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Abstract - Student dropout is a concern for colleges and
universities because some students leave their studies
before completing their course. Finding such students early
may give institutions more time to understand their
difficulties and offer suitable help. This paper studies the
use of Artificial Intelligence (AI) and Machine Learning
(ML). The study is based on previously published research,
reports, and available datasets. It looks at factors that may
be connected with dropout, including marks, attendance,
earlier academic records, student background, and
participation in learning activities. Common ML methods
such as Decision Tree, Random Forest, Logistic Regression,
Support Vector Machine, and Artificial Neural Networks
are considered in the review. Measures including accuracy,
precision, recall, F1-score, and AUC are used in earlier
studies to judge prediction performance. The paper also
looks at Explainable AI methods such as SHAP and LIME,
which can help show the factors behind a prediction. The
findings suggest that AI and ML can be useful for finding
possible dropout risk before the student leaves. However,
incomplete data, unequal class distribution, fairness, and
differences between institutions can affect the results.
Therefore, prediction should be used to guide student
support rather than to label a student as certain to drop out.

Key Words: Student dropout, Artificial Intelligence, Machine
Learning, Dropout Prediction, Explainable Al, Student
Retention

1. INTRODUCTION

Nowadays, worldwide, one of the major challenges
faced by educational institutions is Student Dropout. When a
student enrolls in an educational program but they leave that
program before completing the required course or degree,
student dropout occurs. Student Dropout can negatively
affect the student’s academic and career opportunities, and it
can also create challenges for educational institutions.
Identifying students who do not continue their education at
an early stage is important so that the student institute can
provide appropriate support and guidance.

Traditional methods of identifying students at risk of
dropping out often depend on academic performance,
attendance records, analysis, and teacher
observations. These methods may not always be effective
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because large amounts of student information must be
examined, and warning signs may be identified only after the
student has already started experiencing difficulties. There is
aneed for more efficient and data-driven approaches that can
identify potential dropout risks at an early stage.

Artificial Intelligence (AI) and Machine Learning (ML)
provide techniques that can analyze large amounts of
student-related data and identify patterns associated with
student dropout. Factors such as attendance, examination
results, academic performance, previous academic history,
social and financial conditions, and other relevant
characteristics can be analyzed to estimate the likelihood of
a student dropping out. Machine Learning models can learn
from historical student data and use these patterns to classify
students as being at low, medium, or high risk of dropout.

An Al-based Student Dropout Prediction System can act as
an early-warning mechanism for educational institutions.
The purpose of such a system is not only to determine with
certainty that a student will drop out, but also to identify
students who may require additional attention or support.
Institutions can then take appropriate preventive measures,
such as academic counselling, mentoring, attendance
monitoring, financial assistance, or other forms of student
support.

This research focuses on studying the application of
Artificial Intelligence and Machine Learning techniques for
predicting student dropout. It aims to examine the factors that
contribute to student dropout, investigate existing prediction
approaches, and understand how Al-based prediction can
support early intervention. The study can help highlight the
potential benefits as well as the limitations and challenges of
using Al for student dropout prediction, including data
quality, fairness, accuracy, and privacy.

2. REVIEW OF LITERATURE

Student Dropout Prediction has become an important
research area in educational data mining because early
identification of at-risk students can help institutions
provide timely support. Existing studies have investigated
dropout using academic, demographic, socioeconomic,
behavioral, and institutional factors.
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Rodrigues et al. [1] reviewed artificial intelligence
algorithms used for predicting student dropout and
highlighted the growing use of Al-based approaches in
student retention.

Silva and Roman [2] systematically reviewed dropout
prediction methods in higher education and demonstrated
the importance of data-driven approaches for identifying
students at risk.

Giron et al. [3] reviewed machine-learning and deep-
learning techniques for dropout prediction and reported
the use of models such as Decision Tree, Logistic
Regression, Random Forest, and deep-learning methods.
Agrusti et al. [4] demonstrated the application of deep
learning for university dropout prediction, while Sultan et
al. [5] and Anjali and Bai [6] investigated deep-learning
approaches for predicting dropout in online learning
environments using learner activity data.

Pathiranagama et al. [7] examined interpretable machine
learning for student dropout prediction and highlighted
the usefulness of techniques such as SHAP and LIME for
understanding model predictions.

Perez et al. [8] and Goren et al. [9] further demonstrated
the potential of machine learning for early identification
of students at risk of dropout.

Ennibras et al. [10] emphasized the potential of Al-based
approaches for supporting dropout prevention and early
intervention.

Lopez-Munoz et al. [11] reviewed machine-learning
methods and dropout risk factors and highlighted the
continued importance of structured educational data and
suitable prediction algorithms.

Research Gap

Although existing studies demonstrate the effectiveness
of artificial intelligence, machine learning, and deep
learning for dropout prediction. Many studies focus
mainly on prediction accuracy and use datasets from
individual institutions, which can limit generalizability.
There is also a need for greater explainability and
consideration of multiple student-related factors.
Furthermore, prediction alone does not prevent dropout;
the results should support timely and meaningful
intervention. Finally, there remains a gap between
predicting dropout risk and using prediction results for
effective early intervention. Existing research provides
evidence that Al can identify potentially at-risk students,
but further work is required to ensure that these
predictions can support meaningful and timely
educational interventions.

Therefore, the proposed research on an Al-Based Student
Dropout Prediction System aims to address these
limitations by investigating suitable artificial-intelligence
and machine-learning approaches for identifying students
at risk of dropout, considering relevant student
characteristics, and providing interpretable prediction
results. The study focuses on the potential of Al-based
prediction as a decision-support mechanism that can
assist educational institutions in identifying at-risk
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students at an early stage and supporting student-retention

efforts.
Possible
Existing Research
Research Gap | Problem Direction
Student's Use better-
Available data | quality and
may be | varied student
Student Data incomplete. information.
A model may
give  different
results with
students  from | Test the model
Model another with  different
Transferability | institution. student datasets
To identify the
factors which
are behind each
Some prediction for
predictions  do | that, we can use
Model not show what | the XAl
Explanation caused the risk. | technique.
Based on the
previous study
for different
student groups, | One model can
the model may | perform
Prediction perform similarly for all
Fairness differently. student groups.
Identifying a
high-risk student | Study how
does not itself | predictions can
solve the | guide early and
Student dropout suitable
Support problem. support.

Table 1. Research Gap Comparison

3. PROBLEM IDENTIFICATION

Student Dropout is a major concern for higher-education
institutions because leaving a course before completion
can affect a student’s academic progress and future
opportunities. In institutions mainly dropout reasons are
academic  performance, attendance, engagement,
financial conditions, or the learning environment.
Identifying students who may discontinue their education
at an early stage is therefore important for providing
suitable support. In many educational institutions, the
identification of student is at risk of dropout mainly
depends upon academic records, attendance, teacher
observations, or manual monitoring. These approaches
can become difficult when the number of students is
large, and information is stored across different records.
A student may also show a combination of risk indicators
that are difficult to recognize through manual observation
alone. Machine-learning techniques provide an
opportunity to analyze student data and discover patterns
associated with dropout. However, previous prediction
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techniques have several limitations. Some studies
concentrate mainly on academic performance and may
not sufficiently consider other relevant student
characteristics. In addition, models developed using data
from a particular institution may not perform equally well
in different educational settings. Another concern is the
interpretation of prediction results. A system may classify
a student as having a high probability of dropping out, but
simply providing this classification may not be sufficient
for educational staff. We may also need to understand
which technique is useful for the prediction. Without
understandable results, it can be difficult to use an
automated prediction system confidently for student
support. The class imbalance problem is another
challenge in dropout prediction. In many systems, the
pursuing students are examined more than the dropout
students. Sequentially, a system failed to identify
correctly to that student who is actually at risk. There is
also a practical gap between predicting dropout and
preventing it. Identifying a high-risk student is only the
first step. The prediction should provide useful
information that enables educators or institutions to
consider appropriate support at an early stage. Therefore,
a useful dropout prediction system should focus not only
on classification performance but also on understandable
results and early identification. Based on these issues, the
main problem identified in this research is the difficulty
of reliably identifying students who are likely to drop out
before the problem becomes severe. The proposed
research therefore focuses on investigating an Al-based
approach that can analyze relevant student information,
early identify potential dropout risk, and present the
prediction in an understandable form.

4. OBJECTIVES OF THE STUDY

i

iii.

iv.

Vi.
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To understand the different academic and non-academic
conditions that may increase the possibility of a student
leaving higher education before completing the course.

i. To study the role of factors such as academic results,

attendance, personal background, engagement, and
previous educational performance in student dropout.

To review the Machine Learning approaches that have
been applied in previous studies for identifying students
with a higher likelihood of dropping out.

To understand the differences between commonly used
prediction models and determine which approaches are
more appropriate for student dropout analysis.

. To assess the predictive ability of selected Machine

Learning models through measures including accuracy,
precision, recall, F1-score, and AUC.

To study how historical student information can be
analysed to recognize warning signs before a student
actually drops out.
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Vv

viii

iX.

. To explore Explainable Al methods that can provide
understandable reasons behind a model’s prediction
instead of presenting only a dropout risk result.

. To understand which student-related characteristics
have the greatest influence on the predicted risk of
dropout.

To examine how the findings from an Al-based
prediction approach could assist educational institutions
in planning suitable support for students who may be
experiencing difficulties.

. To determine the major limitations and unresolved
research issues in existing Al-based student dropout
prediction studies and identify areas that require further
investigation.

5. HYPOTHESIS OF THE STUDY

The study examines  whether  student-related
characteristics and Artificial Intelligence (AI) and
Machine Learning (ML) techniques can contribute to the
prediction of student dropout in higher education. Based
on the objectives of the study, the following null and

alternative hypotheses are proposed.

Hoi: Academic performance, attendance, demographic
characteristics, and behavioral patterns are not
significantly associated with student dropout.

Hii: Academic performance, attendance, demographic
characteristics, and behavioral patterns are significantly
associated with student dropout.

Ho2: Machine Learning techniques do not provide better
results in predicting student dropout than conventional
prediction methods.

Hi»: Machine Learning techniques provide better results
in predicting student dropout than conventional
prediction methods.

Hos: There is no significant difference in the predictive
performance of different Machine Learning algorithms
for student dropout prediction.

His: There is a significant difference in the predictive
performance of different Machine Learning algorithms
for student dropout prediction.

Hos: Explainable Artificial Intelligence does not provide
significant additional understanding of the factors
influencing student dropout predictions.

Hia: Artificial
significant additional understanding of the factors
influencing student dropout predictions.

Explainable Intelligence provides
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Hos: Early identification of students at risk of dropping Different Machine Learning techniques, including

out does not significantly support timely intervention by
educational institutions.

His: Early identification of students at risk of dropping
out significantly supports timely intervention by
educational institutions.

6. RESEARCH DESIGN AND METHODOLOGY

This study follows a descriptive and analytical research
design based mainly on secondary data. Relevant research
papers, journal articles, conference papers, reports, and
publicly available datasets related to student dropout
prediction are reviewed. The study focuses on identifying
dropout-related factors, examining Machine Learning
techniques, comparing reported findings, and
understanding the role of Explainable Artificial
Intelligence.

Student Data

&

Data Pre-
processing

P

Decision Tree, Random Forest, Logistic Regression,
SVM, and Artificial Neural Networks, are reviewed and
compared based on their reported performance.

Percentage of Studies
16%

%
21% .

22%\ A’A

= Logistic regression
» Random Forest SVM
= Artificial Neural Network

= Decision Tree

Chart 2. Use of Machine Learning Models

The performance of prediction models is commonly
evaluated using measures such as Accuracy, Precision,
Recall, Fl-score, and AUC. These measures help
determine how effectively a model identifies students
who are at risk of dropping out.

Feature Measure | Purpose
Selection —
Accuracy | Measures overall correct prediction
I: Measures the correctness of positive
ML Model Precision | predictions

Measures the ability to identify actual at-risk
Recall cases

Dropout Risk F1-score Combines Precision and Recall
Prediction Table 2. Common Evaluation Measures
. S S
Performance Problem
Evaluation \ J
Fig.1 Research Design [ Literature )
Collection
The Study examines different factors associated with . @ +
student dropout. s —
Study Selection
CATEGORIES OF STUDENT L J
DROPOUT FACTORS b
Data Extraction
u Academic Data R
® Personal \ J
® Socioeconomic _ @ =
: C arison of
» Demographic °‘;}P e
= Institutional \ @ J
Research Gap
Identification

Chart 1. Categories of student dropout factors

Fig 2. Machine Learning Prediction Process
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Explainable Artificial Intelligence is considered
important because prediction results should be
understandable to educational institutions. The
systematic review identified eight XAI models, with
SHAP and LIME being the most widely used approaches.

Student Data

Pre-processing

Machine
Learning

Dropout risk
prediction

Explainable Al

Identified risk
factors

Timely student
support

Fig 3. Explainable Al Process
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Based on the reviewed literature, a conceptual framework
is proposed in which student information is processed
through a Machine Learning model to estimate dropout
risk. Explainable Al can then be used to identify the
factors contributing to the prediction, supporting timely
institutional assistance.

| Student Data

Machine Leaming
Model

Dropout Prediction

Eu:

[ Important Risk Factors |

Prediction Explanation

Fig 4. Proposed AI-Based Student
Dropout Prediction Framework

7. CONCLUSIONS

Student dropout is a serious issue for higher education
institutions. From the studies reviewed, it can be seen that
Atrtificial Intelligence and also the Machine Learning can help
in finding students who may be at risk of leaving their studies.
Information such as marks, attendance, previous academic
records, and student behavior can be useful for making these
predictions.

Different ML methods, such as Decision Tree, Random Forest,
Logistic Regression, SVM, and Artificial Neural Network,
have been used for finding students who may be at risk of
leaving their studies. Student performance can be checked
using measures such as the accuracy of the student attendance,
precision, recall, F1-score, and AUC. Explainable Al methods
such as SHAP and LIME can also help in understanding the
reasons behind a prediction.

However, issues such as missing data of student, class
imbalance, fairness, and differences between institutions still
need attention. Also, predicting a student at risk does not by
itself prevent dropout. The prediction should help teachers and
institutions provide suitable support at the right time.

Thus, Al-based student dropout prediction can be useful as an
early-warning approach. Future studies should focus on
improving prediction reliability, making the results easier to
understand, and connecting predictions with effective student-
support activities.
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