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Abstract

Relevance. In the context of constant changes in the educational sphere, the introduction of constructive teaching to the
epistemes of mathematics is an urgent task, the study of this topic helps to adapt teaching methods to modern requirements
and effectively introduce innovations into pedagogical practice.

Purpose. The purpose of the study was to analyse the effectiveness of constructive teaching of mathematics epistemes in
a pedagogical higher educational institution in order to identify and evaluate the results obtained.

Methodology. The following methods of scientific cognition were used: literary analysis, synthesis, deduction, and
induction.

Results. The study identified specific epistemic competencies needed by future mathematics teachers, such as the ability
to analyse mathematical concepts, identify connections between them, and develop systematic mathematical thinking.
Specific elements of successful educational programmes were also highlighted, such as precisely tuned courses,
systematic practical exercises, and effective feedback that contribute to the development of professional competence of
future mathematics teachers. The methods contributing to the effective mastery of educational material by students and
to the development of pedagogical competence in the field of mathematics education were considered. Tools and criteria
were also proposed to assess the effectiveness of the implementation of constructive teaching of epistemes of
mathematics, contributing to the development of systematic mathematical thinking and deep awareness of students.

Conclusions. Constructive learning based on an epistemic approach is aimed at developing students’ holistic
understanding of mathematics, supporting flexibility, creative problem solving and interest in the subject. The study
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proposed strategies and methods aimed at developing the professional competence of future mathematics teachers,
including special educational courses, practical exercises, and feedback from experienced teachers.

Keywords: educational practice; professional competence; applied sciences; methodology; teaching; learning; abilities.

Introduction

In the modern educational context, where the requirements
for the quality of mathematical education are constantly
growing, the question of the effectiveness of training future
mathematics teachers is becoming a topical issue. On the
way to the development of students’ strong mathematical
competencies and epistemic beliefs, difficulties arise that
require in-depth analysis and systematisation. This
research is aimed at highlighting the problem of mandatory
results of constructive teaching of epistemes of
mathematics in a pedagogical higher educational
institution. The need to investigate this topic is conditioned
by the desire to ensure a high level of professionalism of
future mathematics teachers. The complexity of the
mathematical discipline and its key role in the development
of critical thinking highlight the importance of an adequate
approach to its learning. The problem lies in the lack of
clear standards and mandatory results that determine
effective constructive teaching of mathematics epistemes
in pedagogical educational institutions. The absence of
such results can lead to heterogeneity in the training of
mathematics teachers and a decrease in the quality of
education.

.M. Shrestha et al. [1] claim that in their experience,
most mathematics teachers struggle to improve their
teaching skills in order to ensure that students receive
meaningful learning. Instead of studying their “inner
selves”, they often look for the best pedagogical
approaches. The study does not consider which specific
“inner selves” of mathematics teachers might be explored
in the context of improving their teaching skills. In
addition, a specific methodology or strategy for exploring
the “inner selves” of teachers has not been considered.

N. Madiyarov et al. [2] suggest that at the present stage,
the organisation of the educational process in secondary
schools according to the updated content of education in
accordance with modern requirements also poses new
challenges to the methodological system of school
education, giving each student the necessary knowledge of
geometry. They state that at the same time, attention should
be focused on the content of school geometric education,
the implementation of the principle of continuity of
teaching the geometry course. The comprehensive
development of the geometry course by students depends
on the degree of geometric and methodological training of
a school mathematics teacher. Thus, the university
monitors the continuity of the proposed educational
programmes and curricula in the training of future
specialists and provides an opportunity for their
professional training.

Information and communication technologies play an
important role in modern education. R. Kadirbayeva et al.
[3] considered the problem of developing the professional
competence of future mathematics teachers through the
development of an information and communication subject
environment (ICSE) in a school mathematics course. The
researchers note the contradiction between the pace of
development of the modern education system and the low

level of updating the content of education in the curricula
of secondary education.

The possibilities of developing the research culture of
students in the process of continuing professional
pedagogical education were considered by G.B.
Alimbekova and M.M. Turganova [4]. The research
culture of students is the ability to constantly apply
professional pedagogical knowledge and skills for certain
academic circles, and a brief overview of the level of
research in the field of self-development. They suggest that
continuous professional pedagogical education in the
process of developing a research culture of students is the
basis for the training of future teachers and is important for
personal development.

A.E. Abylkassymova et al. [5] suggest that the need to
determine the theoretical foundations of the professional
orientation of teaching mathematics, in the context of the
development of a certain set of competencies among
students, determines the purpose and relevance of the
study. They adhere to a leading scientific approach that
combines methods of systematic analysis of the basic
concepts of teaching higher mathematics with the
investigation of prospects for improving professional
orientation in its teaching. This study did not examine in
detail the specific steps or programmes proposed to build
the competencies of future mathematics teachers.

According to G.B. Akhdiyeva et al. [6], one of the main
difficulties of modern schools is the lack of qualified and
competent teaching staff. In this regard, the paper
highlights the problem of research: the training of teachers
of higher educational institutions is mainly limited to the
theoretical investigation of the subject area, pedagogy, and
teaching methods. G.B. Akhdiyeva et al. [6] have not
considered what specific methods and strategies can be
used to expand education in modern schools.

Constructive learning is one of the most promising
approaches in modern mathematical education. As noted
by D. Belessova et al. [7], the COVID-19 pandemic
accelerated the processes of digital transformation of
education and revealed many problems in this area,
including the lack of digital infrastructure, digital
inequality, and low levels of digital literacy. In these
conditions, innovative teaching methods that allow
achieving educational results using digital technologies are
of particular importance. A constructive approach based on
the construction of knowledge by students in the process
of active cognitive activity meets these requirements.

In connection with the introduction of the updated
content of secondary education in schools in Kazakhstan,
the issue of improving the methodological training of
future mathematics teachers in higher educational
institutions is relevant. G.S. Jarassova et al. [8] suggest that
mathematics can make a significant contribution not only
to the overall development of personality, but also to the
development of character, moral traits, and contributes to
the development of aesthetic perception of the world. Thus,
pedagogical universities have faced a number of
difficulties in teaching mathematical subjects.
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The purpose of the study is to analyse the effectiveness
of constructive learning based on an epistemic approach in
the development of advanced epistemic competencies and
a deep understanding of mathematical concepts in future
mathematics teachers.

Materials and Methods

The literature review served as the foundation for the
proposed solutions and included the study of modern
educational requirements, emphasising the importance of
deep mastering mathematical knowledge. The study also
highlighted key aspects such as the development of
epistemic  competencies, critical  thinking, and
understanding of mathematical knowledge in various
fields. Teaching methods, including constructive learning,
were considered in the context of encouraging students to
research, analyse, and create their own ideas about
mathematics.

Logical analysis was used to explain in detail how
constructive learning based on an epistemic approach helps
to establish deep connections between various
mathematical concepts. The critical analysis was aimed at
identifying the advantages and disadvantages of
conventional teaching methods, while highlighting the
effectiveness of constructive learning in response to the
current challenges of the modern educational environment.

The synthesis was used to combine the principles of
constructive learning with the basics of the epistemic
approach, forming an integrated method of teaching
mathematics. This method provided a harmonious
combination of the basic principles of constructive
learning and the fundamental principles of epistemic
methodology.

This method has also been used in combining various
data, practical examples, and theoretical concepts. This
method enabled a comprehensive understanding of the
impact of constructive learning in combination with an
epistemic approach on the learning processes and the
development of competencies for future mathematics
teachers. The application of teaching methods, including
epistemic and constructive, was considered with an
emphasis on specific examples, demonstrating how
constructive learning contributes to the formation of
holistic ideas about mathematics and develops students’
skills of independent research. A data comparison method
was also used to identify differences between constructive
learning and the epistemic approach.

The deduction was used to formulate a general
statement, such as the inconsistency of standard teaching
methods with the requirements of modern education. The
deduction was also used in discussing the general
principles of constructive learning and the epistemic
approach in education. These principles were formulated
based on deductive processes, including generalisations
and conclusions from previous research, the experience of
teachers or the analysis of modern educational
requirements.

The induction was used to provide concrete examples
of the successful use of constructive learning and an
epistemic approach. These examples were derived from the
study of pedagogical scenarios presented in the literature
and the results of previous studies. The approaches and
scenarios identified through the induction method serve as

illustrations of the successful implementation of
constructive learning and provide a context for the
effective integration of the epistemic approach into

pedagogical practice, enriching understanding and
providing the basis for the development and
implementation of such teaching methods in the

educational process.

The contextual approach revealed the requirements of
modern education and the role of teachers, and also drew
attention to various pedagogical methods such as group
work and research projects, emphasising their importance
in the context of constructive learning to form a deep
understanding of the epistemes of mathematics.

These methods were used to identify the effectiveness
of constructive learning based on an epistemic approach in
the development of advanced epistemic competencies and
a deep understanding of mathematical concepts in future
mathematics teachers.

Results

Modern education, faced with the challenges of a changing
information and socio-cultural context, calls for the search
for innovative methods of teaching mathematics in
pedagogical educational institutions. This is conditioned
not only by the need for a deep theoretical understanding
of mathematical concepts, but also to the desire to train
future teachers with developed epistemic competencies —
the ability to think critically, analyse and understand
mathematical knowledge in their broad context.

In the light of the new requirements of modern
education, standard methods of teaching mathematics no
longer always meet the needs of students and the
requirements of the school curriculum [9]. Constructive
learning, which focuses on the active interaction of
students with the material and the collective building of
knowledge, is an effective response to these challenges.
The epistemic approach in teaching mathematics implies
not only the transfer of facts, but also the development of
students’ belief systems and approaches to understanding
mathematical phenomena [10]. It goes beyond the
superficial assimilation of the material, encouraging
students to explore, analyse, and build their own
understanding.

Constructive learning should contribute to the
development of holistic and integrated ideas about
mathematics in future teachers of mathematics, rather than
just fragmented knowledge. This includes the ability to see
the relationships between different topics and concepts.
Students who have completed constructive training should
be able to actively interact with the material, ask questions,
conduct research and take part in a dialogue [11]. This
contributes not only to the assimilation of facts, but also to
the development of critical thinking. They are able to
analyse information, identify contradictions, and make
reasoned decisions. Constructive learning develops
students’ independence in the search for knowledge. They
find satisfactory answers to their questions, stimulate their
learning interest, and interpret the information on their
own.

Students trained in a constructive epistemic approach
demonstrate the ability to creatively apply their
mathematical knowledge in solving real problems and
situations. The next important aspect of constructive
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learning is to promote the application of mathematical
concepts in various contexts. Students should be able to see
how mathematics is applied in real-world situations and
what conclusions they can draw based on their knowledge.
This develops their skills of analysing and solving
problems in various areas of life.

Constructive learning should develop the ability of
future mathematics teachers to independent research. This
includes the ability to formulate and solve mathematical
problems, analyse new materials and, apply them in
practical scenarios. The application of various pedagogical
methods, such as the use of contextualised examples, group
work, research projects and practical tasks, becomes an
integral part of constructive learning aimed at developing
a deep understanding of the epistemes of mathematics. In
addition,  epistemically  trained students  should
successfully interact with colleagues and students, express
their thoughts clearly, discuss mathematical ideas, and
argue their conclusions. The epistemic approach in
teaching mathematics is not limited to the superficial
assimilation of facts, but sets itself the task of developing
a deep understanding [12]. In addition, it is designed to
help students understand not only individual mathematical
terms, but also to build relationships between them. This
means that students should not only memorise isolated
concepts, but also see them in the context of the general
structure of mathematical knowledge.

In the modern educational environment, not only the
transfer of mathematical knowledge is required, but also
their deep and systematic development. Combining
constructive learning and epistemic approach becomes a
key factor in the development of students’ not only

technical competence, but also the ability to see
mathematics as a holistic system of interrelated knowledge
[13]. Modern education is responsible for developing not
only technical skills, but also a deep, meaningful
understanding of subjects, especially in the context of
mathematics. The epistemic approach, aimed at forming a
system of beliefs and understanding, becomes a key tool,
and its combination with constructive learning acts as a
response to the challenges of the modern educational
environment. When an epistemic approach is combined
with constructive learning, students not only learn
mathematical facts, but also develop a deep understanding
that allows them to apply knowledge in new contexts and
critically evaluate information. They not only memorise
algorithms, but also understand the logic and structure of
mathematical concepts. Constructive learning, combined
with an epistemic approach, should direct efforts to clarify
the meaning of mathematical concepts.

Students should be aware not only of the procedures
and rules, but also have a deeper understanding of why
these concepts exist and how they interact with each other.
This allows students to develop not only a superficial
knowledge, but also a deep mathematical intuition.
Students who have completed constructive training based
on the epistemic approach are distinguished not only by
their technical competence, but also by the ability to see
mathematics as an integral system [14]. They are better
suited to solving complex problems, critically analysing
information, and applying mathematical concepts in real-
world scenarios (Table 1).

Table 1. Comparison of epistemic and constructive teaching methods

Characteristics

Epistemic teaching method

Constructive teaching method

Main focus

On the transfer of ready-made
knowledge and facts

On the active interaction of students
and the joint building of knowledge

Role of the teacher

Source of information and an
expert in the subject area

Mentor, training organiser, stimulating
students’ thinking and research
approach

Role of the student

Passive reception of information,
memorisation

Active participation, research, critical
thinking, independent problem solving

Teaching process

Unidirectional, from teacher to
student

Interaction and exchange of opinions,
discussions, learning through
experience

Basic methods

Lectures, demonstrations,
information reproduction

Group projects, discussions, practical
exercises, problem-oriented tasks

Approach to errors

Avoiding mistakes, focusing on
correct answers

Perception of mistakes as part of the
learning process, their analysis and
correction

Purpose of training

Transfer of basic knowledge and
skills, readiness for testing

Development of critical thinking,
problem-solving skills, and academic
independence

Evaluation forms

Tests and exams, grades for correct
answers

Assessment of activity, participation in
discussions, project activities,
development of competencies

Applicability

It is effective for transferring basic
knowledge, structured topics

It is effective for the development of
critical thinking, the ability to apply
knowledge in new contexts

View on the learning environment

Teacher-oriented, control-oriented

Student-oriented, supports creative
thinking and self-regulation

Examples of learning tools

Textbooks, lectures, tests,
standardised assignments

Projects, group discussions, problem
situations, real cases
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Constructive learning based on an epistemic approach
should actively assist students in building connections
between various mathematical concepts. This includes not
only a cursory knowledge of individual terms, but also the
ability to see them in the context of the general landscape
of mathematics. Students should be aware of how different
concepts interact and how they can be applied in different
scenarios [15]. The purpose of constructive learning should
be to develop students’ holistic understanding of the
subject. They should see mathematics not as a set of
isolated topics, but as a system in which different concepts
interact and complement each other. This allows students
to build deeper and more structured knowledge that
remains stable in various situations. Such a vision
contributes to a deeper understanding of the mathematical
world and stimulates creative thinking [16]. Constructive
learning, focused on epistemic principles, seeks to form not
only superficial competence, but also deep awareness of
students. This means that future mathematics teachers will
not only have the necessary knowledge and skills
(abilities), but also an understanding of the fundamental
principles underlying mathematical concepts.

Constructive learning should strengthen students’ skills
in flexible and creative solving of mathematical problems
[17]. This is achieved not only by memorising algorithms,
but also through active participation in building their own
solutions, research and analysis of various approaches to
solving problems. Such skills are key when encountering
new mathematical problems in school practice. The
development of systematic mathematical thinking is also
important to maintain interest in mathematics among
future teachers.

Students who have the ability to see the big picture and
apply knowledge in different contexts are more likely to
overcome difficulties and study with pleasure, which
significantly increases their professional effectiveness.
This approach to teaching mathematics in pedagogical
educational institutions not only provides future teachers
with the necessary theoretical knowledge, but also
develops in them the abilities necessary for successful
teaching, including the ability to effectively communicate
mathematical ideas and stimulate interest in the subject
among students. For the effective development of
systematic mathematical thinking, it is necessary to use a
variety of teaching methods. This includes tasks that
facilitate analysis and discussion, group projects, research
assignments, and the application of new technologies in
learning.

An important tool for forming connections and
systemic understanding in mathematics is the use of
visualisation and examples. Constructive learning should
include methods that facilitate the visualisation of
mathematical concepts and provide students with specific
scenarios where these concepts can be applied. This helps
students to better see the relationships and build their own
understandings. Constructive learning, based on the
epistemic approach, should also set itself the task of
ensuring the practical application of mathematical
knowledge in real situations. Students should be given
opportunities to apply their knowledge in various contexts,
which contributes to a deep understanding and vision of
mathematics as a tool for solving real problems. Students

trained in constructive teaching of epistemes of
mathematics should successfully apply their systemic
mathematical abilities in educational activities. This
includes developing lessons, adapting learning materials,
applying interactive teaching methods, and providing
flexibility in teaching different students.

The modern school environment requires teachers who
are able to implement innovative teaching methods. Deep
knowledge in the field of mathematics, developed through
constructive teaching of epistemes, prepares future
teachers for active participation in the process of
educational innovation. They become not only the
executors of the programme, but also the initiators of
positive changes [18-20]. Teachers who have received
constructive training in epistemes have the skills to
effectively adapt to a rapidly changing educational
environment. This includes the ability to quickly master
new teaching methods, adapt lessons to different types of
students, and successfully innovate in their teaching
practice. Teaching mathematics epistemes in pedagogical
universities should lead to practical results in the school
educational environment. Teachers trained in this way are
able to create stimulating learning environments where
mathematics is presented not only as a compulsory subject,
but also as a fascinating and interesting study. The study of
the mandatory results of constructive teaching of epistemes
of mathematics contributes to the creation of a new
generation of teachers. These teachers will not only impart
knowledge but also inspire students with a deep interest in
maths, building not only technical competence but also a
love of the subject.

One of the key strategies is the creation of specialised
educational courses covering modern methods of teaching
mathematics,  educational  psychology,  learning
technologies and the effective use of educational resources.
The courses should be filled with relevant material that
contributes to the development of students’ pedagogical
abilities. The organisation of practical classes is an
important component of the development of professional
competence of future mathematics teachers. Students
should be able to apply theoretical knowledge in real
educational scenarios.

Practical classes may include modelling lessons,
working with real students, and analysing and discussing
pedagogical situations. In addition, effective feedback
from experienced teachers plays a key role in the
development of students’ professional competence.
Mentoring, review and analysis of lessons, and regular
discussions help future teachers to see their progress and
receive valuable advice and recommendations to improve
their teaching activities.

Discussion

The study of the mandatory results of constructive teaching
of mathematics epistemes in a pedagogical higher
educational institution is an important area in the
development of education. It justifies not only the need to
introduce constructive methods, but also highlights the key
characteristics that future mathematics teachers should
have in order to successfully resist the challenges of
modern education.
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In their latest study, E. Lofstrom and T. Pursiainen [21]
focus on the epistemological beliefs of future teachers of
mathematics in the context of mathematics and education.
The main purpose of their study is to gain an understanding
of the difficulties faced by students in the process of
acquiring knowledge in two disciplines. The research
methodology uses mathematical and pedagogical tasks,
interviews and stimulation of memories with the
participation of three future mathematics teachers. The
results of the study show that students’ epistemologies
depend on the subject area, and problems arise when
consolidating mathematical and pedagogical knowledge.

The researcher identified several aspects that may
hinder the consolidation of knowledge. For example, the
fact that students believe that pedagogical knowledge is
very relative, which can create difficulties in integrating it
into the general context. Students consider theoretical
pedagogical knowledge as unrelated to real practice, which
may make it difficult to apply them in the educational
process. Students also adhere to formal ideas about
mathematics, which may interfere with understanding its
applied and contextual nature. According to the researcher,
students prefer to rely on authority rather than evidence to
justify their mathematical knowledge, which can reduce
their critical thinking.

Both studies focus on epistemological aspects of
education, placing students’ beliefs in the context of their
subject (mathematics) and the learning process. Both
studies use a variety of research methods, such as the
analysis of mathematical and pedagogical problems, and
the involvement of students in reflective processes. A key
aspect of both studies is the identification of difficulties
faced by students in the process of mastering mathematical
and pedagogical knowledge. This includes difficulties in
integrating pedagogical and mathematical knowledge, and
some shortcomings in students’ epistemological beliefs.
The above study focuses on constructive teaching of
mathematics epistemes in the context of pedagogical
universities, while the study by E. Lofstrom and T.
Pursiainen [21] is more focused on the epistemological
beliefs of students in the general context of mathematics
and education. Research by the researchers highlights the
problems of integrating pedagogical and mathematical
knowledge, and emphasises formal ideas about
mathematics and students’ preference for authority.

While this study is more focused on constructive
learning and developing the competence of future
mathematics teachers. The research described above
focuses on constructive learning and the development of
strategies to develop a deep understanding of the epistemes
of mathematics, while the researchers focus on identifying
complexities and contradictions in students’ beliefs. Both
papers provide valuable insights into problems related to
understanding mathematics and shaping the professional
competencies of future teachers. By analysing these studies
together, it is possible to enrich the understanding of the
complex aspects of the teaching and training of
mathematics teachers.

The study by A. Raoul and C. Philemon [22] is an
attempt to identify binary oppositions in the discourse of
mathematical education and offers a binary-epistemic
model for the (re)conceptualisation of these oppositions
and related epistemic-pedagogical problems. The study

argues that there are binary oppositions in mathematics
education, such as traditional/progressive, student/teacher
oriented, discovery/transmission,
constructivist/behaviourist. The researcher suggests that
these oppositions may present epistemic and pedagogical
problems. The study introduces a binary-epistemic model
that considers the contextual relationships between
different binary options. It seeks to cover both
pedagogically significant binary options (related to
teaching methods) and epistemically significant binary
options (related to ways of knowing mathematics).

The premise of the research is that the ways of learning
mathematics (epistemology) influence the methods of
teaching mathematics (pedagogy) and vice versa. This
highlights the importance of the relationship between how
mathematics is understood and how it is taught. The study
provides examples of epistemically differentiated
measurement teaching methods in the 5th grade
mathematics classroom in the context of the new
Australian curriculum. The study offers a new perspective
on the discourse of mathematical education, emphasising
the importance of considering epistemic and pedagogical
aspects, and contextual connections between them. The
introduction of a parapositional approach can contribute to
amore flexible and comprehensive understanding of issues
related to methods of teaching mathematics.

Both studies focus on the epistemological and
pedagogical aspects of mathematics education. Both
authors recognise that the ways of knowing mathematics
(epistemology) and the methods of teaching it (pedagogy)
are interrelated and can influence each other. Research
suggests models that allow considering the contextual
relationships between different binary oppositions. This
study highlights the importance of constructive learning
and its impact on epistemic beliefs, whereas the study by
A. Raoul and C. Philemon [22] introduces a binary
epistemic model for the (re)conceptualisation of these
oppositions and their connection with epistemic and
pedagogical problems.

The above study focuses on constructive teaching of
mathematics epistemes in the context of pedagogical
universities, whereas the study by the researchers is
focused on identifying and (re)conceptualising binary
oppositions in the discourse of mathematical education in
general. The research methods that were used above may
include constructive educational approaches, while
research by the researchers used binary opposition analysis
in the context of the curriculum. The study described above
focuses on the impact of constructive learning on epistemic
beliefs, while the study by the researchers seeks to
(re)conceptualise binary oppositions and related epistemic
and pedagogical problems. Both studies are important for
understanding complex issues related to mathematics
education and can complement each other by providing a
comprehensive view of the issue.

The research by B. Hudson [23] contributes to the
debate about progressive approaches to the curriculum in
mathematics and focuses on the question of what
knowledge students should be provided in school
mathematics. The study begins by recognising the
progressive arguments in favour of the curriculum being
linked to the liberating ambitions of education. This creates
a context for considering the concept of “powerful
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knowledge” and its epistemic quality. The researcher uses
the concept of “powerful knowledge” as a starting point, it
is considered in the context of epistemic quality. They
distinguish between mathematical fallibilism and
mathematical fundamentalism, which helps to understand
what attitude to knowledge should be maintained in
educational programmes.

The relationship between powerful knowledge and
epistemic quality is analysed within the framework of the
sociological theory of knowledge. This clarification helps
to understand how sociocultural factors can influence the
development of knowledge and its quality in a school
context. The study provides examples of high and low
epistemic quality in school mathematics. The first example
is taken from the project “Development of mathematical
thinking in primary school”, while the second example is
related to the Core Knowledge Foundation introduced in
English schools. The paper points to the role of teachers as
curriculum developers, emphasising the relationship
between the curriculum and pedagogy at the classroom
level. Both studies focus on the question of what
knowledge should be provided in school mathematics.
Both studies use the concept of “powerful knowledge” as
a starting point. This concept serves as a basis for
considering which knowledge is important and how it
relates to epistemic quality. The research draws attention
to the socio-cultural factors influencing the development
of knowledge and its quality in the school context.

The study by K. Ruthven et al. [24], conducted within
the framework of the project “[epiSTEMe]”, aimed at
improving education in the field of STEM (science,
technology, engineering, and mathematics) in primary and
secondary schools. The purpose of the project was to
increase student engagement and learning in physics and
mathematics using principles recognised in the literature as
effective. An important feature was the introduction of the
dialogic learning component into the [epiSTEMe]
pedagogical approach. The programme was developed for
the first year of secondary education in English schools
(ages 11-12) and consisted of an introductory module and
thematic modules, including two academic topics in each
science and mathematics. A significant feature was the
inclusion of a dialogic learning component in the
programme.

At the intervention stage, it was revealed in the
observation of lessons that the level of dialogic learning
was different for different thematic modules. At the first
implementation of the [epiSTEMe] project, the learning
outcomes did not demonstrate significant positive effects
in general. The effects ranged from small negative to small
positive. No significant differences were found between
the intervention and control groups, either in students’
opinions about their classroom experience or in changes in
their attitudes towards subjects.

This study provides information about the attempt to
introduce a new pedagogical approach in the field of
STEM, but despite its innovativeness, it faces challenges
and has not yet demonstrated significant success in
comparison with conventional methods.

Conclusions
Modern challenges in education require effective methods
that form not only technical competence, but also a deep

understanding of the subject. Combining the epistemic
approach and constructive learning in pedagogical
educational institutions is becoming a strategically
important step in ensuring high-quality mathematical
education for future generations of teachers. The
combination of constructive learning and an epistemic
approach in pedagogical educational institutions not only
enriches students’ knowledge, but also establishes a stable
foundation for their successful teaching and understanding
of mathematics in the context of the school educational
environment. These skills not only prepare future teachers
for successful teaching of mathematics, but also create the
basis for continuous professional development and
adaptation to a dynamic educational environment.

The study of the results of constructive teaching of
mathematics epistemes in a pedagogical higher education
institution is a strategically important approach aimed at
the training of teachers. These results contribute to
improving the level of mathematical education and
preparing teachers for the role of leaders in the educational
field. Modern teachers should be not only the executors of
educational programmes, but also the initiators of
educational innovations. Deep mastery of mathematics
through constructive epistemological learning gives future
teachers the necessary skills to actively participate in the
process of updating education.

Teachers, having been trained in the epistemes of
mathematics, have the flexibility and ability to quickly
adapt to a rapidly changing educational environment.
Teaching mathematics epistemes in pedagogical
universities should bring practical results. Teachers trained
in this way are able to create stimulating learning
environments, inspiring students to take a deep interest in
mathematics and forming in them not only technical
competence, but also a love for the subject. The creation of
specialised educational courses covering modern methods
of teaching mathematics, educational psychology, learning
technologies and the effective use of educational resources
is a key strategy. Effective feedback, mentoring, review
and analysis of lessons, and regular discussions play a key
role in developing the professional competence of student
teachers.

Based on the conducted research, it is possible to
conduct a number of additional studies for further in-depth
understanding and  effective implementation of
constructive learning based on an epistemic approach.
These studies may include an analysis of the impact of
modern technologies on the effectiveness of constructive
mathematics teaching and a comparison of student learning
outcomes in educational institutions using various
techniques.
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AHoOTAaNisA

AKTyaJIBHiCTh. B yMOBax moctifiHuX 3MiH B OCBITHIH cepi BOIpOBaPKEHHSI KOHCTPYKTHBHOTO HAaBYaHHS JI0 CIICTEM
MaTeMaTUKH € aKTyaJbHUM 3aBJaHHSIM, BUBUCHHS Ili€i TEMH JOIOMAarae ajarnTyBaTH METOAM HAaBYaHHS /IO CyYacHUX
BHMOT Ta e()eKTUBHO BIPOBA/KYBAaTH IHHOBAIII] B IEIarOTiUHY MPAKTHKY.

MeTta. Meroro nociipkeHHs OyJio mpoaHasti3yBaTH e()eKTHBHICTh KOHCTPYKTHBHOTO HABYAHHS MATEMaTHUIHUX €ITicTeM
y IeJaroriYyHOMY BUIIIOMY HaBYAJIBHOMY 3aKJia/li, BUSBUTH Ta OL[IHUTH OTPUMaHi pe3yJIbTaTH.

MeTtonoJiorisi. BukoprictaHo Taki METOAM HayKOBOT'O ITi3HAHHS: JIITEPATypHUI aHAJI3, CHHTE3, JCIYKIis Ta IHAYKIisL.

PesyabraTn. J{ocimipkeHHST BU3HAYMIIO KOHKPETHI EIMICTEMiYHI KOMIIETEHTHOCTI, HEOOXimHI MalOyTHIM YUHTENsIM
MaTeMaTHKH, TaKi sIK 3/[aTHICTh aHATi3yBaTH MaTeMaTH4H1 OHSTTS, BUSIBIISITH 3B'I3KH MK HUMH Ta PO3BUBATH CHCTEMHE
MaTeMaTn4yHe MUCIeHHS. Takoxk OynM BUAIJIEHI KOHKPETHI €JIEMEHTH YCIHIIIHHUX OCBITHIX NPOTpaM, Taki SIK TOYHO
HAJAIITOBaHI KypcH, CHCTEMaTH4HI MPAaKTUYHI BIPAaBU Ta €(EKTHBHUNA 3BOPOTHUH 3B'S30K, SIKI CHPHUSIOTH PO3BUTKY
npodeciiiHol KOMITETEHTHOCTI MaiOyTHIX BUMTENB MaTeMaTHKH. PO3IIISIHYTO METOM, IO CIPUSIOTH €(EKTUBHOMY
3aCBOEHHIO CTYAEHTaMH HaBYAJIBHOTO MaTepialy Ta PO3BHTKY I€JaroridyHoi KOMIIETEHTHOCTI B Tajy3i MareMaTHYHOl
OCBITH. 3aIllpOIIOHOBAHO IHCTPYMEHTH Ta KPHUTEpii OIIHIOBAaHHS €(QEKTUBHOCTI BIPOBA/PKEHHS KOHCTPYKTHBHOI'O
HABYAHHS €NicTeM MaTeMaTHUKH, [0 CIPHSIOTh PO3BUTKY CHCTEMHOTO MAaTEMAaTH4YHOI'O MHCIICHHS Ta TIIMOOKOI
00i3HaHOCTI CTY/ICHTIB.

BucnoBkn. KoHCTpyKTHBHE HaBUaHHS HAa OCHOBI €MICTEMIYHOTO MiJXOJY CHPSIMOBAaHE Ha PO3BUTOK y CTYIEHTIB
LITICHOTO PO3YMIHHSI MAaTeMaTHKH, MIATPUMKY THYYKOCTI, TBOPUOTO BUPIMIEHHS MTPOOJIeM Ta iHTepecy /0 npeaMera. Y
JIOCITIJDKEHH] 3aIIPOITIOHOBAHO CTpaTerii Ta METO/IH, CIIPSIMOBaHI Ha PO3BUTOK MTPOQeciiHOT KOMIIETEHTHOCTI MaiOyTHIX
YUUTEIB MAaTEMaTHKH, BKITIOYAIOUH CIICIiaIbHI OCBITHI KypCH, TPAKTHYHI BIPABH Ta 3BOPOTHIH 3B'SI30K 3 IOCBITYEHUMH
BUYHTEIISIMH.

KawuoBi cjioBa: ocBiTHS mpakTka; npodeciiHa KOMIETEHTHICTh; MPHUKIAJHI HAYKH; METOIOJIOTIS;, BUKIIAJAHHS,
HaBUYaHHS; 3/1I0HOCTI.
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