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Abstract— Machine Learning Framework for
Employee Retention Intelligence presents a data-
driven approach for identifying the factors that
influence employee retention and predicting
whether employees are likely to remain with an
organization. The proposed framework utilizes a
real-world human resource dataset containing
employee demographic, professional, and
workplace-related attributes to discover patterns
associated with retention. Initially, the dataset
undergoes  preprocessing, including data
cleaning, handling missing values, feature
encoding, and normalization, to improve data
quality and model performance. Several machine
learning classification algorithms are trained and
evaluated to determine the most effective model
for employee retention prediction. Correlation
analysis is also performed to identify the key
factors that have the greatest impact on employee
retention. The prediction models are assessed
using standard evaluation metrics such as
accuracy, precision, recall, and Fl-score to
ensure reliable performance. The developed
framework assists organizations in identifying
employees who may be at risk of leaving and
supports human resource departments in making
informed decisions regarding workforce
planning, training investments, and employee
engagement strategies. Overall, the proposed
system provides an intelligent and practical
solution for improving employee retention,
reducing turnover, and supporting sustainable
organizational growth.
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I. INTRODUCTION

Organizations are increasingly adopting artificial
intelligence and machine learning technologies to
improve decision-making and enhance business
performance across different operational areas.
Human resource management has particularly
benefited from these technologies because they
enable organizations to analyse employee data and
identify trends that support workforce planning [1].
Employees play a vital role in achieving
organizational success, and retaining skilled
professionals is essential for maintaining
productivity, reducing recruitment costs, and
improving overall business efficiency. Effective
communication, employee satisfaction, and
workplace support have a direct influence on
employee retention and long-term organizational
performance [4]. As competition for talented
professionals continues to increase, organizations
require intelligent systems that can identify the
factors affecting employee retention and support
informed human resource decisions. Machine
learning provides a practical solution by
transforming historical employee information into
meaningful insights that assist managers in
developing effective retention strategies [13].

Employee retention has become one of the major
challenges faced by organizations because replacing
experienced employees requires considerable time,
effort, and financial investment. When employees
leave an organization, companies must spend
additional resources on recruitment, onboarding,
training, and skill development for new hires.
Employee job satisfaction, career growth
opportunities, and workplace communication
strongly influence the decision to remain with an
organization [2]. Previous studies have shown that
organizations with better communication practices
and supportive work environments generally
experience higher employee commitment and lower
turnover rates [10]. Therefore, understanding the
reasons behind employee retention is essential for
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developing policies that improve employee
engagement and reduce unnecessary workforce loss.
Modern organizations increasingly rely on
analytical techniques to support these decisions and
strengthen their human resource management
processes [7].

Traditional employee retention analysis mainly
depends on surveys, interviews, and statistical
reports to understand workforce behaviour.
Although these methods provide valuable
information, they often fail to identify hidden
relationships within large employee datasets.
Machine learning offers a more advanced approach
by analysing historical workforce records and
automatically discovering patterns related to
employee retention. Classification algorithms can
evaluate employee attributes and predict whether an
employee is likely to remain with the organization
or leave in the future. Data analysis techniques also
help organizations identify the most influential
retention factors and improve workforce planning
[12]. Researchers have emphasized that combining
organizational communication with data-driven
decision-making significantly improves
management effectiveness and organizational
performance [9]. These intelligent approaches
provide HR departments with better insights for
proactive employee management [5].

Building an effective employee retention prediction
model requires careful preparation of the available
human resource dataset before applying machine
learning algorithms. The collected employee records
are first cleaned to remove inconsistencies and
missing information that could reduce prediction
accuracy. Categorical variables are converted into
numerical values, while feature scaling and
normalization improve learning performance. The
processed dataset is then divided into training and
testing sets to evaluate the prediction capability of
different classification models. Proper dataset
preparation helps improve model stability and
ensures reliable performance across unseen
employee records. Effective workforce analysis also
depends on selecting meaningful employee
attributes and maintaining data quality throughout
the learning process [6]. These preprocessing steps
provide a strong foundation for accurate employee
retention prediction [1].

The proposed Machine Learning Framework for
Employee Retention Intelligence applies machine
learning  techniques to analyse employee
information and predict workforce retention more
accurately. Multiple classification algorithms are
trained and evaluated using standard performance
measures to identify the most suitable prediction
model for the available HR dataset. Correlation
analysis is also performed to determine the
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employee attributes that have the greatest impact on
retention behaviour. The developed framework
assists organizations in identifying employees who
may require additional support or engagement
initiatives before turnover occurs. Such predictive
insights enable human resource managers to
improve workforce planning, optimize training
investments, and develop effective retention
strategies [11]. Overall, the proposed system
provides an intelligent decision-support framework
that contributes to improved organizational
performance and sustainable workforce
management [3].

II. RELATED WORK

Barbara and Pfleeger, (2002) [1] explained the
importance of designing effective surveys for
collecting accurate and reliable organizational data.
Their study emphasized that well-structured
questionnaires help organizations understand
employee opinions and workplace issues more
effectively. The authors highlighted that proper
survey  planning, wunbiased questions, and
appropriate sampling methods improve the quality
of collected information. They concluded that
reliable survey data supports better organizational
decision-making and provides a strong foundation
for analysing employee behaviour. This work is
useful for employee retention studies because
quality data collection directly improves the
performance of predictive machine learning models.

Cohen, (2001) [2] examined the relationship
between employee job  satisfaction and
organizational success. The study identified
important factors such as career growth, workplace
environment, salary, and employee recognition that
influence retention. The author explained that
dissatisfied employees are more likely to leave an
organization, increasing recruitment and training
costs. The findings suggest that organizations should
regularly evaluate employee satisfaction to improve
workforce stability. This research provides valuable
insights for identifying the factors that contribute to
employee retention and supports the use of
predictive analytics in human resource management.

Downs and Hazen, (1977) [4] studied
communication satisfaction within organizations
and its effect on employee performance. The authors
found that open communication between employees
and management improves workplace relationships,
motivation, and job satisfaction. Their research
showed  that  organizations  with  better
communication practices generally experience
stronger employee commitment and lower turnover.
The study highlighted communication as an
important factor that should be considered while
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analysing employee retention. Their work provides
useful guidance for developing intelligent HR
systems that include communication-related
features in retention analysis.

Dutoit and Bruegge, (1998) [5] focused on
measuring communication effectiveness in software
development teams. The study explained that better
communication improves collaboration,
productivity, and project success. The authors
proposed communication metrics that help
organizations evaluate teamwork and identify areas
needing improvement. Although their work focused
on software engineering, the findings are also
relevant to employee retention because effective
communication increases job satisfaction and
organizational commitment. This research supports
the inclusion of workplace communication as an
important factor in employee retention prediction
models.

Varona, (2002) [13] investigated the connection
between  communication  satisfaction  and
organizational commitment. The study found that
employees who experience supportive
communication and positive workplace
relationships are more likely to remain with an
organization. The author emphasized that effective

communication  improves  employee  trust,
motivation, and long-term engagement. The
findings also showed that strengthening

communication practices can reduce employee
turnover and improve organizational performance.
This work highlights the importance of
communication-related  factors in employee
retention analysis and supports the development of
machine  learning models for  workforce
management.

III. DATASET DETAILS

The dataset used in this project is a real-world HR
analytics dataset containing information about
19,159 employees with 14 employee-related
attributes. It includes wvarious demographic,
professional, and workplace features such as
employee satisfaction, performance evaluation,
number of projects, monthly working hours, years of
service, promotion history, salary level, department,
and employment status. The target variable indicates
whether an employee remains with the organization
or leaves, making the dataset suitable for employee
retention prediction. The records are organized in a
structured tabular format, allowing machine learning
algorithms to analyse relationships between
employee characteristics and retention behaviour.
Before model development, the dataset is carefully
examined to identify missing values, duplicate
records, and inconsistencies that could affect
prediction accuracy. This comprehensive dataset
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provides the necessary information  for
understanding workforce behaviour and identifying
the key factors that influence employee retention.
To prepare the dataset for machine learning, several
preprocessing techniques are applied to improve
data quality and prediction performance. Missing or
inconsistent values are handled appropriately, while
categorical attributes such as salary level and
department are converted into numerical values
using encoding methods. Numerical features are
normalized where necessary to maintain consistency
among different variables. Correlation analysis is
also performed to identify the employee attributes
that have the strongest impact on retention. The
processed dataset is then randomly divided into 70%
training data and 30% testing data, ensuring that the
prediction models are evaluated using unseen
employee records. Proper preprocessing helps
reduce bias, improves model learning, and enables
accurate employee retention prediction using
machine learning techniques.

IV. PROPOSED METHODOLOGY

The proposed Machine Learning Framework for
Employee Retention Intelligence follows a
structured process to predict employee retention
using machine learning techniques. Initially, the HR
analytics dataset containing employee demographic,
professional, and workplace-related information is
collected and analysed. During preprocessing,
missing or inconsistent values are handled,
categorical attributes are converted into numerical
form using encoding techniques, and numerical
features are normalized to improve data consistency.
Correlation analysis and graphical visualization are
also performed to understand the relationship
between employee attributes and retention
behaviour. The processed dataset is then randomly
divided into training and testing sets, enabling the
prediction models to learn from historical employee
records and evaluate their performance on
previously unseen data. These preprocessing steps
improve data quality and provide a strong
foundation for accurate employee retention
prediction.

Once the dataset is prepared, machine learning
algorithms including Logistic Regression, Random
Forest, XGBoost, and the proposed Artificial Neural
Network (ANN) are trained and tested using the
training and testing datasets. The performance of
each model is evaluated using standard metrics such
as accuracy, precision, recall, Fl-score, and
confusion matrix. A comparison graph is generated
to compare the effectiveness of all classification
models. Based on the evaluation results, the ANN
model provides the best overall prediction
performance and is selected as the final model.

754



https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991

%T’ International Journal of Engineering Research and Science & Technology

Finally, the trained ANN model is used to predict
whether employees are likely to stay with the
organization or leave, helping HR departments make
informed workforce planning and retention
decisions.
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Figure [1]: Employee Retention Intelligence
System
Figure [1] illustrates the workflow of the proposed
employee retention prediction system. The HR
dataset is preprocessed through data cleaning,
encoding, normalization, and feature analysis before
being divided into training and testing sets. Machine
learning models are trained and evaluated using
accuracy, precision, recall, and Fl-score. Finally,
the best-performing model predicts whether an
employee is likely to stay or leave the organization.

V. RESULT AND DISCUSSION

The experimental results demonstrate that the
proposed Machine Learning Framework for
Employee Retention Intelligence effectively
predicts employee retention by analysing historical
HR data. Initially, the dataset is preprocessed
through data cleaning, handling missing values,
feature encoding, normalization, and correlation
analysis to improve data quality. The processed data
is then divided into training and testing sets, and
multiple machine learning algorithms, including
Logistic Regression, Random Forest, XGBoost, and
Artificial Neural Network (ANN), are trained and
evaluated. Their performance is measured using
standard evaluation metrics such as accuracy,
precision, recall, Fl-score, and confusion matrix.
The comparison results indicate that the ANN model
provides the highest prediction performance among
the evaluated algorithms. The confusion matrix also
shows that most employee records are classified
correctly, while only a few predictions are incorrect.
Performance graphs further support the comparison
by clearly illustrating the strengths of each model.
These findings confirm that the proposed framework
can accurately identify employee retention patterns
and provide valuable insights that support effective
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human resource management and workforce
planning.

Figure [2]: XGBoost Model Performance

Figure [2] shows the performance of the XGBoost
model after training on the employee retention
dataset. It displays evaluation metrics such as
accuracy, precision, recall, and F1-score along with
the confusion matrix. The confusion matrix
compares the actual and predicted employee
retention classes, helping evaluate the classification
performance of the model.

Figure [3]: Proposed ANN Model Performance

Figure [3] shows the performance of the proposed
Artificial Neural Network (ANN) model after
training on the employee retention dataset. It
presents evaluation metrics such as accuracy,
precision, recall, and Fl-score along with the
confusion matrix. The confusion matrix compares
the actual and predicted employee retention classes,
demonstrating the effectiveness of the ANN model
in employee retention prediction.
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Figure [4]: Employee Retention Prediction
Results

Figure [4] shows the employee retention prediction
results generated by the trained ANN model. Based
on the input employee details, the system predicts
whether each employee is likely to stay or leave the
organization. These predictions help HR managers
identify retention risks and support informed
workforce planning and decision-making.

DISCUSSION

The findings of this study show that machine
learning techniques can successfully analyse
employee information and predict retention with a
high level of reliability. Proper preprocessing of HR
data plays an important role in improving model
performance by ensuring that the input data is clean,
consistent, and suitable for training. The comparison
of multiple classification algorithms demonstrates
that advanced models such as Artificial Neural
Networks are better at learning complex
relationships among employee attributes than
traditional approaches. Feature analysis also helps
identify the workplace factors that have the greatest
influence on employee retention, enabling
organizations to make more informed decisions. The
evaluation metrics and confusion matrix indicate
that the developed framework provides consistent
prediction results with only a small number of
classification errors. These predictions allow human
resource managers to identify employees who may
require additional support, career development
opportunities, or engagement initiatives before they
decide to leave. Overall, the proposed system offers
an intelligent, practical, and data-driven solution that
helps organizations improve employee retention,
optimize workforce planning, reduce turnover costs,
and support long-term organizational growth.

VI. CONCLUSION

Vol. 22, No.3, 2026

The proposed Machine Learning Framework for
Employee Retention Intelligence demonstrates that
machine learning can effectively support
organizations in predicting employee retention and
improving human resource decision-making. The
framework analyses important employee attributes
such as job role, job satisfaction, work environment,
performance, and other workplace-related factors to
identify employees who are likely to remain with or
leave the organization. Before model development,
the HR dataset undergoes preprocessing to improve
data quality and ensure reliable learning. Several
machine learning algorithms, including Logistic
Regression, Random Forest, XGBoost, and
Artificial Neural Network (ANN), are trained and
evaluated using standard performance measures.
Among these models, the ANN provides the best
overall prediction performance, showing its ability
to learn complex relationships within employee
data. The developed framework also simplifies
employee retention analysis by automating data
preprocessing, model training, and prediction,
reducing manual effort while improving consistency
and accuracy. The generated predictions can assist
HR professionals in workforce planning, employee
engagement, and retention strategy development. In
the future, the system can be enhanced by
incorporating larger and more diverse HR datasets,
handling class imbalance more effectively,
supporting real-time employee retention prediction,
and improving model interpretability. These
enhancements will further increase the practical
value of the framework for modern human resource
management and organizational growth.
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