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HOW TO CITE: ABSTRACT

B. Deepa,M. Farzana  Artificial Intelligence (Al), Machine Learning (ML), and Human
Begum,NA.Nazrine, M.  Resource Analytics (HRA) are increasingly transforming the way
Radhakrishnan, C.Veera Lakshmi  Organizations understand employees and make workforce
(2026). Al-Driven Human decisions. This revised study develops an HRM-oriented
analytical framework in which Al-enabled HR analytics supports

Resource Analytics and Employee

Engagement: A Machine Learning the prediction and management of employee engager.nent and
related workforce outcomes. The framework integrates

Framework for Predictin . .
W cing organizational support, learning and development, reward and

Workforce Behaviour and recognition, work flexibility, and Al-enabled HR support as

Organizational Outcomes theoretically relevant HR resources associated with employee
International Journal of Special ~ engagement. It further proposes the use of classification,

clustering, ensemble learning, and neural-network techniques to
Education, 41(21s), 1123-1129 identify workforce patterns and predict engagement-related
outcomes. The study positions employee engagement as the
central HR outcome and employee retention and organizational
effectiveness as downstream outcomes. The framework is
intended to support evidence-based HR decision-making while
recognizing critical issues relating to privacy, algorithmic bias,
explainability, employee trust, and responsible Al governance.
Importantly, the empirical HRM results and predictive
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INTRODUCTION

The digital transformation of organizations has
extended beyond marketing and operations into
Human  Resource  Management  (HRM).
Contemporary HR  functions increasingly
generate and use employee data from recruitment
systems, learning platforms, performance-
management  systems, employee  sutrveys,
collaboration tools, and other digital HR
applications. Human  Resource  Analytics
converts such data into evidence that can assist
managers in workforce planning, employee
development,

engagement management,

retention, and organizational decision-making,.

Al and ML can extend conventional HR analytics
by identifying complex patterns in workforce
data and generating predictions about
engagement-related  outcomes.  Classification
algorithms can be used to categorize employees
into engagement or retention-risk groups;
clustering can identify heterogeneous workforce
segments; ensemble models can improve
prediction; and neural networks can model
nonlinear relationships. These computational
capabilities, however, should complement rather
than replace HR theory and managerial
judgement.

Employee engagement is particulatly suitable as
the focal HR outcome because it reflects
employees’ energetic, cognitive, and affective
investment in their work and has important
implications for retention and organizational
effectiveness. From a resource-based HR
perspective, employees are more likely to remain
engaged when they experience supportive

organizational practices, meaningful learning

opportunities, appropriate recognition, flexibility,
and useful technological supportt.

This study therefore reframes the source
manuscript from customer-oriented  digital
marketing analytics to employee-oriented HR
analytics. The proposed framework combines
core HRM resources with Al-enabled analytics to
examine and predict employee engagement and
workforce outcomes. It also incorporates
responsible-Al considerations because employee
data are sensitive and algorithmic HR decisions
can affect fairness, privacy, trust, and employee

experience.
2. STATEMENT OF THE PROBLEM

Organizations collect growing volumes of
workforce data, yet many HR decisions continue
to depend on descriptive reports or managerial
intuition. At the same time, low or uneven
employee engagement, turnover risk, changing
work arrangements, skills gaps, and rapid
technological ~change require timely and
evidence-based interventions. Al-enabled HR
analytics offers the potential to detect workforce
patterns  and  predict engagement-related
outcomes, but predictive accuracy alone is
insufficient. HR analytics must also be
theoretically meaningful, transparent, ethically
governed, and based on valid employee-level
data. The research problem is therefore to
determine how organizational HR resources and
Al-enabled HR support relate to employee
engagement and how machine-learning methods
can be responsibly used to predict workforce
behaviour and organizational outcomes.
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3. OBJECTIVES OF THE STUDY

1. To examine the relationship between
organizational ~ support  and  employee

engagement.

2. To assess the influence of learning and

development on employee engagement.

3. To determine the relationship between reward
and recognition and employee engagement.

4. To evaluate the influence of work flexibility on

employee engagement.

5. To examine the role of Al-enabled HR support
in employee engagement.

6. To evaluate the relationship between employee
engagement and employee

retention/organizational effectiveness.

7. To develop and compare machine-learning
models for predicting engagement-related
workforce outcomes.

8. To propose a responsible Al-enabled HR
analytics  framework  for  evidence-based
workforce decision-making.

4. RESEARCH QUESTIONS

1. How do organizational support, learning and
development, reward and recognition, work
flexibility, and Al-enabled HR support relate to
employee engagement?

2. Does employee engagement contribute to

employee  retention and  organizational

effectiveness?

3. How effectively can machine-learning models
classify or predict engagement-related workforce

outcomes from valid employee-level data?

4. Which predictive approach provides the
strongest out-of-sample performance for the
selected HR outcome?

5. What ethical, privacy, transparency, and
governance issues should organizations address
when applying Al to HR analytics?

5. THEORETICAL FOUNDATION AND
REVIEW OF LITERATURE

5.1 Foundations of Employee Engagement

Employee engagement has become a central
construct in Human Resource Management
because it captures the extent to which employees
invest their physical, cognitive and emotional
energies in their work roles. Kahn (1990)
established the psychological foundation of
engagement by identifying meaningfulness, safety
and availability as conditions that enable
individuals to express their full selves at work.
Schaufeli, Salanova, Gonzalez-Roma and Bakker
(2002)  subsequently  conceptualized work
engagement through vigour, dedication and
absorption. Saks (2006) extended the discussion
by demonstrating that engagement is shaped by
antecedents located in the employee-organization
exchange relationship and is associated with
behavioural

important attitudinal and

conscquences.

The Job Demands-Resources (JD-R) perspective
provides a strong theoretical basis for the present
model. Bakker and Demerouti (2007) argue that
job resources facilitate goal achievement, reduce
the adverse effects of job demands and stimulate
motivation. Accordingly, organizational support,
learning opportunities, recognition, flexibility and
useful technological support can function as
resources that sustain employee engagement.
Social  Exchange Theory  (Blau, 1964)
complements the JD-R perspective by explaining
why employees may reciprocate favourable
organizational  treatment  with  stronger
involvement, commitment and engagement.

5.2 Previous Research by the Author on
Employee Engagement

Deepa and Mohamed (2016) examined four
factors influencing employee engagement among
selected insurance agents in Trichy District. This
catlier study established the authot's continuing
research interest in identifying organizational and
work-related ~ conditions  that  influence
engagement. It provides an antecedent-focused

foundation for the present model, which extends
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employee-engagement research into an Al-
enabled HR analytics environment.

Deepa and Mohamed (2017) examined the
relationship between employee engagement,
organizational culture (OC) and Total Quality
Management (TQM) in an engineering
organization in Trichy. The study emphasized the
relevance of organizational systems, culture and
quality-oriented managerial practices to employee
engagement. This finding is directly relevant to
the present framework because Al-enabled HR
analytics is also embedded within wider
organizational systems and must operate in a

supportive managerial environment.

Subha, Deepa, Kumar, Kiruthiga and Kalaivani
(2025) examined data-driven optimization of
staffing levels in a hospital context. Although the
study focused on staffing, it demonstrates the
relevance of data-supported workforce planning
to HR decision-making. The present article
builds on this data-driven HR orientation by
integrating predictive analytics with employee
engagement and workforce outcomes.

Deepa (20206) investigated leadership styles and
employee  engagement among  IT-sector
professionals. The study further reinforced the
importance of managerial and organizational
processes in shaping employee engagement in
technology-oriented workplaces. The present
research advances this stream by moving from
conventional leadership and organizational
factors toward data-driven HR decision support,
Al-enabled HR practices and predictive

workforce analytics.

Deepa et al. (2026) examined eight workplace
determinants of Employee Engagement among
862 employees working in hybrid environments
in metropolitan cities. The study found that
Recognition and Rewards was the strongest
significant predictor of Employee Engagement,
followed by Technological Support, Work—Life
Balance, and Supervisor Support. The findings
demonstrate  that  sustainable  employee
engagement in hybrid workplaces depends on an
integrated combination of organizational,

technological, supervisory, and work-life
resources rather than flexibility alone.

Deepa (2026) investigated talent
management practices and employee engagement
among I'T employees in Tamil Nadu and found
positive relationships across all six talent
management  dimensions.  Rewards  and
recognition and employee retention emerged as
the strongest significant predictors of employee

engagement.

Deepa et.al (2026) Existing literature
has primarily focused on digital transformation,
remote work practices, digital skills and talent
management as separate research areas. Limited
empirical evidence is available on how digital
dexterity  influences  talent  management
effectiveness among work-from-home
employees. Furthermore, comparative research
between Chennai and Bengaluru remains limited.
This study addresses these gaps by examining the
influence of digital dexterity on talent
management effectiveness among work-from-
home employees in these two metropolitan
cities.

5.3 Organizational Support and Employee
Engagement

Perceived  organizational — support  reflects
employees' beliefs concerning the extent to
which the organization values their contribution
and cares about their well-being. Hisenberger et
al. (1986) established perceived organizational
support as an important employee-organization
relationship  construct. From both social-
exchange and JD-R perspectives, organizational
support can provide socio-emotional and
instrumental resources that encourage employees
to invest greater effort in their roles. In the
present framework, Organizational Support (OS)
is therefore positioned as a direct antecedent of
Employee Engagement (EE).

5.4 Learning and Development

Learning and development practices strengthen
employee capability, adaptability and perceptions
of organizational investment. In digitally
transforming workplaces, continuous reskilling is
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particularly important because employees must
adapt to changing technologies, analytical
systems and Al-supported work processes.
Development opportunities can therefore
operate as job resources by increasing
competence, employability and confidence. The
present study accordingly proposes Learning and
Development (LD) as a positive antecedent of
Employee Engagement.

5.5 Reward and Recognition

Reward and recognition communicate that
employee contributions are noticed and valued.
Appropriate  recognition  can  reinforce
meaningfulness, perceived fairness and reciprocal
commitment, while pootly designed or opaque
reward systems may weaken trust. In an Al-
enabled HR environment, the quality and
transparency of analytics-supported reward
decisions are especially important. Reward and
Recognition (RR) is therefore included as a core
organizational  resource  associated  with

Employee Engagement.

5.6 Work Flexibility and the Contemporary
Workplace

The authot's previous hybrid-work research
stream  identified flexibility, organizational
communication, supervisor support, work-life
balance, autonomy, technological support,
organizational culture, and recognition and
rewards as relevant engagement conditions. This
broader resource configuration is useful for the
current study because Al-enabled HR practices
do not operate in isolation; their effects are likely
to depend on the quality of the surrounding work
environment. Work Flexibility (WF) is retained in
the present model as a key contemporary HR
resource that may support employee autonomy
and engagement.

5.7 Human Resource Analytics and Artificial
Intelligence

Human Resource Analytics refers to the
systematic use of workforce data and analytical
techniques to improve people-related and
organizational decisions. Margherita (2022)
systematized the HR analytics literature around

technological and organizational enablers,
analytical applications and
employee/otganizational ~ value, while also
highlighting the increasing role of Al and
cognitive technologies. Al expands HR analytics
from descriptive reporting toward prediction,
recommendation, pattern recognition and

decision support.

Malik, Budhwar and Kazmi (2023) proposed an
extended strategic framework for Al-assisted
HRM, emphasizing how Al is transforming
work, workers and workplaces. Prikshat et al.
(2023), through a review of Al-augmented HRM,
highlichted the need for multilevel research
connecting Al-enabled HR practices with
employee and organizational outcomes. Malik et
al. (2023) further demonstrated the importance
of employee experience within an Al-based HR
ecosystem. Together, these studies support the
need to connect Al-enabled HR capabilities with
employee-level outcomes rather than treating Al

merely as an administrative technology.

5.8 Al, Machine Learning and Employee
Engagement

Recent research increasingly applies Al and
machine learning to the assessment and
prediction of engagement. Garcia-Navarro,
Pulido-Martos  and  Pérez-Lozano  (2024)
systematically reviewed Al applications in
engagement research and found that machine
learning and natural language processing are
being used to assess and predict engagement
levels and to examine relationships between
engagement and other variables. This emerging
literature supports the predictive component of
the present study, in which machine-learning
models complement the explanatory HRM
model.

The present article therefore adopts a dual
explanatory-predictive  logic.  The HRM
component  explains how  organizational
resources are associated with employee
engagement, retention and  organizational
effectiveness, ~ while  the  computational
component evaluates whether employee-level

indicators can predict engagement-related
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outcomes using methods such as Logistic HR analytics and Al-enabled HRM, but
Regression, Decision Tree, Random Forest, important gaps remain. First, employee-
Support Vector Machine, XGBoost and Artificial engagement  studies  have  traditionally
Neural Networks. Prediction is treated as emphasized leadership, support, culture, rewards
complementary to theory-based explanation and other organizational resources, whereas Al-
rather than as evidence of causality. HRM research has frequently focused on

5.9 Responsible Al and Human-Centred technological adoption or individual HR

HRM applications. Second, limited research integrates

established engagement antecedents with Al-
The application of Al to HRM creates significant enabled HR support in a single HR analytics
governance concerns because workforce data framework. Third, explanatory HR models and
may  be sensitive and algorithmic predictive machine-learning models are often
recommendations can affect consequential developed  separately, leaving insufficient
employment decisions. Responsible understanding of how theory-based HR
implementation requires attention to privacy, relationships can be combined with out-of-
data quality, transparency, explainability, fairness, sample  workforce  prediction.  Fourth,
accountability and human oversight. A human- responsible-Al issues such as fairness, privacy,
centred approach is particularly important in explainability and human oversight require
engagement research because employee trust in greater integration with employee-engagement
organizational ~ systems can itself influence research. The present study addresses these gaps
attitudes toward work. Accordingly, the present by positioning Organizational Support, Learning
framework treats Al as a decision-support and Development, Reward and Recognition,
capability that augments, rather than replaces, Work Flexibility and AlI-Enabled HR Support as
professional HR judgement. antecedents of Employee Engagement, linking
5.10 Research Gap engagement to Employee Retention and

Organizational Effectiveness, and adding a

The literature establishes strong foundations for complementary machine-learning layer  for

] L o
employee engagement, organizational resources, workforce prediction
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