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Abstract. The article is focused on the problem of inducing students to develop the non-
linear, probabilistic style of thinking in the context of the digitalization of modern education.
The purpose of the study is to create effective scientific and methodological tools for organizing
the process of teaching mathematics in schools and universities in order to achieve high pedagogi-
cal, socially demanded results and, on the basis of these tools, to create an improved didactic
model with the effect of developing the probabilistic style of thinking, flexibility, creativity
and criticality in students so as to enable them to actively participate in social life. The model
of teaching mathematics is constructed in the unity of the target, theoretical and methodologi-
cal, content, technological, diagnostic and effective components. The structure-forming factor
is an information-intensive educational environment for teaching mathematics as a set of digital
information and educational content that contributes to the effective development of probabilistic
style of thinking. The content component of the model is implemented in the selection and
structuring of educational material based on the fractal approach, in the methodological update
of a complex of foundation spirals equipped with banks of applied and research tasks, taking
into account the depth of the fractal representation of educational elements. To obtain guaran-
teed learning outcomes while solving technological problems of implementing the model,
an adaptive learning system was used as a tool for developing probabilistic style of thinking
in students and creating an objective means of management. The results of introducing the
model into teaching practice with subsequent statistical verification based on the descriptive
statistics methods and Student’s #-test showed positive dynamics for all the structural compo-
nents of the model with a confidence level of 95%. The prospect of the research is further
intellectualization of the technological component of the model based on the hybridization of
artificial intelligence methods to ensure the effective development of the probabilistic style of
thinking with rapid changes in parameter values according to the set feedbacks.
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Introduction

The global transformations and crises in the modern period have drastically
changed the organizational and functional frameworks of our society, destroying
many of its most essential constructs. This complex process predetermines
the qualitative changes in a person who has a new type of thinking adapted to
the probabilistic nature of the processes taking place in the world. Therefore,
an important aspect of the phenomenon of the manifestation of the educational
effect is the formation of flexible and multifaceted thinking — probabilistic. There-
fore, an important aspect of the manifestation of the educational effect is the de-
velopment of a flexible and multifaceted style of thinking, i.e., probabilistic one.

Today it is impossible to introduce effective educational systems into prac-
tice without digital technologies, teaching materials and online services. Mana-
ging the formation of personal identity based on the ever-increasing use of con-
stantly evolving digital and network technologies is a key task for any educational
system. Modern digital technologies make it possible to form dynamic links
between pedagogical control and management, to effectively organize the lear-
ning process both from the informational-prescriptive point of view and from
the point of view of the effective development of the probabilistic style of thin-
king. Due to informatization of education, it becomes possible to create an infra-
structure for the transfer of information, transitions of interdisciplinary interaction
with the conjugation of intentional information flows, as well as to increase
the efficiency of perception and processing of information dictated by the stochas-
tic nature of the analyzed processes. Therefore, using digital tools, we are able
to fully unlock the potential of an innovative educational strategy and develop
the probabilistic style of thinking in the process of teaching mathematics.

The didactic aspect of the probabilistic style of thinking has been studied in
the works of P. Nilsson, S. Prediger, S. Schnell, E. Sanchez, P. Rubén Landin,
E. S. Mooney, C.W. Langrall, J.T. Hertel, C. Batanero and others (Nilsson, 2014;
Prediger, Schnell, 2014; Sanchez, Landin, 2014; Batanero, Borovcnik, 2016).
It is mathematical education that determines scientific knowledge from the con-
cept of classical determinism to new concepts of neodeterminism, to the ideas of
non-linearity and randomness that can provide the development of “high-order”
skills and the probabilistic style of thinking, which is revealed in new competen-
ces and personal qualities:

1) the possession of basic mathematical knowledge and skills that help solve
problems of real practice (the ability to analyze and compare information from vari-
ous sources, presented in different forms; evaluate its reliability and usefulness;
the ability to recognize and identify opportunities for applying mathematics, formulate
situations mathematically; interpret, use and evaluate mathematical results, etc.);

2) the possession of mathematical knowledge and skills that are necessary to
solve more complex problems in a situation of uncertainty and ambiguity, prob-
lems from other areas of knowledge with an unfamiliar context (critical and non-
linear thinking, creativity, ability to work in a team, etc.);

3) the ability to adapt to rapid changes in the environment (initiative, media
literacy, ability to interact, work in a team and for results, multicultural compe-
tence, leadership qualities, emotional intelligence, etc.);
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4) the proficiency in functional and digital literacy (ability to use mathema-
tical knowledge and skills in solving a wide range of tasks outside of educational
situations, in non-standard situations; readiness and ability to apply digital tech-
nologies in all areas of science, production and everyday tasks).

Two centuries of disputes and discussions about probabilistic theories and
concepts have led to the need to develop the probabilistic style of thinking in stu-
dents. In the era of big data and immersive interactive technologies, this problem
needs to be rethought. Numerous advantages of the “digital heritage,” the possibi-
lity of using virtual “soft control” of students’ mental activity open up new oppor-
tunities for improving mathematical education in the context of knowledge integra-
tion, motivated and creative overcoming of “problem areas” of mathematical activi-
ty, improving the conceptual model of teaching mathematics with the effect of de-
veloping the probabilistic style of thinking. We believe that this style of thinking
can be developed with the help of more advanced scientific and methodological
tools for organizing the process of teaching mathematics at school and university.

Literature review

Historically, the probabilistic style of thinking has been studied from vari-
ous perspectives.

The historical and philosophical view of probability and probabilistic thinking
was revealed in the works of R. Carnap, J.M. Keynes, K. Popper, M. Borovcnik,
R. Kapadia and others (Carnap, 1962; Keynes, 1921; Popper, 1957; Borovcnik,
Kapadia, 2014). It should be noted that the debate about the philosophical basis of
probability has not yet been fully resolved. Three main theories related to the clas-
sical, frequency, and subjectivist approaches are described. These philosophical
ideas are key ones to the development of the content and methodology of training.
Probabilistic concepts are closer to a consistent way of thinking about the world
than deterministic ones.

The concept of “probabilistic style of thinking” is not generally accepted in
psychology. The new term was introduced in 1945 by the psychologist B.M. Teplov
to designate “a type of thinking, the structure of which includes judgments about the
degree of probability of expected events” (Teplov, 1961). Investigating the specifics
of this type of thinking, its structure, many researchers of cognitive psychology
have identified the features of probabilistic thinking. One of these features is the role
of the heuristic approach in formulating probabilistic judgments and conclusions
(Gigerenzer, Gaissmaier, 2011). At the same time, it is advisable to recall the spe-
cific features of the probabilistic style of thinking, which drew the attention of
D. Kahneman and A. Tversky (Kahneman, Tversky, 1973). The scientists focused
on such its features as accessibility, representativeness, consolidation and correction.

W. McGuire and P.N. Johnson-Laird have explored the problem of probabilis-
tic thinking based on mental models (“software based thinking”). They have proved
that the extensional basis of probability theory is composed of deduction, induction
and probabilistic thinking. The probabilistic style of thinking allows us to understand
the world by constructing mental models (Collins, Michalski, 1989; Gigerenzer et al.,
1991; Johnson-Laird, 1994), which are based on certain principles (Collins, Michal-
ski, 1989). The research of G. Gigerenzer, U. Hoffrage, H. Kleinbdlting (Gigerenzer
et al., 1991) is focused on probabilistic mental models considered as the functional
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equivalent of a problem space in which a solution to a problem related to decision-
making and risk assessment is being sought. In the study of A.V. Dobrin and
AM. Lopukhin, the probabilistic style of thinking is also determined through
“an individually peculiar way of identifying and formulating a problem situation
that contains an element of uncertainty” (Dobrin, Lopukhin, 2019). The ability
to make probabilistic conclusions and justify uncertain judgments is determined
by the ability to differentiate randomness and causality, the ability to predict based
on a combination of induction, deduction and intuition methods.

Didacticians offer their own vision of the probabilistic style of thinking.
For example, they believe that it is possible to develop “genuine” probabilistic
thinking as a result of the analysis of the causes of errors and conflicts between
the primary intuitive schemes for solving educational problems and specific types
of reasoning specific to stochastic situations (Fischbein, Schnarch, 1997). Accor-
ding to Yu.l. Ponomarev and T.G. Shapovalenko, probabilistic thinking is under-
stood as a type of thinking based on cause-effect relationship. The authors empha-
size that this relationship is established not in single outcomes, but in an ensemble
of random phenomena (Ponomarev, Shapovalenko, 2008). This approach is taken
bay Rolf Biehler, “do not look for connections in an individual case” (Biehler,
1994). And then the scientist comes to an unexpected interpretation of probabilis-
tic thinking: “Probabilistic thinking is the basis of enlightenment: randomness is
not magic, but it can be calculated — at least to a certain extent, namely in relation
to long-term behavior. The risks become calculable, and the uncertainty of deci-
sion-making can be rationalized” (Biehler, 1994).

An original understanding of probabilistic thinking through the activation of
cognitive activity of students by means of a meaningful context containing uncer-
tainty is proposed by D.I. Sari and D. Hermanto (Sari, Hermanto, 2017).

According to the long-term research conducted by S. Dvoryatkina (Dvo-
ryatkina, 2013), and later by M. Borovcnik (Borovenik, 2016), the probabilistic
style of thinking allows us, using representations created on the basis of logic and
intuition, to assess their probability, making it possible to quickly find the most
correct decision in difficult situations of choice and uncertainty.

Summarizing the obtained data on the essence of the concept of “probabilis-
tic style of thinking”, we can define it as “an individual system of intellectual
strategies, methods, techniques, principles, forms, ideas of probabilistic-statistical
description and cognition of the laws of the surrounding world. This system en-
sures the application of scientific methods based on: a combination of perception
modalities and primary assimilation of educational material; activation of the in-
teraction of logical and intuitive types of thinking; integration of logical and pro-
babilistic forms of thinking; qualitative enrichment of mental operations through
the formation of systemic knowledge” (Dvoryatkina, 2013).

A model for teaching mathematics
with the effect of developing the probabilistic style of thinking

The author’s structural and functional model of teaching mathematics in
schools and universities with the effect of developing the probabilistic style of
thinking is presented as part of the components and their characteristics: theoreti-
cal and methodological, content, technological and diagnostic ones.
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The goal-setting of the system for teaching mathematics with the effect of
developing the probabilistic style of thinking is determined by:

— the social order (the need of society, production and economy for highly
qualified specialists; the changed demand for the quality of general secondary and
higher professional education);

— the changes in the educational and professional environment (the transi-
tion to federal educational standards of a new generation; the introduction of new
professional standards, the digitalization of education); and

— the external prerequisites (the general trend in ensuring the global competi-
tiveness of Russian education; the integration of Russian education into the Euro-
pean educational and scientific space).

An innovative component of the model is an information-intensive educa-
tional environment for teaching mathematics as a set of digital information and
educational content that contributes to the effective development of the probabilis-
tic style of thinking.

The theoretical and methodological basis for building the model is the con-
cept of fractal formation and development of the probabilistic style of thinking
through the example of teaching mathematics in schools and universities in
the context of global informatization of education based on a combination of
these approaches, which justify and characterize the leading ideas and interrelated
provisions on the possibility of effective development of the probabilistic style
of thinking in the process of teaching mathematics.

Let us now list the main provisions of the concept (Dvoryatkina, Scherbatykh,
2020):

— the probabilistic style of thinking as a result of the development of profes-
sional competence of a modern specialist in all areas of training. The main idea of
this provision is that the independence and competence in solving problems in con-
ditions of choice and uncertainty, the ability to overcome problems of social inter-
action, the accelerated decision-making and adaptive behavior in difficult situations
are indicators that students have developed the probabilistic style of thinking;

— the fractal structure of thinking. The main idea here is that the use of frac-
tal methods in modeling and analyzing complex, nonlinear thinking processes will
provide a solution to the problem of effectively regulating information flows, fil-
tering information and minimizing the relative delay in the controlled formation
of integrative relationships;

— the cyclic and systematic development of the probabilistic style of think-
ing. The main idea is that the cyclic and systematic development of the probabilis-
tic style of thinking is realized through the obligatory and sequential change
of two phases (cumulative and bifurcational): a certain potential is accumulated,
a bifurcation occurs and the process moves to a new fractal development level;

— the foundation theory as a necessary methodological construct for future
specialists to develop their probabilistic style of thinking, personal and profes-
sional qualities. The main idea is that the management of the fractal development
of the probabilistic style of thinking in the process of teaching mathematics is car-
ried out through coordination with the foundation constructs of personal develop-
ment: from updating the initial state of the student’s individual experience to
the implementation of solutions to specific applied problems through the use of
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digital technologies in a dynamically changing information environment at each
level of the foundation spiral development;

— the synergy of mathematical education as a system-forming factor in
the design and organization of the educational process in schools and universi-
ties, focused on the development of the probabilistic style of thinking. The main
idea is that the synergy of mathematical education in schools and universities cre-
ates conditions for the effective development of the probabilistic style of thinking,
providing opportunities for self-education, self-actualization and self-development,
the fullest disclosure of communicative opportunities and actualization of creative
independence in the educational process;

— the dominant role of modern computing power and software in the con-
trolled development of the probabilistic style of thinking. The main idea is that
the use of modern computing power and software for the controlled development
of the probabilistic style of thinking will allow for rapid diagnostics, correction
and forecast of the dynamics of this process in the direction of individualization
and personalization of educational paths of students’ development and self-
development.

The methodological foundations of the concept are system-based, vector-
contextual, competence-based, environmental, fractal and synergetic approaches.
The synthesis of these approaches provides the disclosure of functional, opera-
tional and motivational components of the integrity of the perception of sign-
symbolic activity in the direction of understanding and comprehending mathema-
tical knowledge, developing creativity and critical thinking, activating the interac-
tion of intuitive and logical types of thinking and, as a result, qualitative enrich-
ment of mental activity.

An important methodological basis of the didactic system is the periodic sys-
tem of principles using the ideas of synergetics. The authors introduced triads of
principles into the theory and practice of teaching mathematics: the development of
mathematical intuition — the logical structure of mathematical objects — the inclu-
sion of probability in the structure and content of knowledge; fundamental — applied
and professional orientation-Foundation; discreteness — continuity — fractality;
openness — closeness — transdisciplinarity; expediency-causality — polymotivation;
problems — clarity — flexibility and adaptability of the organizational structure;
structural algorithmization — creativity — polyvariance; uncertainty — environmental
conditionality — bifurcation; saturation of the educational environment — individual-
ization and personalization of educational routes — intelligent management.

The content component of the model is implemented in the structural-
functional, process-activity and motivational-applied modules based on a spiral
scheme of deployment and modeling of basic educational elements in the direc-
tion of the development of thinking, personal and professional qualities of stu-
dents in teaching mathematics.

The structural-functional module 1s implemented at the stage of analysis, se-
lection and structuring of educational material. To select and structure the learning
content, the fractal description method is used, which reflects the property of
the self-similarity of the whole in any of its divisible parts due to the same scheme
for constructing all the structural elements of the learning content. The fractal repre-
sentation of educational elements with variable structuring of mathematical content
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intensifies the cognitive activity of students, ensuring the effective development of
thinking mechanisms, managing the depth of establishing interdisciplinary connec-
tions and its operational control at the necessary levels of interpenetration.

The process-activity module includes: process stages of selecting and struc-
turing the content of training:

1) the design of educational thesauri of mathematical disciplines on the basis
of information-semantic and logical analysis with subsequent examination;

2) the definition of the structural interdisciplinary component of key concepts;

3) the deployment of the fractal structure according to the selected develop-
ment vectors of the key concept;

4) the selection of parameters for limiting the growth of fractal conceptual
structures (setting the number of iterations);

5) the content of training modules based on objectified thesauri,

6) the structuring of the bank of educational, cognitive and research tasks
linked to the fractal structure of the conceptual apparatus (hierarchical complexes of
multi-stage mathematical and informational tasks for schools and universities: pro-
fessionally oriented, applied and research tasks classified by levels of complexity).

The main tasks of designing motivational-applied module include ensuring
the motivation of educational-cognitive activity database spirals of foundation
equipped with banks of applied and research tasks, taking into account the depth
of the fractal representation of training elements. The motivational-applied com-
ponent is implemented in a contextual and information-intensive educational envi-
ronment and is updated at the stage of mastering the system of mathematical con-
cepts, methods of action and operations with them. The fractality of structuring
the content of teaching mathematics as it becomes more complex ensures its
adaptability to specific learning conditions and the contingent of students.

The bank of problems for the basic school includes problems for analysis
and synthesis, the ability to operate with a stock of knowledge, comparison, dis-
crimination, abstraction, generalization, classification, systematization, induction
and deduction, proof, mathematical problems on a chessboard, for the game
Zhipto and Go, classified by levels difficulties; for higher education — these are
professionally oriented and research tasks, multi-stage research tasks on computer
modeling of nonlinear dynamic processes, etc.

The technological component is implemented in the form of a graph for co-
ordinating the stages of developing the probabilistic style of thinking and a cluster
of foundations of a generalized construct with the content of school or university
mathematics, as well as means of intellectual support, i.e., adaptive learning system.

Description of approval stages (Figure 1):

1) creating a motivational field by means of visual modeling (presentations,
video clips, simulation, business and didactic games) and motivational-applied
situations that encourage integrating efforts to find a solution to the problem. Ac-
tualization of the motivational field is manifested in the expression of value and
personal-adaptive characteristics of students’ cognitive activities aimed at deve-
loping of standards of a generalized construct of mathematical knowledge and fo-
cus on finding research methods, as well as implementing interdisciplinary and
interdisciplinary connections through the development of thinking mechanisms
(induction, deduction, analogy, insight);
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Figure 1. Coordination of the stages of developing the probabilistic style of thinking
in the process of acquiring new knowledge (Dvoryatkina, Scherbatykh, 2020. P. 183)

2) creating a rich information-educational environment in implementing
empirical tests and designing models of foundation procedures based on cognitive
independence and actualization of thinking mechanisms (logical and critical ana-
lysis, forecasting, evaluation); designing situations of intellectual tension and self-
organization for students, actualizing uncertainty, mechanisms of self-determination
and self-actualization in problem situations when developing individual compo-
nents of the essence of the generalized construct;

3) designing and organizing the process of learning research procedures and
innovative manifestations of the essence of the generalized construct during the
deployment of its foundation stages based on the actualized mechanisms of crea-
tive cognitive activity (analysis through synthesis, interaction of logical and intui-
tive principles, search for the unknown using heuristic techniques, combining).
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The forms, methods and means of mastering the generalized construct are imple-
mented through the integration of binary oppositions: traditional teaching methods
and methods of teaching using web technologies, reproduction and search, inter-
active and traditional learning, active and passive perception, etc.

4) monitoring and developing diagnostic procedures for measuring the cha-
racteristics of students’ personal qualities, the level of development of the proba-
bilistic style of thinking in the course of their mastering the essence of the gene-
ralized construct. The leading thinking mechanisms at this stage are evaluating
the truth of hypotheses, forecasting, evaluating the methods and procedures for
finding results, and varying the conditions and data of the problem; and

5) organizing the content and transferring innovations to the mass practice
of developing the school of mathematics; integrating the individual and the social
in the design of an innovative synthesis of constructs; exchanging information,
verifying innovations; identifying characteristics, parameters and indicators of
the developed probabilistic thinking.

The fractality of mental activity determines the stages of manifestation and
funding of self-actualization and self-development of the student’s personality and
the construction of the educational process according to the logic of personality-
developing education.

To obtain guaranteed learning outcomes while solving technological prob-
lems of implementing the model, an adaptive learning system was used as a tool for
developing probabilistic style of thinking in students and creating an objective
means of management. The structure of the core of the adaptive system includes
blocks with specified links between them: student access control; interactive infor-
mation and instructional; accumulative bank of information about users; interface
with the Internet; interface with administrators; graphical visualization of successful
user’s activities; educational and informational material; diagnostic material and
artificial intelligence (Dvoryatkina et al., 2019). The use of the adaptive learning
system contributes to the creation of an interactive intellectual environment, i.e.,
a subject-technological space that provides dynamic and effective intellectual de-
velopment of the student’s personality, including the probabilistic style of thinking.

The diagnostic component of the model includes the following components:

1) the characteristics of the levels of the developed probabilistic style of
thinking in the process of teaching mathematics (reproductive, search, research,
creative);

2) the criteria that reflect the effectiveness of activities to ensure the deve-
lopment of the probabilistic style of thinking in the process of teaching mathema-
tics. This effectiveness is determined by logical, intuitive, predictive, reasoned-
heuristic, critical and combinatorial criteria. A more detailed description is pre-
sented in (Dvoryatkina et el., 2019); and

3) the diagnostic methods and tools: to determine the effectiveness of
the system of teaching mathematics with the effect of developing the probabilistic
style of thinking, methods of mathematical statistics and the mathematical appa-
ratus of the theory of fractals were used, as well as psychological testing was con-
ducted using psychodiagnostic tools for diagnosing the probabilistic style of thin-
king (R. Amthauer’s test of the structure of intelligence; S. Epstein’s question-
naire of intuitive style; L.A. Regush’s “predictive ability” method, P. Torrence’s
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creativity test; L.A. Regush’s critical thinking test; L. Starkey’s method for diag-
nosing the development of combinatorial thinking).

The software for visual assessment of the probabilistic style of thinking in
the system of qualimetry of students’ knowledge is based on the C++ language
as a module of the diagnostic material block of the adaptive learning system.
The use of the theory of fractals allowed us to correct the empirical distribution
of system states at any time relative to the calculated one. The methods of correla-
tion and factor analysis made it possible to determine the degree of influence
of internal and external factors on the effectiveness of the educational process
and its quality. We checked the reliable significance of individual indicators of
personal development using statistical criteria.

The resulting component of the model is the final didactic product,
to which all the other components of the system are oriented. As a result of
the implementation of the model of the system of teaching mathematics, students
are supposed to develop the probabilistic style of thinking of a high level, which
provides their pre- and professional self-realization.

Empirical verification of the model

The effectiveness of the structural-functional model of teaching mathema-
tics in schools and universities with the effect of developing the probabilistic style
of thinking was based on diagnosing the level of the developed probabilistic style
of thinking in schoolchildren and students using a comprehensive methodical
complex, including diagnosing the established indicators of this style of thinking
before and after experimental exposure. The experiment was conducted at schools
of the Lipetsk and Tula regions as well as at Bunin Yelets State University. The ex-
perimental sample (n = 180) was made up of schoolchildren aged 13—17 years
(n1 = 51) and University students aged 17-22 years (n2 = 66).

The formation (in school children) and development (in students) of the pro-
babilistic style of thinking was diagnosed using elements of descriptive statistics of
the sample mean X and standard deviation o of comparing the indicators before and
after experimental exposure in one sample) and indicators of the dynamics of de-
velopment processes (growth rates), and also with the help of Student’s #-test.

The results of statistical processing of empirical data for the entire sample
showed significant differences in the output parameter “average indicator of
the level of the developed probabilistic style of thinking” (Table 1, Figure 2).

Table 1
Differences in the statistical indicators of the developed probabilistic style of thinking
in schoolchildren and students
Components Pupils (n, =51) Students (n, = 66)
to be Before After Before After
diagnosed | (%0) | (%0) f P (%0) | (%0) t P
Logical (73;12) | (85;10.5) 5.37 0.000 (87;18) | (98;12) 4.13 0.000
Intuitive (10;.5.2) | (12;4.7) 2.04 0.023 (23;4.9) | (27;3.5) 5.40 0.000
Prognostic (5;3.1) (8;2.7) 5.31 0.000 (11;4.3) | (14;1.8) 5.23 0.000
Argumented-
he?lristic (51;3.2) | (58;1.9) 13.43 0.000 (79;4.2) | (81;3.2) 3.08 0.002
Critical (8.8;2.4) | (5,4;1.9) 3.73 0.000 (19; 3.2) |(23.8;2.5) 9.60 0.000
Combinatorial | (12;5.8) | (17;2.6) 5.62 0.000 (28;8.5) | (43;7.8) 10.56 0.000
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The overall average was X; = 25.8 and X, = 30.9 for the sample of school
children and ¥; = 29.67 and Y, = 47.67 for the selection of students. There was
a significant difference in the group of students and a slight difference in the group
of schoolchildren.

120 === mm e mm e e e e e
100 - - OPupils before
80 T M W T W Pupils after
60 1| NN ------------oe - .
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Figure 2. Graphical representation of differences
in the statistical indicators of the developed probabilistic style of thinking

In general, we can note a slight positive change in the average indicators for
all the studied components of the probabilistic style of thinking. The expected re-
sult is that the intuitive and combinatorial distributions between representatives at
different stages of pre-professional and professional development are linearly ap-
proximated with positive coefficients, while the logical and reasoned-heuristic
distributions are a normal histogram fitting function. The authors tend to interpret
the results as confirming the effectiveness of the structural-functional model of
teaching mathematics in schools and universities with the effect of developing
the probabilistic style of thinking in schoolchildren and students.

The dynamics of changes in the process of developing the probabilistic style
of thinking before and after experimental exposure are determined using Student’s
t-test. The empirical values for the group of schoolchildren are shown in Table 1,
and the critical area is formed by the right-hand interval (2.01; +oo) for the signifi-
cance level of 0.05. Since all the obtained values fall into the critical region,
the null hypothesis about the equality of group averages (before and after experi-
mental exposure) is rejected. The empirical values for the group of students are
indicated in the last column of Table 1, the critical area is formed by the right-
hand interval (1.9; +o) for the significance level of 0.05. It can be seen that all
the calculated values also exceed the critical one; therefore, there are no grounds
for accepting the hypothesis of the equality of group averages. Thus, we have
found a statistically significant influence of the implemented model on the posi-
tive change in the average indicators for all the studied components of the proba-
bilistic style of thinking developed in schoolchildren and students.

The dynamics of changes in the development of the probabilistic style of

thinking are calculated using the growth rate indicators (Table 2): T, = Y100%.
Yo
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Table 2
Differences in the development rates of the probabilistic style of thinking

Components Pupils (n, =51) T % Students (n, = 66) T %

to be diagnosed Before After P Before After P

Logical 73 85 116.44 87 98 112.64
Intuitive 10 12 120.00 23 27 117.39
Prognostic 5 8 160.00 11 14 127.27
Reasoned-heuristic 51 58 113.73 79 81 102.53
Critical 3.8 54 142.11 19 23.8 125.26
Combinatorial 12 17 141.67 28 43 153.57

The positive dynamics of changes in the level of the developed probabilistic
style of thinking characterizes the integral development of the conscious and in-
tuitive spheres, i.e., the dominant components of the probabilistic style of thinking
with resonant responses to the intensification of mental activity in the form of rea-
soned-heuristic, predictive, critical and combinatorial components that integrate
and expand intuitive and abstract logical abilities. The dynamics of the predictive,
critical, and combinatorial components is most pronounced, while the weakest
dynamics is observed in the reasoned-heuristic component.

Conclusion

In conclusion, it should be noted that the relationship between the components
of the projected conceptual model clearly demonstrates the prospects for moder-
nizing the learning process, namely:

— increasing the role of educational potential (system of general scientific,
professional, special and humanitarian knowledge);

— activating creative and intellectual potential (processes of self-actualiza-
tion and self-realization);

— motivating students to achieve high levels of general and professional cul-
ture of students;

— developing meta-subject, universal and general professional competences
for the effective use of personal development resources in the most promising are-
as of activity.

The prospect of the research is further intellectualization of the technologi-
cal component of the model based on the hybridization of artificial intelligence
methods to ensure the effective development of the probabilistic style of thinking
with rapid changes in parameter values according to the set feedbacks.
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TeopeTunyeckasa ctaTbs

Mopaenb 00y4yeHuss mMaTemMmaTuke
¢ 3adpPeKTOM pa3BUTUSA BEPOATHOCTHOINO CTUJA MbILLUJIEHUS
B uMdppoBoii oOpa3oBaTenbHOM cpeae:
TeopeTuyeckoe 060CHOBaHue U 3AMNUpPUYEcKaa NnpoBepka

C.H. IBopsiTKHHA

Eneuxuii rocynapcrBeHnsiii yauBepcuteT umenu M.A. bynuna,
Poccuiickas @edepayus, 399770, Eney, yr. Kommynapos, 0. 28
B sobdvor@yelets.lipetsk.ru

AHHoTanus. PaccmarpuBaercs npoOiiemMa pa3BUTHS HETMHEHHOTO, BEPOSTHOCTHOTO CTHIIS
MBIIUICHUST 00y4aeMbIX B yCIOBHSX IH(PPOBOH TpaHCHOPMALIMK COBPEMEHHOTO 00pa30BaHusI.
Henpio siBusiercst pa3paboTka 3(PPEKTUBHOIO HAYIHO-METOAOIOTHYECKOTO MHCTPYMEHTAPHS
opraHu3anuy mpouecca o0yuyeHHss MaTeMaTHKE B ILKOJEC U By3€ JUIS JOCTIKEHMS BBICOKUX
NeJarOTHYECKHX, COIMATIbHO-BOCTPEOOBAHHBIX PE3YIbTATOB M CO3IAHUS Ha €r0 OCHOBE YCO-
BEPIICHCTBOBAHHOM AUIAKTHUCCKOW MOIeNH ¢ 3P eKToM pa3BUTHS BEPOSTHOCTHOTO CTHIIS
MBIIIUICHUS], THOKOCTH, KPEATUBHOCTU U KPUTHUHOCTH JIMYHOCTH JJIst BO3MOXKHOCTH €€ aKTHB-
HOTO y4acTHsI B )KU3HEIESATEIBHOCTH 00miecTBa. Mosens 0o0ydeHuss MareMaTuke ¢ 3dhexTom
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Pa3BUTHS BEPOSITHOCTHOTO CTHIISL MBIIIICHUS pa3paboTaHa B €IUHCTBE IIEIEBOT0, TEOPETHKO-
METOIOJIOTMYECKOT0, COAEPKATENBHOIO, TEXHOIOIMYECKOT0, IMarHOCTUYECKOTO U PE3YJIbTATUBHOIO
KOMITOHEHTOB. CTpyKTypooOpa3yIomuM (pakTopoM BHICTYIIaeT WH(POPMAIIMOHHO-HACHIIICHHAST
obpazoBarenbHast cpefa 00ydeHHsT MaTeMaTHKEe KaK COBOKYITHOCTh ITU(POBOTO WHPOPMAIIH-
OHHOT'O U 00pa30BaTEIBLHOI0 KOHTEHTA, CHOCOOCTBYOMIAst 3(h(hEKTUBHOMY Pa3BUTUIO BEPOSIT-
HOCTHOTO CcTWIsl MbIlIeHHs. CoJiepKaTebHbI KOMIOHEHT MOJEIH Pealn3yeTcst B 0TOope 1
CTPYKTYPUPOBAHUH YISOHOTO MaTepHaa Ha OCHOBE (PPaKTATBGHOTO ITOIXO0/I2, B METOIMYECKOM
OOHOBJIEHHH KOMIUIEKCOM crupaneil (pyHIUpOBaHMs, OCHAIIEHHOTO OaHKaMH MPUKIAIHBIX U
HCCIIEJOBATEIBCKHUX 3aa4 C YIeTOM INIyOUHBI (DpaKTaIBHOTO MPEACTABICHHS YUCOHBIX 3IEMEH-
ToB. [Ipu pemeHnn TeXHOJIOIMYEeCKUX 3a/lad peau3alii MOJEINH, IOJIy4YeHUs FrapaHTUPYEMBbIX
pe3yabTaTOB OOYUYCHUS! B KAU€CTBE MHCTPYMEHTA Pa3BUTUS BEPOSATHOCTHOIO CTHJISL MBbIIILIE-
HUSI 00y4aeMbIX U 0OBEKTHBHOIO CPECTBA YNPABICHUS BHICTYIANIA aIalTUBHAs 00ydJaromias
cucrema. Pe3ynbTaTel BHEIPEHHS MOIETH B NMPAKTUKY OOYUYCHUS C IOCIENYIOmel CTaTHCTH-
YECKOW MPOBEPKOW Ha OCHOBE METOOB OMMCATENBbHOM CTaTUCTHUKH, f-KpuTepHs CTbroAeHTa
YCTAaHOBIJIM TOJIOKUTEIIFHYIO INHAMUKY 110 BCEM CTPYKTYpPHBIM KOMIOHEHTaM MOJIENH C JI0-
BEPUTEIbHOM BeposATHOCTBIO 95 %. IlepcriexkTuBa ucciiejoBaHUs COCTOUT B JaJIbHEHIIEH HH-
TeJJIEKTYaIU3aluy TeXHOJOIMYECKOr0 KOMIOHEHTa MOJIETI Ha OCHOBE TMOPUIHOCTH METO/I0B
UCKYCCTBEHHOIO MHTEIUIEKTA JUIsl oOecriedeHus: 3(p(hEeKTUBHOIO pa3BUTUSI BEPOSITHOCTHOTO CTHIIS
MBIIIJICHUS] C OBICTPOH AMHAMMKOM M3MEHEHUS 3HAYCHUI MapaMeTpoB, COTJIACHO 3aJaHHBIM
00paTHBIM CBSI35IM.

KuioueBsble cjioBa: MaTeMaTuieckoe oOpa3oBaHue, MOJENb 00y4YeHHUs, CHHTE3 T0X0-
JIOB, BEPOSITHOCTHBIM CTHJIb MBINUICHUS, CHCTEMA TPUHIIMIIOB, MHHOBAIIMOHHOE COJICpKaHNUE,
aJanTUBHAS 00ydJaroIas cucremMa

Hcropus crarbu:
ITocrynuna B pepaxkuuto 17 anpens 2022 .
[Ipunsita xk mewarn 7 mast 2022 .

Js muTHpOBaHUs:

Dvoryatkina S.N. A model of teaching mathematics with the effect of developing the proba-
bilistic style of thinking in a digital educational environment: theoretical justification and em-
pirical verification // BectHuk Poccuiickoro yHuBepcurera apy»x0s1 HapoqoB. Cepusi: Ilcuxo-
norus u negaroruka. 2022. T. 19. Ne 2. C. 352-366. http://doi.org/10.22363/2313-1683-2022-
19-2-352-366

Caenenus 00 aBTope:

Heopsmruna Ceemnana Hukxonaeena, NOKTOP MEAarOrMYeCKUX HAyK, JOLEHT, 3aBEIYHOIIAs
kadeapoll MaTeMaTHKH U METOAMKH €€ TpernoaaBanus, Enelkuil rocy1apcTBEHHbIH YHUBEP-
cutet umenn M. A. bynnna (Enen, Poccus). ORCID: 0000-0001-7823-7751, eLIBRARY SPIN-
kox: 6024-5100. E-mail: sobdvor@yelets.lipetsk.ru

366 EDUCATION IN THE DIGITAL ENVIRONMENT





