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Abstract—The high rate of digital transformation and the
rising complexity of software developed a necessity to explore
how Smart Test Automation combined with AI and ML would
enhance continuous delivery pipelines. This paper explores the
transition of manual testing to intelligent automation to gain
insight into the efficiency and reliability of tests through Al-
driven capabilities. The main aspects, including autonomous
test generation, self-healing scripts, intelligent test
prioritization, and defect prediction, contribute to stability,
accuracy, and maintainability in testing ecosystems to a great
degree. Other important issues in digital transformation
identified in the research are cultural resistance, lack of digital
skills, infrastructural constraints, and data privacy issues. The
analysis of the recent literature shows how the innovations in the
field of Al-based automation, Visual Al, script generation with
the help of NLP, and simulation tools redefine contemporary
testing processes in different industries. In general, the research
highlights the fact that Al-enhanced smart automation is the key
to facilitating continuous integration, continuous testing, and
continuous deployment via human intervention minimization,
faster feedback cycles, and scalable and reliable software
delivery.

Keywords—Smart Test Automation, Artificial Intelligence
(AD), Machine Learning (ML), Continuous Integration, Digital
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I. INTRODUCTION

In today’s global and highly competitive business
environment, Automation is essential for increasing
production and efficiency, which enables businesses to keep a
competitive advantage and swiftly address market needs [1].
Automation liberates human workers to do more strategic,
creative and more complex tasks that involve critical thinking
and problem-solving skills by streamlining the process and
cutting down time and energy used in risky and repetitive
tasks. Automation [2] has significant positive -effects
especially to the educated and talented employees since they
are able to complete their tasks before the deadline set by the
management, as well as absorb risky responsibilities such as
heavy lifting, vital labor and complex assembly processes.
Software test automation is the process of running pre-written
tests on a software application using tools and frameworks
prior to its deployment into production [3]. It seeks to verify
functionality, performance and security and minimal human
intervention.

The digital transformation [4] of the public sector
institutions poses specific challenges, especially the
infrastructure, organizational culture, and workforce

© JGRMS 2026, All Rights Reserved

readiness. The public sector institutions, with their inflexible
bureaucracies, can be easily found having challenges with the
realization of digital initiatives as swift as those held by
institutions in the private sector [5]. The unwillingness to
change among the employees is one of the main obstacles in
this process, as the latter can view the digital transformation
as a threat to their employment or the work habits that they
have developed over a long time. Also, the failure to provide
adequate digital infrastructure in the organizations of the
public sector may become an obstacle to the effective
deployment of new technologies, which may result in
inefficiencies and delays in the process of operations. The
automation testing [6] has been a critical element of the digital
transformation. Due to the growing complexity of software
updates, conventional manual testing is unable to keep up with
development cycles. Automation testing makes use of special
tools and procedures as a way of testing a software application
according to the pre-defined ones where the tests are uniform
and repeatable with a reduced duration taken to complete the
test cycles [7]. Teams may spend more time on exploration
and risk-based testing that required human interaction by
automating repetitive processes like regression testing, load
testing, and performance testing.

A significant amount of data is produced by digital
transformation systems, creating a wealth of potential
innovation opportunities, especially those powered by Al [8].
The amount of data generated by such systems is so enormous
that it furnishes organizations with more information than ever
before that can be extracted by Al algorithms and used to
benefit them. Through the analysis and processing of this data,
Al-based applications can access deep insights, can see under
the hood to identify concealed patterns, and forecast future
trends. This ability to extract meaning from massive amounts
of data helps businesses make data-driven decisions and
improve operations, and involves transformational change.
With machine learning (ML) leading the pack [9]. Traditional
automation systems' rigid rule sets and inflexible logic were
not always able to handle the complexity and unpredictability
of the contemporary production environment. ML-based
intelligent automation has become a game-changer in the last
ten years, providing systems with the capacity to learn based
on both historical and live data, identify patterns, and forecasts
and continually improve operations without the need for
explicit reconfiguration.

A. Structure of the paper

The paper is structured as follows: Section II provides an
overview on Digital transformation and smart test
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automations, Section III discusses techniques of Al in Test
Automation, Section IV outlines the key challenges in
Continuous Digital Transformation, Section V presents
Literature of Review of recent studies on the topic, and
Section VI contains the future work and conclusion of the
study.

II. OVERVIEW OF SMART TEST AUTOMATION AND
DIGITAL TRANSFORMATION

Scholars and practitioners are becoming more interested in
sustainability and intelligence/automation through Digital
Transformation (DT) [10], including smart homes, smart
cities, smart governance, and smart production [l1].
Specifically, the partnership between intelligence and
sustainability is at the core of scholarly discourse, as
illustrated in Fig. 1, which highlights topics like how digital
technologies like IoT, cloud computing, big data, cyber-
physical systems, Al, and others enable sustainable smart
manufacturing.

Role of Software Testing in Digital
Transformation
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Fig. 1. Role of Digital Transformation

A. Digital Transformation by Automation of Tests

Testing without automation is performed manually, which
is highly time-consuming at times when testing large-scale
applications. In manual testing, every stage involves human
intervention that contributes to slowing down the release of
the software [12]. Since applications are becoming more and
more complex, to test every scenario that may arise, the
amount of time required becomes unrealistic Automation

helps in task as shown in Fig. 2.
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Fig. 2. Automation help

It Manual to AI-Driven Automation

Instead of manual work which takes more time Al can help
to automate, Al-based automation produces superior
operational performance by reducing completion duration as
well as automatic removal of time-intensive task [13]. by
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obtaining quick better decisions through its power to provide
real-time analysis and forecasting capabilities for pattern
detection in future choice determination [14]. The automation
of data organizations brings precise accurate results to
healthcare and financial sectors by minimizing errors made by
human staff. Flexible Al systems help companies manage
expansion needs without needing extra workforce until
business growth becomes necessary.

2y Continuous Testing and Delivery

This procedure involves executing automated tests as a
component of the software delivery pipeline to get real-time
input on a software release candidate's business risks [15]. In
the field of software development known as Continuous
Delivery, high-quality software is created so that it may be put
into production whenever it's ready. delivers the application to
client or production environments automatically and
constantly. Additionally, the meaning and distinction of the
terms continuous deployment and continuous delivery in the
context of academia and industry.

B. Major Components of Smart Test Automation

Smart Test Automation Framework [16] that incorporates
Advanced Intelligence trends to counter the weaknesses of
classical strategies. This objective is to establish a framework
to deal with dynamism in testing environment, cut on
maintainability and enhance test effectiveness on the
application under test. The smart test automation components
are as test generation, self-healing scripts, optimization and
defect prediction are discussed below also shown in Fig. 3:

Test Generation Test Case Prioritization

Defect Prediction

Self-Healing

Fig. 3. Test Automation Components

It Autonomous Test Generation and Self-Healing Scripts

Test generation is an essential step for automation as Al
and ML use language-based techniques for automation. Self-
healing test automation is the capacity of an automated testing
system to detect, diagnose, and repair issues that cause test
failures [17]. Self-healing frameworks with the use of Al and
ML methods help to minimize human input, decrease the
amount of maintenance, and increase the stability of test
automation suites.

2 Smart Test Prioritization and Optimization

Test Case Prioritization (TCP) is a very important element
of software testing, as it makes sure the test is run in a
sequence to detect bugs as early as possible [18]. Traditional
TCP approaches contain fundamental prioritization
algorithms that leverage test adequacy criteria, including code
coverage, to reflect various test case behaviour. These core
TCP principles center on evaluating modified code segments
as quickly as feasible.

31 Al-Based Defect Prediction
Defect prediction (DP) is a method that uses several
machine learning techniques to create numerous

38



R. P Singh, Journal of Global Research in Multidisciplinary Studies (JGRMS, 2 (1), January 2026, 37-43)

categorization or classification models in order to improve
software quality and lower testing expenses [19]. Many
software development businesses wish to anticipate issues in
order to maintain quality for customer satisfaction and save
testing expenses. As part of the software development life
cycle, DP uses historical data and a machine learning (ML)
technique to forecast the failure.

C. Smart Automation role in the Ongoing Digital
Transformation
The following section provides the Smart Test Automation

and Digital Transformation, that phase discussed in Fig. 4 and
Table I.

Fig. 4. CI/CD Pipelines for Automation

Continuous Integration (CI) and Continuous Deployment
(CD) have grown in new significance in contemporary
software development practices, especially within the realms
of Agile and DevOps approaches [20]. Pipeline systems to
increase productivity, improve code quality, and speed up
software releases, CI/CD pipelines are essential [21]. Under
CI, developers are able to deploy updates to the code on a
regular basis and as such, bugs are detected early and
integration problems are resolved quickly as shown in Fig. 4.

11 Continuous Integration (CI)

A well-known development technique in the software
development industry is continuous integration (CI) [22],
where team members regularly, for instance many times a day,
integrate and combine development activity (such as code). CI
helps software businesses improve software quality, enhance
team efficiency, and have shorter and more frequent release
cycles. Software building and testing are automated in this
practice.

2 Continuous Delivery (CD)

Continuous Deployment (CD) is the procedure of
deploying all the changes that successfully passed the
production process's automated testing without the need for
human intervention. It is a natural continuation of Continuous
Integration (CI), and the objective is to automate the whole
release process, enabling end users to get updates, bug fixes,
and new features as soon as they are prepared.

TABLEL  OVERVIEW OF SMART TEST AUTOMATION AND DIGITAL TRANSFORMATION
Topic Area Description Key Technologies Challenges Addressed Outcomes / Benefits
Digital Transformation | Growth of smart systems across | IoT, Cloud, Big Data, CPS, | Need for sustainability, data- | Enables intelligent,
(DT) sectors like cities, homes, | Al driven automation sustainable operations

production, governments

Test Automation in DT | Shift from manual to automated | DevOps, CI/CD Pipelines, | Manual testing delays, | Faster releases, reduced
testing due to complexity of | Automated Testing Tools scalability issues human effort
modern systems

Al-Driven Automation | Replacing manual work with AI- | Real Time Decisions using | Prediction Systems Time- | Greater accuracy,
driven and real-time decisions. Al and ML models consuming processes, human | quicker decision-

error making.

Continuous Testing & | Automated tests are part of | CD/Deployment Tools Deployment delays, quality | Immediate feedback,

Delivery CI/CD to provide instant risks deploy-ready software
feedback CT Pipelines

Smart Test Automation | Al-enhanced testing framework | Autonomous Test | Test maintenance overhead, | Higher test stability,

Digital Transformation | frequency releases

Components elements Generation, Self-Healing | dynamic UI changes reduced maintenance
Scripts, Optimization,
Defect Prediction

Role in Continuous | CI/CD supporting agile, high- | Automated Integration issues, slow | Frequent releases,

Build/Test/Deploy Systems

delivery cycles improved code quality

III. TEST AUTOMATION THROUGH Al AND ML
TECHNIQUES

Al and ML techniques are very advanced in today’s time
as Al can help in fully automate things Al completely
manages test creation, execution, maintenance, and defect
detection without human involvement [23]. Test automation
refers to the process of automating the running of the tests and
comparing the actual results with the expected results. It
encompasses the entire testing process inside an organization,
aiming to improve software testing coverage, accuracy, and
efficiency.

A. ML-Based Test Optimization

The capability to create and rank test cases efficiently is
one of the most important characteristics of the software
testing optimization in these settings. The Al and Machine
Learning (ML) technologies offer effective tools in order to
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automate these processes, which allows conducting more
comprehensive testing without wasting time and resources.

It Test Suite Reduction

The method is tailored to a certain smart contract design;
A smart contract's primary purpose is to determine whether
certain requirements are satisfied in order to carry out an
operation or transaction. All of the rules that have been placed
on the smart contract must be followed for the operation or
transaction to be completed, even if they are extremely
complicated individually [24]. Consequently, a natural form
of a system that confirms whether a smart contract may be
executed is the logical result of conditions. The design pattern
for smart contracts was created using this approach.

2) Test Case Quality
In optimizing the quality is also an important measure in
software testing, test case quality is a critical factor. A well-
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crafted test case can help improve the quality of software.
Conversely, poorly designed test cases can be expensive and
time-consuming to create and execute, and they may fail to
identify flaws or errors. By eliminating errors that are not
indicative of lingering software flaws, several research seek to
enhance test case quality using predictive models.

B. Generation and Test Maintenance Built on Al

The first step in the testing process of any software is test
case generating [25]. Conventionally, it consists of manually
developing tests in accordance with prepared conditions,
which, especially with large-scale and distributed systems,
may be laborious and error-prone. This process is automated
through Al-based test case generation by means of algorithms
that analyze the source code of the system, past test outcome,
and even system behavior to come up with relevant and
diverse test cases. Based on past data, and system interaction,
these Al models [26] are dynamic enough to produce tests that
are likely to reveal bugs or vulnerabilities, and edge cases that
might otherwise be ignored.

11 AI/ML-based Test Case Generation

This section is dedicated to the innovative use of Al in the
test case generation process, in which more sophisticated
algorithms, such as NLP and ML, enable process automation
and optimization [27]. It describes Al models in terms of
interpreting code, requirements, and past data to create in-
depth test cases, and the application of predictive models to
make predictions and confirm test cases [28]. The discussion
highlights the possibility of Al to be more efficient, less
redundant, and dynamically fit to changing software systems
to transform the conventional method of testing.

2Y NLP-Based Test Script Development

It is possible to use ML to process and understand the
requirements documents, user stories or other textual sources
to generate test cases that reflects its particular functionality.
The primary requirements may be obtained by ML models
using Natural Language Processing (NLP) techniques, and
these requirements can then be transformed into test cases that
are pertinent to the required application behaviour.

11 Code Analysis

ML models may be used to analyze code as well as
comprehend the structure of the code, the places that may
contain problems, and may provide test cases by looking into
the code's dependencies and patterns. These models can be
used to anticipate the most likely locations of the defects in
the codebase by analyzing the codebase and generate test
cases by focusing on high-risk regions.

IV. CHALLENGES IN CONTINUOUS DIGITAL
TRANSFORMATION

The use of digital technology to alter corporate operations,
activities, processes, and customer experiences is known as
"digital transformation." Investing in Industry 4.0 technology,
creating a transformation strategy, and exchanging
information both inside and across businesses are all
necessary for a successful digital transformation. Maturity and
readiness models can be used to support this transition [29].
Differentiating between readiness and maturity is crucial; an
organisation cannot mature unless it is prepared for
adaptation.

e Technological and Implementation Barrier:
Enterprises may find it difficult to choose the digital
technologies, products, and vendors that best serve
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their needs. A cutting-edge solution that seems
exciting and attractive might not be a great fit for an
organization and could limit its ability to invest in
more-transformative technologies.

e Cultural and Skill-Related Challenges: New digital
technologies and processes are effective only to the
extent that employees use them to maximum effect.
For that reason, digital transformation projects
typically require a company culture in which
employees embrace new ways of doing things, are
willing to collaborate, want to develop new digital
skills, and regard digital systems as strategic assets.

e Strategic Alignment and Sustainability: Digital
changes are more likely to fail if they don't help a
business reach its strategic goals. When selecting the
technologies and vendors for an initiative, carefully
consider long-term financial objectives, employee
satisfaction levels with current processes and systems,
the desired customer experience, and growth
strategies.

e Data Privacy and Budgetary Constraints: The
sensors, applications, and devices associated with
digital transformation can generate exponentially more
data than legacy systems data that’s then shared far
more extensively than ever before across and outside
the organization.

V. LITERATURE REVIEW

This literature review elaborates on the latest studies on
Al-assisted learning, software test automation, and digital
transformation specifying the methods and essential findings,
as well as overarching issues. The section focus on the
betterment of the AI integration, the correctness of the
automation, and the development of effective digital
transformation practices.

Wang, Yue and Zheng (2025) made up an Al-based
simulation tool. This tool can resolve these instructional issues
using Python, dynamic visualization methods, and customized
feedback tools, as well as a specially created assistant through
artificial intelligence. The findings show that the student
engagement, understanding, and analysis can be significantly
improved, and the overall teaching efficacy can be increased.
Additionally proves that the application of Al technologies in
higher education can be a viable way to ensure the gap
between theoretical and applied knowledge is bridged, and
this concept can offer a convincing example of how
educational innovation and change, in general, can be applied
[30].

Ranapana and Wijayanayake (2025) examined the impact
of Al in software test automation, delving into the main
methodologies, applications, and issues that appeared in the
course of their implementation. The review establishes and
discusses different Al-based methods, such as Machine
Learning (ML), Neural Networks, and Genetic Algorithms,
which are applied to streamline testing processes, which
include the generation of test cases, the detection of defects,
and the execution of the tests. The results have shown that Al
can significantly enhance the software testing life cycle by
automating redundant operations, lowering the number of
human errors, or expanding the extent of testing [31].

Danquah et al. (2024) sought to understand the
management roles in harmonising the information systems
and organizational strategies in the lenses of sociotechnical
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systems. The paper has investigated the theme of management
responsibilities in the digital transformation of the electrical
industry in Ghana through survey research design whereby the
authors considered the views of a random population. The
paper has brought to the fore management information and
leadership roles in digital transformation of firms in the
electricity industry. This paper makes contributions to the
functions of management in adapting digital technology in
transformation of firms [32].

Ateeq, Alzoraiki and Milhem (2024) examined the
interplay of innovation and digital transformation and also
pointed out the synergies and complexity of the journey
towards success. It examines the most important factors and
approaches that organizations can use to effectively
incorporate innovation and digital transformation programs
and the possible challenges and risks that can be encountered.
Through understanding the connection between innovation
and digital transformation, organizations would be able to
come up with a holistic approach that harnesses the strength
of technology and innovation to achieve sustainable
development and long-term success [33].

The article by Ragel and Balahadia (2023) investigated the
application of Visual Al and BDD in software test automation,
trying to assess its effects on test creation, execution, and
maintenance. The study uses both a mixed-method design,
which consists of surveys and assessments of the Visual Test
Framework using the Visual Al tools. The results present
insights into the advantages and issues of the combination of

Visual Al and BDD in the software test automation, which
have the potential of facilitating testing procedures, enhancing
accuracy, and removing technical challenges [34].

Mali, Singh and Gill (2023) proposed a new concept of
automated software testing, which could be used to determine
the accuracy, precision and reliability of the software in
detecting the touch points through the use of a robotic arm to
simulate the touch. Test cases shall be executed and observed
in compliance with the guidelines. At the conclusion, a report
containing pertinent data on the overall error %, accuracy,
timestamp, and total number of touches produced [35].

Sagala et al. (2022) came up with a new concept of
automated software testing to determine the accuracy,
precision and reliability of the software used to detect the
touch point, in which the touch point is simulated by a robotic
arm. The test cases executed and followed within the
specifications. Finally, a report containing the corresponding
statistics on the number of touches done, the accuracy, the
time when the touch occurred, the overall error percentage
created [36].

Table II summarizes recent studies on Digital
Transformation and AI Automation in different studies,
highlighting the approaches used, key findings, challenges,
and future directions. Showing how the smart automation is
applied on continuous digital transformation.

TABLE II. SUMMARY OF RECENT STUDIES ON Al, AUTOMATION, AND DIGITAL TRANSFORMATION

Reference Study On Approach Key Findings Challenges / Future Directions
Limitations
Wang, Yue & | Al-inspired higher- | Python-based simulation, | Better student learning, | Not mentioned | Becomes more common in
Zheng (2025) | education tools and | dynamic visualization, | understanding, analytical | explicitly; may need | all educational areas Al-
system customized feedback, Al | ability, teaching efficacy | digital literacy and | based teaching tools
assistant infrastructure
Ranapana & | Role of Alinsoftware | Review of ML, Neural | Al enhances automation, | Implementation, Enhance intelligent
Wijayanayake | test automation Networks, Genetic | minimizes human error, | complexity, = data | automation frameworks
(2025) Algorithms to test generate, | enhances test coverage availability, and adoption of Al in
detect defects and execute integration practice
tests challenges
Danquah et al. | Management roles in | Survey-based study in | Highlights key | Limited to one | Broader cross-industry
(2024) harmonising Ghana’s electrical industry | leadership and | industry and region; | analysis and expanded
information systems informational roles in | survey-based strategic digital
with  organisational digital transformation constraints transformation models
strategy
Ateeq, Innovation and digital | Conceptual & analytical | Shows synergy between | Complexity in | Develop  comprehensive
Alzoraiki & | transformation review innovation and digital | coordinating frameworks for sustainable
Milhem integration transformation;  offers | innovation and | long-term digital
(2024) strategies for success digital initiatives innovation
Ragel & | Integration of Visual | Mixed-methods: surveys + | Visual Al + BDD | Tool dependency, | Enhance Visual Al-driven
Balahadia Al & BDD in | evaluation of Visual Test | improves accuracy, | integration testing tools and improve
(2023) software test | Framework streamlines testing, | challenges, limited | large-scale adoption
automation reduces technical barriers | generalizability models
Mali, Singh & | Robotic-arm-based Simulation  of  touch | Provides accurate, | Requires  robotic | Expand hardware-agnostic
Gill (2023) automated software | interactions, automated | precise, dependable | hardware; limited to | automated testing and
testing monitoring and reporting touch-based testing with | specific types of | refine robotic interaction
detailed reporting software interfaces accuracy
Sagala et al. | Digital Qualitative interviews + | Identifies changes in IT | Limited to Bank | Broader benchmarking
(2022) transformation document analysis leadership/roles and | XYZ; qualitative | across more banks; develop
impact on IT roles & provides lessons for | scope frameworks for IT
leadership in digital transition  to  digital leadership evolution
banking banking

VI. CONCLUSION AND FUTURE WORK

The high rate of digital transformation and the growing
sophistication of contemporary software systems have
necessitated the application of intelligent automation in
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ensuring that the quality, speed, and reliability of software are
maintained. Manual testing methods are increasingly failing
to match the pace of increasing release frequencies and
dynamic application behavior as organizations continue to
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adopt continuous deployment, continuous testing, and
continuous integration. A way out of these limitations is
through Smart Test Automation that is Al and ML-driven,
which can be used to improve accuracy, adaptability, and
efficiency throughout the software development lifecycle. The
autonomous test generation, self-healing test scripts,
predictive defect analytics, and intelligent test prioritization
are considered key capabilities to reinforce CI/CD pipelines
and ensure earlier defects detection and less workloads to
maintain them. Recent research findings also indicate that Al-
enhanced automation can enhance test coverage, operational
productivity and compliance to the digital transformation
goals in different industries. In spite of these advantages, the
issues associated with cultural preparedness, proficiency
construction, technology choice, and data confidentiality still
affect adoption achievement.

In future the next step in work can be oriented on creating
the single Al-driven testing systems, which will combine
NLP, Visual Al, predictive modeling, and autonomous
healing into a single intelligent system. Healthcare, financial,
and governmental systems. Taxi-specific automation models
could add to compliance and precision. Tests at large scale
industrial level are required to test long-term reliability and
adaptability. Other options are that generative Al should be
used to perform automated documentation, interpretation of
requirements and scenario modeling. Additional studies ought
to also cover data ethics, enhanced privacy measures and
employee upskilling policies to enable wider application of
intelligent automation in ongoing digital revolution.
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