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1. introduction
The essential role of Performance Management within 
Human Resource Management (HRM) is to evaluate, 
guide, and improve employee contributions toward 
Organisational goals through assessments. Traditional 
performance management systems encounter multiple 
difficulties when staff members conduct appraisals due 
to subjective practices that yield inconsistent results 
and biased judgments. The issues with performance 
management systems impact both employee trust 
and commitment and limit correct skill development 
and Organisational decisions (Wiese & Buckley, 
1998; Adeniran & Olorunfemi, 2020). Numerous 
Organisations experience increasing pressure to create 
performance evaluation approaches that maintain 
fairness and improve both efficiency and scalability 
(Sahlin & Angelis, 2019).
The growing issues has necessitated the use of 
Artificial Intelligence (AI) and Machine Learning 
(ML) in Performance Management, which has greatly 

impacted the HR technological landscape. The 
detection of patterns and prediction of trends, coupled 
with decision automation features in machine learning 
algorithms, provide effective solutions to optimise 
performance management systems (Garg et al., 2022; 
Chanda & Ghosh, 2024). The implementation of ML-
driven tools by HR professionals now enables them 
to forecast employee retention and recognise high-
ascending staff members through the transformation 
of performance data collection and analysis methods 
(Tanasescu et al., 2024; Hasan et al., 2024). ML 
applications are increasingly being paired with robotic 
process automation (RPA) and predictive dashboards 
to streamline reporting and feedback cycles (Vyas et 
al., 2023; Okafor et al., 2025).  In addition, sentiment 
analysis and behavioral pattern recognition presents 
a current avenue for comprehending employee 
engagement (Jain et al., 2022).
The software tools enhance operational efficiency 
with their automated systems while eliminating 
human prejudice, thus creating unbiased bases for 
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promotion choices, training initiatives, and succession 
planning (Basnet, 2024; Rallapalli & Kumar, 2024). 
Still, Organisational employment of the tools differ, 
because a lot of companies, particularly those in 
traditional sectors, lack the preparedness and digital 
advancement to execute such systems productively 
(Adhikary, 2020; Sharma & Gupta, 2020). Strategic 
gaps also persist, including unclear integration plans 
and insufficient cross-functional arrangement (Singh 
et al., 2022).
This research delivers a very important contribution 
at our current time by creating connections between 
HRM with rapidly expanding AI technology. 
Organisations need to grasp the importance of ML 
integration into performance management, even as 
their workplaces advance toward digitisation while 
their strategic decisions shift toward data-focused 
approaches (Budhwar et al., 2022). Organisations 
that adopt these technological systems achieve market 
success because their improved employee matching 
produces loyal staff who drive superior Organisational 
outcomes (John & Aajam, 2024; Kadirov et al., 
2024).
The main objective of this study is to investigate 
machine learning algorithms that improve Human 
Resource performance management through 
unbiased data-driven decision-making. The research 
investigates important ML models for human resource 
management along with deployment implementation 
elements while offering flexible implementation 
guidelines for real-world applications. The report 
includes a literature review section that follows 
performance management theory evolution together 
with Human Resource department machine learning 
acceptance through a Similar, Exceptional, Novel and 
Different analytical framework.

2. literature Review: evolution of Key 
theories and Practices
2.1 Performance Management in HR – traditional 
vs. Modern
Performance management has undergone 
transformation since its initial basic administrative 
stage to become a strategic Organisational process 
that has evolved through time. The psychological 
principles regarding employee motivation and 
productivity emerged through historical theories that 
include Goal-Setting Theory (Locke & Latham, 1990) 
and Expectancy Theory (Vroom, 1964). The theories 
introduced the critical connection between employee 
targets and corporate aims, which eventually produced 
both MBO and the Balanced Scorecard approach 

(Sahlin & Angelis, 2019; Adeniran & Obembe, 
2020).
Previously, supervisors performed subjective 
assessments as the primary method in performance 
appraisals through rating scales and narrative 
comments. The structured assessment approaches 
faced various problems, such as rating bias 
alongside inconsistent delivery alongside reduced 
transparency in the evaluation process. According to 
Wiese and Buckley (1998), the inadequate features 
of PM systems diminished its effectiveness as a 
developmental tool for staff and Organisational 
advancement. The traditional PM systems led to 
decreasing effectiveness in performance assessments 
because of their limitations as workplaces became 
more diverse and dynamic. Problematic performance 
assessments caused employees to disengage from 
work while creating confusion in reward systems 
and preventing professionals from advancing and 
planning their Organisational succession (Srivastava 
& Pandita, 2024).
Contemporary performance management makes use 
of progressing feedback and complete organisational 
assessment and performance mentoring strategies 
to create more developed assessment procedures. 
Despite upgrading performance evaluation practices, 
they are still vulnerable to human interpretation, 
errors along with usage inconsistencies and mental 
biases (Garg et al., 2022). Various organisations use 
AI and ML technologies to battle subjective flaws and 
ensure objective fair and data-based decision-making 
according to Tanasescu et al. (2024) and Basnet 
(2024).
2.2 emergence of ai and Ml in HR
The implementation of Artificial Intelligence (AI) 
together with Machine Learning (ML) within Human 
Resources practices leads to intelligent automated 
adaptive performance management systems. Through 
ML systems processes, abundant datasets recognise 
performance trends to produce forecasted outcomes 
along with helpful insights necessary for high-volume 
data-centric HR operations (Garg et al., 2022; Rai & 
Singh, 2023).
Several Machine Learning techniques currently 
support Human Resources Management applications 
through Decision Trees, Support Vector Machines 
(SVM), Logistic Regression, Gradient Boosting 
Machines (GBM), supervised learning approaches, 
K-means clustering for unsupervised learning 
analysis, and Natural Language Processing (NLP) 
for performance and employee feedback evaluation. 



Open Journal of Human Resource Management V6. I1. 2025          28

Machine Learning Algorithms for Optimizing Performance Management in Human Resources

The implementation of the CRISP-DM framework by 
Tanasescu et al. (2024) produced predictive models 
through these methods, which enhanced unbiased 
appraisal evaluation according to their research 
findings.
Backpropagation (BP) represents a core model that 
combines multiple neural networks for Human 
Resource analytics purposes. The paper by Basnet 
(2024) developed an organised framework that 
incorporated BP for complete performance evaluation 
of employee characteristics, peer relationships, and 
job requirements. The research findings demonstrated 
BP network performance improvements through PM 
accuracy enhancements achieved through real-time 
weight adjustments which led to ongoing network 
learning processes.
CatBoost, whose development focused purely on 
handling category-based information, stands as a major 
remedy for processing categorical data. The study by 
Rallapalli and Kumar (2024) established CatBoost as 
an effective promotion prediction instrument because 
it had better classification accuracy and enhanced 
decision transparency. Industries that required both 
quantitative and qualitative data processing in Human 
Resources applications, made it the appropriate 
solution, because of its strong resistance capability of 
the algorithm.
Chanda and Ghosh (2024) developed hybrid systems 
that unite blockchain and ML technology to create 
protected performance tracking platforms. A 
combination of unsupervised algorithms and Natural 
Language Processing technique, is being used by 
emerging HR management systems, that computerise 
skills assessment and forecasts workforce turnover as 
it guarantees reliable and verifiable PM systems for 
the future.

Shifting from task automation into systems that now 
perform complex decision making, engagement 
forecasting and ethical performance reviewing , ML 
technology has greatly progressed within Human 
Resource Management.(Budhwar et al., 2022; 
Veshne & Jamnani, 2024). From a primary focus 
maximising operational efficiency, ML applications 
now enhance strategic talent management objectives, 
therefore moving HR operations from traditional task 
processing into strategic human resource management 
practices (Kadirov et al., 2024).
2.3 comparative evaluation of Ml Models in HR
Extensive critical evaluation needs to be applied to 
ML models used in HR practice by assessing their 

accuracy, performance and interpretability features 
and scalability potential, and fairness implications. 
CatBoost delivers outstanding predictive accuracy 
and efficient handling of categorical variables 
according to Rallapalli and Kumar (2024), benefitting 
marketing teams who analyse extensive demographic 
and work-related information. The overfitting 
prevention capability of CatBoost combined with 
steady prediction results, enables this method to excel 
as a human resource evaluation system for promotions 
and assessments.
Backpropagation enables researchers to examine 
large feature sets and progressively enhance 
results thanks to training cycles as explained by 
Basnet (2024). Adobe’s key advantage in model 
improvement through continuity allocates it perfectly 
for implementing dynamic performance assessment 
systems. BP maintains many of the problems common 
among neural networks since it lacks interpretability 
thus making it unsuitable for HR decision processes 
that require clear explanations to build trust between 
employers and employees.
The Cross-Industry Standard Process for Data Mining 
which Tanasescu et al. (2024) utilised serves as an 
organised methodology instead of an actual model 
to strengthen the reliability and business steerage 
aspects of ML operations. The CRISP-DM approach 
closes the distance between operational performance 
metrics and strategic HR planning by using 
continuous exploration of data alongside stakeholder 
endorsements, thus becoming a beneficial system 
for HR professionals without advanced data science 
knowledge.
Various research integrates ML techniques through 
joint academic work between Organisational 
behavior practitioners and psychologists alongside 
computational analysts. Staff engagement assessment, 
together with risk detection of underperformance, used 
behavioral pattern recognition and natural language 
processing according to Chandana et al. (2024). John 
and Aajam (2024) using their predictive analytics 
applications, John and Aajam (2024), demonstrates 
how strategic planning strengthens workforce 
planning and retention models. Organisational 
benefits emanating from customised ML systems 
extend further than their use in performance evaluation 
systems.
High-impact applications attract Organisations that 
prioritise fairness, transparency and adaptability, 
because these Organisations operate effectively in 
such environments. The development of remote 
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workforce performance management systems 
originated from Shettigar et al.s (2025) research that 
integrated deep learning methods with decision tree 
algorithms. The implementation of new techniques 
presented Organisations with flexible systems that 
solved ethical issues.
Nonetheless, challenges persist. Models automatically 
generate discrimination when trained with biased data 
combined with unbalanced databases and black-box 
algorithms unless proper human supervision exists 
during deployment. The authors in Budhwar et al. 
(2022) prove that Human Resources Management 
needs urgent global standards for Artificial 
Intelligence governance and complete auditing and 
reporting transparency programs. The authors support 
comprehensive frameworks that serve as protection 
against how ML applications maintain or expand 
previously inherited HR practice biases from past 
systems.
2.4 summary of Key themes
The literature consistently supports the idea that 
ML has revolutionised performance management 
by enhancing accuracy, objectivity, and efficiency. 
Traditional PM methods, while foundational, are 
insufficient for addressing the demands of modern, 
data-centric Organisations. ML models such as 
CatBoost and BP offer significant advantages but 
require careful handling to ensure fairness and 
transparency. The advancement of PM using AI/ML 
models represents a dramatic change, not just in tools 
and technology, but in mindset - emphasising data-
driven, equitable, and scalable talent management.

3. Methodology (literature-Based Research)
This research adopts a semi-systematic literature 
review method (Adeniran & Tayo-Ladega, 2024), 
to assess the application of machine learning (ML) 

algorithms for optimising performance management 
within human resource management (HRM). This 
approach is appropriate for an interdisciplinary and 
emerging field like HR analytics, which combines 
insights from AI technologies, Organisational 
behavior, and management science (Muktamar 
& Nurnaningsih, 2024). The semi-systematic 
examination allows for organized synthesis while 
offering flexibility to include diverse study types 
across academic and practitioner domains.

The study is grounded in realism as its ontological 
foundation, asserting that objective realities, such 
as the measurable effects of ML models, exist 
independently of human bias. Realism supports 
the idea that algorithmic outcomes in performance 
management can be observed and analysed, even if 
their interpretations vary among organisations and 
researchers (Scholz, 2024). The realist perspective 
makes it possible for researchers to evaluate 
performance models and decision systems not just as 
theoretical constructs, but as technologies embedded 
in real-world, context-dependent settings.

Epistemologically, this study takes on the pragmatic 
perspective, which embraces both objective and 
subjective forms of knowledge. The pragmatic 
perspective is ideal for investigating complex 
workplace phenomena where both data science and 
human factors are important in achieving a rounded 
result. This method enables the researcher to draw from 
quantitative (positivist) and qualitative (interpretivist) 
perspectives, integrating statistical model evaluation 
with interpretive insights from Organisational settings 
(Neupane, 2024; Kaushik & Walsh, 2019). This mix 
approach allows for a holistic understanding of not 
only how ML performs technically, but also how it is 
perceived, implemented, and trusted by HR experts 
who use it.

Figure 1. Methodology Adopted in the study (Author, 2025)
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To ensure thorough research, this study applied 
four key source selection criteria: (1) recency of 
publication (with a focus on studies from 2019–2025), 
(2) source credibility, (3) peer-review status, and 
(4) relevance to ML applications in HR. Important 
works from researchers such as Wiese and Buckley 
(1998) were utilised in order to give the analysis in 
classical Human Resource Management theory a well 
grounded background.  Relevant sources were chosen 
from reputable academic journals, institutional white 
papers, and AI conferences focused on performance 
management and decision analytics in human capital 
contexts.
The review included studies employing quantitative, 
qualitative, and mixed methods, which aligns 
with its pragmatic stance, Quantitative research 
provided insight into algorithmic accuracy, model 
interpretability, and performance metrics. Qualitative 
studies revealed Organisational attitudes toward ML 
tools, ethical concerns, and user trust. Mixed-methods 
literature - such as that analysed by Uddin et al. (2024) 
was particularly valuable for synthesising technical 
insights with practical implementation narratives. 
This methodological diversity enabled a well-rounded 
understanding of the empirical performance and 
human impact of ML in HRM.

4. analysis and Discussion
Research examining the implementation of machine 
learning (ML) technology in human resource 
management (HRM) performance administrations has 
increased steadily across multiple research methods, 
different settings and results. The literature review 
employs the similar, exceptional, novel and different 
framework for comparative synthesis to assess the 
growing field through appraisal. The system gives 
researchers a complex comprehension of published 
literature because it shows common findings together 
with prominent breakthroughs and fresh theoretical 
approaches along with divergent perspectives.
4.1. similar approaches in the literature
Many studies agree on how machine learning 
techniques can boost the objectivity level while 
improving accuracy and fairness within human 
resource performance management systems. Both 
Tanasescu et al. (2024) and Basnet (2024) proved 
that predictive algorithms reduce human bias from 
performance evaluations through their dependent 
analysis of multidimensional employee information 
through backpropagation networks and decision-

tree-based models. Rallapalli and Kumar (2024) 
demonstrate how CatBoost enhances prediction 
accuracy when applied to promotion assessment 
because it efficiently handles variable categories.
A common agreement exists about the technical 
elements needed to embed ML solutions within 
HR departments. The performance of ML systems 
depends on having cloud infrastructure together with 
integrated data pipelines and clean datasets, according 
to Kalusivalingam et al. (2020) and Garg et al. (2022). 
Chanda and Ghosh (2024) also agree that fragmented 
HR data systems create a major implementation 
challenge primarily affecting small- and mid-sized 
enterprises in particular.
Organisations share concerns about proper ethics 
in HR-related Artificial Intelligence deployment. 
According to Ramachandran et al. (2022) and 
Budhwar et al. (2022), biases in algorithmic systems 
may arise from employing training data that maintain 
historical biases and inequalities. Tanasescu et al. 
(2024) emphasise that Organisations need fairness-
aware algorithms as well as ethical audit protocols.
The transformation of performance management 
systems from traditional narrative approaches to ML-
based models represents both technical advancement 
and strategic human resource optimisation according 
to Sahlin and Angelis (2019) and Srivastava and 
Pandita (2024).
4.2. exceptional contributions to the Field
Some of the reviewed studies demonstrate 
groundbreaking methodological approaches as well 
as high-level strategic importance. Shettigar et al. 
(2025) developed a performance system by integrating 
deep learning with decision trees to build an ethical, 
transparent ML-based product for remote work 
applications. The method represents an outstanding 
solution because it works well in post-pandemic work 
arrangements and prioritises both ethical practices 
along explainable methods.
The major achievement of Tanasescu et al. (2024) 
came from their work that merged CRISP-DM with 
performance analytics to allow model refinements 
through collaborative processes. The methodology 
developed by the authors provided improved 
performance prediction alongside simplified modeling 
procedures that HR professionals can use effectively.
Basnet (2024) developed a top performance rating 
system that associates peer assessments and 
performance indicators alongside behavior analytic 
measurements through backpropagation. Through 
his framework, he proved that neural networks could 
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automatically change performance estimates with 
feedback collected in real time.
John and Aajam (2024) established an engagement 
framework that connects ML-generated predictions 
to HR strategic planning through resource-based 
analysis to enhance employee retention strategies. 
The combination of theoretical methods together 
with predictive models distinguishes their research 
approach from others in practicality and theoretical 
depth.
4.3. Novel Perspectives and Methods
Studies presented modern technological solutions 
with conceptual structures that advance traditional 
ML strategies used in Human Resources. Chanda 
and Ghosh (2024) designed a new system that unites 
blockchain technology with artificial intelligence for 
performance assessment monitoring with enhanced 
database security and tracking, which standard 
machine learning applications typically lack.
Chandana et al. (2024) used natural language 
processing together with behavioral pattern 
recognition to measure employee engagement 
through an analysis of unrestricted texts. The analysis 
of unorganised employee feedback, together with 
workplace communication, allowed this approach to 
deliver precise performance and moral status data in 
real time.
Predictive analytics came forward in 2024 when Hasan 
et al. developed a system to track disengagement and 
retention risks using enterprise-wide communication 
and absenteeism records. The authors make an 
innovative contribution through their deployment of 
productivity data to serve as warning signs for HR 
corrective actions.
The conceptual work by Kadirov et al. (2024) 
recommended developing an international AI 
ethics framework for HR management that includes 
compliance standards and professional and fairness 
requirements. Standardised ethical benchmarks 
proposed by these scholars introduce essential global 
principles to ethical standards which mainly focus on 
Western values.
Finally, Ramya et al. (2024) conducted an investigation 
into how cultural variations affect the adoption of AI 
within Organisational HR through qualitative research 
that discovered specific deployment obstacles that are 
frequently absent from performance tech research.
4.4 Differing or Contradictory Findings

While the literatures in this section are largely 

aligned on the benefits of ML in HR, there are 
significant differences amongst them. Ramachandran 
et al. (2022) and Budhwar et al. (2022) asserted that 
traditional societal inequality can be upheld if they are 
trained with biased datasets even if they are executed 
using well-designed ML models . They refuted the 
optimistic perspectives described in Basnet (2024) as 
well as Rallapalli and Kumar (2024) as the authors 
did not offer adequate solutions for mitigating biases 
in their accuracy-oriented approaches.
Srivastava and Pandita (2024) differed from Rai and 
Singh (2023) regarding human resource readiness. 
The authors differ in their analysis as Srivastava and 
Pandita identified sizeable cultural and skill-related 
obstacles in Organisations, while Rai and Singh 
confirmed that AI training initiatives successfully 
reduce the digital gap, especially among advanced 
HR departments. The rapid difference between these 
AI adoption levels exists within separate business 
sectors.
Conflicting views also exist around the balance 
between interpretability and performance. Shettigar et 
al. (2025) prioritises transparency and ethical clarity 
while Basnet (2024) and Rallapalli and Kumar (2024) 
pursued high-performing, black-box models that do 
not place significance on end-user explainability.

Finally, Chandana et al. (2024)s use of real-time 
behavioral data for employee profiling, while 
innovative, may conflict with privacy norms and 
transparency standards discussed by Kadirov et al. 
(2024) and Ramachandran et al. (2022). This highlights 
the already existing questions on personalisation and 
data privacy.

4.5 summary

This section critically reviewed and synthesised 
scholarly research on the integration of machine 
learning in HR performance management and has 
revealed a strong consensus on the potential of 
Machine Learning to enhance fairness, accuracy, 
and strategic alignment in HR decisions. However, it 
also highlighted standout models and implementation 
frameworks that demonstrate the fields growing 
sophistication. Notably, novel technologies such as 
NLP, blockchain, and hybrid AI systems are expanding 
traditional boundaries of performance management, 
offering real-time and context-sensitive solutions. At 
the same time, tensions persist, particularly around 
data privacy and algorithmic bias, reminding us that 
technical advancement must be accompanied by 
ethical responsibility and Organisational readiness.  
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The literature generally points to a pivotal shift 
in Human Resource Management, from manual 
and subjective practices to data-driven, intelligent, 
and increasingly ethical systems. However, the 
full benefits of ML can only be realised through 
careful planning, interdisciplinary collaboration, and 
continuous monitoring.

5. conclusion and Recommendations
This research examined the current status of machine 
learning (ML) algorithm applications to enhance 
performance management (PM) in human resource 
management (HRM). The study, based on a narrative 
literature review, demonstrates the extent to which 
ML has revolutionized traditional performance 
evaluation systems. Organisations can achieve 
objective data-driven results through decisions guided 
by Backpropagation and Catboost and CRISpen-DM 
models.
Multiple factors from the environment influence 
the acceptance of ML. The implementation method 
of ML in HR depends heavily on factors including 
technological infrastructure, ethical openness, 
Organisational preparation, and regulatory 
compliance. The implementation of ML technology 
proves effective for custom career development 
paths, prediction-based promotion strategies, and 
proactive worker retention, but still faces challenges 
with employee trust and fairness issues.
The findings of this review is of value to HR managers 
as they act as performance and culture monitors while 
maintaining productive equilibrium between efficient 
AI systems and human empathy to produce judgment 
enhancement. AI model developers can focus on 
developing software systems that enable independent 
verification and they need to maintain awareness 
about human behaviour and workplace relationships.
Multiple research and operational gaps exist despite 
rising interest in the field. Most Organisations have 
not developed standardised approaches to implement 
ethical AI deployment for human resources 
systems. Research lacks sufficient evidence based 
on real-world implementations of ML-based PM 
systems that demonstrate their long-term effects on 
Organisational performance. The global nature of AI 
execution in Human Resource Management receives 
limited research about cross-cultural applications 
and industry-specific evaluations. To address these 
gaps, future research should conduct real-world trials 
of Machine Learning based performance systems 
across diverse Organisational contexts, aim to build 
and test ethical audit frameworks to assess fairness 

and transparency, explore hybrid decision models 
that blend algorithmic outputs with human insight 
and investigate employee perceptions of AI-driven 
evaluations to enhance adoption and trust.
In conclusion, machine learning holds immense 
potential to revolutionise performance management, 
but its success hinges on thoughtful design, inclusive 
implementation, and continuous evaluation.
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