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MATHEMATICAL MODELING OF LEARNING PROCESSES
AND PREDICTION OF STUDENTS SUCCESS

This review explores key modeling approaches, including regression
analysis, cluster analysis, neural networks, Bayesian networks, and machine
learning methods. These techniques help educators assess student
performance, identify academic risks, and implement tailored interventions.
Predictive models use factors such as prior grades, study time, and
engagement in digital learning systems. Machine learning algorithms,
including decision trees and neural networks, enhance forecast accuracy by
adapting to new data. While mathematical models provide valuable insights,
challenges such as incomplete data, emotional factors, and overfitting can
dffect reliability.
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Background

In the modern educational environment, mathematical modeling is
gradually becoming a powerful tool for analyzing and predicting
student success. These models are based on mathematical methods and
algorithms. They help identify key factors that can affect learning
outcomes, and can also make predictions about the future success of
students. As you can see, this will allow us to create and develop
different individual approaches to learning and make important
decisions regarding the improvement of the educational process.

It is quite well known that mathematical modeling in the field of
education has quite different approaches. Namely, these are neural
networks, regression analysis, Bayesian networks and, of course,
machine learning methods. It is clear that these tools will allow us to
analyze key indicators of success, to predict success and to analyze
rather large educational losses.

My goal of this work is to review modern approaches to
mathematical modeling of learning processes and predicting student
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success. I will also analyze their effectiveness and their ability to
improve the quality of education.

Consider the essence of mathematical modeling in education. As
is known from various information sources, mathematical modeling in
education plays a key role based on data on student learning outcomes.
This will allow us to build different models and be able to predict their
success in the future. I would like to note that these models are able to
take into account numerous factors, namely: attendance at classes,
results of control classes, participation in various extracurricular activities
and the level of immersion in the educational process. According to
Kaiser, mathematical modeling is considered as a creative process of
interpretation of results and input changes to the model in order to
determine, control or optimize the situation in order to understand the
real one situations (Cooper, & Heaverlo, 2013).

As you know, the main methods of modeling in education are
regression analysis and the method of cluster analysis.

Regression analysis is an opportunity to determine the relationship
between different variables (it can be the share of self-study material
and the average score of the learning result).

Cluster analysis is a kind of opportunity to divide students according
to similar characteristics and the opportunity to develop appropriate
learning strategies for each group.

We will also consider other modeling methods:

* Neural networks — they imitate the work of the human brain, and
can reveal complex dependencies between various factors of the
educational process (Kuchynska et al., 2022).

 Bayesian networks — they will allow us to build such probabilistic
models — of the initial process, and to make the process based on
existing data.

* Machine learning methods — they automatically find patterns in
large data sets and can improve their prediction accuracy with each
new set of different information and improve their prediction accuracy
with each new set of information.

Let's consider the prediction of students' success. Usually,
predicting the success of students is a rather difficult task for ensuring
the quality of education. Thanks to mathematical models, educators
and the management of educational institutions can conduct an
analysis in order to early identify students who cannot master the
educational material at least at an elementary level, and can be
excluded for negative academic results. It is clear that thanks to this
prediction, a new opportunity opens up for us to implement preventive
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measures, such as developing a different strategy for mastering the
material and conducting other general and individual consultations.

Let's consider some basic criteria for predicting success:

* Previous grades — on the basis of grades for previous courses, you
can build regression models predicting learning outcomes in future
semesters.

* Time spent studying — you can use time series models that will
allow you to predict and take into account the student's cognitive
changes and influence his improvement in academic performance.

* Activity in educational systems. Data from electronic learning
management systems can serve as a basis for modeling student
engagement and academic achievement.

Results

Let's consider the effectiveness of mathematical models in
predicting the success of students. Mathematical modeling shows us
significant potential in predicting student success due to the ability to
analyze a large amount of data. This will allow us to detect patterns
that are difficult to notice using traditional methods. The models we
use for forecasting range in complexity and accuracy, from simple linear
regressions to complex neural networks. Let's consider each of them:

1. Machine learning algorithms are one of the most effective tools
for predicting student success.

They are powerful enough to create adaptive models that
automatically learn based on new data and constantly improve their
predictions. Machine learning itself is based on large data sets, such
as exam preparation time, achievement scores, and more.

The most common machine learning algorithms for predicting
success are: decision trees, logistic regression, and neural networks.

2. Accuracy of models and factors affecting performance.

The accuracy of mathematical models in forecasting depends on
several factors:

* Data quality. The more and more accurate the data, the more
accurate the forecast.

* Model selection. Simpler models often lack the power to account
for all possible relationships between variables. In contrast, more
complex models, such as neural networks or ensemble methods, can
provide more accurate results, but require larger amounts of data and
computational resources.

* Model hyperparameters. The accuracy of the prediction also
depends on the correct setting of the hyperparameters of the model.
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3. Use of neural networks.

Neural networks are a powerful tool for analyzing complex
relationships between various student performance indicators. They
use multi-layer structures to process data and are able to recognize
patterns that are difficult to detect with other methods. They can also
predict whether a student will succeed in a particular course or predict
his grade in a particular discipline based on data about his previous
achievements. Most interested in using methods and tools of data
analysis are commercial enterprises deploying their projects on the
basis of information data warehouses (Chilukuri, 2020). Ensuring data
integrity is one of the most important components of data analysis.

The main advantage of neural networks is their ability to learn from
new data and adapt to changes in student behavior. However, they
require a lot of computing power and lengthy training, which can be a
limitation for educational institutions with limited resources.

4. Problems and limitations of mathematical models.

Despite their powerful effectiveness, mathematical models for
predicting student success have some limitations.

Information gaps — data used for modeling may be incomplete or
contain errors. This may be the case in some cases where students may
not be using e-learning systems so actively that it may simply make it
difficult to analyze their engagement.

Individual characteristics — these models often do not take into
account emotional and motivational factors that can have a decisive
influence on the student's success.

Overfitting — in these cases, when the model is too precisely adapted
to the training data, it may not work effectively on new data sets. This
means that the model may not be useful for changes in educational
processes or student behavior.

5. Preventive measures based on forecasts — one of the key
advantages of using mathematical models for predicting the success of
students is the possibility of applying preventive measures. Educators
can receive timely notifications about students who are at risk and take
appropriate measures, such as individual consultations, adaptation of
teaching materials or creation of individual study plans.

For example, if the model predicts that a student may have difficulty
with a particular subject, additional resources or counseling can be
offered. And, this already increases the chances of successfully
completing the course and improving the overall quality of the
educational process.
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6. Development prospects.

Mathematical models continue to improve along with the development
of artificial intelligence and big data processing technologies. New
approaches, such as deep learning and ensemble methods, make it
possible to increase the accuracy of forecasts and make models more
flexible to changes in data.

Discussion and conclusions

So, after conducting the analysis, it can be stated that the mathematical
modeling of learning processes and predicting the success of students
is a promising direction in the development of educational technologies.
It is thanks to the use of mathematical methods and algorithms that
educational institutions get the opportunity to improve the quality of
the educational process, identify problems at early stages and implement
preventive measures to improve academic results.

I would like to note that despite certain limitations, the use of
mathematical models allows us to make the educational process more
effective and individualized.

I hope that in the future we can expect the further development of
such technologies, which will contribute to the improvement of
teaching methods and increase the level of success of students
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MATEMATUYHE MOJAE/IIOBAHHA ITPOLIECIB HABYAHHA
ITIPOTHO3YBAHHA YCIIIIHOCTI CTYAEHTIB

Po3zassHymo Kka10408i nidxodu do Mode1108aHHs, 30Kpema pezpecitiHuil
aHani3, KaacmepHull aHa.i3, HelipoHHI Mepedici, 6aecogi mepedici ma me-
moou MauwluHHO20 Has4aHHsA. Lli mexHiku donomazaioms oceimaHam oyi-
Hlogamu ycniwHicms cmydeHmis, eu3Hadamu akademidHi pusuku ma
anpoesadicysamu adanmuegHi 3axodu. [IpozHo3Hi Mode1i epaxogyroms maki
dakmopu, sk nonepedHi oyiHku, sgumpaveHuli Ha HABYAHHA Yac i pieeHs 3a-
J1lyyeHocmi do yughposux oceimHix cucmem. Aazopummu MawWUHHO20 HAB-
YaHHsA, eK/o4aw4u depeea piuieHv i HellpoHHi mepedxci, nidsuujyioms
MoYHicmb Npo2HO3Y8AHHS, A0AnMy04ucs 00 Ho8ux daHux. Xoya mamema-
muyHi Modeii 3a6e3nequyroms YiHHI aHa1iMu4Hi 8UCHOBKU, MAKI 8UKAUKU,
SK HenoeHi daHi, emoyitiHi hakmopu ma nepeHagyaHHs1 Modei, MOHCYymMb
en/ueamu Ha ixHio HadiliHicme.

Kiawo4oBi cs1oBa: Mmamemamu4yHe Moden08aHHS, NPO2HO3YBAHHS Y C-
niwHocmi cmydenmie, MawuHHe HABYAHHS, pezpeciliHull aHa1i3, HellpOHHI
Mepeoici, 6aecogi mepedsici, akademivyHa ycniwiHicmeo.

ABRBTOD 3asIBJISIE PO BiJICYTHICTH KOH(UIIKTY iHTEepeciB. CrIoHCOpH He Opalik yJ4acTi B po3po0-
JICHHI JOCHIIKEHHS; y 300pi, aHaTi3i 4M iHTepIpeTalii JaHuX; y HAHCAHHI PYKOIHUCY; B pi-
IIEHH] PO ITyOMiKaIilo Pe3yIbTaTiB.
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