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Abstract. The relevance of this study is due to the practical significance of the issues
of using game mechanisms in the process of teaching mathematics, the lack of research into
the issues of symbiosis of game and didactic technologies in mastering complex mathematical
knowledge, the need to search for effective technologies to establish how they affect the de-
velopment of students and the formation of a modern style of thinking. The analysis of global
trends and practices of introducing elements of gamification into the education system has
shown that the mastering of complex knowledge and patterns of mathematical activity, the
solution of “problem areas” of mathematics at different levels of learning and complexity is
carried out by a complex of mathematical and information methods without the integration of
game elements. It has been substantiated that gaming technologies in combination with the
informatization of mathematical activity give a powerful motivational charge to the study of
mathematics, actualize the processes of self-organization of cognitive activity, and contribute
to the development of a probabilistic style of thinking. The purpose of the study is to provide
a theoretical substantiation and effective methodological support for the process of profes-
sional development of mathematics teachers in the context of gamification in mathematics
study with the effect of developing a probabilistic style of thinking. The authors have devel-
oped an arrangement mechanism and determined the content of scientific and methodological
support for teachers working in the constituent entities of the Russian Federation to provide
additional educational services in the context of gamification in education. The developed
materials, in particular, include evaluative case tests for identifying competence deficiencies
in teachers, which ensure the formation of a probabilistic style of thinking based on gamifica-
tion processes by managing the information saturation of the motivational field of learning.
In addition, the authors proposed an additional professional education program for teachers,
Mathematics in Gaming Activities (Business, Didactic and Intellectual Games), and devel-
oped new forms of certification and assessment materials (gamification-based didactic solu-
tions and effective practices). Using the concept of ‘gamification’, it was possible to demon-
strate the activation of cognitive and motivational structures, in particular, the effective devel-
opment of a probabilistic style of thinking in the process of mastering complex mathematical
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knowledge through its adaptation to school mathematics. The results of the study allow making
it possible to bring the process of teaching students and developing their personalities to a modern
qualitative level using current achievements in the field of digitalized education.

Key words: mathematics study, additional education, gamification, probabilistic style
of thinking
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Introduction

In the last decade, a new educational technology — gamification, which in sci-
ence is understood as the use of game methods in a non-game environment, in par-
ticular in teaching, — has acquired particular relevance. The entire history of educa-
tion convincingly demonstrates the effectiveness of this technology. A huge number
of psychologists, teachers, mathematicians, and methodologists have devoted their
fundamental works to the game as a scientific category. Scientific theories of the
game have been the subject of systematic scientific study from various positions,
such as: physiological (Cowley et al., 2014; Guillén-Nieto, Aleson-Carbonell, 2012;
Nacke et al., 2010 and others); biogenetic (G.S. Hall, L.E. Appleton and others);
social (Groos, 2009 and others); biopsychological (W. McDougall, G. Murphy,
F.J. Bentendijk); sociological (K. Rainwater, D. Rismen, M. and E. Neymer); psy-
chotherapeutic (S. Freud, Ya. Moreno, G. Lehmann); cultural (J. Heising); peda-
gogical-psychological (Elkonin, 1989; Piaget, 1985; Vygotsky, 1996), and didactic
(Pidkasisty, Khaidarov, 1996; Shabalina, 2013; Utesch, 2016; and others). Mathe-
matical optimal game strategy methods are studied in game theory and find many
applications in economics, management, marketing, sociology, psychology, conflict
resolution studies and other sciences. The need to combine motivational-value,
emotional-volitional, social, cognitive, research and personal behavioral strategies
in the process of gaming activity into a single integrity creates a precedent for ex-
panding and deepening the experience of an individual, forming and developing
metasubject, subject and professional student competences.

Full involvement in physical training and sports for both children and
adults, professionally oriented gaming activities (business games, game design,
educational games, case technologies, web quests, etc.), didactic games, intellec-
tual gaming activities (checkers, chess, Go, Renju, Zhipto) really have a positive
effect on the cognitive, social, creative and professional personal development.
For instance, a number of researchers (Sala, Gobet, 2016, 2017; Burjan, 2016;
Singley, Anderson, 1989; Frydman, Lynn, 1992) argue that teaching intellectual
games improves the math ability of elementary and middle school students. A sig-
nificant influence of intellectual games on the development of a wide range of cogni-
tive abilities, such as attention and concentration, planning and memory, logical
thinking and spatial imagination, has been empirically established. The authors con-
sider teaching chess to be an effective educational tool that has a positive cognitive
effect on children’s mastering math, both in the short and long term. However, a new
study (Sala et al., 2017) seriously challenges the ‘chess effect” hypothesis in teach-
ing mathematics. Also S. Hong and W. Bart, examining students aged 8—12 with
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weak abilities (close to failing), came to the conclusion that chess education does
not play any role in cognitive development (Hong, Bart, 2007; Bart, 2014).

According to other international researchers (Burgoyne et al., 2016), chess
is a complex and creative intellectual activity. The scientists obtained an unex-
pected result: the positive correlation between cognitive abilities and the ability to
play chess in children and adults is more pronounced at low levels of chess skills
than at higher ones. Therefore, according to Russian and international psycholo-
gists and teachers, the introduction of chess into school math course enhances
the development of cognitive abilities, increases educational motivation and
the quality of acquired math knowledge and skills, and also provides a synergistic
effect in acquiring complex mathematical knowledge along with personal self-
development and creative autonomy.

Some authors (Karapetyan et al., 2016; Karapetyan, Gevorgyan, 2017) show
the relationship between the determination of the appropriate choice of chess
moves and typical manifestations of cognitive dissonance and consonance that
naturally arise in the process of argumentation. The psychological phenomenon of
cognitive dissonance and consonance in the field of argumentation during the game
of chess is transformed into appropriate orientation situations. The results of emo-
tional-logical comparison with logical and internal conflicts are considered.
This is evidenced by the subsequent choice, adequately or inadequately expressed
in the emotional and behavioral manifestations of the players.

The undeniable effectiveness of game pedagogy in the formation of creative
activity, in the development of the motivational sphere has stimulated numerous
research projects around the world (Bi, 2013; Guillén-Nieto, Aleson-Carbonell,
2012; Ersoy, 2014; Michel, 2016; Pound, 2017). An effective means of stimula-
ting creativity is the solution to creative problems, which is carried out by choosing
one of the two ways:

(1) the use of a logical type of thinking by separating the essential properties
of phenomena from insignificant, necessary from random, general from particular
ones. The logical type of thinking assumes the correctness of each step, which
leads to the correct final result;

(2) the application of intuitive thinking based on vague data without prior
logical reasoning. In this case, the solution to the problem is minimized in time,
and the solution process is implemented to a minimum.

Researchers (Al-Sabaty, Davis, 1989) found that changing the stereotypical
style of thinking can significantly increase the creativity of students who approached
creative problems in the first way, focused on the second way, and vice versa.
The authors have substantiated and practically confirmed this thesis. For instance,
S.N. Dvoryatkina (Dvoryatkina, Shcherbatykh, 2019) presents a draft technology
for integrative teaching of mathematics based on solving problems on a chessboard
with the actualization of the creative effect. The proposed complex of multi-stage
mathematical problems on a chessboard allows students to master not only mathe-
matical methods (combinatorial, probabilistic, graph theory, set theory, mathemati-
cal and computer modeling) but also contribute to the development of creativity.

But that was all before. What are the key factors behind the need for gamifi-
cation in education?
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First, the gamification in education is the continuity of the formation of in-
tellectual operations of thinking in the process of game practice as an element of
non-formal education. In particular, intellectual games (e. g., chess, checkers)
provide a unique opportunity to involve intellectual operations in the process of
analyzing positions, comparing and highlighting situations, evaluating the current
state of a position, predicting the upcoming course, developing situational activity
and visual modeling both in formal and non-formal education.

In the context of digital transformation of education, there is a need for
the formation of new key competences, which include the abilities to generate
original ideas, search for new information, make a critical analysis and synthesis
of it, apply a systematic approach to solving tasks, show flexibility, criticality,
creative activity in solving tasks, use interdisciplinary knowledge in situations of
uncertainty and increasing diversity or actions of random factors, that is, to pos-
sess a probabilistic style of thinking.

The process of developing probabilistic thinking is determined by quantita-
tive changes in its structure, the composition of cognitive substructures, the num-
ber and order of connections between them, as well as the qualitative enrichment
of intellectual operations of mental activity, such as analysis, synthesis, evaluation
and forecasting (Dvoryatkina, 2013). This conclusion allows us to suggest that it
is possible to effectively develop probabilistic thinking in students based on gami-
fication processes. At the same time, computer learning increases the develop-
mental effect.

Second, it is a unique opportunity to integrate mathematical and informa-
tional knowledge against the background of a motivational-educational space for
students. Mathematical puzzles around the chessboard, combinatorics and proba-
bilistic position estimates, geometric shapes and transformations in the dynamics
of positional analysis, numerical characteristics and problems of measuring
lengths and areas contribute to creative activity, the development of students’ re-
flexive abilities. Checkers and chess provide a huge field of activity for students
in the process of mastering programming strategies and tactics, mathematical
methods for estimating positions, and selecting algorithmic languages. The deve-
lopment of computer versions of Go, Renju and GIPto (Intellectual Game — Pur-
suit) games is a separate interdisciplinary task that requires serious mathematical
and information knowledge.

A fundamental analysis of global trends and practices of introducing gami-
fication elements in the education system makes it possible to establish a fairly
active practical implementation of game technologies in the humanities (foreign
language, economics, management, etc.) and computer science. In the process of
developing complex constructs and patterns of mathematical activity, the solution
of ‘problem areas’ of mathematics at different levels of learning and complexity is
carried out by a complex of mathematical and information methods without
the integration of game elements. However, many researchers (Callaghan, 2017;
Dvoryatkina et al., 2019; Gik, 2010; Ignatov, 2018; Poloudin, 2017; Sala, Gobet,
2016; Sukhin, 2012; Poloudin, 2017; Zirawaga et al., 2017) note that game tech-
nologies in combination with computerization of mathematical activity give a po-
werful motivational charge to the mathematics study, actualize the processes of
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self-organization of students’ cognitive activity and contribute to the development
of probabilistic thinking.

At the same time, with all the relevance of and demand for gamification in
education, including the possibility of applying its principles for modernizing
the system of mathematics study in the context of the introduction of digital tech-
nologies, there are several contradictions:

— the requirement for the organization of the educational process using game
technologies and insufficient qualification of the majority of mathematics teachers
for the practical implementation of technological gamification;

— the need to improve the quality of continuous pedagogical education in
the context of digitalization of mathematics study and the lack of development of
the system of scientific and methodological support for teachers to provide addi-
tional educational services in the context of the introduction of new game me-
chanics to improve the quality of mathematics study.

All of the above, as well as the need to resolve the identified contradictions,
allow us to formulate the research problem: what is the content of scientific and
methodological support for teachers to provide additional educational services in
the context of gamification in mathematics study in the process of adapting mo-
dern scientific achievements for effective teaching of mathematics at school?

The purpose of the study is to provide a theoretical substantiation and effec-
tive methodological support for the process of professional development of ma-
thematics teachers in the context of gamification in mathematics study with the ef-
fect of developing a probabilistic style of thinking.

Didactic mechanism for organizing scientific and methodological
support for teachers of mathematics

Training and retraining of teachers to effectively solve pedagogical prob-
lems of mathematics study requires an innovative approach. This approach in our
study is the Project to create a scientific and methodological center for supporting
teachers on the basis of higher education institutions.

The purpose of this Project is to develop mechanisms for organizing and de-
termining the content of scientific and methodological support for teachers to pro-
vide additional educational services in the context of gamification in mathematics
study with the effect of developing a probabilistic style of thinking.

This innovative Project includes:

— conducting research to identify professional competence deficiencies of
teaching staft;

— establishing departments for methodological initiatives, support and con-
sulting of the development team;

— conducting specialized scientific research;

— developing and implementing programs of additional professional education;

— developing didactic solutions in the context of gamification in education
and effective practices based on them.

Let us briefly describe each of these organizational measures.
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Pedagogical research
to identify teachers’ professional competence deficiencies

Homing and searching experiments to identify teachers’ professional com-
petence deficiencies in the context of the scope of methodological knowledge,
competence and pedagogical experience of working with complex mathematical
knowledge in the organization and management of educational and gaming activi-
ties were organized on the basis of five regions of Russia. The following metho-
dological competences were formulated:

— readiness to adapt and use knowledge of modern problems of mathemati-
cal science in solving practice-oriented tasks with the effect of developing a pro-
babilistic style of thinking in educational and gaming activities (methodological
competence, MC-1);

— the ability to form a rich information and educational game environment
by means of mathematical and computer modeling when solving practice-oriented
tasks in order to develop probabilistic thinking in students (MC-2).

The case method was used as assessment material for measuring the level of
teachers’ proficiency in methodological competencies in the field of working with
complex mathematical knowledge in the organization and management of educa-
tional and gaming activities. The case test Studying Gamification as a Tool for
Mastering Complex Knowledge included: a preamble; a unit of tasks consisting of
six questions with one answer to be selected from several options; a case assess-
ment sheet reflecting the assessed competences and the answer option with points
(three-level assessment: reproductive, productive, reflexive); and comments for
the user. The validity of the case tests was ensured by the representative and ho-
mogeneous sample, the theoretically substantiated possibility of measuring com-
petences using a certain method, and the degree of representation of the method-
ology of the content of the measured area of properties in the tasks. Below is
an example of an assessment task for diagnosing the formation of MC-2.

The innovative approach to selecting the content of mathematics study at
school in accordance with the tasks of developing students’ mathematical literacy
and probabilistic style of thinking in the context of modernization is based on
the acquisition of complex knowledge with the manifestation of synergetic ef-
fects. The innovations are based on the methodology and implementation of the
concept of game activity and the manifestation of synergy of mathematics study at
school in the context of personal self-organization. The human history clearly
demonstrates the effectiveness of the formation and development of human func-
tional capabilities during the game.

What, in your opinion, are the main reasons and factors for the inclusion of
gaming in mathematics education? (choose only one answer)

a) the implementation of contextual learning (the main aspect of planning
and analyzing tasks in PISA, which is closely related to the formation of mathe-
matical literacy and nonlinear thinking) is most effectively implemented only
through gaming activities;

b) a unique opportunity for synergy of mathematical and digital literacy
against the background of intellectual formation, development of probabilistic
style of thinking, which have a real positive impact on the students’ physical, so-
cial, creative and pre-professional development;
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¢) the continuous formation of intellectual operations of thinking and fun-
damental mathematical abilities in the process of game practice as a key element
of mathematics study,

d) visibility and accessibility in the development of complex knowledge in
four categories: space and form, change and dependencies, quantity, uncertainty
and data.

The preliminary research results showed a low and medium level of methodo-
logical competences among school teachers. In particular, 59% of the respondents
had a low level of methodological competence in the field of organizing the educa-
tional process using game mechanisms in the acquisition of complex knowledge,
whereas 32% had a medium level; 79% showed a willingness to increase it.

Structure and content
of the additional professional development program

Each of the six regions of the Russian Federation (Kostroma, Vologda, Li-
petsk, Nizhny Novgorod, Ivanovo and Yaroslavl regions) has a department of
methodological initiatives ‘on new didactics of mathematical education: adapta-
tion of modern scientific achievements and gaming activities to teaching mathe-
matics at school’. These departments are responsible for scaling up initiatives on
regional and interregional platforms by organizing training events (seminars,
workshops, webinars), testing and implementing initiatives by selecting and de-
scribing effective pedagogical practices, methods, technologies and didactic solu-
tions for further broadcasting within the framework of scientific and methodologi-
cal support for teachers and their training in additional professional programs.
In line with the main direction, three methodological initiatives were developed
that correlate with the main directions of the center’s work. Lipetsk region im-
plements the direction on the topic Strategy and Tactics in Intellectual Games:
Elements of Mathematical Modeling.

Technologically, a new form of ensuring effective methodological support
for teachers of mathematics with the effect of developing a probabilistic style of
thinking based on modern achievements in science is the program Mathematics in
Gaming (Business, Didactic and Intellectual Games)’ developed by the authors.
The program is designed for teachers to improve their existing and acquire addi-
tional competences in the field of modern didactics and methods for teaching
mathematics by identifying the potential for synergy of mathematical and gaming
activities (business, didactic and intellectual games). The main objectives are
(1) to reveal to teachers of mathematics a wider range of possibilities for introduc-
ing gamification elements into the education system in general and managing
the learning process in mathematics in particular; (2) to apply forms and methods of
organizing a motivational-educational space through immersion in the game space
(including virtual); (3) to provide scientific and pedagogical support for managing
the implementation of creative abilities and functional capabilities of students in
the process of their acquisition of multi-level complex mathematical knowledge;
and (4) to identify and assess the synergetic effects of this form of education.

The optimal structure of the program of continuing education courses was
determined, represented by the following modules.
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1. Methodological approaches and psychological and pedagogical theories
of designing an integrative educational and gaming space. The role of personali-
ty-oriented, context-vector, behavioral, neurophysiological, environmental and
synergetic approaches in building a model of gamification in mathematics study
in the context of the symbiosis of scientific, technocratic and humanitarian para-
digms. Didactic achievements in the study of the meaning and essence of gaming
technologies in education. Psychological analysis of the game. Pedagogical possi-
bilities of didactic and intellectual games. Developing a probabilistic style of
thinking when integrating mathematical and gaming activities.

2. Gamification in modern mathematics study: content and technological
aspect. Active and interactive technologies for teaching mathematics, focused on
the development of a probabilistic style of thinking: classification, principles of
preparation and organization, methodological features of conducting training ses-
sions, implementation practice (web quests, business games, game design, di-
dactic games); technologies for teaching mathematics based on solving problems
on a chessboard; video games in teaching: classification of video games and game
mechanics; possibilities of using game mechanics in the educational environment;
list of services and communities that use gamification in mathematics study (Mo-
tion Math Games, Mathletics, World of Classcraft, Academy of igropractics, live
games, etc.).

3. Strategy and tactics in intellectual games: professional and practical
module. Students' reports on the implementation of game technologies in the prac-
tice of teaching mathematics. Suggested topics of reports: Technology for identi-
fying and correcting ‘problem areas’ in teaching mathematics based on a chess
game (e.g., any section of the school mathematics course); Developing creative
thinking when solving mathematical problems on a chessboard; Modeling educa-
tional activities using didactic games in math lessons; Forming functional literacy
through didactic games in math lessons; Business game in mathematics as a way
of forming financial literacy of schoolchildren; Gamification in mathematical ac-
tivity as a factor of increasing educational motivation of schoolchildren, etc.

Didactic solutions and effective practices
in the context of gamification

The participants were also provided with new forms of certification and as-
sessment materials. In particular, as part of the project, the authors developed di-
dactic solutions in the context of gamification, including a brief theory on the re-
search problem and its technological solution. The description of the technologi-
cal solution included: the stages of application, the step-by-step activity of
the teacher and the activities of students, the educational result at each stage,
the advantages of this technology and its limitations as well as a list of sources on
domestic and foreign experience in using a particular technology. Here are exam-
ples of the topics for didactic solutions: Business game as a form of designing
practice-oriented solutions in financial mathematics, Dialog of cultures in gaming
activities as a way of acquiring complex mathematical knowledge, Mathematical
foundations of intellectual games, Developing a probabilistic style of thinking in
solving mathematical problems on a chessboard, Technology for identifying and
correcting ‘problem areas’ in teaching mathematics based on chess games, etc.
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Taking the proposed didactic solutions as a basis, the teachers developed
their own effective practices for developing a probabilistic style of thinking in
school students based on gamification. These were a series of lesson scenarios
with the introduction of game mechanics, a cycle of laboratory and calculation
classes, elective course programs for school students, didactic games, web quests,
summaries of resource classes or a fragment of a lesson using game technologies,
etc. The following best practices were presented:

— draft elective course Methods for Organizing Resource Classes as a Means
of Developing a Probabilistic Style of Thinking in Students based on Gamification;

— draft elective course Mathematical Modeling in Intellectual Games;

— a series of laboratory and calculation classes on the topic Decision-Making
based on Statistical Data Analysis,

— case assignment on the topic Methods of Decision-Making Using Descrip-
tive Statistics Methods;

— didactic game on the topic Random Events;

— scenario of the didactic game on financial literacy Firm of the Year;,

— quest game The Bank and Me, etc.

Conclusion

The study has shown the importance and possibility of integrating game
tools into the system of mathematics study in the process of training future teachers
of mathematics. The results of using the concept of gamification demonstrate
the activation of cognitive and motivational structures, in particular, the effective
development of a probabilistic style of thinking in the process of acquiring com-
plex mathematical knowledge through its adaptation to school mathematics.

The project on Creation of Scientific and Methodological Teacher Support
Centers on the Basis of Higher Education Institutions is presented. The conceptu-
al basis for the content of scientific and methodological support for teachers to
provide additional educational services in the field of mathematics study was
the idea of gamification in education in the context of adapting modern achieve-
ments in science to school mathematics with the effect of developing nonlinear
and probabilistic thinking.

As part of the project, an ascertaining experiment was conducted to identify
professional deficiencies of teaching staff in terms of the breadth of methodologi-
cal knowledge and experience in working with complex mathematical knowledge
in the organization and management of educational and gaming activities. The study
was organized on the basis of five regions of Russia; the respondents were teachers of
mathematics aged 22-40 years. Methodological competences were formulated
that determine the readiness and ability to effectively solve methodological prob-
lems in the process of implementing the learning goals. To assess the level of
formation of methodological competences, the authors’ methodology was used —
a case test ‘Studying gamification as a tool for mastering complex knowledge’.
The study revealed a low (59%) and medium (32%) levels of methodological
competence in the organization of the educational process using game mecha-
nisms in the acquisition of complex knowledge as well as the readiness of a large
number of the participants (more than 79%) to improve it.
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Based on the results of identifying professional deficiencies, the program
Mathematics in Gaming (Business, Didactic and Intellectual Games) was deve-
loped for different formats of its implementation (full-time and distance), and
the optimal modular structure of the course was determined. The content of
the program is filled with methodological approaches and psychological-
pedagogical theories of constructing an integrative educational and game space,
the synergy of game and didactic technologies for teaching mathematics with
the effect of developing a modern style of thinking and, as a result, increasing
the professional level of a 21 century teacher. The effective practices prepared by
the students on the basis of gamification (programs of elective courses for school-
children, didactic games, web quests, summaries of resource classes or lesson
fragments using game technologies, etc.) established the formation of methodo-
logical competences in the organization and management of educational and ga-
ming activities in the process of working with complex mathematical knowledge.
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HayyHOo-MeTOoaMYeckoe CoOnpoBOXAEHUE Neaaroros
B KOHTEKCTE NPaKkTN4eCcKou peanusaumm
rerimndpukaumm maTeMmaTn4eckoro oopasosaHua B cucteme
AOoNnoNHUTeNnbHOro oopasosaHua Poccuiickoinn ®epgepaunmn

C.H. [IBopsitkuna, C.B. lllep6aTnix, A.M. Jlomyxun

Eneuxuit rocygapcTBeHHbIN yHUBEepcUTeT MeHu M. A. byHuHa,
Poccuiickas @edepayus, 399770, Eney, yr. Kommynapos, 0. 28

AHHOTanus. AKTyaJbHOCTh HCCIICOBAHMS OOYCIIOBJICHA MPAKTUYECKOH 3HAUMMOCTBEO
BOIIPOCOB NIPUMEHEHHSI HTPOBBIX MEXaHU3MOB B TIpoliecce OOYUIEeHHUs] MaTeMaTHKE, HEHCCle-
JIOBAaHHOCTBIO BOIPOCOB CUMOKMO3a UTPOBBIX M JUIAKTUYECKUX TEXHOJOIUI B OCBOGHHHU CIIOX-
HOTO MaTeMaTU4ecKOro 3HaHUs, HEOOXOIUMOCTBIO MOUCKA 3((HEKTUBHBIX TEXHOJOTUH [Uis
YCTAQHOBJICHUS MX BIUSHUS Ha pa3BUTHE 00yd4aeMoro, (popMHpPOBAHHE COBPEMEHHOTO CTUIIS
MblnuieHus. [IpoBeeHHbIH aHaIu3 MUPOBBIX TEHIEHLMH M NPAaKTUK BHEIPEHUS 3JIEMEHTOB
reMuQUKanuy B CUCTeMy 00pa30BaHUs YCTAHOBUI, YTO OCBOSHHE CJIOKHOTO 3HAHUS U 3aKO-
HOMEPHOCTEH MaTeMaTH4ecKON NesSTeIbHOCTH, PELICHUE «IIPOOIEMHBIX 30H» MAaTEMAaTHKH Ha
Pa3HBIX YPOBHIX OOYYEHHS U CIOKHOCTH OCYIIECTBIISCTCS KOMIUIEKCOM MaTEeMaTHIECKUX H
UH(POPMAIOHHBIX METOJO0B 0€3 MHTErpalud UIPOBBIX 31eMEHTOB. OOOCHOBAHO, YTO UIPO-
BbIC TEXHOJIOTHHM B COYETAaHMU C MH(OpPMATH3aIMEH MaTeMaTHYECKOH NESTEIFHOCTH IAIOT
MOILHBIA MOTHBAllMOHHBIN 3apsa K M3YyYEHMIO MaTEMAaTHKHU, aKTyaJlu3UpYIOT NPOLECCHl ca-
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MOOPTaHU3AINN KOTHUTHBHON NESTEINEHOCTH, CIOCOOCTBYIO Pa3BUTHIO BEPOSTHOCTHOTO CTH-
nst MpinuieHus. Lenblo mccnenoBaHus cTajlo TEOpeTHYeckoe 0OOCHOBaHHME M TEXHOJIOIMYe-
ckoe obecrieueHre 3QHEKTUBHOCTH METOJIUYECKOTO COMPOBOXKIEHHS Tporiecca mpoeccro-
HAJIFHOTO TOBBIMICHAS KBAaTH(DUKAIIMH YUYHUTENST MAaTEMaTHKA B KOHTEKCTE TeHMH(UKAIIUH
MaTeMaTHYeCKOro 00pa3oBaHus ¢ dPGEKTOM Pa3BUTHsI BEPOSITHOCTHOTO CTHIIS MBIIUICHUS.
Pa3paboran MexaHU3M OpraHM3allMd M OIPEJCIICHO COJCpKaHWE HAyYHO-METOJHYECKOrO
COMPOBOXKIICHUS TTEIArOTHIECKUX PadOTHHUKOB Ui CyOBeKTOB Poccuiickoit denmepanum 1o
OKa3aHUIO JOMOJHUTEIBHBIX 00Pa30BATENBHBIX YCIYr B KOHTEKCTE FelMHU(pHUKANUU 00pa3o-
BaHMA. B wacTHOCTH, pa3paboTaHbI OIICHOYHBIE MaTepUaibl (Keic-TeCT) IS BBISIBICHUS KOM-
METEHTHOCTHBIX JTE(HUINTOB MEAaroroB, 00eCIeUNBAIOIINX (HOPMUPOBAHNE BEPOSITHOCTHOTO
CTHJISI MBIIIUICHHUS HA OCHOBE MPOIECCOB MeMMU(DHUKALUK MOCPESICTBOM YIPABICHHUS UHPOP-
MAI[IOHHOW HACHIIEHHOCThI0 MOTHBAIIMOHHOTO MOJII OOYYeHHs, MPEAJIOKEHa Mporpamma
JIOTOJTHATENHHOTO MPO(ECCHOHANBHOTO 00pa3oBaHusl Ul Nenaroros «MaTeMaTHka B UTPO-
BOHM JEATENEHOCTH (ICNOBBIC, MUIAKTHYECKHE M HHTEIUICKTYAIbHBIE HTPBI)», pa3paOOTaHbI
HOBBIE (DOPMBI ATTECTAIIMU M OIICHOYHBIC MaTEePHAIbl (IMAAKTHUYCCKUE perieHus U dPdek-
TUBHBIC NPAKTHKH Ha OCHOBE TeiiMudukanmu). Pe3ynpTaTel HCIOIR30BaHMS KOHIIETITA «Teii-
MU(pHUKANUD» TPOIEMOHCTPHPOBAIN AKTHBU3AIIMIO KOTHUTHBHBIX M MOTHUBAIIMOHHBIX CTPYK-
Typ, B 4acTHOCTU 3(P(PEKTUBHOE pa3BUTHE BEPOSITHOCTHOTO CTHJIS MBIIUICHHUS B MPOIECCE
OCBOCHHUS CJIOXHOTO MAaTeMaTHYECKOTO 3HAHHs MMOCPEICTBOM €ro aganTalMid K IIKOJIbHON
MaTeMaTHke. [IpoBefieHHOe HCClIeoBaHNe TTO3BOJISIET BBIBECTH MPOIECC OOYUCHHS U pa3BH-
TUSI JIMYHOCTU 00YYIaeMOro Ha COBPEMEHHBIM KaUeCTBEHHBIH YPOBEHb C UCIIOJIIF30BAHUCM aK-
TyaJIbHBIX JIOCTH)KEHUH B 00J1aCTH IU(PPOBU3AIUHN 00pa30BaHUSI.

KiroueBble cjioBa: o0yueHHe MaTeMaTHKe, MOBBIICHHE KBaH(pHUKauy, reiMuduka-
U1, BEPOSITHOCTHBIA CTHIb MBIIIJICHUS
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