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 Abstract. The article presents the results of a comprehensive 
(theoretical and practical) investigation devoted to observing the 
possibility and feasibility of forming future mathematics teachers' 
methodological knowledge and skills while studying mathematical 
analysis at pedagogical universities. The investigation uses both 
quantitative and qualitative methods. Qualitative research methods 
include observations, conversations, and surveys of students about the 
motives for choosing a profession, motives and needs for mastering 
knowledge and skills, including methodological. Testing and 
questionnaires are quantitative methods. During the study, the authors 
have established that while studying mathematical analysis, there are 
vast opportunities for forming methodological knowledge of all levels 
(philosophical, general scientific, specifically scientific, technological) 
and relevant methodological skills, which should be combined into four 
groups: general methodological; mathematical and methodological; 
organisational and methodological; communicative and 
methodological. The study highlights that the formation of 
methodological knowledge and skills should be conducted 
systematically, comprehensively, continuously and gradually. The study 
involved 94 higher education students clustered into experimental and 
control groups. Learning in the control group was conducted 
traditionally, whereas learning in the experimental group was based on 
the methodology developed by the authors. The main provisions of the 
mentioned technique are the selection of methodological knowledge 
and skills for each topic of mathematical analysis, the selection and 
rational combination of innovative and traditional forms of learning, 
methods of conventional and interactive understanding of mathematical 
analysis, and the selection of appropriate material and ideal teaching 
aids. Based on the conducted questionnaire, testing, and processing of 
research data, the efficiency of the offered technique for forming 
methodological knowledge and skills during the study of the 
mathematical analysis has been proved.  

Keywords: methodological knowledge; methodological skills; 
mathematical analysis; future mathematics teachers; pedagogical 
university; STEAM education. 

 

 

INTRODUCTION 

The current state of society's development is 
characterised by a rapid increase in the infor-

mation flow and the rise of the importance of 
mathematical knowledge in humanity's activities. 
Consequently, training a person familiar with the 
research methods of various objects involving 
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mathematical knowledge, skilled in specific 
mathematical tools, techniques and technologies 
for data collection, analysis and display, and ca-
pable of producing new knowledge becomes crit-
ical. In other words, a specialist with methodo-
logical knowledge and skills is required.  

Authors [1-3] and others stressed the im-
portance of methodology and methodological 
knowledge and skills in the educational process.  

The content of the vast majority of future math-
ematics teachers' methodological knowledge and 
skills correlates with the essence and content of 
the functions of STEM education authors [4-7] 
and abilities of the XXI century, the content and 
structure of which are defined in the documents 
of the educational association "The Partnership 
for 21st Century Learning (Skills)" (Р21) [8, 9]. 
They include understanding the role of mathe-
matics in today's world, learning the fundamen-
tal concepts of mathematics and having the skills 
to apply mathematics to engineering and other 
scientific and practical areas by authors [7]; inte-
gration of knowledge both within the discipline 
and between disciplines by authors [4]; students' 
understanding of mathematical and natural con-
cepts and their usage by authors [5], etc. There-
fore, acquiring methodological knowledge and 
skills from future mathematics teachers helps 
prepare students for the implementation of 
STEM education, employment, and self-
realisation.  

The future teachers' methodological knowledge 
and skills, along with cognitive and operational 
components of their methodological competence, 
were considered in the works by authors [10-12] 
etc. Researchers such as authors [13, 14] studied 
methodological knowledge as a cognitive com-
ponent of the teacher's methodological culture.  

The methodological culture of future teachers, 
including mathematics teachers, is the primary 
purpose of scientists' methodological training 
authors [13, 15, 16]. The authors' works consid-
ered the formation and development of meth-
odological training for future teachers of various 
subjects [17, 18]. 

In the structure of methodological training of fu-
ture teachers, the study distinguishes three com-
ponents [15]: motivational (formation of motiva-
tional and holistic personal attitude to profes-
sional activity, in particular, to methodological 
activity); substantive (mastering methodological 

knowledge); operational (mastering methodo-
logical skills).  

Since the issues of formation of future mathemat-
ics teachers' methodological knowledge and 
skills while studying mathematical analysis in 
today's conditions have not been comprehen-
sively studied, the article aims to show the feasi-
bility and possibility of forming methodological 
knowledge and skills of all levels in future math-
ematics teachers and to check the effectiveness of 
the proposed method for this process. 

The study's objectives are to indicate the meth-
odological knowledge and skills that should be 
formed in future mathematics teachers while 
studying mathematical analysis, to demonstrate 
ways to develop this knowledge and skills and to 
check the effectiveness of the proposed method 
for this process. 

 

Theoretical background 

The methodology concept is multifaceted and 
complex; various scholars have attributed differ-
ent meanings to this concept. Scholars mainly 
discuss the methodology of a particular science 
or research. Author [19] views methodology as a 
general research strategy that outlines the re-
search path. Authors' work [20] states that 
methodology provides a general theoretical view 
of knowledge and its production. Author [21] ex-
amines the methodology of science and empha-
sises that it «describes or prescribes the methods 
used in the construction, testing and justification 
of scientific hypotheses and theories, as well as 
the epistemic and cognitive values that (should) 
guide scientists in their research». Authors [22] 
see methodology as the study of the organisation 
of any productive human activity (scientific, edu-
cational, research, and practical professional ac-
tivity, etc.). In the study, the methodology of a 
specific activity is understood as the study of the 
organisation of this activity, and the methodology 
of a particular science (mathematics, chemistry, 
physics, etc.) is considered as the study of the or-
ganisation of the corresponding scientific activi-
ty. The methodology structure under this ap-
proach remains the same in form but differs in 
content for various productive activities, includ-
ing students' educational and cognitive activities. 
By the future mathematics teachers' methodolog-
ical knowledge, which can be formed while stud-
ying mathematical disciplines, including mathe-
matical analysis, the authors mean knowledge 
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about the nature, methods of recording and con-
structing knowledge, knowledge about 
knowledge and techniques of cognition, as well 
as knowledge about the organisation of produc-
tive activity author [23]. Methodological skills are 
considered the ability to apply methodological 
knowledge. Similar to the levels of methodology 
proposed by the author [24], it is reasonable to 
identify four levels of methodological knowledge: 
philosophical, general scientific, specifically sci-
entific, and technological. During the study of 
mathematical analysis, there are opportunities 
for illustrating and forming methodological 
knowledge of all levels. While selecting elements 
of methodological knowledge, the content filling 
of corresponding levels of methodology in scien-
tific activity in mathematics has been focused on. 
To distinguish essential features of each element 
of methodological knowledge, the authors have 
relied on the content of the mentioned elements 
(law, principle, category, concept, method, etc.).  

Philosophers should mention knowledge about 
the following philosophical categories among the 
methodological knowledge at the intellectual lev-
el:  

1) Existence and uniqueness;  

2) Finiteness and infinity;  

3) Content and form;  

4) General and concrete (partial, singular);  

5) Discreteness and continuity; 

6) Logical and historical;  

7) Cause and effect. 

In mathematics, particularly in mathematical 
analysis, there is an opportunity to enrich 
knowledge about philosophy's laws, principles, 
and categories. For example, the law of transfor-
mation of quantitative into qualitative changes 
can illustrate the emerging formation and devel-
opment of the infinitesimal calculus. The princi-
ple of determinism is manifested through the 
functional connection. In the simplest case, the 
functional relationship between individual prop-
erties or characteristics of the object is expressed 
through the function, which is the subject of 
mathematical analysis. 

Methodological knowledge of the general scien-
tific level is, as a rule, knowledge about methods 
of proving statements, methods of mathematical 
induction, methods of complete induction, analo-
gy method, methods of mathematical modelling, 
methods of generalisations, methods of similari-
ty, method of formalisation, method of idealisa-

tion, computational experiment, algorithmic 
method, coordinate method, vector method, and 
algebraic methods. This level of knowledge also 
includes knowledge about general scientific 
terms (theory, concept, definition, axiom, theo-
rem, lemma, criterion, consequence, hypothesis, 
principle, property, law, rule, theoretical state-
ment, quantity, etc.), mathematical symbols, and 
heuristic schemes. 

The methodological knowledge of the specifically 
scientific level will encompass understanding the 
subject of the disciplined study, specifically scien-
tific research methods; fundamental (the most 
important) concepts including basic (undefined) 
concepts; fundamental (the most important) re-
lations including the basic relations between the 
basic concepts; fundamental (the most critical) 
theoretical facts (statements) including defini-
tions, axioms, lemmas, theorems, consequences, 
rules, etc.; connections with other disciplines of 
the mathematical cycle; limits of knowledge ap-
plicability; and history of emergence and devel-
opment of scientific theory related to this disci-
pline. Among the methodological knowledge of 
the technological level, which should be formed 
on the material of mathematical analysis, it is dis-
tinguished the knowledge about using computer 
tools of mathematics, namely knowledge about 
the availability of such tools (their names, ac-
cess); ease of use; computer capabilities; direct 
usage of the tools; and the need and feasibility of 
using a computer tool. 

The author reveals the content of the listed 
methodological knowledge in more detail [25]. 
Considering that the theoretical basis of method-
ological skills is multilevel methodological 
knowledge, the study proposes to consider four 
groups of methodological skills: general method-
ological, mathematical and methodological, or-
ganisational and methodological, and communi-
cative and methodological. For instance, the list 
of skills for each group is provided in the work by 
authors [26]. Some examples of those methodo-
logical skills that are possible and appropriate to 
develop while studying mathematical analysis 
are the below-mentioned. 

General methodological skills are connected with 
mastering the universal methods of cognition 
and transformation of reality: to investigate the 
issues of existence and uniqueness; to recognise 
finite (infinite) sets and to justify the choice; to 
establish cause and effect relationships; to see 
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specific in general; and to establish interdiscipli-
nary links, etc. 

Mathematical and methodological skills are ap-
plying general mathematical methods and meth-
ods specific to mathematical analysis, including 
the limiting method. When studying mathemati-
cal analysis, there are all possibilities for the for-
mation of skills to apply methods related to the 
methodology of general scientific (comparison, 
mathematical modelling, generalisation, com-
plete induction, etc.) and specifically scientific 
(methods of function research, methods of find-
ing limits, derivatives, integrals, etc.) levels. This 
group of methodological skills includes identify-
ing fundamental concepts and facts of a particu-
lar topic (content module) and establishing rela-
tionships between them. 

Organisational and methodological skills are con-
sidered the ability to self-organise productive 
activities (it is mainly educational and cognitive, 
research and practical for future mathematics 
teachers): analysis and planning of activities; 
search for mathematical information; organisa-
tion of work with various mathematical objects, 
such as concept, mathematical fact, problem, etc.; 
and ability to select and apply computer mathe-
matics software, etc. 

Communicative skills, formed while studying the 
disciplines of mathematical direction, particular-
ly mathematical analysis, constitute a group of 
communicative and methodological skills: the 
knowledge of the mathematical language and na-
tive language as specific ways of communication 
and the usage and transformation of the system 
of sign-symbolic means of mathematics. 

Forming future mathematics teachers' methodo-
logical knowledge and skills while studying 
mathematical analysis involves the phasing of 
this process: propaedeutic, educational and ac-
tive, evaluative and reflexive. At the propaedeutic 
stage, students are acquainted with the content 
of methodological knowledge and skills, systema-
tisation of previously acquired (in-school course) 
methodological knowledge, and preliminary 
preparation for developing new methodological 
knowledge and skills and their application. The 
educational and active stages include mastering 
methodological knowledge and skills, applying 
them typically by example, and clarifying the lim-
its of applicability of the acquired knowledge and 
skills. At the evaluative and reflexive stage, stu-
dents' high level of independence and creativity 
in acquiring and using methodological 

knowledge and skills, transferring this 
knowledge and skills in new conditions, and re-
flecting are envisaged. Students attempt to find 
answers to questions such as "What do I know?", 
"What can I do?", "Why do I need this as a future 
mathematics teacher?".  

It should be noted that the proposed stages of 
formation of future mathematics teachers' meth-
odological knowledge and skills are different 
from the stages of students' learning; this means 
that the years of students' study (undergraduate 
or graduate, 1st year or 4th) do not directly cor-
relate with the proposed stages. The duration of 
each stage for different methodological 
knowledge and skills varies and can be realised 
while studying not just one mathematical disci-
pline. 

The formation of methodological knowledge and 
skills while studying mathematical analysis 
should be conducted systematically, systemically, 
purposefully, and in organic unity with the for-
mation of content knowledge and skills. For this 
purpose, it is advisable to identify each topic as a 
set of methodological knowledge and skills by 
the mentioned levels and groups. Particular em-
phasis should be placed on methodological 
knowledge and skills that are professionally rele-
vant for future mathematics teachers and will 
contribute to the correct solution of methodolog-
ical issues that arise in teaching mathematics at 
school. Table 1 shows a fragment of our set of 
future mathematics teachers' methodological 
knowledge in mathematical analysis. 

 

Table 1 – A fragment of a set of methodological 
knowledge in mathematical analysis 

Title of 
the topic 

Methodological knowledge 

Function PhL: the principle of unity and diversity of 
the world (object, property, relationship), 
the principle of determinism (cause, effect, 
cause and effect connection, the causality 
conditions), the principle of development 
(the law of transition from quantitative to 
qualitative changes), uniqueness, exist-
ence, the criterion of truth in mathematics. 
GSL: mathematical modelling, analogy, 
method of mathematical induction, classifi-
cation, idealisation, generalisation, theory 
structure, mathematical symbols and signs.  

Title of 
the topic 

Methodological knowledge 

Function SSL: subject of research, elementary math-
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Title of 
the topic 

Methodological knowledge 

ematics methods for function research, 
fundamental concepts, facts, relations be-
tween them, interdisciplinary connections, 
history of function doctrine development. 
TL: knowledge of preparation, design and 
defence of abstract projects; knowledge of 
mathematics software for graphing func-
tions. 

Notes: PhL – philosophical level of methodological 
knowledge; GSL – general scientific, SSL – specifical-
ly scientific, TL – technological 

 

Educators should perform the diagnostics of fu-
ture mathematics teachers' methodological 
knowledge and skills using a complex approach. 
In order to achieve this, we have created a sys-
tem of criteria, indicators, and levels for the for-
mation of future mathematics teachers' meth-
odological knowledge and skills. 

 

As criteria, the authors have singled out the fol-
lowing: motivational (students' attitude to the 
future teaching profession; students' motivation 
to acquire this profession; the presence of mo-
tives and needs in the formation of methodologi-
cal knowledge and skills; attitude to educational 
activities), cognitive (students' mastery of meth-
odological knowledge and skills; mobility of fu-
ture mathematics teacher's methodological 
knowledge and skills, the quality of execution of 
tasks aimed at the formation of methodological 
knowledge and skills), active and operational 
(possession of a set of methodological skills, sys-
tematic acquisition of methodological knowledge 
and skills), reflexive (ability to assess the for-
mation of methodological knowledge and skills, 
ability to self-esteem and reflection). According 
to the degree of manifestation of the criteria, the 
study has identified four levels of formation of 
the future mathematics teacher's methodological 
knowledge and skills: entry, middle, sufficient, 
high (the model of forming methodological 
knowledge and skills while studying mathemati-
cal analysis is shown in Figure 1). 

 

 
Figure 1 – The model of forming methodological knowledge and skills 

 
METHOD 

Research Design. To achieve the goal and solve 
the set tasks, the authors have used theoretical, 
logical and empirical methods and techniques of 
research: analysis and synthesis, comparison, 

generalisation, methods of mathematical statis-
tics, observation, interviews, surveys, question-
naires, testing, methods of traditional and inter-
active learning, and ascertaining, search and 
formative stages of the pedagogical experiment. 
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Participants. The investigation involved 94 stu-
dents in the 1st and 2nd year of bachelor's de-
gree, studying in the subject speciality 014 Sec-
ondary Education (Mathematics), five lecturers 
of mathematical analysis (Berdyansk State Peda-
gogical University, Oleksandr Dovzhenko Hlukhiv 
National Pedagogical University, Anton 
Makarenko Sumy State Pedagogical University, 
Pavlo Tychyna Uman State Pedagogical Universi-
ty), 11 teachers of Mathematics of general sec-
ondary education institutions of Hlukhiv town.  

Ethical Issues. All participants of the study volun-
tarily participated in the experiment. The re-
searchers informed them in advance about the 
stages of the study, its content, and the expected 
results. The researchers obtained informed con-
sent from all participants. The study adhered to 
objectivity, fairness, anonymity, and confidential-
ity principles. The presented research was posi-
tively evaluated and approved by the Committee 
on Ethics and Academic Integrity of Oleksandr 
Dovzhenko Hlukhiv National Pedagogical Uni-
versity, with file No M20220209. 

Data Collection and Data Analysis Tools. The col-
lection of research data included the use of ques-
tionnaires (to assess the manifestation of motiva-
tional and reflective criteria), tests (current and 
control), and control works (to determine the 
level of formation of methodological knowledge 
and skills). The researchers calculated quantita-
tive indicators (the corresponding coefficients) to 
diagnose the level of formation of methodological 
knowledge and skills according to the criteria 
mentioned above. Assuming that the identified 
criteria are equivalent in assessing the level of 
formation, the level of formation of methodologi-
cal knowledge and skills of each student was de-
fined as the arithmetic mean of all numerical val-
ues of the calculated coefficients. Excel was used 
to process quantitative data. 

Pearson's test was used to test the hypothesis of 
a standard sample distribution, student's test and 
Fisher -Snedekor test were used to test the ho-
mogeneity of the samples, and Fisher's criterion 
(Fisher's angular transformation) was used to 
test the reliability of the obtained data. 

Procedure. The control test consisted of 3 parts 
and was conducted to select control and experi-
mental groups. It had the following structure of it 
was as follows:  

Task 1.1 – 1.10 involved choosing one correct 
answer out of four options provided;  

Task 2.1 – 2.2 required writing down the correct 
answer;  

Tasks 3.1–3.2 needed to include a full justifica-
tion in their solution. All tasks were based on the 
school mathematics curriculum, including 
Task 3.1 – solving an exponential equation with a 
parameter, and Task 3.2, which required demon-
strating initial skills in applying the method of 
mathematical modelling. The instructors selected 
tasks to estimate not only the level of academic 
achievement of first-year students but also to ob-
tain subjective results for diagnosing elements of 
their methodological knowledge and skills. For 
the convenience of converting the results into the 
generally accepted scale of assessment at higher 
education institutions and establishing the level 
of students' achievement, the test was evaluated 
at 100 points. The researchers constructed inter-
val distributions and computed sample charac-
teristics for both the control and experimental 
groups based on the control test results. 

 

 

Сorrected variances 2 2229.5; 267.2EG CGS S= =  

Pearson's criterion was applied to confirm the 
hypothesis of the normal distribution of sam-
ples.  

, 

 

 – the hypothesis was confirmed.  

To assess the homogeneity of samples, the stu-
dent's criterion  

tobserv=0.21< tcrit(0.05;92)=1.96 

– sample means differ insignificantly, 

and the Fisher-Snedecor criterion  

Fobserv=1.16<Fcrit (0.05;48;44)=3.63 

– variances that differ insignificantly were 
used. 

The teaching of mathematical analysis in the con-
trol groups was conducted using the traditional 
method without emphasising the students' atten-
tion to methodological knowledge and skills. The 
researchers developed appropriate methodolog-
ical support to organise the teaching of mathe-
matical analysis in experimental groups. Firstly, 
the authors prepared a complex of methodologi-
cal expertise that can be formed based on math-
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ematical analysis. This complex also indicates 
what methodological knowledge and skills are 
required to form while studying a particular top-
ic. Secondly, it was created: means for activation 
of students' educational and cognitive activity at 
lectures (tables, presentations, printed editions, 
etc.); tasks to determine the level of formation of 
students' methodological knowledge and skills; a 
list of abstract topics, projects to test students' 
organisational skills as well as communicative 
and methodological skills; methodical instruc-
tions for teachers concerning the organisation of 
training process in the experimental conditions. 

At the first lecture on mathematical analysis, the 
lecturer, with the student's active participation, 
determined the subject of mathematical analysis, 
began to highlight the professional significance of 
this discipline and familiarised with the main 
methods of cognition, indicating connections 
with other educational disciplines (in the process 
of studying the discipline, students specified 
these connections). At the end of the lecture, the 
main stages of the development of mathematical 
analysis were presented (while studying each 
topic, this information was enriched by the stu-
dents and presented in the form of essays or pro-
jects). 

Before studying each topic of mathematical anal-
ysis, a complex of methodological knowledge and 
skills was identified according to the abovemen-
tioned levels and groups (Table 1), which should 
be formed in students while studying this topic. 
The researchers rationally combined innovative 
and traditional forms and methods of conven-
tional and interactive teaching of mathematical 
analysis for this process. There was also a strong 
focus on the means of learning (tangible and ide-
al), including ICT: the following methods were 
most frequently utilised: lecture discussion for 
elucidating the theoretical foundation of a partic-
ular method of cognition, its applicability limits, 
and its presence in the school mathematics cur-
riculum; group work for constructing structural-
logical schemes of methodological knowledge 
and skills within the scope of a topic (chapter); 
"microphone" and "complete the thought" for 
activating previously acquired methodological 
knowledge and formed methodological skills to 
encourage learners to hypothesise about the ap-
plicability of the knowledge in new conditions; 
"wide circle discussion" for revealing the essence 
of new fundamental concepts and propositions; 
and "brainstorming" for developing skills to clari-
fy relationships between essential concepts and 

facts, establish cause-and-effect relationships, 
generalise, perceive the specific within the gen-
eral, etc. It is also advisable to employ a combina-
tion of interactive teaching methods, such as: 
"method of control questions", "complete the 
sentence", and "microphone" (for diagnosing the 
level of proficiency in applying a particular 
method, for example, the ability to prove state-
ments by the method of mathematical induction). 
For material visualisation, presentations were 
mainly used (Microsoft PowerPoint) and the ed-
ucational software tool GRAN. 

There are some specific examples provided. The 
content of the ability to clarify the structure of 
mathematical theory as its component includes 
the ability to distinguish fundamental concepts, 
facts and relationships of a separate topic, con-
tent module, and mathematical analysis. The au-
thors demonstrate the method of forming this 
skill in the example of a lecture on the topic "Con-
tinuity of a function of one variable". At the be-
ginning of the lecture, the instructor introduced 
the students to the lecture plan. While revealing 
each issue of the lecture, students' attention was 
focused on the following questions (using the 
technology "Discussion of the problem in a gen-
eral circle"): What concepts were considered? 
Which of them are new to you in the course of 
mathematical analysis? What statements were 
formulated? At the end of the lecture, a summary 
was presented to answer the following ques-
tions: What mathematical objects were consid-
ered? Which ones are new to you? Name the 
properties of the considered mathematical ob-
jects. As homework, students were asked to note 
a list of this topic's most essential concepts and 
facts. To reveal the essence of new ideas and 
statements, the instructor discussed the answers 
to the following questions with the students: 

1) What are the elementary steps of checking 
the continuity (one-sided continuity) of a func-
tion at a point discontinuity of a function at a 
point? 

2) Is it possible that the function is neither con-
tinuous nor discontinuous at a given point? 

3) Can the sum of two discontinuous functions be 
continuous? 

4) Is a composite function necessarily discontin-
uous if the outer and inner functions are discon-
tinuous? 
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5) In the definition of the continuity of a function 
at a point in the language "epsilon - sigma", what 
does "sigma" depend on? 

6) Is every function continuous at an interval 
bounded at this interval, too? 

7) Can a function discontinuous on a segment be 
bounded on this segment? (The list of all ques-
tions is given by authors [27]. 

The ability to establish interdisciplinary links, 
especially with a school mathematics course, 
should be considered from the following posi-
tions: 

1) Links with the disciplines of the mathematical 
cycle at the level of concepts and facts (what 
knowledge and skills are necessary to study this 
discipline and what knowledge and skills from 
this discipline will be used to study the following 
disciplines of the mathematical cycle). 

2) Connections at the level of methods of cogni-
tion (general methods). 

3) Links with other branches of science, technol-
ogy, and production (application). 

The teacher informed students about these con-
nections at the propaedeutic stage of forming 
methodological knowledge and skills. If the 
teacher used the method for the first time, they 
would emphasise which other disciplines (or top-
ics) this method could apply to. At the education-
al and active stage in lectures (or practical clas-
ses), the teacher, together with students, found 
the answers to these questions using the method 
of control questions: 

1) What the logical gaps in the school mathemat-
ics course eliminate the studied facts and meth-
ods?  

2) What discipline do the used facts belong to? 
What section? (For example, to solve the problem 
of a tangent to a plane curve, you need 
knowledge about the equation of a line with an 
angular coefficient (analytical geometry, line on 
the plane) to derive the formula for replacing 
variables in the triple integral you need 
knowledge about determinants (linear algebra), 
etc.). 

3) What discipline did you learn about this meth-
od while studying? 

4) Give some examples of the results of applying 
the studied facts and methods in various science, 
technology, and production fields. Investigate the 

essence of the application of the mentioned facts 
and techniques. 

At the evaluative and reflexive stages, the stu-
dents developed the ability to establish connec-
tions with other branches of science, technology, 
and production. The students expressed their 
opinions about the role and importance of math-
ematics in society. Students' research works 
played a significant role at this stage: writing es-
says (mostly 1st year) and educational and re-
search projects. For example, at the end of the 
section "Function" (1st semester), students were 
offered to write an essay "Function as a Mathe-
matical Model in Physics (Economics, Biology) 
Problems" (optional). Students performed the 
educational and research project "Interdiscipli-
nary Connections of Mathematical Analysis" at 
the end of the 2nd semester. For this purpose, 
students were clustered, and each group ad-
dressed one of the following questions: mathe-
matical analysis and linear algebra, mathematical 
analysis and analytic geometry, mathematical 
analysis and elementary mathematics. 

The current and control tests were conducted to 
determine the formation level of methodological 
knowledge and skills, for which all three stages of 
formation were implemented while studying 
mathematical analysis. The formation level was 
determined by the results of control tests con-
ducted at the third stage (evaluative and reflex-
ive) of the formation of methodological 
knowledge and skills. The results of students' in-
dependent extracurricular work aimed at form-
ing methodological knowledge and skills, such as 
preparation and defence of abstracts and pro-
jects, compilation of chronological tables of 
mathematical analysis, execution of individual 
works, etc., were considered. Control tests were 
selected to reflect the cognitive criterion and ac-
tive and operational one for the levels of for-
mation of future mathematics teachers' meth-
odological knowledge and skills. 

Extensive methodological knowledge and skills 
are formed while studying mathematical analy-
sis. After interviews with experienced teachers 
and an analysis of the author's previous research 
results, the study identified methodological 
knowledge and skills that are the most important 
for future mathematics teachers. They include 
the method of mathematical induction (MI), the 
method of mathematical modelling (MM), the 
limiting method (LM), the methods of function 
investigation (FI), the technique of derivative cal-
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culation (DC), the methods of integration (MI), 
the method of undetermined coefficients (UC), 
knowledge of interdisciplinary links and the abil-
ity to establish them (IL). The researchers de-
termined the coefficient of knowledge acquisition 
and skills development for all methods for each 
student. 

While studying mathematical analysis, the first 
two stages (propaedeutic, educational, and ac-
tive) of the investigated process are implemented 
for most components of methodological 
knowledge of philosophical and general scientific 
levels and their corresponding methodological 
skills. To estimate the dynamics of the formation 
of methodological understanding of philosophi-
cal and general scientific levels and the corre-
sponding methodological skills, researchers cal-
culated the coefficient of completeness of 
knowledge (skills) formation. 

 

1

n

i

i

n

K
n N

==



,      (1) 

where n is the number of elements of knowledge 
(skills) that must be mastered at a particular 
stage, ni is the number of aspects of knowledge 
(skills) that the i-th student has learned, N is the 
number of students who participated in the ex-
periment [28].  

 

For an individual student, this coefficient was de-
termined by the formula: 

 

in
K

n
= .      (2) 

 

To estimate the changes achieved in comparison 
to the initial level and to clarify the dynamics of 
formation, researchers calculated the coefficient 
of development of knowledge (skills): 

 

2

1

K

K
 = ,      (3) 

where 
1K , 

2K  the coefficients of completeness of 

knowledge (skills) formation were determined 
earlier.  

 

Suppose ƴ >1 the relevant expertise (skills) are 
formed successfully. The coefficient of develop-
ment of methodological knowledge (skills) at the 
philosophical and general scientific levels: 

 

2

1

K

K
 = .      (4) 

 

It was not included in the formulas for calculat-
ing the level of proficiency in students' meth-
odological knowledge and skills. The mentioned 
coefficient served only as an indicator of the dy-
namics of the formation of such knowledge 
among future mathematics teachers while study-
ing mathematical analysis.  

In order to determine the degree of manifesta-
tion of motivational and reflective criteria, stu-
dents conducted questionnaires at the end of the 
4th semester (all control sections were con-
ducted before that; students passed the exam 
in mathematical analysis). The questionnaire 
consisted of 30 questions, starting with "To 
what extent do you: ….". A student chose the 
answer to each question from five possible an-
swers: fully enough (a); sufficiently (b); I can't 
say (c); insufficiently (d); not enough (e). Here 
are some examples of questions: "To what ex-
tent do you: 1) evaluate your future profession 
as your vocation; 2) realise the social signifi-
cance of the teaching profession; 3) realise the 
need to apply methodological knowledge and 
skills in the study of mathematical analysis". 
According to the results of the questionnaire, 
the coefficient of manifestation of these criteria 
was calculated: 

 

0.5 0.5
,

30
МR

a b c d e
K

+ + − −
=   (5) 

 

According to authors [29], where a, b, c, d, and e 
are the numbers of relevant items on the scale 
selected by the student, KMR is the coefficient of 
manifestation of motivational and reflexive crite-
ria. 

The level of formation of methodological 
knowledge at the technological level and corre-
sponding methodological skills was determined 
by the students' results of implementation and 
presentation of educational and research works 
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(abstracts, projects). For this purpose, the coeffi-
cient of skill formation was calculated:  

 

i
TL

n
K

n
= ,      (6) 

where n – is the number of skills that need to be 
mastered at a particular stage, in  – is the number 

of skills learned by the i-th student.  

 

At the end of the study, the researchers deter-
mined the coefficient of the formation of meth-
odological knowledge and skills for each student 
using the formula: 

 

10

МR ТL ММІ ММ LM FI DC МІ UC ILK K K K K K K K K K
K

+ + + + + + + + +
= ,    (7) 

 

Here, the sub-indices indicate the names of the 
method, criterion or level of methodological ex-
pertise for which the coefficient of formation of 
knowledge and skills was determined. Following 
the value of the coefficient, we established the 
level of formation of students' methodological 
knowledge and skills:  

 

If 0.9 1K   the level is high and sufficient, 

0.5 0.7K  thе is a middle-level 0.5K  , and 
the level is an entry.  

 

Fisher's criterion (angular Fisher transform) was 
used to verify the validity of the obtained data.  

 
RESULTS AND DISCUSSION 

It was noted above that for most elements of 
methodological knowledge of philosophical and 
general scientific levels and their corresponding 
methodological skills while studying mathemati-
cal analysis, two stages (propaedeutic and educa-
tional and active) of forming methodological 
knowledge and skills are implemented. To de-
termine the dynamics of the formation of such 
methodological knowledge and skills, we deter-
mined the coefficient of knowledge (skills) de-
velopment: 

 

2

1

K

K
 = .      (8) 

 

The composition of the elements of knowledge 
(skills) that must be mastered at a particular 
stage of the study of mathematical analysis was 

previously determined to calculate the coeffi-
cient. For example, to calculate the coefficient of 
knowledge about the principle of uniqueness and 
diversity of the world, the authors have identified 
the following elements of knowledge: 1) mathe-
matical object; 2) property of a mathematical ob-
ject; 3) the connections of a mathematical object 
with other objects; 4) ideal and material.  

According to this principle, knowledge was Di-
agnosed after studying most topics and content 
modules specified in the developed methodo-
logical expertise. To do this, students were 
asked to perform the following tasks:  

1) Specify the mathematical objects that were 
first introduced while studying the topic (content 
module) (the name of the topic or module). 

2) Among the proposed statements, select the 
properties of a particular mathematical object 
(the name of the mathematical object is given; 
the proposed statements were usually four, and 
the correct answers could be from 0 to 4). 

3) Name a more general mathematical object for 
a given mathematical object; name the mathe-
matical object for which the object is a generali-
sation. 

4) Provide some examples of material objects for 
which a given mathematical object is an idealisa-
tion.  

5) Formulate the problems that led to the intro-
duction of this mathematical object.  

For diagnostics of methodological knowledge 
and skills, the time allocated for independent 
work of students in the discipline is used. Table 2 
shows the results of serial sections in the exper-
imental and control groups, conducted at the 
end of the 1st and the end of the 4th semesters. 
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Table 2 – Dynamics of formation of methodological knowledge and skills (EG і CG) 
Methodological knowledge EG CG 

      
Uniqueness and diversity of the world  0.54 0.63 1.17 0.51 0.57 1.12 
Principle of development  0.43 0.55 1.28 0.35 0.41 1.17 
Principle of determinism  0.48 0.62 1.29 0.41 0.49 1.20 
The main categories of dialectics (existence, uniqueness, fi-
nite, infinite, continuity, discreteness, logical, historical, ra-
tional, irrational, content and form, general, separate) 

0.56 0.72 1.29 0.34 0.39 1.15 

Structure of the theory 0.63 0.71 1.13 0.33 0.37 1.12 
Sign-symbolic means of mathematics 0.54 0.72 1.33 0.45 0.51 1.13 
Methods of empirical research (comparison, mathematical 
experiment) 

0.45 0.54 1.20 0.38 0.41 1.08 

Methods of theoretical cognition (formalisation, idealisation, 
abstraction, generalisation, induction, deduction, analogy, 
mathematical modelling) 

0.56 0.74 1.32 0.34 0.35 1.03 

 

To determine the level of formation of future 
mathematics teachers' methodological 
knowledge and skills while studying mathemati-
cal analysis, the authors calculated ten coeffi-
cients of formation of relevant knowledge and 
skills (mentioned above). 

Since it is impossible to combine tasks for diag-
nostics of the listed knowledge and skills into one 
control slice, theoretical and practical content 
tasks were selected for each element of methodo-
logical knowledge and the corresponding ability 
to apply them. There are some examples. 

The ability to establish interdisciplinary links in-
cludes the following elements:  

1) Name the knowledge from other mathematical 
disciplines that were necessary to study the topic 
(the content module);  

2) Name the skills that were formed while study-
ing other mathematical disciplines and which are 
necessary to examine the topic (the content 
module);  

3) Name the mathematical disciplines in which 
the knowledge of this topic (this content module) 
was used while studying;  

4) Name the mathematical disciplines in which 
the skills of this topic (this content module) were 
used while studying;  

5) Indicate the disciplines that have standard 
methods with the discipline under study;  

6) Name the branches of science, technology, and 
production where you can apply the concepts 
and facts of the topic (the content module). 

To diagnose the development of this skill, stu-
dents are asked to answer questions after study-
ing a topic (content module). The coefficient for 
each student was calculated using the formula: 

 

in
K

n
= .      (9) 

 

To diagnose students' knowledge about the 
method of mathematical induction (MI) and their 
ability to apply it, we offered them the following 
tasks:  

1) Name the theoretical basis of the MI method;  

2) describe the statements for which the MI 
method should be used;  

3) Create a guideline diagram for proving state-
ments by using the MI method;  

4) Give an example of 3 statements from the 
course of mathematical analysis, which are 
proved by using the MI method;  

5) Prove that  

2 21 7 2 1
...

1 3 3 5 (2 1)(2 1) 2 1

n n
n N

n n n

−
  + + + =

  − + +
; 

6) Prove that 2, 4 2nn N n n    ;  

7) Prove that (7 1) 6nn N  − .  

This paper is worth 13 points: each theoretical 
question is worth 1 point, and the practical ques-
tion is worth 3 points.  
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For each student, the coefficient of knowledge 
acquisition and skills development was deter-
mined by the formula:  

 

13
MMI

i
K = ,      (10) 

where і – is the number of points scored by this 
student.  

Similarly, the coefficients of knowledge acquisi-
tion and skills development were calculated in 
other cases.  

The distribution of students of the experimental 
and control groups according to the levels of 
formation of methodological knowledge and 
skills are presented in Table 3 and in Figure 2 
(the number of students of the corresponding 
level is marked on the vertical axis). 

 
 
Table 3 – The distribution of students according to the levels of formation of methodological knowledge 
and skills (at the end of the experiment) 

Group Entry level 

 

Middle level 

 

Sufficient level 

 

High level 

 
number % number % number % number % 

ЕG: пх = 45 5 11.1 11 24.4 22 48.9% 7 15.6 
CG: пу = 49 9 18.4 21 42.8 15 30.6% 4 8.2 

Together: п = 94 14  32  37  11  
 

Based on the statistical φ* Fisher criterion, it was 
concluded that the level of formation of meth-
odological knowledge and skills in the experi-
mental group is higher than in the control group 
(calculated φ*emp = 2.51; for the significance level 
ρ = 0.05 the critical value of the criterion φ*crit. = 
1.64; φ*emp > φ*crit). 

At the current stage of societal development, the 
content of professionalism for future teachers, 
including mathematics teachers, encompasses 
qualitatively new requirements: the ability to or-
ganise the educational process at a high level, 
conduct independent scientific research, master 
new technologies and information systems, gen-
eralise advanced methodological experience, crit-
ically evaluate the results of their work, creative-
ly engage in self-improvement, and pursue life-
long learning, etc. We can ensure the implemen-
tation of these requirements if future teachers 
develop methodological competence and meth-
odological culture. Therefore, future mathemat-
ics teachers' methodological knowledge and 
skills indicate their development. 

The mathematics teacher should not only pos-
sess a high level of methodological knowledge 
and skills but also be capable of fostering the de-
velopment of elements of methodological 
knowledge and skills in students, including rec-
ognising real-life or subject-related situations as 
problems that can be solved using mathematical 
methods; formulating them in mathematical lan-
guage; applying mathematical models in the 

study of natural and other subjects; analysing, 
comparing, predicting outcomes, generalising, 
and systematising mathematical objects based on 
specific properties; using appropriate sources to 
search for mathematical information, inde-
pendently analysing it, and conveying the math-
ematical essence in textual, graphical, tabular, 
symbolic forms, etc. [30]. Furthermore, the for-
mation of methodological knowledge and skills, 
especially methodological knowledge at the 
technological level and organisational and meth-
odological skills, will contribute to increased ac-
tivity in students' educational and research activ-
ities and the quality of student research projects. 

Mathematical analysis, as one of the components 
of the educational and professional training pro-
gram for future mathematics teachers, occupies 
perhaps the most critical place in this process. 
This discipline is essential for the student's fu-
ture professional activity (many issues in the 
school course of mathematics are theoretically 
substantiated while studying mathematical anal-
ysis). An extensive array of mathematical con-
cepts, statements, connections between them, 
and a vast arsenal of cognition methods of differ-
ent methodological levels contribute to the effec-
tive formation of future mathematics teachers' 
methodological knowledge and skills. Students 
should be taught methodological knowledge 
gradually and purposefully; this coincides with 
the authors' conclusions [3, 25]. Knowledge of 
the methodology of mathematics contributes to a 
better understanding of mathematics. It fills stu-
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dents with a sense of satisfaction from studying 
mathematics, regardless of the level of academic 
achievement authors [1]. The results of this study 
confirmed this. 

The results presented in Table 2 show that the 
methodological knowledge of the philosophical 
and general scientific levels and the correspond-
ing methodological skills were successfully 
formed while studying mathematical analysis in 
the experimental and control groups. For stu-
dents of the experimental group, in most cases, 
the coefficients of knowledge acquisition and 
skills formation and the coefficient of develop-
ment are higher than for the students of the con-
trol group. It gives grounds to state that the pro-
posed method for forming future mathematics 
teachers' methodological knowledge and skills is 
effective. 

Among the calculated ten coefficients, the coeffi-
cient of manifestation of motivational and reflex-
ive criteria was the lowest. The authors explain 
this, in particular, because students of the 1st and 
2nd courses do not have much experience in as-
sessing their activities, including forming meth-
odological knowledge and skills. Most junior stu-
dents are just getting used to self-esteem and re-
flection and usually do it in the teacher's direc-
tion. Among the students of the 1st and 2nd 
courses (the period of studying mathematical 
analysis), the indifferent attitude to the future 
profession prevails, motives of mastering meth-
odological knowledge and skills are situational, 
and needs only partially realised. Similar results 
were obtained in the work of the authors [27]. 

Lectors of pedagogical and classical universities 
can use the results of this study during the prep-
aration of the curriculum and work program, syl-
labus of mathematical analysis, the organisation 
of the classroom, independent and research 
work, etc., by specialists who teach mathematics 
teachers in training courses and by teachers and 
students. 

 

CONCLUSIONS 

The study identifies and characterises the meth-
odological knowledge that should be formed dur-
ing the training in mathematical analysis. It has 
offered the groups of methodological skills based 
on the specified methodological knowledge and 
indicated the methods of formation of future 
mathematics teachers' methodological 
knowledge and skills with verification of its effi-
ciency. 

The authors have established that the issue of the 
formation of methodological knowledge and 
skills is not considered separately from increas-
ing the qualitative training of future mathematics 
teachers. The formation of methodological 
knowledge and skills cannot occur apart from the 
acquisition of subject knowledge and the for-
mation of skills to apply them. Focusing students' 
attention on methodological knowledge and 
skills contributes to the systematisation of sub-
ject knowledge, and methodological knowledge 
is a means for systematically assimilating subject 
knowledge. At the teacher training level, both in 
mathematical disciplines and in general ones, the 
effectiveness of teacher work at school depends, 
among other things, on the formation of method-
ological knowledge and skills. The high level of 
methodological knowledge and skills allows stu-
dents to master general knowledge and skills 
that will contribute to introducing STEM educa-
tion elements. Further research can be per-
formed in the following areas:  

1) The formation of future specialists' methodo-
logical knowledge and skills in the field of Math-
ematics and Statistics (speciality 111 Mathemat-
ics);  

2) Methodological knowledge and skills as a ba-
sis for building integrated courses for future 
teacher training in Natural Sciences in the con-
text of the introduction of STEAM education. 
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