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Abstract 
 
Relevance. The labour market requires specialists with critical and analytical thinking skills. It is the study of mathematics 
that lays the foundations for the development of logical thinking, attention, and accuracy, starting from the school 
mathematics course. 
 
Purpose. The purpose of the study is the theoretical substantiation of the significance of the level of mathematical 
knowledge of students in the development of critical and analytical thinking skills. 
 
Methodology. Research methods: theoretical analysis and generalisation of pedagogical experience; conversations; 
questionnaires; analysis of special and popular scientific literature; use of mathematical statistics methods in processing 
the results of experimental research. 
 
Results. Students in each of the presented specialities were assigned to control and experimental groups. The selected 
pedagogical conditions were introduced into the educational process of the experimental group, and the students of the 
control group were taught according to the standard teaching technology. As a result of the experimental verification of 
the effectiveness of the development of interest in the study of mathematics, positive results were obtained – the level of 
mathematical knowledge of the students of the experimental group was 9% higher than that of students using conventional 
technology. Evaluation of the level of critical and analytical thinking was carried out according to the developed criteria 
in three stages: the first – before studying mathematics in the 1st year, the second – after completing the mathematics 
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course, and the third – before defending diploma projects. Results: at the first stage, there was no difference between the 
results of the control and experimental groups, at the second stage the difference was 5%, and at the third stage – 7.1%. 
 
Conclusions. Thus, the students of the experimental groups were able to demonstrate a higher level of critical and 
analytical thinking. Bachelors with a higher level of critical and analytical thinking will be more in demand in the modern 
labour market. 
 
Keywords: development of interest in mathematics; teaching mathematics; development of critical and analytical 
thinking; educational process of the university. 
 
Introduction 
Currently, the widespread use of mathematical methods 
has become a necessary condition for improving the 
quality of scientific research in various branches of science 
and technology. In order for a specialist to successfully 
apply mathematical methods in further professional 
activity, to model various technological and biochemical, 
economic processes, first of all, it is necessary to have the 
necessary knowledge and be able to correctly handle the 
mathematical apparatus. Mathematical methods are 
playing an increasingly important and necessary role in the 
training of specialists, as they allow analysing the results 
of theoretical and practical activities with a sufficient 
degree of reliability. They are used to process 
observational and experimental data, which are not only 
subject to measurement errors and random interference, 
but also to the influence of internal variability. The modern 
labour market needs specialists who are able to think 
critically and analytically, and these qualities can be 
developed by means of mathematics. Therefore, in the 
modern educational process of a technical university, it is 
necessary to increase the level of mathematical knowledge. 
After analysing the pedagogical literature to identify 
methods that contribute to improving the quality of 
knowledge, the study selected the development of interest. 

Thus, there was a contradiction between increasing the 
requirements for the ability to think critically and 
analytically for graduates of a technical university in the 
conditions of the modern labour market, and conditions 
conducive to the development of these qualities. 
Insufficient elaboration of this problem in pedagogical 
science and practice has led to the process of identifying 
conditions that promote the development of critical and 
analytical thinking. Thus, the idea was formed: successful 
mastery of the mathematics course in the system of higher 
professional education would lead to an increase in the 
level of critical and analytical thinking of future bachelors. 

Pedagogical science has accumulated a huge potential 
for research in the field of improving the quality of the 
educational process, and the study will focus in more detail 
on scientific achievements over the past ten years: 

1. Issues of professionally-oriented mathematical 
training at a technical university are currently being 
considered by: O. Knyazeva [1], V.D. Lvova [2], M.A. 
Vasilyeva [3], S.I. Toropova [4], R.W. Scholz and G. 
Steiner [5], M. Abend [6]. 

2. The methodology of higher vocational education in 
mathematics is the subject of the studies by researchers: 
A.V. Zabavskaya [7], V.A. Testov and E.A. Perminov [8]. 

3. The problems of competencies and educational 
technologies in higher education are dealt with by: E.K. 
Henner [9], N.V. Bordovskaya et al. [10], N.A. Astashova 

et al. [11], E. De Corte [12], M. Barber and M. Murshed 
[13]. 

4. The quality of higher education, problems and 
prospects are considered by: E.Y. Varshavskaya and E.S. 
Kotyrlo [14], Y.B. Rubin and E.Y. Soboleva [15], D.V. 
Maltsev and D.S. Repetskii [16], O.V. Toporkova [17], 
E.A. Kosova and M.Y. Khalilova [18]. 

Modern pedagogical science considers several ways to 
improve the quality of mathematical knowledge, here are 
some of them: 

− gender approach (based on the effect as an emotional 
process, since men are more susceptible to this feeling than 
women) [19; 20]; 

− reflexive learning [21]; 
− teacher orientation (collective preparation for classes 

helps teachers to discuss problems and improve 
pedagogical skills) [22]; 

− cognitive mechanism (the study of mathematics is 
associated with an interventional approach) [20-25]; 

− teaching mathematics using technologies [26]; 
− personalisation (to create situational interest, thereby 

arousing individual interest) [27]; 
− predictability gradient (personality, attitude, and 

well-being are important for achievements in mathematics) 
[28]; 

− cognitive work (neurocognitive approach) [29]; 
− model of productive cognitive activity (development 

of concepts, proof of theorems, problem solving) [30]. 
The purpose of the study is the theoretical 

substantiation of the significance of the level of 
mathematical knowledge of students in the development of 
critical and analytical thinking skills. The achievement of 
the intended goal and the solution of the main problem are 
connected with the hypothesis: if students show interest 
and have good academic performance in the process of 
studying mathematics at a technical university, they 
develop critical and analytical thinking. 

 
Materials and Methods 
Research methods: theoretical analysis and generalisation 
of pedagogical experience; conversations; questionnaires; 
analysis of special and popular scientific literature; use of 
mathematical statistics methods in processing the results of 
experimental research. The methodological basis of the 
study: the concept of problem-based learning and 
theoretical developments in the field of professional 
education by prominent researchers: I.Y. Lerner and 
I.M. Osmolovskaya [31], M.I. Makhmutov [32]. In order 
to prove the hypothesis put forward that if students show 
interest and have good academic performance in the 
process of studying mathematics at a technical university, 
they develop critical and analytical thinking, the study has 
developed pedagogical conditions for the development of 
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cognitive interest. These pedagogical conditions were 
based on the following provisions: 

− it is necessary to increase attention to teaching 
methods: the maximum development should be given to 
methods that stimulate the activity of students, educating 
them with skills of independent work; 

− it is necessary to revise the methodology of lectures 
and practical classes to strengthen interdisciplinary links 
with theoretical and special disciplines in a technical 
university. 

One of the leading developers of the problem of 
development of interest in the learning process – G.I. 
Shchukina [33] believes that an interesting lesson can be 
created by the following conditions: the personality of the 
teacher; the content of the educational material; teaching 
methods and techniques. If the first two conditions are not 
always in the power of the teacher, then the latter is the 
field for creative activity of any teacher. The main task of 
a mathematics teacher at a technical university is not just 
to teach, but to develop students' thinking by means of their 
subject. Try, whenever possible, to integrate knowledge, 
linking the content of the discipline with future 
professional activity. In this regard, the study reworked the 
entire course of mathematics: problem lectures; problem 
tasks of professionally-oriented content; test tasks used in 
intermediate and final controls were reworked for the 
purpose of professional orientation; professionally-
oriented textbooks for the presented specialities were 
developed (in paper and electronic format). To assess the 
idea that the development of interest in mathematics would 
entail an increase in the level of mathematical knowledge 
of students, which will further lead to the development of 
critical and analytical thinking in the educational process 
of the university, the following work was carried out:  

− the experiment involved students of Abylkas Saginov 
Karaganda Technical University majoring in: “Mechanical 
Engineering”, “Standardisation and Certification”, 
“Technological Machines and Equipment”, 
“Biotechnology”, “Materials Science and Technology”, 
“Metallurgy”, “Organisation of Transportation, Traffic and 
Transport Operation”, “Logistics (Transport)”; 

− the first-year students studying the discipline 
“Mathematics” were divided into control and experimental 
groups; 

− the students of the experimental and control groups 
studied according to the same curriculum, but special 
methods and means of developing interest in the study of 
mathematics by university students were introduced into 
the educational process of the experimental group [34]. 

 
Results 
To determine the level of development of critical and 
analytical thinking, before studying the discipline 
“Mathematics”, students were offered a questionnaire: 

1. Are you able to analyse in advance the information 
that you will need in the future? 

2. In your future professional activity, will you check 
the data provided? 

3. Do you often analyse a situation for yourself? 
4. Can you predict the options for the development of 

any situations? 
5. Can you observe? 
6. Are you able to pick up details while observing? 
7. Can you highlight what is important to you in a 

situation? 
8. Can you make decisions in a situation that requires a 

swift decision? 
9. Do you think you can objectively assess the 

situation? 
10. Are you able to substantiate your opinion? 
11. Do you ever make a decision “like the majority”? 
12. Are you easily persuaded to change your opinion? 
13. If you have heard any information, do you trust 

what you have seen or heard? 
14. Do you argue your point of view in communicating 

with people? 
15. Do you know how to logically build a chain? 
The survey was conducted in the form of online testing, 

incognito. The answers offered to the students were the 
same for all the “Yes – Sometimes – No” questions, the 
survey results are presented in Table 1. 

 
 

Table 1. Quantitative results of the initial level of critical and analytical thinking of students 
 

Number 
of criterion 

Specialities in % (control/experimental) Avg. 
result 

C/E (in 
%) 

Mech St Tm Bt Ms Met Ot Log 

1 yes 
sometimes 
no 

32/31 40/39 28/30 31/30 37/39 27/26 30/29 28/29 31.6/31.6 
48/50 45/45 41/40 46/47 37/36 41/40 45/45 46/45 43.6/43.5 
20/19 15/16 31/30 23/23 26/25 32/34 25/26 26/26 24.8/24.9 

2 yes 
sometimes 
no 

47/46 49/50 46/45 48/46 50/51 45/44 46/45 47/49 47.3/47.0 
38/39 38/38 40/38 42/42 42/39 38/39 34/36 33/31 38.1/37.8 
15/15 13/12 14/17 10/12 8/10 17/17 20/19 20/20 14.6/15.2 

3 yes 
sometimes 
no 

15/12 19/18 17/17 21/22 23/21 22/20 15/14 23/25 19.4/18.6 
60/61 62/65 62/63 62/59 61/63 60/61 60/58 60/56 60.9/60.8 
25/27 19/17 21/20 17/19 16/16 18/19 25/28 17/19 19.7/20.6 

4 yes 
sometimes 
no 

22/23 25/26 25/26 26/26 26/26 21/22 22/19 22/21 23.6/23.6 
25/22 23/24 20/19 23/24 21/20 24/22 24/24 24/24 23.0/22.4 
53/55 52/50 55/55 51/50 53/54 55/56 54/57 54/55 53.4/54.0 

5 yes 
sometimes 
no 

48/49 51/53 46/47 47/46 50/50 46/46 47/46 50/49 48.1/48.3 
39/40 38/35 39/38 41/42 41/40 38/37 34/36 33/33 37.9/37.6 
13/11 11/12 15/15 12/12 9/10 16/17 19/18 17/18 14.0/14.1 

6 yes 32/29 34/32 30/30 34/33 34/33 31/32 30/29 31/30 32.0/31.0 
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sometimes 
no 

30/31 33/37 41/40 36/36 33/35 35/33 35/36 32/32 34.4/35.0 
38/40 33/31 29/30 30/31 33/32 34/35 35/35 37/38 33.6/34.0 

7 yes 
sometimes 
no 

59/60 58/58 57/55 60/59 61/62 57/56 56/55 58/59 58.2/58.0 
36/36 38/38 33/36 34/34 34/34 37/39 35/36 32/33 34.9/35.8 
5/4 4/4 10/9 6/7 5/4 6/5 9/9 10/8 6.9/ 6.3 

8 yes 
sometimes 
no 

36/35 37/37 34/32 35/36 38/37 33/31 32/30 31/32 34.5/33.8 
39/38 40/39 38/39 39/39 40/41 40/43 38/41 39/40 39.1/40.0 
25/27 23/24 28/29 26/25 22/22 27/26 30/29 30/28 26.4/26.2 

9 yes 
sometimes 
no 

28/29 27/29 27/29 28/30 31/32 28/30 27/26 26/26 27.7/28.9 
50/51 52/52 53/50 50/50 50/48 52/51 49/50 51/53 50.9/50.6 
22/20 21/19 20/21 22/20 19/20 20/19 24/24 23/21 21.4/20.5 

10 yes 
sometimes 
no 

68/66 70/70 66/65 69/70 72/74 65/66 65/65 68/69 67.9/68.1 
27/28 27/28 27/28 26/25 20/20 28/25 28/30 28/25 26.4/26.1 
5/6 3/2 7/7 5/5 8/6 7/9 7/5 4/6 5.7/5.8 

11 yes 
sometimes 
no 

32/31 30/28 28/32 25/29 28/29 32/32 33/29 32/32 30.0/30.3 
32/35 40/41 37/35 41/37 34/36 40/39 39/44 41/42 38.0/38.6 
36/34 30/31 35/33 34/34 38/35 28/29 28/27 27/26 32.0/31.1 

12 yes 
sometimes 
no 

24/24 24/26 26/25 27/30 23/21 29/30 31/28 28/29 26.5/26.6 
52/50 50/51 49/50 48/50 48/54 46/45 45/47 31/28 46.1/46.9 
24/26 26/23 25/25 25/20 29/25 25/25 24/25 41/43 27.4/25.5 

13 yes 
sometimes 
no 

46/45 47/46 50/53 52/54 52/55 50/53 52/53 54/52 50.3/51.4 
34/35 35/35 35/35 33/34 36/30 38/33 36/35 31/32 34.8/33.6 
20/20 18/19 15/12 15/12 12/15 12/14 12/12 15/16 14.9/15.0 

14 yes 
sometimes 
no 

33/32 35/34 31/33 36/36 31/30 30/32 32/32 36/33 33.0/32.8 
36/38 38/35 36/34 35/38 37/37 38/35 37/36 34/37 36.4/36.2 
31/30 27/31 33/33 29/26 32/33 32/33 31/32 30/30 30.6/31.0 

15 yes 
sometimes 
no 

48/43 52/50 50/50 47/44 51/51 47/48 43/45 44/44 47.8/46.9 
45/52 44/44 43/40 45/47 43/41 43/44 51/49 48/49 45.2/45.8 
7/5 4/6 7/10 8/9 6/8 10/8 5/6 8/7 7.0/7.3 

Summary data 
Average % 38.0/37.0 39.9/39.7 37.4/37.9 39.1/39.4 40.5/40.7 37.5/37.9 37.4/36.3 38.5/38.6 38.5/38.4 

39.4/40.4 40.2/40.5 39.6/39.0 40.1/40.3 38.5/38.3 39.9/39.1 39.3/40.2 37.5/37.3 39.3/39.4 
22.6/22.6 19.9/19.8 23.0/23.1 20.8/20.3 21.0/21.0 22.6/23.0 23.3/23.5 24.0/24.1 22.2/22.2 

Number of 
students in 
groups 

20/18 19/21 19/23 19/19 9/7 27/24 9/8 16/17 138/137 

 
Note: C./E. – control/ experimental groups; specialities: Mech – “Mechanical Engineering”; St – “Standardisation and 
Certification”; Tm – “Technological Machines and Equipment”; Bt – “Biotechnology”; Ms – “Materials Science and 
Technology”; Met – “Metallurgy”; Ot – “Organisation of Transportation, Traffic and Transport Operation”; Log – 
“Logistics (Transport)”. 
 

As can be seen from the results of the survey conducted 
at the first stages of studying mathematics among students 
of the control and experimental groups, the data do not 
differ either from the speciality or from the group (control 
or experimental). The next stage of the study was to 
introduce the presented innovations for students of 
experimental groups into the educational process. The 
results of the implementation showed that at the stage of 
the final control in mathematics, the students of the 
experimental groups had a higher average score than the 
students of the control groups. Thus, it was revealed that, 
having the same initial training in the discipline, the 
students of the control group have lower results than the 
students in the experimental group. In the 2013-2014 
academic year, the average academic performance score 
was 3.8, and in the 2014-2015 academic year – 3.7 points. 
Starting from 2015-2016, when students began to study in 
the control and experimental groups, there was a sharp 
difference, since the result of the control group was 3.6 
points, but at the same time the results of the experimental 

group increased to 4 points, the difference between the 
groups was 0.4 points. The situation was similar in the 
2016-2017 academic year, but only the control group had 
the same average score – 3.6, and the experimental group 
– 4.1. Thus, the average score of the initial level of 
mathematical knowledge in the control group was 2.98, in 
the experimental group – 3.04 (the difference was 0.06 
points, which is 1%), and the final level of mathematical 
knowledge in the control group was 3.60, in the 
experimental group – 4.05 (the difference was 0.45 or 9%). 
The above indicates that the students of the experimental 
groups have a higher level of mathematical knowledge.  

The next stage was to assess how this implementation 
would affect the level of critical and analytical thinking of 
future bachelors. For this purpose, a questionnaire survey 
was also conducted under the same conditions as at the 
beginning of the experiment, the results are shown in 
Figure 1. 
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Figure 1. Results of the study of the intermediate level of critical and analytical thinking of students 
 

The results obtained allow for the conclusion that if -
students show interest and have good academic 
performance in the process of studying mathematics at a 
technical university, they develop critical and analytical 
thinking, this was the leading hypothesis of this study. 
Continuing the research in the fact that critical and 
analytical thinking is developed in the learning process, 
throughout all 4 years of bachelor's studies, a similar 
survey was conducted before defending diploma projects 
from the same students who participated in this experiment 
in the 1st year. Thus, after 3.5 years (2019, 2020), students 
passed the questionnaire under the same conditions and 

questions, the results are shown in Figure 2. Figure 2 shows 
the results of the initial level of critical and analytical 
thinking and the final one. Analysing the data, the 
following conclusion can be drawn: given the same initial 
level of development of critical and analytical thinking, 
through the development of interest in mathematics and the 
introduction of innovative methods of teaching 
mathematics, sustainable development of the level of 
critical and analytical thinking has been achieved. 
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Figure 2. Results of the study of the final level of critical and analytical thinking of students (in %) 
 

Next, the study will analyse the data obtained in 
general, without dividing it into specialities: 

1. The “yes” answer: 
− the average score of the experimental group was 

38.4% for the answer “yes” in the 1st year, and 80.7% in 
the 4th year, i.e., the level of critical and analytical thinking 
increased by 210%;  

− the average percentage in the control group, in the 1st 
year – 38.5%, in the 4th year – 73.6%, with an increase of 
191%. 

The difference in the results was 29%. 
2. The “sometimes” answer: 

− the result of the experimental group in the 1st year – 
39.4%, in the 4th year – 13.5%, the result improved by 
34%; 

− the control group in the 1st year chose this answer in 
39.3%, and after 3.5 years – 19.9%, the result changed 
50.8% for the better. 

The difference was 16.8%. 
3. The “no” answer: 
− the average score of the experimental group: 22.2% – 

in the 1st year, and 5.8% – in the 4th year, the results 
improved by 383%; 

− the average score of the control group in the 1st year 
was 22.1%, and in the 4th year – 6.4%, the results 
improved by 345%. 



The role of mathematical knowledge in the development of critical… 

1895 

The difference was 38%. 
Thus, the analysis shows that the level of critical and 

analytical thinking among students who studied the 
discipline “Mathematics” developed much better, the 
average difference was 27.9%. 275 students of Abylkas 
Saginov Karaganda Technical University (until 2020 – 
Karaganda State Technical University) of the following 
specialities took part in the pedagogical experiment: 
“Mechanical Engineering” (38 students), “Standardisation 
and Certification” (40 students), “Technological Machines 
and Equipment” (42 students), “Biotechnology” (38 
students), “Materials Science and Technology” (16 
students), “Metallurgy” (51 students), “Organisation of 
Transportation, Traffic, and Transport Operation” (17 
students), “Logistics (Transport)” (33 students). 

There were 138 students in the control group and 138 
students in the experimental group. All students studied 
according to the same curriculum, but special methods and 
means of developing interest in the study of mathematics 
were introduced into the educational process of the 
experimental group. Thus, having the same initial level of 
knowledge in mathematics, the experimental data show 
that the difference between the average values of the 
progress of the control and experimental groups was 9%, 
i.e., the students of the control group received the final 
percentage of progress – 72%, and the students of the 
experimental group – 81%, if considered on a five-point 
scale of progress, 3.60 and 4.05, respectively (Figure 3). At 
this stage of the study, the first part of the hypothesis was 
confirmed: if students show interest and have good 
academic performance in the process of studying 
mathematics at a technical university, then they develop 
critical and analytical thinking, which would be developed 
in the future and allow them to defend the diploma project 
more successfully. In order to confirm the second part of 
the hypothesis about the development of critical and 
analytical thinking, a questionnaire survey was conducted 
at three stages of training: at the beginning of the first year, 
before studying mathematics – stage 1, after completing 

the study of mathematics – stage 2, stage 3 – before 
defending diploma projects. 

This experiment was started in the 2013-2014 academic 
year, the first two academic years, the authors investigated 
the level of academic performance of students of these 
specialities, studied scientific and pedagogical literature, 
and determined the purpose, hypothesis, and the main 
problem of pedagogical research. The next stage was 
aimed at confirming the hypothesis:  

1. At the beginning of the 2015-2016 and 2016-2017 
academic years, the initial level of critical and analytical 
thinking was tested, and the methods and means of 
developing interest in the study of mathematics were 
introduced. 

2. At the end of the 2015-2016 and 2016-2017 
academic years, the authors summed up the progress of the 
control and experimental groups, and the first intermediate 
results of progress in the discipline “Mathematics” were 
obtained. At the same time, the second stage of the survey 
was conducted to determine the level of development of 
critical and analytical thinking. 

3. In May 2018-2019 and 2019-2020 academic years, 
completing their studies at the university, students passed 
the third stage of the questionnaire in order to determine 
the final level of critical and analytical thinking. 

Therefore, the scientific and pedagogical experiment 
lasted 5 years (2015-2020). The goal that was set at the 
beginning of the experiment: substantiation of the 
significance of the level of mathematical knowledge of 
students in the development of critical and analytical 
thinking skills has been achieved. Hypothesis: if in the 
process of studying mathematics at a technical university 
students show interest and have good academic 
performance, then they develop critical and analytical 
thinking has been confirmed. Figure 3 shows how the level 
of critical and analytical thinking has changed in the 
control and experimental groups at three stages of the 
experiment. 

 
 

 
 

Figure 3. The level of critical and analytical thinking (in %) 
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Discussion 
The main task of the university is to prepare students to 
adapt quickly to changing life situations. Students 
independently acquire the necessary knowledge, at the 
sight of a problem that has arisen in real life, they learn to 
find ways to solve it, while developing their critical 
thinking. Students are able to work correctly with 
information, use modern technologies, analyse the 
situation, look for methods of solving problems, and much 
more. It is necessary to be a sufficiently sociable person 
who knows how to work in various fields, to contact in 
different social groups, while independently working on 
the development of thinking. These targets can be achieved 
only when there is a sufficient amount of knowledge about 
the nature of critical thinking. The process of teaching 
mathematics is the development of this pedagogical 
technology. The social situation that has developed 
requires a pedagogical rethinking of the role and 
mechanisms of critical thinking of students. D.V. Maltsev 
and D.S. Repetskii [16] revealed that this aspect is more 
clearly expressed in the in-depth study of mathematics. 
The concept of critical thinking can be described in other 
words as reflexive thinking, and open thinking. Its 
characteristic is the ability to make deliberate decisions 
independently, develop arguments, substantiate and take 
own position, and also an important factor is the ability to 
listen to the interlocutor, objectively evaluate own and 
others' thoughts.  

The manifestation of curiosity and the demonstration of 
personal opinion on a certain issue denote the presence of 
critical thinking. The student is obliged to defend the 
results obtained based on their logical arguments and using 
research methods. The structure of the lesson of critical 
thinking is quite peculiar and arouses students' interest. 
After analysing the ways of developing critical thinking, it 
was revealed that the most effective way is to use 
mathematical knowledge. The use of mathematical 
problems increases the level of critical thinking among 
students. N.A. Astashova et al. [11] proved that the 
purpose of solving mathematical problems is to teach the 
student to listen to the opinions of others, to analyse the 
logic of their own statements. At the same time, the teacher 
needs to motivate students for further work, and create a 
creative atmosphere. In the course of solving the problem, 
students take the initiative, offer various ideas for solving 
problems, using forgotten methods and new ways. A 
partnership is established between students and teachers. 
Critical thinking develops not only among math lovers, but 
also in students who have a humanitarian mindset.  

Modern society is an information society where the 
flow of information increases several times every day. Due 
to the fact that most of the information is unreliable, a 
person loses the ability to analyse and rethink it. The 
current pace of development of technical means requires 
extraordinary human thinking. A person who lacks 
analytical thinking is likely to have difficulties in life, 
because of the need to be able to quickly analyse and 
process large amounts of information. It is only thanks to 
the analytical and synthetic activity of the brain that it is 
possible to cut through new information, for this it is 
necessary to develop analytical thinking. Purposeful 
development of analytical thinking requires a special 

organisation of the educational process in educational 
institutions. It is necessary to create exactly those 
conditions in which the student will be able to 
independently solve the tasks set, not be afraid to express 
a personal opinion in front of classmates, will feel the 
support of the team, it is necessary to create an atmosphere 
of goodwill, to make it clear to the student that their words 
and actions are taken seriously. It is worth mentioning the 
lectures of mathematics as a way to develop analytical 
thinking among students. Mathematics is called the 
gymnastics of the mind. Mathematics plays a huge role in 
the development of students' thinking abilities. Y.B. Rubin 
and E.Y. Soboleva [15] found that in the process of solving 
mathematical problems, students develop the habit of 
focusing, thinking independently, striving for knowledge, 
and developing attention. Carried away by the solution of 
the problem, they do not notice that they are learning and 
developing imagination. To solve the tasks set, it is 
necessary to use ingenuity, guesswork, resourcefulness, 
and the ability to reason. With the help of systematic 
involvement of mathematics lectures, students gradually 
begin to develop analytical thinking.  

D.C. Geary et al. [23] mentioned that it is worth 
considering effective methods that help to develop 
students' interest in studying mathematics. The first 
method is a problem-based learning method. This method 
is characterised by the fact that the learning process 
proceeds in the form of removing problem situations 
consistently created for educational purposes. A 
problematic task means a conscious difficulty that is 
generated by the discrepancy between the knowledge that 
is already available and those that are necessary to solve 
the task. The characteristics of a task are the possibility of 
an ambiguous solution, the generation of a problem 
situation, and the willingness and interest of the student to 
find its solution. There are three types of scientific 
problems. The first type is the problem of mathematisation, 
the translation into the language of mathematics of 
situations and problems, mathematical descriptions that 
arise outside or inside mathematics. The second type is the 
problem of studying different classes of models, the 
purpose of solving this problem is to develop a system of 
theoretical knowledge using the way of including small 
theories in it. The third last type is the problem of applying 
theoretical knowledge in new situations, transferring 
mathematical knowledge to the study of new objects. The 
basis of problem-based learning is that the teacher does not 
inform students of ready-made knowledge, but organises 
students to search for it. Patterns, mathematical concepts, 
and theories are presented in the course of search, analysis, 
and observation. The implementation of problem-based 
learning is successful when there is freedom of choice 
between the teacher and the student to express their own 
thoughts, when the dialogue is carried out in a friendly 
atmosphere. The second method of increasing students' 
interest in studying mathematics is the reproductive 
method. This method consists in the independent search 
activity of students. The main functions are the education 
of cognitive interest, the creation of positive motivation for 
education, the development of the intellectual sphere of 
personality, cognitive activity, and independence. 
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Thus, using the research method, students solve the task 
independently, and the teacher's function is to manage this 
activity. The research method takes the form of different 
types of student activities. For example, observation, 
experiment, modelling, but the essence of this method is 
the same, that is, independent search activity of students. 
Using this method, the problem is solved by the students 
themselves, and the teacher acts as the organiser of the 
search activity. Next, it is worth mentioning the 
reproductive method. This method includes the application 
of the studied material based on a sample or rule. The 
student's activity is carried out according to instructions, 
prescriptions, rules in similar situations, similar to the 
sample, that is, it has an algorithmic character. The 
following method is partially a search method, in other 
words, a heuristic method. It is based on the organisation 
of an active search for solutions to cognitive tasks put 
forward in teaching. This can happen either under the 
guidance of a teacher, or on the basis of heuristic 
programmes and instructions. The process of thinking has 
a productive character, which is gradually controlled by the 
teacher or the student based on the work on programmes 
and textbooks. This method is a proven way to activate 
thinking, arouse interest in cognition at seminars and 
colloquiums [23]. 

Due to the use of the considered methods, it is possible 
to obtain a high-quality implementation of mathematical 
education. For the effective conduct of the educational 
process, an important component is the possession of 
analytical and critical thinking. V.A. Testov and 
E.A. Perminov [8] stated that it is equally important to 
mention that the effectiveness of this indicator will depend 
not only on its possession not only by students but also by 
the teacher. In order to increase the level of critical and 
analytical thinking at lectures, it is necessary to organise 
the learning process by adhering to certain rules. Namely, 
it is important to revise the formulation of learning goals 
and objectives in all preparation for classes, update the 
material in accordance with the set goals and objectives of 
training, use task complexes to determine the level of 
critical and analytical thinking skills of students, and use 
of problem tasks, the purpose of which will be the 
mathematical preparation of students and the development 
of critical and analytical thinking. 

 
Conclusions 
Based on the developed theoretical provisions and the 
results of experimental pedagogical work, the following 
conclusions can be briefly drawn: 

1. The study of the level of mathematical knowledge, 
critical and analytical thinking, revealed the need for its 
development, since the modern labour market needs 
specialists who can think critically and analytically, and 
these qualities can be developed by means of mathematics.  

2. The paper analyses the content of mathematical 
knowledge of students of a technical university in 
accordance with the future professional activity of 
students. 

3. The analysis of psychological and pedagogical 
literature revealed that by developing interest in 
mathematics, it is possible to achieve steady growth in 
critical and analytical thinking. 

4. The pedagogical conditions contributing to the 
development of interest in the study of mathematics are 
revealed: teaching methods (problematic, reproductive, 
research, partially-search). 

5. The criteria for the development of critical and 
analytical thinking are defined. 

6. As a result of the experimental verification of the 
effectiveness of the development of interest in 
mathematics, positive results were obtained, and the level 
of critical and analytical thinking increased. 

Based on the results obtained during the study, the 
following recommendations were developed: 

− success of the development of critical and analytical 
thinking depends on the level of mathematical abilities of 
the student and on the interest in learning; it is advisable to 
implement methods of developing interest in learning in a 
complex;  

− developed pedagogical conditions for the 
development of interest in the study of mathematics for 
students of the presented technical specialities can be 
applied in the educational process of other universities; 

− criteria for determining the level of critical and 
analytical thinking can be used in the educational process 
of any university that prepares technical specialists as a 
tool necessary for the development of a holistic framework 
for a specialist.  

This study is one of the possible ways to solve the 
problem of increasing the level of mathematical 
knowledge and developing critical and analytical thinking 
in students of a technical university. Further prospects of 
the study are the following: to check how the level of 
mathematical knowledge affects the development of an 
integral structure of a technical specialist; the influence of 
the level of mathematical knowledge and their 
development on the quality of students' research projects. 
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Анотація 
 
Актуальність. Ринок праці потребує фахівців з критичним та аналітичним мисленням. Саме вивчення 
математики закладає основи для розвитку логічного мислення, уваги, акуратності, починаючи зі шкільного курсу 
математики. 
 
Мета. Метою дослідження є теоретичне обґрунтування значення рівня математичних знань студентів у розвитку 
навичок критичного та аналітичного мислення. 
 
Методологія. Методи дослідження: теоретичний аналіз та узагальнення педагогічного досвіду; бесіди; анкети; 
аналіз спеціальної та науково-популярної літератури; використання методів математичної статистики при 
обробці результатів експериментальних досліджень. 
 
Результати. Студенти кожної з представлених спеціальностей були розподілені на контрольну та 
експериментальну групи. Вибрані педагогічні умови впроваджувалися в навчальний процес експериментальної 
групи, а студенти контрольної групи навчалися за стандартною технологією навчання. У результаті 
експериментальної перевірки ефективності розвитку інтересу до вивчення математики отримано позитивні 
результати – рівень математичних знань учнів експериментальної групи на 9% вищий, ніж у учнів за традиційною 
технологією. Оцінювання рівня критично-аналітичного мислення проводилось за розробленими критеріями у три 
етапи: перший – перед вивченням математики на 1 курсі, другий – після закінчення курсу математики, третій – 
перед захистом дипломних проектів. Результати: на першому етапі різниці між результатами контрольної та 
дослідної груп не виявлено, на другому етапі різниця становила 5%, а на третьому – 7.1%. 
 
Висновки. Таким чином, студенти експериментальних груп змогли продемонструвати вищий рівень критичного 
та аналітичного мислення. Бакалаври з вищим рівнем критичного та аналітичного мислення будуть більш 
затребуваними на сучасному ринку праці. 
 
Ключові слова: розвиток інтересу до математики; викладання математики; розвиток критичного та аналітичного 
мислення; навчального процесу університету.
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