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B Abstract. The acquisition of competencies by higher education students faces problems of deterioration of
basicschool knowledge, as well as the unstructured and fragmented nature of higher mathematics teaching, which
hinders the assimilation of professional disciplines. The aim of the study was to improve the methodological tools
for forming a comprehensive system of quality knowledge and its conscious assimilation. The main directions
for creating methodological and organisational conditions for ensuring the continuity of learning and building
interdisciplinary links were developed. Methodologically, the study relied on the use of methods of analysis
and generalisation in the creation of visual basic material. Statistical methods were used in the systematisation
and processing of the results of testing students’ residual knowledge and evaluating the results of testing as
small samples. Testing the knowledge of the school course in mathematics and physics of students majoring in
electrical engineering revealed shortcomings in their training that must be taken into account when teaching
sections of higher mathematics. The correspondence between the volume of material in the discipline and the
time required to master it was analysed, which made it possible to identify basic knowledge from the entire
course of higher mathematics to ensure a differentiated approach to the acquisition of professional knowledge.
The specifics of distance learning were considered, which led to the creation of visual reference notes with
enhanced explanatory functions. In accordance with professional competencies, a classification of material was
proposed, which ensured interdisciplinary links and expanded propaedeutic opportunities. The methodological
approach created made it possible to systematise the teaching material in higher mathematics, which can be used
by teaching staff, applicants and other participants in the educational process, as well as in the development of
curricula and the compilation of working teaching programmes

B Keywords: quality of education; methodology; knowledge system; higher mathematics; electrical engineering
speciality; propaedeutics

® Introduction

The problem of high-quality training of specialists in  the requirements for the acquisition of professional
technical specialities in higher education institutions competences by applicants and the basic knowledge
is mainly internal in nature, characterised by imper- of higher mathematics that provides them. The train-
fect methodological tools and discrepancies between ing of highly qualified specialists for the needs of the
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country’s industry and business faces dynamic process-
es of transformation in the external and internal envi-
ronments in which they operate. Such changes require
all participants in the educational process to improve
its effectiveness, aimed at obtaining certain competen-
cies in the relevant fields of knowledge. Given that the
Kryvyi Rih iron ore basin is a powerful mining and met-
allurgical complex in the region, it needs to replenish
energy-intensive enterprises with high-quality electri-
cal engineering personnel. Staff training is based on
ability to set and solve problematic tasks with in-depth
adaptive knowledge of higher mathematics, which de-
termined the relevance of the research topic.

In view of the above, O. Ivanashko et al. (2023)
revealed their vision of essential issues regarding the
effectiveness of educational activities, which they con-
sider to be the main prevailing idea that determines
the sustainability of the entire education system in the
country. The authors conducted a comprehensive anal-
ysis of the Ukrainian experience in providing educa-
tional services in higher education. A distinctive feature
of the study was the consideration of crisis phenomena
inherent in the current conditions of education. Based
on the assumption that the crisis will continue in the
long term, the authors propose the development of al-
gorithms to stimulate the efficiency and effectiveness
of the higher education system, which will not only pro-
vide the labour market with qualified personnel, but
also guarantee the development of science regardless
of unfavourable conditions. An important condition for
obtaining high-quality professional training is the abili-
ty to form stable and comprehensive knowledge, which
is the basis for further learning. Many scholars have de-
voted their work to the level of training of applicants,
which is determined by testing residual and current
knowledge. The authors S. Vadzyuk et al. (2021) not-
ed that the main aim of such a measure was to identi-
fy gaps that prevent students from fully realising their
knowledge and skills. For the teacher, it provided an op-
portunity to adjust the educational process and led to
the improvement of the teaching system. The authors
presented a proposal to divide knowledge control into
initial, final and performance indicators.

The researcher S. Yutkalo (2020) proposed that
testing should be considered the main form of control.
The aim of testing is not only to determine the level of
mastery of the material, but also to identify shortcom-
ings in the learning process that lead to poor mastery
of the necessary practical skills and abilities. It was
proposed to use testing to carry out various types of
assessment depending on the volume of material being
tested. The author, like most educational researchers,
emphasised the importance of the assessment function
of testing, but also considered it as a system of training
tasks and a procedure for monitoring the quality of ac-
quired knowledge. One of the reasons for the deteriora-
tion in the quality of education is the transition of the
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majority of educational institutions to distance learn-
ing. A number of teachers, O. Afanasieva et al. (2021),
pointed out the lack of standards for distance learning
in Ukraine, which makes it difficult to unify the mate-
rial even within one country. Therefore, higher educa-
tion institutions are forced to independently seek op-
portunities to apply the most suitable information and
educational technologies.

Full assimilation of knowledge, especially in dis-
tance learning, is impossible without technological
knowledge. L. Mesarosh (2023) emphasised that af-
ter 2020, it is impossible to imagine a future specialist
without an understanding of the importance of infor-
mation processes and information and communication
technologies. This allows for the processing of large
amounts of information, without which it is impossible
to function fully in a changing world and impossible to
reach a new level of quality in education. The author
proposed to create mathematical knowledge compe-
tencies that define a certain set of knowledge and boil
down not only to the assimilation of typical algorithms
for finding solutions, but also to the understanding and
ability to practically implement mathematical research
methods. In substantiating the importance of inter-
disciplinary connections, which are an integral part of
learning, A. Didyk (2019) emphasised the importance
of disciplines such as higher mathematics and physics.
The researcher suggested that disciplinary connections
should be considered as a reflection of interdiscipli-
nary connections, which are inseparable from scien-
tific knowledge. The author defined the features of the
course “Electrical Engineering and Electronics” as in-
terdisciplinary potential and the creation of conditions
for self-improvement and self-development.

Scientists O. Strakh & T. Lukashova (2021) drew
attention to the fact that interdisciplinary connections
not only perform educational and upbringing functions,
but also form a comprehensive vision of the surround-
ing environment. This makes it possible to solve re-
al-life problems. In addition, it creates the possibility of
developing a holistic approach to mathematical objects
and the algorithms used to describe them, thereby con-
tributing to the intellectual development of students.
N. Honhalo (2022) proposed the same goal using MS
Excel. The combination of the components of the prob-
lem and their relevance, as well as the analysis of the
work of scientists on this issue, identified a number of
issues that require the creation of a conceptual system
for the provision and assimilation of quality knowledge,
primarily for students of technical specialities. The aim
of this article was to avoid fragmentation of knowledge
and supplement it with specific propaedeutic material
in mathematics that is unique to these specialities.

® Materials and Methods
The validity of the selected research methods and tools
was based on general scientific research methods.
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These included empirical research methods for testing
residual knowledge and the use of informational and
explanatory reference notes. Methods of analysis and
comparison were used in researching the work of sci-
entists on the research topic, as well as general logical
methods, in particular deduction in analysing the stag-
es of the qualitative knowledge system, and generalisa-
tion in formulating interim and general conclusions of
the research. This article developed methodological ap-
proaches for testing the quality of residual knowledge
and evaluating its results. The research was conducted
in accordance with the Declaration of Helsinki (2013),
and the confidentiality of personal information was
preserved and agreed upon with the applicants. The
verification of residual knowledge was carried out us-
ing the example of speciality 141 “Electric Power Engi-
neering, Electrical Engineering and Electromechanics”

at Kryvyi Rih National University on the Google Class-
room platform, with 18 students participating in the
writing of the work.

Stage 1. Determination of school education knowl-
edge that is basic for this speciality and needs to be
corrected. The mathematics tasks were designed to test
the level of general theoretical training, the results of
which would reveal shortcomings in performing calcu-
lations; finding solutions to various types of equations
and inequalities; mastering algebraic and trigonomet-
ric transformations; composing and solving meaningful
problems, etc. Applicants were given a mathematics
test consisting of 15 tasks of medium and lower levels
of knowledge in the main sections of elementary math-
ematics, which was assessed on a 100-point scale. They
were given 80 minutes to complete the test. An example
of a mathematics task is given in Table 1.

Table 1. Example of a mathematics test to check residual knowledge

m Task content

1

4
1. Calculate @

4.2-3-
5
2. When processing oil, 40% petrol is obtained. How much oil is needed to obtain 12 tonnes of petrol?
. 3x+ 7y =-17; ) _
3. | Solve the system of equations {_X +3y=-9 andfindz=x +y.

ab+b*-b _a-b__ 5b
a?-ab  a’+ab-a’ a?

4. Simplify the expression

5. The first term of a geometric progression is 5, and the common ratio is 2. Find the 5th term of the geometric progression.

Solve the equation 3¥¥+3Y%*+2-90 =0,

A cyclist travelled from one inhabited locality to another at a speed of 15 km/h. On the return journey, he cycled at 12 km/h, so the
return journey took 1 hour longer. Find the distance between the inhabited localities.

8. Solve the equation vx + 4 = 3.

9. Solve the equation log, (x-3) =1 +log,3.

10. | Given 4ABC, £C=90° |CA|=2, ctg«£B=9. Calculate |BC|.

11. | Solve the equation tga, where sina=0.6, 0°<a<90°.

12. | Solve the equation 4cos*x-4 cosx+1=0, where 0°<x<90°.

13. | Find the lateral side of an isosceles trapezium if its bases are 8 cm and 14 cm, and the area is 44 cm?.

14. third forms an angle of 60°. Find the volume of the pyramid.

The base of a pyramid is an equilateral triangle with a side of 2+/3 cm. Two lateral faces are perpendicular to the base plane, and the

15. |Find the value of x, that satisfies the inequality ;;_z > 1

Source: compiled by the authors

Stage 2. Assessment of residual knowledge test re-
sults. When assessing the results of empirical studies,
statistical methods were used to find numerical esti-
mates for small samples and to construct confidence
intervals when the mean square deviation of the gen-
eral population was unknown. Since standard (point)
estimates do not fully assess the qualitative state of re-
sidual knowledge, it is proposed to extend them to in-
terval estimates. The point estimate, which determined
the average score, was found using the formula:

x = L=t 1)

n

where x - average number of points; x, -~ number of
points for the work of the i-th student; n - number of

students. Since the number of students is not large, cor-
rected grades were used. The corrected standard devia-
tion S - deviation from the average number of points;

22”:1(’51'_?)2

n—-1

S= (2)

The interval estimate of the average number of
points (confidence interval) was calculated using the
formula:

_ tS - tyS
(x—ﬁ<a<x+ﬁ), (3)
where y - confidence probability (reliability), which de-
termines the probability of error; t, (n-1; 1-y) - the
value of the critical point according to the Student’s
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distribution. The methodology presented made it possi-
ble not only to identify gaps in knowledge, but also to un-
derstand the range of their assessment for the majority
of students, which depends on the specified reliability.

® Results and Discussion

Based on the above analysis of issues of interest to the
educational community, a number of areas requiring
further research can be identified. In doing so, it is nec-
essary to take into account both the regional and pro-
fessional specifics of training engineering specialists at
each educational institution. The research conducted
and its results are subject to certain stages, the essence
of which lies in analysing the level of student training
based on secondary education knowledge, comparing
the volume of subject material and the number of hours
required to master it, and selecting an appropriate form
of training and ensuring that the content of the material
corresponds to the professional competencies of future
graduates. Practical issues that can be used to imple-
ment these stages of improving the quality of education
depend on the specific technical specialty.
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The importance of training engineering personnel,
in particular in electrical engineering specialties, is due
to the location of Kryvyi Rih National University in the
Kryvyi Rih iron ore basin. The development of the basin’s
deposits requires an appropriate industrial base and
qualified personnel for their operation. Based on this, the
training of specialists capable of not only solving com-
plex specialised tasks in the electrical engineering field
is relevant (Bachelor’s educational programme.., n.d.).
At the same time, attention is drawn to the uncertainty
of the conditions in which such specialists work and the
complexity of the tasks they face. The main competencies
that applicants for speciality 141 - “Electrical Power En-
gineering, Electrical Engineering and Electromechanics”
(EEM) in the educational and professional programme
of the specified speciality for the discipline of higher
mathematics boil down to the formation of the ability to:
analyse and think abstractly; independently search for
and process information; solve practical problems us-
ing mathematical methods. The main stages of forming
a comprehensive system of knowledge and its structural
content are presented in the form of a diagram (Fig. 1).

’ Prerequisites for the formation of competences of higher education students ‘

v v

v v

Level of training based

. Load volume
on secondary education

Form of education
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Figure 1. Scheme of forming a system of quality knowledge of future specialists

Source: compiled by the authors

The implementation of a quality education system
(Fig. 1) begins with testing residual knowledge from
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the school mathematics course. The results of the test
for speciality 141 EEM are presented in Figure 2.

Testing residual knowledge in mathematics

Mpusnayero

@  3asaauus we npuimatoees ()

Figure 2. Form and results of the residual knowledge test on the Google Classroom platform

Source: compiled by the authors
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When determining the numerical characteristics
of this sample, which characterises the average num-
ber of points and the confidence interval for assessing

knowledge of the school course, methods for working
with small samples were used. The results of the calcu-
lations are presented in Table 2.

Table 2. Results of calculations of the average score for residual knowledge in mathematics and physics

1. Average score x = % =53

2 Corrected standard deviation S =+601.53 = 24.53,
3 Confidence level (reliability) y=0.99

4. Critical point in the Student’s distribution ty (17;0.01)=3.97.
5 Confidence interval a€(30;76)

Source: compiled by the authors

Therefore, with a reliability of 0.99 (the margin of
error is only 1%), it can be stated that the average score
for the assessment of residual knowledge in mathe-
matics for the EEM speciality falls within the interval a
€ (30; 76). An analysis of the research results for the sec-
tions of higher mathematics and physics for the 141 “Elec-
trical Power Engineering, Electrical Engineering and
Electromechanics” speciality is presented in Table 3.

The worst results in mathematics are related to
the fact that applicants do not have developed spatial

thinking, and there is a negative impact from the absence
of subjects such as drawing and descriptive geometry
in the school curriculum and in higher education pro-
grammes. However, the most negative aspect is that the
overall percentage of correct answers is lowest for trig-
onometry tasks (questions 10-12). This means that even
at the secondary school level, basic knowledge of trigo-
nometry has not been developed, which complicates the
understanding of complex numbers, which are mainly
used to describe processes related to electric current.

Table 3. Analysis of the results of the residual knowledge test

Section of mathematics

num
correct

n
answers
14 9.

Section of mathematics

number of %
(V]
correct answers

1. Actions with fractions 77.79 Logarithmic equations 15 83.33
2. Problems on percentages 15 83.33 10. Trlglononlletrlc ‘functlons 7 38.89
in a right triangle
3. | Systems of linear equations 12 6667 | 11. Basic formulas 10 55.56
of trigonometry
4. Algebraic transformations 7 38.89 12. Trigonometric equations 3 16.67
5. | Arithmeticand geometric 7 38.89 13. Planimetry 7 38.89
progression
6. Exponential equations 11 61.11 14. Stereometry 4 22.22
7. Problems on composing 11 61.11 15. Inequalities 4 22.22
equations
8. Irrational equations 14 77.79

Source: compiled by the authors

The main shortcomings of higher technical educa-
tion include: a narrow worldview understanding of the
interconnection of processes and phenomena; insuf-
ficient interdisciplinary links in teaching; a reduction
in the volume of study; a decrease in student motiva-
tion; narrow specialisation, etc. All these problems are
also inherent in the training of EEM students. Fourteen
credits are allocated to the study of higher mathemat-
ics for this speciality over two semesters, of which 36%
are classroom hours and 64% are independent study
hours. Therefore, there is an urgent need to clearly di-
vide the material for independent and classroom study:.
This division should continuously ensure the possibil-
ity of consistent study of the full scope of material in
higher mathematics and help focus attention on the

material used in mastering specialised disciplines, re-
flecting interdisciplinary continuity.

The first section of higher mathematics is “Funda-
mentals of Linear Algebra”, the main result of which is
the ability to solve systems of linear algebraic equations
using the Gauss method, determinants (Cramer’s formu-
la) and the inverse matrix. The theoretical material of
this section is used in the study of: vector algebra (tran-
sition to a new basis, finding vector and mixed products
in coordinate form); analytical geometry (equations of a
plane through three points, finding the points of inter-
section of geometric objects; transition from a paramet-
ric equation of a straight line in space to a canonical one);
functions of several variables (finding critical points
when studying local and global extrema of functions,
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Lagrange multiplier method); integration (method of un-
determined coefficients); differential equations (finding
solutions using the method of variation of arbitrary con-
stants and linear homogeneous and non-homogeneous
second-order differential equations with constant coef-
ficients), etc. The mathematical apparatus for this topic
is used in physics in calculations of branched electrical
circuits and electrical circuits in Kirchhoft’s laws.

It should be noted that the organisation of the educa-
tional process in Ukrainian universities differs from the
similar process in the United States of America. G. Stri-
mel et al. (2018) clarified that engineering programmes
require additional study of higher-level mathematics,
so they include several semesters for the formation of
priority knowledge. They go beyond the study of alge-
bra, trigonometry and applied calculus and should have
greater practical value. The first year of study is the basis
for writing term papers in mathematics, natural sciences
and engineering design, which provides an opportunity
to begin studying specialised disciplines. Unlike Ukraini-
an universities, the training of future engineers does not

Kovalchuk & Tkachenko
27

include the study of special sections of higher mathe-
matics and taking exams. The goal is to consolidate basic
mathematical concepts and the ability to solve engineer-
ing problems. The applied part of higher mathematics is
only studied in the second year of study.

In the current conditions of educational institu-
tions, preference is given to distance learning during
the semester, and the session is held in a mixed format.
To improve the quality of knowledge, it is proposed to
prepare basic reference material in electronic form for
each topic, which is not only information-rich in terms
of familiarisation with methodological approaches, the-
oretical knowledge and examples of their application
to the topic, but also has explanatory functions, shows
the strengths and weaknesses of each methodology,
and the conditions for their use in each specific case.
In addition, Google Classroom should provide extended
material on the topic, which includes a component for
independent study. An example of such a presentation
of material on the topic “Integration of trigonometric
functions” is given in Table 4.

Table 4. Form of presentation of basic material on the topic “Integration of trigonometric functions”

m Integral of the form m Methodological recommendations

Objective: transition from trigonometric functions to algebraic functions
[R(cosx, sinx)dx > [R(x)dx.

tgg = t;g = arctgt; x = 2arctgt;
_ 2dt
T o14e2’

2X_gin2X
cosx _ Cos*Z—sin“g

Cosx =

Universal 1 costasinZ
1 trlgbon(.)me.trlc B [ Coszx] 1t 12
su stltu.tlon = 2l T g T et
| R(cos x; sin x) dx
i sinx 2 sin)z—‘ casg
sinx = =——x %=
1 cos?X4sin?%
2 2
X
= ['COSZf] = 2fgz = 2t
' 2 1+tg25 1+t

Despite its versatility, it requires significant algebraic transformations
and can lead to the integration of overly complex rational fractions.
Therefore, recommended to apply it after considering partial
approaches to the integration of trigonometric expressions. For example:

62t 2dt
dx = [ (+5)

1+t2)1462

N e
(4_+3(1+t2 ))
1+t

f 5+6sinx

2t

sinx(4+3 cos x)
1+t2

Partial substitutions

cosmx-cosnx = é(cos(m —n)x +
+ cos(m + n)x);

f cosm X cos h xdx;
2 _fsinmx-sin n xdx;
| sinm x- cos n xdx.

sinmxsinnx = i(cos(m—n)x—
—cos(m + n)x);
sinmxcosnx =%(sin(m+n)x +

+sin(m — n)x).

When the integrand is the product of the functions sinnx and cos mx,
i.e, with multiple arguments. The transition from the product
of trigonometric functions to their sum or difference, which will lead
to the use of linear substitution.

[ = [c?sx =t, ] =~ [R(®)dL. When the integrand consists of a product of functions that contain only
3 | R(sinx) cosxdx; sinx dx = —dt sines and the expression cos x dx or only cosines and the expression
| R(cosx)sinxdx. 2. [ = [sinx =t, ] = [R(6)dt sinxdx. In fact, this is a method of variable substitution in an indefinite
’ dt = cos x dx " |integral.
tgx =t
L[= = arsfgt = [R(t)dt. When substituting, incorrect rational fractions are usually obtained,
4 | R (tgx) dx; dx = 1+t2 which require the whole part to be separated. When converting
| R(ctgx) dx. ctgx =t the original, it is necessary to take into account that, arctg (tgx) =x,
2. [= x = arcctgt| _ [ R(t)dt. arcctg (ctgx) =x.
dr = —

1+t2
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Table 4. Continued

Substitution

Integral of the form

Methodological recommendations

To transition to tabular integrals, use the formula for lowering the
degree. For example:

. 1
| cos™ x-sin" x dx cos?x = 5(1 + cos 2 x),
5 where m and n - even

numbers

cos*x = (cos?x)? = (% (14 cos2x))? =
1

. 1
sin?x =—(1 - cos 2x). =Z(1+2c052x+60522x)=%(1+2c052x+

+%(1 + cos 4 x)).

An odd power is represented as the product of an even power and the
first power. For example: cos®x=cos?x - cosx.

The basic trigonometric identity is applied to even powers
sin*x+cos*x=1.

For example: cos? x=1-sin? x.

| cos™ x- sin" x dx where
at least one
of the values m or n is
an odd number

Transition to integrals of the form
{ R(sinx)cosxdx and [ R (cosx)sinxdx

Source: compiled by the authors

The use of such visual material allows applicants
to form clear algorithms of actions for each specific
case of integration, which leads to a conscious ap-
proach to the use of integration methods, achieves
better learning outcomes and lays the foundation for
the assimilation of the following topics: definite in-
tegrals, improper integrals, multiple integrals, and

differential equations. To really get how well some-
one’s trained in a certain field, it is important to break
down the material into three areas: general, profes-
sional, and “propaedeutic.” For the EEM speciality, the
theoretical and practical material of a general nature
is reflected in the diagram (Fig. 3), in which the sec-
tions are marked with solid lines.

Elements of linear ;
Analytic Complex s
Vectors Limits
algebra > 1 geometry numbers id
. Differentiation of a N Differentiation > Integral
i_’ function of one variable of a function of sev eral calculus 'E
i : | E
. N 2 :
:__’E Functions of EE Differential | _’: Operational E Series E
i complex variable i equations H calculus ! :
| i 7 ‘ i
""""""""" A\ |
22 \ 2 \ :
I s I 1 1
i Probability theory i )i Mathematical statistics | |
! I | I 1

Figure 3. Algorithm for the sequence of studying higher mathematics material

Source: compiled by the authors

The sequence of basic topics shown in Figure 3 is
logical, and each subsequent topic builds on knowl-
edge from previous topics and covers the entire higher
mathematics course. Solving professional problems is
an integral part of practical knowledge. Some educa-
tional institutions offer applicants an elective course
entitled “Mathematical Problems in Energy” (Vin-
nytsia National University, National University of Wa-
ter and Environmental Engineering, Kyiv Polytechnic
Institute, etc.), which allows to go beyond the scope
of the “Higher Mathematics” course to deepen pro-
fessional knowledge. Most teachers include practical
problems as examples of the application of theoretical

knowledge in electrical engineering. For example, when
studying derivatives, they consider the problem of cur-
rent strength, and when studying second-order differ-
ential equations, they consider the mathematical model
of electrical circuits.

The general material does not include sections that
are referred to in the diagram (Fig. 1) as “propaedeu-
tic” material and marked with dotted lines in Figure 3,
namely “Functions of complex variables”, “Operational
calculus”, “Probability theory”, “Mathematical statistics”,
the study of which largely determines the formation of
competencies provided for by the educational and pro-
fessional programme in this speciality. The absence of
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material from the “propaedeutic” sections should be
an impetus for closer contacts between the teacher of
the discipline and the head of the department, the guar-
antor of the educational and professional programme,
and interested teachers of the specialised department.
This will allow for certain adjustments to be made by
monitoring the disciplines on which mathematical
knowledge is based, including forecasting and statis-
tical data processing. This knowledge will be a priori-
ty in the study of higher mathematics. All of the above
materials have determined the structure of the meth-
odology for filling and forms of conveying knowledge
of higher mathematics to applicants. This made it pos-
sible to highlight the interdisciplinary connections of
higher mathematics and, in particular, for the EEM spe-
ciality for the qualitative training of future specialists.

The formation of this and other views on the inter-
pretation of the essence of education quality is based
on the ESG Standards and Guidelines, presented in
Standards and Guidelines for Quality Assurance in the
European Higher Education Area (ESG) (2015), which
form the basis of Law of Ukraine No. 1556-VII (2014).
Given that the main burden of responsibility for the
quality training of higher education applicants lies with
educational institutions, internal departments for qual-
ity assurance in education have been created. They are
aimed at implementing a number of measures: check-
ing educational programmes; providing the education-
al process with appropriate resources; evaluating the
knowledge of applicants and the qualifications of sci-
entific and pedagogical workers, etc. According to the
author O. Liuta (2018), the result of ensuring the quali-
ty of education can be a number of requirements: level
of qualification; competitiveness in the labour market;
the presence of characteristics such as competence and
responsibility; the ability to navigate not only in one’s
own field of activity, but also in related fields; readi-
ness for professional growth and achievement of world
standards; mobility, etc.

To identify trends in the quality of secondary edu-
cation, which is the basis for higher education, one can
use the international PISA studies on the quality of ed-
ucation (Ukrainian Centre for Educational Quality As-
sessment, 2024), which began in 1997. Ukraine joined
these studies only in 2016, and the first monitoring of
education quality took place in 2018. The next study is
scheduled for 2025 with a three-year cycle. Not only fif-
teen-year-old schoolchildren are surveyed, but also the
administration of educational institutions in order to
determine the impact of the following factors: the level
of professional training of teachers; teaching methods;
curricula and work programmes, etc. (Ukrainian Centre
for Educational Quality Assessment, 2024). According
to the latest study in 2022, in which eighteen regions
of the country participated, knowledge of mathemat-
ics, reading and natural sciences was tested with the
participation of 3,876 students from 164 educational
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institutions. PISA defines mathematical literacy as the
ability to think and formulate mathematically, applying
mathematical knowledge to solve real-world problems.
According to the 2022 results, 42% of Ukrainian school-
children did not reach the basic level (441 points) of
mathematical literacy. This indicates a lag of one and
a half years behind the results obtained in the coun-
tries of the Organisation for Economic Co-operation
and Development (OECD). It should be noted that the
lag behind their peers in these countries is 1.6 years,
while the previous result (2018) recorded this lag at
only 0.7 years. In other words, there is a general trend
towards a deterioration in mathematical knowledge. As
for natural science disciplines, which include physics,
the basic level achievement is 66%, and the lag behind
peers is 1.8 years, compared to the previous value of
0.7 years. Based on the results of these studies, a gen-
eral trend towards a decline in the conscious study of
mathematics and physics was noted, which involves us-
ing the acquired knowledge and skills in possible life
situations and challenges (Ukrainian Centre for Edu-
cational Quality Assessment, 2024). Based on the gen-
eral trend of annual deterioration in schoolchildren’s
knowledge, it is necessary to test their residual knowl-
edge of the school mathematics course before they
start higher education. Without such a measure and an
assessment of its results, it is difficult for teachers to
orient themselves to the mathematical level of prepa-
ration of applicants and to choose specific corrective
approaches in each particular case. Due to the lack of
classroom time, various forms of correction are possi-
ble, namely, consultation, independent work under the
supervision of a teacher, the formation of additional
reference materials, etc.

It is important for the formation of Ukrainian ed-
ucational experience to familiarise oneself with world
experience, which was summarised by L. Mykhailen-
ko (2020). The author summarised the experience of
monitoring the methodological training of mathemat-
ics teachers as a key component in the formation of a
system of quality knowledge. The author drew atten-
tion to the TEDS-M report of the International Associa-
tion for the Evaluation of Educational Achievement, in
which testing showed a direct relationship between the
level of professional training of teachers, the content of
educational programmes and the results obtained. The
researcher cited the results of the German COACTIN
study on the content of knowledge, which identified
the main conditions for effective learning: maximum
use of teaching time; the ability to encourage students
to engage in cognitive activity; and quality support for
students during learning. Noteworthy is the study by
S. Huber et al. (2024), who, in addition to analysing
the results of education quality monitoring by various
international organisations, conducted a study on the
motivation of teachers themselves in their profession-
al activities. The authors concluded that most teachers
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pay more attention to evaluating their personal results
than to the learning outcomes of students.

Researchers O. Strakh & T. Lukashova (2021) and
N. Honhalo (2022) proposed various approaches to im-
prove the quality of professional training. For example,
changing methodological approaches when teaching
certain sections of higher mathematics, which is appro-
priate and depends on the complexity of the material
and the students’ preparation for perceiving specific
material. According to M. Kovalchuk (2020), a broader
approach involves creating a system of tasks for pro-
fessional training and methodological guidelines at the
level of educational institutions. The author concluded
that systematic basic knowledge is important, without
which it is difficult to acquire specialised knowledge.
Based on research on the definition of the “level of de-
velopment of mental action techniques”, the scientist
determined that only up to 25% of students have a high
level of development. Therefore, M. Kovalchuk (2020)
proposed moving on to algorithmic knowledge, which
correlates with the material of this article, in which this
approach is considered not a basic but an additional
tool. The professional training goals formulated by the
scientist are general in nature (intellectual develop-
ment, the ability to meet the requirements of related
disciplines from a mathematical point of view, etc.), but
there is no specification of these goals in accordance
with educational and professional programmes for
each specific speciality.

According to I. Maksimov et al. (2021), it is pro-
posed to use a system of professionally-oriented tasks
in teaching mathematics, some of which were used by
leading university scientists when writing their dis-
sertations. This not only demonstrates the practical
application of mathematical tools, but also motivates
students to engage in scientific research and fulfils
educational functions, enhancing the authority of the
teacher. A. Kokarieva (2019) examined the procedur-
al and activity-based component of engineer training
in close connection with the requirements of social
demand, taking into account both Ukrainian and in-
ternational standards. To achieve this, in the author’s
opinion, universities should ensure at a minimum: soft-
ware and hardware equipment; educational and meth-
odological support; electronic resources; emotional
and motivational components, etc. For this purpose, a
classification of the professional training system was
proposed, depending on regulatory provision, aims,
and objectives, which includes components, structure,
content, methods, and results of training. However, all
these interpretations were exclusively general in nature
and deserve to be considered when creating a system
for quality training of students in specific specialities.

The research by O. Barylnyk-Kurakova & I. Korobo-
va (2020) on the implementation of interdisciplinary
connections is based on an analysis of regulatory doc-
uments that ensure a competence-based approach. The

researchers developed a classification of professional
and educational competencies into external and inter-
nal. They considered the main goal of the interdiscipli-
nary approach to be the creation of prerequisites for
broadening the perspective on the subject of research,
which leads to a more thorough analysis of the disci-
pline’s content, closer interaction with administrative
and teaching structures, and the selection of the most
appropriate forms and methods for organising the ed-
ucational process. All the measures listed are only in-
dividual links in the creation of a systemic approach to
learning, but they do not encompass the whole picture.
Educator O. Zayika (2025) called inter-subject connec-
tions “integrated”, meaning they are embedded in the
system of knowledge, without which quality training
of future specialists is impossible. In particular, an ex-
ample of such an approach in teaching mathematical
statistics is given by researchers such as V. Kovalchuk
& T. Kovalchuk (2021) in the form of reference notes
for the systematisation and evaluation of large and
small samples. Researcher O. Sulima (2025) also linked
the effectiveness of distance learning with the use of:
online learning platforms (Moodle, Google Classroom,
Zoom, MS Teams, etc.) to ensure communication be-
tween the lecturer and the student; adaptation of ed-
ucational and methodological material to the online
format; and the use of interactive tools (GeoGebra,
MATLAB, Wolfram Mathematica, Maple, etc.). These
statements emphasised the importance of mastering
internet technologies and adapting the educational
process to distance learning formats.

The lack of unified educational and work pro-
grammes is a hindrance to the development of in-
terdisciplinary connections. In the United States
of America, this problem was resolved through the
Washington Accord (The Institution of Engineers of
Kenya, 2021), signed in 1989, which focuses on aca-
demic programmes related to professional-level en-
gineering practice and the accreditation of engineer-
ing academic programmes. The Accord became a key
foundation for professional-level engineering prac-
tice. Professors and lecturers at the Kenyan University
of Technology noted that the Accord provides a list of
knowledge, the main of which is engineering knowl-
edge, which includes knowledge of mathematics for
solving engineering problems. Identifying, formulat-
ing, researching, and analysing engineering problems
to achieve substantiated conclusions using the princi-
ples of mathematics, natural sciences, and engineer-
ing sciences is the main goal of training,.

Researcher D. Kanundu (2021) drew attention to
the crucial importance of engineering and technological
education, for which the country’s universities must be
at the centre of the latest innovative research. The au-
thor identified a correlation between the availability of
engineering personnel and the country’s development,
whereby for every 1 engineer there are: 6,300 people in
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Kenya; 3,166 people in South Africa; 543 people in Ma-
laysia; 389 people in the USA; 311 people in Great Brit-
ain; 285 people in South Korea; 227 people in Brazil;
157 people in India; 130 people in China. Given the rap-
id development of China and India, and the innovative
achievements of South Korea, which are the most tech-
nologically advanced in the Asian region, this statistic
once again underlines the importance of training qual-
ified personnel for the vital activity and development
of any country. Studying the experience of teaching or-
ganisation indicates that all the highlighted problems
are inherent at both school and higher education levels.
The presented studies on creating a holistic system of
quality knowledge for a future specialist at each stage
of its formation are important tasks for the functioning
of educational institutions.

® Conclusions

According to the results of the research, the set goal
was achieved. Unlike the existing approaches of a
number of Ukrainian scientists to individual compo-
nents of the educational process and analysis of world
experience, the authors have created a comprehen-
sive system of qualitative knowledge that improves
the methodology for training specialists in technical
specialities. The main elements of the system, which
outlined a number of components of the organisation-
al and methodological mechanism, have been substan-
tiated. Methodological principles for testing residual
knowledge have been developed, which include two
main stages of research. The first stage involves the
development of the form and content of school math-
ematics course assignments. At the second stage, an
algorithm for assessing residual knowledge was de-
veloped and criteria for its assessment were defined.
Instead of an average score, an interval assessment
was proposed, which took into account the discrepan-
cy in assessment, which made it possible to determine
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the result for the maximum number of applicants. The
methodology was tested on the example of training
students of electrical engineering, which made it pos-
sible to identify the part of the school material that
was subject to correction during higher education.

The established correspondence between the vol-
ume of material and the hourly workload enabled the
basic material for classroom teaching to be established.
To improve the quality of knowledge in distance learn-
ing, visual reference notes have been developed, the
main purpose of which is both cognitive and explana-
tory. In order to acquire professional competencies, in
addition to the basic material and professional material
in higher mathematics provided for in the work pro-
gramme, it is proposed to extend it to “propaedeutic”
material in the form of extracurricular forms of train-
ing. A list of sections of “propaedeutic” material for
electrical engineering specialities is presented. The sys-
tem of forming qualitative knowledge is not limited to
its use only for technical specialities, but can be extend-
ed to others, which is the subject of further research.
Based on the analysis of problems in teaching higher
mathematics and the solutions proposed by scientists,
conclusions have been made regarding the need to take
into account both regional factors and the specifics of
professional training of engineering specialists. All this
helps to prepare engineering personnel who will be
competitive both in the Ukrainian labour market and in
the markets of other countries.
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B AHoTauif. HabyTTs KoMneTeHTHOCTeH 3/106yBayaMy BUIOI OCBITH CTUKAETHCA 3 Mpo6IeMaMH MOripiieHHs
IIKiIJIbHUX 6a30BUX 3HaHb, @ TAKOK HECTPYKTYPOBAHOCTI i pparMeHTapHOCTI BUK/IaZlaHHS BHUIIOI MaTeMAaTHUKH,
AKl yTPYAHIOIOTh 3aCBOEHHS PaXOBUX AUCHUILIIH. MeTo AocCai/pKeHHsI 6YJI0 BJOCKOHAJIEHHS METOJUYHOTO
iHcTpyMeHTapito A5 GopMyBaHHs LiJiCHOI cHCTeMH SIKICHUX 3HaHb Ta iX ycBifoMseHOro 3acBoeHHs. Byso
PO3p06JIEHO OCHOBHI HAaNPSIMKU CTBOPEHHS METOJAWYHUX Ta OpraHi3aliiiHUX yMOB 3abe3nedyeHHs] HACTYMHOCTI
HaBYaHHS Ta MNOOYJOBHM MDKIMCHUIIIHADHUX 3B’A3KiB. MeTOAOJIOTIYHO JOCTiPKeHHS CHoUpagocs Ha
BUKOPHCTAHHS MEeTO/iB aHaJi3y Ta y3araJbHeHHs [pU CTBOPEHHI HaoyHOro 6a3oBoro MaTtepiasny. CTaTUCTUYHI]
MeTO/{1 3aCTOCOBYBAJIMCS IPHU cUCTeMaTH3allil i 06po61i pe3y/1bTaTiB NepeBipKU 3aIUIIKOBUX 3HAHb CTY/I€HTIB Ta
OILiHIi pe3y/bTaTiB TECTYBaHHS K BUGIpOK Masioro o6cAry. TecTyBaHHS 3HaHb LIKIJIBHOTO Kypcy 3 MaTeMaTUKU
Ta Qi3UKU CTYAEHTIB eJIeKTPOTEXHIYHUX CHelialbHOCTEeH BHUCBIT/IMIO HEMOJIKU iX MiITOTOBKH, IKi HEOOXiAHO
BPaxOBYBaTH IIPH BUKJIaJaHHI po3/ijiB BUILOI MaTeMaTUKU. [I[poaHasnizoBaHo BiAnoBiAHICTE 06csATiB MaTepiany
JUCLUIIIHU Ta 4acy Ha IX 3aCBOEHHS, 110 JlaJo 3MOTY BU/IJIMTH i3 BCbOTO KypCy BUILOI MaTeMaTHKH 6a30Bi
3HaHHA /g 3a6e3nedyeHHs JUdepeHLifioBaHOro migxony /0 HabyTTsA $axoBUX 3HaHb. Po3risHyTO cnenudiky
JUCTaHIiHHOI GOpPMH HaBYaHHS, 1[0 NMPUBEJIO A0 CTBOPEHHS HAOYHUX OMOPHUX KOHCIEKTIB 3 MiJBUIEHUMH
po3’sicHIOBaJIbHUMU QyHKIiAIMU. BignoBifHo [0 ¢daxoBHX KOMIETEHTHOCTeH 3ampoloHOBaHa KJjacudikalis
Marepiany, o 3a6e3nedynsio MDKAUCUUIUIIHAPHI 3B'SI3KM Ta PO3MWIMUPUJIO MNPONEJeBTUYHI MOXKJIMBOCTI.
CTBOpeHUU METOAUYHUH MiJIXiJ 03BOJIMB CUCTEMATU3yBAaTH HaBYaJIbHUM MaTepiaJ 3 BUILLOI MaTEMAaTUKU, IKUHU
MOXKe BUKOPHUCTOBYBATHUCA NPOdecopCbKO-BUKIAAALBKUM CKJIaZ0M, 3/00yBayaMHU Ta IHIIMMH y4aCHHKAMHU
HaBYaJILHOTO MPOLIECY, 8 TAKOXK NP PO3p0oOIi HaBYaA/IbHUX IJIAHIB i CKJIaflaHHI pO60YNX HAaBYAJIbHUX MPOTpaM

B KniouyoBi crioBa: fKiCTb HaBYaHHS; METOAWKA; CHUCTeMa 3HaHb; BHUIA MaTEMAaTHKA; eJIeKTPOTeXHiyHa
ClieliaJIbHICTh; IponeseBTUKA
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