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Abstract

Employee engagement is a vital component that drives
the success of modern organizations. Engaged employees
contribute more to organizational objectives, demonstrate
higher productivity, and are generally more satisfied. This
research investigates the relationship between employee
engagement and organizational performance using a
machine learning approach, aiming to explore how predictive
models can improve engagement strategies and their
impacts on organizational performance. By analyzing actual
organizational data, this study applies machine learning
algorithms to identify the key factors influencing employee
engagement and their correlation with key performance
indicators (KPIs) such as productivity, profitability,
and customer satisfaction. The findings reveal a strong
positive correlation between employee engagement and
organizational performance, with machine learning models
proving to be an effective tool for HR analytics. The paper also
discusses potential models, their underlying equations, and
visualizes results through graphs. This research underscores
the importance of a data-driven approach to human resource
management.
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Introduction

Employee engagement has emerged as a critical factor in
determining organizational performance. Engaged employees
tend to show higher levels of commitment, loyalty, and
motivation. These attributes translate directly into higher
productivity, reduced turnover, and increased customer
satisfaction. Despite the growing importance of employee
engagement, many organizations still rely on traditional
methods, such as surveys and manual reviews, to assess and
manage engagement levels. While these methods can provide
some insights, they fail to capture the complexity of human
behaviour and its dynamic nature.

With advancements in data science and machine learning
(ML), a more sophisticated, data-driven approach can be
taken. Machine learning allows organizations to analyze
vast amounts of data and predict future engagement trends.
It provides actionable insights that can be used to formulate
better strategies to enhance engagement. This paper explores
the application of machine learning techniques in predicting
employee engagement levels and their corresponding effects
on organizational performance.

In this research, machine learning models such as Support
Vector Machines (SVM), Random Forest (RF), and Neural
Networks (NN) are employed to predict engagement levels
and analyze their correlation with key performance metrics.
By studying a multinational technology company, this paper
uses real-world data to illustrate the power of machine
learning in HR analytics.

2. Literature Review
2.1 Employee Engagement Theories

Employee engagement has been a subject of interest for
decades. Various theories attempt to explain what drives
engagement and how it influences performance.

* Maslow’s Hierarchy of Needs (1943): According to
Maslow, employees are motivated by a hierarchy of needs,
ranging from basic physiological requirements to self-
actualization. The theory suggests that engaged employees
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are those whose higher-order needs, such as esteem and
self-actualization, are met through their work.

* Herzberg’'s Two-Factor Theory (1968): Herzberg
distinguishes between hygiene factors (salary, job security,
etc.) and motivators (recognition, achievement, etc.). While
hygiene factors prevent dissatisfaction, it is the motivators
that truly drive engagement.

* Kahn’s Theory of Personal Engagement (1990):
Kahn’s model is widely cited in engagement studies.
He proposed that employees exhibit varying degrees of
engagement based on three psychological conditions—
meaningfulness, safety, and availability.

* Job Demands-Resources (JD-R) Model (2001): This
model posits that job resources (e.g., career opportunities,
autonomy) lead to engagement, especially when job
demands (e.g., workload, emotional pressure) are
balanced.

While these theories offer valuable insights, they do not
consider the complexities of today’s data-rich environment.
Machine learning provides a modern solution, enabling
organizations to analyze engagement in real-time and at scale.

2.2 Machine Learning in Human Resources

Machine learning is transforming human resource
management, particularly in areas like talent acquisition,
performance management, and employee retention (Boussaid
et al., 2020). By applying algorithms that learn from historical
data, organizations can automate decision-making processes
and make more informed predictions.

* Predictive Modeling: Machine learning can predict
which employees are likely to disengage or leave, enabling
HR departments to take proactive measures.

* Natural Language Processing (NLP): NLP can be
used to analyze employee feedback, identify patterns in
text data, and gauge employee sentiment from surveys or
communications.
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* Clustering: Techniques like k-means clustering
can group employees based on engagement levels,
demographics, or performance metrics, enabling more
targeted engagement strategies.

23 The Link Between Employee Engagement and
Organizational Performance

The link between employee engagement and organizational
performance has been confirmed by various studies. Research
shows that engaged employees are more productive, have
higher job satisfaction, and contribute positively to customer
satisfaction (Gallup, 2022). Engaged employees are also less
likely to leave their organizations, reducing turnover costs
and improving organizational stability.

Engagement affects several key performance indicators
(KPIs), including:

* Productivity: Engaged employees contribute more
and are more efficient.

* Profitability: Higher productivity and lower turnover
contribute directly to profitability.

* Customer Satisfaction: Engaged employees provide
better service, which enhances customer satisfaction.

Machine learning provides a more granular and accurate
method for analyzing these relationships. Through predictive
analytics, organizations can model how different levels of
engagement influence specific performance outcomes.

3. Methodology

This study adopts a quantitative approach, leveraging
machine learning models to analyze the relationship between
employee engagement and organizational performance.
The research utilizes data from a multinational technology
company over a five-year period. The data includes employee
engagement scores, performance metrics, and behavioural
data.
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3.1 Data Collection
The data for this research was collected through:

* Employee Engagement Surveys: Quarterly surveys
asked employees to rate their engagement on a scale of 1 to
5. Questions focused on job satisfaction, work-life balance,
and career development opportunities.

* Performance Metrics: The dataset includes
productivity (measured in revenue per employee),
profitability, and customer satisfaction scores.

¢ Behavioural Data: This included work hours,
absenteeism rates, and participation in company activities.

A total of 5,000 employees were included in the dataset, and
the data spanned across five years, providing 20,000 data
points.

3.2 Machine Learning Models

Three different machine learning models were used for this
analysis:

* Support Vector Machine (SVM): SVM was used to
classify employees as either “engaged” or “disengaged”
based on their responses to engagement surveys and
behavioural data.

* Random Forest (RF): RF was used to identify which
factors (e.g., job satisfaction, career growth) were most
important in predicting employee engagement.

* Neural Networks (NN): NN was used to predict how
changes in engagement levels affect organizational KPIs
such as productivity and profitability.

3.3 Data Preprocessing
The dataset required extensive preprocessing:

* Missing Values: Missing data points were either
imputed or removed, depending on the severity and
impact on the overall analysis.

* Encoding: Categorical data such as job titles and
departments were encoded using one-hot encoding.

11
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e Normalization: Numerical features such as work
hours and revenue were normalized to ensure that the
scale of the data did not affect the model’s performance.

The data was split into training (70%) and testing (30%) sets to
evaluate the performance of the models.

3.4 Evaluation Metrics

To evaluate the machine learning models, the following
metrics were used:

* Accuracy: The percentage of correct predictions made
by the model.

* Precision and Recall: To measure the performance of
classification models, particularly in identifying engaged
versus disengaged employees.

* Root Mean Square Error (RMSE): To assess the
predictive accuracy of the neural network in forecasting
organizational performance based on engagement levels.

4. Analysis and Results

41 Support Vector Machine (SVM) for Engagement
Classification

The SVM model was trained to classify employees into two
categories: engaged (1) and disengaged (0). The model was
able to achieve an accuracy of 85%, indicating that it was
effective in identifying employees who were engaged or
disengaged based on the available data.

The confusion matrix for the SVM model is shown in Table 1.

Predicted Engaged Predicted

Disengaged
Actual Engaged 850 150 ©
Actual Disengaged 120 880

Equation (1): The decision boundary for SVM is given by:

flx) = sign(wTx + b)

12
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Where:
* w represents the weight vector,
* x is the input feature vector (engagement data),
* b is the bias term.

This equation highlights how the model separates engaged
employees from disengaged ones by calculating the sign of
the decision boundary.

4.2 Random Forest for Feature Importance

Random Forest was employed to identify the most important
factors contributing to employee engagement. The model
ranked job satisfaction, work-life balance, and career growth
as the top three factors. The feature importance scores are as
follows:

* Job Satisfaction: 40%

* Work-Life Balance: 25%

* Career Growth Opportunities: 20%

* Participation in Company Activities: 10%
* Years of Experience: 5%

The results suggest that job satisfaction and work-life
balance are the most significant factors affecting employee
engagement. Figure 1 illustrates the feature importance
derived from the Random Forest model.

Figure 1: Feature Impartance Derived from Random Forest Model
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Figure 1 showing the key factors that influence employee
engagement according to the Random Forest model. The
highestimportanceis attributed to “Job Satisfaction,” followed
by “Work-Life Balance” and “Career Growth Opportunities.

The model achieved an accuracy of 87%, which suggests
that it effectively identified the key drivers of engagement.
Random Forest’s ability to handle high-dimensional data
and non-linear relationships made it a suitable model for this
analysis.

43 Neural Network for Predicting Organizational
Performance

A neural network model was employed to predict how
engagement levels affect organizational KPIs such as
productivity, profitability, and customer satisfaction. The
model architecture included three hidden layers with 100,
50, and 20 neurons, respectively, using a ReLU activation
function.

The loss function was minimized using backpropagation, and
the model achieved an RMSE of 0.05 on the testing dataset,
indicating high predictive accuracy.

The neural network had a low RMSE score of 0.15, indicating

a strong predictive performance. The equation used in the

neural network is represented by the activation function:
y=f(Wx +b)

where W represents the weight matrix, xx is the input, b is the
bias, and f is the activation function, typically a sigmoid or
ReLU.

Further, the neural network predicted that a 10% increase in
employee engagement could lead to:

* A 5% increase in productivity (revenue per employee),
* A 4% increase in profitability,
* A 7% increase in customer satisfaction.

The relationship between employee engagement and
organizational performance can be described by the following
regression equation:
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Y =Fg+ 5. X+ 5K+t 5 X,
Where:

*Y is the predicted performance metric (e.g.,
productivity),

* X,X,...X arethe engagement factors,
* f, is the intercept, and

* BB, ..., are the coefficients representing the impact
of each engagement factor.

Theresultsconfirmthatemployeeengagementhasasubstantial
impact on all three performance metrics, demonstrating the
value of using machine learning to optimize HR strategies.

4.4 Correlation Analysis

A correlation analysis was performed to examine the
relationship between engagement and key performance
indicators. The Pearson correlation coefficient was used to
measure the strength of these relationships.

The results showed a strong positive correlation between
employee engagement and:

* Productivity: r=0.82
* Profitability: r=0.75
¢ Customer Satisfaction: r=0.88

These findings suggest that organizations with high employee
engagement tend to experience better performance across
multiple metrics.

This results of demonstrate the effectiveness of machine
learning models in predicting employee engagement
and its impact on organizational performance. The SVM
model provided a reliable classification of engaged versus
disengaged employees. The Random Forest model identified
the most important factors contributing to engagement,
which can help HR departments target their interventions
more effectively.
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Furthermore, theneural network model showed thatemployee
engagement scores are a strong predictor of organizational
outcomes like productivity and profitability. This suggests
that organizations should prioritize engagement initiatives as
part of their broader business strategy.

The equations and models used in this study also highlight
the non-linear and complex nature of employee engagement.
Traditional methods, such as manual analysis of surveys,
may not capture these complexities, but machine learning can
identify hidden patterns and relationships.

The insights generated from this study can be used by HR
departments to design more targeted engagement initiatives.
For example, improving job satisfaction and work-life
balance, which were identified as the most important factors,
could lead to significant gains in organizational performance.

Conclusion

Employee engagement is a key driver of organizational
performance. This study shows how machine learning models
can be used to analyze and predict the impact of engagement
on key business outcomes. By using models such as SVM,
Random Forest, and Neural Networks, organizations can
better understand the factors that drive engagement and
optimize their strategies accordingly.

Future research should explore the use of more advanced
deep learning techniques to predict engagement over time.
Additionally, more granular data, such as employee sentiment
from emails and internal communication, could provide
deeper insights into the factors influencing engagement.
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