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Abstract

This study examines the application of machine learning models to predict
academic performance in college students, with a focus on the impact of study
hours and sleep hours as key factors influencing academic success. Tradtional
method uses annual test base methods. This research aims to provide a more
comprehensive approach by incorporating study habits and sleep patterns into the
evaluation. Different machine learning algorithms, including Logistic Regression,
Random Forest, Support Vector Machine (SVM), and Decision Tree, used to
predict students' academic outcomes based on these factors. The findings
demonstrate that study and sleep hours significantly affect academic performance,
with different models offering varying levels of accuracy in predictions. The study
highlights the importance of factors in academic prediction and suggests that
machine learning can be a valuable tool for identifying atrisk students early. By

Copyright @Author providing insights into the factors influencing academic success, the research also

Corresponding Author: * offers practical implications for educators and administrators, enabling them to

Ghulam Murtaza design more targeted interventions and support strategies. The results of this study
contribute to the developing field of educational data science, offering a data-
driven approach to improving student success and fostering a proactive learning
environment.

INTRODUCTION

1.1 Background ability to analyze large and complex datasets,

In recent years, predicting academic outcomes in offers a promising approach for predicting

college students has become a significant area of
research in education. Traditional assessment
methods, such as grades and attendance, offer
limited insights into the multifaceted factors that
influence student performance. As more data on
student behaviors, such as study habits, sleep
patterns, and extracurricular activities, becomes
available, there is an increasing opportunity to
explore how these factors can contribute to
academic success. Machine learning, with its

student performance by uncovering hidden
patterns and relationships that are often difficult
to identify using traditional methods.

Study habits and time management are widely
recognized as key determinants of academic
success. Students who allocate more time to their
studies and develop effective study strategies tend
to perform better in their courses. However, the
mere quantity of study hours does not necessarily
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guarantee success. The quality of study time, the
strategies employed, and the ability to manage
competing demands also play significant roles.
Additionally, sleep patterns have been shown to
have a substantial impact on performance.
Adequate sleep is essential for processes such as
memory consolidation, focus, and problem-
solving abilities, all of which are critical for
academic achievement. Inadequate sleep, on the
other hand, can hinder a student’s ability to
concentrate and retain information, leading to
lower academic performance.

Machine learning offers a powerful tool for
predicting academic outcomes by analyzing
various factors simultaneously, including study
and sleep hours. By examining how these factors
interact and contribute to student success,
machine learning models can provide valuable
insights into which elements have the most
significant impact. This predictive capability can
help educators and administrators identify at-risk
students early, allowing them to implement
targeted interventions to improve academic
outcomes. This study aims to explore how study
and sleep hours influence academic performance,
using machine learning to create more accurate
predictions and ultimately enhance student
success.

1.2 Problem Statement

Predicting academic outcomes in college students
is inherently complex due to the multiple factors
influencing student success. While traditional
measures like grades and attendance offer some
insight, they fail to consider important factors
such as study habits and sleep patterns. This
research aims to fill this gap by using machine
learning to predict academic performance,
specifically analyzing how study hours and sleep
hours contribute to student success. By
understanding the relationship between these
factors and academic outcomes, the study hopes
to identify key predictors, enabling more targeted
interventions to improve student performance
and overall academic achievement.

1.3 Objectives of the Study

The primary objective of this study is to develop a
machine learning model to predict academic
outcomes in college students, focusing on the
impact of study and sleep hours. Specifically, the
study aims to:

Identify and analyze the influence of study hours
on academic performance.

Investigate the relationship between sleep hours
and academic success.

Develop a machine learning model that
incorporates both study and sleep hours to
predict academic outcomes.

Evaluate the accuracy and effectiveness of the
model in predicting student performance.

Provide insights for educators and administrators
to design targeted interventions to improve
student success.

1.4 Research Questions
This study aims to answer the following research

questions:

1. How do study hours influence the academic

performance of college students?
This question aims to explore the correlation
between the amount of time students
dedicate to studying and their overall
academic performance. It will examine
whether longer or more structured study
hours lead to improved outcomes.

2. What is the relationship between sleep

hours and academic success in college
students?
This question seeks to determine how sleep
patterns, particularly the number of hours of
sleep students get, impact their abilities and
academic performance.

3. How can machine learning models predict
academic outcomes based on study and
sleep hours?

This question focuses on the ability of
machine learning models to process data
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related to study and sleep hours and
accurately predict academic success. It will
explore the predictive power of these models.

4. Which of the two factors, study hours or

sleep hours, has a stronger impact on
academic performance?
This question aims to assess whether study
hours or sleep hours play a more significant
role in determining a student's academic
performance. It will analyze which factor has
a stronger influence.

5. Can early identification of students at risk

of poor academic outcomes be achieved
using the proposed machine learning
model?
This question examines whether the machine
learning model can identify students who are
at risk of underperforming, allowing for
timely interventions to improve their
academic success.

2.5 Motivation and Scope of the Study

The motivation for this study arises from the
need to improve the prediction of academic
outcomes in college students, as traditional
metrics like grades and attendance often fail to
capture the broader factors influencing academic
success. While these measures offer useful
insights, they overlook critical aspects, such as
study habits and sleep patterns. These factors
significantly impact a student's ability to retain
information, focus during lectures, and perform
well in exams, vyet they remain largely
unaccounted for in many academic performance
models (Alghwiri et al., 2021). This study aims to
address that gap.

Machine learning offers a promising approach to
better understand and predict academic
performance. By analyzing the relationship
between study hours, sleep hours, and academic
outcomes, machine learning can reveal complex
patterns that traditional methods miss. This
research aims to build a predictive model that
incorporates these factors, offering more accurate
and actionable insights into student success. The
ability to identify atrisk students based on study

and sleep patterns can enable timely
interventions and  personalized  support,
ultimately improving academic achievement.

The scope of this study is specifically focused on
the role of study and sleep hours in predicting
academic success. While other factors like socio-
economic background and previous academic
performance may influence outcomes, this study
narrows its focus to study habits and sleep
patterns. By leveraging machine learning, the
study seeks to create a model that predicts
student performance based on these two key
factors, providing valuable insights for
educational institutions to improve student
outcomes through targeted interventions.

1.6 Structure of the Paper

This paper is organized into several sections that
provide a comprehensive examination of the
research topic. The Introduction introduces the
background, outlines the problem statement, and
defines the objectives of the study. The Literature
Review presents an in-depth discussion of existing
research on predicting academic performance,
focusing on the roles of study and sleep hours,
and the application of machine learning models
in educational settings. In the Research
Methodology, the paper details the data
collection process, the machine learning models
employed, and the evaluation metrics used to
assess model performance. The Results and
Discussion section presents the findings from the
analysis, compares the performance of the
machine learning models, and discusses the
implications of the results. Finally, the
Conclusion summarizes the key findings of the
study, acknowledges its limitations, and suggests
potential directions for future research, along
with practical recommendations for improving
academic performance prediction.

2. Literature Review

2.1 Overview of Academic Performance
Prediction

Predicting academic performance has become a
crucial area of research, as educational
institutions increasingly aim to enhance student
success. Traditional methods of academic
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assessment, such as grades, standardized test
scores, and class attendance, provide valuable
insights but often fail to account for the
multifaceted nature of academic achievement.
Academic performance is influenced not only by
elements, such as study habits, sleep patterns,
time management, and socio-economic
background (Rajendran et al., 2022). As these
factors become more recognized, there is a
growing need for more comprehensive models
that can predict student success by considering a
wider range of influencing variables.

Machine learning has become a powerful tool in
predicting academic performance due to its
ability to process large datasets and uncover
complex, non-linear relationships among various
factors. Unlike traditional statistical methods,
machine learning models can analyze and learn
from vast amounts of student data, identifying
patterns that may not be obvious at first glance.
For example, study hours and sleep patterns
directly  affect functions like
concentration, and problem-solving abilities, all
of which play a significant role in academic
success. By integrating data on study habits, sleep,
and other relevant factors, machine learning
models can make more accurate predictions
about student performance than conventional
models.

memory,

In addition to improving prediction accuracy,
machine learning offers the potential for early
identification of students at risk of poor academic
performance. By detecting patterns that suggest a
student may be struggling—such as inadequate
study time or sleep deprivation—educators and
administrators can implement timely
interventions. These interventions could include
tutoring, counseling, or changes to study plans.
Ultimately, machine learning models allow for a
more proactive approach to supporting student
success, shifting the focus from reactive measures
to early, personalized interventions that can lead
to improved academic outcomes, better retention
rates, and greater overall student satisfaction.

2.2 Key Factors Affecting Academic
Performance

Academic performance is influenced by a
combination of behavioral, and external factors.
Understanding these factors is essential to
improving student outcomes and predicting
academic success more accurately. The key factors
affecting academic performance include:

Study Hours: One of the most significant
predictors of academic success is the amount of
time students dedicate to studying. Research
shows that students who allocate more hours to
studying generally perform better academically.
However, it is not just the quantity of study hours
that matters, but also the quality. Effective study
habits, such as active learning, proper time
management, and minimizing distractions, can
significantly improve the benefits of study time,
helping students retain information and perform
well on exams and assignments.

Sleep Quality and Quantity: Adequate sleep
plays a critical role in functions such as memory
consolidation, focus, and problem-solving
abilities, all of which are necessary for academic
success. Students who get sufficient sleep tend to
have better concentration, greater retention of
information, and more effective problem-solving
skills (Yao & Wang, 2023). In contrast, sleep
deprivation can impair performance, leading to
reduced focus and memory recall, and increasing
the likelihood of poor academic outcomes.
Research shows that students who maintain
regular sleep patterns generally perform better
academically.

Prior Academic Performance: A student’s
previous academic performance is often a strong
indicator of future success. Students with a
history of high academic achievement are likely to
continue excelling due to the development of
good study habits, higher motivation, and
increased confidence in their abilities. Students
with lower prior academic performance may
struggle more, but with targeted support and
interventions, they can improve.
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Socio-Economic Background: A student’s socio-
economic status plays a significant role in their
academic success. Students from higher socio-
economic backgrounds often have greater access
to educational resources, such as tutoring,
technology, extracurricular activities, and a
supportive home environment. These advantages
contribute to better academic performance.

Emotional and Mental Well-Being: Emotional
well-being and mental health are crucial to
academic success. Students facing high levels of
stress, anxiety, or depression may find it difficult
to concentrate, retain information, and stay
engaged with their studies. Mental health
challenges can  detract from  academic
performance, making emotional and
psychological support vital for student success.

2.3 Importance of Study Hours in Academic
Performance

Study hours play a fundamental role in academic
success, as the amount of time a student
dedicates to studying is directly related to their
understanding of course material and overall
performance. Consistent and focused study time
allows students to grasp key concepts, prepare for
exams, and complete assignments effectively.
Research has consistently shown that students
who spend more time studying are better
equipped to perform well academically, as they
have more opportunities to review and reinforce
what they have learned. In essence, the time
invested in study sessions increases the likelihood
of academic achievement.

However, the relationship between study
hours and academic performance is not
purely about quantity. It is equally important
how students spend their study time. Simply
increasing the number of study hours does
not guarantee improved academic results if
the study time is spent inefficiently. Effective
study habits, such as active learning
techniques, structured study schedules, and
focused sessions, can significantly enhance
the quality of study hours (Dabhade et al.,

2021). Students who incorporate techniques
like spaced repetition, self-testing, and active
problem-solving are likely to retain
information more effectively and perform
better academically compared to those who
study for longer periods without employing
these strategies.

Moreover, study hours are intertwined with other
factors such as sleep, attendance, and
participation. It is essential for students to
maintain a balanced approach, ensuring they
dedicate adequate time to study while also getting
sufficient rest to support function. Sleep
deprivation can hinder concentration and
memory, reducing the benefits of study hours.
Therefore, successful students not only prioritize
study time but also manage their overall well-
being, striking a balance between academic
demands and self-care. This holistic approach to
time management ultimately leads to better
academic performance and long-term success.

2.4 Impact of Sleep Hours on Academic
Performance

Sleep plays a crucial role in academic success,
significantly  influencing function, memory
retention, and overall performance in academic
tasks. Research has shown that adequate sleep is
essential for students to process and consolidate
information learned throughout the day
(Medikonda, 2023). During sleep, the brain
organizes and stores memories, which is vital for
recalling information during exams and
assignments. Students who consistently get
enough sleep are better able to concentrate, think
critically, and perform well in class. In contrast,
sleep deprivation can impair abilities, leading to
decreased attention, memory lapses, and slower
processing speeds, all of which can negatively
affect academic performance.

The impact of sleep on academic performance is
particularly evident when comparing students
who have irregular sleep patterns to those who
maintain a consistent sleep schedule. Irregular
sleep can disrupt the body’s natural circadian
rhythm, affecting alertness and overall function.
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Students who experience poor sleep quality or
insufficient sleep are more likely to struggle with
focus and comprehension during class, leading to
lower participation and engagement (Atlam et al.,
2022). Moreover, lack of sleep increases the
likelihood of academic procrastination, as
students feel fatigued and unable to efficiently
complete assignments and study effectively. As a
result, they are less prepared for exams and often
perform poorly.
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Figure 1: Impact of Sleep on Academic Performance

On the other hand, students who prioritize sleep
and maintain a healthy sleep routine tend to have
better academic outcomes. Studies indicate that
students who sleep 7 to 9 hours per night are
more likely to have better grades and higher
function than those who consistently sleep less. A
good night's sleep supports not only academic
performance but also emotional well-being,
allowing students to manage stress and maintain
a positive attitude toward learning. Therefore,
adequate sleep is an indispensable factor in
achieving academic success, highlighting its
critical role alongside study hours and other
academic habits.

2.5 Role of Machine Learning in Education

Machine learning (ML) has rapidly become a
powerful tool in education, revolutionizing how
institutions  assess and improve student

performance. Unlike traditional educational
methods that rely on grades, test scores, and
attendance, machine learning models can process
a wide range of data, including study habits, sleep
patterns, socio-economic factors, and more. By
analyzing these factors, machine learning
algorithms can uncover complex relationships
and patterns in student behavior, allowing for
more accurate predictions of academic success.
This capability can help educators make data-
driven decisions to identify students who may
need additional support or interventions.

One of the key benefits of machine learning in
education is its predictive power. ML algorithms
can be trained to analyze historical student data
and forecast future academic outcomes. This can
help in identifying students at risk of
underperforming or dropping out, enabling early
intervention strategies such as targeted tutoring,
mentoring, or counseling (Bitkina et al., 2022).
Furthermore, as new data is continuously fed into
the system, machine learning models can adapt
and improve over time, ensuring that predictions
are constantly refined. This dynamic approach to
student success not only helps prevent academic
failure but also helps create a more proactive
educational environment.

In addition to prediction, machine learning plays
a significant role in personalizing the learning
experience for students. Adaptive learning
systems powered by machine learning are capable
of tailoring lessons to suit each student’s learning
pace and style. These systems analyze a student’s
performance on assignments, quizzes, and tests to
identify areas of strength and weakness. Based on
this information, they adjust the difficulty level
and type of content provided, ensuring that
students receive the support they need to progress
at their own pace. This personalized approach
helps engage students more effectively, improving
overall learning outcomes.
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2.6 Machine Learning Models for Academic
Prediction:

Machine learning models have become widely
adopted  tools for predicting academic
performance, thanks to their ability to handle
complex datasets and identify patterns that are
often hidden in traditional analyses. These
models can incorporate various factors, such as
study habits, sleep patterns, attendance, and
socio-economic background, to provide more
accurate predictions of student outcomes. By
using machine learning for academic prediction,
institutions can gain a deeper understanding of
the variables that influence student success and
design more targeted interventions to support
struggling students.

One of the most commonly used algorithms in
academic performance prediction is Random
Forest. This ensemble learning method
constructs multiple decision trees and aggregates
their predictions to enhance accuracy. Random
Forest is highly effective at handling both
numerical and categorical data, making it ideal
for analyzing various factors that influence
academic success. It is particularly robust when
working with large datasets that contain complex,
non-inear relationships. Additionally, Random
Forest can assess the importance of different
features, helping to identify key predictors of
student performance. Another powerful model is
Support Vector Machine (SVM), a supervised
learning algorithm used for classification and
regression tasks. SVM excels in situations with
high-dimensional data, finding the optimal
hyperplane that separates classes. This model is
especially useful for identifying students at risk of
underperforming by classifying them into distinct
performance categories based on their study
habits and sleep patterns.

The Decision Tree algorithm also plays a key role
in academic prediction. It recursively splits data
based on feature values, creating a tree-like
structure that is simple to interpret. This
transparency makes Decision Trees valuable in
educational settings, where understanding the
reasoning behind predictions is crucial. However,
they are prone to overfitting, so techniques such
as pruning are used to improve generalization.

Logistic Regression is another widely used
model, especially in binary classification tasks,
such as predicting whether a student will pass or
fail based on study and sleep hours (Anbarasi et
al,, 2022). Despite its simplicity, Logistic
Regression is effective when the relationship
between input features and the output is linear.
Lastly, Naive Bayes, a probabilistic classifier
based on the assumption of feature
independence, is highly effective for large datasets
with categorical data. It estimates the likelihood
of different academic outcomes, making it a
useful tool for predicting student performance.

2.7 Previous Research on Study and Sleep
Hours in Academic Prediction

Numerous studies have explored the relationship
between study hours and academic performance,
consistently showing that the more time students
dedicate to studying, the better their academic
outcomes. However, it is not just the quantity of
study hours that matters, but also how effectively
that time is used. Students who employ effective
time-management strategies and engage in active
learning techniques during their study sessions
are more likely to achieve higher academic
success. The quality of study time plays a
significant role in determining its impact on
academic performance.

In addition to study time, sleep has been
identified as a critical factor in influencing
academic performance. Adequate sleep supports
functions such as memory consolidation,
attention, and problem-solving, which are
essential for academic achievement. On the other
hand, sleep deprivation can lead to difficulties
with concentration, memory retention, and
information recall, all of which impair academic
performance. Students who maintain regular
sleep patterns tend to perform significantly better
academically than those who experience sleep
deprivation.

Numerous machine learning studies have
incorporated both study hours and sleep patterns
to predict academic performance more accurately.
It has been demonstrated that machine learning
models incorporating both study and sleep data
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are more effective in predicting student success
than those relying solely on academic history or
grades. Additionally, including these behavioral
factors in predictive models improves their
accuracy in forecasting student grades, showing
that a holistic approach to academic prediction,
which includes study and sleep patterns, can lead
to better results.

3. Research Methodology

3.1 Research Design

This study adopts a quantitative research design
to investigate the use of machine learning models
for predicting the academic performance of
college students, with a particular focus on the
role of study hours and sleep hours. Quantitative
research is suitable for this study as it allows for
the application of statistical, computational, and
machine learning techniques to analyze
numerical data and derive insights. The primary
objective is to build predictive models that
accurately estimate academic performance based
on the identified key factors—study hours and
sleep hours—while exploring their impact on
student success.

The research follows a structured approach,
beginning with data collection, followed by data
preprocessing to clean and prepare the dataset.
Feature selection will be carried out to identify
the most significant predictors, and machine
learning algorithms, such as Random Forest,
Decision Tree, and Support Vector Machine, will
be applied for prediction. The final step involves
evaluating the models' performance using various
metrics, including accuracy, precision, recall, and
F1 score, to ensure reliable predictions of student
outcomes.

3.2 Data Collection

Data collection for this study focuses on
obtaining quantitative data regarding study
hours, sleep hours, and academic performance
from college students. The primary aim is to
gather relevant data to create predictive models
for academic success. Key variables to be collected
include the number of hours students dedicate to
studying each week, the average number of sleep
hours they get nightly, and their academic

performance, which is assessed using GPA or
final grades. In addition to these main variables,
the survey will inquire about other factors that
may influence academic outcomes, such as class
attendance, extracurricular involvement, and
participation in assignments.

A structured survey will be administered to
collect the data, asking students to self-report
their study and sleep habits.  Ethical
considerations are crucial during data collection.
Participation in the study is voluntary, and
confidentiality will be maintained to protect
students' personal information. Informed consent
is obtained from all participants, ensuring they
understand the purpose of the study and how
their data will be used. The collected data will
serve as the foundation for the machine learning
models used to predict academic performance.
These models will identify patterns and
correlations between study hours, sleep hours,
and academic outcomes, helping to reveal the
most influential factors impacting student
success.

3.3 Data Preprocessing

Data preprocessing is crucial for preparing raw
data for machine learning models. It ensures that
the data is clean, consistent, and in the right
format to extract meaningful insights. Since raw
data often contains errors, missing values,
outliers, or irrelevant information, preprocessing
steps are necessary to enhance the quality of the
dataset. Proper preprocessing helps improve the
accuracy and effectiveness of the predictive
models by transforming the data into a form
suitable for analysis. The following steps outline
the key processes involved in data preprocessing:

Handling Missing Values: Missing values in
numerical data are replaced with the mean or
median, depending on the variable's distribution.
For categorical variables, missing values are filled
with the most frequent value (mode).

Normalization of Continuous Variables:
Continuous variables such as study hours and
sleep hours are normalized using min-max scaling
or zscore normalization to ensure consistency
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and avoid disproportionate influence from
features with larger scales.

Outlier Detection and Removal: Outliers are
identified using statistical methods, such as Z-
scores, and removed if they significantly deviate
from the mean, as they may distort the results
and impact the predictive power of the model.

Categorical Data  Encoding:  Categorical
variables, such as extracurricular activity
participation and class attendance, are encoded
using one-hot encoding, transforming them into
numerical values suitable for machine learning
models.

Data Transformation: Skewed continuous
variables undergo transformations, such as log
transformations, to make them more normally
distributed, improving the model's ability to
capture relationships accurately.

Feature Selection: Irrelevant or highly redundant
features are removed through feature selection
methods, such as correlation matrices, to ensure
only the most impactful variables are used in the
predictive models.

3.4 Data Splitting

Data splitting is a crucial step in machine
learning, as it ensures that the model can be
properly trained, fine-tuned, and evaluated for its
generalization ability. In this study, the dataset is
divided into three main subsets: the training set,
validation set, and testing set. The training set
typically comprises 60-70% of the total data. This
subset is used to train the machine learning
models, allowing the algorithms to learn the
relationships between the input features, such as
study hours and sleep hours, and the dependent
variable, academic performance. The model
learns from this data and adjusts its parameters
accordingly to identify patterns and improve
predictive accuracy.

The remaining 30-40% of the data is split into
the validation and testing sets. The validation set,
representing 15-20% of the data, is used during
the training process to fine-tune the model’s

hyperparameters. It helps assess the model's
performance on unseen data and prevent
overfitting by providing regular feedback during
training. Once the model is trained and tuned,
the testing set, also making up 15-20% of the
total data, is used to evaluate the final model’s
performance. The testing set provides an
unbiased evaluation of the model’s predictive
capabilities, using metrics such as accuracy,
precision, recall, and F1 score. This three-way
data splitting ensures that the model is trained
effectively, fine-tuned for optimal performance,
and validated for realworld applicability,
reducing the risk of overfitting and ensuring
more reliable predictions.

3.5 Machine Learning Models Used (Random
Forest, Decision Tree, SVM)

Various machine learning algorithms are
employed in this study to predict academic
performance based on key factors, such as study
hours and sleep hours. Each algorithm offers
distinct advantages, depending on the complexity
of the data and the type of predictions needed.
The choice of models is critical to ensuring
reliable and accurate predictions. The following
machine learning algorithms are used to evaluate
their effectiveness in  predicting student
outcomes: Logistic Regression, Random Forest,
Decision Tree, Support Vector Machine (SVM),
and Naive Bayes. Each model is selected for its
ability to handle different aspects of the data,
from simplicity and interpretability to handling
high-dimensional relationships and non-linearity
in the data.

Logistic Regression: Logistic Regression is a
widely used statistical model for binary
classification tasks. It predicts the probability of
an outcome by modeling a linear relationship
between the input features and the log-odds of
the target variable. For this study, logistic
regression can be applied to predict binary
academic outcomes, such as whether a student is
likely to pass or fail based on factors like study
hours and sleep hours. Despite its simplicity,
logistic regression is effective for understanding
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relationships in data and offers ease of
interpretation with its output probabilities.

Random Forest: Random Forest is an ensemble
learning method that combines multiple decision
trees to improve prediction accuracy. Each tree is
trained on a random subset of the data, and their
individual predictions are aggregated to produce
a final outcome. This approach helps reduce
overfitting and increases model robustness.
Random Forest is capable of handling both
numerical and categorical data and is particularly
useful for identifying the most important features
influencing academic performance.

Decision Tree: Decision Tree is a simple, yet
powerful, algorithm that splits data into subsets
based on feature values, creating a tree structure.
It is highly interpretable, making it useful for
understanding how decisions are made based on
the input features. However, Decision Trees are
prone to overfitting, especially with complex
datasets. Pruning techniques are often applied to
reduce overfitting and enhance generalization.

Support Vector Machine (SVM): Support Vector
Machine (SVM) is a robust classifier that finds an
optimal hyperplane to separate different classes in
the feature space. It is particularly effective for
high-dimensional and complex data, making it
ideal for predicting academic performance based
on study and sleep hours. SVM handles non-
linear relationships by applying kernel functions,
which transform the data into higher dimensions,
allowing better classification accuracy.

K-Nearest Neighbors (KNN): Naive Bayes is a
probabilistic classifier that assumes the features
used to predict the target variable are
independent. Despite this assumption, it
performs well in tasks like text classification and
predicting academic outcomes. It is especially
effective with large datasets and categorical data.
In this study, Naive Bayes helps predict academic
performance by estimating the probability
distribution of features such as study hours and
sleep hours, offering a reliable model for student
success prediction.

3.6 Evaluation and Prediction:

Evaluation and prediction are critical steps in
assessing the performance of machine learning
models. In this study, the effectiveness of the
predictive models is determined using several
evaluation metrics: accuracy, precision, recall, and
F1 score. Accuracy is the most straightforward
metric, representing the overall proportion of
correct predictions made by the model. However,
in cases of class imbalance, accuracy alone may
not provide a complete picture. Precision
measures the proportion of true positive
predictions among all positive predictions made
by the model, ensuring that the predictions made
are relevant and minimizing false positives. Recall
focuses on the proportion of actual positive
instances correctly identified by the model,
highlighting the model’s ability to detect all
relevant cases.

F1 score is the harmonic mean of precision and
recall, offering a balanced evaluation metric when
both false positives and false negatives carry
significant weight. This is especially useful when
the dataset has an unequal distribution of classes.
The performance of each machine learning
model, such as Logistic Regression, Random
Forest, Decision Tree, Support Vector Machine
(SVM), and Naive Bayes, is assessed using these
metrics to determine which model performs best
in predicting academic outcomes based on study
and sleep hours. By using multiple metrics, the
study ensures that the selected model not only
makes accurate predictions but also balances
between precision and recall, providing a more
comprehensive
performance.

assessment of model

4. Results and Discussion

4.1 Dataset Description

The dataset used in this study is sourced from
Kaggle, a platform for data science and machine
learning projects. This dataset includes a variety
of attributes related to college students’ academic
performance, study habits, and lifestyle factors.
The primary attributes in the dataset are study
hours (the number of hours spent studying each
week) and sleep hours (the average number of
hours of sleep per night). These factors are
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expected to significantly impact academic
performance, measured by GPA or final course
grades.

In addition to study and sleep hours, the dataset
also includes other attributes such as class
attendance, participation in extracurricular
activities, socio-economic background, previous
academic performance, and study techniques.
These attributes provide a more comprehensive

understanding of the various factors that
contribute to student success. The data is pre-
processed to handle any missing values, outliers,
and normalization of continuous variables,
ensuring its suitability for machine learning
analysis. This dataset enables the exploration of
the relationships between study and sleep hours
and academic outcomes, making it ideal for
developing predictive models that aim to improve
student success based on these key variables.
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Recommended Hours of Sleep
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4.2 Performance Comparison of Models

In this study, several machine learning models
were trained and evaluated to predict academic
performance based on factors such as study hours
and sleep hours. The models used in this analysis
include Logistic Regression, Random Forest,
Decision Tree, Support Vector Machine (SVM),
and Naive Bayes. To assess their predictive
accuracy and reliability, the models are evaluated
using various metrics, including accuracy,
precision, recall, and F1 score. These metrics
provide a comprehensive view of model
performance, helping to identify which model is
most effective for predicting student academic
outcomes. Accuracy reflects the overall
correctness of predictions, while precision and
recall balance false positives and false negatives,
and the F1 score offers a combined measure of
both.

The performance of each model is compared by
analyzing these evaluation metrics on the testing
dataset, which was kept separate from the
training data to ensure unbiased evaluation.
Random Forest and Support Vector Machine
(SVM) tend to perform well in handling complex
and non-linear relationships within the data,
making them strong contenders for the best
predictive models. Logistic Regression and
Decision Trees, while simpler, provide insights
into the relationships between the key features
and academic performance. Naive Bayes, with its
simplicity and effectiveness in  handling
categorical data, also offers competitive results.
The comparison of these models helps determine
which algorithm provides the best balance of
accuracy, precision, and generalizability for
predicting academic performance based on study
habits and sleep patterns.

5. Contributions

5.1 Theoretical Contributions

This study offers several significant theoretical
contributions to the field of academic
performance prediction using machine learning.
By incorporating factors, such as study hours,
sleep hours, and socio-economic background,
alongside traditional academic measures, the
research  challenges conventional academic

success models that focus primarily on abilities. It
expands existing theories by providing a more
comprehensive understanding of how various
behavioral and environmental factors contribute
to student outcomes. This broader perspective
enriches academic performance frameworks,
offering valuable insights into the predictors of
academic success and suggesting areas for future
research and model development.

Expanding Understanding of Academic Success
This study significantly enhances the theoretical
understanding of academic success by integrating
factors such as study habits and sleep patterns
with traditional academic metrics like grades and
attendance. This approach moves beyond focused
models and emphasizes the influence of
behavioral factors on academic performance. By
providing a holistic view, the research broadens
the scope of what contributes to student
achievement, offering new insights into the
diverse factors that affect success. The findings
encourage a reevaluation of existing theories and
suggest that integrating factors is essential for
more accurate academic performance predictions.
Contributions to Machine Learning
Applications in Education

This study contributes to the theoretical
application of machine learning in educational
contexts by evaluating and comparing various
models. The research identifies the most effective
models for predicting academic performance
based on study and sleep hours, highlighting
which algorithms work best for educational data
analysis. These findings offer valuable insights for
selecting appropriate machine learning methods
in academic prediction tasks. Moreover, the study
suggests future directions, including integrating
factors into machine learning models to improve
accuracy and make them more comprehensive.

5.2 Practical Contributions

The findings of this study provide valuable
insights that can be applied in educational
settings to improve student performance. By
understanding the impact of study hours and
sleep habits on academic outcomes, educators

https://thejmh.org

| Murtaza & Bhaumik, 2025 |

Page 133



Journal of Media Horizons
ISSN: 2710-4060 2710-4052

Volume 6, Issue 3, 2025

and administrators can develop more effective
strategies and interventions tailored to students'
needs. The ability to predict academic success
based on these factors allows for better-targeted
support that can enhance overall student
achievement.

Targeted Support Strategies

Understanding how study habits and sleep
patterns influence academic success enables
educators to design interventions that address.
Workshops on effective study techniques, time
management, and promoting healthy sleep habits
can help students improve their academic
performance. These strategies help institutions
provide a more comprehensive approach to
supporting students, fostering both academic and
personal growth.

Early Identification of At-Risk Students
Machine learning models used in this study can
predict students who may be at risk of
underperforming by analyzing their study and
sleep hours in relation to their academic
outcomes. By identifying students at risk early,
administrators can implement timely
interventions, such as personalized counseling,
tutoring, or academic workshops. This proactive
approach helps prevent students from falling
behind, increasing the likelihood of academic
success and improving retention rates.
Optimizing Resource Allocation

Data-driven insights from this study enable
institutions to allocate resources more effectively.
By identifying students who need additional
support, educators and administrators can
prioritize  resources like tutoring services,
counseling, and academic workshops to those
who would benefit most. This approach ensures
that resources are used efficiently, providing
targeted help where it is needed most.

Promoting Holistic Student Well-Being

In addition to academic interventions,
understanding the role of sleep and study habits
can lead to initiatives that promote overall
student well-being. By encouraging healthy sleep
routines and  balanced study schedules,

institutions can help students not only improve
their academic outcomes but also support their
mental and physical health. This holistic
approach to student success contributes to a
healthier, more engaged student body.

Conclusion

In conclusion, this study demonstrates the
potential of machine learning in predicting
academic performance. such as study hours and
sleep hours. The findings highlight the significant
impact that study hours and sleep time patterns
have on student success, providing a more
holistic approach to understanding academic
achievement. By integrating these factors into
academic performance models, the study offers a
deeper insight into the variables that influence
student outcomes and challenges traditional
approaches that focus solely on abilities.

The results of this research have valuable practical
implications for educators and administrators. By
using machine learning to predict academic
outcomes, institutions can identify atrisk
students early and implement targeted
interventions tailored to their needs. The insights
gained from this study enable institutions to
optimize resource allocation, design personalized
support strategies, and improve overall student
success. This data-driven approach not only
contributes to better academic performance but
also fosters more supportive and proactive
learning environments. Ultimately, the study
demonstrates the importance of considering both
factors in academic prediction and provides
actionable recommendations for enhancing
student  achievement and wellbeing in
educational settings.

Future Work

While this study has successfully demonstrated
the applicability of machine learning models in
predicting academic performance, future research
can build upon these findings by incorporating
additional factors that influence student success.
While study hours and sleep patterns were the
focus of this study, other factors such as stress,
mental health, motivation, time management,
and social support can provide valuable insights.
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Including these wvariables could significantly
improve the accuracy of predictive models and
offer a more comprehensive understanding of the
factors contributing to academic  success.
Expanding the dataset to include a larger and
more diverse sample from various educational
institutions  could  further enhance the
generalizability of the findings.

Moreover, future studies can explore the use of
more advanced machine learning techniques,
such as deep learning and neural networks, to
handle more complex, non-inear relationships
within the data. Longitudinal studies that track
students’ academic progress over multiple
semesters or years could provide a deeper
understanding of how study habits and sleep
patterns evolve over time. Additionally,
integrating real-time data from wearable devices
or learning management systems would allow for
continuous monitoring of student behavior. This
would enable more dynamic, timely interventions
tailored to individual student needs. Such
advancements would enhance the predictive
power of machine learning models, creating
adaptive, data-driven support systems that
optimize student outcomes and improve
academic success in educational environments.
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