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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 Ist year, the second — after completing the mathematics

Suggested Citation:

Abayeva N, Mustafina L, Zhurov V, Yerakhtina I, Mustafina B. The role of mathematical knowledge in the development of critical and
analytical thinking in students of technical university. Sci Herald Uzhhorod Univ Ser Phys. 2024;(56):1889-1899. DOI:
10.54919/physics/56.2024.1881n9

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
— Creative Commons Attribution License 4.0 (https:/creativecommons.org/licenses/by/4.0/



Abayeva et al.

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 wused 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], RW. 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: LY. Lerner and
.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 Specialities in % (control/experimental) Avg.
of criterion result
Mech St Tm Bt Ms Met Ot Log C/E (in
o)

1 yes 32/31 40/39 28/30 31/30 37/39 27/26 30/29 28/29 31.6/31.6
sometimes 48/50 45/45 41/40 46/47 37/36 41/40 45/45 46/45 43.6/43.5
no 20/19 15/16 31/30 23/23 26/25 32/34 25/26 26/26 24.8/24.9
2 yes 47/46 49/50 46/45 48/46 50/51 45/44 46/45 47/49 47.3/47.0
sometimes 38/39 38/38 40/38 42/42 42/39 38/39 34/36 33/31 38.1/37.8
no 15/15 13/12 14/17 10/12 8/10 17/17 20/19 20/20 14.6/15.2
3 yes 15/12 19/18 17/17 21/22 23/21 22/20 15/14 23/25 19.4/18.6
sometimes 60/61 62/65 62/63 62/59 61/63 60/61 60/58 60/56 60.9/60.8
no 25/27 19/17 21/20 17/19 16/16 18/19 25/28 17/19 19.7/20.6
4 yes 22/23 25/26 25/26 26/26 26/26 21/22 22/19 22/21 23.6/23.6
sometimes 25/22 23/24 20/19 23/24 21/20 24/22 24/24 24/24 23.0/22.4
no 53/55 52/50 55/55 51/50 53/54 55/56 54/57 54/55 53.4/54.0
5 yes 48/49 51/53 46/47 47/46 50/50 46/46 47/46 50/49 48.1/48.3
sometimes 39/40 38/35 39/38 41/42 41/40 38/37 34/36 33/33 37.9/37.6
no 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 30/31 33/37 41/40 36/36 33/35 35/33 35/36 32/32 34.4/35.0
no 38/40 33/31 29/30 30/31 33/32 34/35 35/35 37/38 33.6/34.0
7 yes 59/60 58/58 57/55 60/59 61/62 57/56 56/55 58/59 58.2/58.0
sometimes 36/36 38/38 33/36 34/34 34/34 37/39 35/36 32/33 34.9/35.8
no 5/4 4/4 10/9 6/7 5/4 6/5 9/9 10/8 6.9/ 6.3
8 yes 36/35 37/37 34/32 35/36 38/37 33/31 32/30 31/32 34.5/33.8
sometimes 39/38 40/39 38/39 39/39 40/41 40/43 38/41 39/40 39.1/40.0
no 25/27 23/24 28/29 26/25 22/22 27/26 30/29 30/28 26.4/26.2
9 yes 28/29 27/29 27/29 28/30 31/32 28/30 27/26 26/26 27.7/28.9
sometimes 50/51 52/52 53/50 50/50 50/48 52/51 49/50 51/53 50.9/50.6
no 22/20 21/19 20/21 22/20 19/20 20/19 24/24 23/21 21.4/20.5
10 yes 68/66 70/70 66/65 69/70 72/74 65/66 65/65 68/69 67.9/68.1
sometimes 27/28 27/28 27/28 26/25 20/20 28/25 28/30 28/25 26.4/26.1
no 5/6 3/2 7/7 5/5 8/6 7/9 7/5 4/6 5.7/5.8
11 yes 32/31 30/28 28/32 25/29 28/29 32/32 33/29 32/32 30.0/30.3
sometimes 32/35 40/41 37/35 41/37 34/36 40/39 39/44 41/42 38.0/38.6
no 36/34 30/31 35/33 34/34 38/35 28/29 28/27 27/26 32.0/31.1
12 yes 24/24 24/26 26/25 27/30 23/21 29/30 31/28 28/29 26.5/26.6
sometimes 52/50 50/51 49/50 48/50 48/54 46/45 45/47 31/28 46.1/46.9
no 24/26 26/23 25/25 25/20 29/25 25/25 24/25 41/43 27.4/25.5
13 yes 46/45 47/46 50/53 52/54 52/55 50/53 52/53 54/52 50.3/51.4
sometimes 34/35 35/35 35/35 33/34 36/30 38/33 36/35 31/32 34.8/33.6
no 20/20 18/19 15/12 15/12 12/15 12/14 12/12 15/16 14.9/15.0
14 yes 33/32 35/34 31/33 36/36 31/30 30/32 32/32 36/33 33.0/32.8
sometimes 36/38 38/35 36/34 35/38 37/37 38/35 37/36 34/37 36.4/36.2
no 31/30 27/31 33/33 29/26 32/33 32/33 31/32 30/30 30.6/31.0
15 yes 48/43 52/50 50/50 47/44 51/51 47/48 43/45 44/44 47.8/46.9
sometimes 45/52 44/44 43/40 45/47 43/41 43/44 51/49 48/49 45.2/45.8
no 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 20/18 19/21 19/23 19/19 9/7 27/24 9/8 16/17 138/137
groups

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 st year
was 22.1%, and in the 4th year — 6.4%, the results
improved by 345%.
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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.

80.7
| ...-.--.
-
--id'-

ST ®

J-O 683 _""-.-Dd--ll ............ T36
4 R
* R
- .
60 ’(’-".'. .
- -
.r"’.,.-"
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I‘.'::".
38.4 (.‘_,_.:,.
40 .
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I H III
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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.
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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.
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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.

Funding

This research was funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic
of Kazakhstan (Grant No. AP14869933).

Conflict of Interest
The authors declare that there is no conflict of interests.

[1]  Knyazeva O. Vocationally-oriented mathematical training of technical university students. Vocat Educ Rus Abr.

2012;4(8):120-123.

[2]  Lvova VD. On the implementation of professional orientation of mathematics training in the selection of the
content of education in a technical university. In: Proceedings of the XXI International Scientific Conference
“Theory and Practice of Modern Science” (pp. 123-127). Moscow: Institute for Strategic Studies; 2016.

[3] Vasilyeva MA. Unity of theoretical and applied mathematics — the basis of professional activity. Vestnik RGATU.

2011;1:34-36.

1897



(4]

[3]
(6]

(7]

Abayeva et al.

Toropova SI. Methods of mathematical statistics as a means of forming professional competencies of students of
ecologists. Educ Sci. 2018;20(3):53-82.

Scholz RW, Steiner G. Transdisciplinarity at the crossroads. Sustain Sci. 2015;10(4):521-526.

Abend M. Transdisciplinarity and information systems: IT governance in the digitazisation of healthcare. In:
Proceedings of the 1S4SI 2017 Summit Digitalisation for a Sustainable Society (pp. 175-186). Gothenburg:
University of Gothenburg; 2018.

Zabavskaya AV. System of independent works on mathematics in the training of civil engineers of roads. In:
International Scientific and Methodological Conference “Heuristic Learning Mathematics” (pp. 159-161).
Donetsk: Donetsk National University; 2018.

Testov VA, Perminov EA. The role of mathematics in the transdisciplinarity of the content of modern education.
Educ Sci. 2021;23(3):11-34.

Henner EK. Professional knowledge and professional competences in higher education. Educ Sci. 2018;20(2):9-
31.

Bordovskaya NV, Koshkina EA, Bochkina NA. Educational technologies in modern higher education (analysis of
domestic and foreign research and practices). Educ Sci. 2020;22(6):137-175.

Astashova NA, Melnikov SL, Kamynin V, Tonkikh AP. Technological resources of modern higher education.
Educ Sci. 2020;22(6):74-101.

De Corte E. Innovative perspectives of learning and teaching in higher education in the XXI century. Educ Stud.
2014;3:8-29.

Barber M, Murshed M. How to achieve consistently high-quality learning in schools. Educ Stud. 2008;3:7-60.
Varshavskaya EY, Kotyrlo ES. Graduates of engineering and technical specialities: between demand and supply.
Educ Stud. 2019;2:98-128.

Rubin YB, Soboleva EY. Independence of Higher Education Quality Assessment: criteria, principles, realities.
Hig Educ Rus. 2021;30(3):26-42.

Maltsev DV, Repetskii DS. Satisfaction of Trainees with the Quality of Educational Services of Technical
University. Hig Educ Rus. 2020;29(5):45-52.

Toporkova OV. On the content of higher technical education programs: current trends. Hig Educ Rus.
2020;29(3):153-167.

Kosova EA, Khalilova MY. Analysis of web accessibility of mass open online courses in mathematical disciplines.
Hig Educ Rus. 2019;28(10):157-166.

Falch T, Nyhus OH, Strom B. Causal effects of mathematics. Lab Econ. 2014;31:174-187.

Henschel S, Roick T. Relationships of mathematics performance, control and value beliefs with cognitive and
affective math anxiety. Learn Indiv Diff. 2017;55:97-107.

Mundia L, Metussin H. Exploring factors that improve mathematics achievement in Brunei. Stud Educ Eval.
2019;60:214-222.

Erbilgin E. Two mathematics teacher educators’ efforts to improve teaching and learning process. Tea Teach Educ.
2019;78:28-38.

Geary DC, Berch DB, Koepke KM. Cognitive foundations for improving mathematical learning. In: Mathematical
Cognition and Learning (pp. 1-36). Belgium: Mathematical Cognition and Learning Society; 2019.

Maher CA, Sigley R, Sullivan P, Wilkinson LC. An international perspective on knowledge in teaching
mathematics. J Math Behav. 2018;51:71-79.

Dowker A. Foreword: cognitive foundations for improving mathematical learning. In: Mathematical Cognition
and Learning (pp. 13-20). Belgium: Mathematical Cognition and Learning Society; 2019.

Clark-Wilson A, Hoyles C. From curriculum design to enactment in technology enhanced mathematics instruction
— mind the gap! Int J Educ Res. 2019;94:66-76.

Hogheim S, Rebera R. Supporting interest of middle school students in mathematics through context
personalization and example choice. Contem Educ Psychol. 2015;42:17-25.

Pipere A, Mierina I. Exploring non-cognitive predictors of mathematics achievement among 9th grade students.
Learn Indiv Diff. 2017;59:65-77.

De Freitas E, Sinclair N. The cognitive labour of mathematics disability: neurocognitive approaches to number
sense. Int J Educ Res. 2016;79:222-230.

Lupu C. The model object-product-cognitive operation through mathematical education. Proc Soc Behav Sci.
2014;163(19):132-141.

Lerner IY, Osmolovskaya IM. On the learning process: a modern reading. Domes Foreig Ped. 2017;3(39):31-41.
Makhmutov MI. Selected works: in 7 vol. Kazan: Magarif-Vakyt Publishing House; 2016.

Shchukina GI. Pedagogical problems of formation of cognitive interests of students. Moscow: Pedagogika; 1988.
Abayeva NF, Yegorov VV, Golovachyova VN, Mustafina LM, Yerakhtina II, Mustafina BM. About professional
orientation of the mathematics as a discipline for students majoring in biotechnology. Ind J Sci Technol.
2016;9(19):93891.

1898



The role of mathematical knowledge in the development of critical...

Poab MaTeMaTHYHMX 3HAHb Y PO3BUTKY KPUTHYHOI0 TA AHAJITHYHOIO0 MHUCJEHHS CTYIEHTIiB
TeXHIYHOI0 YHiBepCUTETY

Henua AGaeBa
KaparanauHcsknii TexHiuHUH yHIBepcuTeT iMeHi AOmikaca CariHosa
100027, mp. Hypcynrana Hazapbaesa, 56, Kaparanna, Pecriyonika Kazaxcran

Jleser:kan Mycradina
KaparanauHcbknii TexHiuHUH yHIBepcuTeT iMeHi AOmikaca Carinosa
100027, mp. Hypcynrana HazapOaesa, 56, Kaparanma, Pecriyonika Kazaxcran

Birauiii ZKypos
KaparananHcbknii TexHIYHUH yHIBepcuTeT iMeHi AOmikaca CariHosa
100027, mp. Hypcynrana HazapOaeBa, 56, Kaparanma, Pecriyonika Kazaxcran

Ipuna €paxrina
KaparanauHcbknii TexHIYHUH yHIBepcHuTeT iMeHi AOmiikaca CariHosa
100027, mp. Hypcynrana HazapOaeBa, 56, Kaparanma, Pecriyonika Kazaxcran

Baxur:kan Mycragina
Kazaxcpkuii HanioHanbHUH yHiBepcuTeT iMeHi Anb-Dapabdi
050040, ip. Anp-®Papadi, 71 np., M. Anmath, PecriyOiika Kazaxcran

AHoOTAaNisA

AKTyaJabHicTh. PuHOK mpami nmorpeOye (axiBIiB 3 KPUTHYHUM Ta AHATITUYHUM MHUCIeHHSM. Came BHBYCHHS
MaTeMaTHKH 3aKJIaa€ OCHOBH JUISl PO3BUTKY JIOTIYHOTO MHUCJICHHSI, YBAarH, aKypaTHOCTI, TOYMHAIOYH 31 IIKUIEHOTO KypCy
MaTeMaTHKH.

MeTta. MeTo10 TOCIIIPKEHHS € TEOPETHYHE 00T pYHTYBaHHSI 3HAUCHHS PIBHS MaTeMaTHYHUX 3HAHB CTYACHTIB Y PO3BUTKY
HaBHYOK KPUTHYHOTO Ta aHAJITHYHOTO MUCJICHHSI.

MeTtonoJiorisi. MeTom JOCI/PKEHHS: TEOPETHYHMI aHai3 Ta y3arajlbHEHHS MeJIaroridvHoro J0CBiay; Oeciiu; aHKeTH;
aHaJ3 CreIliajbHOl Ta HAyKOBO-TIOMYJISIPHOI JITEPATypH; BHUKOPUCTAHHS METO/IB MATEMATHYHOI CTATUCTUKH IPU
00poO0IIi pe3yIbTaTIB EKCIICPUMEHTAIBHUX JOCII[KCHb.

Pesyabratn. CTyneHTH KOXHOI 3 TIPEICTAaBICHHX CHEHialbHOCTEH OyiM pO3NOJIeHI Ha KOHTPOJIBHY Ta
eKCIepUMeHTANIbHY Ipyny. BruOpani neiaroriuai yMoBH BIPOBAKYBAIMCS B HABYAIBHUH MPOIIEC EKCIIEPUMEHTAIBHOT
TPy, @ CTY/AEHTH KOHTPOJBHOI TpyNU HABYAINCS 3a CTaHJAPTHOIO TEXHOJIOTIEI0 HaBYaHHSA. Y pPE3yJbTaTi
€KCIIEpHMEHTANIBHOI NepeBipKN e€(EeKTUBHOCTI PO3BUTKY IHTEpeCy 10 BHBYEHHS MaTeMaTHKHd OTPUMAaHO IO3WTHBHI
pe3ysIbTaTH — piBeHb MaTeMaTHYHHUX 3HAHb YYHIB €KCIIEPUMEHTAIBHOI rpYIH Ha 9% BUIINIA, HIXK Y YUHIB 32 TPAAULIIHHOIO
TexHojori€el0. OIiHIOBAHHS PiBHS KDUTHYHO-aHATI TAYHOTO MUCIICHHS TPOBOINIIOCH 32 PO3POOIEHIMH KPUTEPISIMU Y TPH
eTaIy: NepImii — Iepel BUBYEHHIM MaTeMaTHKH Ha | Kypci, IpyTruil — micis 3aKiHYeHHS Kypcy MaTeMaTHKH, TPETii —
Tepesi 3aXUCTOM JWIUIOMHHMX IPOEKTiB. Pe3ynbTaTi: Ha mepmioMy etami pi3HHUI MiX pe3yjbTaTaMH KOHTPOJBHOI Ta
JIOCITIJTHOT TPyl HE BUSIBJICHO, HA APYTOMY €Talli pi3HHUIS cTaHoBHIa 5%, a Ha TpeTboMy — 7.1%.

BucnoBku. Takum YUHOM, CTYJACHTH CKCIICPUMCHTAJIbHUX I'PYII 3MOTJIX TPOAEMOHCTPYBATU BI/IHII/Ifl piBeHB KPUTUYHOTO
Ta aHAJITUYHOI'O MUCJICHHS. BaKaJ'IaBpI/I 3 BHIIUM piBHeM KPpUTHUYHOTO Ta AHANITUYHOI'O0 MUCJICHHS 6yﬂyTI) OLIbIII

3aTpeOyBaHUMH Ha Cy4aCHOMY PHHKY ITpalli.

Kuarouosi ciioBa: PO3BUTOK iHTepecy J10 MAaTEMATHUKH,; BUKJIAIAHHA MATEMATUKNU; PO3BUTOK KPUTUYHOI'O Ta aHATITUYHOTO
MMUCJICHHS; HABYAJIbHOT'O IPOLICCY yHiBepCI/ITeTy.
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