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Abstract: - The paper addresses the challenge of effectively managing the educational process by leveraging
intelligent data analysis of student performance during learning activities. It introduces an approach centered
around data clustering, specifically applied to the study of programming disciplines and languages. By utilizing
clustering techniques, the paper aims to identify the most challenging topics within a given academic subject,
track students' learning paths, evaluate and enhance teaching methodologies, and create personalized learning
plans tailored to individual students' needs. This approach enables educators to better understand and address
the diverse learning requirements of students, ultimately enhancing the overall educational experience.
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1 Introduction
At present, educational institutions and training
centers gather and retain a vast amount of data about
the educational procedure. This information
includes records of student enrollment and
attendance to courses, outcomes of ongoing and
final exams, charts displaying the degree to which
students have attained the educational objectives
stated in educational programs, and so on.
Analyzing this data provides valuable insights that
aid educational institution staff in efficiently
arranging the educational process, [1], [2], [3], [4].
When dealing with large sets of data, data
mining methods can be very useful. Note that
traditional data mining algorithms may not be
suitable for solving problems interested. Therefore
the development of new algorithms that offer
specific functionality and integrity is necessary, [1].
The process of data mining aims to extract
knowledge from large amounts of raw data and has
become a crucial aspect of decision-making
systems. Data mining techniques are introduced into
different research fields, such as statistics,
databases, machine learning, artificial intelligence,
data visualization, etc. [1]. It has gained significant
attention and has become an important component
of the activities in various organizations. For
example, in the service sector, data mining helps
analyze customer behavior and improve a
company's performance. In the healthcare sector, it
serves as an additional tool for doctors to diagnose
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diseases. In the marketing sector, it helps to study
the market and its needs and to make informed
decisions, [1].

Data mining is a continuous cyclic process that
does not stop after finding a solution. The results
generated from data mining lead to new business
goals, which can be used to create more focused
models.

As we know, the process of data mining
includes the  following  stages:  problem
identification, data collection and preparation,
model building, evaluation, and model deployment,
[1].

In the first stage, the subject area as well as the
problem are analyzed, project goals and
requirements are identified, the data mining task is
formulated, and a preliminary implementation plan
is developed, [1], [5].

The second stage involves gathering and
researching data. This step helps to determine how
effectively the data gathered solves the problem.
One can remove unnecessary data or add more data
to improve the accuracy of the results. During this
stage, the data is also subjected to statistical
analysis. Proper preparation of the data can
significantly enhance the quality of information that
must be extracted using data mining techniques. In
addition, this stage involves visualizing and
interpreting the data for various stakeholders, [6].

During the model construction and evaluation
stage, different modeling methods are selected and
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applied, and model parameters as well as
hyperparameters are adjusted to optimal values. At
this point, it is crucial to evaluate how well the
model satisfies the initially stated business goal, [6].

The final stage is the deployment of the model,
where data mining is used in the target environment.
In this stage, the trained model can be used to make
decisions based on real-time data, [7].

In data mining, various approaches and
algorithms are used to find connections between
different data characteristics. These methods include
classification, regression, cluster analysis, factor
analysis, social network analysis, association rules
searching, sequential pattern analysis, etc. The
results are used to predict future events and the
forecast results are presented via various visual
representations such as pie charts, histograms, Gantt
charts, tables, etc. This helps people to better
understand the patterns and forecast results, which
can then be used for decision-making, [6].

2 Data Mining in Education

Educational Data Mining (EDM) is a specific
research field in Data Mining that focuses on using
various studies, techniques, and tools to extract
useful information from vast amounts of data related
to educational processes, [8], [9]. This data can
include various details such as the performance of
applicants in entrance exams, the results of students'
session exams, how the independent and research
work is carried out, the academic subjects that
students frequently access during online learning, as
well as the students’ preferred format of educational
materials (text, multimedia, etc.), [10].

Data mining is widely used in education to
analyze a large amount of data produced by
information systems in schools, universities, and
educational centers. Experts from various fields
such as computer and communication technologies,
pedagogy, psychology, and statistics work together
to improve the educational process by combining
traditional and innovative teaching and learning
methods. The ultimate goal is to enhance the quality
of education through advanced data analysis
techniques (Figure 1), [11], [12].

Automated data analysis through data mining in
the field of education provides detailed results that
are difficult for a person to obtain through manual
analysis. These results can be used by the learning
process management system to establish a
correlation between a student's educational path,
final grades, achievements, and educational goals

(91, [10], [13].
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Fig. 1: Data mining infrastructure in education

Data mining can be a valuable tool for educators
and researchers in the field of education. It can
assist in analyzing curriculum to ensure high-quality
learning for students, altering the list and content of
academic disciplines and workshops according to
student and employer requirements, studying the
educational paths of students and their connection
with educational goals, identifying patterns and
anomalies in student work, suggesting the most

effective  criteria for selecting courses in
asynchronous learning, and much more, [3], [4], [9],
[12].

To comprehensively evaluate the entire

educational process and identify patterns between
students' academic achievements and different
educational approaches, it is necessary to analyze
and visualize information. Research has shown that
pre-processing algorithms should be applied to
learning process data before any specific data
mining methods can be applied, [1], [3], [7].

Data mining methods are utilized in various
forms of learning, such as offline, online, and hybrid
formats. They are applied to analyze the learning
outcomes of individual subjects and the entire
educational program, [3], [11], [13]. In a single
subject, it is possible to examine the results of
mastery of individual topics and patterns that reflect
the pace of mastery of a specific topic, depending on
the degree of mastery of other topics. Ultimately,
this assessment can provide an evaluation of the
students' acquisition of knowledge, competencies,
and skills in the entire academic discipline, [9], [11],
[13].

It is possible to establish a correlation between
accessibility and the degree of mastery of specific
topics within an academic discipline. The same
method can be used to evaluate the entire
educational program and determine the extent to
which the educational goals have been met, [14].
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Automated testing environments can generate
data that can be used to build machine learning
models. With a target variable in mind, regression
models can be constructed to predict expected
output values. These predictive models can be used
to develop warning and recommendation systems, to
prevent undesirable academic outcomes, [11], [15].

3 Evaluating the Effectiveness of

Implementing the Educational
Program
One of the key factors in evaluating the

effectiveness of an educational program is to
determine the extent to which students have
achieved the goals outlined in the program. This is
done by assessing the educational outcomes
produced by various components of the curriculum
including final and current exams, tests, independent
and research work, practice, projects, final papers,
and so on. The points obtained by the students for
these components are then used for certification
purposes. Every unit of the syllabus is linked with
indicators that show whether it covers educational
objectives in the form of knowledge, abilities,
competencies, and skills that students acquire.
Gathering, processing, and analyzing the data will
enable students to be grouped based on the extent to
which they have achieved the stated educational
objectives.

We  represent the  knowledge,  skills,
competencies, and abilities acquired by a student
with an ID as a vector F'P =< F{D,FID, ...,F,ﬁ? >,
(3 < k;),where F/Pis the j-th knowledge/ability/
competence/skill acquired by the student identified
by this ID.

Cluster analysis of data should be conducted on
both individual components and groups of
components while excluding others, [16]. Typically,
the number of clusters is set to three, corresponding
to the categories of "bad," "satisfactory," and
"good." Visualizing the analysis results can aid in
performing a SWOT analysis on the implementation
of an educational program by highlighting the
program's strengths, weaknesses, and possible risks.
The outcomes of the analysis can be used to take
corrective measures to eliminate disadvantages and
enhance educational processes.

As a part of this research, some methods have
been created to evaluate the outcomes of students'

education in programming subjects, including
programming fundamentals and programming
languages. To accomplish this, the e-judge

interactive environment was used, which enables
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automated verification of code written in various
programming languages, [17].

As is known programming is a discipline that
involves creating algorithms to solve problems
effectively. A good algorithm should be optimal in
terms of complexity. For the student, it is essential
to have the ability to create correct algorithms and
evaluate their complexity. Programming training
involves mastering the syntax of a programming
language, as well as acquiring the skills to build
effective and accurate programs in that language.
This means that the program should work correctly
for all proposed test cases.

Automated systems designed to support
programming disciplines such as e-judge, Code
Signal, etc. are equipped with tools that help check
the syntax of programs in the desired programming
language. They support the launch of the programs
on specific input data and provide results on test
cases. These results are available in a convenient
format for both manual and automated analysis,
[17].

This paper examines the use of data intellectual
analysis methods to improve education by analyzing
data from knowledge-testing environments. The
purpose of this study is to create a toolset for
exploring students' educational paths, monitoring
their progress, identifying challenging topics, and
implementing effective teaching methods. To solve
the problem, data clustering is proposed, [16].

Our research is conducted to evaluate students’
achievements in programming disciplines. The
students are given tasks to programming in different
programming languages such as C, C++, and
Assembler. The students must implement the tasks
in the e-judge environment, [17]. The tasks are
provided with test cases that the e-judge system uses
to test the programs.

The e-judge system presents program execution
results on test cases in different forms. If there are
compilation errors in the program that point gaps in
learning by students the syntax of the programming
language, the system returns a "Compilation Error"
message. If not all tests have been passed, an
"Execution Error" message is returned. If the
program is ineffective and exceeds the maximum
operating time, the system returns a "Maximum
Operating Time has been Exceeded" message.
Finally, if the program executes successfully on all
the test cases, the system returns an "Awaits for
Confirmation" message, [17].

Data clustering can be used to identify how
students learn the syntax of programming
languages, whether they create complete programs
with all the necessary functionality, how effective

Volume 21, 2024



WSEAS TRANSACTIONS on ADVANCES in ENGINEERING EDUCATION

DOI: 10.37394/232010.2024.21.13

their programs are, and which tasks are the most
challenging for them.

The data that needs to be analyzed consists of
vectors that represent students. Each vector reflects
the progress made by the respective student in a
training module section and provides a summary of
his task completion. The student vector contains
various components such as the student's ID,
number of tasks completed, task numbers, number
of completed tasks that ended in a particular status,
and the dates of the first and last submission of
completed tasks. These vectors will be used to
cluster the data.

Clustering is a process of dividing a set of
objects into groups called clusters. The main goal is
to place similar objects in one cluster while keeping
significantly different objects in separate clusters,
[16]. A cluster can be defined as a group of objects
that share common properties. Data clustering helps
us to understand the key issues related to learning
and to identify weaknesses in the educational
process. The results of data analysis can be used to
create an individualized learning approach for each
student by developing an adaptive learning scenario,
[11], [18].

The process of cluster data analysis is carried
out in several stages. First, features are selected
based on which clustering will be performed. Next,
a measure of distance between objects is chosen.
Then, a clustering method is selected. Finally, the
reliability of the clusters is interpreted and assessed,
[16].

In this work, two cluster analysis methods were
used: the K-means method and the DBSCAN
method, [16].

The K-means method involves selecting K
(K>=2) centroids randomly among the data. The
distance from each data point to each centroid is
then calculated, and each data point is assigned to
the cluster with the nearest centroid. After this, the
centroids are recalculated by taking the average of
all points in a given cluster. The algorithm ends
when the centroids of the newly formed clusters do
not change, or the data remains in one cluster
without moving from one cluster to another, or if the
maximum number of assigned iterations has been
completed, [7], [15], [16].

The DBSCAN algorithm, short for Density-
based spatial clustering of applications with noise, is
a clustering technique that takes into account the
distribution density of a random variable. It works
by grouping points that are located close to each
other and labeling the points that are situated in
areas of low density as noise. The algorithm
identifies neighboring points within a specific
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neighborhood of a chosen point. If the number of
such points exceeds a given threshold, a new cluster
is created. Otherwise, the point is marked as noise.
Then the algorithm assigns all the points from the
given neighborhood to the same cluster as the main
point. These steps are repeated for unvisited points
as well as for those that are marked as noise, [16].

Clustering provides an easily interpretable
pattern of results by using the centroid values of
each cluster. The centroid represents the most
typical data or prototype in a cluster. However, it
does not necessarily describe any specific instance
in that cluster.

This work addresses the challenges of analyzing
task complexity, tracking individual student
progress, and evaluating educational paths in a
course topic.

To categorize the tasks based on their level of
difficulty and identify topics that may require
further study, k-means cluster analysis is conducted
[16]. The problems are categorized into three
different levels of difficulty: easy, medium, and
advanced. This is accomplished by computing the
percentage of correct answers for each problem, and
then conducting cluster analysis to group the tasks
based on their level of difficulty for students (Figure
2). The DBSCAN method is utilized to assess
students' individual work on a specific task. The
data processed by the method pertains to each
student and the particular task, reflecting the amount
of effort the student put into solving the given task.
The data vector includes information about the
student's ID number, task number, number of
attempts, and the date when results such as
"compilation error," "working time exceeded," or
"incorrect answer" were recorded.
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Fig. 2: Cluster analysis of tasks by complexity

The DBSCAN method clusters a set of these
vectors, and the results are visualized (Figure 3).
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Fig. 3: DBSCAN analysis of one specific task

By using statistical analysis of data provided by
the e-judge system, one can generate summary
information that includes both solved and unsolved
tasks. This information can be used to develop an
effective learning strategy (Figure 4), [11], [18].

Ml

Fig. 4: Information about solutions to problems

The teacher can obtain information about the
student’s progress regarding the specific task.
Filtering is performed by the student name and a
task, and the student’s progress in solving the
problem is visualized (Figure 5).

Fig. 5: Filtering by the student’s name and a specific
task
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4 Conclusion

Most of the studies on the use of data mining
techniques in the field of education (EDM) focus on
the use of e-learning technologies such as Moodle,
WebCT, Blackboard, Classroom, etc., and student
knowledge automated testing using tools like
Google Forms, Moodle, e-judge, Code Signal, etc.,
[17], [19].

Currently, the main challenge is to evaluate the
level of attainment of the final educational outcomes
(learning outcomes), where student performance
plays a crucial role. Predicting student performance
based on their learning path can help both students
and teachers enhance their learning and teaching
methods. Frequently, the current research is limited
by the statistical techniques utilized for processing
data. The application of data mining methods to the
educational process is an important issue that
requires attention. This includes data collection,
problem formulation, clarification of the methods
used, determination of forecasting goals, and
practical application of the results obtained.

One practical way to implement research results
is to develop recommendation systems for
personalized learning. These systems will provide
students with a learning path that is tailored to their
needs. Recent research on personalized learning
systems examines some simple features such as
learner preferences, interests, and learning and
testing behavior.

This paper demonstrates the outcomes of a
cluster analysis that was applied to data related to
teaching programming and programming languages.
The purpose of this analysis is to identify the
shortcomings in the educational process and to
develop new teaching and learning strategies that
are tailored to the needs of the students.

If more data becomes available in the future, it
will be possible to apply additional data analysis
methods that will yield more effective results. It
would also be desirable to have the ability to
automatically connect to databases of automated
testing systems to process real-time data, [17], [19].

The analysis via data mining methods provides
insights into the importance of required courses in
the syllabus. A valuable tool for teachers is an
analysis tool that predicts the degree to which a
student will achieve her/his educational goals.

We consider also an opportunity to use machine
learning technologies to predict the expected
learning outcomes for a student, as well as to create
warning and recommendation systems to avoid
undesirable academic outcomes, [6], [15].
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