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Abstract. Modern specialists in engineering fields need not only deep knowledge
but also the ability to use mathematical packages of application programs (MPAP)
to solve complex problems. Despite the significant advantages of MPAP, their use
in the educational process is limited due to methodological insecurity and lack of
knowledge among teachers. In this article, the authors examine the effectiveness
of MPAP in the training of specialists and develop methodological recommenda-
tions for their integration into the educational process. An analysis of the didactic
capabilities of MPAP (MatLab, MatchCad, Mathematica, SciLab, Octave) and an
experimental verification of their effectiveness at the Faculty of Physics and Math-
ematics showed that MPAP: increases interest in learning mathematics; provide
opportunities for visualization of material, individualization of learning, develop-
ment of graphic culture, involvement in research work, independent preparation
and control of knowledge. The developed methodical recommendations for the
integration of MPAP in the educational process will help overcome the problems
associated with their use and improve the quality of training of specialists.AQ1AQ2

Keywords: mathematical packages of applied programs · digitization of the
educational environment · educational process · visualization of material ·
research activity · formation of professional competence

1 Introduction

The modern world is developing dynamically, and along with it, the requirements for
specialists in physical, mathematical and technical profiles are growing. These special-
ists must not only possess deep knowledge of specialized disciplines but also be able
to use modern methods and tools to solve complex problems. One of these tools is
mathematical packages of application programs (MPAP), which allow: one to perform
complex mathematical calculations, visualize data, model processes, solve optimization
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problems, etc. The use of MPAP in the educational process has several advantages: it
increases motivation due to visualization and interactivity, develops spatial imagina-
tion, logical thinking, and algorithmic culture, forms competencies related to work with
modern software complexes, prepares specialists for real tasks that they will face in his
professional activity. Despite the significant advantages, the use of MPAP in the educa-
tional process is still not a widespread phenomenon. This is due to some reasons, such
as insufficient methodological support and teachers’ lack of necessary knowledge and
skills. The relevance of the research lies in the development of methodological recom-
mendations for the implementation of the MPAP in the educational process, which will
help to overcome the above-mentioned problems and improve the quality of training of
specialists.

The purpose of the research is to determine the effectiveness of the use of MPAP
in the training of engineering specialists and the development of methodological
recommendations for their integration into the educational process.

2 Professional Mathematical Packages in the System of Applied
Mathematical Training of Future Specialists

The training of engineering specialists requires high-quality mathematical education
taking into account modern information technologies. The traditional education system
cannot always cope with this task due to time constraints. The integration of informa-
tion and pedagogical technologies, in particular the use of professional mathematical
packages, can help solve this problem.

MPAPs allow students to explore complex models, independently solve more prob-
lems, gain a deeper understanding of processes and phenomena, and also make learning
more illustrative and dynamic. Their use contributes to the implementation of the princi-
ples of scientificity, systematicity, interdisciplinary connections, activation of learning,
professional orientation and anticipatory learning. The method of using MPAP involves
their complex application with traditional educational materials, a combination of group
and individual forms of education. As a result, students will not only acquire the neces-
sary knowledge but will also acquire the skills to work with modern mathematical tools,
which will prepare them for successful professional activities.

From the point of view of pedagogy, the professional mathematical package is a
modern didactic teaching tool that, when designing the educational process of applied
mathematics courses («Higher mathematics», «Numerical methods», «Discrete mathe-
matics», «Probability theory», etc.), allows you to normalize and optimize the educa-
tional process, to add a qualitatively new level to it. From the point of view of informatics,
a professional mathematical package is an information technology designed to automate
the solution of mathematical problems in various fields of science and technology, which
integrates a modern user interface, a system of analytical numerical methods for solving
a fairly wide class of mathematical problems, tools visualization of calculation results,
which at the stage of management decision-making makes it possible to more likely
analyze the obtained results, including giving them a meaning interpretation.

The principle of scientific learning is implemented because, with the help of profes-
sional mathematical packages, it becomes possible to consider a larger number of fun-
damental scientific achievements in the field of mathematics, to gain knowledge about
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The Use of Mathematical Packages of Applied Programs 3

general scientific methods of cognition and about methods of researching mathematical
models. The use of professional mathematical packages unconditionally contributes to
the formation of the ability to interpret and analyze the results of activities.

The use of computer mathematics packages implements the principle of systematic-
ity in education, which is closely related to the principle of scientificity, forming a new
quality of knowledge, characterized by the presence in the minds of students of logic
adequate to the existing, subject, connections and reflects content-logical connections
taking into account the cognitive capabilities of students and the content of other math-
ematical, physical and informational disciplines, which enables students to work with a
wide range of connections between various fragments of research theory and practice.

Implementing the principle of interdisciplinary connections determines as an inde-
pendent didactic principle, that the use of professional mathematical packages con-
tributes to their flection in the content of the educational course of the variety of cause-
and-effect relationships operating in the engineering field. At the same time, interdisci-
plinary connections act sane equivalent to filtering disciplinary connections, the method-
ological basis of which is the process of integration and differentiation of scientific
knowledge.

The implementation of the principle of professional orientation of education with
the use of professional mathematical packages, which is of particular importance in
higher education, is expressed in the formation of professionally significant skills and
abilities in future specialists, which include: the ability to analyze the role and degree
of influence of various factors and conditions on the parameters of the processes and
phenomena being studied; the ability to independently formulate correct (condition-
ally correct) mathematical statements of problems; the ability to meaningfully interpret
experimentally obtained data, presented in the form of tables, graphs, diagrams; the
ability to independently use modern information technologies in the research of various
causal problems.

As a result, on the one hand, the assimilation and consolidation of the necessary
knowledge in the block of engineering disciplines is ensured. On the other hand, guar-
anteed training of future specialists for the successful implementation of professional
activities is implemented. This implements the principle of professional orientation when
using mathematical packages.

The principle of ticipatory education is implemented with the transfer of world
scientific and cultural heritage to students, as well as with the formation of knowledge,
abilities and skills that allow university graduates to adapt to a rapidly changing world.

The packages should be used in combination with both traditional printed educational
and teaching manuals, methodical recommendations, and new electronic educational
means of learning. The use of professional mathematical packages when each student
performs an individual ask as part of a general task, which depends on the quality of the
performance of each student’s task, harmoniously combines group and individual forms
of learning, thereby implementing the principle of collective character in combination
with the development of individual characteristics of the personality of each student [1].
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3 Means of Mathematical Modelling

Today, a wide range of software tools have been developed and are available for solv-
ing various mathematical problems. Among the most famous are Matlab, Mathematica,
and Maple. In addition to universal packages, others do not have a full set of func-
tions for a wide range of tasks but effectively cope with highly specialized tasks. An
example is Comsol Multiphysics, which is used for modelling complex physical phe-
nomena. According to the research [2], Matlab and Wolfram Mathematica are the most
effective packages of computer mathematics according to some criteria – mathemati-
cal performance, graphic performance, capabilities of the software environment, data
import/export interface, support for various operating systems, and calculation speed.
Let’s consider in more detail the key advantages of Matlab, which include high speed of
calculations, a wide range of built-in functions, a simple programming environment, a
large user community, compatibility with third-party tools, reliability and performance,
and a wide range of visualization tools. All this makes it an ideal choice for scientists,
engineers and students.

An important advantage of Matlab is a wide set of tools – Toolbox, which expands its
functionality to solve problems in various fields: mathematics and statistics, engineer-
ing, finance and economics, text and data processing, etc. Examples of popular Toolbox
Matlab are Simulink (modelling and simulation of dynamic systems), Signal Process-
ing Toolbox (signal processing and data analysis), ControlSystemsToolbox (design and
analysis of control systems), Image Processing Toolbox (image processing and machine
vision), Statistics Toolbox (statistical analysis and machine learning), Optimization Tool-
box (solving optimization problems), and Financial Toolbox (financial modelling and
analysis) [3].

Matlab is not free of awareness, but its functionality and ease of use make it a valuable
tool for solving complex problems.

Programming Languages for Mathematical Modelling.
In addition to specialized mathematical application software packages, there is a wide
range of programming languages that can also be effectively used for mathematical
modelling. The choice of programming language depends on the specifics of the problem
to be solved. The most common programming languages for mathematical modelling
today are Python, C/C++, R, Matlab, and Mathematica.

Python is a universal programming language that is widely used for mathematical
modelling. It has a large set of libraries for scientific computing, such as NumPy, SciPy
and Matplotlib. Python is also a relatively easy language to learn, making it a good
choice for beginners.

In turn, C/C++ is a high-performance programming language that is often used to
solve complex mathematical problems. They give the user more control over memory
and computation, which can be important for some types of models. However, C/C++ is
more difficult to learn than Python. The R programming language is specially designed
for statistical analysis and graphics. It has a wide range of tools for creating statistical
models and data visualization. R is also a relatively easy language to learn.

The Matlab and Mathematica languages are the base languages of the respective
MPAPs, offering a wide range of advantages such as powerful capabilities, flexibility,
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The Use of Mathematical Packages of Applied Programs 5

integrated development environments, visualization and community support. Matlab is
known for its speed and integration with other MathWorks products, while Mathematica
is known for its powerful symbolic computing capabilities and natural language support.

Several key factors should be considered when choosing tools for mathematical
modelling in education. First of all, it is important to determine the specifics of educa-
tional programs and the types of models used. For example, Python and R are good for
statistical models, C++ for modelling embedded systems, and Mathematica/Matlab for
complex numerical calculations.

It is important to remember that there is no universal solution. The choice of tools
depends on the specific needs of the educational program, the level of training of students
and available resources.

4 Applications of Mathematical Packages of Applied Programs
in the Educational Process

The use of MPAP in the educational process not only improves the assimilation of new
knowledge and competencies by students but also significantly expands the capabilities
of teachers. Let’s consider several examples of successful applications of MPAP:

– at the National Aviation University, students start studying programming with Mat-
lab in the first year. This approach aims to provide a deep understanding and wide
application of Matlab in further disciplines [4];

– at the Zaporizhia National Technical University, the teaching of disciplines takes
into account the requirements of employers, among whom there is a widespread
demand for a system analyst with the level of a professional MatLab user, therefore the
emphasis is placed on working with MatLab and some specialized libraries: Fuzzy
Logic Toolbox, Neural Networks Toolbox and Deep Learning Toolbox [4].

The research [4] proposes the joint use of Matlab and Comsol Multiphysics to
replace expensive field experiments with modern numerical methods while maintaining
high accuracy, flexibility and economy of research. In work [5], the use of the Matlab
Simulink environment for training electrical engineers in the framework of the course
«Theoretical Basics of Electrical Engineering» is considered. The author suggests using
visual-oriented programming methods in Matlab and its Simulink and Power System
Blockset (PSB) libraries to create educational projects that are prototypes of real prob-
lems faced by engineers in practice. In turn, the Department of Higher Mathematics of
the Ivan Kozhedub Kharkiv National Air Force University actively uses Mathematica
and Mathcadpackages, which facilitate scientific and educational activities [4]. The use
of Matlab and Scilab packages in the educational process and scientific work is con-
sidered in [4], where it is noted that the advantage of the Scilab package is that it is
distributed on a license-free basis and can be used by students on independent work on
their computers.

The research [6] describes the advantages and applications of using Matlab in
teaching the process of automatic temperature control, emphasizing its capabilities and
strengths in facilitating practical learning and experimentation. The literature review in
[7, 8] focuses on the use of Matlab as a didactic tool for mathematics. Various ways of
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using the software as a tool for visualization, calculations, problem-solving, fostering a
positive attitude and confidence in mathematics, increasing motivation and project per-
formance are summarized. In the author’s research [9], important developments in the
use of digital technologies in teaching and learning mathematics are considered. Atten-
tion is drawn to the increased use of computer algebra systems and dynamic geometry
packages.

K. Devlin [10] considers the emergence of computer algebra systems (Mathemat-
ica, Maple, and others) running on personal computers in the late 1980s as a major
revolution in mathematics. These packages were mainly used in university departments
of mathematics, physics or engineering because they were expensive, difficult to use
and required a good computer to run, which kept them away from mainstream schools
[11]. J.B.Lagrange, P.R.Richard, M.P.Vélez, S.Van Vaerenbergh, [12] presented modern
developments of digital environments for mathematics education, with special attention
paid to artificial intelligence techniques and prospects for developing software for math-
ematics education. The research [13] carried out a wide review of publications aimed at
the use of information and communication technologies in mathematics education. It is
emphasized that information and communication technologies provide teachers with the
main tools and means that allow changing teaching methods, support students in inde-
pendent learning and actively influence the quality of learning mathematical concepts
and topics.

The experience of using computer algebra systems in teaching mathematics in India
is highlighted in [14]. Computer algebra systems such as Mathematica, Maple, MuPAD,
MathCAD, Derive, Maxima are said to have the potential to promote an active app-
roach to learning, allowing students to develop conceptual and geometric knowledge,
gain understanding, and take a deeper approach to learning. Examples of the use of
programming languages in the educational process are works [15] and [16]. In [15],
interdisciplinary connections were established using Python programming in the teach-
ing of computer modelling. The active use of programming languages as the basic ones
in the educational process is also confirmed in [16], where the R language is proposed as
the basic language. So, modern software tools and programming languages open wide
opportunities for mathematical modelling and solving various problems. The choice of
software tool or programming language depends on the needs of the user, his experience
and resources.

5 Implementation of Mathematical Packages in the Educational
Process of Kamianets-Podilskyi Ivan Ohiienko National
University

The Department of Computer Sciences of the Faculty of Physics and Mathematics of the
Kamianets-Podilskyi Ivan Ohiienko National University provides educational programs
for training specialists of the first and second levels of higher education in the speciality
122 Computer Sciences. The educational programs of the department provide for the
study and application of mathematical packages of applied programs for solving educa-
tional modelling and computing problems. These packages are used within the following
educational disciplines: «Modern problems of mathematical modelling», «Mathematical
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The Use of Mathematical Packages of Applied Programs 7

modelling», «Computer modelling», «Mathematical packages of applied programs» and
others. In addition, packages of application programs are used when writing qualification
papers.

To ensure the educational discipline of «Computer Modeling», educational and
methodological recommendations have been developed [1]. Within this discipline, stu-
dents perform practical tasks in the Matlab environment, as well as Octave or Scilab.
Within the educational discipline «Mathematical packages of applied programs», stu-
dents’ work is organized in the form of project activities. Students face the task of
developing computer models and their implementation with the help of one of the com-
puter modelling languages, in particular Octave, Matlab, Python, and C++. When study-
ing the material within the «Modern Problems of Mathematical Modeling» training
course, the main tools for solving problems are Matlab/Simulink and Scilab/XCos. This
is because the course pays significant attention to the structural-algorithmic approach
and simulation modelling [17].

In general, Matlab is considered a basic environment for solving all educational
problems. However, the high cost of this system of computer mathematics makes it
accessible in the conditions of higher education institutions in Ukraine. Therefore, free
systems such as Octave and Scilab are of ten used for educational purposes. These
systems allow us to solve basic problems, and their syntaxis close enough to Matlab.

6 Summary

The conducted research confirms the significant advantages of using MPPP in the edu-
cational process. The implementation of MPAP in the educational process becomes
an effective tool for the modernization of education, improvement of its quality and
development of key competencies of students, necessary for successful professional
realization in the modern world. Based on the results of the research and taking into
account modern trends in education, we recommend widely implementing the MPAP
in the curricula of all mathematical disciplines, providing students with the necessary
software and methodical materials, developing methodical recommendations for the use
of the MPAP in each discipline, clearly outlining whether goals, tasks and methods of
their application, to integrate MPAP in various forms of educational activities, such as
lectures, practical and laboratory classes, coursework and qualification works, and espe-
cially – research projects. It is important to note that the use of MPAP should not replace
traditional teaching methods, but should complement them, making the learning process
more dynamic, interactive and effective.
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