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The article reveals the organization of
professional  development of teachers of
mathematical subjects in the system of
postgraduate pedagogical education of Ukraine.
The issue of modeling the educational process in
the system of advanced training of teachers on
the basis of competency-based and andragogical
approaches according to the programmes of
advanced training of specialists is considered.
Using the example of implementing an author’s
advanced training course for teachers of
mathematical subjects «Professional Culture
of a Mathematics Teacher», the features of
building a competency-based model of teacher
training are revealed, the structure and content
of the curriculum are presented, the goal and
objectives of teacher training are determined,
and the forms and methods of interaction
with course participants are described. The
feasibility of modeling the educational process is
substantiated, taking into account the provisions
of current regulatory documents regulating the
structure and content of teachers’ professional
competencies, as well as the results of modern
scientific research in the field of pedagogy,
in particular adult education and professional
development of pedagogical personnel. It is
characterized that the model of the educational
process in postgraduate education has target,
content,  operational, —methodological —and
effective components. It has been analyzed that
the effectiveness of training in the context of
teacher professional development is significantly
influenced by adherence to the principles
of educational design, namely ensuring the
accessibility of educational content for all
participants in the educational process, flexibility
in choosing methods of perception, expression
and assimilation of information, and the creation
of a variable educational environment that takes
into account different learning styles, levels of
training and individual educational needs of

specialists.
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Cmammsi npucssyeHa opaaHisauii npogpecid-
HO20 BOOCKOHa/IEHHS1 BYUMeE/IB  npedMemis
MameMamuyHoi OCBImHbOI 2a/ly3i 8 cucmemi
nicAs0UN/IOMHOI edaz2o2iyHoi ocsimu YkpaiHu.
Po32/1siHymo numaHHsi MOOE/T0BaHHsT ocsim-
HbO20 MPOYECy B cUCMEMI MIOBUUWEHHS KBaTichi-
Kayjii sdumeriig Ha 3acadax KoMNemeHMmMHICHo20
U aHOpazoa2iyHo20 mioxodiB 3a npozpamamu
KypcoBo20 MiOBULEHHST Ksavtichikayii chaxisyis.
Ha ripuksniadi peanizauyii aBmopcbKo20 Kypcy nio-
BULeHHST KBastighikayji 07151 s4umenis npeomemis
MamemamuyHoi 2asy3i «[pogpeciliHa Ky/ibmypa
BYUME/ISI MameMamuKu» PO3KPUMO 0co6/1u-
Bocmi  nobydosu  KOMMEMEHMHICHOI  ModerTi
Hag4aHHs B84UMesis, MOO0AEMbLCS CMpyKmypa
ma 3mMicm HagdaslbHOI mpozpamu, Bu3Ha4a-
ombCsi Mema U 3a80aHHs Has4aHHs BYUMEYTi8,
ornucytomscsi ¢hopmMu ma Memoou B3aeMOOil 3i
cryxadamu Kypcis. ObrpyHmMoBaHO 00Yi/IbHICMb
MOOesI0BaHHS OCBIMHBLO20 NMPOYECY 3 ypaxysaH-
HSAM TO/IOXEHb YUHHUX HOPMamUuBHO-IPaBoBUX
00KyMeHMIB, WO peasiaMeHmyomes CmpyKmypy
ma 3micm npogbeciliHux KomnemeHmHocmel
BYUMETIB, @ MAKOX pe3y/Tbmamis Cy4acHuUX Hay-
KoBUX doClioxeHb y 2asy3i nedazoaiku, 30Kpema
ocsimu dopocaux | npogheciliHozo po3BUMKY
redaeoaiyHux kaopig. Cxapakmepu3osaHo, Wo
MOOe/Ib 0CBIMHBLO20 NPOYECy Y MiCASIOUN/IOMHIl
ocsimi Mae yinbosud, 3micmosud, onepayitiHud,
memoouyHUli ma  pesy/ibmamusHull  ckiao-
Huku. NpoaHasizosaHo, Wo Ha ehekmusHicmb
HasydaHHs1 8 KOHMEKCMI MioBUWEHHs1 KBaslighika-
yii B4UMenis cymmeso Br/uBae 0MpPUMAaHHSI
MPUHYUITIB OCBIMHL020 Ou3aliHy —3a6€3MeYeHHsT
docmynHoCMi HaB4a/1bHo20 KOHMEHMY 07151 BCIX
YYacHUKiB OCBIMHBLO20 MPOUECY, 2HYYKICmb Y
BUGOPI Cr1ocobis CripuliHIMMS, BUPAXEHHS |
3acBoeHHs IHghopmaui, cmBopeHHs1 Bapiamus-
HO20 0CBIMHBO20 CepedosuWa, siKe Bpaxosye
PI3Hi cmusi HaB4aHHsI, piBeHb Ni020MOoBKU ma
IHOuBIOyasIbHI 0c8IMHI nompebu chaxisyis.
KntouoBi cnosa: s4umesii Mamemamuku, rio-
BUWEHHSI KBaichikayii s4umenig, ocsimili rpo-
yec, MOOe/ToBaHHs1, KoMremeHmHiIcHuUl rioxio,
ocsima dopoc/ux, MicasournIoMHa nedaz2oaidHa
ocsima, YkpaiHa.

Formulation of the problem in a general form.
The modern system of advanced training of teach-
ers in postgraduate education is characterized by
deep systemic reformation, the purpose of which is
to improve the system of pedagogical education for
the training of pedagogical workers and the forma-
tion and development of modern alternative models
of continuous professional and personal development
of specialists. In state documents, it is noted that the
functioning of the new system of advanced train-
ing for teachers should be focused on «increasing

and expanding the opportunities of teaching staff to
improve their teaching skills and lifelong professional
growth» [12].

Changes in the organization of advanced training
of teachers in the postgraduate period, namely, the
choice of content, forms and methods of teaching,
are caused by the implementation of the state pol-
icy in the field of reforming basic secondary educa-
tion «New Ukrainian School» (NUS), which is aimed
at creating a modern school that educates creative,
responsible, active and enterprising citizens [6]. Such
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steps on the part of the state are intended to further
promote European integration processes in the coun-
try's education and be aimed at ensuring the sustain-
able development of Ukrainian society.

The concept of the New Ukrainian School provides
for competency-based learning, centered on the stu-
dent's personality. The role of the teacher is to create
a favorable educational environment that supports the
formation of soft skills and readiness for lifelong learn-
ing. Fulfilling this role is possible only if the teacher
is constantly growing professionally, that is improving
pedagogical skills, digital competence and emotional
intelligence, as well as organizational and communi-
cation skills. Such development becomes real under
the condition of purposeful organization of teacher
training based on a competency-based approach,
which involves building an appropriate model of the
educational process focused on the development of
professional competencies of specialists.

It should be noted that the educational process in
institutions of postgraduate pedagogical education,
where teachers' advanced training is carried out, has
its own characteristics, determined by the specifics
of teaching adults with higher education and experi-
ence in their professional teaching. All this makes the
issue of developing new technologies, teacher train-
ing methods, and finding new approaches to organiz-
ing the educational process in the system of teacher
in-service training relevant.

Analysis of recent research and publications.
Research into theoretical and practical aspects of
organizing the educational process for teachers in
the context of a competency-based approach is
highlighted in scientific studies related to the devel-
opment of the following teacher competencies: pro-
fessional (A. Voievoda, V. Saiuk), methodological
(V. Zabolotnyi), informatics (E. Smirnova-Trybulska),
informational (P. Grabovskyi), research (L. Burchak,
O. Norkina), mathematical (S. Rakov), and psycho-
logical and pedagogical (N. Lisova) competencies of
teachers.

Thus, in the research of M. Byrk [2], the system of
professional development of teachers in postgraduate
education is defined as «a single complex of structural
and functional components (forms, methods, means,
conditions and content)», and he considers the profes-
sional development of teachers to be its system-form-
ing factor [2, p. 136]. The structural model of the devel-
opment of information competence of teachers in
postgraduate education developed by P. Grabovskyi [4]
contains such components as: target, diagnostic-moti-
vational, content, procedural, evaluation-design, and
effective. According to the scientist, the development
of competence is carried out using modern information
and communication tools [4].

In her scientific work, O. Norkina [8] notes that
information and communication technologies are an
important means of increasing the effectiveness of
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the development of research competence of math-
ematics teachers in postgraduate education. The
researcher has developed an author's model of devel-
oping research competence of a modern teacher,
which consists of the following blocks: target (goal,
objectives, methodological approaches and princi-
ples), operational-technological (types of information
and communication technologies and methods of their
application), evaluative-resultative (criteria, indicators
and levels of development of research competence
of mathematics teachers) that require the implemen-
tation of a number of organizational and pedagogical
conditions for effective implementation.

The problematic tasks of postgraduate education,
which ensures the improvement of professional knowl-
edge, skills, and abilities of specialists, in accordance
with innovation processes, are presented in the study
of O. Babkova [1]. The researcher believes that the
improvement of the teacher's professional character-
istics is determined by the leading provisions of the
competence approach, on which the State Standard
of Basic and Secondary Education is based (that is
assessment of key, general educational and branch
competencies of schoolchildren), as well as the need
for constant updating of knowledge regarding mod-
ern international assessment standards and skills in
organizing assessment procedures [1].

An important problem of modeling learning in the
system of advanced training of teachers is revealed
by researcher N. Bilyk [3], who considers the main
strategic direction of development of the system of
teachers’ advanced training to be consistent integra-
tion into the European educational space, achieving
a balance between the demand and supply of spe-
cialists in the labor market, constant work with scien-
tific and pedagogical and pedagogical workers, and
the introduction of new concepts and technologies,
alongside with a significant improvement in the scien-
tific and methodological support of the learning pro-
cess [3, p- 3].

Having analyzed the studies devoted to improving
the qualifications of teachers in postgraduate peda-
gogical education in Ukraine, we come to the conclu-
sion that they have sufficiently thoroughly developed
theoretical and practical principles of improving the
qualifications of teachers (goals, content, organiza-
tion, principles, forms and methods), there are also
attempts to create models for the development of
teachers' professional competence. Individual issues
of the development of teachers' personal qualities
have been investigated. The psychological and ped-
agogical principles of professional development and
improving the qualifications of specialists have been
considered.

Highlighting previously unresolved parts of
the overall problem. In the context of the above
material, there is a need to develop a competen-
cy-based model of teacher training that would meet
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modern requirements for a teacher's professional
activity. Such a model should be based on the provi-
sions of current regulatory and legal documents that
determine the structure and content of professional
competencies of specialists and take into account the
results of scientific research in the field of pedagogy,
which reflect the latest approaches to adult education,
continuous professional development, and educa-
tional design in the system of postgraduate pedagog-
ical education.

The purpose of the article. The purpose of the
study is to familiarize with the features of building a
competency-based model of advanced training for
teachers of mathematics subjects in postgraduate
education in Ukraine, to highlight the experience of
implementing an author's course aimed at developing
a teacher's professional competence.

Presentation of the main research material.
Modeling is a characteristic method of studying ped-
agogical processes, which in the scientific literature
are considered as a «system of immeasurable com-
plexity» [10]. At the same time, any modeling involves
the use of abstraction and idealization and allows us
to operate with objects about which we do not have
complete knowledge. This is especially true for mod-
eling complex pedagogical processes, the effect of
which depends on a large number of interrelated fac-
tors of various origins.

The essence of the modeling method is the crea-
tion and study of a scientific model, which is under-
stood as «a semantically presented and materially
realized system that adequately reflects the subject of
research (namely, it models the structures of the edu-
cational process or the management of this process,
etc.)» [11, p. 35]. To substantiate the competency
model of teacher professional development in post-
graduate education, we will use the prognostic type of
model for optimal resource allocation and specifica-
tion of the goals of the educational process.

The construction of the model requires taking into
account the fact that training at advanced training
courses should be considered through the prism of
the andragogical approach, since it is an educational
activity focused on adult learners. Adult students, as
a rule, have different levels of awareness of their own
professional needs and already have some practical
experience. Therefore, there is a need to satisfy the
personal requests of experienced and qualified spe-
cialists regarding their implementation of pedagogical
activities. Therefore, let us turn to the basic concepts
of the study («competence», «professional and gen-
eral competencies of a teacher», «competences of
teachers of mathematics subjects», etc.), taking into
consideration the peculiarities of implementing edu-
cational activities in postgraduate pedagogical educa-
tion and adult education.

By personality competence we mean «a dynamic
combination of knowledge, abilities, skills, ways of

thinking, views, values, and other personal quali-
ties that determine a person's ability to successfully
socialize, conduct professional and/or further educa-
tional activities» [9]. At the level of Ukrainian legis-
lation, professional competencies are defined as «a
set of knowledge, skills and abilities, as well as pro-
fessionally significant personal qualities that ensure
the ability to perform at a certain level labor functions
defined by the professional standard» [9].

Of direct importance for building a competency
model are the provisions laid down in the professional
standard, which serve as the basis for the formation
and development of professional qualifications of spe-
cialists, in particular, the document contains require-
ments for the competencies of pedagogical workers
approved in accordance with the established proce-
dure [9]. According to current legislation, the use of
a competency-based approach for the professional
development of Ukrainian teachers involves the devel-
opment of a whole complex of teacher competencies,
namely: general (civic, social, cultural, leadership,
entrepreneurial) and professional (linguistic-commu-
nicative, subject-methodical, informational and dig-
ital, psychological, emotional and ethical, pedagogi-
cal partnership, inclusive, health-preserving, design,
prognostic, organizational, evaluative and analytical,
innovative, reflective competencies, as well as the
ability to learn throughout life) competencies [7].

The purpose of the proposed model is to improve
the process of advanced training of teachers of math-
ematical subjects in the system of postgraduate ped-
agogical education in accordance with the current
requirements of the development of Ukrainian soci-
ety, defined by the current Professional Standard [7].
The implementation of this model involves ensuring
continuous professional development of teachers,
focusing on a competency-based approach, as well
as taking into account modern challenges caused by
the reform of school education, alongside with the
introduction of innovative technologies, and the need
to improve professional and cross-disciplinary com-
petencies in accordance with European guidelines for
the quality of education.

The model contains the following components:
target, content, operational, methodological and
effective. The target component includes the goal
and objectives of training. The content component
is determined by the content and types of exercises
aimed at developing teachers' competence, the ratio
of their types in different topics of training. The oper-
ational component combines forms (face-to-face, dis-
tance, mixed) and methods (practical, problem-based
teaching, research, partial-search, problem-based),
which are proposed to be used in the educational
process of improving teachers' qualifications, as well
as forms and types of student activities, and types of
tools that are presented in information and communi-
cation support. Since the result must correspond to
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the set goal, the effective component is directly con-
sistent with the target and contains a description of
the achieved results in the development of teacher
competences.

An example of the implementation of such a model
in practice is training under the course programme for
advanced training of teachers of mathematical sub-
jects «Professional Culture of a Mathematics Teacher»
(course duration: 30 hours (1 ECTAS credit), form of
study: full-time / full-time-distance / distance / mixed),
organized on the basis of the Chernihiv Regional Insti-
tute of Postgraduate Pedagogical Education named
after K.D. Ushinskyi [5]. Training under this program
is as competency-based as possible and focused on
the requests and needs of education seekers. The
goal of the program is to develop general and profes-
sional competencies, deepen pedagogical and meth-
odological knowledge, as well as knowledge of the
subject, the history of mathematics as a component of
the teacher's general culture, alongside with familiar-
ization with new teaching methods and their practical
application in the educational process.

The content of this curriculum includes such
important topics as: «Development of the teacher's
professional culture in the context of the requirements
of the pedagogy of success» (2 hours), «Develop-
ment of the general cultural competence of a math-
ematics teacher» (2 hours), «Modern approaches
to the content and methodology of developing the
logical-mathematical competence of a teacher»
(4 hours), «Algorithmic competence of a mathematics
teacher: algorithmic knowledge, algorithmic thinking,
algorithmic culture» (4 hours), «Information and digi-
tal competence of a mathematics teacher» (4 hours),
«Geometric component of mathematical competence
of a mathematics teacher» (4 hours), «Methodologi-
cal competence of a mathematics teacher» (4 hours),
«International mathematical competitions and educa-
tional measurements TIMSS, PISA» (2 hours).

The expected learning outcomes of this program
include deepening the professional, pedagogical,
mathematical, informational, general culture and
erudition of pedagogical workers, which is achieved
through the development of general (GC.01, GC.02)
and professional (A2.1, A2.4, A3.2, D3.1, D3.2, E1.2,
E1.3, E2.1, E3.1) competencies of the teacher and
provides training for specialists to implement the pro-
visions of the concept of the New Ukrainian School.
In the practical aspect, there is an appeal to the best
examples of teacher training experience aimed at
meeting the needs of Ukrainian society in the profes-
sional training of high-level specialists who will have
innovative thinking and motivation for self-improve-
ment and lifelong self-learning.

Thus, subject-methodological competence
(A2.1 — modeling of learning content according to
mandatory results) is developed in Topic 3 (4 hours)
«Modern approaches to the content and methods of
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developing logical-mathematical competence». The
topic includes the following issues: the teacher's logi-
cal competence as the level of mastery of the deduc-
tive method of proving and disproving statements
(concepts, statements, axioms, theorems and their
proofs, counterexamples to theorems, etc.), finding a
logical error, using mathematical and logical symbols.
The practical part is the formation of students' logical
competence on the example of studying the following
topics: 3.1 «Planimetry — Properties of the simplest
geometric shapes», 3.2 «Steriometry — Lines and
planes in space».

Improving subject-methodological competence
(A2.4 — the ability to acquire and develop current
and effective methods and technologies in order to
train and develop students’ abilities) occurs during
the development of Topic 6 — “Methodological com-
petence of a mathematics teacher” (4 hours). It is
intended to develop the teacher's ability to evaluate
the appropriateness of choosing mathematical meth-
ods, analyze the effectiveness of their use for solv-
ing competency-based problems, and the ability to
reflect on their own experience on these issues. The
workshop includes an analysis of the following top-
ics: topic 6.1 — "Elements of combinatorics, the begin-
nings of probability theory and elements of statistics";
topic 6.2 — "Two-person games: Finding a strategy for
success".

The development of information and digital com-
petence (topic A3.2 — the ability to effectively use
existing and create (if necessary) new electronic (dig-
ital) resources) occurs, for example, when working on
the questions «Mathematical statistics at mathemat-
ics lessons: how atrtificial intelligence helps analyze
the data (ChatGPT, Excel with Al functions, Google
Sheets, Canva)», «Geometric transformations using
the Cabri Express program».

Innovative, in our opinion, is the experience of
using training methods during the study by students
of the topic «Development of general cultural com-
petence of a mathematics teacher» (2 hours) in the
following areas: general cultural competence as an
indicator of the general and pedagogical culture of a
mathematics teacher, general-cultural potential of the
history of mathematics; conducting a questionnaire
survey of teachers to identify the teacher's ability
to self-development as well as testing «Intellectual
characteristics» according to Kettler and performing
exercises of «Science of deduction», «ldentifying cor-
respondence» and «Achievements of great mathe-
maticians».

Organizational competence (D2) is an important
component of a teacher's professional competence.
The development of this personal characteristic of
specialists (D2.1 — the ability to organize the process
of learning, upbringing and development of educa-
tion recipients, D2.2 — the ability to organize various
types and forms of educational and cognitive activity
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of education seekers) is integrated with the improve-
ment of another equally important competence for
teachers of mathematical subjects, algorithmic. The
program provides for the study of Topic 3. «Algorith-
mic competence of a mathematics teacher: algorith-
mic knowledge, algorithmic thinking, and algorithmic
culture» (4 hours) and is considered in the context of
illuminating such issues as: algorithmic competence
of a mathematics teacher as the ability to solve typi-
cal mathematical problems, the practical use of algo-
rithms for solving typical problems, systematization
of typical problems; finding criteria for reducing prob-
lems to typical ones and using various information
sources to find procedures for solving typical prob-
lems (textbook, reference book, Internet resources).
Practical sessions include the following: topic 3.1 —
Using algorithms for typical tasks on the topic: «Equa-
tions, inequalities and their systems», topic 3.2 — The
importance of building algorithms for tasks on the
topic «Functions».

The teacher's evaluative and analytical compe-
tence (D3.1 — the ability to assess the learning out-
comes of education seekers, D3.2 — the ability to ana-
lyze the learning outcomes of education recipients,
D3.3 — the ability to form the capacity of education
seekers to self-assess and peer-assess learning
outcomes) is developed on the materials of topic 8
«International mathematical competitions and educa-
tional measurements» (4 hours), which includes the
following questions: 8.1: International studies TIMSS,
PISA. Features of implementation. Statistical data.
8.2: Specificity of mathematical problems in test note-
books. 8.3: Analysis of the level of complexity and
compliance with the mathematics programmes of
Ukrainian schools.

The ability to learn throughout life, namely: to
carry out professional development and receive
support from colleagues (E1.1) develops during the
consideration of all the topics, including ones in the
final discussion session, where feedback is main-
tained with the students and an exchange of views
between colleagues is carried out. During the class,
students provide answers to the questions of the ini-
tial questionnaire: «During the educational process, |
found out/understood/learned...»; «l was most inter-
ested in...»; «l had the greatest difficulties with...»;
«What changes have occurred in me (in my knowl-
edge of mathematics/computer science/in my ability
to receive new information/in my reflective skills)?»:
«l wish I...». The survey is carried out with the aim of
providing self-assessment by students on the knowl-
edge gained during their studies and reflection on
their activities on the courses. The teachers' workload
is taken into account, so it is completed at a conven-
ient time using Google Forms (https://forms.gle/vcyT-
8JADY9BfmMuUBA).

So, we have developed and are implementing a
competency-based model of advanced training for

mathematics teachers in the system of postgraduate
pedagogical education in Ukraine, which is realized
through training students according to the author's
course programme «Professional Culture of a Mathe-
matics Teacher». In practice, we ensure the integration
of the development of general and professional com-
petencies with subject-specific competencies — math-
ematical, algorithmic, logical-mathematical, methodo-
logical, and research, which are crucial for specialists
in this educational field. The content of the course is
practice-oriented, its relevance and applied nature
are confirmed by the adaptation of the educational
content to the real professional needs of teachers.
The course programme includes various active forms
of work: workshops on solving competency-based
tasks, analysis of pedagogical situations, case meth-
ods, mini-projects, and interactive trainings.

Conclusions. The proposed competency-based
model of advanced training for mathematics teachers
in postgraduate pedagogical education in Ukraine is
focused on the systematic development of general
and professional competencies, which meets the
modern needs of teachers' personal growth and the
demands of Ukrainian society. The effectiveness of
the developed methodology is confirmed by the suc-
cessful experience of its approbation at the Cherni-
hiv Regional Institute of Postgraduate Pedagogical
Education named after K.D. Ushinskyi, which gives
grounds to recommend it for wider implementation in
the educational process of postgraduate pedagogical
education institutions in the country.

Promising areas of further research in this con-
text are improving the content of teacher training
programmes on the basis of competence and andro-
gogical approaches, implementing effective methods
for forming general and professional competencies,
optimally combining innovative and traditional teach-
ing technologies, as well as adapting modern didactic
approaches, digital tools, and practice-oriented forms
of learning. It is advisable to place special emphasis
on workshops aimed at forming professional motiva-
tion and developing subject-methodical skills of teach-
ers, which is a key prerequisite for achieving high
learning outcomes and ensuring high-quality teaching
of mathematics in secondary education institutions.
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