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Software engineering, Responsible  related to fairness, transparency, accountability, and governance. Grounded in
Al Ethical governance,  Socio-Technical Systems (STS) Theory and the Responsible AI Framework, this

Comparative study study explores how software professionals operationalize ethical principles

throughout the Software Development Life Cycle (SDLC) in Pakistan and
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Published: 30 June 2026 organizations actively developing or deploying ML-enabled software. The

interview data were analyzed using Braun and Clarke's reflexive thematic
Copyright @Author analysis. Five interrelated themes emerged: ethical awareness in machine
Corresponding Author: * learning development, fairness and bias mitigation, transparency and
Abdul Mannan explainability, organizational governance and regulatory compliance, and

cross-cultural perspectives on responsible Al implementation. The findings
reveal that ethical machine learning is fundamentally a socio-technical process
shaped by interactions among technical practices, organizational governance,
professional expertise, and institutional environments. The study extends the
application of STS Theory to software engineering, operationalizes the
Responsible Al Framework within the SDLC, and proposes a Socio-Technical
Ethical Governance Framework to support trustworthy machine learning
development across emerging digital economies.
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Introduction

Background of the Research

Machine learning (ML) has become one of the
most transformative technologies influencing
contemporary software engineering,
fundamentally changing the way software systems
are designed, developed, tested, deployed, and
maintained. Recent advances in artificial
intelligence  (AI) have enabled software
applications to perform increasingly sophisticated
tasks such as predictive analytics, intelligent
automation, natural language  processing,
computer vision, and autonomous decision-
making. Consequently, software engineering has
evolved from traditional rule-based programming
toward data-driven development approaches in
which machine learning algorithms continuously
learn from large volumes of data to improve system
performance and user experiences (Abbas et al.,
2025; Ain et al., 2025). Furthermore, Al-powered
tools have accelerated software development
through automated code generation, intelligent
testing, defect prediction, project management,
and software maintenance, making machine
learning an indispensable component of modern
software engineering practices (Alenezi & Akour,
2025).

The widespread adoption of machine learning has
significantly increased organizational dependence
on Al-driven software across healthcare, finance,
education, cybersecurity, tourism, manufacturing,
and public administration. While these intelligent
systems improve efficiency, innovation, and
decision quality, they simultaneously introduce
complex ethical challenges related to fairness,
transparency,  accountability,  explainability,
privacy, and governance (Alvear et al., 2025). As a
result, software engineers are increasingly expected
to integrate ethical considerations throughout the
Software Development Life Cycle (SDLC),
ensuring that Al systems are technically robust
while remaining socially responsible and aligned
with human values (Sohag et al., 2023).

The importance of responsible Al is particularly
evident in emerging digital economies such as
Pakistan and Saudi Arabia. Pakistan's software
industry is expanding rapidly through increasing

software exports, digital entrepreneurship, and Al-
focused startups that are integrating machine
learning into commercial software solutions
(Ashraf et al, 2025; Khan et al., 2026).
Meanwhile, Saudi Arabia has positioned artificial
intelligence as a strategic pillar of Saudi Vision
2030, investing heavily in smart government
initiatives, healthcare modernization, digital
transformation, intelligent tourism, and Al-
enabled public services (Alahmari et al.,, 2022;
Alsahafi et al., 2023; Khan, 2025; AlShwaier &
Abdullah, 2025). These developments highlight
the growing need for ethical governance
frameworks capable of supporting responsible
machine learning implementation within diverse
organizational and cultural contexts.

Problem Statement

Despite the rapid advancement of machine
learning technologies, ethical governance has not
progressed at the same pace as technological
innovation. Many organizations continue to
prioritize technical performance, automation, and
business outcomes while lacking standardized
ethical software engineering practices that
adequately address fairness, bias mitigation,
transparency, explainability, accountability, and
responsible Al governance throughout the
software development lifecycle. Consequently,
software professionals frequently encounter
ethical dilemmas when designing, training,
deploying, and maintaining machine learning
applications.

Existing literature has largely focused on
improving algorithmic performance, model
accuracy, and technical optimization, whereas
comparatively limited attention has been devoted
to understanding ethical decision-making from
the perspective of software engineers and Al
practitioners (Oyeniran et al., 2022; Aljawawdeh
et al., 2024). Recent studies have emphasized the
importance of embedding Al ethics into agile
software  engineering  processes;  however,
empirical  qualitative  evidence  exploring
practitioners' lived experiences remains relatively
scarce (Amugongo et al., 2025). Moreover, very
few comparative studies have investigated how
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software professionals navigate ethical challenges
across different national contexts, particularly
between Pakistan and Saudi Arabia, creating a
significant gap in understanding responsible Al
implementation ~ within ~ emerging  digital

economies (Khan et al., 2026).

Research Questions

To address these gaps, this study seeks to answer
the following research questions:

RQ1: How do software professionals perceive
ethical challenges during machine learning
software development?

RQ2: How are fairness and bias managed
throughout software engineering processes’

RQ3: How is explainability incorporated into
machine learning applications?

RQ4: How do organizations govern ethical Al
implementation?

RQ5: How do ethical practices differ between
Pakistan and Saudi Arabia?

Research Objectives

The primary objective of this study is to explore

how software professionals perceive and

implement ethical machine learning practices
throughout the Software Development Life Cycle

(SDLC) within the contexts of Pakistan and Saudi

Arabia. Specifically, the study aims to:

1. To explore ethical awareness and ethical
decision-making practices among software
professionals involved in machine learning
development.

2. To examine organizational strategies for
promoting fairness and mitigating algorithmic
bias throughout the machine Ilearning
development process.

3. To investigate how transparency and
explainability are incorporated into Al-enabled
software systems to support responsible
software engineering.

4. To analyze organizational  governance
mechanisms, policies, and regulatory practices
that facilitate the ethical implementation of
machine learning applications.

5. To compare responsible machine learning
practices and ethical software engineering

approaches between Pakistan and Saudi Arabia
from a socio-technical perspective.

Significance of the Research

The findings of this research contribute to
academic, practical, and policy domains.
Academically, the study extends the growing body
of Responsible Al literature by integrating ethical
governance into software engineering research and
providing comparative qualitative evidence from
two emerging digital economies. It also enriches
understanding of how ethical principles are
operationalized  throughout the  software
development lifecycle rather than being treated
solely as technical or algorithmic concerns.

From a practical perspective, the study offers
valuable insights for software organizations, Al
developers, software architects, and technology
managers seeking to strengthen ethical governance
in machine learning projects. The findings may
support organizations in developing internal Al
ethics policies, improving bias mitigation
strategies, enhancing model transparency, and
integrating responsible Al practices into software
engineering workflows.

From a policy perspective, the research provides
evidence that can assist governments and
regulatory bodies in designing context-specific Al
governance frameworks. The findings are
particularly relevant to Saudi Arabia's Vision 2030
digital transformation agenda and Pakistan's
expanding software industry, where ethical Al
standards are becoming increasingly important for
sustainable technological development (Khan,
2025; AlShwaier & Abdullah, 2025; Tariq et al.,
2025). By encouraging collaboration among
policymakers, academia, and industry, this study
contributes to the development of trustworthy,
transparent, and socially responsible machine
learning systems capable of supporting long-term
digital innovation.

Literature Review

Introduction

The rapid advancement of machine learning (ML)
has fundamentally reshaped software engineering
by enabling intelligent software systems capable of
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learning from data, adapting to dynamic
environments, and supporting complex decision-
making processes. Across sectors such as
healthcare, finance, education, cybersecurity,
tourism, and public administration, machine
learning has become a core component of software
development, allowing organizations to improve
operational efficiency, automate decision-making,
and deliver personalized digital services (Abbas et
al., 2025; Ain et al., 2025; Alenezi & Akour, 2025;
Alsehani, 2026). While these technological
developments have accelerated innovation, they
have simultaneously introduced significant ethical
concerns  regarding  algorithmic  fairness,
transparency, accountability, privacy,
explainability, and governance. Consequently,
software engineering is no longer viewed solely as
a technical discipline but increasingly as a socio-
technical process in which software quality
depends on the interaction between technological
capabilities, human expertise, organizational
practices, and societal expectations (Alvear et al.,
2025; Sohag et al., 2023; Hanif et al., 2026).

Recent literature consistently argues that
responsible Al has become essential for ensuring
that machine learning systems generate socially
beneficial outcomes while minimizing unintended
ethical consequences (Javed et al., 2023; Oyeniran
et al, 2022; Tariq et al.,, 2025). Rather than
treating ethics as a post-development compliance
activity, contemporary software engineering
emphasizes  integrating  ethical  principles
throughout the Software Development Life Cycle
(SDLC), including requirements engineering, data
collection, model development, validation,
deployment, and continuous monitoring
(Amugongo et al., 2025; Abbas et al., 2025).
However, despite growing scholarly attention,
much of the existing literature remains dominated
by technical discussions of Al algorithms and
software performance, with comparatively limited
attention devoted to understanding how software
professionals operationalize ethical principles
within organizational settings, particularly in
emerging digital economies. To address this gap,
the present study synthesizes existing research
through the complementary perspectives of Socio-

Technical Systems (STS) Theory and the
Responsible Al Framework, providing a
comprehensive foundation for examining ethical
machine  learning  practices in  software
engineering.

Theoretical Framework: Socio-Technical Systems
Theory and Responsible Al Framework

This study is primarily grounded in Socio-
Technical Systems (STS) Theory, which argues
that organizational effectiveness depends on the
interaction between technical systems and social
systems rather than technological capability alone.
Applied to software engineering, STS suggests that
machine learning systems are shaped by
algorithms, software professionals, organizational
governance,  regulatory  frameworks, and
stakeholder interactions. Consequently, ethical
software engineering emerges through the
alignment of technological innovation with
organizational practices, human expertise, and
institutional environments rather than technical
optimization alone (Abbas et al., 2025; Alenezi &
Akour, 2025; Alvear et al., 2025). The theory is
particularly relevant because ethical issues such as
dataset bias, explainability, and governance arise
from socio-technical interactions involving
developers, managers, users, and policymakers
(Sohag et al., 2023; Amugongo et al., 2025;
Aljawawdeh et al., 2024).

Complementing STS, the Responsible Al
Framework provides the operational principles of
fairness, transparency, accountability, and human
oversight that guide ethical machine learning

implementation. Fairness minimizes
discrimination, transparency promotes
explainable  decision-making,  accountability

ensures organizational responsibility, and human
oversight preserves meaningful human control
over Al systems (Javed et al., 2023; Oyeniran et al.,
2022). These principles are strengthened through
explainable Al, governance mechanisms, ethical
auditing, and continuous monitoring (Hanif et al.,
2026; Tariq et al., 2025; Khan, 2025; Amugongo
et al., 2025). Together, STS Theory explains why
ethical challenges emerge, while the Responsible
Al Framework explains how they can be
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addressed, providing the conceptual foundation
for the five themes investigated in this study.

Ethical Awareness throughout the Software
Development Lifecycle

The growing adoption of machine learning has
transformed ethical awareness from a peripheral
concern into a fundamental component of
contemporary software engineering. Earlier
software engineering research
emphasized functionality, reliability, and software
quality; however, the increasing deployment of Al-
enabled applications has expanded developers'
responsibilities to include broader societal
considerations such as fairness, accountability,
transparency, and user trust (Abbas et al., 2025;
Ain et al., 2025; Alenezi & Akour, 2025). As
organizations  increasingly deploy machine
learning systems in sensitive domains including
healthcare, finance, education, cybersecurity, and
public administration, software engineers are
expected to anticipate ethical risks alongside
technical requirements. Consequently, ethical
reasoning is becoming embedded throughout the
Software Development Life Cycle rather than
being treated as a post-deployment compliance
exercise (Amugongo et al., 2025).

From the perspective of STS Theory, ethical
awareness develops through interactions among
developers, organizational culture, professional
norms, regulatory expectations, and stakeholder
needs. Software engineers do not make ethical
decisions independently; rather, their decisions
are influenced by multidisciplinary collaboration,
organizational leadership, client expectations,
legal requirements, and societal values. Sohag et al.
(2023) argue that human-centred software
engineering requires integrating ethical thinking
into every stage of Al system development to
ensure that technological innovation remains
aligned with human well-being. Likewise, Alvear et
al. (2025) contend that responsible software
engineering demands balancing technological
advancement with social responsibility, while
Hanif et al. (2026) demonstrate that ethical
awareness improves software reliability by
encouraging explainability, accountability, and

primarily

continuous human oversight. Collectively, the
literature  suggests that ethical awareness
represents the foundation of responsible machine
learning because it shapes how software
professionals collect data, design algorithms,
evaluate model performance, and govern
intelligent software systems within increasingly
complex socio-technical environments.

Explainability and Transparency in Al Systems
The growing complexity of machine learning
algorithms has intensified scholarly attention
toward explainability and transparency as essential
dimensions of responsible software engineering.
While sophisticated machine learning models
often achieve superior predictive performance,
their opaque decision-making processes may
reduce user confidence, complicate software
maintenance, and  hinder  organizational
accountability. Consequently, software
engineering research increasingly advocates the
adoption of Explainable Artificial Intelligence
(XAI), which seeks to make algorithmic decisions
understandable, interpretable, and justifiable to
both technical and non-technical stakeholders
(Hanif et al., 2026; Aljawawdeh et al., 2024).
Transparency has therefore evolved from a
desirable software attribute into an ethical
necessity that enables organizations to identify
model errors, validate predictions, support
regulatory compliance, and strengthen public trust
in Al-enabled software systems.

Within Socio-Technical Systems (STS) Theory,
explainability is understood as a socio-technical
capability rather than merely a technical feature.
Machine learning systems operate within
organizational ecosystems involving software
engineers, project managers, regulators, business
executives, clients, and end users, all of whom
require different levels of understanding of Al-
generated decisions. Consequently, effective
explainability facilitates communication among
these stakeholders, improves collaborative
decision-making, and enhances organizational
accountability ~ throughout  the  Software
Development Life Cycle (SDLC). Hanif et al.
(2026) demonstrate that explainable Al
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significantly improves ethical decision-making in
cybersecurity software by enabling professionals to
justify automated threat detection and reduce
uncertainty during incident response. Similarly,
Aljawawdeh et al. (2024) argue that explainability
strengthens human-computer interaction by
improving users' understanding of Al-supported
recommendations, thereby increasing system
acceptance and reducing ethical concerns
associated with opaque decision-making.

Transparency also contributes to organizational
governance by enabling software teams to evaluate
model performance continuously, identify
unintended  consequences, and  maintain
accountability throughout system deployment and
maintenance. Tariq et al. (2025) contend that
transparent Al systems facilitate ethical auditing
and regulatory compliance by documenting how
machine learning models generate predictions and
by providing evidence for organizational decision-
making. Likewise, Javed et al. (2023) emphasize
that explainability is particularly critical in high-
risk applications such as healthcare because
interpretable machine learning models enable
practitioners to understand clinical
recommendations  before = making  critical
decisions. Collectively, these studies suggest that
transparency should be embedded throughout
software engineering processes rather than treated
as a post-development requirement, reinforcing
the socio-technical principle that trustworthy Al
emerges  through
technology and its human stakeholders.

collaboration ~ between

Organizational ~ Governance and  Ethical
Compliance

Although software engineers play a central role in
developing responsible machine learning systems,
ethical implementation ultimately depends upon
organizational =~ governance  structures  that
institutionalize ethical decision-making
throughout software development. As Al
technologies become increasingly embedded
within organizational operations, governance
mechanisms such as Al ethics committees,
organizational policies, ethical risk assessments,
algorithmic auditing, compliance monitoring,

documentation standards, and continuous ethics
training have become essential for ensuring
responsible innovation (Khan, 2025; Alsumari &
Alrwais, 2025). These governance practices help
organizations balance technological advancement
with legal obligations, stakeholder expectations,
and societal values while reducing ethical risks
associated with automated decision-making.
Socio-Technical ~ Systems  Theory  explains
organizational governance as the interaction
between technological systems and organizational
structures. Ethical software engineering therefore
depends not only on technically competent
developers but also on leadership commitment,
institutional  policies, collaborative decision-
making, and supportive organizational cultures.
Khan (2025) argues that effective Al governance
requires integrating regulatory compliance with
organizational strategy to ensure that machine
learning systems align with national digital
transformation agendas while protecting public
interests. Similarly, Amugongo et al. (2025)
demonstrate that embedding ethical governance
within agile software development enables
organizations to identify ethical risks continuously
throughout iterative development rather than
relying solely on post-deployment evaluations.
Alsumari and Alrwais (2025) further report that
structured Al project management methodologies
improve governance effectiveness by clearly
defining stakeholder responsibilities,
accountability mechanisms, and ethical review
procedures. Together, these studies indicate that
organizational governance functions as the bridge
connecting technical innovation with responsible
software engineering, ensuring that ethical
principles remain embedded throughout the
entire software development lifecycle.

Cross-Cultural Perspectives of Responsible Al in
Emerging Digital Economies

The implementation of responsible Al is shaped
by national priorities, institutional environments,
regulatory maturity, and organizational culture.
Pakistan and Saudi Arabia represent two rapidly
evolving digital economies that have embraced
machine learning to accelerate technological
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innovation while following distinct developmental
pathways. Pakistan's expanding software industry
has experienced significant growth through
increasing software exports, entrepreneurial
innovation, and Al adoption across private-sector
organizations, whereas Saudi Arabia has
integrated artificial intelligence into broader
national transformation initiatives through Saudi
Vision 2030, smart government programs,
intelligent healthcare, digital tourism, and
innovation-driven ~ economic  diversification
(AlShwaier & Abdullah, 2025; Khan, 2025;
Alahmari et al., 2022; Alsahafi et al,, 2023).
Despite these contextual differences, both
countries increasingly recognize responsible Al as
a  prerequisite  for  sustainable  digital
transformation.

From the perspective of STS Theory, ethical
software engineering reflects interactions between
technology and the social, institutional, and
cultural environments within which software
developed. Consequently,
organizations operating in different countries may
implement similar ethical principles through
different governance structures and organizational
practices. AlShwaier and Abdullah (2025)
demonstrate that Saudi Arabia's innovation
ecosystem promotes responsible Al by aligning
entrepreneurial activities with national digital
policies, while Mohamad et al. (2025) show that
higher education institutions across the Middle
East  increasingly emphasize ethical Al
competencies to prepare future software
engineers. Conversely, Khan et al. (2026) report
that Pakistani software organizations are
progressively integrating ethical considerations
into software development despite comparatively
less formalized governance frameworks, relying
more heavily on professional responsibility and
organizational commitment. Barefah and Altalhi
(2024) further highlight the importance of
stakeholder collaboration and organizational
participation in improving software engineering
practices within Saudi organizations. These studies
collectively indicate that although fairness,
transparency, accountability, and human oversight
represent universal ethical principles, their

systems are

practical implementation remains = strongly
influenced by  national socio-technical
environments, reinforcing the need for context-
specific yet globally aligned Al governance
frameworks.

Gaps in Existing Research

The existing literature provides valuable insights
into artificial intelligence, machine learning, and
software engineering; however, several significant
theoretical and empirical gaps remain. First, the
majority of previous studies primarily examine
technical dimensions of Al, including algorithm
development, predictive performance, software
automation, machine learning optimization, and
Al-assisted  software  engineering,  while
comparatively limited attention has been devoted
to understanding how software professionals
experience and operationalize ethical principles
during software development (Abbas et al., 2025;
Ain et al., 2025; Alenezi & Akour, 2025). Second,
existing research has largely concentrated on
conceptual discussions or quantitative
investigations, providing relatively little qualitative
evidence regarding ethical decision-making,
organizational governance, and the lived
experiences of software engineers responsible for
designing and deploying machine learning systems
(Alvear et al., 2025; Amugongo et al., 2025; Sohag
etal., 2023).

Furthermore, previous studies frequently
investigate fairness, transparency, explainability,
governance, and accountability as independent
constructs rather than examining their
interrelationships  throughout the Software
Development Life Cycle from a socio-technical
perspective (Javed et al., 2023; Oyeniran et al.,
2022; Tariq et al., 2025; Hanif et al., 2026).
Limited attention has also been given to
understanding how  organizational culture,
leadership, regulatory environments, and
stakeholder collaboration collectively influence
ethical machine learning implementation, despite
the central assumptions of Socio-Technical
Systems Theory (Aljawawdeh et al., 2024; Khan,
2025; Alsumari & Alrwais, 2025). Additionally,

comparative cross-country investigations remain
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scarce, particularly between emerging digital
economies such as Pakistan and Saudi Arabia,
where Al adoption is expanding rapidly under
different institutional and policy environments
(AlShwaier & Abdullah, 2025; Mohamad et al.,
2025; Barefah & Altalhi, 2024; Alahmari et al.,
2022; Alsahafi et al.,, 2023). Existing empirical
evidence also pays limited attention to how
software engineers, Al specialists, software
architects, and technology managers collectively
perceive ethical responsibilities during machine
learning development (Khan et al., 2026; Rehmat
et al., 2025).

Addressing these limitations, the present study
adopts Socio-Technical Systems Theory as its
primary theoretical lens and the Responsible Al
Framework as its operational framework to
examine ethical machine learning within software
engineering. Through a comparative qualitative
investigation involving software professionals
from Pakistan and Saudi Arabia, the study extends
existing literature by providing practitioner-
centred evidence on ethical awareness, fairness,
transparency, governance, and cross-cultural
implementation. In doing so, it contributes a more
holistic understanding of responsible Al by
demonstrating how ethical machine learning
emerges from the interaction of technological
capabilities, organizational
professional practice, and national institutional
contexts, thereby enriching both software
engineering scholarship and the broader
Responsible Al literature (Alvear et al., 2025;
Amugongo et al., 2025; Khan et al., 2026).

governance,

Methodology

Research Design

This study adopted a qualitative research
methodology grounded in the interpretivist
paradigm to explore software professionals'
perceptions and experiences regarding machine
learning ethics in software engineering. A
qualitative approach was considered appropriate
because the study sought to understand
participants' subjective interpretations,
organizational experiences, and ethical decision-
making practices rather than quantify predefined

variables.  The  interpretivist  perspective
acknowledges that ethical practices are socially
constructed and shaped by organizational culture,
professional experience, and national contexts.
Furthermore, the research employed a
comparative qualitative design to examine
similarities and differences in responsible Al
practices between Pakistan and Saudi Arabia.
Semi-structured interviews were selected as the
primary data collection method because they
provide flexibility for participants to discuss
complex ethical issues while allowing the
researcher to probe emerging themes and
contextual experiences. This methodological
approach aligns with recommendations for
qualitative inquiry and reflexive thematic analysis
presented by Braun et al. (2022) and Byrne (2022).

Sampling Strategy

Purposive sampling was employed to recruit
participants possessing substantial knowledge and
practical experience in machine learning and
software engineering. The study included sixteen
professionals working in organizations actively
developing, deploying, or managing machine
learning applications. To facilitate meaningful
cross-country comparison, the sample comprised
eight participants from Pakistan and eight from
Saudi Arabia. Participants represented diverse
professional roles, including software engineers,
Al engineers, machine learning specialists,
software architects, and technology managers from
industries such as information technology,
healthcare, financial technology, cybersecurity, e-
commerce, telecommunications, and digital
consulting. All participants possessed a minimum
of five years of professional experience and had
direct involvement in Al-enabled software
development or governance activities.

Data Collection

Data were collected through semi-structured
online interviews conducted using secure video
conferencing platforms. Each interview lasted
approximately 45-60 minutes and followed a
structured interview guide developed from the
Responsible Al literature, focusing on ethical
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awareness, fairness and bias  mitigation,
explainability, governance mechanisms, and cross-
cultural ~ perspectives on  responsible Al
implementation. Participants were encouraged to
share  practical experiences, organizational
practices, and challenges encountered during
machine learning software development. With
participants' permission, all interviews were audio-
recorded and subsequently transcribed verbatim
to ensure data accuracy and facilitate systematic
analysis (Braun et al., 2022).

Data Analysis

The interview data were analyzed using Braun and
Clarke's Reflexive Thematic Analysis, a rigorous
qualitative analytical approach suitable for
identifying patterns across participants'
experiences. Following Braun et al. (2022), Byrne
(2022), and Hole (2024), the analysis progressed
through six iterative phases: (1) familiarization
with the interview transcripts through repeated
reading; (2) generation of initial codes
representing meaningful units of data; (3)
development of preliminary themes by grouping
related codes; (4) review and refinement of themes
to ensure coherence and distinctiveness; (5)
definition and naming of final themes that
accurately reflected participants' experiences; and
(6) production of the final analytical narrative
supported by  representative  participant
quotations. This systematic process enhanced the

Table 1: Participant Profiles

credibility, consistency, and interpretive depth of
the findings.

Ethical Considerations

Ethical principles were rigorously maintained
throughout the research process. Participation was
entirely voluntary, and informed consent was
obtained from all participants before data
collection  commenced. Participants  were
informed about the study's objectives,
confidentiality procedures, and their right to
withdraw at any stage without consequence. To
preserve anonymity, each participant was assigned
a unique identification code (P1-P16), and all
personally identifiable information was removed
from the interview transcripts. Audio recordings
and transcribed data were securely stored using
password-protected digital storage accessible only
to the research team. The findings are reported
anonymously to protect participants' professional
identities while ensuring the integrity and
trustworthiness of the research.

Participants' Profile

The table below presents the demographic and
professional  characteristics of all interview
participants, including their country, gender,
professional designation, vyears of software
engineering experience, industry  sector,
organizational type, highest qualification, and
primary area of expertise.

Participant Country Gender Professional Organization Type Industry Sector Experience
Role (Years)
Senior Inf .
P1 Pakistan Male Software Software House prormation 7
_ Technology
Engineer
P2 Pakistan Male Al Engineer Technology Company Artificial Intelligence 8
Machine
P3 Pakistan Female  Learning FinTech Company Financial Technology 6
Specialist
P4 Pakist Mal Software Enterprise Soluti Information 2
akistan ale Architect nterprise Solutions Technology
P5 Pakistan Female Technology Healthcare‘ Healthcare 10
Manager Technology Firm
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Participant Country Gender Professional Organization Type Industry Sector Experience
Role (Years)
P6 Pakistan  Male Senlc?r ML Cybersecurity Cybersecurity 9
Engineer Company
P7 Pakistan Female Softyvare E-Commerce E-Commerce 5
Engineer Company
, Al Solutions . Information
P8 Pakistan  Male Consultant Digital Consultancy Technology 11
Saudi Software Government
P9 Arabia Male Architect  Technology Agency Smart Government 13
Saudi , Healthcare
P10 . Female AI Engineer . Healthcare 7
Arabia Organization
. Machine L
Saudi . Telecommunications L
P11 ) Male Learning Telecommunications 8
Arabia 1 Company
Specialist
P12 SaUd,l Female Technology Fmanaal. SeTV1ces Banking and Finance 12
Arabia Manager Organization
Saudi Senior
P13 audt Male Software Smart City Project Public Sector 9
Arabia .
Engineer
Saudi Al Solutions  Digital Innovation . )
P14 Arabia Female Architect Center Digital Innovation 10
Saudi , Cloud Technology ,
P15 Arabia Male ML Engineer Company Cloud Computing 6
P16 Saud.l Female Director of Al Government. Digital Public Administration 15
Arabia Programs Authority

Findings and Discussion

The thematic analysis of sixteen semi-structured
interviews conducted with software engineers, Al
engineers, machine learning specialists, software
architects, and technology managers
Pakistan and Saudi Arabia generated five
interrelated themes that explain how software
professionals perceive and implement ethical
machine learning throughout the Software
Development Life Cycle (SDLC). Viewed through
the lens of Socio-Technical Systems (STS) Theory,
the findings indicate that ethical machine learning
is not determined solely by algorithmic design or
technical expertise but emerges from continuous

from

interactions among software professionals,
organizational governance, technological
infrastructures, regulatory environments, and

stakeholder expectations. Across both countries,
participants  consistently  emphasized  that

responsible Al practices are increasingly integrated
into software engineering processes; however,
their implementation depends upon
organizational maturity, institutional support, and
national digital transformation priorities. The first
three themes highlight ethical awareness, fairness
mitigation, and transparency and
explainability as the foundational socio-technical

and bias

supporting responsible machine

learning development.

mechanisms

Theme 1: Ethical Awareness in Machine
Learning Development

Ethical awareness emerged as the foundation of
responsible machine learning development, with
participants consistently acknowledging that
software engineering responsibilities now extend
beyond producing technically accurate algorithms

to developing Al systems that align with societal
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values, organizational objectives, and user
expectations. Participants explained that ethical
considerations are increasingly incorporated into
project planning, data preparation, model
development, testing, deployment, and system
maintenance, reflecting a gradual shift from
technology-driven software engineering towards a
more  human-centred and  socio-technical
approach.

A senior software architect from Saudi Arabia (P9)
explained, "Today we cannot evaluate Al systems only
by accuracy. We also ask whether the model is fair,
whether users understand its decisions, and whether it
could unintentionally discriminate against certain
groups." Likewise, a Pakistani Al engineer (P2)
stated, "Our development teams now discuss ethical
risks during project meetings because clients increasingly
expect responsible Al solutions instead of only technically
advanced systems."

Participants further explained that ethical
develops  through  continuous
interaction between developers, organizational
leadership, clients, regulatory expectations, and
multidisciplinary project teams. Rather than being
viewed as an individual responsibility, ethical
decision-making was described as a collaborative
organizational process supported by professional
learning, = management commitment, and
stakeholder engagement. Technology managers
indicated that organizations investing in ethics
training, = Al  governance  policies, and
interdisciplinary collaboration exhibited higher
levels of ethical awareness among software
professionals. Conversely, several Pakistani
participants reported that ethical discussions often
relied on personal initiative because formal
organizational mechanisms remained relatively
underdeveloped.

These findings strongly reflect the assumptions of
Socio-Technical Systems Theory, which proposes
that organizational outcomes emerge through
interactions between technical and social
subsystems rather than technological capabilities
alone. Ethical awareness therefore represents a
socio-technical ~capability developed through
collaboration among software professionals,
organizational structures,

awareness

governance

mechanisms, and external stakeholders. The
findings support Abbas et al. (2025), who argue
that software engineering has evolved beyond
technical performance towards responsible Al
development. They also align with Sohag et al.
(2023), who advocate integrating human-centred
values throughout software engineering, and with
Amugongo et al. (2025), who demonstrate that
ethical reflection should accompany every stage of
agile software development. Similarly, Alvear et al.
(2025) emphasize that responsible software
engineering requires balancing technological
innovation with societal responsibility. Extending
these studies, the present findings demonstrate
that  ethical
institutionalized within software engineering
practices; however, its maturity remains
dependent  upon  organizational  culture,
governance capability, leadership commitment,
and national digital ecosystems. Compared with
Saudi Arabia, ethical awareness in Pakistan was
more frequently driven by professional
responsibility and client expectations than by
standardized organizational frameworks.

awareness is increasingly

Theme 2: Fairness and Bias Mitigation

Fairness and bias mitigation emerged as one of the
most significant ethical priorities discussed by
participants. Software professionals unanimously
recognized that algorithmic bias represents both a
technical and organizational challenge capable of
undermining software quality, user trust, and
organizational credibility. Participants consistently
argued that fairness begins with responsible data
management because biased, incomplete, or
historically unrepresentative datasets inevitably
influence model behaviour regardless of
algorithmic sophistication.

A machine learning specialist from Pakistan (P3)
explained, "A technically accurate model can still be
ethically unacceptable if the training data represent only
one segment of society." Similarly, a Saudi Al
engineer (P10) stated, "Before deployment we perform
repeated fairness testing because bias affects user trust
more than prediction accuracy."

Participants described fairness as a continuous
process rather than a onetime technical
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assessment. Common practices included dataset
balancing, data cleaning, fairness metrics,
independent model validation, bias testing,
multidisciplinary dataset reviews, and post-
deployment monitoring. Several respondents
explained that fairness assessments require
collaboration among software engineers, domain
experts, project managers, and business
stakeholders to identify demographic, cultural,
and contextual biases that purely technical
evaluations may overlook. This collaborative
approach reflects the socio-technical nature of
responsible machine learning, where technical
solutions are strengthened through organizational
knowledge and stakeholder participation.
Differences between the two countries were
evident in governance maturity. Participants from
Saudi Arabia described relatively formalized
fairness assessment procedures supported by
organizational policies and national Al initiatives,
whereas Pakistani participants indicated that
fairness evaluations were often determined by
project scope, client expectations, and available
organizational Nevertheless,
respondents from both countries agreed that
fairness should remain an ongoing activity
throughout the software lifecycle because machine
learning models continuously evolve as new data
become available.

These findings support Oyeniran et al. (2022),
who identify dataset quality as a critical
determinant of algorithmic fairness, and Javed et
al. (2023), who argue that bias mitigation should
be integrated throughout model development
rather than addressed after deployment. Likewise,
Tariq et al. (2025) recommend continuous
fairness auditing as an essential component of
responsible Al governance. Interpreted through
STS Theory, fairness extends beyond algorithm
optimization to encompass organizational
governance, interdisciplinary collaboration, data
governance  practices, and  institutional
accountability. The present study therefore
extends previous literature by demonstrating that
fairness is simultaneously a technical requirement,
an organizational capability, and a socio-technical

resources.

process shaped by interactions between
technology, people, and governance structures.

Theme 3: Transparency and Explainability
Transparency and explainability constituted
another dominant theme across participant
interviews. Respondents consistently emphasized
that machine learning systems should provide
understandable explanations for automated
decisions, particularly in high-impact domains
such as healthcare, finance, cybersecurity, and
public administration. Participants explained that
explainability enhances stakeholder confidence by
allowing users, managers, regulators, and
developers to understand how machine learning
models generate predictions and
recommendations.

A software architect from Pakistan (P4) remarked,
"Clients no longer accept black-box models without
asking how decisions are made. Explainability has
become a business requirement as much as a technical
requirement.” Similarly, a Saudi technology
manager (P12) noted, "Transparency reduces
resistance toward Al because decision-makers are more
comfortable when they understand why the system
reached a particular conclusion.”

Participants further highlighted that explainability
supports software maintenance, debugging,
quality assurance, regulatory compliance, and
communication between technical and non-
technical stakeholders. Al engineers reported
using feature importance analysis, interpretable
models, visualization techniques, and
documentation practices to improve
understanding of machine learning outputs
throughout software development. Several
respondents  acknowledged that balancing
predictive  performance with explainability
remains challenging, particularly when deploying
complex deep learning architectures. Nevertheless,
they considered transparency essential for
maintaining  longterm  user  trust and
organizational accountability.

From an STS perspective, explainability functions
as a mechanism that strengthens interactions
between technical systems and their surrounding
social environment. Rather than merely
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improving algorithm interpretation, transparency
facilitates communication among developers,
organizational leaders, clients, regulators, and end
users, thereby supporting collaborative decision-
making and responsible software governance.
Although participants from both countries
regarded explainability as increasingly important,
Saudi respondents described stronger
organizational emphasis due to evolving regulatory
frameworks and  governmentsupported Al
initiatives, whereas Pakistani organizations often
implemented explainability according to client
requirements and project complexity.

These findings are consistent with Hanif et al.
(2026), who argue that explainable Al improves
organizational accountability and  software
reliability by making algorithmic decisions
interpretable. They also support Aljawawdeh et al.
(2024), who found that transparency enhances
human-computer interaction and user trust in Al-
enabled systems. Furthermore, Tariq et al. (2025)
contend that explainability is fundamental for
ethical Al governance because it enables
accountability and informed oversight. Extending
previous research, the present study demonstrates
that transparency is not merely a technical
characteristic but a socio-technical capability that
enables collaboration, governance, stakeholder
engagement, and organizational trust throughout
the software development lifecycle.

Theme 4: Organizational Governance and
Regulatory Compliance

Organizational governance emerged as one of the
strongest determinants of responsible machine
learning implementation across both countries.
Participants consistently emphasized that ethical
machine learning cannot depend solely on the
ethical judgment or technical competence of
individual software engineers but instead requires
structured organizational governance, clearly
defined policies, institutional accountability, and
regulatory alignment. Respondents explained that
organizations with formal Al governance
frameworks were more successful in embedding
ethical principles consistently throughout the
Software Development Life Cycle (SDLC),

enabling software teams to identify, monitor, and
mitigate ethical risks before and after system
deployment.

A technology manager from Pakistan (P5)
explained, "Without clear organizational policies,
ethical decisions often depend on the experience of
individual developers. Governance provides consistency
across projects.” Similarly, the Director of Al
Programs from Saudi Arabia (P16) stated, "Every Al
project should include ethical risk assessment,
documentation, and periodic compliance reviews
because governance builds longterm public trust.”
Participants identified numerous governance
mechanisms currently adopted within their
organizations, including Al ethics committees,
ethical review boards, algorithmic risk assessment
frameworks, documentation standards, data
governance protocols, compliance monitoring,
internal auditing procedures, explainability
reviews, and continuous ethics training for
software professionals. Several respondents
explained that governance should accompany
every stage of software engineering, beginning with
project planning and requirements analysis and
continuing through data acquisition, model
development, validation, deployment,
maintenance, and post-deployment monitoring.
Rather than functioning as isolated compliance
activities, these governance practices were viewed
as continuous organizational processes that
improve software quality, reduce ethical
uncertainty, and  strengthen  stakeholder
confidence.

The findings strongly reflect the assumptions of
Socio-Technical Systems Theory, which argues
that technological outcomes are shaped by
interactions between technical systems and
organizational structures. Participants consistently
described governance as the mechanism that
connects software engineers, Al specialists, project
managers, legal experts, business executives,
regulators, and end users within a coordinated
decision-making  process. Several software
architects emphasized that multidisciplinary
collaboration allows organizations to identify
ethical risks from technical, legal, commercial, and
societal perspectives before machine learning
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systems are deployed. Consequently, governance
was perceived not merely as regulatory compliance
but as an organizational capability that facilitates
communication, shared responsibility, and
continuous ethical improvement.

Important cross-country differences also emerged.
Participants from Saudi Arabia reported
comparatively mature governance structures
supported by national digital transformation
strategies, organizational investment in Al
governance, and increasing  regulatory
expectations associated with Saudi Vision 2030.
Many organizations had established formal
compliance procedures, standardized
documentation, periodic ethical audits, and
dedicated governance teams responsible for
monitoring Al projects. Conversely, participants
from Pakistan acknowledged growing
organizational awareness regarding responsible Al
but indicated that governance practices often
remained informal, project-specific, and highly
dependent upon organizational leadership, client
expectations, and available
Nevertheless, respondents from both countries
agreed that governance maturity is improving as
organizations recognize that ethical machine
learning contributes to software quality,
organizational reputation, and public trust.

These findings support Khan (2025), who argues
that sustainable Al implementation requires
governance systems capable of balancing
technological
responsibility ~and  regulatory = compliance.
Similarly, Amugongo et al. (2025) demonstrate
that integrating ethical governance into agile
software development enables continuous ethical
evaluation  throughout iterative  software
engineering processes. Alsumari and Alrwais
(2025) further emphasize that structured Al
project management methodologies improve
organizational accountability by clearly defining
governance responsibilities and ethical oversight
mechanisms. Likewise, Tariq et al. (2025) contend
that organizational governance transforms ethical
principles into operational software engineering
practices through continuous monitoring and risk
management. Extending these studies, the present

resources.

innovation with ethical

findings demonstrate that governance functions as
the sociotechnical mechanism through which
fairness, transparency, accountability, and human
oversight are systematically institutionalized
within software engineering rather than remaining
individual ethical aspirations.

Theme 5: Cross-Cultural Perspectives on
Responsible Al

The comparative analysis revealed both
convergence and divergence in responsible
machine learning practices between Pakistan and
Saudi Arabia. Participants from both countries
unanimously agreed that ethical machine learning
has become an indispensable component of
contemporary software engineering and that
fairness, transparency, accountability, and
governance are increasingly viewed as essential
software quality attributes rather than optional
ethical considerations. However, important
differences emerged regarding organizational
maturity, institutional support, regulatory
environments, and national digital transformation
strategies that shape how ethical principles are
translated into software engineering practice.
Participants from Pakistan described a rapidly
expanding software industry characterized by
entrepreneurial innovation, increasing software
exports, international collaboration, and growing
adoption of artificial intelligence across multiple
sectors. Although ethical awareness has increased
considerably, respondents  explained  that
responsible Al implementation is primarily
influenced by  organizational  leadership,
developers' professional commitment, client
expectations, and projectspecific requirements
rather than comprehensive national governance
frameworks. A Pakistani Al consultant (P8)
observed, "Most organizations want to build
responsible Al, but ethical implementation depends on
available resources and management commitment.”
Several respondents further noted that limited
organizational resources and inconsistent ethics
training  occasionally  restrict the formal
integration of responsible Al practices within
software engineering projects.
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Conversely, participants from Saudi Arabia
consistently highlighted the significant influence
of Saudi Vision 2030 and national digital
transformation initiatives in shaping
organizational Al governance. Respondents
explained that government policies have
encouraged organizations to formalize Al
governance through standardized documentation,
ethical risk assessments, regulatory compliance
mechanisms, and continuous monitoring of
machine learning systems. A software architect
(P9) stated, "Government initiatives have encouraged
organizations to treat Al ethics as a strategic priority
rather than simply a technical issue." Likewise,
another participant (P14) explained that
increasing  regulatory  expectations  have
strengthened organizational commitment toward
transparency, accountability, documentation
standards, and explainable Al practices.

Despite these contextual differences, respondents
from both countries identified several common
challenges affecting responsible machine learning
implementation. These included the rapid
evolution of Al technologies, the absence of
universally accepted ethical standards, limited
availability of specialized ethics training, balancing
innovation with regulatory compliance, and the
need for greater collaboration among software
engineers, policymakers, universities, industry
leaders, and professional associations. Participants
further emphasized that future Al governance
should encourage international knowledge
sharing while allowing organizations sufficient
flexibility to respond to local cultural, regulatory,
and organizational contexts.

From the perspective of Socio-Technical Systems
Theory, these findings demonstrate that
responsible machine learning is shaped not only
by technological capabilities but also by broader
institutional,  cultural, and organizational
environments. Although the ethical principles
underpinning Responsible Al remain universally
applicable, their implementation differs according
to governance maturity, national priorities,
regulatory  structures, and  organizational
capabilities. ~ These  observations  support

AlShwaier and Abdullah (2025), who report that

Saudi Arabia's innovation ecosystem increasingly
promotes responsible Al through national policy
initiatives and institutional investment. Similarly,
Mohamad et al. (2025) highlight the growing
emphasis on Al ethics education and professional
competency across the Middle East, while Khan et
al. (2026) demonstrate that software engineering
organizations within  emerging economies
increasingly integrate ethical considerations into
development practices. Barefah and Altalhi (2024)
further emphasize the importance of stakeholder
collaboration  in  strengthening  software
engineering processes. Extending these studies,
the present research demonstrates that responsible
Al implementation reflects the interaction
between organizational governance, technological
capability, professional expertise, and national
institutional environments, thereby reinforcing
the explanatory power of STS Theory.

Synthesis of Findings

The five themes collectively demonstrate that
responsible machine learning is a
multidimensional socio-technical phenomenon
emerging through continuous interaction among
software professionals, technological systems,
organizational governance, regulatory
environments, and stakeholder expectations.
Rather than functioning as independent ethical
principles, ethical awareness, fairness,
transparency, governance, and cross-cultural
influences collectively reinforce one another
throughout the Software Development Life Cycle.
This interconnectedness strongly supports the
assumptions of Socio-Technical Systems Theory,
which argues that technological outcomes cannot
be separated from the social and organizational
systems within which they are developed and
implemented.

Ethical awareness establishes the foundation by
encouraging software professionals to recognize
the broader societal consequences of Al-enabled
software systems. Fairness and bias mitigation
ensure equitable algorithmic outcomes through
responsible data governance, multidisciplinary
collaboration, and continuous model evaluation.
Transparency and  explainability  facilitate
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communication between technical and non-
technical stakeholders while improving software
quality,  accountability, —and wuser trust.
Organizational governance institutionalizes these
ethical principles through formal policies, Al
ethics committees, risk assessment frameworks,
documentation standards, auditing procedures,
and regulatory compliance mechanisms. Finally,
the comparative findings demonstrate that
although Pakistan and Saudi Arabia differ in
governance maturity, institutional support, and
regulatory development, software professionals
across both countries share a common
commitment to  developing  trustworthy,
transparent, and socially responsible machine
learning systems.

Collectively, these findings extend the
Responsible Al Framework by demonstrating that

Table 2: Thematic Analysis of Findings

fairness, transparency, accountability, and human
oversight become effective only when embedded
within  supportive  socio-technical
comprising organizational leadership, governance

systems

structures, professional expertise, stakeholder
collaboration, and  enabling institutional
environments. Consequently, responsible

machine learning should be viewed not merely as
a technical software engineering objective but as a
socio-technical capability requiring continuous
collaboration among software engineers, Al
specialists, organizational leaders, policymakers,
academic institutions, and regulatory authorities.
This integrated perspective forms the basis of the
proposed Socio-Technical Ethical Governance
Framework presented in Figure 1, which
synthesizes the study's principal theoretical and
practical contributions.

STS & R ible Al S ti
Theme Sub-themes Key Findings (Codes) espons.l ¢ u'ppor ng
Interpretation Literature
Ethical awareness emerged
Ethical through interacti

hica Al literacy, ethical rough interactions

consciousness; responsibility between software Abbas et al.

Ethical Responsible o fessionaly professionals, (2025); Sohag et
Awareness in ML software P %) organizational culture, and al. (2023);
i . accountability, )
Development engineering; development practices, ~ Amugongo et al.
i o human-centered ) .
Ethical decision- operationalizing (2025)
) development .
making accountability and human
oversight.
Fairness was achieved
Dataset bias, fairness  through collaboration
) metrics, balanced  between technical processes Opyeniran et al.
Dataset quality;

Fairness and Bias . .
Inclusive design;

sampling, model

(2022); Javed et

and organizational

Mitigation Bias testing validation, governance, supporting  al. (2023); Tariq
continuous equitable Al development et al. (2025)
monitoring and continuous

accountability.
Transparency strengthened
Explainable models, interactions between Al Hanif et al.
Transparency  Explainable Al;  feature importance, systems and stakeholders, (2020);
and User trust; decision transparency, improving trust, human Aljawawdeh et al.
Explainability ~ Interpretability stakeholder oversight, and software ~ (2024); Tariq et
communication quality within the socio- al. (2025)
technical environment.
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T ible AL i
Theme Sub-themes Key Findings (Codes) STS & Respons.lb ¢ Sl{pportmg
Interpretation Literature
Al covernance: Governance Organizational structures
Organizational g VETTANCE; frameworks, ethics coordinated people, Khan (2025);
Ethical policies; ,
Governance and ) committees, technology, and regulatory Amugongo et al.
Compliance ) . L . .
Regulatory mechanisms: Al documentation, risk processes to institutionalize (2025); Alsumari
Compliance uditin ’ assessment, internal Responsible Al throughout & Alrwais (2025)
g audits the SDLC.
o National and organizational AlShwaier &
Saudi Vision 2030, contexts shaped the
. — o . ) Abdullah (2025);
National priorities; organizational implementation of
Cross-Cultural o i ) i Mohamad et al.
. Organizational ~ commitment, client Responsible Al,
Perspectives on culture; Regulato expectations demonstrating that ethical (2025); Khan et
Responsible Al m’atur%y Y institult)ional su : ort software engineerin is al. (2026);
v ) pPOoth, i & £ Barefah & Altalhi
collaboration influenced by broader (2024)

socio-technical ecosystems.

Summary of Findings

The findings demonstrate that responsible
machine learning has become an increasingly
important component of contemporary software
engineering in both Pakistan and Saudi Arabia.
Guided by Socio-Technical Systems Theory and
the Responsible Al Framework, the study shows
that ethical machine learning is not achieved
through technical excellence alone but through
the interaction of software professionals,
organizational governance, technological
processes,  regulatory  environments, and
stakeholder expectations. Across all participant
groups, ethical considerations were viewed as
integral to the Software Development Life Cycle,
with software engineers increasingly recognizing
their responsibility to develop Al systems that are
not only accurate and efficient but also fair,
transparent, accountable, and socially responsible.
The five themes collectively indicate that ethical
awareness forms the foundation for responsible
software engineering, while fairness and bias
mitigation, transparency and explainability,
organizational governance, and supportive
institutional environments collectively enable the
practical implementation of ethical AL
Participants reported growing adoption of fairness
assessments, explainability techniques, ethical risk
evaluations, governance mechanisms, and
multidisciplinary collaboration during machine

learning development. However, the maturity and
consistency of these practices varied considerably
across organizations. Saudi Arabian organizations
generally  demonstrated  more  structured
governance systems supported by national digital
transformation initiatives, formal organizational
policies, and evolving regulatory frameworks. In
contrast, Pakistani organizations relied more
heavily on organizational leadership, developers'
professional commitment, client expectations, and
project-specific ethical practices, reflecting a
comparatively  less  formalized  governance
environment.

Despite these contextual differences, participants
from both countries identified similar challenges,
including inconsistent governance structures,
evolving  regulatory  requirements, limited
organizational  ethics  policies, insufficient
specialized ethics training, and the need to balance
technological innovation with responsible Al
implementation. ~ Respondents  consistently
emphasized that strengthening collaboration
among software organizations, policymakers,
academic institutions, and professional bodies is
essential for establishing sustainable ethical
governance frameworks capable of supporting
trustworthy machine learning systems.

Overall, the findings extend existing Responsible
Al literature by demonstrating that ethical
software engineering is fundamentally a socio-
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technical process in which technical capabilities,
organizational governance, professional expertise,
and institutional contexts operate together to
shape responsible machine learning
implementation. The study therefore provides

empirical support for Socio-Technical Systems
Theory while illustrating how the principles of the
Responsible Al Framework are operationalized
within software engineering practice across two
emerging digital economies.

Socio-Technical Context (STS Theory)
e Technology (Tools, Algorithms, Data)
e People (Professionals, Users, Stakeholders)
e Organization (Culture, Processes, Leadership)
¢ Environment (Regulations,

Society, Market)

Inputs

Machine Learning

Core Ethical Dimensions

t_ Outcomes

¢ Trustworthy and

Projects

e Ethical Principles

1. Ethical Awareness

Ethical ML Systems

(Fairness, Accountability,
Transparency, Human

Oversight)

5. Cross-cultural
Perspectives on

Professional Expertise
(Engineers, Al Specialists,
Architects, Managers)

Implementation

e Organizational Policies

and Practices 4. Organizational

Governance and <

i
I
I
I
I
in Al Development | e Reduced Bias and
I
I
I
I
I
I

Responsible
Machine Learning in
Software Engineering

Discrimination

2. Fairness and

: AT e Enhanced Accountability
Bias Mitigation

— and Auditability

e Compliance with
Regulations and
Standards

e Greater User Trust
3. Transparency

National Regulations
and Standards

Regulatory Compliance

r
|
l
1
l
|
|
l
1
1
|
—»: Responsible Al
|
|
1
l
1
1
l
1
|
l
|
l

1 --------------------- - Value Creation

and Explainability Red eyt

e Social and Economic

e Leadership Commitment
o Ethical Policies
¢ Ethical Tools and Methods

Enablers

¢ Continuous Training and Awareness
* Cross-functional Collaboration
¢ Independent Auditing

v

et <

Continuous Monitoring and Improvement .
Evaluation — Feedback — Learning — Adaptation

Figure 1Proposed Socio-Technical Ethical Governance Framework for Responsible Machine Learning in
Software Engineering

Conclusion

The rapid integration of machine learning into
software engineering has transformed software
development by creating intelligent systems
capable of supporting complex decision-making
across diverse application domains. However,
alongside these technological advancements,
software engineers increasingly face ethical
challenges associated with fairness, transparency,
accountability, governance, and responsible Al
implementation. Guided by Socio-Technical
Systems (STS) Theory and the Responsible Al
Framework, this study explored how software
professionals in Pakistan and Saudi Arabia
perceive and operationalize ethical machine

learning throughout the Software Development
Life Cycle (SDLC). The findings demonstrate that
responsible machine learning cannot be achieved
through technical excellence alone but requires
the effective integration of technological
capabilities, organizational governance,
professional expertise, regulatory support, and
stakeholder engagement.

The comparative findings reveal that ethical
awareness, fairness and bias  mitigation,
transparency and explainability, organizational
governance, and national institutional contexts
collectively shape responsible software engineering
practices. These themes illustrate that ethical
machine learning is fundamentally a socio-
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technical process in which software engineers,
organizational leaders, Al specialists,
policymakers, and end users jointly influence the
development and deployment of trustworthy Al
systems. While participants from both Pakistan
and Saudi Arabia demonstrated a strong
commitment to responsible Al, organizations in
Saudi Arabia generally exhibited more mature
governance structures supported by national
digital  transformation initiatives, = whereas
organizations in Pakistan relied more heavily on
organizational leadership, professional
responsibility, and client expectations. Despite
these  contextual differences, participants
consistently emphasized the need for stronger
governance frameworks, standardized
organizational  policies, continuous ethics
education, and greater collaboration among
industry, academia, and government institutions.
Overall, this study contributes comparative
empirical evidence demonstrating that sustainable
machine learning development depends upon
integrating ethical principles into every stage of
software  engineering while simultaneously
strengthening the socio-technical systems that
support responsible Al implementation.

Theoretical Implications

This study makes several important theoretical
contributions to the literature on machine
learning ethics, Responsible Al, and software
engineering. First, it extends the application of
Socio-Technical Systems Theory to ethical
software engineering by demonstrating that
responsible machine learning emerges through the
interaction of technological systems, software
professionals, organizational governance,
institutional environments, and stakeholder
expectations rather than through algorithmic
performance alone. The findings therefore
reinforce the central assumptions of STS Theory
by illustrating that ethical software development
depends upon the alignment of technical and
social subsystems throughout the SDLC.

Second, the study complements the Responsible
Al Framework by providing empirical evidence
demonstrating how the principles of fairness,

transparency, accountability, and human oversight
are operationalized through socio-technical
interactions during software development rather
than functioning as isolated ethical principles
(Javed et al., 2023). Third, by employing a
qualitative ~ comparative design, the study
contributes rich empirical evidence to a research
domain that has been dominated by conceptual
and quantitative investigations, thereby enhancing
understanding  of  software  professionals'
experiences, organizational practices, and ethical
decision-making processes (Amugongo et al.,
2025; Alvear et al., 2025). Finally, the comparative
analysis advances theoretical understanding of
responsible Al implementation within emerging
digital economies by illustrating how governance
maturity, organizational culture, and national
digital transformation initiatives influence ethical

software engineering across different institutional
contexts (Khan et al., 2026).

Practical Recommendations

The findings  suggest several  practical
recommendations for strengthening responsible
machine learning practices within software
engineering organizations. First, organizations
should embed structured ethical checkpoints
throughout every stage of the Software
Development Life Cycle, ensuring that ethical
risks are systematically evaluated during
requirements engineering, data acquisition, model
development, testing, deployment, maintenance,
and continuous monitoring. Second,
organizations should establish dedicated Al
governance  structures, including  ethics
committees, governance boards, and
multidisciplinary review teams responsible for
overseeing ethical decision-making, monitoring
compliance, and conducting periodic assessments
of machine learning projects.

Third, fairness assessments, bias testing,
explainability evaluations, algorithmic audits, and
documentation reviews should become routine
organizational practices to support continuous
ethical improvement rather than one-time
compliance activities (Tariq et al., 2025). Fourth,
software engineers, Al specialists, project
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managers, and technology leaders should receive
continuous professional development in Al ethics,
responsible software engineering, and regulatory
compliance to strengthen organizational ethical
capability (Hanif et al, 2026). Finally,
governments, professional
associations, and software organizations should
strengthen collaborative partnerships to develop
context-specific Al governance frameworks,
standardized ethical guidelines, and industry best
practices that support responsible innovation
while remaining aligned with national digital
transformation priorities in Pakistan and Saudi

Arabia (Khan, 2025; Alsumari & Alrwais, 2025).

universities,

Limitations and Future Research Directions
Despite its contributions, this study has several
limitations. First, the research employed a
qualitative design involving sixteen participants;
therefore, the findings provide in-depth
contextual insights but should not be interpreted
as statistically generalizable across all software
organizations. Second, the study focused
exclusively on software professionals from
Pakistan and Saudi Arabia, limiting the
transferability of findings to other geographical,
cultural, and institutional settings. Third, the
research examined the perspectives of software
engineers, Al specialists, software architects, and
technology managers without incorporating the
views of policymakers, regulators, business
executives, or end users who also influence ethical
Al implementation. Finally, the cross-sectional
nature of the study captured participants'
experiences at a single point in time and therefore
could not examine how organizational governance
and ethical practices evolve as machine learning
technologies mature.

Future research should employ mixed-methods
and longitudinal designs to examine the evolution
of responsible machine learning practices across
different stages of organizational Al maturity.
Comparative investigations involving additional
countries from the Middle East, South Asia,
Africa, and other emerging digital economies
would further enrich understanding of cross-
cultural socio-technical governance. Future studies

should also investigate sector-specific ethical
challenges within healthcare, finance, education,
cybersecurity,  manufacturing, and  public
administration, where Al systems have significant
societal implications. Given the rapid emergence
of generative Al and Al-assisted software
engineering, researchers should explore their
influence on developer responsibility,
organizational governance, software quality, and
ethical decision-making. Finally, future research
should develop and empirically validate socio-
technical Ethical Al Maturity Models capable of
assessing organizational readiness, governance
capability, and responsible Al implementation
across the Software Development Life Cycle.
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