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Abstract. The problem of students’ mathematical training is relevant for 
many countries of the world. Scientists note a general tendency of decreasing the 
level of students’ mathematical knowledge, the presence of significant difficulties 
in studying mathematical courses. The relevance of this problem intensifies when 
society experiences certain crisis phenomena. Countries of the world are living in 
conditions of pandemics, natural and ecological disasters, military operations, etc. 
We call such living conditions to be crisis ones. In such conditions students 
experience psychological stress, negative emotions, increases their feeling of 
anxiety, which complicates the organization of the educational process and reduces 
the quality of knowledge acquisition. 

The article experimentally substantiates the conclusion that the quality of 
acquisition of higher mathematics’ learning material by students of non-
mathematical specialties improves significantly in case of using elements of 
"programmed learning" technology (in terms of content), “flipped classroom” 
technology (in terms of form) and visualization technology of educational material 
in crisis conditions. The authors provide methodical recommendations for the 
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implementation of the technologies mentioned above. A conclusion about positive 
influence of the described methodical approach on the quality of students' 
assimilation of mathematical knowledge both in crisis and normal conditions of life 
and study was made. 

Keywords: Higher mathematics, Educational technologies, Crisis conditions 
 
Formulation of the problem. Modern society needs highly trained 

specialists. Ukraine, like all other industrialized countries, has a technical 
infrastructure that must be constantly maintained, developed and updated. 
Insufficient personnel training can lead to the decline of production, the destruction 
of infrastructure and the halting of civilizational development, which can have 
numerous negative consequences. Mathematical training occupies a special place in 
the training of future specialists who ensure the viability of the state. Recently the 
decline in the quality of mathematical training of specialists was noted in various 
areas. The problem is important and relevant. Understanding the relevance of this 
problem at the state level led to declaring the academic year 2020-2021 to be the 
year of mathematics education in Ukraine [1]. The problem of mathematical training 
of pupils and students is relevant for many countries of the world. Scientists note the 
general trend of decreasing the level of mathematical knowledge of pupils and 
students, presence of significant difficulties in studying mathematics courses [24, 
29, 44], which affects the decrease in the level of their educational motivation or 
complete refusal from studying. 

At the current stage of society's development, schools and universities use 
various methodical systems of teaching mathematics, which are theoretically 
grounded and experimentally verified. A school teacher and a university teacher can 
choose different forms and methods of teaching. Unfortunately, unexpected 
situations can suddenly occur and radically change everyday life. It happened in 
2019, when many countries found themselves in the conditions of the Covid-19 
pandemic. Military operations are underway in our country from February 24, 2022. 
Other countries suffer from natural and environmental disasters (earthquakes, 
hurricanes, floods, etc.). We call such conditions to be crisis ones. Any country in 
the world can find itself in such conditions.  

It is obvious that in such conditions both students and teachers experience 
psychological stress, a very high level of anxiety. Negative emotions often lead to 
rejection from the “normal life”, the level of educational motivation decreases to an 
absolute unwillingness to learn. From the ethics point of view in the article we do 
not describe personal opinions of students and teachers in our university, their 
psychological state of mind, what they feel after the start of military operations on 
the territory of our state. We want to only mention that psychological support 
services work intensively at the university.  

Our experience of teaching university students a higher mathematics course 
allowed us to conclude that in crisis conditions it is necessary to find all opportunities 



 
Věda a perspektivy № 9(40) 2024 
ISSN 2695-1584 (Print) 
ISSN 2695-1592 (Online) 

 

 

 
   86 

to continue the educational process, because it contributes to the stabilization of the 
psychological state of mind of university students and teachers. Additional efforts 
of teachers aimed at supporting educational motivation and positive emotional state 
of students are needed. The educational process in such conditions is possible only 
in the form of distance or blended learning.  

As a result of the search for educational technologies that are effective in the 
conditions of distance or blended learning, we came to the assumption that in the 
process of teaching a higher mathematics course to students of non-mathematical 
specialties it is effective to use elements of the “programmed learning” technology 
(in terms of content) and elements of technology called “flipped classroom” (in 
terms of the form); the effectiveness of students’ learning can be significantly 
increased in case of mandatory generalization and systematization of educational 
material in mathematics with the use of visualization tools. 

In order to verify the effectiveness of the use of the mentioned technologies 
in the process of teaching higher mathematics to students of non-mathematical 
specialties, we conducted an experimental study, which involved the following 
tasks: analysis of theoretical provisions and experience of introducing programmed 
learning technology into the educational process, technology of the “flipped 
classroom”, and technology of visualizing educational material; development of 
methodological recommendations for the implementation of the mentioned 
technologies in the process of teaching a higher mathematics course to students of 
non-mathematical specialties in accordance with the curriculum; experimental 
verification of the influence of the developed methodical recommendations on the 
quality of students' assimilation of mathematical knowledge. 

Analysis of latest research and publications. The idea of programmed 
learning arose quite a long time ago. Modern researchers associate it with the works 
of the famous American psychologist S. Pressey, who patented special machines for 
testing students' knowledge in the 20s of the 20th century. The author of the 
developments believed that the assimilation of knowledge is going step by step, the 
transition to learning new material is possible only if correct answers are given to 
previous questions or the teacher corrects incorrect answers [31, 32]. The idea of 
programmed learning received further development in the works of the American 
psychologist B. Skinner. The scientist claimed that it is important to constantly 
«reinforce» the student with positive evaluations, stimulation in the learning process, 
that means encouraging the student with the help of achieving certain success every 
day in the so-called «short term» [38, 39]. Therefore, B. Skinner suggested dividing 
the educational material into small portions, which must be learned gradually. The 
idea of programmed learning was developed into a coherent theory in the works of 
the scientist. This theory was further developed in the works of various scientists, in 
the studies of psychologists and teachers of the Soviet educational system [7, 17, 20, 
21, 26, 33]. The analysis of scientific studies on the substantiation of the theoretical 
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foundations of programmed learning and its implementation in the schools’ practice 
of this period allow us to draw a conclusion about the effectiveness of this form of 
education [15]. 

Today scientists continue the discussion about the advantages and 
disadvantages of distance and blended learning, the search for effective methods of 
distance learning of mathematics continues [14, 18, 28, 41, 43]. The technology of 
the «flipped classroom» is the most popular one. It can be interpreted as a 
«pedagogical model in which the typical elements of a lecture and homework are 
swapped. The flipped classroom approach relies on concepts such as active learning, 
… . The value of the flipped classroom is in changing time of a lecture into time for 
a workshop where students can question lecture content, test their application skills, 
and interact during hands-on sessions» [6]. A large number of articles are devoted 
to the comparative analysis of the effectiveness of traditional and flipped learning in 
distance and blended learning in universities [2, 9, 11, 12, 23, 24, 37]. Most authors 
confirm the conclusion that the technology of the «flipped classroom» is more 
effective compared to the traditional one in terms of students' success, their social 
interaction and educational motivation. 

A specific feature of mathematical concepts is a high level of abstraction. This 
fact is the cause of difficulties in learning the educational material in mathematics 
for many students of various specialties. One of the effective means of teaching 
mathematics, which allows you to improve the understanding of mathematical facts, 
is the visualization of educational material. There are different approaches to the 
interpretation of the concept of «visualization». Researchers are looking at different 
aspects of this process. For example, visualization as a way of exploring the world [8]; 
visualization as a learning tool [25]. The importance of visualizing educational 
material in the process of learning mathematics has been substantiated rather long 
time ago. The analysis of the use of visualization tools in learning and teaching 
mathematics [3, 30] showed that the relevance of this problem is increasing in recent 
years. 

Research into the role of visualization in mathematics learning and teaching 
continues. Scientists investigate the influence of visual representations of pupils and 
students on the ability to solve problems [13, 42]; the use of visualization techniques 
to increase the level of creativity of students [5]; the role of visual images in the 
process of solving problems from the theory of probabilities [45]; the use of various 
visualization tools in the earning process [4, 22]. The new stage of visualization 
research in education is associated with the development of information, 
communication, and digital technologies [16, 19, 35, 36, 40]. 

The purpose of this article. To substantiate the effectiveness the use of 
elements of "programmed learning" technology (in terms of content), elements of 
"flipped classroom" technology (in terms of form) and technology of visualizing 
educational material in the process of teaching a higher mathematics course to 
students of non-mathematical specialties in crisis conditions. 
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Presentation of the main research material. At the current stage of the 
pedagogical science, development programmed learning is understood as a system 
of theoretical provisions, organizational forms and means of educational work, 
which foresees mainly indirect program management of the cognitive activity of 
pupils (students) and specify their independent assimilation of knowledge, abilities, 
skills, and mental development of the individual. The term «programming» in 
relation to the educational process means the creation of programs that manage the 
educational activities of pupils (students) during solving cognitive tasks. Such 
programs are called machine learning (learning algorithms) [27]. 

Methodologists define the following features of training programs that are the 
basis of programmed training: 

1) selection of educational material, its arrangement in a clear logical 
sequence; 

2) elimination of non-essential information, dividing the material into 
certain parts; 

3) precise and specific instructions for dealing with the tasks that are 
necessary for learning each portion of the material; 

4) tasks for self-assessment (internal feedback), as well as for teacher’s 
control (external feedback) during the process of students' assimilation of 
knowledge, skills, and abilities; 

5) controlled move from one portion of educational material to another, 
the next one. 

In practice we relied on the conclusion of scientists that the main, essential 
characteristics of programmed learning are: presentation of educational material in 
separate portions; constant two-way communication between the learner and the teacher. 

The implementation of programmed training can take place according to the 
following scheme: 

1) the teacher presents the first portion of the educational material, 
explains it, asks control questions; if the answers are correct, reports a new portion 
of educational material; 

2) students perceive the first portion of the material accordingly, learn the 
content, answer the questions and move on to learning the next one; 

3) after students have mastered the entire amount of material on this topic, 
the teacher asks questions that allow to summarize and systematize the educational 
material.  

Students can receive educational information directly from the teacher or use 
programmed manuals. The material in such a manual can be presented in linear or 
branched systems. According to the linear system of material presentation, it is 
assumed that the educational information is divided into small portions that are not 
difficult to learn. Each portion is designed for the active response of the student, 
contains hints or instructions that make the search for the correct answer easier. 
Every answer should be checked on its correctness by the student. If the answer is 



 
Věda a perspektivy № 9(40) 2024 

ISSN 2695-1584 (Print) 
ISSN 2695-1592 (Online) 

 

 

 
    89 

incorrect, he continues to look for the correct one, and then moves on to another 
portion of educational information. A linear program eliminates mistakes and brings 
satisfaction from success. All students learn the same educational material, but in a 
different tempo. In textbooks built based on a branched system of material 
presentation, information is also divided into portions. The difference between a 
branched system and a linear system is that it has several answers to each question, 
and after learning a portion of information, you need to choose the right answer. If 
the answer is correct, the student moves on to learning the next portion of material, 
if it is incorrect, he additionally repeats the learned information. Such a textbook 
does not allow the student to progress further until he completes the task correctly. 
The focus is not on avoiding errors, but on their clarification and analysis [10]. The 
technology of programmed learning arose a long time ago and is not in scope of 
interest of modern textbook authors. We did not find special «programmed» 
mathematics textbooks. Therefore, we used our own developments in our work, 
which were built taking into consideration the principles of programmed learning. 
For example, students were offered structured lectures in which separate portions of 
the educational material were clearly identified. The specific features of the 
educational process organization during military operations are the unplanned 
interruption of classes, dividing them into parts (the need to respond to an alarm 
signal, turning off the lights, etc.). The learning process becomes «discrete», often 
occurring in small intervals. That is why features of programmed training like 
systematic selection of educational material, placing it in a clear logical sequence; 
elimination of non-essential information, division of material into certain parts; 
precise and specific instructions for performing the tasks necessary to learn each 
portion of the material; tasks for self-assessment, as well as for teacher’s control; a 
controlled transition from one portion of educational material to another, the next 
one, allows to implement it in the distance form of education in the conditions of 
martial law. We claim that the use of elements of programmed learning allows to 
increase the effectiveness of distance learning of mathematics students in the 
conditions of martial law. 

Lectures and practical classes are traditional in the process of learning 
mathematics. We singled out the following methodological features of conducting a 
lecture session taking into consideration the elements of programmed learning: 

1. The topic and the main questions of the topic are clearly formulated. 
2. Educational material is provided in small portions. 
3. Tasks for learning each portion of the theoretical material are formulated 

(make an outline, write definitions, write down the formulation of theorems, make a 
corresponding drawing, make a general diagram, or fill in a table, etc.). 

4. Students should send reports with the completed task to the teacher for 
verification (the deadline for submitting the reports is clearly determined by the 
teacher). No assessment is given after task check. 
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We would like to note that the content of the lecture can be presented 
sequentially or with a certain branching. Learning the theoretical material should be 
supported by examples of tasks with complete solutions and comments. At the 
practical lesson it is planned to solve tasks of the main types on the corresponding 
topic. Students are offered tasks of different levels of difficulty (the student himself 
chooses the level of task’s difficulty) for self-completion. Students have the 
opportunity to solve problems using samples and comments. Solutions to tasks must 
be commented. 

In the process of organizing mathematics education for students of the Sumy 
National Agrarian University during the last academic year, which took place under 
the conditions of martial law in Ukraine, we used elements of the «flipped 
classroom» technology. We need to mention that this technology was implemented 
not in a complete scheme, but partially. Let us comment on this fact. We think that 
the number of hours planned for the mathematics course at our university is not 
enough. But the content of the course is very informative. At the Sumy National 
Agrarian University, in accordance with the curriculum of the mathematics course, 
it is traditionally planned to get students acquainted with the elements of linear 
algebra, vector algebra, analytical geometry, differential and integral calculus, 
probability theory and mathematical statistics. The named topics contain a large 
amount of educational material. According to the curriculum, according to the 
number of classroom hours, we plan one lecture and two practical classes for 
studying each topic of the mathematics course at the university. We use the 
following scheme for organizing students' educational activities: practical lesson  
No. 1 - lecture - practical lesson No. 2. 

The mathematics course studied by the students at our university is based on 
the school mathematics course and is a continuation of this course. We made a 
comparative analysis of the content of the main topics of the mathematics course 
studied by students at the university and the content of the school mathematics 
course. As a result of the analysis, we found out that the educational material of the 
mathematics course at the university contains approximately 30% to 50% of the 
basic concepts of school mathematics. We took this fact into account when 
organizing the educational activities of students, which consists of three main stages. 
Let us reveal the content of each stage. 

First stage - practical lesson No. 1. At the first stage, the «flipped classroom» 
technology is implemented. The teacher gets the students acquainted in advance with 
the topic and the main questions that will be considered in the first practical session. 
These questions correspond to the content of the educational material of school 
mathematics. The teacher formulates tasks for students who independently process 
the educational material based on school textbooks (tasks are sent to students by e-
mail) or other available sources of information. The experience of teaching 
mathematics under martial law allows us to state that it is advisable to clearly 
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formulate the questions and indicate the source from which the answers should be 
found when students independently process the educational material of the school 
mathematics course, 

In our work, we use the author's study guide [34], in which the school 
mathematics course is systematized according to the main content lines (appropriate 
educational material is sent to the student's e-mail together with the tasks, which is 
sufficient for completing the tasks). In the first practical lesson the educational 
material that the students have learned on their own is discussed.  

The second stage – a lecture. The teacher reviews the main concepts of the 
topic, which are already known to the students, and introduces new concepts, using 
the techniques of analogy and comparison during the lecture. He focuses attention 
on the interrelationships of the studied concepts, using methods of generalization 
and systematization of educational material. 

 The third stage – practical lesson No. 2. Students do exercises of the main 
types and solve tasks to generalize and systematize the educational material on this 
topic (develop generalizing schemes and systematize tables, the structure of which 
is proposed by the teacher) in the second practical session. 

Under normal conditions, before the military operations on the territory of our 
country, we offered students creative tasks, the performance of which required a 
certain level of research skills. Students performed group projects, the results of 
which were presented at the end of studying the topic. The control papers had 
individual versions of the tasks. In crisis conditions, according to our observations, 
most students have no (or insufficient) motivation to perform such tasks. Therefore, 
in order to improve the quality of assimilation of mathematical knowledge in crisis 
conditions, it is advisable to clearly formulate tasks, consider tasks of the main types 
and provide examples of solving such tasks. We even offered one version of the test 
tasks, and after announcing the grades for performance to the students, we made a 
general analysis of errors providing correct answers (it is impossible to do such a 
general analysis performing individual tests). 

In our opinion, the use of special methods of visualization of educational 
material is effective at the stage of generalization and systematization of knowledge. 
In the process of teaching mathematics in crisis conditions, we consider the stage of 
generalization and systematization of educational material to be mandatory. The 
generalization of knowledge is considered as a method of mental and educational 
activity in didactics. The didactic content of the generalization means the selection 
of essential features, characteristics, formation and formulation of concepts, laws, 
ideas of the educational material. The result of the generalization of a certain level 
of knowledge is their systematization. That is why usually in didactics these two 
processes are connected and considered together. Generalization and systematization of 
knowledge are effective means of deepening, universalizing, organizing, understanding, 
and memorizing knowledge. Generalization of knowledge allows to develop the 
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ability to solve problems by transferring the method of action to a whole class of 
similar problems, which is one of the main tasks of teaching mathematics. 

Our own experience in teaching mathematics has shown that at the stage of 
generalization and systematization, two means of visualizing the educational 
material are the most effective: 

1) tables, which are used to systematize the learning material of the topic 
(concepts, their properties, basic facts, formulas and equations), the section, as well 
as the entire mathematics course; 

2) schemes that help to make connections between concepts, demonstrate 
the sequence of studying different questions of each topic, and different topics of the 
entire mathematics course.  

Throughout the whole school year, we have been working in crisis conditions 
and made sure that in crisis conditions the best result is achieved if the basis of the 
tables and diagrams is offered by the teacher (in lectures or as a task for independent 
work). We believe that the basis of such visualization tools should be the same for 
all students, the content and structure should be clearly defined. This contributes to 
students' awareness of the logical relationships between the main facts of the 
educational material and allows to avoid possible mistakes in the process of their 
assimilation and systematization. Students are given the task to independently fill in 
the gaps, separate logical blocks, establish connections between concepts and show 
them with arrows. During the practical lesson, there is a discussion, students 
comment on the completed tables and diagrams, the teacher can demonstrate his 
version of the tables and diagrams. Students' independent processing of the means 
of sign-symbol visualization with their further discussion contributes to the 
awareness of the main concepts of each topic, logical connections between concepts 
and the main content parts of the educational material. 

In our opinion, students should not be required to clearly formulate definitions 
and properties, to know formulas. We emphasize that the student should demonstrate 
the ability to apply a known fact to the solution of a certain type of problem (at the 
same time students can use diagrams, tables, lecture notes, as well as notebooks for 
practical classes) doing control tasks. 

In order to check the effectiveness of the proposed methodological 
recommendations the experimental study was leaded by us. The experiment was 
conducted in the 2022-2023 academic year on the basis of the Sumy National 
Agrarian University. All specialties of the university can be called “non-
mathematical”, so the mathematics program is small in scope; the mathematics 
curriculum contains only those topics that are necessary for professional activity or 
for mastering professional disciplines during further education. 

71 students of the Faculty of Agricultural Technologies and 84 students of the 
Faculty of Economics took part in the experiment. Students of these specialties study 
higher mathematics in the first year for two semesters under one curriculum.  A final 
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control of students' knowledge is conducted at the end of each semester. The 
university uses a 100-point universal scale as well as a national rating scale to assess 
students' knowledge. We distinguished four levels of students' mathematical 
knowledge according to the number of points they received in the course while 
studying higher mathematics to simplify calculations. Table 2 shows the 
correspondence between the number of points a student receives in the final control 
process and the students' levels of mathematical knowledge (Table 1). 

 
Table 1. 

 Correspondence of the number of final control points received by a student,  
assessment on the ECTS scale, and the level of students’ knowledge. 

Final control points, 
assessment on the 

ECTS scale 

0–34, 
F 

35–59, 
FX 

60–68, 
E 

69–74, 
D 

75–81, 
C 

82–89, 
B 

90-100, 
A 

Level of knowledge Elementary Intermediate Sufficient High 
   
In the course of the study the students of the Faculty of Agricultural 

Technologies were defined as the experimental group (EG), and the students of the 
Faculty of Economics were defined as the control group (CG). At the beginning of 
the experiment we made a comparative analysis of the success in higher mathematics 
of students of both groups. The results of the final control for the first semester 
(December 2022) were used for it. The distribution of students by levels of 
mathematical knowledge acquisition according to the final control results in higher 
mathematics of students of the experimental (EG) and control (CG) groups at the 
beginning of the experiment is presented in Figure 1. 

 

 
Fig.1. Students’ distribution by levels of mathematical knowledge acquisition 

according to the final control results in higher mathematics of the experimental (EG) 
and control (CG) groups at the beginning of the experiment 



 
Věda a perspektivy № 9(40) 2024 
ISSN 2695-1584 (Print) 
ISSN 2695-1592 (Online) 

 

 

 
   94 

In order to establish the homogeneity of the experimental and control groups 
in terms of the success in studying higher mathematics course we used the method 
of testing statistical hypotheses. The null hypothesis is that in terms of success in 
higher mathematics, the control and experimental groups are the same (at the chosen 
significance level α=0.05). The alternative hypothesis is that students of the control 
and experimental groups differ significantly according to this characteristic. 
Hypotheses were tested using the 𝜒𝜒2 criterion. The empirical value of the criterion 
was calculated based on the final control results of the students of the experimental 
and control groups at the beginning of the experiment (Figure 1). The empirical 
value of the criterion is approximately equal to 0.3. For four levels of knowledge the 
critical value of 𝜒𝜒2 is approximately equal to 7.8. Therefore, the empirical value of 
the criterion is smaller than critical. In accordance with the rule of statistical 
hypothesis testing it means that the null hypothesis is accepted: the experimental and 
control groups are homogeneous in terms of success in higher mathematics at the 
beginning of the experiment. 

During the second semester students' education was conducted in a distance 
and blended forms. Students of the control group studied according to the traditional 
method, and in the process of teaching higher mathematics to the students of the 
experimental group, an experimental methodological scheme was implemented, 
which means a change in the structure of the educational material according to the 
principles of programmed learning, the use of elements of the “flipped classroom” 
technology in the organization of educational classes, as well as visualization of the 
educational material at the stage of generalization and systematization of students' 
knowledge. As mentioned above, students of the experimental and control groups 
studied according to the same program, the content of the higher mathematics course 
contained the same topics, and the number of hours for their study was the same. In 
order to check the effectiveness of the developed methodological recommendations, 
we compared the final control results in higher mathematics of the students of the 
experimental and control groups at the end of the second semester (May 2023) after 
the experimental training. We want to note that the theoretical questions and tasks 
for the final control results corresponded to the curriculum and were the same for 
both groups. The distribution of students by levels of mathematical knowledge 
according to the final control results in higher mathematics of the experimental (EG) 
and control (CG) groups after the experiment is presented in Figure 2. 

Based on the final control results of the students of the experimental and 
control groups after the experimental training (Figure 2), the empirical value of the 
criterion 𝜒𝜒2 was calculated, which is approximately equal to 10.1. Therefore, 
according to the rule of statistical hypothesis testing, an alternative hypothesis is 
accepted. It can be concluded that after the implementation of the experimental 
method the results of the final examination in mathematics of the students of the 
experimental group are significantly better compared to the results of the students of 
the control group. 



 
Věda a perspektivy № 9(40) 2024 

ISSN 2695-1584 (Print) 
ISSN 2695-1592 (Online) 

 

 

 
    95 

 
Fig.2. Students’ distribution by levels of mathematical knowledge acquisition 

according to the final control results in higher mathematics of the experimental (EG) 
and control (CG) groups after the experiment 

 
As mentioned above, the students of both the control and experimental groups 

studied according to the same program, there were the same number of study hours, 
the same conditions of study, so we believe that the improvement of academic 
performance among the students of the experimental group can be explained 
precisely by the implementation of the methodical recommendations proposed by 
the authors. 

Conclusion. The problem of mathematical training of future specialists of 
various fields is relevant for many countries of the world. Studying mathematics 
causes difficulties for many students, which increase in crisis conditions. The search 
for methodical approaches to high-quality teaching of higher mathematics students 
continues. 

As a result of a theoretical analysis of various educational technologies and 
our own experience of teaching higher mathematics, we made conclusions about the 
effectiveness of a methodical approach that combines elements of three technologies, 
such as programmed learning, the “flipped classroom” and visualization of educational 
material. The effectiveness of the proposed methodological recommendations was 
experimentally substantiated using the statistical hypothesis testing method (the 
𝜒𝜒2 criterion was used). 

We would like to mention that after conducting the research, the students of 
the experimental group expressed a desire to study other subjects according to the 
same scheme. It was noted that it is much easier to learn mathematical facts if you 
structure the educational material, process it in small portions, and compile tables 
for systematization. They felt more confident, optimistic, satisfied with the results 
and determined to continue their studies.  

The results of our research are the basis for further searches for effective 
methodological approaches for teaching mathematics to students of non-mathematical 
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specialties. In our opinion questions related to the psychological regularities of the 
learning process, in particular the development of cognitive interest, positive 
educational motivation of students, taking into account their emotional state, require 
further research. 
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