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ABSTRACT:

The article shows that implementation of the provisions of the
continuity and incessancy principles together with integrated
application of information and remote technologies, as well as
innovative means of assessment and evaluation allow one to
identify positive dynamism in measuring the levels of the
stochastic competence formedness in high school students.
High performance can be achieved by means of a proper
combination of these teaching and assessment means and
methods, identification of underlying intrasubject and
interdisciplinary genetic affinity of a subject, selection of a set
of real-world problems that would allow the competence to
manifest itself in full

Keywords: stochastic competence, continuity, incessancy,
readiness for instruction, information technologies.

RESUMEN:

El articulo muestra que la implementacién de las disposiciones
de los principios de continuidad e incesancia, junto con la
aplicacion integrada de informacion y tecnologias remotas, asi
como los medios innovadores de evaluacién y evaluacién,
permiten identificar un dinamismo positivo en la medicién de
los niveles de competencia estocastica en niveles altos.
estudiantes de escuela Se puede lograr un alto rendimiento
por medio de una combinacién adecuada de estos medios y
métodos de ensefianza y evaluacion, la identificacion de
intrasujetos subyacentes y la afinidad genética
interdisciplinaria de un sujeto, la seleccion de un conjunto de
problemas del mundo real que permitirian que la competencia
se manifieste en completo

Palabras clave: competencia estocastica, continuidad,
incesancia, preparacién para la instruccién, tecnologias de la
informacién.

1. Introduction

In modern information society, it is not only knowledge that is valued as never before, but also the ability
to apply, update and improve it, that is, to form competences in school students. This is a key element not
only for each person’s creative self-fulfillment, but also for a global development of society. According to
requirements imposed by state educational standards and social mandate, as well as personal
expectations of school students in the education system, there has been a shift in paradigms expected to
form competences in students. In this respect, it is growing more urgent to search and develop a
methodical concept that could meet the requirements and create favorable conditions for development of

the intellectual potential in students.

The purpose of the study: development and substantiation of a stochastic competence formation
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concept based on a principle of continuity as the major factor in effective learning process organization.

The issue of developing the most effective and successful teaching methods that would guarantee a high
personal performance of school students has remained relevant for education throughout the entire period
of its formation. Reforms in the modern educational system have led to identification of such a property as
flexibility, that is, the ability to quickly adapt to changing demands of the social mandate and each stage of
education against the previous one. The main component that makes it possible to implement the
flexibility of education subsystems and interaction of their elements is the continuity principle.

The whole variety of society requirements for future graduates determines in their school days the
developing ability to possess, receive and apply information, to analyze and critically assess situations.
Therefore, special attention should be paid to solid stochastic knowledge formation in general educational
development of a student’s personality, which plays an important role in processing and perception of
information about social, political, economic or other spheres of life (Shor, 1977: 21).

Modern education is entrusted with the task to develop such personal qualities in high school students that
would prove useful to society in their socially significant activity, facilitate appreciation of the present-day
worldview and methods of its research (Byvsheva, 2012: 28). It follows therefrom that in the context of
school mathematical education it is important to form a stochastic competence as one of the components
of productive student educational activity.

The continuity principle in formulating a methodological concept of the stochastic competence
development in students of the 10th and 11th grades of general education schools will serve as a crucial
component in increasing the overall effectiveness of the educational process, implementation of continuity,
“incrementality” of the educational process, and quality training of future graduates at a higher level
(Asmolov, 2016: 20). The evidence thereof affirms that this principle implementation possibility is
becoming reasonably required.

The problem of stochastic competence formation in secondary school students was considered in a paper
of I.V. Kitaeva (2017). However, this question statement research based on the principles of continuity and
incessancy has not been studied before, and the comprehensiveness of integrating conventional and
information methods as well as teaching and assessment means guarantees high performance.

1.1. Literature review

An analytical review of literature on the continuity problem in education has shown that certain time
periods are characterized by the fact that this issue has been either not discussed at all, or touched upon
indirectly as a result of studying certain methodological principles of education and the modern education
system development.

Since late 1917, following the nationalization of all types of educational institutions when schools became
generally accessible and compulsory, special attention has been paid to continuity of all the education
stages as a key factor that provides equal educational opportunities. One of the first references to the
term “succession” can be found in the work of M.M. Pistrak “Pedagogy” (1934) as a general pedagogical
principle of the education system that determines the “unity” of school characterized by the continuity of
all its stages, that is, continuity is a link for school students to proceed from primary to secondary school,
and from secondary to higher education. A number of scholars hold to a similar opinion that continuity is a
general pedagogical principle that determines coherence and interrelationship, integrity and unity of the
learning process at all stages of education (Godnik, 1990: 75).

Other researchers, such as N.N. Oleinik (1974), D. Sh. Sitdikova (1985), T.P. Payson (2007: 158), R.M.
Zainichev (2015) and others tend to define continuity as a general pedagogical regularity expressed in
successive relation “from one academic year to another” qualitatively increasing the educational process
efficiency in terms of its quality (Smantzer, 2013: 63).

Such educators as A.A. Kyveryalg (1986), V.N. Revtovich (1987) understand continuity as a
methodological principle of learning process at different stages of education as a universal basis for
advance and development of student knowledge (Kyveryalg and Mikhailov, 1986: 74).

Such didacticians of the 1950s as P.N. Gruzdev (1940), I.T. Ogorodnikov and P.N. Shimbirev (1950) and
others do not use the concept of “continuity” at all when considering didactic principle; however, when
specifying certain issues, they imply constituent elements of continuity: systematicity, consistency, and
perspectivity. Thus, P.N. Gruzdev’s works formulate systematicity and consistency as a synonym for
continuity: acquiring knowledge, expertise and skills involves a certain sequence of the studied material
accumulation that would rely on a previous sequence, while the previous one would be expanded and
strengthened by the subsequent one, thereby ensuring the learning process integrity (Gruzdev, 1940:
281).

At the present stage of the education system development, the concept of continuity is being expanded
and supplemented, becoming more “flexible” and adaptive:

e continuity implements a unified pedagogical tendency that contributes to a systematic, gradual and
consistent implementation of the student personality learning and development process in ever-changing



learning environment as a regular phenomenon of the educational process;

e a process of interaction, whereby new experience accounting for continuous development of the
education system is formed based on past experience (Arkhipova, 2009),

e a process and a result of manifesting systematicity and continuity of academic programs acquisition, of
the functioning system of learner’s continuous personal education (Oreshkina, 2003: 194);

e a process of progressive individual development at each stage of continuous education, depending on the
genetic affinity of the stages of education and student development (Prosvirkin, 2010: 43).

Revealing the relevance of the issue under study, it should be noted that so far, there have been
theoretical discrepancies in the approaches to solving the problem of continuity in education. It consists in
an ambiguous approach to explaining continuity either as a general pedagogical regularity or as a general
pedagogical or methodological principle. The latter in turn allows one to provide insight into “underlying”
theoretical aspects of the intrinsic property of continuity in the modern education system, to identify a
system of measures that would determine the purposefulness and systematic nature of genetic affinity in
the educational process. As a result, the lack of a unifying pedagogical vision that would ensure
functioning and realization of continuity in mathematical education is subject to further research and
refinement.

The highest premium in the formation of stochastics as a science is set on such scholars as A.N.
Kolmogorov (1938), A.Ya. Khinchin (1938), V.Ya. Bunyakovsky (1846), Ye.Ye. Slutsky (1960) and many
others. Despite the discontinuity of its development, it is today when it is on the highest rise pursuant to
its expansion and application in many sciences and technologies. Studying elements of the probability
theory, combinatorial analysis and mathematical statistics in the secondary school course in mathematics
makes it possible to reveal the universal character of stochastic methods used in widely different areas, to
determine potential scope for their application in future professional activities (Concept of the development
of mathematical education in the Russian Federation, 2013).

One of the strategic ideas of the modern education system is to create an environment that would meet
the requirements of society, the government and the labor market to provide quality education as a result
of designing new institutional mechanisms for regulating the education sector that would update the
genetic affinity in teaching and improve the structure, content and practical focus of academic programs.

The most important factor in the learning process efficiency that allows for a smooth transition from one
stage of education to another is properly formed expertise and skills of student information activity, the
ability to apply knowledge in solving real-world problems, that is, to form competences. The framework for
information provision for high school students in the school course in mathematics is a focus on the
effective use of information resources, the latest technical means and software products of information
technologies, various means of remote technologies that create optimal conditions for individual
development and improvement of students for the period of their school career (Bunck et al., 2017: 293).

2. Methodology

An important role in the research was played by a search for methodological problems of forecasting
mathematical education in general and through the example of stochastics, a selection of the most optimal
teaching and assessment methods and means for its successful implementation. The factor analysis the
authors carried out has allowed them to explore the existing educational experience and draw theoretical
inferences therefrom. Curricula and academic documentation of general education schools in Lipetsk
Region (Russia), educational standards, thesis works on the subjects under consideration have been
studied, and an online learning course on stochastics has been introduced into the educational process.
The main findings and conclusions were obtained through the use of experimental and practical methods,
such as questionnaire diagnostic technique (questionnaires, test administration, interviews), analysis of
student activities in the 10th and 11th grades, observation and generalization of the experience. The
experimental work was undertaken on the premises of general schools in Yelets, Lipetsk Region. The
sample consisted of 10th and 11th grade students majoring in physics and mathematics as well as in
humanities and social studies, whose training was conducted in accordance with the integrated approach
provisions of teaching and assessment methods and means using the means of remote learning along with
the conventional ones. In the control group, the learning process was standard. Quantitative analysis of
the results obtained was carried out using statistical methods.

3. Results

According to the concept of modernization, there is a shift in educational paradigms of the mathematical
education system in school. As a result, special attention is not paid to primary objective results
(fundamental knowledge of students), but to meta-subject results that are in charge of certain experience
formation in high school students: learning and cognitive activity self-organization skills, the ability to
make independent choices, to draw accurate conclusions and inferences, and to find their own well-
reasoned position. Therefore, one of the priority directions in the math culture development within the
educational process is the stochastic competence formation in future general education school leavers,




whose success factors will be the principles of continuity and incessancy. Stochastic competence is the
readiness and ability of students to apply the acquired stochastic knowledge, expertise and skills in solving
real-world problems, including non-standard ones, both in mathematics and other disciplines that involve
the skills of evaluation, selection, and processing of information. Possessing the stochastic competence will
help students in further education in a higher educational institution and subsequent employment.

A methodical concept containing a theoretical system of natural science and technical knowledge aimed at
identifying genetic affinity and learning continuity throughout the entire learning process is capable of
developing the stochastic competence in school students.

It is possible to determine the level of the stochastic competence formedness in students by creating
certain pedagogical situations that would allow for its fullest application. This evidence causes the issue of
designing an environment that would allow the competence to exercise in the educational process.

A solution to the problem of designing an environment for continuous and successive development of high
school students in general education schools is the developed concept of the stochastic competence
measurement. It is based on the idea that modernization of the stochastic education system involves,
among other things, a change in the evaluation of student progress in accordance with requirements
imposed by the social mandate and the state, as well as personal expectations of high school students.

The statement about a necessity to use a set of interrelated assessment methods and means that gives an
idea of the competence principles already inculcated in middle school used to determine a competence is a
fundamental premise. Academic performance assessment makes it possible to establish the level of
competence formedness developing due to the continuity of educational programs. The implementation of
this provision is stipulated by a coordinated system of requirements of national educational standards,
competency-oriented requirements for the quality of training of future graduates included in the set of
conventional assessment methods and means used, as well as innovative indicators that do not reflect
only a knowledge component but also a motivational activity component.

Quantitative assessment of development levels, identification of personal traits and qualities of students
transforming in the process of education is an important value of pedagogical measurements.

The concept of continuity in measuring and evaluating the stochastic competence of school leavers
contains the following provisions:

e the competency of a high school student is an indicator of the quality of all their educational performance
results;

e the competence of graduates is revealed through a combined reproduction of previously reversed
competences that meet the declared requirements imposed by the state, the social mandate, and the
expectations of a student themselves;

e objective evaluation of competences in high school students is achieved through comprehensive
monitoring of the main constituent elements both by conventional methods and means and by modern
innovative ones. One can determine the level of competence formedness with the help of a cumulative
performance recording system and a criteria-level approach to interpreting the overall school student
performance;

e the content of mathematical competence is determined by the formedness level of the stochastic
competence, whose foundations were laid in middle school and have developed driven by the principles of
continuity and incessancy;

e the following are referred to the assessment and evaluation activities: preparation of assessment and
measuring materials and definition of diagnosable indicators.

The factors accounting for implementation of the concept ideas are knowledge, expertise and skills of
students at a previous stage of the educational process and their active conscious activity in the
educational process both during class time and non-school hours through the use of information or remote
learning technologies.

The following approaches are methodological and theoretical bases for the stochastic competence
development:

e institutional approach is characterized by all structures and levels of education functionality and their
coherence with other social institutions (family, science, etc.), thereby, providing mutually supportive
relationship with each other;

e system approach: continuity is a succession and consistency of the content of education, methods and
organizational forms of education, that is, reliance on the previous stage of education and its orientation to
the subsequent one; at the same time, interrelationship between the activities of educational institutions;

e procedural approach: continuity is the process of continuous interaction based on past experience and
the formation of a new one that modifies the education system and is in charge of personal development
and education of a learner.

Based on this concept, a theoretical model for measuring the levels of the stochastic competence
formedness in students of 10th and 11th grades of general education schools has been designed based on



the principles of continuity and incessancy in teaching mathematics and establishing quality performance
indicators (Figure 1).

A theoretical model is understood as a dynamically developing system, with vectored learning activity
organized and regulated in the information space within its framework. This model is aimed at studying
the obtained resulting data of a research object. When designing the model, one of the objectives was a
comprehensive approach including external control (the Unified State Exam results) and internal control,
that is, application of conventional assessment methods and means, as well as innovative indicators. The
assessment activity results are the basis of a cumulative performance recoding system; they facilitate
performance indicators calculation, the generalization of which brings one to determining the level of
stochastic competence formedness as the final stage of successful curriculum completion.

The major purpose of control is to assess the quality of mathematical competence in future graduates.
Problems to be solved include:

e correlation of the educational performance of school leavers and requirements imposed by the state and
the social mandate, as well as personal expectations of students;

e measuring the competence of school students and determining the level of its formedness at the final
stage of instruction with subsequently ascertained qualification of graduates in terms of their professional
becoming and self-identification.

The basic principles that determine the model functionality:
e the principles of incessancy and continuity, that is, consistency of all the educational process stages;

e the principle of integration, that is, a holistic view of a high school student competence as a result of its
constituent modifications;

e the principle of comprehensiveness and complexity, that is, the competence evaluation from different
perspectives, adjustment of its individual components and indicators;

e the principle of individualization - the organization of a learner-oriented educational process;

e the principle of fundamentality and applied orientation, that is, not only the presence of distinctly formed
theoretical and practical knowledge in students, but also of interconnection of the two.

Figure 1
Model for measuring the stochastic competences in 10th and 11th grade students
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e the principle of flexibility, that is, a rapid response to changes in a course contents, prompt adaptation of
the course to changing requirements of educational paradigms (that is, effective educational structure
transformation taking into account the application of a variety of options: multileveledness,
multifunctionality, multistaging) (Kharisova, 2017: 58).

The model consists of the following interrelated and interdependent blocks: methodological, substantive,
procedural and performance assessment.



The methodological block deals with identification of learning objectives, whereby students should develop
a pre-planned stochastic educational background.

The substantive block determines basic elements of the stochastic competence content that meet the
requirements of national educational standards and the social mandate. An invariant and a variable part
have been distinguished within a competence structure, including the motivational, knowledge and activity
components.

The procedural block exerts targeted pedagogical influence on stimulation of educational activities on the
stochastic competence formation in high school students. It is based on different scientifically grounded
teaching methods and means, remote learning technologies, control means that create favorable
environment for the use of knowledge, skills and expertise of a cumulative system for recording control
results that allow students to demonstrate their competence.

The performance assessment block deals with analyzing the learning efficiency, determines the level of the
stochastic competence formedness with the help of criteria-level approach to evaluation of the received,
predicted and pre-planned results of student activity (Volk et al., 2017: 17).

Within the scope of this theoretical model, a methodology has been developed for assessing the level of
the stochastic competence formedness in high school students of general education schools based on a
comprehensive approach integrating the whole variety of methods and means of teaching and monitoring
the results of student educational activity.

The methodology for assessing the levels of the stochastic competence formedness in students of general
upper secondary schools contains:

e a certain content area of the stochastic competence in high school students;
e diagnosable indicators;

e traditional and innovative methods of control and measuring instruments that are distinguished by
accuracy and reliability;

¢ specified conditions that promote manifestation of competences as a result of teacher monitoring and
measuring activities;

e designed monitoring test materials;

e mechanisms for evaluating the academic performance of a class through a cumulative performance
recording system that allows for determination of the level of the stochastic competence formedness at the
final stage of instruction.

Successful competence measurements are achieved through integrated application of both traditional
control means and methods and the means of information and remote learning technologies. Some are
used to assess the knowledge component (test papers, final tests, etc.), some other - for the motivational
component (the use of interactive modules, computer models), and the others - for the activity
component (real-world problems, non-standard tasks, competence-oriented tests, etc.).

With reference to the limited content of stochastic elements in the upper secondary school curriculum in
mathematics at the level intended for STEM majors, to ensure extension, generalization and universality of
high school students’ knowledge in the discipline under study, the authors have developed an academic
course in stochastics. It acts as a means to deepen and extend knowledge on combinatorial analysis, the
theory of probability and mathematical statistics; serves as an impetus for students to understand the
presence of an activity that directly depends on the complex laws of probability theory in all the public life
spheres; meets the requirements of educational standards (Kerimbayev et al., 2017: 59).

The implemented training course aims to correct, extend and deepen the basic stochastic knowledge of
students received in the middle school.

Figure 2
The training course from the website Stochastic.ru
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The training course was uploaded to the website Stochastic.ru (Figure 2). It acted as an educational
environment conducive to autonomous universalization and deepening of knowledge on the theoretical and
practical foundations of stochastics. The course allows for:

e system communication of the remote technologies in use along with conventional teaching methods during class
time - conscious unsupervised work with the presented educational content;

e organization of all kinds of research and exploration activities, the use of information and communication
technologies as well as reference and information systems;

e use of network resources and technologies of international computer networks ensuring the efficiency,
multifunctionality, and flexibility of the whole educational process, which leads to a solution of educational tasks
on a completely different level (Holmberg, 2017: 2333).

Thus, the performance evaluation has made it possible to successfully implement an integral system of
both methodological and information means that facilitate elucidation of interrelated issues and selection
of the best substantiated forms and methods for their implementation. Since distribution of stochastic
methods is so universal for academic subject areas, it is advisable to take into account, deepen and
synthesize the entire range of stochastic influence in order to increase the overall efficiency and
effectiveness of the educational process.

Measurements of the level of the stochastic competence formedness in high school students over a certain
observation period have shown the following results (Table 1):

Table 1
Measurements of the level of the stochastic
competence formedness in high school students
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Analysis of the data obtained in the course of integrated approach of the applicable methodology has allowed for an assertion
that due to systematic implementation of basic concepts of the continuity and incessancy principles, a positive dynamism of
the expected level of competence development can be observed.

The methodology effectiveness has been evaluated based on the continuity principle through the obtained indicator values
that describe the efficiency of work with students. The parameters denoting the course of the research were indicator P of
continuity implementation in the educational process. The exhaustiveness and reliability of information can be ascertained by
defining indicator P; -implementation of each of the theoretical model components: P, — methodological, P, — substantive, P;
- procedural, P, — performance assessment. The overall indicator P of continuity in the educational process is defined as the
arithmetic mean of all the indicators. For statistical analysis of empirical data, the ¢ -angular transformation Fisher test was
applied. This test allows one to estimate the significance of differences between percentage shares of the study samples
(Sidorenko, 2003: 162).

The threshold values for differentiating students into groups were defined as “there is an effect” or “there is no effect” with a
respective competence formedness level. The continuity assessment value Ps = 0.59 (Ps max = 0.8) is regarded as critical,
whereby it is established that if the values obtained in students are more than the critical, “there is an effect”, and if less,
“there is no effect”. Subsequent to the data processing, the following table has been obtained (Table 2).

Pursuant to a statistical verification, the null hypothesis that the proportion of students scoring over 2.6 points in the
experimental group does not exceed the proportion of students in the control group has been rejected. @,p,,= 1, 994 = 2, for

significance level @ = 0.05 from the table, the critical value @: ¢, = 1.64 is obtained.

Table 2
Assessment of reliability of differences between sample percentages
Group “There is no effect”
Ps< 0.59 “There is an effect” Ps> 0.59
from 0 to 2.2 (low) from 2.3 to 2.5 (medium) from 2.6 and above (high)
Control 28 % 42 % 30%
Experimental 23 % 26 % 51%

Since @emp> @cr, therefore, according to the decision rule at significance level @ = 0.05, the authors accept an alternative
hypothesis that the proportion of students who scored more than 2.6 points in the experimental group is higher than that in
the control group.

The statistical verification yields the conclusion that the applied comprehensive methodology for the use of various teaching
and assessment methods and means testifies to the effective educational process organization. Also, verbal updates by the
students ascertained that their opinion had changed, and the dynamics of the change was positive.

3.1. Discussion

Summarizing the results, one obtains that the principle of continuity, based whereon the method of
measuring the levels of the stochastic competence formedness in students of 10th and 11th grades has
been developed, has become the major success factor, including through a comprehensive approach to the
implementable methodology. According to the authors, the essential feature of the methodology for
improving the stochastic teaching process organization in general upper secondary school that has
positively influenced the course of the entire educational process is as follows:

conformity with the basic framework of the continuity principle has led to a more accurate and profound
acquisition of stochastic knowledge; to identification of underlying genetic affinity that makes it possible to
apply the knowledge acquired by students in other subject areas; development of the real-world problem



solving skill; gaining experience in developing stochastic models of the objects under study;

from the perspective of an integrated approach, the skill to expertly navigate within the information space
has developed; the use of information technologies has helped to avoid verbatim learning of the
conceptual material;

integration of stochastic methods and information technologies has led to an increase in cognitive interest
and motivation of students to the subject learning, a broadened scientific horizon, an organized complex
mental activity; it has served as an impetus for raising the overall level of math culture (hence, stochastic
one too) and to unlocking the “inner” potential of a student’s personality.

4. Conclusions

Socio-political changes in society assign a special part to education raising the standards for future
graduates. The knowledge, skills and expertise of students in schools should help them to rapidly adapt to
demanding requirements imposed by the state and the social mandate. Education is not only considered
as a result of acquiring knowledge, but also as a process of transformation and application of this
knowledge, that is, systematic mastery of competences, including stochastic ones. The possibility to fulfill
this condition is fully actualized in the implementation of continuity, which also contributes to the
incessancy of instruction.

The current processes in Russian education prove that the continuity mechanisms are very poorly
represented. Therefore, the lack of an integrated methodological system for continuous formation of basic
stochastic concepts, skills and expertise is explicitly unconducive to the holistic perception presented in the
school course in mathematics and stochastic material.

The didactic value of the proposed concept for successful implementation of continuity mechanisms in the
system of school mathematical education is that high school students have shown a high performance in
terms of possessing stochastic knowledge, expertise and skills of proper comprehension and analysis of
information, solving real-world problems depending on their own experience, the ability to draw accurate
conclusions and interferences.

In the process of determining the levels of formed stochastic competence, it was established that the
students properly understood the content of probabilistic problems, were aware of the fact that a large
number of various contingencies could be substantiated by knowledge of probabilistic regularities.

The presented concept ensures the continuity of school mathematical education, leads to the stochastic
competence formation in future graduates of general education schools, will smooth the transition from
general school education to higher or secondary vocational education with further study of mathematical
disciplines. The prospects for further research development are extremely multifaceted, while the
educational potential of the teaching and assessment methods and means applied on the basis of an
integrated approach, whose major factor is continuity, is enormous and should be further improved.
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