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Abstract : Students, courses, and academic activities produce a lot of data for educational institutions. The amount,
diversity, and complexity of this data make effective analysis difficult. Learners may be categorized according to their
skills and abilities, learning behavior can be understood, and academic performance can be predicted using
sophisticated data analysis tools. In order to solve these issues, this study uses the machine learning technique to
analyze 15 relevant research papers published between 2019 and 2025 as part of a systematic literature review on
machine learning technology for forecasting student performance. Examine machine learning techniques based on
classification, data mining, ensemble approaches, k-nearest neighbor, and K-means. According to the survey, the
most popular method for forecasting student academic performance also yielded the best accuracy findings, ranging
from 70% to 98.6%. The study emphasizes how important it is to identify students who are at risk of learning
challenges early on so that educators and policymakers may offer timely and appropriate support. It also highlights
a number of difficulties, such as inconsistent performance metrics, restricted model application in different situations,
skewed datasets, and ethical challenges, underscoring the need for more reliable research techniques and well-
rounded prediction strategies in educational analytics.

Keywords - academic performance, classification, data mining, ensemble approaches, K-means, k-nearest neighbor,
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INTRODUCTION

In order to analyze vast amounts of academic and behavioral data produced by students and institutions, machine
learning is being used more and more in the education sector. It aids in analyzing individual learning patterns, identifying
students who could be at danger, and forecasting student success. Tutors can enhance learning results by tailoring their
lesson plans and offering prompt assistance through the use of clever algorithms. Despite its advantages, implementation
requires careful consideration of issues including bias, data privacy, and model reliability.

Due to its direct impact on students' future prospects and institutional success, student dropout is still a significant
concern in educational institutions. Finding worthy students for scholarships is equally crucial to helping those who are
struggling financially and promoting academic continuity. Students that perform better academically overall acquire
greater knowledge and abilities, which improves learning outcomes. Effective teaching methods are also essential for
improving students' employability and placement prospects. In today's environment, education plays a crucial role in both
career advancement and social mobility. High-quality education is essential for long-term success and financial security
in a knowledge-based economy. An essential basis for comprehending educational progress is provided by student
academic records, learning behavior, and psychometric data. To facilitate efficient decision-making, a substantial amount
of this data—which is gathered from students and their educational activities—must be precisely examined. Socio-
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demographic and study-environment variables, in addition to academic data, are crucial in explaining variations in student
performance. These data systems are also used by educational institutions to methodically track students, instructors, and
courses. Organized academic administration is further aided by information about academic circulars, exam papers,
curricula, and faculty profiles. When combined, these many data sources assist institutions in enhancing overall educational
quality, administrative effectiveness, and learning outcomes. [

Students are the essential building elements of a country and have a significant influence on its destiny. However, a lot
of students deal with issues like anxiousness, hopelessness, and trouble controlling their mental health. A thorough
examination of machine learning methods can aid in comprehending these problems and improving student support.

By employing academic insights to spot possible problems before they have an impact on student performance, educational
institutions can take preventative action. Strong faculty competence and insightful teacher evaluation are essential for
enhancing the teaching-learning process. Data-driven evidence can be used by academic policymakers to create and assess
successful policies that improve the general quality of education. Students can better grasp which subjects and abilities are
crucial for their future academic and professional aspirations by following clear and organized criteria. Additionally,
educators can better support learning activities and promote better student outcomes when they are equipped with
knowledge and analytical insights. [

In both research and industry, machine learning has grown quickly. It now includes both sophisticated deep learning
models that can learn complicated representations and more conventional techniques like support vector machines and k-
nearest neighbors (K-NN) Bl When compared to single models, ensemble approaches like Random Forests, bagging, and
boosting combine several classifiers to increase prediction accuracy, stability, and minimize overfitting [ 4l.Classical
machine learning techniques are still prized for their interpretability and reduced computing cost, even when deep
learning delivers great performance in representation learning . According to comparative research, performance is
dependent on the features of the data and no algorithm consistently outperforms others across all datasets 4. As a
result, ensemble-based methods are frequently chosen to produce solid and trustworthy classification outcomes ™1,

Il Literature Review

Walia et al. (2020) B used dataset including 395 records with 33 attributes was subjected to a variety of data mining and
machine learning classification approaches, including Naive Bayes, Decision Tree, Random Forest, JRip, and ZeroR. The
findings demonstrated that Decision Tree-based models obtained accuracy above 80%, suggesting that these machine
learning techniques are useful for detecting potentially vulnerable students utilizing academic data from the school.
Yagc1 et al. (2022) [ study examines the academic records of 1,854 students using a variety of machine learning and
educational data mining approaches, such as Random Forest, k-nearest neighbor, support vector machines, logistic
regression, and Naive Bayes. The findings demonstrate these models' efficacy in predicting student performance and
identifying students who could need early academic support, with prediction accuracies of roughly 70-75%. Chen et al.
(2023) [ study Machine learning, deep learning, and ensemble models like SVM, Random Forest, and Decision Trees
achieve high predictive performance, achieving 93.1% accuracy and a 90.45% F1-score, while effectively supporting early
identification of at-risk students for timely academic intervention, according to a study done on university information
school data from 2017-2018. Verma et al. (2022) 8 used Classifiers like Decision Tree, Naive Bayes, k-Nearest Neighbor,
Support Vector Machine, and the ensemble method Random Forest were assessed using data mining and machine learning
techniques on academic records of institutional students. Naive Bayes performed best, with an accuracy of roughly 89%,
while overall accuracy across models ranged from 60% to 95%. Yildiz et al. (2020) ! study compared k-NN, Logistic
Regression, SVM, Decision Tree, Random Forest, Naive Bayes, and Neural Network models using data mining techniques
on data gathered from 421 ninth-grade students. It found that the Neural Network model achieved the highest classification
accuracy (98.6%), while parental education, family income, students' learning beliefs, and study habits significantly
influenced academic success. Nafea et al. (2023) 19 examined the OULAD dataset of 32,593 students gathered by the
Open University (UK) using data mining and machine learning techniques like Random Forest, Decision Tree, AdaBoost,
and Support Vector Machine. Accuracy levels ranged from roughly 78% to 96%, where ensemble methods showed
superior and more consistent predictive performance by successfully combining the strengths of individual models. Begum
et al. (2022) [ study shows that a variety of machine learning classifiers, especially ensemble-based methods, are
successful in accurately forecasting students' academic performance, allowing educational institutions to put timely
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intervention tactics into place. Prahmana et al. (2025) [*? used 59 student academic and behavioral datasets to compare
several machine learning models, including K-Nearest Neighbors (KNN), KNN with NGO (KNNG), KNN with TDO
(KNTD), Naive Bayes Classification (NBC), and various regression and classification methods, finding that ensemble and
tree-based models achieved higher accuracy (around 70%-90%) and were more effective for early identification of at-risk
students.Yang et al. (2022) I3 evaluated on two public student learning datasets, the suggested Adaptive K-Means with
Deep Neural Network model showed better prediction performance than benchmark approaches and, through feature
selection, revealed important influencing elements including mother's education and prior failure history. Sekeroglu et al.
(2019) [ found an accuracy of roughly 70% to 90%, machine learning classification models such as Decision Tree,
Random Forest, Naive Bayes, and SVM can accurately predict student performance using educational records, assisting
in the early identification of at-risk students and supporting focused academic interventions. Khan et al. (2022) 113
According to the study, a number of machine learning classifiers, such as Random Forest, Gradient Boosted Trees,
Decision Tree, k-NN, and Naive Bayes, can predict secondary school student performance with an accuracy of roughly
75%-90%. This allows for the early identification of at-risk students and the implementation of focused educational
interventions. Yagci et al. (2022) 161 Using midterm results and departmental data, the study examined the academic grades
of 1854 students in Turkish Language-1 at a Turkish state university and discovered that machine learning classifiers like
Random Forest, SVM, and k-Nearest Neighbor could predict final exam outcomes with a respectable accuracy (70%-—
75%), supporting early identification of at-risk students and enhancing learning analytics. Karale et al. (2022) ['1 has been
demonstrated that machine learning classifiers like Decision Tree, Random Forest, SVM, and KNN can effectively predict
students' academic performance, frequently reaching 75% to 92% accuracy. This allows for the early identification of at-
risk kids for prompt intervention. 181 Alhazmi et al. (2023) 18 found approximately 70-90% accuracy was attained when
machine learning classification models like Decision Tree, Random Forest, SVM, KNN, Logistic Regression, and
XGBoost were applied to student academic datasets (such as grades and test scores). Random Forest and SVM
demonstrated strong performance in identifying at-risk students, while t-SNE was utilized for feature exploration. Ahmed
et al. (2024) 1 ysed several classification techniques, including SVM, Decision Tree, Naive Bayes, K-NN, and K-Means
clustering, were assessed in a single-institution higher education dataset. Following parameter adjustment, SVM achieved
the highest accuracy (96%), while Naive Bayes performed the worst because of its independence assumptions.*!

11 METHODOLOGY

The study attempts to identify the optimal algorithm for predicting eventual educational attainment by evaluating
the accuracy of multiple machine learning models and using student data.A thorough examination and comparison are
necessary to determine the effectiveness of different machine learning techniques in prediction tasks. The primary tool for
searching literature is Google Scholar. As part of a comprehensive literature review on machine learning techniques for
predicting performance among learners, 15 pertinent research papers published in SSRN Electronic Journal, Mathematics
(MDPI), IEEE Access, International Journal of Emerging Technologies in Learning (iJET), etc. between 2019 and 2025
were used for this study. This review focused primarily on empirical and data-driven research related to forecasting
students’ academic success using machine learning techniques. A methodical search approach and an organized
information source were used to guarantee accurate and trustworthy results. A comprehensive overview of the body of
existing literature in this field was produced by the research selection process, which included a first screening of titles
and abstracts, a conclusion, and subsequent reviews in areas of uncertainty.

The study on machine learning and classification is presented in Table 1, which mainly splits down into three
categories: publication year, various classification and machine learning algorithms with their minimum and maximum
accuracy, and six research articles from 2019 to 2024. The range of accuracy is 70% to 96%.
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Table 1: ML Technique : Machine Learning & Classification

Sr. |Year of

No. [Publication Algorithm Accuracy (min-max)

Decision Tree, Random Forest, Naive Bayes,
Support Vector Machine (SVM)
Purposed Model (Random Forest), GB Tree,
Decision Tree, k-NN, Naive Bayes
Random Forest, Nearest Neighbour (kNN),
3 2022 Support Vector Machine (SVM), Logistic 70%-75% (classification accuracy)

Regression, Naive Bayes
Decision Tree, Random Forest, Support Vector Approximately 75%-92% (varies by
Machine (SVM), K-Nearest Neighbors (KNN) model)

1 2019 ~70% — ~90% (varies by classifier)

2 2022 ~75% — ~90% (varies by classifier)

4 2022

Decision Tree; Random Forest; Support Vector
5 2023 Machine (SVM); K-Nearest Neighbors (KNN);
Logistic Regression; XGBoost

Approximately 70-90% depending on
classifier

K-Means clustering (Davies-Bouldin), Support
6 2024 Vector Machine (SVM), Decision Tree, Naive 77.3% — 96.0%
Bayes, K-Nearest Neighbors (KNN)

Five research articles from 2020 to 2023 are included in Table 2, which mostly focuses on different machine learning and
data mining algorithms with their minimum and maximum accuracy. The accuracy ranges from a minimum of 70% to a
maximum of 98.6%.

Table 2: ML Technique : Machine Learning & Data Mining

Sr. |Year of

No. [Publication Algorithm Accuracy (min-max)

Naive-Bayes, Decision Tree, Random-Forest,

~800,
! 2020 JRip, and ZeroR 80%
Neural Network algorithm (98.6%), kNN
- . .. (86.2%), Logistic Regression (78.4%), SVM
kNN, Logistic R , SVM, D .
2 | 2020 OQISIC Regression ecision (90.3%), Decision Tree (91.9%),

Tree,R F Naive B :
ree,Random Forest, and Naive Bayes Random Forest (90.0%), and Naive Bayes

(81.7%).

random forests, nearest neighbour, support
3 2022 vector machines, logistic regression, Naive 70-75%
Bayes, and k-nearest neighbour algorithms
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Decision tree, Naive Bayes, k-Nearest Naive Bayes gives the highest accuracy with
4 2022 Neighbor, and Support Vector Machine along yes g g y

0, 1 04—00N0 i
with an ensemble 89%, Approx:)mnatf;ycra()sﬁﬁzi) % depending
method called “Random Forest”.
SVM, Random Forest, Decision Tree, Logistic

5 2023 Regression, Ensemble Models, Deep Learning

93.1% and an F1-score of 90.45%
architectures

Table 3 contains two research articles from 2022 and 2023 that mostly discuss various machine learning and ensemble
methods and their accuracy. The accuracy range in the results is 72% to 96%.

Table 3: ML Technigue : Machine Learning & Ensemble Method
Sr. |Year of . .
No. |Publication Algorithm Accuracy (min—max)
1 Logistic Regression, Decision Tree, Random | Approximately 70%—-90% depending
2022 Forest, Naive Bayes on algorithm
random forest (RF), decision tree (DT),
2 AdaBoosts, and support vector machine Approximately 78%-96% depending
2023 (SVM). on the algorithm

A single research publication from 2025 that discusses several machine learning and KNN techniques and their accuracy
is included in Table 4. range varies by model and is roughly 70% to 90%.

Table 4: ML Technigue : Machine Learning & KNN

Sr. |Year of

No. |Publication Algorithm Accuracy (min—max)

K-Nearest Neighbors (KNN)

+ NGO (KNNG) and KNN + TDO (KNTD),
Naive Bayes Classification (NBC) and K-
Nearest Neighbor (KNN) algorithms.
Regression & Classification

1 2025 ~70% — 90% (varies by model)

The accuracy of K-means algorithms and machine learning is not specified in the 2022 study article.

Table 5: ML Technigue : Machine Learning & K-means

St Year of
N(; Publicat Algorithm Accuracy (min—-max)
" lion
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Not explicitly reported in abstract;
model achieves improved prediction
performance compared to benchmarks

Adaptive-K-means-DNN, the adaptive K-

1| 2022
means

Figure 1 shows the distribution of the selected studies by year. By examining recent publications that provide minimum
and maximum reliability for every technique, researchers or professionals can ascertain which machine learning algorithms

are used to forecast student performance between 2019 and 2025.

The survey's accuracy for each machine

learning technique
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Fig.1: Year wise survey accuracy of each machine learning technique

Figure 2 shows how well machine learning predicts student academic achievement using classification, data mining,
ensemble, and K-nearest neighbor techniques, along with the minimum and maximum ranges and total number of articles

utilized for each technique.
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Fig. 2 The accuracy and total number of articles for each machine learning technique

Conclusion:

A comprehensive examination of works on machine learning-based prediction of student educational achievement
is necessary for evaluating the proposed study with prior work in order to show its efficacy. This study conducted a
comprehensive literature evaluation of fifteen research articles released between 2019 and 2025, which focused on machine
learning with a review of categorization techniques. From 2019 to 2024 six research articles that utilized machine learning
with classification techniques focused on the Random Forest, Naive Bayes, Support Vector Machine (SVM), and decision
tree algorithms with an accuracy range of 70% to 96%. Decision trees, logistic regression, support vector machines,
Random Forest, and Naive Bayes were the subjects of five studies that used machine learning and data mining techniques.
The accuracy ranged from a minimum of 70% to a maximum of 98.6% between 2020 and 2023.In the years 2022 and
2023, two research paper that used machine learning with ensemble techniques concentrated on Logistic Regression,
AdaBoosts, Decision Tree, Support Vector Machine (SVM), and Random Forest, with accuracy ranging from a low of
70% to a high of 96%.The accuracy of machine learning using KNN techniques with K-Nearest Neighbors (KNN) + NGO
(KNNG) and KNN + TDO (KNTD) is between 70% to 90%, according to a single study report from 2025.0ne 2022 study
that addresses machine learning using K-means algorithms concentrated on Adaptive-K-means-DNN and adaptive K-
means in cases while accuracy was not stated. To get more thorough insights, future study should take into account a greater
variety of studies and examine a variety of parameters. These initiatives can help educators, organizations, and legislators
make informed choices and use timely tactics to improve outcomes for learning and the achievement of students.

The availability of trustworthy and well-structured academic data is essential for making accurate predictions
about students' academic development, and new technologies can improve the efficacy of early warning systems. Model
reliability and utility can be strengthened by employing methods of selecting features and extending data gathering across
several institutions. To effectively support educators and policymakers in enhancing learning results, future research
should concentrate on bigger, more varied datasets and sophisticated analytical methods backed by reliable guidance.
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