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Abstract

The article contains explanations of the
importance of developing the competence of teachers with
teaching mathematics and introduces the idea of
constructive approximation of the methodical activity of
school teachers and lecturers of pedagogical universities.
It describes certain features of the Ukrainian system of
methodical training of future mathematics teachers at
pedagogical universities. The objective of the study is to
experimentally discover the influence of teachers`
participation in special geometry teaching competitions on
the methodological development of practicing and future
mathematics teachers. For the purposes of the study, the
Vinnytsia State Pedagogical University hosted a
competition of geometry teaching methodological
findings for practicing teachers and a methodological
skills contest for future math teachers in 2017, 2018, and
2019. We surveyed 32 participants of the above
competitions. Practicing math teachers have laid stress
upon the high quality of discussions on current problems
of teaching geometry, new opportunities to share the
experience gained, the high level of expertise and
recognition of their own ideas about teaching geometry
within the cooperation with the Pedagogical University
organized by us. Future mathematics teachers have
indicated the growing interest in future methodical
activities at school, decided upon their own own
aspirations for methodological development. The main
conclusions: the educational environment for training the
future mathematics teachers at the university should
promptly respond to the new requirements for methodical
performance of a teacher of the modern school; future
math teachers have more opportunities for methodological
development in specially created conditions of
communication with experienced practicing teachers;
practicing math teachers have more opportunities for
methodological self-development in the process of active

discussion of methodological issues with future teachers,
lecturers of pedagogical universities, and scientists in the
field of mathematics teaching methodology. We bring
your attention to topicality of the problem of math
teachers' creative approach to teaching, their willingness
to comprehend, analyze and adopt innovations.
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1. Introduction
Much of the research in mathematics education
suggests a mismatch between teachers' beliefs in teaching
mathematics and their actual practice in the classroom [1].
Based on the modern reforms in mathematical education,
there are new concepts for the assessment of pedagogical
activities of working teachers: "conventional teacher" and
"new teacher". One of the pressing problems in the
preparation of a "new teacher" in Ukraine is the lack of
effective interaction between schools and pedagogical
universities in organizing practical training for future
teachers. In this context, we are interested in the
experience of American educators in organizing the
training of future teachers in vocational schools. We know
from the literature [2] that American schools of
professional development are innovative institutions
created through partnerships between colleges of
education of universities and secondary schools of various
levels. In the School of Professional Development, as a
partner of the university (the center of theory) and the

748

Opportunities for Method Competence Development of Mathematics Teachers:
The Role of Participation in Competitions with Colleagues

general education school (center of practice), the program
of practical training of future teachers is developed and
implemented jointly with teachers of the college of
education and teachers of schools [2-8].
Professional development programs are offered as
effective mechanisms for creating a "new" teacher.
Valoyes-Chávez [9] explores the ways in which a teacher
of mathematics in the higher school gives a new meaning
to a teacher of mathematics in the context of professional
development programs aimed at the implementation of
instructions for solving problems. Professional teaching
experience provides teachers with opportunities to
improve their understanding of mathematics content and
teaching practices. It is relevant to explore different ways
of engaging teachers in professional development and
how these approaches can enable the field to expand these
efforts in a sustainable manner [10]. We have a particular
scientific interest in the possible forms of effective
interaction between schools and pedagogical universities,
which contribute to the professional development of
teachers. In order to identify new forms of partnership
between teachers of mathematics and teachers of higher
education institutions, we considered some indicators of
the professional development of mathematics teachers:
motivation for professional development; ability to
individually-creative technology of methodical activity;
readiness to present new ideas; readiness for active
professional interaction with colleagues. The idea was to
test the impact on these indicators of specially organized
competitions of teachers and future teachers in methodical
skills. It should be noted that promoting the professional
development of a teacher is an ambitious and difficult job
[11].
The objectives of this article is to present the results of
our experimental work related to building a partnership
between teachers of mathematics and teachers of higher
educational institutions where future teachers of
mathematics are trained. In our experimental studies, we
sought answers to the following questions: Has her/his
participation in competitions with colleagues in the areas
of methodological activities a positive impact on the
methodological development of a teacher of mathematics?
How does the possibility of partnership between teachers
of mathematics and university departments for future
teachers of mathematics influence the conditions of
methodological training of future teachers of mathematics?
How does students' participation in the competitions in the
areas of methodological activities of teachers of
mathematics influence them? At the same time, this article
aims to reveal certain traditions and new trends of
Ukrainian pedagogical education, in particular in solving
the problem of professional development of working
teachers of mathematics and improving the methods and
means of methodological training of future teachers of
mathematics.

2. Materials and Methods
We understand the method competence of a teacher of
mathematics as a system of his/her methodological
knowledge, skills and beliefs, as well as the experience of
effective solution of specific methodological problems in
teaching mathematics to students. As an example, we will
specify some methodological problems in teaching
mathematics to students: to explain a new mathematical
concept to students; to find out the level of learning by
students of a certain training subject; to create conditions
for students to understand the solution of a specific
mathematical problem; to awaken students' interest in
studying a certain academical subject; to prepare and
conduct an effective lesson in mathematics, etc. It is
obvious that in addition to method competence, the
teacher of mathematics should have an appropriate level
of mathematical competence, pedagogical competence,
information competence, communicative competence, etc.
We distinguish the following basic modern
requirements to methodological activities of a teacher of
mathematics:

rethinking the place and role of mathematics in the
formation of student's personality in modern society;

existence of beliefs in methodological activities;

creative methodological activities, commitment to
understanding, analysis and perception of
innovation.
Admission to the profession of teacher is only possible
in Ukraine subject to obtaining diploma after at least four
years of training in the specialty in a higher education
institution. The system of methodological training of
future teachers of mathematics at the university should
provide effective conditions for the formation and
development of readiness and ability of future teachers to
effective methodological activities. Results of the
analyzed pedagogical research make an emphasis on:

how to prepare teachers to become facilitators of
collaboration in groups. Working together in groups
is often the context for significant individual learning
outcomes [12];

practical approaches to teachers training help to
bridge the distance between university courses and
field experience. Future teachers are trained to
implement innovative learning strategies studied
through research. The positive impact of video and
practical course on the methods of teaching
mathematics to future teachers and the analysis of
their own training is proved [13].
Solving the problem of improving the quality of
methodological training of future teachers of mathematics
is influenced by many different factors. Among them, in
the context of our research, we highlight the level of
motivation for the development of method competence
through active cooperation with other teachers of
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mathematics, as well as participation in various
professional competitions. The idea of development of
active collaboration between working teachers of
mathematics and departments of higher education
institutions which provide training for future teachers of
mathematics is relatively new for Ukrainian mathematical
education. In our opinion [14], the gap between the school
and pedagogical university should be bridged as
constructively as possible in order to implement this idea.
Such a rapprochement is necessary for several reasons: the
educational environment of a future teacher of
mathematics at the university should respond quickly to
the now proclaimed adjustment of the methodological
activities of the teacher of modern school; students will
have more opportunities to observe the actual school
practice, to communicate with practical teachers, to form
correct ideas about the modern student, etc.; teachers will
have
more
opportunities
for
methodological
self-development in the process of active discussion of
methodological problems with scientists in the field of
mathematics teaching methods.
The research procedure was based on the usage of the
following methods and methodologies: pedagogical
experiment, pedagogical observation, survey.
In order to find answers to the questions: In which
forms is the partnership between teachers of mathematics
and teachers of higher pedagogical educational institutions
which provide training for future teachers of mathematics
effective? Has her/his participation in competitions with
colleagues in the areas of methodological activities a
positive impact on the methodological development of a
teacher of mathematics? How does the possibility of
partnership between teachers of mathematics and
university departments for future teachers of mathematics
influence the conditions of methodological training of
future teachers of mathematics? How does students'
participation in the competitions in the areas of
methodological activities of teachers of mathematics
influence them?, we were conducting a pedagogical
experiment for three years (2017-2019), which is
described in this article in the form of two episodes.
Episode 1. Tournament of Methodological Findings in
teaching geometry to students for working teachers of
mathematics is a form of testing, as an interactive
competition, pedagogical experience of teachers of
mathematics to solve problems of formation of geometric
competencies of students. Methodological findings in
teaching geometry to students within this Tournament
were: original methodological developments aimed at
overcoming the problems of teaching geometry to
students; original design of geometry lessons; original
thematic compositions of geometric problems; etc. The
mission of the event was to support the creative activity of
teachers of mathematics of Ukraine through disclosure
and recognition of their methodological achievements,
encouraging vigorous professional activities, conscious
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self-improvement in solving urgent methodological
problems of improving the efficiency of teaching
geometry in school. The aim of the Tournament was to
identify the level of method and communicative
competence of teachers of mathematics in teaching
geometry to students and to create conditions for
recognition, generalization and dissemination of the best
achievements in geometry teaching experience of
Ukrainian practical teachers. Requirements for the
competition paper (Department of Algebra and
Mathematics Teaching Methods, nd, About the Olympics
[15]): an original idea of solving one of the problems of
teaching geometry to students; description or video of the
relevant fragment of pedagogical experience. Each
registered competition paper would participate in the
extramural stage of the Tournament: it would be reviewed
by at least three members of the Tournament jury.
According to the results of the review, the number of
competition participants of the intramural stage of the
Tournament would be determined. Intramural stage of the
Tournament: discussion of methodical findings in
teaching geometry to students based on the presentation of
the winners of the extramural stage of the Tournament.
During the three Tournament runnings in 2017, 2018 and
2019, it was attended by 48 teachers of mathematics in the
extramural stage and 32 of them in the intramural stage of
the Tournament. 18 teachers of mathematics were
recognized the winners of the Tournament and awarded.
Episode 2. Necessary conditions for the formation of
method competence of future teachers of mathematics in
the context of our study include a variety of forms and
methods of acquiring methodological experience in
teaching mathematics to students. In addition to the
traditional teaching practice at school, we have tested
laboratory classes on methods of teaching mathematics, at
which students play the role of a teacher of mathematics
in different types of lessons in the form of a
quasi-professional game. Based on the detailed analysis,
the teacher of methods of teaching mathematics would
characterize methodological activities of a future teacher
in each fragment, on the basis of which generalized
guidelines recommendations on future methodological
activities in teaching mathematics to students at school
would be developed. Interesting results were obtained by
us in the experiment of the teaching skill contest
(Department of Algebra and Mathematics Teaching
Methods, nd, teaching skill contest [16]) which has been
held by us for several years at the Department of Algebra
and Mathematics Teaching Methods of Vinnytsia
Mykhailo Kotsiubynskyi State Pedagogical University for
undergraduate students. Students who have shown the
best results as future teachers of mathematics in laboratory
classes devoted to methods of teaching mathematics
would participate in the contest. The contest is held
annually in the form of face-to-face competition of 6-8
participants: fragments of mathematics lessons, quiz on
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methodological and mathematical topics, presentation of
methodological credo. The activity of the contest
participants was evaluated by a professional jury which
included practical teachers of mathematics who had
achieved best results in teaching mathematics to students.
In order to identify the impact of participation in the
above-described competitions on the methodological
development of teachers of mathematics, we used the
expert evaluation method (Delphi method). The main
stages of implementing the expert evaluation method in
our study are: selection of experts; determining factors for
the survey, conducting the survey, analyzing the results of
the survey and processing the results.
In the first episode, experts were the participants of the
Tournament of Methodological Findings — 32 teachers of
mathematics, participants of intramural competitions of
the Tournament of Methodological Findings.
In the survey sheet 10 factors were suggested: (1)
relevance of any competition between the teachers of
mathematics; (2) originality of the proposed form of
competition between teachers of mathematics; (3) novelty
of the idea of organizing such a competition between
teachers of mathematics; (4) effectiveness of the proposed
form of competition between teachers of mathematics for
the methodological development of teachers; (5)
usefulness of the proposed form of competition between
teachers of mathematics to participants; (6) usefulness of
the proposed form of competition between teachers of
mathematics to the spectators of the Tournament of

Methodological Findings; (7) usefulness of the proposed
form of competition between teachers of mathematics to
encourage professional development; (8) usefulness of the
proposed form of competition between teachers of
mathematics to enhance the ability to individually-creative
technology of methodological activities; (9) usefulness of
the proposed form of competition between teachers of
mathematics to improve the readiness for professional
interaction with colleagues; (10) impact on your desire to
continue participation in similar competitions for teachers
of mathematics.

3. Results
The methods of mathematical statistics used by us are
based on ranking. In our case, each expert assigned a rank
from 10 to 1 to each factor (in descending order to
determine their relative importance).
A necessary condition for reliability of the collective
evaluation is sufficient consistency of the surveyed
experts' opinions. To determine the consistency of group
estimates, we used the concordance coefficient – overall
rank correlation coefficient for a group of experts. The
results of the expert survey were processed as follows
(Table 1).
For each factor, we found the total rank, the average
rank, based on which we determined the rank of the factor
(Table 2).

Table 1. Factor evaluation ranks.
Factor number

1

2

3

4

5

6

7

8

9

10

Expert 1

X11

X12

X13

X14

X15

X16

X17

X18

X19

X110

Expert 2

X21

X22

X23

X24

X25

X26

X27

X28

X29

X210

…

…

…

…

…

…

…

…

…

…

…

Expert 32

X321

X322

X323

X324

X325

X326

X327

X328

X329

X3210

Table 2. Factor ranks.
Factors

1

2

3

4

5

6

7

8

9

10

Sum of ranks

37

124

129

228

320

71

284

176

200

150

Average rank

1,16

3,90

4,03

7,12

10

2,22

8,87

5,50

6,25

4,69

Rank factor

10

8

7

3

1

9

2

5

4

6
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Thus, the following issues appeared to be most
significant:

usefulness of the proposed form of competition
between teachers of mathematics to participants;

usefulness of the proposed form of competition
between teachers of mathematics to encourage
professional development;

usefulness of the proposed form of competition
between teachers of mathematics to improve the
readiness for professional interaction with
colleagues;

effectiveness of the proposed form of competition
between teachers of mathematics for the
methodological development of teachers;

usefulness of the proposed form of competition
between teachers of mathematics to enhance the
ability to individually-creative technology of
methodological activities.
The consistency of expert opinions was assessed using
the concordance coefficient, which was calculated using
the formula (1):
n
12
m  (n  1) 
m
W 2 3

 xy 

2
m  n  n  j 1  i 1


2

(1)

where m is the number of experts; n is the number of
factors.
In our case, m= 32, n =10. The resulting value W= 0.64,
which according to the scale for rank correlation
coefficients falls within the range (0.6; 0.8), which means
a good consistency of expert opinions. To check the
significance of the concordance coefficient, find the actual
value using the formula (2):

 2f  m(n  1) W

(2)

By the level of significance α and the number of
degrees of freedom q=n-1 from the Pearson tables, find
the critical value

 cr2

. If

 2f  cr2

,

then the

concordance coefficient can be trusted and the
conclusions derived from it are reliable.
To check the significance of the concordance
coefficient, find the value of the critical point by the
significance level α = 0.05 and the number of degrees of
freedom q=10-1= 9. Using the Pearson table, find the
value

 cr2 (9;0,05)=10. Since  2f  cr2 , it is possible to

draw a conclusion about the significance of the
concordance coefficient. Thus, the conclusions obtained
from our experimental studies are reliable.
The results of the experiment, observation and expert
survey showed that participation of teachers of
mathematics in competitions on teaching geometry to
students has a positive impact on indicators of
professional development of teachers of mathematics such
as motivation for professional development; ability to
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individually creative technology of methodological
activity; readiness to present new ideas; readiness for
active professional interaction with colleagues.
In the settings of cooperation organized with the
Pedagogical University, practical teachers of mathematics
note the high quality of discussions on current problems
of teaching geometry to students, new opportunities for
sharing experience, expertise and recognition of their own
ideas about teaching mathematics to students.

4. Discussion
In search of ways to establish constructive collaboration
between working teachers of mathematics and teams of
teachers who prepare future teachers of mathematics, we,
in the settings of a real pedagogical experiment, tested the
effectiveness of forms of collaboration such as
organization and running of competitions in the methods
of teaching mathematics. The "Tournament of
Methodological Findings in Teaching Geometry to
Students" conducted by us for working teachers of
mathematics and "Teaching Skill Contest" for future
teachers of mathematics have led to the conclusion about
improving the conditions of development of method
competence of working teachers of mathematics and the
conditions of formation of method competence of future
teachers of mathematics.
Episode 1. In the methodological literature, there are
examples of partnership between different educational
institutions. Review of the school mathematics curriculum
conducted by competent teachers in Singapore's
secondary schools has become a program research project
at the National Institute of Education (NIE) funded by the
Ministry of Education (MOE) in Singapore through the
Office of Education Research (OER) at NIE. The results
helped teachers use "authentic best practices" from local
classrooms for critical and meaningful discourse in their
programs. The results also contributed to drafting
"Mathematical Pedagogy in Secondary Schools of
Singapore" [17]. There are suggestions as to how refresher
courses for teachers of mathematics can be designed to
support their diverse needs in the professional
development system [18].
In this article, we focused on the competition of
teachers in the form of a Tournament of Methodological
Findings in Teaching Geometry to Students. Why
geometry? In our opinion, there is a certain contradiction
between the important place and role of geometry in the
formation and development of the student's personality at
school and those superficial ideas about the methods of
teaching geometry that future teachers of mathematics
may develop in the process of methodological training in
the traditional conditions of the educative process in
higher education institutions.
Professional analysis of many publications [19-22]
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allows to assert the need for a certain rethinking by
teachers of the goals and objectives of teaching geometry
at school, and, as a consequence, a certain restructuring of
the methodological activities of a teacher of mathematics
in teaching geometry to students. Understanding the
modern role and place of geometry in the formation and
development of the student's personality, readiness and
ability to provide appropriate conditions in the learning
process of geometry are crucial for the teacher's choice of
strategy and tactics of methodological activities [23]. That
is why we decided to search for and found new forms of
collaboration of teachers of mathematics and those who
prepare future teachers of mathematics to improve their
method competence in teaching geometry to students.
Since 2017, our Tournament of Methodological Findings
in Teaching Geometry to Students (Department of
Algebra and Mathematics Teaching Methods, nd [24]) has
been held annually at Vinnytsia Mykhailo Kotsiubynskyi
State Pedagogical University. Our observations suggest
that working teachers of mathematics in collaboration
with the Pedagogical University have the opportunity for
more professional communication, exchange of
experience, presentation and recognition of their own
original ideas and achievements of methodological
activities. The survey of teachers after their participation
in the Tournament showed their pleasure of the
opportunity to participate in the discussion on topical
issues of teaching geometry to students, as well as the
pleasure of the opportunity to hear the assessment of their
ideas from experts in the field of teaching mathematics.
Episode 2. Considering formation of the foundations of
method competence of future teachers of mathematics, we
start from the fact that the prerequisite for the
methodological self-development of the future teacher of
mathematics is the mechanisms of self-acceptance and
self-prognosis. Self-acceptance of the future teacher of
mathematics is based on a positive attitude to his/her own
methodological
qualities
and
achievements.
Self-assessment of a future teacher is formed on the basis
of the self-acceptance mechanism. Underestimation of
one's positive qualities adversely affects the process of
methodological growth, as it undermines confidence in
one's own strength. A future teacher should be clearly
aware of his/her positive and negative features of
methodological activities. Our experiment in conducting
the Teaching Skill Contest for the best students showed an
increased interest of the vast majority of students in
teaching science, in the future of methodological activities
at school. We noted that some students who won this
contest decided on their own aspirations and intentions to
study for a master's degree, on the topics of their future
qualifying papers, etc.
Certain issues that emerged during our experiment on
the organization and conduct of the Teaching Skill
Contest may include certain doubts, reluctance of
individual students to participate in the Contest. Why

should we? Training requires a significant time
investment! However, after the Contest, the same students
expressed their pleasure of the bright event, of their own
attempt to be the best.
Original design of each lesson in accordance with the
didactic situation and the content of training, with the
goals and cognitive abilities of students of a particular
class is now required from the teacher of mathematics in
the Ukrainian pedagogical practice. Therefore, an
important feature of the methodological activities of a
teacher of mathematics in present-day conditions is to
update the goals and objectives of such activities.
The
possibilities
of
developing
professional
competence of working teachers and improving methods
and means of formation of professional competence of
future teachers have been studied by scientists worldwide.
Recently, there was a discussion in America about the
Manifesto "Teachers we need and how to get more of
them" [3]. A program for professional development of
teachers focused on the community of teachers of
mathematics has been developed in Korea. Demonstration
classes have become a new method of improving the skills
of teachers who have voluntarily opened their
mathematics classes to members of the community [4]. In
China, an approach to improving the methodological
activities of teachers of mathematics with the help of a
model lesson is quite popular. Features of the
content-oriented model lesson are analyzed in detail, and
the experience of practical teachers of mathematics
involved in the development of a model lesson is studied.
The implications of developing model lessons for
improving mathematics teaching in China [5] are
discussed. The results of comparative research of
methodological activities of teachers of mathematics in
Germany and China are available. The results of the study
showed that German teachers performed better activities
related to general pedagogical aspects, while Chinese
teachers surpassed their German colleagues in activities
related to mathematical training. These results show that
social and cultural factors of different countries, such as
different philosophical paradigms, traditions of
pedagogical education, traditions of teaching mathematics
are important factors influencing the professional
development of teachers [25]. However, it is possible to
identify common trends that can be traced now in
different countries in the search for ways to develop the
professional competence of working teachers of
mathematics and improve the methods and means of
formation of professional competence of future teachers
of mathematics. First, it is worth highlighting the idea of
partnership as a long-term collaboration between teachers
and researchers, which is organized to study the constant
problems of practice and develop solutions to improve the
results of teaching mathematics. The structure of solving
the problems of professional development of teachers of
mathematics in the settings of partnership allows teachers
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to share common mathematical and pedagogical
experience [6].
Contemporary pedagogical science substantiates new
research results, which should be the basis for
professional self-improvement of teachers of mathematics.
Researchers prove that:

development of educational competencies in the field
of education is useful for the professional growth of
teachers. Various ways of partnership in scientific
and practical activities are relevant [26];

competent use of information and communication
technologies in education in general and in teaching
mathematics in particular is relevant. Based on the
review of training documents of six "Western"
countries (USA, UK, Australia, New Zealand, France
and the Netherlands) and eight "Far Eastern" systems
(mainland China, Taiwan, Hong Kong, Macao, Japan,
South Korea, Singapore and Malaysia), conclusions
are made how the use of information and
communication technologies impacts improvement
in the quality of mathematical education [27];

important values of teachers as components of their
pedagogical identity, and relationship between
assigned and implemented values of teachers is also
worth of attention [28];

teachers' professional reading is an understudied
aspect of teachers' professional development that
remains out of sight, but which has the potential to
shape teachers' beliefs and practices [29];

new reasonable proposals are needed to clarify the
content of professional development programs for
teachers of mathematics [30].

5. Conclusions
There is a well-furnished objective of modernization
and improvement of mathematical education, the solution
of which is seen by foreign and domestic scientists in the
outcome-based approach both in school education and in
the system of vocational training [10,31,32,33]. Without
downplaying the importance of the scientific heritage of
scientists from different countries regarding the
possibilities of collaboration between teachers of
mathematics, as well as forms, methods and means of
their professional development, we, on the basis of our
own experimental studies, conclude that participation of
teachers of mathematics and future teachers of
mathematics in competitions with colleagues can
positively affect the formation and development of
competence in teaching mathematics. This requires a
system of motivation of teachers and students to
participate in such competitions and a special,
well-thought-out preparation of such competitions.
Partnership of teachers of mathematics and teachers of
higher educational institutions who prepare future teachers
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of mathematics in the preparation and conduct of such
competitions is mutually beneficial.
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