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Many learning institutions and organizations are currently faced with the
acute burden of trying to forecast the academic performance of their
students. This paper reflects the application of machine learning tools to
discuss the potential and performance of students in Islamic Studies. The
framework suggested in this paper, will start with the acquisition of the
historical data of the students in the input dataset. First, the forward selection
wrapper method is used to select the most meaningful features thus
eliminating the redundant qualities in the set of student data. Three types of
classifiers are then used to create a classification model based on fuzzy
support vector machines (SVM), K-nearest neighbors (K-NN), and Naive
Bayes. In such a methodological approach, academic performance is
predicted and results measured according to certain criteria. According to
results of the experiment, it is noted that feature selection-fuzzy support
vector machine (FS-fuzzy SVM) has an excellent accuracy of 99.9% with a
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sensitivity of 98.50% and a specificity of 98.50% and it is therefore seen to
be more effective in predicting the academic performance of students in
Islamic Studies.
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1. INTRODUCTION

When educational institutions adopt a more digital approach, it becomes simpler for teachers and
other professionals working in the field of education to have access to information. The area of education has
seen a significant transformation as a result of the incorporation of technology into numerous various aspects
of the learning process. The amount of data that is stored in establishments is undergoing a transformation
that was not anticipated as a result of the transition from offline to online mastering patterns and organization
management. Because of the usage of learning management systems (LMSs), there has been an explosion of
data concerning the behaviors, interactions, and performance of students [1]. Educational data mining (EDM)
is becoming vital in resource optimization in educational institutions [2]. This enormous collection of student
data presents a once-in-a-lifetime opportunity to get a deeper understanding of the ways in which students
acquire knowledge and the ways in which educational outcomes might be improved. According to authors
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[3], [4], early intervention that is based on predetermined expectations for student performance can be
utilized even when instructional strategies are modified to fit a wide range of student backgrounds.

Universities play a crucial role in the process of creating, collecting, and disseminating knowledge
in an environment that is highly competitive. In order to compensate for the limited resources, they have,
they need to generate knowledge not just inside their own organization but also through collaborations with
other organizations, such as enterprises, other educational institutions, and the community. Data mining is
utilized in order to accomplish this goal. Over the course of the past few years, data mining has evolved as a
topic of study that is at the forefront of its field. Data mining is a technique that encompasses a broad variety
of methodologies that are utilized in fields as different as business and academics. Educational institutions
are required to implement certain processes and techniques in order to get valuable insights from their
historical and real-time data. This is because it involves a wide variety of activities and requires them to
employ unique procedures and methods. As a result of the incorporation of information and communication
technology into academic activities, universities are continuously modifying the manner in which they take in
information and knowledge. It is imperative that educational institutions acknowledge and adjust to these
developments if they wish to maintain their commitment to providing students with an education of the
highest caliber [5].

The most recent technology advancements have resulted in a substantial increase in the amount of
data that is being collected across all sectors of the economy. Because of this, there is a growing interest in
mining this mountain of data for insights that have not been seen before. A broad variety of techniques are
made available by data mining, and these techniques have a number of practical applications in a variety of
sectors, including biology, telecommunications, education, retail, finance, and sales, among others. These
techniques are helpful in the process of extracting usable data, which is necessary in order to satisfy the
requirements of the industry. In this age of vast data storage, it is vital to have powerful tools for analyzing
and interpreting data that is kept in repositories such as files and databases in order to extract relevant
information for decision-making purposes. We have the ability to discover knowledge that is both helpful and
pertinent by utilizing data mining. Workers who have completed their education are in high demand in
today's society, which is undergoing fast change. It is a challenging endeavor to enhance the teaching
methods utilized by educational institutions such as colleges and universities. Data mining is the most
effective technique for assisting educators, students, alumni, managers, and other staff members in gaining
additional insights from the massive volumes of data that are currently available to them. Graduate education,
which is a vital component of the educational system in the country, serves as the basis for both creativity
and competitiveness. One of the primary objectives of higher education systems is to continuously evaluate
the quality of education in order to provide a better learning experience.

The utilization of data mining has the potential to fill in information gaps that exist within these
systems. With the help of data mining technologies, we are able to discover patterns, connections, and
outliers that were not previously visible. This, in turn, allows us to increase the effectiveness, efficiency, and
speed of our operations. These enhancements will help the higher education system work more smoothly,
increase graduation and retention rates, make it easier for students to transfer between schools, improve
educational outcomes, and reduce costs. The system stands to gain a great lot from these upgrades. To raise
the bar for student learning, those in charge of higher education policy should be able to use a data mining
system to gather the answers they need to determine how to improve the learning environment [6]. According
to Malvandi and Farahi [7] the incorporation of information and communication technologies (ICTs) into
educational processes ensures that educational institutions are able to adapt to the ever-changing
environment.

The learning effects of students are a good indicator of their abilities and capabilities; hence, the
behavioral changes that students go through as a result of their experiences may be used to define their
overall performance in an educational environment [8]. The activities of learners may provide insight into the
degree to which they have improved their thinking, physical fitness, or factual understanding as a result of
acquisition of information. Findings from the technique for altering students' conduct outside of class.
Students' capability to make decisions based on their cognitive and motor abilities, as well as their grasp of
the material being taught, are all observable markers of how well they are functioning. Other indicators
include their growth in data processing and their capacity to comprehend the material. Students' performance
in the areas of knowledge, attitude, and skills can be evaluated based on the outcomes of a series of classes,
which can offer the basis for the evaluation.

Students used to be expelled from school if they did not perform well in any aspect of their
education, including academics. The grades that the pupils received left both the teachers and the parents
bewildered. It is essential to make an effort to anticipate student achievement for a number of reasons,
including the efficient assignment of classes and resources at different levels. It is possible, in part, to ensure
that educational institutions make effective use of their resources and that students receive the assistance they
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require in order to achieve their goals. It is possible that a data mining system might prove to be an
invaluable tool throughout this process by providing decision-makers with insights that can be utilized to the
advantage of students and to sensibly distribute resources. According to Namoun and Alshanqiti [9], a with
the help of counts of students raised hands, trips to activity resources, views of announcements, involvement
in discussions, absences, and other student actions, we are able to make reasonable judgments regarding the
performance of the students.

Through the use of a single prediction, we are able to provide students with guidance on how to
improve their performance [10]. If the institution wishes to improve its position on a national and
international scale, it is essential to keep track of the development that its students are making. The majority
of educational institutions and organizations are currently facing an urgent requirement to forecast the
performance of their pupils. Everyone who is involved, including students, teachers, and mentors, may
benefit from having access to a timely prediction. As a consequence of this, mentors may provide students
with additional help in order to foster improvements in their academic performance. According to the
findings [11], in today's world, every school is responsible for managing and processing enormous amounts
of student data. These data may be used to construct machine learning models that can predict the marks that
students will receive. Vijayalakshmi and Venkatachalapathy [12] studied the decision tree, linear support
vector classifier (SVC), random forest, stochastic gradient descent (SGD), and linear discriminant analysis is
all examples of classification methods that are utilized for the purpose of prediction.

Machine learning is also important in making the analysis and the monitoring of the student
performance in the field of Islamic Studies more useful as it helps to detect the illicit patterns and relation in
educational data. By using machine learning models, data-driven insights can be used to analyze academic
history, behavior patterns, attendance, and engagement of students to forecast the level of learning outcomes
with high accuracy. Using fuzzy support vector machines (SVM), K-nearest neighbors (K-NN), and Naive
Bayes, the institutions can automatically categorize the students according to their performance levels as well
as learning potential. This predictive ability helps educators to deliver timely interventions, learning materials
that are personalized, and help poorly performing students. Besides, feature selection tools, such as the
forward selection wrapper, are useful in filtering down the dataset to make sure that the final data used to
make the prediction includes only useful attributes. Accordingly, both the proper prediction of performance
and the reinforcement of tactics of decision-making and regular evaluation can be vitalized through machine
learning by increasing the adaptability, fairness, and efficacy of the educational process in Islamic Studies.

This article introduces computer learning techniques for analyzing the potential and performance of
students in the field of Islamic Studies. The history data of students is obtained from the input dataset.
Initially, the forward selection wrapper technique is employed to choose the features. The process of feature
selection will effectively remove extraneous attributes from the dataset containing student information. A
classification model is constructed utilizing 3 different classifiers: fuzzy SVM, K-NN, and Naive Bayes.
Subsequently, academic performance is forecasted and outcomes are evaluated based on specific criteria.

2. LITERATURE SURVEY

If you are thinking about EDM in relation to mining, it is helpful to read Bansal et al. [13], which
examines a number of different uses of EDM. It is possible that being familiar with all of these applications
will make it simpler for you to carry out. Teachers would be able to readily evaluate their students'
performance and concentrate on areas in which they need to improve if they took the learning profiles of their
pupils and grouped them according to a similarity constraint.

In their research published in 2025, Bhatia et al. [14] assessed and investigated a number of different
feature selection calculations. According to the findings obtained from the student dataset, the feature
selection calculations that are accessible through the Weka tool are not significantly different from what was
previously available. In combination with the random forest classifier, the vast majority of the currently
available feature selection algorithms have demonstrated better performance in terms of their outcomes.
According to the findings of this study, multilayer perceptron (MLP) classifiers performed far better than any
other classifiers when it came to the collection of datasets from students. Based on the findings, it is evident
that the various algorithms for determining elements require slight adjustments to their parameters in order to
achieve higher performance.

As stated by Suyal and Mohod [15], the two most common approaches to doing sentiment analysis
are the utilization of a voting group approach and the utilization of the Chi-Square methodology to reduce the
number of features. The findings also demonstrated that selecting a trait that has a greater weight expectation
is beneficial to the process of making a clear and accurate forecast.

It is the intention of Ade and Deshmukh [16] to bridge the gap between the present machine
learning approaches of incremental learning and the exploratory classification of students for the purpose of
their career choosing. Because the information capacity is not ideal for batch learning concepts, it is not
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applicable in situations where the data is frequently created in a continuous manner. Consequently, the
incremental ensemble learning algorithm that was described in the study is an effective method that may be
utilized to provide the student with the most advantageous professional alternative that is now available.

It was recommended by Zhang and Qin [17] that the vast volumes of data that have opened up many
doors for online education should be enhanced; new mining breakthroughs would surely bring improved
ways and approaches for utilizing EDM in online education. Research by Doko and Bexheti [18] present the
findings of a research project that aimed to enhance learning intelligence in educational technology through
the utilization of videography. In addition to this, it is essential to provide more explanation that Doko and
Bexheti [18] has offered on the exam questions and the future research addresses. The results of the
investigations were supported by a number of EDM and learning analytics (L.A.) models and analyses on
many occasions [18].

A classification strategy was proposed by [19] as a means of predicting the division of students
based on previous data. Considering that the Naive Hypothesis is one of the methods that territorial units
utilized for the purpose of data classification, we have decided to apply it here. The historical data of the
students, which included things like gathering activities, class exams, workshops, and task marks, was
utilized in order to make a prediction regarding how well they would perform at the conclusion of the
previous semester.

A growing number of educational institutions, including colleges and universities, are employing
data mining techniques to examine vast quantities of historical data pertaining to the academic achievement
of students. The motivation behind this is the aspiration to enhance the quality of education while
simultaneously addressing the ever-growing expenses associated with higher education by increasing the
proportion of students who graduate within four years.

It is the purpose of these approaches to aid schools in providing better assistance to both students
and teachers. This is accomplished by identifying which students are more likely to fail a certain class and
then adjusting their support in accordance with that information. When it comes to addressing this issue,
there are two major groups of solutions that make use of supervised learning methodology.

A single regression model is estimated in the first one, and it makes use of features that are
associated to the student's prior performance in classes and their interactions with LMSs online. In light of
these factors, our model ought to be able to provide an accurate prediction regarding the student's final grade.
Utilizing factorization models, which were first developed for recommender systems, the second one makes
predictions about the grades that students will receive for a variety of actions inside the course. In order to
accurately anticipate the performance of students, multi-relational models were utilized. These models were
used to uncover latent components that satisfy student-task and task-skill links. For the purpose of modeling
the students' knowledge acquisition and competence growth over time, tensor factorization methodologies
were applied. This was done in order to take temporal factors into consideration. In terms of prediction
accuracy, factorization models perform better than single-regression models. This is due to the fact that they
are able to customize their models to the specific requirements of each individual learner.

3. METHOD

Machine learning techniques for analyzing students' potential and performance in Islamic Studies
are presented in this part. The framework depicted in Figure 1 is presented. The history data of students is
obtained from the input dataset. Initially, the forward selection wrapper technique is employed to choose the
features. The process of feature selection will effectively remove extraneous attributes from the dataset
containing student information. A classification model is constructed utilizing 3 different classifiers: fuzzy
SVM, K-NN, and Naive Bayes. Subsequently, academic performance is forecasted and outcomes are
evaluated based on specific criteria.

Features are selected using forward selection technique. A blank slate of attributes is used as the
starting point for the iterative process of forward selection. The technique consists of adding features in an
iterative manner and analyzing performance in order to identify whether or not improvements are being
made. This method is performed again and again until the performance of the model is not improved by the
addition of more variables or features [20].

SVMs and maintenance vector networks (VNNs) are two examples of the numerous supervised
learning models that are used in machine learning. These models explore data for the objectives of regression
and classification by utilizing associated learning methods. A non-probabilistic binary linear classifier, a
SVM training approach takes a set of training examples that are labeled as belonging to one of two categories
and uses them to develop a model that assigns new instances to one of those classes. This technique is also
known as a SVM training technique. The instances are represented as points in space by a SVM model, with
the criteria for the two divisions being separated by a space that is both immediately understood and as big as
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is realistically achievable. Within the same area, it is anticipated that new models will be able to fit into a
category according to the portion of the gap that they fall into being used [21].

Student Data Set

Feature selection- Forward Selection

Training of Classification Model- Fuzzy SVM, K-NN, Naive
Bayes

Testing of Classification Model

Academic Performance Prediction and Result Analysis

Figure 1. Machine learning techniques for analysis of student’s potential and performance in Islamic Studies

The kernel approach enables SVMs to successfully map their inputs into high-dimensional feature
spaces, which enables them to do both linear and non-linear classification. This is made possible by the
kernel technique. In situations when there are unlabeled records, supervised learning is not likely to occur. In
these circumstances, an unsupervised learning technique is necessary, which aims to uncover the underlying
grouping of the data into groups before projecting further data to these created clusters. The use of SVMs is
extremely advantageous for the categorization of text and hypertext. This is due to the fact that the utilization
of SVMs significantly decreases the necessity for labeled preparation examples in both standard inductive
and transformative contexts. A fuzzy vector machine technique is utilized to determine fuzzy membership for
each sample in order to effectively remove the impact that noise has on SVMs. There are a few different
kinds of fuzzy membership function estimate methods that were created, and they are all based on FSVM.
This was done in order to improve the performance of SVM. Fuzzy logic is used to perform membership
calculations in the feature space, and kernels are used as representations. More accurate generalizations and
classifications were achieved as a result [22].

Algorithms such as K-NN are used to categorize things in the feature space according to how close
they are to neighboring training examples. On the other hand, K-NN is an example of lazy learning, which is a
type of learning that is based on examples and just approximates the function in close proximity to its true
position. With K-NN, the complete computation is delayed so that it may be prepared for classification. The
most significant problem with the K-NN technique is that it is extremely prone to having its accuracy entirely
ruined by the inclusion of characteristics that are either too strong or too inappropriate. Furthermore, if the
feature balance is unreliable in relation to its significance, then the accuracy of the feature balance will be bad.
When applied to the student evaluation dataset, the closest neighbor technique demonstrates superior
performance compared to the other four classifiers implemented in this research. These classifiers include Naive
Bayes, decision tree, neural network, SVM, and K-NN, all of which are conducted in incremental order [23].

The construction of a Bayesian classifier is accomplished by employing the idea that the position of
a (natural) class is to conduct an analysis of the feature values for members of that class. The examples are
arranged in categories according to the values that are shared by the elements. Natural types are a term that is
occasionally used to refer to these kinds of courses. The objective feature is linked to an independent class
that is not intrinsically binary in this instance. If an agent is able to comprehend the course, then it is able to
deduce the principles that govern the other properties. This is the fundamental idea behind the Bayesian
classifier methodology. In the event that it is unable to determine the quality, the level can be investigated by
employing the Bayes rule and at least some of the feature values.
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The learning agent is responsible for constructing a probabilistic model of the attributes in order for
Bayesian classifiers to function properly. Following that, it makes use of this model to make a prediction
regarding the classification of a new example. Naive Bayes classifiers are extremely scalable since they
require linear parameters for learning problem variables (features/predictors). This makes them suitable for
distributed learning. Classifiers may be constructed in a straightforward manner using the Naive Bayes
approach. The assigning of labels to issue situations is accomplished by these models through the utilization
of feature vectors, with the labels being selected from a limited pool of potential labels. In point of fact, it is
more of a family of algorithms that are based on a generic concept than it is a particular method for training
such classifiers: classification

The Naive Bayes classifiers all make the assumption that the value of a feature is fully independent
of the cost of any other feature, provided that the class variable is provided. In spite of its immature design
and assumptions that appear to be straightforward, Naive Bayes classifiers have demonstrated remarkable
performance in a number of demanding real-world circumstances. Another advantage of the Naive Bayes
algorithm is that it requires relatively minimal training data in order to estimate the parameters that are
required for classification [24].

4. RESULTS AND DISCUSSION

Data pertaining to a sample of 500 pupils is gathered across 32 distinct categories. These students
are studying in different higher educational institutions of Indonesia. The primary characteristics
encompassed in this study were school, gender, age, residential address, family size, parental status, maternal
and paternal education levels, maternal and paternal employment statuses, travel duration, study duration,
academic setbacks, daily activities, leisure time, news consumption, health status, and absenteeism. The
evaluation of classifiers' efficacy is a fundamental aspect of machine learning. Various measures can be
employed to evaluate a prediction model [25]. Nevertheless, there exist specific measures that are unsuitable
for data sets characterized by skewed classes. Therefore, it is imperative to carefully choose metrics that align
with the nature of the data set. The forward selection wrapper approach is employed as the primary method
for feature selection. By employing this feature selection technique, the student dataset will undergo a
process of eliminating any attributes that lack relevance. Subsequently, a classification model is developed
through the utilization of fuzzy SVM, K-NN, and Naive Bayes classifier. After completing this task, the
student's academic performance is forecasted, and the results are evaluated using a predetermined set of
criteria. Tables 1-3 and Figure 2 display the results. The FS-fuzzy SVM achieves a 99.9% accuracy. The FS-
fuzzy SVM exhibits a sensitivity of 98.50%. The FS-fuzzy SVM has a specificity of 98.50%.

In order to determine the accuracy of the categorization, divide the total number of occurrences by
the number of cases that were successfully separated into categories. The typical circumstances in which it is
utilized are those in which the number of instances is distributed uniformly across all classes.

The area under the receiver operating characteristic curve (AUC-ROC) is one method for assessing
performance in binary classification. The accuracy of a prediction model is evaluated based on how
effectively it can differentiate between positive and negative events. An example of a probability plot is a
ROC curve. Both specificity and sensitivity are considered to be the two primary components of ROC.

The sensitivity, which is often referred to as recall, is the proportion of right classifications to total
classifications. It is determined by dividing the total number of correct positives by the total number of
correct negatives. The percentage of negative situations that were properly expected is referred to as the
specificity, which is often referred to as the genuine negative rate. The formula for calculating it is to divide
the total number of cases that are negative by the sum of instances that are both negative and false positive.

Table 1. Accuracy comparison of fuzzy SVM, K-NN, and Naive Bayes algorithm for academic performance

prediction
Algorithm Classification accuracy (%)
FS-fuzzy SVM 99
FS-K-NN 96
FS-Naive Bayes 88.5

Table 2. Sensitivity comparison of fuzzy SVM, K-NN, and Naive Bayes algorithm for academic performance

prediction
Algorithm Sensitivity accuracy (%)
FS-fuzzy SVM 98.5
FS-K-NN 94.75
FS-Naive Bayes 87.50
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Table 3. Specificity comparison of fuzzy SVM, K-NN, and Naive Bayes algorithm for academic performance

prediction
Algorithm Specificity accuracy (%)
FS-fuzzy SVM 98.5
FS-K-NN 97.75
FS-Naive Bayes 93.5
Results in %
100
98
96
94
92
90
88
86
84
82
80
FS-Fuzzy SVM FS-KNN FS-Naive Bayes
m Accuracy 99 96 88.5
m Sensitivity 98.5 94.75 87.5
Specificity 98.5 97.75 935

Figure 2. Performance comparison for student performance classification and prediction

5. CONCLUSION

An increasing quantity of educational establishments, encompassing both colleges and universities,
are employing data mining methodologies to analyze extensive volumes of historical data pertaining to the
academic advancement of students. The rationale behind this is the imperative to enhance the caliber of
education while simultaneously tackling the prediction of academic achievement. This article introduces
machine learning algorithms designed to evaluate the aptitude and achievement of students in the field of
Islamic Studies. The forward selection wrapper technique is employed for the purpose of feature selection.
This feature option will be used to remove any irrelevant attributes from the student data collection. In the
subsequent step, a classification model is constructed utilizing fuzzy SVM, K-NN, and the Naive Bayes
classifier. Subsequently, the student's scholastic achievements are expected, and the results are evaluated
according to a predetermined set of criteria. The accuracy of the FS-fuzzy SVM is 99%. The sensitivity of the
FS-fuzzy SVM is 98.50%. The specificity of the FS-fuzzy SVM is 98.50%. In further iterations, this
proposed model has the potential to be expanded in order to recommend appropriate courses to individual
students. In near future, this proposed model can also be used predict employability of Islamic students. Also,
the proposed model can be enhanced by applying much in depth input data set from different regions and
countries stored inside a cloud based centralized system.

This suggested model can be further developed in additional iterations to prescribe individual
learning paths and the right course choices to particular students. Further, the next research can be aimed at
predicting the employability and professional preparedness of Islamic Studies students, which is achieved
through the incorporation of socio-economic and behavioral data. It is also possible to improve the
framework and use a more detailed and multifaceted dataset generated in various regions and institutions and
stored in a centralized system based on the cloud. Also, the use of deep learning and hybrid ensembles might
additionally enhance the precision of prediction and offer more information about the determinants of
academic performance.
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