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Abstract: Predicting student performance remains a challenge
in many education systems, especially in developing countries like
Zambia, where robust predictive tools are scarce. This study shows
how data mining methods can be utilised to improve the accuracy
of performance prediction by leveraging mock examination results
to meet the needs of school management. For this study, a dataset
containing 1,170 instances and 17 attributes was constructed and
analysed using four classification algorithms (J48, PART,
BayesNet, and Random Forest). The findings indicate that
although each classifier produced results with high accuracy
above 99%, Random Forest performed best, delivering perfect
predictions with 100% accuracy. These results emphasise the
importance of data mining in generating reliable forecasts of
student performance, enabling early detection of at-risk learners
and timely interventions by school managers, teachers, and
parents. The study recommends adopting Random Forest as the
most suitable classifier for predicting student performance. By
incorporating predictive analytics into educational management,
schools can strengthen decision-making, refine teaching
approaches, and ultimately improve learning quality.
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I. INTRODUCTION

Data Mining (DM) has emerged as a crucial area within

modern education systems. The field focuses on developing
techniques for examining the distinctive data types produced
within the education system. The primary aim for using DM
in an educational setting is to enable the various stakeholders
to gain deeper insights into students and their learning
contexts [1]. Data mining offers substantial possibilities, such
as analysing how students perform [2] and forecasting
outcomes in the learning system to help reduce dropout rates
[3]. When stakeholders, such as teachers, school managers,
learners, decision-makers, and civil society organisations,
apply data mining approaches to student information. These
give stakeholders a platform to extract meaningful insights
from the vast datasets at their disposal.
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The DM approach helps stakeholders uncover previously
hidden details about students, including factors that might
influence their future academic success [4]. The promising
potential of DM in educational settings sparks widespread
research across different educational levels. This study
focuses on using various classifiers to predict student
performance [2]. The study also aims to integrate DM into
educational systems, which is expected to enhance both the
effectiveness and quality of educational management in
schools [5].

The incorporation of DM into the educational system is
believed to support both school managers and students by
improving key processes, such as instruction and learning [6].
This approach strengthens the teaching and learning
strategies and future planning efforts [2]. Considering that
student academic success is performance-based, the use of
DM will provide school managers with insights to plan for
student outcomes based on current student performance [7].
On the other hand, DM allows school managers to examine
past and present student data to estimate future performance
[7]. The ability to predict student achievement through data
mining represents a significant shift from traditional
approaches and advances the utilisation of information
communication skills in educational environments [8].

However, in developing nations such as Zambia, the
advantages of DM have not been fully appreciated or utilised.
This lack of utilisation stems primarily from limited
awareness of predictive approaches currently employed to
identify the most effective forecasting methods for student
performance. Zambia's educational structure, like many
others, positions secondary education as preparation for
higher education (colleges and universities). Throughout this
preparatory stage, students must complete a curriculum
covering at least 8 subjects. During these stages of basic
education, students undertake various assessments. These
assessments provide a platform for teachers and school
managers to evaluate students' comprehension and
knowledge development and prepare them for advanced
academic challenges and opportunities ahead. These
assessments take multiple forms, including homework, tests,
and assignments [5]. In secondary schools, the major
evaluations (mock and final examinations) hold particular
significance. They are used for demonstrating student
progress and preparedness. Schools supported by the
examination body (Examinations Council of Zambia)
administer these annual evaluations to examination classes
(grades 9 and 12). In this context, the dedication and work
ethic of teachers and administrators often show in final
examination results, as student achievement is considered
among the most vital issues in the
education system [9].
However, student
performance can be affected
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by numerous variables, such as a lack of technology [10],
especially in many Zambian schools. This, as noted, may
affect early detections and the prediction of student
performance from assessment information. Assessment
feedback plays a crucial role in shaping learning and success
[10], yet producing precise feedback remains challenging in
educational environments [11].

This study holds that accurate feedback requires proper
analysis, and without this foundation, prediction attempts fail
and future data utilisation suffers [10]. Techniques that help
teachers and school managers to predict student performance
help identify struggling learners early, precisely [10], reduce
dropout rates [12], and assist in recognising slow learners
while evaluating the primary factors affecting their academic
results [13]. The insights gained can help institutions modify
teaching methods, enhance learning procedures [14], and
improve decision-making and policy creation [15].
Consequently, many computer-assisted models for feedback
and prediction have been developed internationally, though
this development has not yet occurred in Zambian schools.
Given this situation, the present study seeks to demonstrate
how data mining with WEKA can analyse mock examination
results and predict students' performance in final
examinations. The research followed three goals: (1) to create
a dataset for predicting student performance, (2) to evaluate
various data mining classification methods for prediction, and
(3) to suggest the most appropriate classification method for
secondary school use.

II. METHODOLOGY

The research used student examination data from Chankwa
Secondary School, located in Mufulira, Zambia's Copperbelt
Province. This primary data included mock and final
examination scores, which were used to create a dataset
containing 1,170 records across 17 variables. The dataset
comprises three mandatory subjects (English, Science, and
Mathematics) for students who sat their national
examinations between 2014 and 2016. This study
purposefully sampled the examination records for the stated
period because they were more complete, consistent, and
reliable, providing a more valid basis for inclusion and testing
formats.

To supplement the examination dataset, this study
conducted an extensive literature review to triangulate the
collected information. The supplementary information
enabled the study to establish theoretical foundations, thereby
providing a basis for understanding how researchers utilise
data mining techniques in the educational environment. The
combination of the actual examination records and data from
the literature review provides a comprehensive framework
that supports the research methodology and enhances the
interpretation of the findings.

The school management at Chankwa Secondary School,
who were the custodians of the examination records, were
approached with an introductory letter from Copperbelt
University. The school management granted access to
examination records for the requested period to support the
study. Confidentiality and anonymity were ideal, given the
sensitivity of the records, especially since the 5-year embargo
had not yet elapsed. The dataset excluded any information
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that could identify individual students, and all findings were
presented using combined data rather than individual results.
During the data (record) collection process, the researchers
and research assistants obtained examination records by
following proper institutional Channels and, most
importantly, adhered to strict institutional ethical guidelines.
The use of examination records can raise serious concerns
due to the strict examination guidelines enforced by the
Examination of Zambia. Following the laid-down guidelines
ensured credibility and protected the school management and
students' privacy rights.

A. Reviews of Related Literature

Data mining is the practice of examining data from multiple
angles and transforming it into meaningful insights to reveal
underlying relationships and patterns embedded in large
datasets [16]. Its usefulness has been demonstrated across
many domains, including fraud detection, targeted
advertising, marketing analytics, credit and loan evaluation,
and predictive modelling [17]. Within education, where
digital records and learner-related data are growing rapidly,
there is an increasing demand for approaches that can
systematically analyse large volumes of information. In
response to this need, EDM has gained prominence as a
method for analysing learning data and forecasting student
performance. Because education administrators typically aim
to improve academic outcomes, continuous monitoring of
learner performance is essential. By leveraging data mining,
education stakeholders can make better-informed decisions
through early identification of learning difficulties and timely
academic support interventions [18].

Evidence of the value of data mining in educational
management is well documented in the literature. [19],
compared several algorithms, J48, Naive Bayes, Bayes Net,
Multilayer Perceptron, SVM, REPTree, and Random Forest,
using two datasets designed for predicting student
performance. They reported that J48 delivered notably strong
classification performance in their evaluations. Other studies
have equally examined determinants of student achievement
by analysing both environmental and educational factors
using data mining methods [20]. Their work applied C4.5 and
ID3 decision tree techniques, combined with a ranker-based
feature selection approach, to improve the prediction of
student outcomes. Likewise, [21] analysed engineering
student records using C4.5 and CART decision tree models to
predict whether learners would pass, fail, or progress.
Collectively, the studies and literature show that data mining
approaches and techniques could improve the accuracy of
student performance prediction and provide actionable
evidence to support educational decision-making in schools.

B. Feature Selection

In data mining, selecting the correct feature is a vital
process. This is the process leading to data analysis and the
identification of important and valuable attributes for
inclusion. This process enables the study to eliminate
attributes  that are considered
irrelevant, redundant, or contain
noise in the dataset. Reducing
the dimensions or attributes
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efficiency, improves model
generalisation, and minimises the risk of overfitting.
Correlation-based methods of attribute evaluation are
commonly employed to assess the contribution of different
variables to improved predictions and their relationships with
other variables, ensuring that only the most informative
features are used in the analysis [22].

A five-structure approach was utilised to develop the
dataset. These are (i) training, (ii) pattern identification, (iii)
testing, (iv) result evaluation, and (v) knowledge
visualisation. Having completed these steps, the study then
applied several machine learning algorithms in WEKA to
measure predictive accuracy. The machine learning
algorithms were J48, PART, BayesNet, and Random Forest
[23]. The combination of these machine learning algorithms
and classification methods enhanced the quality of the input
data. It boosted classification results, highlighting feature
selection as an important component of successful data
mining.

C. Dataset Model Processing

The study shows the process and the approach for
forecasting student performance. The data obtained from
Chankwa Secondary School (examination records) were
considered unprocessed and used in this experiment, as
presented in the methodology section. To generate the final
dataset, all key steps were performed, including data
preparation and data mining. Initially, the original records
were prepared and saved as CSV files. The CSV files were
then transformed to ARFF format and later imported into the
modelling tool for analysis. Figure 1 shows the summarised
and complete workflow.

*

Creation of arff file based on the ‘

collected data

]

attributes for classification

Feature Selection and most relevant ‘

Classification Algorithms

Fesult Evaluation and Visualisation

[Fig.1: Dataset Processing Model]

D. Description of Algorithms

The WEKA's J48 algorithm was used to implement the
C4.5 decision tree approach. This offered flexibility by
generating both pruned and unpruned tree versions. This
created a balance between the model's accuracy in predicting
outcomes and the ease with which users can interpret its
structure. On the other hand, PART takes a different strategy.
The study used a divide-and-conquer approach to build
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partial decision trees multiple times, converting the most
effective leaf nodes into IF-THEN rules. The process creates
a decision list that merges concepts from decision tree
creation and rule-based machine learning [24].

On the other hand, the BayesNet builds Bayesian network
models by applying several search methods and evaluation
criteria. This allows the algorithm to capture probabilistic
connections and both conditional dependence and
independence relationships between variables [25]. Random
Forest is an ensemble method that generates numerous
unpruned decision trees by bootstrapping the training data
and randomly selecting features at each tree's construction.
The method combines predictions from these varied trees to
generally produce better accuracy and consistency while
reducing the risk of overfitting [3].

III. RESULTS

Table I: Dataset Creation and Description

Attribute Description Values
GE Gender M/F
GR Grade 9/12
AG Age 15/18
SSA Students’ School Private/Public
SSL Studle nts ‘SChOOI Urban/Peri-urban/Rural
ocation
SSMT ]\/S[:)ljjd:g?]“rsacn};git Bus/Foot/Bicycle
PVN Province Copperbelt
YR Year 2014/2015/2016
1-75% to 100%, 2- 70% to
Marks Senior 74%, 3- 65% to 69%, 4- 60%
MKSGRADE Grade to 64%, 5- 55% to 59%, 6-
50% to 54%, 7-40% to 49%,
8-35% t0 39%, 9- <35%
Marks Junior 1-75% to 100%, 2-60% to
MKJRGRADE Grade 74%, 3-50% to 59%, 4- 40%
to 49%, F- <40
TOS Type of School Co-Ed, Boys/Girls
SJ Subjects English, Maths, Science
RT Calculated from Ass, Fall
marks
Scco?iesgggzl SCD S;ggzl Code SCD School Code 5054

A. GE: Gender is used to classify the students as either male
or female. This factor is quite important because it helps
determine the effect of students' gender on prediction.

B. GR: Grade is used to identify the student as either nine (9)
or twelve (12).

C. SSMT: Mode of transportation to school. It determines the
student's mode of transportation. The possible values are:
by foot, by bicycle, and by bus.

D. MKSRGRADE: Marks/Grade obtained at senior
secondary level, and it is declared as the response
variable. It is also split into nine class values: 1 — 75% to
100%, 2 — 70% - 74%, 3 — 65% - 69%, 4— 60% - 64%, 5
—55% - 59%, 6 — 50% - 54%, 7 —40% - 49%, 8 — 35% -
39%, 9- < 35%.

E. MKJRGRADE: Marks/Grade obtained at junior
secondary level, and it is declared as the response
variable. It is also split into nine class values: 1 — 75% to
100%, 2 — 60% to 74%, 3 —
50% to 59%, 4 — 40% to
49%, F- <40%.
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F. TOS: Type of school. This determines the type of
secondary school the student attended. It includes the
possible values, co-education, boys, and girls.

Table 1 presents the attributes and descriptions of the
dataset used to predict student performance. The dataset from
examination records contained 1,170 instances with 17
attributes. The attributes selected for this study were
academic, demographic, and institutional factors. Among the
key variables in the dataset were Type of School and location
(SSA, SSL, TOS), grade level (GR), gender (GE), age (AG),
and mode of transport (SSMT). Academic achievement was
captured wusing junior and senior secondary marks
(MKJRGRADE, MKSGRADE), which served as the
response variables. Contextual fields, such as year (YR) and
province (PVN), were retained to capture regional variation
and anchor the records to a specific time frame.

For data modelling, the grading variables were encoded into
predefined bands, such as MKSGRADE: 1 = 75-100%, 9 =
<35%. This approach enabled classification algorithms to
learn from performance categories rather than raw scores,
making the dataset suitable for machine learning, especially
classification-based analysis.

Table II: Comparing the Performance of the Four Classifiers

Accuracy
Model
Dataset
Correctly . Incorrectly
Instances Classified Classified Instances
J48 99.5763% 0.4237%
PART 99.788% 0.2118%
Bayes Net 99.5763% 0.4237%
Random 100% 0%
Forest

To evaluate the dataset’s utility, we tested it against four
classification algorithms: J48, PART, BayesNet, and Random
Forest. Table 2 presents the results, which were notably
strong across the board. J48 and BayesNet both reached
99.58% accuracy, while PART edged slightly higher at
99.79%. Random Forest stood out entirely, classifying every
instance correctly at 100%. These results suggest that the
dataset is well-structured and sufficiently rich in relevant
features for the algorithms to distinguish between student
performance levels reliably.

25,509 99 790 59.580%
100

o I I I
o 348 Ra

PART RayesNet

Accuracy (%)
5 8 8 &z § 8

]

¥

100.00%
ndom Forest

[Fig.2: Comparison of Classifiers]

Figure 2 shows a comparison of the predictive accuracy
obtained from the four applied classifiers: J48, PART,
BayesNet, and Random Forest. Having applied these
classifiers to the dataset, the results show consistently
excellent performance across all four models, with accuracies
above 99%. Specifically, both J48 and BayesNet achieved
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99.58%, while PART produced a slightly higher value of
99.79%. The Random Forest achieved the strongest
performance, reaching 100% accuracy and correctly
classifying all instances. The findings of this study indicate
that the dataset was accurately prepared and appropriate for
predictive modelling, allowing each algorithm to classify
student performance reliably.

IV. DISCUSSION

The results demonstrate that a comprehensive dataset was
assembled by merging student background information,
including gender, age, school type, and transportation
methods, with academic performance data from both practice
and final examinations. This integrated approach provides a
holistic perspective on the factors influencing student
performance in the selected subjects, highlighting the
multifaceted nature of academic achievement (Table 1). The
analysis focused on three core subjects required in Zambian
schools: Mathematics, Science, and English. These subjects
are essential for determining students' eligibility for
advancement to higher education institutions, such as
colleges and universities. The dataset's validity and reliability
were enhanced by maintaining complete records over three
years (2014-2016), thereby minimising data gaps that could
affect the modelling process. Furthermore, categorical
performance levels were used instead of exact numerical
scores, enabling machine learning models to identify
significant achievement patterns and improving the
interpretability of results for teachers, educators, and school
management. This approach is consistent with other
educational prediction studies that categorise grades to
facilitate classification tasks [26].

The analysis indicates that the selected algorithms achieved
high accuracy in meeting the prediction objectives. Tree-
based and rule-based methods, specifically J48 and PART, as
well as the probability-based BayesNet model, all produced
highly reliable predictions, with accuracies exceeding 99%
(Table 2 and Figure 2). These results are consistent with
previous educational data mining research, which has
demonstrated strong predictive capabilities using similar
classifiers and methodologies [27]. Notably, the Random
Forest classifier achieved perfect classification with no
errors. This exceptional accuracy can be attributed to the
ensemble method's ability to generate multiple decision trees
from random samples of data and feature sets, thereby
increasing stability, reducing variance, and limiting
overfitting, particularly when multiple factors influence
student outcomes.

As indicated, the results of this study are significant for
school managers and other stakeholders, including education
officials, civil society organisations, and donors in the sector.
This is because the results suggest a realistic approach to
transitioning from merely reporting past results to actively
supporting students in schools. When schools have the
localised capacity to predict final exam performance from
mock exam results with nearly perfect accuracy, they can spot
struggling students early and offer
remedial support. This enables
school managers to focus
interventions more
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allocate teaching and counselling resources where they will
have the greatest impact before final exams commence.
Similarly, other studies on performance prediction confirm
that these models generally provide value not only through
accuracy, but also by enabling early interventions that help
students stay in school and complete their courses [28]. In this
study, the results and available literature indicate that
incorporating Random Forest-based predictive tools into
school performance tracking systems in learning settings can
improve teaching methods and decision-making, and provide
focused feedback, ultimately leading to better learning
outcomes across the education system.

A. Recommending the Optimal Classifiers

The comparison among the four classifiers indicates that all
models performed well. The accuracy of all classifiers was
above 99% (Figure 2). This also demonstrates that the dataset
used in this study was well-organised and suitable for
predictive modelling, enabling each algorithm to classify
student performance with high reliability. However, the
results show that the Random Forest classifier is best suited
to achieve perfect accuracy, with zero misclassified cases.
The Random Forest classifier is an ensemble learning
mechanism that builds many decision trees and aggregates
their predictions, enabling it to capture complex patterns
while improving generalisation and limiting overfitting. Most
importantly, even when other models were tuned by adjusting
parameters, none achieved results comparable to Random
Forest. Therefore, this study aligns with prior studies
reporting Random Forest accuracy above 99% and suitability
for educational performance prediction tasks in learning
institutions [3].

This study recommends Random Forest as being the most
suitable classifier for predicting student performance in
secondary schools. The value of using Random Forest is not
limited to learning institutions or to predicting student results,
but extends to multiple stakeholders. For learning institutions
such as schools and management, Random Forest offers a
more reliable platform for tracking learner progress across
subjects and identifying students at risk of underperforming
early. This provides a more flexible guide for institutional
planning, management, and more efficient use of resources.
For individual teachers, the predictive outputs can help
strengthen instructional decisions in everyday academic life
by pinpointing learners who need additional support. This
will also enable the teachers to provide the needed
interventions to learners who are underperforming promptly.
For students in schools or learning facilities, accurate result
predictions will increase awareness of their academic
position, further motivate them early on, and encourage
proactive engagement with learning tasks. And for parents,
predictive insights will enable them to monitor their
children’s progress and provide timely counselling,
encouragement, and academic support at home [9]. In
addition, policymakers can utilise data mining methods, such
as Random Forest, in education systems to improve evidence-
based decision-making, support quality assurance efforts, and
help lower dropout rates across the country's schools.
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V. CONCLUSION

This study demonstrates that applying data mining
techniques can enhance the prediction of student performance
in secondary schools and other educational institutions. A
comprehensive dataset from Chankwa Secondary School in
the Mufulira district of Zambia, focusing on socio-
demographic attributes, was utilised. By integrating mock
examination indicators in Mathematics, English, and Science,
the study established a robust foundation for evaluating
several classification techniques, including J48, PART,
BayesNet, and Random Forest. The results indicate that
decision tree—based models and probabilistic approaches
achieved high accuracy rates (above 99%). Notably, Random
Forest was identified as the most effective classifier for
predicting student performance. This exceptional predictive
performance underscores the advantages of ensemble
learning, which improves generalisation and reduces the risk
of overfitting.

These findings hold significant value for a range of
educational stakeholders. For school managers and
policymakers, the predictive models offer a means to identify
at-risk learners early and facilitate the timely implementation
of targeted interventions. For subject teachers, performance
prediction can inform more responsive instructional planning
and enable personalised support where it is most needed.
Additionally, parents can benefit from clearer performance
forecasts, improved monitoring of student progress, and the
ability to provide earlier support at home. Although the study
was conducted at a single school in the Mufulira district, the
proposed framework is generalisable and can be adapted to
other schools, districts, and subject areas nationwide.
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