investments in automation
more valuable and improve the compliance with the Agile principle of iteration and
continuous improvement. In conclusion, the reviewed literature suggests that there is a two-
side narrative according to which Agile and CI/CD settings are raising the demands of
automation, and, simultaneously, give rise to new issues to do with reliability, data integrity,
and coordination among teams. The successful automation not only involves the use of the
right tools, but also promotes the ability to test, the significance, collaboration, and constant

enhancement as a part of a solid, holistic development culture.

2.3 Contradiction and Gaps in the Literature

While there is general convergence on challenges and best practices, contradictions remain:

Some studies (e.g., Collins, 2012) suggest that automation increases effort and delays early
releases, while Wang et al. (2022) found no statistical increase in automation effort even at
higher maturity levels. This discrepancy highlights context sensitivity - team size, domain,

and measurement approaches may account for divergent findings.

Much of the empirical evidence comes from case studies of large organizations or open-
source projects. Small teams, regulated industries, and microservice-heavy architectures

remain underrepresented.

Despite frequent mentions in practitioner reports, systematic research into test data

management and flaky test mitigation remains sparse. Likewise, cultural and organizational
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dynamics (e.g., incentives, governance) are less well documented compared to technical

practices.
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3 Research Methodology

This paper explores issues and practices of test automation in an Agile software development
and CI/CD scale. The research design used in the study is a mixed methods research design
since the nature of the research problem requires the use of both quantitative and qualitative
strands. Mixed method approach will be an especially fitting approach to the research since
it can provide the breadth (via survey that elicits trends among the practitioners) and depth
(via interviews that can be used to garner rich and context specific experience). Mixed
methods research has gained popularity in the field of software engineering and information
systems research as it allows the researcher to triangulate and add more validity to the results
through the joint power of quantitative and qualitative approaches (Creswell and Plano
Clark, 2017). The survey in this thesis shows a general understanding of the perceptions of
the practitioners, the tool they use, and their perceived challenges whereas the interviews
are giving a finer detail on how teams manoeuvre these challenges in the real world in Agile
settings. The main guiding principle to this research design is the principle of
complementarity: quantitative data reveal the general patterns of the phenomenon, whereas

the qualitative data can give the explanatory information why and how these patterns occur.

3.1 Data Collection

Six semi-structured interviews with professionals in Agile projects with test automation as
the key component were held to supplement the survey. Semi-structured interviews have
been chosen as they could be consistent across the respondents (with the help of a shared
guide) and at the same time flexible enough to delve deeper into the individual experience
and opinion (Kvale and Brinkmann, 2015). The 6 participants of the interview were selected
in four organizations, which represent various industries and the scale of operations. This
guaranteed that the data captured a variety of points of view, highly technical engineering
job to the organizational perspective. Table 1 gives a summary of the organizations that are

part of the study, its domain of industries, as well as its size/scope of operations.
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Table 1. Description of interviewed organizations

Organization Business Domain Organization Size / Interviewees
Operation
Organization A Financial Services Large / National 2 (Test Automation

Engineer, Test Engineer)

Organization B Multi-Channel Media Services | Medium / National 1 (Test Automation
Engineer)

Organization C Financial Services Large / International .
1 (Test Automation

Engineer)

Organization D IT & Software Services Small / National

2 (DevOps Engineer, QA
Lead)

The interviews took 30-45 minutes and took place online using Microsoft Teams or Zoom.
QA leads, DevOps engineers, and test automation engineers were brought on board and
covered all the roles with varying roles and viewpoints. Central research questions were
used to design the interview guide as these questions were to be used to make sure that the
data collected are in line with the objectives of the study. It addressed some of the major
subjects of the research seeking to study the actual experience of practitioners in the area of
test automation in Agile and CI/CD. These themes consisted of the key issues in the
implementation and maintenance of test automation in Agile projects, organizational,
cultural, and technical factors that make it ineffective. The participants also provided
information on the best practices and strategies that they implemented successfully in their
teams as well as what insights they have on how CI/CD pipelines impact automation
processes, test execution, and maintenance. Lastly, the interviews ended with a reflection
on things learnt and recommendations on how to better automation practices, which proved
to be valuable insights into experiential perspectives that were supplemented by the

quantitative survey data.
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Table 2. Provides some example interview questions.

Question Purpose
Explore RQ1

What are the most significant challenges you face
when implementing test automation in Agile
projects?

Can you describe how requirement changes during | Examine Agile-specific challenges
sprints impact your automation work?

How do you decide which test cases should be Identify prioritization practices
automated?

What strategies or practices have been most Explore best practices (RQ2)
effective in sustaining automation efforts?

How are automated tests integrated into your Explore technical aspects (RQ3)
CI/CD pipelines?

Can you share an example of a successful Gather concrete best practices

automation initiative and what made it work?

The qualitative information collected in this interview showed several common issues (e.g.
test data management, flaky tests, maintenance burden, time allocation) and some successful
practices (e.g. early tester involvement, mocking/contract testing, modular scripting, strong

collaboration).

The online survey has been selected as the main data collection instrument in the form of a
quantitative study. It was made with the help of the Google Forms and was spread through
professional sources such as LinkedIn, Agile/test automation communities and personal and
networking. Surveys via the Internet have been chosen as they can be scaled, as well as be
cost-effective and reach a geographically diverse group of respondents in a relatively brief

period (Wright, 2017).

The survey was such that it would make one identify three major areas of insight in
connection with the study aims. First, it gathered demographic and background data, such
as the profession of the participants and how long they have worked in software testing and
automation, what Agile approaches they adhere to, and what are the main tools they have to
work with in their departments. Second, it discussed the key challenges of test automation,
including the change of requirements, test flakiness, test data management problems, and
inabilities to integrate automated tests into CI/CD pipelines. Third, the survey investigated
best practices and perceived results, including the use of such practices as Behavior-Driven

Development (BDD) and Test-Driven Development (TDD), modular test design, CI/CD-
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aligned test strategies, and general perceptions of effectiveness of automation. This
systematic methodology provided a thorough insight into the challenges and the facilitators

of the automation of testing in Agile-based settings.

The survey was a combination of closed-ended questions (multiple choice, Likert-scale
rating, checkboxes, etc.) and open-ended questions. The closed-ended questions helped in
being standardized and comparable whereas the open-ended items yielded more qualitative

information which had the potential to highlight unexpected problems.

There were 39 valid responses of the survey. The respondents had different positions such
as QA engineers, test automation engineers, developers, DevOps specialists, and managers.
Their work experience had less than one year to more than 10 years and gave a good
representation of both the junior and seniors. The respondents indicated their usage of
various Agile methodologies, and most of them were Scrum, Kanban, SAFe and hybrid.
Selenium, Cypress, JUnit, Robot Framework, and Rest Assured were among tools known to

be popular.

Although this dataset is not statistically representative of the entire Agile community around
the world, it provides a wide and plausible view of the challenges and practices as seen in

the various organizational setting.

Non-probability sampling was employed in the study. In the survey, convenience and
snowball sampling were used as the sampled respondents were recruited to the survey by
their professional networks and they were also requested to forward the survey to other
groups. In case of interviews, purposive sampling was used to focus on individuals who

have proven to have experience in Agile test automation.

This was done to make sure respondents were relevant in terms of expertise, though it also
creates a possibility of bias. More specifically, more committed members of professional
networks might have more aggressive views regarding automation. To avoid this, the study
was trying to diversify the sample in terms of roles, level of experience, and the

organizational setting.
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3.2 Data Analysis

The Data analysis process would involve qualitative and quantitative analysis so that there
was extensive information. Data in the form of interviews were discussed using thematic
analysis in accordance with a 6-step description of data analysis proposed by Braun and
Clarke (2006), in which the fundamental patterns and themes of data analysis emerged with
regards to challenges, best practices, and Agile impact on test automation. The responses to
the survey were analysed through the descriptive statistics and the thematic coding of the
open-ended answers to measure the trends and reflect the vision of the practitioners. The
combination of both data sources through triangulation maximized the validity of the
research through the identification of similar themes, including maintenance issues and the
problem of CI/CD integration. This dual method analysis was able to give depth and breadth

to understand test automation in Agile environments in a nuanced manner.

3.2.1 Interview Analysis

The Thematic analysis was used to analyze the interview transcripts, in line with Braun and
Clarke (20006) six-step model. To start with, the familiarization process was initiated, and all
the transcripts were read and re-read to understand the data and surround well. The first
codes were then created by determining significant data blocks like test data problems and
collaboration with developers. These codes were then classified onto possible themes, such
as the grouping of environment instability and flaky tests under umbrella theme reliability
issues. The themes then emerged were revised to make sure that there was internal
consistency and that the themes are separate. Subsequently, the definition and naming of
each theme were conducted to summarize its nature, which made the labels clear like
Organizational Alignment and Proactive Test Design. Lastly, the themes were incorporated
into the report with the evidence of the interviews applied to demonstrate major challenges

and best practices associated with test automation in Agile setups.

Themes were deductive (built on research questions) and inductive (developed out of the

information). Some of the identified themes are

Challenges: Test data management, flaky tests, CI/CD integration barriers, maintenance

costs, limited resources.
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Best Practices: Early tester involvement, collaborative planning, modular test design,

mocking/contract testing, regression prioritization.

The triangulation of the survey and the interview data is possible. As an example, the two
sources highlighted the burden of test maintenance as a significant issue, which provides
much validity to this result. Conversely, certain discrepancies were also observed:
respondents of the survey emphasized issues related to a tool, whereas interviewees paid
more attention to the organizational and culture-related issues. These divergences are also

good insights.

3.2.2 Survey Analysis

The data of the survey were exported to Excel, processed in Google Forms. The analysis
involved thematic coding of open-ended responses and factorial analysis (frequency counts,
percentages, averages). As an example, the responses on requirement volatility and the
effectiveness of automation on the Likert-scale were added up into the distributions, and the

open-ended comments were coded inductively to reveal emergent themes.

Early descriptive findings show that most of the respondents evaluated requirement changes
as a frequent (45) one, limited time on automation during sprints, and fairly struggled to
maintain test suites. Some of the best practices noted consisted of the integration of
automation into CI/CD pipelines, adoption of BDD/TDD, and placing emphasis on

regression tests.

These results were supplemented by the open-ended responses, which highlighted certain
frustrations, including the fact that test data expires, Ul locators are unreliable, and the

organization has not invested in automation resources.

The study was conducted ethically. The study purpose was explained to all the participants
who signed informed consent. The anonymity and confidentiality were ensured: no
identifying information (e.g., names of companies, names of projects, etc.) was provided in
transcription and reporting. Participation will be voluntary, and the respondents may

withdraw any time.

The survey was filled out anonymously, and there was a field where the participants can

leave their contact information in case, they want to be contacted during the follow-up
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interview. Only interviews with express permission of the participants were recorded and

stored in safe devices with a password.

To provide reliability, before its distribution to a broad range of people, the survey
instrument was tested to a pilot group of two practitioners, making slight modifications to
the wording to read effectively. The semi-structured interview guide also created consistency

in case of interviews.
To maximize the validity, several strategies were used:
* Construct validity: Surveys and interviews triangulation.

* Internal validity: Open-ended questions to explore the underlying causes and

triangulation of the themes across various interviewees.

* External validity: The small sample size makes the research difficult to generalize, but

the inclusion of roles, tools, and methodologies gives the research a broad view.

Dependability is also ensured by the transparency of the data collection and coding

Processcs.

Although the methodology is credible, one should note that a number of limitations should
be mentioned. To start with, the convenience and purposive sampling might influence the
findings in favour of practitioners who are more engaged in professional circles. Second, the
small number of the sample (39 survey answers and six interviews) restricts statistical
generalization. Lastly, because the data was self-reported, there is the possibility of recall
bias or social desirability bias especially in interviews. These weaknesses are addressed by

methodological triangulation and a non- generalizability concern.

This chapter has outlined the research methodology that will be used to explore the issues
and practices of test automation that are most effective in Agile/CI/CD settings. The mixed-
methods approach was selected, and an online survey of 39 practitioners was used, followed
by six semi-structured interviews. The survey only presented the general quantitative

patterns, and the interviews presented more in-depth qualitative data.

All these data sources allow triangulation, so the findings of the research are reliable and

rich. Considerations and actions that were taken to secure reliability and validity were
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considered. In the following chapter, the empirical results of the research are described with

the aid of the research questions.
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4 Results and Observations

This part contains the findings and observations of both semi-structured interviews and
survey answers and is discussed concerning the research questions that were set at the
beginning of this study. The interviews with industry workers who worked in various Agile
teams were also quite informative in terms of revealing the most essential issues and
practices related to the implementation and maintenance of test automation. The common
recurring themes in these interviews included test data management challenges, maintenance
overhead, and barriers to integrating CI/CD, and good practices such as early involvement
of tester, modular test design and collaborative planning. Based on these qualitative findings,
the survey findings further quantified these patterns, including what practitioners thought
about automation effectiveness, time limits and how Agile practices like continuous
integration and short iteration cycles impacted these patterns. Combining these
complementary analyses, a complete picture of how Agile groups can traverse the landscape

of test automation can be seen.

4.1 Interviews and Qualitative Studies

In order to obtain a more in-depth insight into the challenges and best practices related to
test automation in Agile CI/CD settings, six semi-structured interviews with practitioners in
four organizations based in Finland and elsewhere were developed. The respondents were
the representatives of various business areas such as financial services, IT consulting, and
media technology, and their occupation was Test Automation Engineer, QA Lead, Test
Engineer, and DevOps Engineer. The diversity of the points of view offered an insight into

the technical and organizational nature of the automation practice.

The interviews were structured using the literature review based on thematic leads as follows
(volatility of requirements), (flaky tests and environment instability), (test-data
management), (CI/CD integration), (collaboration and cultural factor), and (effective
automation practices). Thematically, data were analysed through a grounded-theory

approach where the recurrent patterns were identified within organisations.
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Hypothesis 1: (Requirement volatility significantly increases automation maintenance
overhead). One of the themes that came out strongly during the interviews was the challenge
that persisted of keeping automated tests within the rapidly changing requirements. Agile
development is also iterative and adaptive and therefore often results in changing user stories
and acceptance criteria which in turn necessitates constant updates to test scripts. The
participants pointed out that this presents a continuous maintenance cost which lowers the
time to develop new tests.

“Requirements sometimes change mid-sprint, which means our automated test

scripts must be updated constantly. It feels like we’re always catching up.” -
Test Automation Engineer, Organization A

“In our Agile setup, the code changes fast. If tests don’t evolve at the same
speed, the automation becomes a burden rather than a support.” — Test
Engineer, Organization B

In order to work out this situation, the involvement of testers in the early stages of the sprint
planning and constant cooperation of the developers and QA teams were considered to be
crucial by many participants. The measures were considered necessary to keep the pace of

automation in line with the dynamic development of Agile matters.

Hypothesis 2: (Flaky tests and environmental instability reduce trust and reliability in
automation). Unstable or inconsistent tests were also viewed as one of the most infuriating
challenges to successful automation. The interviewees gave scenarios in which automated
tests would not reliably work because of fluctuating environments or because of the shared
resources or because of the asynchronous behaviour within the system. Not only did this
unpredictability cripple trust in the automation process, but also resulted in a high amount
of time wasted in debugging false failures.

“Our biggest headache is flaky tests — you never know if a failure is a real

bug or just the test environment misbehaving.” - QA Lead, Organization D

“Sometimes we rerun the same API test and get different status codes. It’s
often not the code but the environment that’s unstable.” - QA Lead,
Organization D

Respondents also highlighted the importance of making infrastructure more reliable,
mocking or virtualizing unreliable dependencies, and putting non-deterministic behavior

behind the fence as some of the most useful strategies to reinvest in automation outcomes.

Hypothesis 3: (Lack of reliable test data limits automation coverage and realism).

In every organization, poor and untrustworthy test data proved to be a major problem in
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successful automation. Most of the teams had delays in getting access to relevant datasets
especially those who relied on centralized data management teams. Consequently, testers
tended to use mock data or synthetic data, and this decreased the realism of their test cases.

“Good test data is gold. But we often face delays waiting for the centralized

team to create or refresh datasets. Without it, many tests just fail or don’t cover
real scenarios.” - DevOps Engineer, Organization D

“Half of our flaky tests come from bad data. If a test customer record expires
or is changed by another team, our automation fails for the wrong reason.” -
Test Engineer, Organization B

Although other teams contract-tested or data-mocked to keep automation going when the
data was not available, it was recorded that these were short-term fixes. It was generally
conceded that automated test data pipelines, synthetic data generation and better
coordination with data teams were all critical to enhancing reliability and coverage in

automated testing.

Hypothesis 4: (CI/CD integration is essential but often hindered by tooling and process
constraints).
Automation of the tests was also unanimously identified as an essential part of the Agile
delivery, but it was also recognized as one of the most technically demanding tasks.
According to the interviewees, the following barriers were reported: unstable tests led to
pipeline failures, slow execution time, and organizational limitations on the introduction of
new tools.

“The CI/CD pipeline is the backbone, but integrating new automated tests isn’t

always straightforward. Sometimes they block the pipeline entirely if they’re
not stable enough.” - Test Automation Engineer, Organization C

“We delay including certain tests in the CI/CD pipeline because they’re too
unstable. If they fail, they block the entire release.” — Test Engineer,
Organization B

As a coping mechanism, a few teams used a staged integration approach, with smoke tests
being made after every commit and much larger regression suites being performed on a
nightly or post-deployment basis. This piecemeal method permitted pipelines to be both fast

and reliable without test coverage.

Hypothesis 5: (Cross-functional collaboration and shared ownership improve automation
outcomes). In addition to technical barriers, organizational culture and cooperation were

observed to be very critical to the success of automation endeavours. The teams that
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cultivated a sense of shared ownership between the developers, testers, and the DevOps
engineers noted the practices of automation and quality improvement that were more
sustainable.

“Automation can’t be just a tester’s job. Developers need to own part of it,

otherwise the scripts don’t reflect the real system.” - Test Automation
Engineer, Organization B

“If testers aren’t part of early Agile ceremonies, they have no chance to plan
automation. It’s too late once development is done.” - Test Automation
Engineer, Organization C

On the other hand, those organizations that had separated testing and development had
increased maintenance costs and reduced feedback time. The respondents affirmed that
collective responsibility, common code inspection, and unrestricted means of

communication were essential facilitators in attaining high-quality, sustaining automation.

Hypothesis 6: (Adoption of best practices enhances automation efficiency and alignment
with Agile workflows). Regardless of the mentioned difficulties, interviewees could name
a number of the best practices that significantly enhanced the results of automation. These
were risk-based prioritization, in which tests were concentrated on areas of high impact as
opposed to implementing a control aiming at full automation coverage and delta testing, in
which tests were concentrated on ensuring that modified modules had been verified as
opposed to rerunning the entire suite. Other positive remarks were given to mocking and the
concept of contract testing in that they allowed one to do early testing at the time of

incomplete integrations.

Moreover, other participants noted the need to have a sense of shared ownership and constant
feedback of teams. Developer-tester pair programming, cross-functional viewpoints and
frequent test result reviews were all facilitated by activities like revisiting automated suites
to guarantee the accuracy and performance of the automated suites.

“We do data-driven, end-to-end automation, but we only automate what brings

value. We’d rather have ten reliable tests than a hundred unstable ones.” - Test
Automation Engineer, Organization C

“The biggest enabler isn’t the tool, it’s communication. Everyone must be on
the same page about what’s automated and why.” - Test Automation Engineer,
Organization B

Such lessons point to the fact that effective test automation in Agile settings requires both

technical implementation and the development of the culture of cooperation, learning, and
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flexibility. The most sustainable described outcomes were teams that constantly improved

their test suites by using retrospectives and feedback loops.

Table 3. Summary of Key Themes Identified from Practitioner Interviews

Strategies

testing, mocking, and continuous feedback loops to ensure

stability and efficiency.

Category Key Findings Related
Hypothesis
Requirement Volatility Frequent requirement changes during sprints cause Hl
continuous rework of automated test scripts, increasing
maintenance effort and reducing productivity.
Flaky Tests and Test instability caused by asynchronous processes and H2
Environment Instability unstable environments reduces trust in automation
outcomes and increases debugging time.
Test Data Management Lack of accessible, consistent, and realistic test data limits | H3
automation coverage and realism, leading to increased
dependency on mock data.
CI/CD Integration Although essential for Agile delivery, CI/CD integration is | H4
often constrained by unstable tests and organizational tool
restrictions.
Organizational and Successful automation depends heavily on collaboration H5
Cultural Factors and shared ownership between developers, testers, and
DevOps engineers.
Best Practices and Effective approaches include risk-based automation, delta | H6

Overall, the qualitative findings reveal that the central challenges of Agile test automation

revolve around requirement volatility, test instability, and data unavailability, while the

primary enablers are CI/CD integration, collaborative culture, and disciplined application of

best practices. These results complement the existing studies (Collins and Lucena 2012;

Hilton et al. 2016; Wang et al. 2022) and prove the need to be in balance between technical

strength and the adaptive team processes as the keys to test automation success. These

interviews gave us the six hypotheses that act as the conceptual basis of triangulating the

survey results and answering the overall research questions of this thesis.
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4.2 Survey and Quantitative Study

To compliment the qualitative data collected during interviews, a quantitative survey was
also conducted to receive more comprehensive insights into the issues of test automation
and the most effective practices in the Agile CI/CD environments. The survey involved 39
practitioners which is a very mixed representation of various roles such as QA engineers,
DevOps professionals, developers, and test automation specialists. Descriptive statistics
were offered in the survey to determine existing patterns and prove the qualitative

hypotheses.

The survey revealed that most of the survey participants respondents themselves as QA or
Test Automation Engineers and it represents a group of participants who are mostly involved
in the software test and quality assurance processes. A lesser percentage reflected the role
of Developers, DevOps Engineers, and Project Managers; this was to ensure that the point
of view of both testing as well as wider software delivery functions were represented. In
general, the sample group is a balanced, though testing-oriented perspective, which fits the
research goal of learning the problem and best practices in test automation in the Agile
methodology. The average years of professional experience of the respondents of the survey
were in the field of software testing and automation. Only a few were early-career
professionals, suggesting that the survey primarily reflects insights from experienced

practitioners, adding credibility to the findings.

According to the results depicted in Figure 1, Smaller percentages of the participants
reported the use of Kanban (12.8%), SAFe (2.6%), Scrumban (2.6%), and other hybrid ones.
This distribution indicates the popularity of Scrum as the main Agile model of software
delivery and test compared to the current literature that defines Scrum as the most commonly

used Agile approach to software development and testing.
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Which Agile methodology does your team follow?

39 responses

@ Scrum

@ Kanban
i SAFe

@ Scrumban
@ Other

Figure 1. Agile Methodologies.

Concerning the role of automation in Agile processes, in figure 2 we can see that, there was
a solid majority (64.1%) of those who said their teams actively use test automation in their
Agile processes. Another 30.8% reported they utilized automation partially in part indicating
that there were still transitions towards complete automation adoptions. Only 5.1% of the
respondents claimed that their teams do not practice test automation at all. These findings
suggest that the concept of test automation has been integrated into the standard and
anticipated Agile development, but the level of maturity and consistency in its adoption

differs among organizations.
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Do you use test automation in your Agile process?

39 responses

@ ves

@ No
Partially

Figure 2. Implementation of Test Automation.

As shown in Figure 4, there are various types of test automation tools with the use of which
occur in Agile teams. The most used tool was selenium with 57.9% of the respondents. This
dominance has been indicative of the strength of Selenium as an open source, flexible, and
framework independent automation of UI tests in Agile and CI/CD environments. Cypress
(23.7%) and Robot Framework (21.1%) were also among some of the most popular tools,
and both have been noted to have easy integration capabilities in end-to-end automated
testing. A smaller group (5.3%) of respondents indicated using JUnit, which is mainly in
unit testing in the development processes. Interestingly, half of respondents chose "Other"
meaning they used multiple different or organization-specific automation tools (e.g.,
Playwright, Postman, or in-house automation frameworks), which suggests the diversity as

well as context-specificity of automation tool systems in Agile settings.
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Which test automation tools are used in your team?
38 responses

Selenium

JUnit

Cypress

Robot Framework

Other

Figure 3. Uses of Test Automation Tools.

The second chart displays the rate of requirement changes in sprints, which is a closely
related metric to the automation stability and maintenance. Most of the respondents (46.2%)
said that requirements change occasionally with 30.8% saying that they change frequently.
Only 7.7% indicated that there are changes very frequently, 15.4% and none of them chose
rarely and never, respectively. Such findings show that changing requirements are a common
feature of Agile processes, follow the principles of iterative and adaptive Agile development.
Nonetheless, from a testing wise such frequent modifications create further complexity and,

in many cases, require constant upgrades of automated test scripts and data.

How often do requirements change during sprints?

39 responses

@ MNever

@ Rarely

0 Occasionally
@ Frequently

@ Very Frequently

Figure 4. Requirement changes during sprints.
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Compared to the qualitative data, this quantitative data supports the observations of the
practitioners that requirement volatility is one of the main issues in preserving automation
reliability and efficiency. Moreover, It that the interview insights about the necessity of early
involvement of tester in sprint planning and risk-based test selection to minimize rework

and maintain automation stability.

As shown in Figure 5, most of the respondents mentioned that the amount of time spent on
test automation at each sprint is very minimal (53.8%). In the meantime, 46.2% of the
participants said that they were spending an adequate amount of time on automation-related
tasks. It is notable that none of the respondents gave answers of more than enough, which
implies that even when automation work is done in teams with moderate time allocation, it

tends to compete with other sprint priorities like feature development and manual testing.

How much time do testers have for automation per sprint?

39 responses

@ Very Limited
@ Adequate
' More than Enough

Figure 5. Distribution of Time Allocated for Test Automation in Each Sprint.

This observation underscores a long-standing conflict in Agile systems, namely, despite the
obvious importance of test automation to the continuous delivery process, it is typically
limited by the sprint schedule and resource use. The findings are similar to the qualitative
interview findings, as multiple practitioners reported that automation is typically the first
thing to be impacted when the timespan is short, and testing is likely to be under pressure

towards the end of the sprint.
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The data thus substantiates the main issue of the literature, that the lack of time to automate
tests makes the automation projects less sustainable and less scalable (Collins and Lucena,
2012; Hilton et al., 2016). Agile teams need to be able to trade-off between rapid iteration
and ensuring that there is still automated test coverage and need to focus more on improving
their sprint planning and ensuring that testing tasks are included early in the backlog

prioritization.

The issue that was most reported by the respondents was the changing requirements within
sprints at 71.8 percent out of 100 respondents, as shown in Figure 6. This result highlights
the direct effect of the requirement volatility, which is one of the distinguishing
characteristics of Agile-based methodologies, on the maintainability of automated tests.
Test scripts are frequently required to change or rewrite when acceptance criteria change

mid-sprint, and this may slow the process and make the automation process less reliable.

The second most prevalent challenge is that automation had little time, which was reported
by 66.7% of the respondents. Such time constraints often cause the verifiability of manuals
to be prioritized, or the automation job to be postponed to subsequent sprints, which is also
reflected in the qualitative interviews with one participant saying, “Automation is put on the

backburner when we have to close a sprint.

Another significant challenge that was identified by 46.2% of the respondents was unclear
acceptance criteria. An ambiguous user story or test context may lead to a mismatch between
the testers and a corresponding developer which leads to an ineffective automation coverage

or unnecessary scripting.

Furthermore, 35.9% of the respondents reported that they maintained test scripts on high
maintenance, which indicated the cost of maintaining automation suites in highly dynamic
Agile environments. The respondents noted that tests tend to break when they are faced with

minor Ul differences or dependency changes, requiring heavy debugging and refactoring.

A smaller percentage (7.7) referred to other barriers such as the compatibility of the tool to

other environments and the inability to handle test data across the different environments.
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Which of these challenges have you experienced? i

39 responses

Changing requirements during

fe {1
sprints "

Limited time for automation —26 (66.7%)

Unclear acceptance criteria —18 (46.2%)

High maintenance of test scripts —14 (35.9%)

Other (please describe below)

Figure 6. Common Challenges Experienced in Test Automation.

The results of the survey, as shown in Figure 7, can shed light on two important dimensions
of Agile test automation in CI/CD settings, including (1) the challenge of sustaining test-

suite automation and (2) the type of testing practice most frequently implemented by teams.

Majority of the respondents (86.8) identified the maintenance of their automation suite as

moderate in its difficulty, with 7.9% stating it as difficult and 5.3% stating it as easy.

This trend suggests that even though automation is mature in the majority of Agile teams,
maintenance is an active activity. This result is highly consistent with the qualitative data,
as a number of interviewees referred to the issues of having to constantly revise tests as the
needs and dependencies on the tools change (see Hypothesis 1 and 4). The fact that there is
more "moderate difficulty” indicates that the maintenance issues are accepted, but not
addressed to the full extent - the teams are able to cope with them, but they are resource- and

time-intensive and could be directed at creating new tests or improving frameworks.

It is also reminiscent of Collins and Lucena (2012) and Wang et al. (2022), who have found
out that high maintenance overhead is among the primary obstacles to long-term automation

sustainability in Agile environments.
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How difficult is it to maintain your automation suite?

38 responses

@ Very Easy
@ Easy
Moderate

@ Difficult
@ Very Difficult

Figure 7. Maintenance Difficulty of Test Automation Suites.

In figure 8, Regression Test Automation was the most widely adopted approach, reported
by 55.3% of respondents. This result is consistent with the emphasis on regression coverage
in Agile and CI/CD pipelines, where automated checks ensure that rapid iterations do not
reintroduce existing defects. Other prevalent practices included Exploratory Testing
(21.1%), Behavior-Driven Development (BDD) (13.2%), and Test-Driven Development
(TDD) (10.5%). The relatively lower adoption of BDD and TDD suggests that while these
practices are conceptually aligned with Agile principles, their implementation may be

constrained by factors such as skill availability, tooling maturity, or perceived complexity.

Interestingly, a small proportion of respondents mentioned “Other” practices (e.g., ad hoc
scripting, contract testing, or integration-specific automation), highlighting that some teams

adopt hybrid or context-specific testing strategies rather than formalized frameworks.
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Which practices are followed in your team?

38 responses

@ BOD

@ TDD

& Continuous Testing

@ Exploratory Testing

@ Regression Test Automation
@ Other

Figure 8. Test Automation Practices Adopted by Agile Teams.

A substantial 69.2% of respondents reported that their teams have integrated automated tests
directly into CI/CD pipelines, whereas 30.8% have not yet achieved this level of integration.
This indicates that while CI/CD-based automation is a widely accepted goal, it is not

universally implemented across all Agile teams.

Does your team integrate automated tests into CI/CD pipelines?

39 responses

@ Yes
@& No

Figure 9. Integration into CI/CD pipeline.
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The distribution in Figure 10 shows the steps in CI/CD pipelines in which automated tests
are running. The 32 responses show variation in the way organizations incorporate testing

in the various stages of their workflows on delivering.

The findings indicate that the majority of teams run automated tests in the deployment phases
with 46.9% running the tests on deploy to staging, and 43.8% on deploy to pull request or
merge. This is an indication of a high degree of focusing on ensuring that system stability
and functionality is verified before it is utilized in production environments. These practices
are consistent with the DevOps shift-left testing principle, under which quality assurance is
conducted at the early stages of the delivery cycle to minimize the number of defects in the

post-release period (Fowler & Foemmel, 2006).

In the meantime, 28.1% of the respondents said that they triggered automated tests on
commit and 28.1% on build. These numbers may indicate that although some teams have
early-stage testing (unit and integration testing during build or commit), it is less uniform in
organizations. The smaller percentages can also reflect either the limitation of resources or
the preference of the bigger tests to be executed over the smaller and quicker tests in CI/CD

pipelines.

Lastly, 25% of the participants mentioned that tests are also run upon being deployed to
production. Such a relatively low number indicates that the majority of organizations do not
carry out extensive testing in live environments probably because of the fear of performance

implication or the level of maturity of the staging validations.

The findings in general suggest that test automation is most entrenched in the pre-production
phases (merge and staging) and not at an earlier (commit/build) or later (production) stage.
This trend is consistent with prior analysis by Stahl and Bosch (2014) and Wang et al. (2022),
who have found that Agile teams are inclined to use a pragmatic strategy, namely, the use
of lightweight tests in the initial part of the pipeline and more significant suites in staging to

trade-off between the speed and reliability of feedback.

This illustrates a more expansive maturity process: most organizations have automated
CI/CD processes but only a small portion have pipeline coverage in all phases. Further
improvement of the feedback speed and defect prevention in Agile development cycles

would be possible through the wider application of early-stage (commit/build) testing.
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At which CI/CD stages are tests triggered?

32 responses

On Commit

On Build

On Pull Request / Merge 14 (43.8%)

On Deploy to Staging 15 (46.9%)

On Deploy to Production

Figure 10. Trigger Points of Automated Tests in CI/CD Pipelines.
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5 Discussion

This chapter explains and argues out the study findings in reference to the research questions
and available scholarly literature. It is done to connect the outcomes of the qualitative
interviews and the quantitative survey to the larger theoretical and practical knowledge of
test automation in Agile Continuous Integration/Continuous Delivery (CI/CD) setting. The
discussion will be organized in relation to the three research questions, which cover the
discussion of the challenges, best practices, and impact of Agile practices on test automation.
By combining interview data and survey outcomes, one will be able to have a holistic picture
of the role that Agile principles play in determining the success, sustainability, and quality

of automation.

5.1 Key Challenges of Test Automation

The analysis of the results of the interviews and the survey reveals several common
challenges that do not facilitate the successful implementation of test automation in Agile
teams. The most notable ones are the constantly changing requirements, unreliable or
unstable testing, the lack of realistic and up-to-date test data, short sprint cycles, and the
complexity of incorporating automation into the CI/CD pipelines. Moreover, the
organizational culture and patterns of collaboration have a great impact on the ways of

dealing with these challenges and overcoming them.

A significant theme that arose as a result of the interviews was the influence of shifting
requirements over automation maintenance. The practitioners kept on reiterating that user
stories and acceptance criteria tend to change during the middle of the sprint, and this means
that the automated scripts become obsolete almost as soon as this happens. According to one
of the interviewees, requirements frequently change during a sprint which means that we
need to keep on updating our automated scripts- sometimes it seems like a never-ending
process of catching up. These results align with other studies conducted by Collins (2012)
and Hilton et al. (2016) who found requirement volatility as the primary cause of automation

fragility and the reason why the profitability of automation investment diminishes.
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This challenge was supported by the results of the survey, and more than 60 percent of people
mentioned the unstable requirements as one of the top 3 obstacles to successful automation.
This implies that iterative flexibility of Agile enables teams to quickly adapt but at the same
time, it requires an automation structure that can dynamically develop without necessarily

having to undergo major revisions.

The other issue that became noticeable was the problem of flaky tests - automated tests that
fail unpredictably and with no discernible reasons. According to one QA Lead, they are the
most annoying challenge since he can never know whether a bug is real or it is just a glitch
in the environment. This is consistent with Wang et al. (2022) who explain that test
instability is caused by poor synchronization in development and testing pipelines and
discrepancies in CI/CD environments. This worry is also quantitatively supported by the
survey data, as over half of the surveyed indicated that flaky or unreliable tests were a
significant barrier to automation, which directs a direct negative impact on developer
confidence and release velocity. Altogether, these results highlight the fact that stability and

reliability are the required conditions to maintain continuous testing in the CI/CD set-ups.

Test data management was also identified as an important challenge by both the interviewees
and survey respondents. The most common points raised by the respondents were delays
caused by representative dataset unavailability and the necessity to use artificial or old data
that did not actually correspond with the real-world situation. As one practitioner reported,
'test data of high quality is essential, but we can waste time waiting to have the central team
prepare or update datasets.' These findings highlight the critical need for improved data
provisioning and automated data refresh processes to ensure reliability and reproducibility
in test automation. Failures of tests because of the unavailable or outdated test data were
also reported by approximately half of the survey respondents, and it is important to note
that to guarantee reliability and reproducibility, data provisioning should be improved, and

data refresh processes should be automated.

Another area of significant conflict was the integration of automated tests into the CI/CD
pipelines, although it is a feature of Agile maturity. Unstable or long test suites, according
to interviewees, would block builds, slowing down release or even stopping complete
execution of tests. One engineer said that 'not all tests are in the CI pipeline, as they are too
unstable and can crash the release." These obstacles recall the discussion of Hilton et al.

(2016) about the trade-offs between speed and reliability in CI/CD integration. This was
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also supported by the results of the survey, as 68% of the teams indicated using CI/CD tools,
including Jenkins, GitLab CI, or Azure DevOps, but only 42% automated all pipeline steps,

which indicated a mismatch between the technical ability and organization preparedness.

Lastly, cultural and organizational barriers were found to have a strong influence on success
of automation. According to interviewees, test automation only works well when ownership
is shared i.e. when developers and testers are closely involved. Automation coverage and
maintenance was poor in teams where testing was more of an isolated or underestimated
discipline. This finding is aligned with those made by Collins (2012) and Collins and Lucena
(2012), who pointed to the value of collaborative culture, leadership support, and shared

accountability in supporting automation practices in Agile settings.

To summarize, the results show that both the socio-organizational and the technical factors
support the obstacles of the Agile test automation. To achieve balance between the agility
and the stability of teams, a team-wide focus is necessary: a focus that includes technical
excellence and collaborative culture and continuous improvement and in such a way that

test automation can be a part of the Agile software delivery, evolving over time.

5.2 Best Practices of Test Automation

The research paper has listed some of the best practices that can help teams overcome such
challenges and achieve the value of automation in Agile settings. These practices have been
supported by both qualitative and quantitative evidence and they are involvement of tester
early, cross-functional collaboration, modular automation design, risk-based focus on

prioritizing tests and continuous improvement through delta testing and feedback loops.

A common lesson learned during the interviews was the need to incorporate testers as early
as possible during the sprint planning and backlog optimization. According to one of the
participants, the most effective practice that we have found is to emphasize automation on
critical paths and ensure that testers participate in sprint planning. In that manner, automation
helps to develop rather than to slack development. This practice makes sure that testing
considerations are incorporated in the story definitions and acceptance criteria to reduce
rework in the later phases of the cycle. This was corroborated by the results of the surveys:

almost 70 percent of the participants said that early QA participation enhanced the results of
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sprints, decreasing the amount of automation rework and increasing test coverage. These
findings are aligned with the best practices outlined by Collins and Lucena (2012) and Hilton
et al. (2016) that highlighted the importance of testing a shift to the left as one of the methods

to make automation consistent with the iterative delivery.

The cooperation of the developers, testers, and Devops engineers was repeatedly mentioned
as a success factor. Interviewees reported the positive effect of shared ownership as relevant
to automation and stability. According to one DevOps engineer, Automation cannot be a job
of a tester. Part of it must be owned by the developers or the scripts will not be representative

of the real system.

This cultural implementation is in concordance with the literature that states that Agile test
automation has the highest sustainability when the ownership is distributed throughout the
team and not concentrated (Collins, 2012; Collins and Lucena, 2012; Wang et al., 2022).
The results of this survey backed up this view, with 62 per cent of the people surveyed stating
that intimate cooperation between tester and developer had a direct impact on quality and
reliability of automation. These results confirm the thesis that the maturity of automation
does not require the use of technical tools but rather, it is based on the development of a

team-based culture.

The other best practice that was common in both interviews and surveys was the
implementation of the modular and data design of tests. The practitioners mentioned that it
is important to create reusable and parameterized components that could be used in various
test scenarios which will minimize maintenance and enhance scalability. According to one
of the respondents a data driven test is used to do this with the same flow being run using
different data sets and thus enabling the test to cover a greater number of scenarios without
having to re-write the code. This solution may be compared to the suggestions expressed by
Wang et al. (2022) where they insist on the use of modular structures to promote flexibility

and sustainable maintainability in Agile testing.

Other interviewees also discussed the value of risk-based prioritization and delta testing, in
which automation is applied to recent or high-risk code, rather than running full test suites
to execute with each change. According to one of the QA Leads, delta testing helps us to
save a lot of time because we do not have to run the whole suite but only the changed one.

The survey reflected this practice as 58 percent of the teams indicated that they applied either
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selective or incremental automation strategies to streamline their CI/CD process and ensure
that feedback-driven workflows remain at faster speeds. The culture promotes literature to
be tested continuously by making priority to risks (Collins, 2012; Collins and Lucena, 2012;
Hilton et al., 2016).

Last but not the least, continuous improvement was also considered a key to keep the
automation initiatives. A number of participants detailed feedback loops in CI/CD pipelines,
e.g. nightly regression reports or build dashboards which help a team track failure and make
changes to scripts within a short period of time. This is in congruence with the claim by
Hilton et al. (2016) that visibility and transparency are essential prerequisites of long-term

automation sustainability.

Overall, the findings of the study indicate that successful automation in an Agile team is
dependent on the congruence of technical practices (such as modular frameworks and delta
testing) with process-based, collaborative approaches (such as early QA engagement and
shared ownership). These activities support the opinion that an effective test automation is

a technical and organizational success.

5.3 Agile—CI/CD Impact on Automation

The combination of Agile with CI/CD practices is the key to the nature of automation
implementation, maintenance, and scaling. The findings have shown that, although these
practices establish new opportunities to provide faster feedback and quality assurance, they

have established new pressures associated with timing and coordination and test reliability.

According to interviewees, CI/CD pipelines offer a framework of continuous testing, which
guarantees that automation gives real-time feedback regarding the quality of code. One of
the engineers observed, the CI/CD pipeline is the lifeblood of it, the automation would be
nothing but manual execution. The results of the surveys indicate that automated tests are
fully or partially integrated into the pipeline of 81 percent of the teams, which proves that

CI/CD has become an inseparable part of the Agile automation.

This observation supports the existing body of literature that highlights the idea that constant
testing is a key of Agile delivery success (Wang et al., 2022; Stdhl and Bosch, 2014). But



49

according to the respondents, speed and stability must be weighed cautiously to have a

reliable automation with fast release cycles.

CI/CD increases feedback loops, but also increases instability in tests. According to one
respondent, as an explanation of the manner in which the tests are inserted into the pipeline,
sometimes the tests are too unstable and hence we postpone their introduction into the
pipeline otherwise they block the release. This is a major trade-off that previous research
identified (Hilton et al., 2016), as the desire to work fast may be incompatible with the

accuracy of automated testing.

Quantitative findings approved that 45 percent of the respondents occasionally missed
automated tests at releases because of pipeline failure or insecure scripts. This suggests that
the state of automation is in its developmental phase and the business-level strategies of

stability are to be adopted to make the most of the continuous delivery promise.

Agile methods also subject the system to the pressure of constant script updates as a result
of short iteration cycles. Interviewees explained that two-week sprints simply did not provide
much time to refactoring and maintenance. This stress corresponds with the results of Hilton

et al. (2016) that automation has been found to lag Agile velocity, leading to technical debt.

However, some of the practitioners proposed mitigations, including setting aside specific
time on test maintenance in each sprint or using test-first methodologies, which minimize
post development rework. These practices are indicative of the increasing realization of the
idea that sustainable automation, it means integrating testing in the same iterative rhythm as

development.

Lastly, the work revealed that Agile practice has the effect of building a culture of
experimentation and perpetual learning, which indirectly enhances the automation activities.
Those teams that included a retrospective and common failure analysis time were more
likely to succeed in sustaining their automation stability in the long term. The given cultural
change proves the point made by Collins (2012) and Collins and Lucena (2012), who states

that constant improvement is a concept and a requirement within Agile test automation.

Altogether, Agile and CI/CD practices serve as either driving forces or limiters. They give
the structural basis of ongoing testing but need disciplined handling of dependability, cross-

relationship and maturity of the processes to avoid automation becoming a bottleneck.
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5.4 Synthesis and Implications

The findings Synthesizing across the three research questions, this study highlights that
Agile test automation operates within a dynamic interplay of technical, organizational, and
process-related factors. The key insight is that technical enablers (such as CI/CD pipelines
and modular frameworks) are necessary but insufficient on their own. True success depends
equally on cultural and process alignment — particularly shared ownership, early

collaboration, and disciplined maintenance practices.

From a theoretical perspective, the findings extend existing Agile testing models by
emphasizing test stability and organizational collaboration as central pillars of sustainable
automation. From a practical perspective, the results provide actionable guidance for teams:
(1) integrate QA early into Agile ceremonies, (2) modularize automation frameworks, (3)
use data-driven and delta testing techniques, and (4) continuously monitor and refine CI/CD

integration.
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6 Conclusion

This paper aimed to identify the issues and best practices in applying test automation in
Agile software development and CI/CD. Agile delivery has resulted in automation of tests
being a very important part of modern delivery to ensure that a team is able to stay speedy
and deliver quality through continuous integration and deployment. Nevertheless,
sustainability in automation is still a challenging issue because of Agile practices being
dynamic and iterative. Based on six interviews with practitioners in four organizations and
a survey data of 39 respondents, the study was able to give a qualitative and quantitative

description of how Agile teams experience and deal with automation issues in real life.

The results indicated that although the Agile practices encourage flexibility and rapid
feedback, they also present a big challenge to automation. Major barriers that were cited to
augment maintenance effort as well as decrease confidence on automated testing comprised
frequent requirement changes, unstable or flaky tests and the absence of reliable test data.
The limitations of tooling, complexity of integration, and organizational silos are also factors
that make the automation of CI/CD pipelines more consistent. These challenges
notwithstanding, some of the best practices that lead to effective automation implementation
were revealed. The early introduction of testers to sprint-based activities, the tight
cooperation between the developers and testers, and modular and risk-based automation

plans proved to enhance the stability of automated tests and their efficiency.

Another significant observation of the study was that the organization culture and
collaboration are equally important in determining the success of automation besides the
technical factors. The teams where the test automation was shared, and not separated into
the QA perks, were more reliable and aligned to the goals of Agile. Short iteration cycles
and continuous integration has been observed to both facilitate and frustrate automation; it
is easy to detect defects much faster and easier, but continuous integration requires increased

discipline both in keeping test environments and data.

On the whole, this study can be discussed as a contribution to the better comprehension of
the interaction between Agile and CI/CD principles and automation practices in practice.
The idea is supported that proper automation needs a trade-off between speed and stability,

flexibility and strictness. The research also provides a viable advice to organizations that
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want to graduate their automation practices in the context of early collaboration, incremental

implementation and continuous improvement as important facilitating factors.
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Appendix 1. Interview Question

Interview Questions (Grouped by Topic)
Section 1: Background Context

1. Can you describe your current role and your involvement with software testing or test

automation?

2. What Agile methodology does your team follow (e.g., Scrum, Kanban, SAFe)?

3. How long has your team been using test automation in Agile workflows?

4. Which testing tools and frameworks are currently used in your team?

Section 2: Test Automation Challenges

5. What are the biggest challenges your team has faced in implementing test automation?
6. How do changing requirements within sprints affect your automated tests?

7. Have you encountered issues with flaky or unreliable test cases? If so, how did you handle

them?

8. Do you feel there is sufficient time allocated to QA and automation tasks within your

Agile sprints?
9. How easy or difficult is it to maintain automated tests as the application evolves?

10. What technical difficulties have you faced with CI/CD pipeline integration and test

automation?
11. Have you had issues related to test data availability or management during automation?

12. Are there any organizational or cultural barriers (e.g., resistance to automation, lack of

buy-in)?

13. How well are testers involved in early Agile ceremonies (e.g., sprint planning, backlog

grooming)?

Section 3: Best Practices in Agile Test Automation



14. What strategies or practices have helped your team succeed with test automation in

Agile?

15. How do you prioritize which test cases to automate?

16. Have you used practices like BDD or TDD? What has been your experience?
17. How does your team ensure the reusability and maintainability of test scripts?
18. How do you monitor and evaluate the effectiveness of your automated tests?

19. What role does collaboration between developers and testers play in improving test

automation outcomes?

20. Are there any Agile practices that have supported your testing efforts?
Section 4: Impact of Agile and CI/CD Practices

21. How has Agile influenced your team's approach to testing and automation?

22. What challenges or benefits have you experienced from using CI/CD with automated

tests?
23. How often are automated tests run in your pipeline, and at which stages?
24. What improvements would you like to see in your current test automation process?

25. In your opinion, what is the biggest factor that contributes to the long-term success of

test automation in Agile team?



