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Abstract: Mathematical knowledge, due to the specific nature of its acquisition through problem solving, plays
a special role in the development of various forms of thinking. When solving mathematical problems through
the interiorisation of heuristic techniques, a cultural form of creative thinking is formed. The acquisition of ana-
lytical heuristics can be influenced by specific methods of organizing the learning process. This paper describes
a tool for organizing the teaching of mathematical problem solving as a process aimed at developing guidelines —
heuristics — according to the third type of orientation of P.Ya. Galperin’s theory of the stage-by-stage develop-
ment of mental actions. The paper presents the results of a formative experiment on the acquisition of
the proposed framework (the scheme for organizing mental activity, hereinafter referred to as the OMA) by future
mathematics teachers while studying the integral calculus of one variable functions. Using the Mann—Whitney
U-test, statistically significant differences in the levels of development of the Problem Setting Analysis heuristic
were obtained in the control and experimental groups. Due to the small number of groups, a qualitative analysis of
the experimental results was conducted. The feasibility of using the OMA framework to implement a strategy
of complete acquisition and formative assessment is demonstrated. As it is hypothesized, the systematic use
of the OMA framework in teaching to solve problems implements a third-type orientation teaching method and is
appropriate for training maths teachers.
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1. INTRODUCTION

The problem of mastering mathematics as a subject of
study has a long history. Each new generation of students
brings its own unique characteristics to the problematic
area. These characteristics are related to the specific state of
the educational environment, its dependence on the socio-
cultural environment, and the level of technological devel-
opment, and therefore require immediate study.

In current environment, with the rapid development
and use of electronic calculators, the ability to discover
the meaning and significance of mathematical
knowledge is a non-trivial challenge. For Generation Z
students, the so-called digital natives, it is necessary to
“construct” an understanding of mathematical text as
a specially organized process. The acquisition of
a course in mathematics supposes the transformation of
“ready-made” mathematical knowledge recorded in text-
books, reference books, and information systems into
knowledge that is “emerging” [1]. A traditional mathe-
matical problem is a “dynamic” structure for represent-
ing mathematical knowledge in this sense. It contains
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a direct appeal to the problem solver in the form of
a question and creates opportunities for discursive analy-
sis of the problem situation. It is worth recognizing that
in today’s information richness, the educational process
in its traditional form does not fully realize these oppor-
tunities — in most cases, students do not develop a model
of mathematical activity'.

The theoretical basis for the study was the activity theo-
ry of the psyche by A.N. Leontiev (1903—-1979) [2], which
had a significant influence on Russian pedagogy. In
the context of the problem under study, of particular interest
is the development of its provisions in the theory of educa-
tional activity by D.B. Elkonin (1904-1984) and
V.V. Davydov (1930-1998), which laid the foundations for
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the activity-based approach in education [3; 4]. The ideas
of L.S. Vygotsky (1896—1934) on the relationship between
learning and mental development [5] can be considered as
a unified theoretical basis for various systems of develop-
mental learning.

The works of P.Ya Galperin (1902-1989) [6] find
their origins in the research of A.N. Leontiev and his
followers. Based on the orienting basis in the doctrine of
activity, the scientific school of P.Ya. Galperin devel-
oped a theory of the stage-by-stage formation of mental
actions. This is a theory of learning as the transition of
external activity to the internal plane in the course of
interiorisation, which describes the processes and condi-
tions for the formation of meaningful actions to generate
the subject’s knowledge — ideas and concepts about ob-
jects and their connections [7]. These include the active
orientation of the subject in the conditions of the action,
where the third type of orientation (complete and gener-
alized orienting basis of action) has fundamental im-
portance; the presence of means of action as tools of
mental activity (standards, measures, signs); understand-
ing the process of the emergence of images of perception
and thinking as the transition of external actions to
the plan of operations carried out in the mind. The theory
of P.Ya. Galperin is well known in Russian psychology
and pedagogy; it has received wide international recog-
nition and continues to be developed in recent research
[8; 9]. Education built on its principles is more effec-
tive than traditional system, as it manages the process
of developing mental actions, including the qualities of
actions. Positive examples include educational pro-
grams for primary schools [6]. However, this approach
is not actively used in the modern system of higher
pedagogical education.

The study of psychological and pedagogical mecha-
nisms of learning is inextricably associated with the prob-
lem of assessing the results of educational activity. Cur-
rently, the criteria-based assessment system, which is
essentially formative assessment, has become quite
widespread. This system is based on a six-level taxono-
my of educational goals [10] developed in 1956 by
the American psychologist of learning methods Benja-
min Samuel Bloom (1913-1999). In the 1960s, in col-
laboration with the American psychologist John Bissell
Carroll (1916-2003), he formulated the idea of complete
acquisition. It is based on the hypothesis that complete
material acquisition is accessible to every student.
To achieve this, learning outcomes must be selected as
an invariant, an unchangeable parameter of the educa-
tional process. The formulation of educational goals can
be carried out through the description of learning out-
comes expressed in the actions of students. Assessment
criteria are determined by the objectives of the educational
work and represent a list of the types of actions the student
carries out and must master during the work. In certain situ-
ations, such a procedure is quite naturally constructed and
operationalized. Currently, the formative assessment system
is quite widespread abroad at all levels of education. How-
ever, for Russian schools and especially universities, this
assessment strategy remains innovative [11].

The study deals with the training of future maths
teachers. It focuses on the problem of organizing
the process of solving educational mathematical prob-
lems that is adequate to the psychological characteristics
of the process of thinking and aimed at developing
a model of mathematical activity.

The goal of the study is to improve the effectiveness of
developing subject-methodological competencies in future
maths teachers through the development and implementa-
tion of a problem-solving teaching tool that implements
P.Ya. Galperin’s concept of the third type of orientation and
the principles of formative assessment.

2. METHODS

2.1. The Study Tool and Theoretical Background

To organize learning activities for solving mathematical
problems, in which learning corresponds to the third type of
orientation and students are provided with criteria for as-
sessing their achievements, the author developed a special
structure — the Instructional Framework for Organizing
Mental Activity when Solving Mathematical Problems
(OMA Framework) (Table 1) [1]. The framework is intend-
ed to externalize and reflect in external speech processes
that, with developed problem-solving skills, occur in a con-
densed form in the mind.

2.2. Objective and Hypothesis of the Experiment

To study the capabilities of the OMA Framework as a tool
for organizing orientation and teaching it as an analytical heu-
ristic, the author conducted a formative experiment. The pur-
pose of the experiment was to investigate the potential of stu-
dents to master the Problem Setting Analysis (PSA) heuristic
technique (Table 1, part 1) under the guidance of a teacher
through regular and meaningful use of the OMA Framework
while solving problems during classroom learning. It is as-
sumed that the systematic use of the OMA Framework in
teacher-guided classroom learning has a statistically significant
effect on students’ mastering of the PSA heuristic technique.

2.3. Sample and Procedures

The experiment participants were first-year students ma-
joring in 44.03.05 Pedagogical Education with two training
profiles: “Mathematics. Foreign Language” (MFL, 16 stu-
dents) and “Mathematics. Economics” (ME, 19 students).
They were not informed that the instructor was conducting
the experimental work.

2.4. Organization of Experimental Conditions

In the MFL group (the experimental group), problem
solving was organized using the OMA framework. It was
presented at the very beginning of learning the topic and
was repeatedly updated in the process of the work. At each
lesson, under the instructor’s guidance, students collec-
tively analyzed the problem conditions (Table 1, part 1).
The framework was not fully utilized for all the tasks exam-
ined. In the ME group (control group), teaching problem
solving was conducted in a traditional format (without us-
ing a scheme) — as commented problem solving.
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Table 1. Instructional scheme for organizing mental activity when solving mathematical problems (OMA Framework)
Tadnuya 1. HncmpyKyuonnas cxema opeanusayuu MolCIUmMenbHol 0esmenbHoCmu
npu peuieHuu mamemamuyeckux 3aday (cxema OM/])

1. Mathematical problem setting analysis
1 name the object of study
2 formulate the subject of study
3 outline the answer to the problem
(possible variants of the results of object’s research)
4 identify the research object components
5 characterize the research object components in accordance
with the requirements of research subject
2. Problem solving
the key idea of problem solving
! formulate (technique of object research)
problem solving “tools”
§ 2 select (methods of object research)
=
o 3 comment on the application of “tools” at each step of problem solving
E (process of object research)
D
g 4 formulate an answer to the problem
: (result of object research)
. . the stages of problem solving
> identify (structure of object research)
3. Problem solving analysis
| check the correctness of each step in problem solving
(correctness of the process of object research)
) assess the completeness of the solution to the problem
(completeness of object research)
3 assess™ the rationality of the solution to the problem
(rationality of the process of object research)
. conclusions on problem solving
4 formulate (comprehensive results of object research)
5 analvze** the possibility of transferring the results of problem solution
y (uniqueness of the research object)

Note. * Assessing the rationality of a solution involves comparing alternative solution options or its individual elements.

** Formulating conclusions on the solution involves identifying generalized solution techniques. This is performed
when first encountering a certain problem type. Subsequently, the identified technique becomes a “ready-made” tool for analyzing
the conditions of the problem.

*** Analyzing the possibility of transferring solution results involves studying the “solution stability”
when varying the characteristics of the problem object and is essentially an additional research task.
This is performed when first encountering a certain problem type.

Tpumeuanue. * Oyenka payuoHaIbHOCMU peuieHust npednoaazaem COnOCmagieHue albmePHAMUGHbIX 8apUAHNO8 PeuleHUs.
UNU OMOENLHBIX €20 JNIeMEHMO8.

** Dopmynuposra 6b160008 NO pewenulo npeonoiazaem gvloeienue 00600UueHHbIX NPUEMO8 PEeULeHUsL.
Buinoansiemest npu nepeoii 6cmpeye ¢ HeKOmopviM Munom 3a0ay. B oanvheiiwiem gvioenennvlii npuem CmaHo8UmMcs «20MmoguLmy
UHCIMPYMEHMOM AHAAU3A YCA08USL 3A0aH.

*** AHanuz 603MONCHOCMU NEPEHOCA PE3VIbMAMO8 peuenus npeonoideaem Uccie008anue «yYCmoudueoCmu peueHus)
npu 8apbUPOSAHUU XAPAKMEPUCIIUK 00BEKMA 3a0ayu U NO CYWecmsy A6semcs 00NOIHUMENbHOU UCCIe008aMeNbCKOl 3a0ayel.
Boeinonnsiemest npu nepeoti gcmpede ¢ HeKOMOPbIM MUNOM 3a0ay.

Evidence-based education studies. 2025. No. 3 41



Makeeva O.V. “Technology for organizing mathematical problem solving using the concept...”

2.5. Time Parameters and Content Context

The experiment was conducted in natural conditions of
a classroom setting, for 46 academic hours, during which
students studied the integral calculus of one real variable
functions within a Mathematical Analysis course. The course
included 18 h for learning theoretical material, 20 h of
problem-solving practice, and 8 h of assessment in the form
of individual, independent student work.

2.6. Rational for the Choice of Subject Material

The subject material allowed clearly demonstrating
the possibilities of using the scheme both in general and
specifically in the first part covering the condition analy-
sis. Each type of integrals considered during the course
of integral calculus of one real variable functions
requires the solver to identify a new component and/or
its characteristic within its structure. Thus, when moving
from indefinite integrals to definite and improper inte-
grals, the “integration domain” component is added.
When moving from definite integrals to improper inte-
grals, the properties of the “integration domain” or
“subintegral  function”  components change —
boundedness gives way to unboundedness.

2.7. Assessment and Data Collection System

The control tests stipulated in the schedule served as
the control stages of the experiment. The proportions of
the maximum possible result expressed in points were used
as quantitative information that reflected the level of devel-
opment of the analytical Problem Setting Analysis heuris-
tics. Step-by-step completion of a special assignment for
analyzing the condition (Table 1, part 1) and the problems
included in the control tests were assessed.

2.8. Limitations of the Study

Conducting the experiment within a real educational
process imposed its own limitations. When summing up
the results, only the results of those students who did
not miss a single class were taken into account. There-
fore, the conclusions of the study are based on the re-
sults of small samples: 5 people in the experimental
group (MFL, 16 people) and 7 people in the control
group (ME, 19 people). This significantly limited
the possibilities of using quantitative analysis when
processing the results.

2.9. Statistical Methods of Analysis

Preparatory Part of the Experiment

The homogeneity of the experimental and control group
samples was tested using the Mann—Whitney U-test based
on the results of an independent assessment of the level of
preparation (the sum of the Unified State Exam scores for
university admission). The hypothesis of the absence of
statistically significant differences in the level of prepara-
tion of students in the experimental and control groups was
confirmed at a significance level of p=0.05.

Main part of the experiment

The Mann—Whitney U-test was used to test the hypothe-
sis that the values of the Problem Setting Analysis indicator

differ in the experimental and control groups, with this in-
dicator being higher in the experimental group.

Final part of the experiment

Based on the results of the work of the groups at three
control stages, changes (shift) in the Problem Setting Anal-
ysis indicator were studied. The hypothesis being tested is
that the change in the indicator is not random. The Wilcox-
on rank-sum test was used to test this hypothesis. The hy-
pothesis was not statistically significantly supported in
either group.

2.10. Qualitative Analysis

Due to the small size of the groups, the study of the dy-
namics of the Problem Setting Analysis indicator was con-
ducted through a qualitative analysis of the graphical
presentation of the experimental results. Radar plots were
used to compare individual results with the mean obtained
after combining the groups.

3. RESULTS

3.1. Testing the hypothesis about differences
in the PSA Indicator

Based on the results of the first control stage of
the experiment (Test No. 2 on the topic “Integration of
Different Classes of Functions™), the principal hypothe-
sis of no significant differences in the PSA indicator be-
tween the experimental and control groups was con-
firmed at a 5 % significance level. At the second control
stage of the experiment (Test No. 3 on the topic “Defi-
nite Integrals”), differences in the PSA indicator values
between the experimental and control groups were con-
firmed at a 1 % significance level. The third control
stage of the experiment (Test No. 4 on the topic “Im-
proper Integrals”) revealed statistically significant dif-
ferences in the PSA indicator values between the exper-
imental and control groups at a 5 % significance level.

3.2. Comparison of Total Average
and Individual Results

At the first control stage of the experiment, the average
PSA indicator value was 0.57. The individual scores of all
experimental group participants except one (No. 4) exceed-
ed the average. Two participants (No. 1 and 5) achieved
the maximum possible score of 1. The score of participant
(No. 4), who did not exceed the average, was very low,
at 0.15 (Fig. 1).

Three participants in the control group (No. 7,8, and
10) achieved scores above the average. Their scores dif-
fered only slightly from the average, at 0.6. The minimum
score of the control group participant (No. 11), who did not
exceed the average, was zero (Fig. 1).

At the second control stage of the experiment, the aver-
age value of PSA indicator was 0.5. The individual scores
of all experimental group participants exceeded 0.6. None
of the participants achieved the maximum possible score.
The best score was 0.89. Participant No. 5, who achieved
the absolute maximum score of 1 at the first control stage
(Fig. 2), achieved the highest score.

42

Evidence-based education studies. 2025. No. 3



Makeeva O.V. “Technology for organizing mathematical problem solving using the concept...”

Fig. 1. Diagram of individual results and the average value of the Problem Setting Analysis indicator
at the 1* stage of the experiment.
Numbers 1-5 indicate participants in the experimental group, and 6—12 indicate participants in the control group
Puc. 1. Jluazpamma unousuoyaibHuix pe3yibmamos u cpeOHe20 3HaueHus. NoKasameis « AHanu3 nocmaHosKu 3a0aiuy
Ha 1-M KOHMPONLHOM dmane IKCnepuMenma.
Hugppamu 1-5 0603Hauenvl yuacmuuky SKCHepUMeHmMAaIbHoOU epynnbl, 6—12 — yuacmuuku KOHMPOIbHOU 2PYNnbl

Two participants in the control group (No.7 and 10)
achieved scores above the average. These scores were
slightly different from the average, reaching 0.56 and 0.61,
respectively. Both scores were achieved by participants
who also exceeded the average score at the first control
stage of the experiment. The lowest score of the control
group participant (No. 12), who did not exceed the average
score, was 0.17. This score did not belong to participant
No. 11, who achieved the lowest score for the studied indi-
cator at the previous control stage (Fig. 2).

At the third control stage of the experiment, the average PSA
indicator score was 0.57, the same as at the first control stage.
The individual scores of all participants in the experimental
group, with the exception of one (No. 4), exceeded the average.
Two participants (No. 1 and 2) achieved the highest possible
score of 1. For participant No. 1, this was the result of both
the first and third control stages of the experiment. Participant
No. 2 achieved this result for the first time. Participant No. 5,
who demonstrated the highest results at the first and second con-
trol stages of the experiment, had a significantly lower result at
this stage — 0.81. Minimum score of participant No. 4, which did
not exceed the average value, was 0.43. This participant also did
not exceed the average value at the first control stage (Fig. 3).

One participant (No. 10) in the control group
achieved a score above the average. His score was 0.62,
slightly different from the average. This student demon-
strated consistently high results throughout all three con-
trol stages of the experiment, exceeding the average.
Participants No. 11 and 12 demonstrated the minimum

result of 0.14. Their results were also the lowest at
the first and second control stages (Fig. 3).

Finally, we present a diagram of the average individ-
ual results and the total average for all three control
stages of the experiment. In the experimental group, one
participant (No. 4) did not exceed the average value
threshold, while in the control group, only one partici-
pant (No. 10) did (Fig. 4).

3.3. Analysis of the Dynamics
of Individual Performance

An analysis of the dynamics of the PSA indicator was
conducted based on the results of the three control stages of
the experiment (Fig. 5). Four patterns of individual perfor-
mance dynamics can be identified (Table 2).

The “up-up” pattern indicates that the individual per-
formance at each subsequent control stage of the experi-
ment improved compared to the previous one. This pattern
was observed only in the control group and characterized
8% of participants in the combined study group.
The “down-up” pattern indicates that the decline in individ-
ual performance at the second control stage of the experi-
ment, compared to the first, was followed by an increase in
performance when moving from the second control stage to
the third. This pattern is predominant for the experimental
and control groups; it characterizes 50 % of participants in
the experiment. The “up-down” pattern indicates that
the increase in individual performance when moving from
the first control stage of the experiment to the second was
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Fig. 2. Diagram of individual results and the average value of the Problem Setting Analysis indicator
at the 2" control stage of the experiment.
Numbers 1-5 indicate participants in the experimental group, and 6—12 indicate participants in the control group
Puc. 2. [Juazpamma unousudyaibHuix pe3yismanmos u CpeoHe20 3HAYeHUss NoKasameist « AHaiu3 nocmanosKu 3a0a4uy
Ha 2-M KOHMPOJbHOM Mmane 3KCHepUMeHmd.
Lugpamu 1-5 0603Hauensbl yyacmHuky IKChepuUMeHmanbHou epynnsl, 6—12 — yyacmuuxu KOHMpOIbHOU epynnvl

Fig. 3. Diagram of individual results and the average value of the Problem Setting Analysis indicator
at the 3" control stage of the experiment.
Numbers 1-5 indicate participants in the experimental group, and 6—12 indicate participants in the control group
Puc. 3. Juazpamma unousudyanbHoix pesyibmamos u cpeone2o sHa4enus Nokasameis « AHanus nocmanosku 3a0a4uy
Ha 3-M KOHMPOILHOM dmane IKCHepUMeHma.
Lugpamu 1-5 0603nauensvt ywacmuuxu sKcnepumeHmanbroll epynnsl, 6—12 — yuacmuuku KOHMpPOIbHOU 2pYNnbl
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Fig. 4. Diagram of average individual results and the overall average value
of the Problem Setting Analysis indicator at three control stages of the experiment.
Numbers 1-5 indicate participants in the experimental group, and 6—12 indicate participants in the control group
Puc. 4. Jluacpamma cpeOHux uHOUSUOYATbHbIX PE3VIbMamos u 00we20 CpeoHe20 3HAYeHUs
nokazamens «AHanu3 NOCMAHOBKU 30Uy HA MPex KOHMPOTIbHBIX IMANAX IKCHEPUMEHMA.
Lugpamu 1-5 06031auensvl yuacmuuxu 3KCRepUMEeHmManbHou epynnel, 6—12 — yuacmuuxku KOHMpPOJIbHOU 2pYynnbl

—e—1" control stage —e—2" control stage —ao—3" control stage

Fig. 5. Dynamics of individual results for the Problem Setting Analysis indicator
at the I*, 2" and 3™ control stages of the experiment.
Numbers 1-5 indicate participants in the experimental group, and 6—12 indicate participants in the control group
Puc. 5. Jluazpamma Ounamuru uHOUSUOYATIbHBIX PE3VILIMAMOSE NOKA3AMENs K AHAU3 NOCMAHOBKU 3a0aUU»
Ha 1-m, 2-M u 3-M KOHMPOILHBIX IMANAX IKCNEPUMEHNA.
Lugpamu 1-5 obo3nayenvt yuacmuuxu sKcnepumMenmanbHoll epynnel, 6—12 — yyacmuuxu KOHMpOIbHOU 2pynnsl
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Table 2. Dynamics of individual results of the experiment participants
Taédnuya 2. /lunamuxa uHOuBUOYAIbHLIX PE3YIbMAmMo8 yuacmHUKO8 IKCHepUMeHmd

Group
Type of dynamics Experimental Control Combined
people % people % people %
Up—up 0 0 1 14 1 8

Down — up 3 60 3 43 6 50
Up — down 1 20 1 14 2 17
Down — down 1 20 2 29 3 25
Control totals 5 100 7 100 12 100

followed by a decrease in performance when moving from
the second control stage to the third. This trend was observed
in each group and characterized 17 % of the combined group
of participants. The most negative “down-down” trend indi-
cates that each subsequent result was worse than the previous
one. It was observed in both groups and characterized 25 % of
the experiment participants.

3.4. Analysis of Extreme Individual Results

The author studied the dynamics of the individual ex-
treme (best and worst) values of the PSA indicator for par-
ticipants in the experimental and control groups (Fig. 5).

In the experimental group, the extreme best results did not
have a clear trend. Thus, participants No. 1 and 2 exhibited
fluctuations in the “down-up” dynamics, with No. 2 eventually
reaching an absolute maximum and No. 1 returning to it; par-
ticipant No. 5 demonstrated a negative “down-down” dynam-
ics. The speed of movement of all participants also varied:
participant No. 1 moved approximately evenly — almost three
intervals in both directions; participant No. 2 moved one inter-
val in the downward direction and three intervals in the up-
ward direction; participant No.5 moved one interval in
the downward direction at each control stage. An interval is
defined as one of the 0.1-length intervals into which the range
of possible values of the PSA indicator is divided: 0-0.1;
0.1-0.2; ...; 0.9—1. Participant No. 4, with the worst extreme
result, also demonstrated fluctuations in dynamics: up (five
intervals) and down (two intervals).

In the control group, the best extreme result of partici-
pant No. 10 was stable (it did not exceed one interval
throughout all three control stages of the experiment).
The worst extreme results did not show a clear trend. Thus,
participant No. 11 demonstrated fluctuations in dynamics:
up from absolute zero (by three intervals) — down (by two
intervals); participant No. 12 — down (by three intervals) —
down (remaining in the same interval).

4. DISCUSSION

Let us illustrate an example of using the OMA scheme
using a problem on the topic “Indefinite Integral”.

Problem 1. Find the integral Ix-cos(l—xz)dx.

To correlate the process of finding a solution with
the elements of the scheme, information is presented
in the form of Tables 3 and 4.

The proposed structure is a flexible guideline, not
a rigid algorithm. This means that nonlinear progression
through the scheme is possible during the solution pro-
cess, returning to previously completed points to clarify
their content. Following the scheme is aimed at getting
a complete, detailed, and meaningful solution. When
introducing a new type of problem, the third part of
the scheme is particularly important, as it helps the stu-
dent develop a new solution tool where a mathematical
object (class of objects) is connected with an effective
method for investigating it.

The scheme was developed as a tool for working with
routine problems, but the author sees its potential for mas-
tering heuristic techniques in solving creative problems,
such as those posed in Olympiad Mathematics. Using
the scheme is intended to help students initiate the problem-
solving process and overcome the frequently encountered
“I don’t know where to start” problem.

When using the OMA framework, several tasks are
simultaneously and purposefully considered: an individual
mathematical problem presented in the statement of
the problem; the task of finding a solution to this problem;
incorporating this problem into a more general class of
problems; and independently posing new questions in
the described problem situation. These aspects are funda-
mental for developing the subject and professional compe-
tences of future maths teachers.

Drawing on the works of P.Ya. Galperin and his
scholars, one can list the distinctive characteristics of
the learning outcome responsible for the development
of the third type of orientation in students. These in-
clude: a) high rationality of action; b) high stability of
action; c) broad transfer, including beyond the bounda-
ries of the intended subject area; d) “internal”, cognitive
motivation; e) optimazation of the learning process;
f)a true “sense of the subject”, which determines
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Table 3. Solution of problem No. I according to the Organizing Mental Activity Framework
Tabnuua 3. Pewenue 3a0ayu 1 coenacho cxeme opeanHu3ayuu MolCIUmMenbHol 0esmenbHocmu

No. Description of the student’s thinking activity in general

The result of performing the thinking activity

1. Mathematical problem setting

analysis

1 name

the object of study

indefinite integral

2 formulate

the subject of study

finding the integral value

3 outline

the answer to the problem
(possible variants of the results
of object’s research)

expression of the form — F' (x) +C;

the set of all antiderivatives
of the subintegral function

4 identify

integration variable

the research object components

subintegral function

5 characterize

xe D(f)=R , does not match
the p=1— x’ argument

of g(¢)=cos¢ function

the research object components
in accordance

with the requirements

of research subject

f(x)=x- cos(l - xz) — the product

of two factors, where one factor

is the derivative of the argument

of the other factor (with an accuracy
to a multiplicative constant):

(l—x2 ), =-2x

2. Problem solving

A student is able to

the key idea of problem solving

representation of the integration
element in the form

(process of object research)

1 formulate . .
technique of object research '
(echmique aten : £(0(x))-¢'(x)dr=g(9)do
) select problem solving “tools” bringing a variable
(methods of object research) under the differential sign
the application of “tools”
3 comment on at each step of problem solving see table 4

4 formulate

an answer to the problem
(result of object research)

—%sin(l—xz)ntC

the stages of problem solving

1) integration element
transformation;

(completeness of object research)

3 identify (structure of object research) 2) direct integration;
3) formulation and writing of the answer
3. Problem solving analysis
the correctness of each step
1 check in problem solving no errors were found during the check
(correctness of the process
of object research)
the completeness of the solution ;I;e;ol:rt;;rllc;si:xc;;s;gely detailed:
2 assess to the problem P g i

items 2—4 and 5-7 can be combined*

into a single item (table 4)
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Table 3 continued
IIpooonsicenue mabauyer 3

No. | Description of the student’s thinking activity in general The result of performing the thinking activity
3. Problem solving analysis
the rationality of the solution the solution is rational;
to the problem . . . .
3 assess . . the alternative is finding a solution using the
(rationality of the process . L
. variable substitution method
of object research)
the method of “bringing a variable
under the differential” sign is a generalization
of the property of the indefinite integral
o conclusions on problem solving I f(x)dx — F(x)+ C =
o 4 | formulate (comprehensive results
= of object research) 1
= If(ax+b)dx=—F(ax+b)+C
- a
3 for ¢(x)# ax+b
ax
E or ¢(x
v
< this method can be used in cases
when the integration element
can be represented as
k-g(o(x))-¢'(x)dx, ie.,
the possibility of transferring Fhe integration element
5 | analyze the results of problem solution is a product where one factor
(uniqueness of the research object) is a complex function g ((p(x)) s
and the other factor & - (p'(x) is,
with an accuracy to a multiplicative constant, the
derivative of the argument
of the first factor

Note. * This is a stage-by-stage transition of mental actions to the internal plane.
The teacher controls the following stages: 1) motivation; 2) formation of an orienting basis for future action; 3) materialized actions,
4) external speech actions.

Tpumeuanue. * Peub udem o nosmanHom nepexooe MulCIumenbHbix 0eticmeuil 60 GHYMpPeHHUL NIAH.
1100 ynpasnenuem yuumensa naxoosames smanvi: 1) momueayus,; 2) popmuposanue opueHmuposoU oL 0CHO8bL 6y0yue2o Oelcmeus;
3) mamepuanusosannvie delicmeus,; 4) eHeuiHepeuesvle Oelicmeus.

Table 4. Commenting on the step-by-step solution to problem No. 1
Tabnuya 4. Kommenmuposarue nowiazo8o2o peutenus 3a0ayu 1

No. Action Commenting

1 J. X-Ccos (1 —x? )dx = Let’s rewrite the problem statement

Multiply and divide the integration element by (—2)

1
2 ——~J.(—2x)-cos(l—x2)dx: 1
2 and place the constant factor —5 outside the integral sign

1 , Represent the subintegral function as a product
3 - Icos(l —x? ) . (1 —x? ) dx = of two factors, one of which is equal to the derivative
2 of the argument of the other factor

1
4 7 Icos(l -x? ) -d (1 —x? ) = Bring the variable 1— x” under the differential sign
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Table 4 continued
IIpooonscenue mabnuyv 4

No. Action Commenting
1 Represent the integration element
5 - j cosQ-dp = )
2 o=o(x)=1-x* as g((p) - do , where @ =(p(x) =l-x
6 ——-sing +C= Find the integral using the formula from the table of basic integrals
=g(x)=1-x’ (the argument of the subintegral function coincides with the integration variable)
5 Return to the original integration variable x using the formula
7 ——-sin(l—x )+C (p—l—x2

the specific approaches to solving its problems using its
inherent means [12]. The use of the OMA framework,
as a highly generalized and universal tool for organizing
learning, is intended to create the conditions for
the emergence of the aforementioned phenomena of
the third type of orientation in educational activities re-
lated to solving mathematical problems [1; 13].

Organizing mathematical problem-solving activities ac-
cording to the OMA framework includes:

— orientation of the problem solver in the conditions
of the activity (1. Analysis of the mathematical problem
setting);

— updating, selection, and application of the activity’s
tools (2. Problem solving);

— comprehension of the activity being performed and its
prospects (3. Analysis of the problem solution).

In other words, it allows implementing a learning model
with the third type of orientation, whereby, through analysis
of the essential properties and relationships of objects, stu-
dents master the generalized orientation basis both for
a single action and for the activity as a whole. Following
the periodization of concepts of orientation within the theo-
ry of stage-by-stage action formation and discussing
the characteristic distinction between orientation levels of
the modern era — strategic, tactical, and operational-
technical — then the OMA framework can be positioned as
a working tool for organizing strategic-level orientation [8].

Representing a problem situation as a task with the in-
clusion of interrelated parameters is a culturally acquired
psychological tool for thinking. The development of
the processes of solving intellectual problems in ontogene-
sis is associated with the appropriation of the cultural and
historical experience of productive thinking as a set of di-
verse heuristics [14]. The systematic use of the OMA
framework in problem solving can be interpreted as a teach-
ing technology when the acquisition of analytical heuristics
becomes a manageable process.

In the practice of Russian comprehensive schools, ele-
ments of criterion-based learning have become widespread.
For example, for assessing student achievement in mathe-
matics, the “knowledge and understanding”, “research”,
“communication”, and “reflection” criteria are traditionally
distinguished [15]. The author’s description of the criteria
does not fully coincide with the traditional one and is pre-

sented in Table 5 [13]. Due to the ambiguity of the “re-
search” criterion, we will distinguish between the research
type of the task itself and research as a method for solving
problems that are not research-based in the generally ac-
cepted sense and are aimed at mastering mathematical con-
structs. The instructional OMA framework can serve as
a tool for assessing and self-assessing learning outcomes, as
it allows analyzing the level of development of specific
mental processes.

Let us correlate the learning process steps proposed
in the OMA framework (Table 1) with one of the criteria
of student achievement assessment: 4, B, C, D (Table 5)
and one of the forms of information-to-knowledge trans-
formation: D — distribution, O — organization, C — classi-
fication, V — information verification [13]. This allows
comparing the steps of finding solution by complexity
and move on to a quantitative analysis of student per-
formance. Moreover, the instructional framework ele-
ments can be interpreted as descriptors describing
the maximum level of the criteria-based scale for as-
sessing student achievement (Table 6).

A qualitative analysis of the experimental results al-
lows revealing individual differences in the PSA indica-
tor. This demonstrates the influence of the individual
characteristics of the experiment participants on the pro-
gress made. Possible causes of these differences (motiva-
tion for learning, self-regulation characteristics, individ-
ual cognitive style, etc.) could be the subject of inde-
pendent research.

5. CONCLUSIONS

At a 5 % significance level, the hypothesis that special
organizational techniques influence the development of
students’ orientation in learning activities related to solving
mathematical problems was confirmed.

The study demonstrated the feasibility of using the de-
veloped tool for organizing the teaching of mathematical
problem solving using the concept of the stage-by-stage
development of mental actions based on the third type of
orientation for organizing criteria-based assessment of stu-
dent achievement.

The developed tool for organizing learning can be re-
commended for use in the educational process of training
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Table 5. General criteria for assessing students’ achievements in the “Mathematics” subject block
Tabnuya 5. Obwue kpumepuu oyeHUBAHUA OOCMUICEHUT 0OYUATOWUXCA 8 npeomemHom bioke « Mamemamuxay

Criterion

. . Criterion name Criterion description
designation
The student is able to use the language of mathematics, its laws, regularities,
Knowledge . . : . -
A . terms, and concepts; apply information to solve problems in familiar
and understanding P

and unusual situations
The student is able to select and apply appropriate mathematical knowledge,

B Research . e . . . :
skills, and abilities to solve problems using mathematical modeling techniques
The student is able to concisely and mathematically correctly convey

C Communication information on planning, conducting, and describing research results in oral
and written communications
The student is able to analyze and summarize a research problem;

D Reflection justify the obtained results and verify their accuracy;

point out interdisciplinary connections, if any

Table 6. Correlating the solution steps in the Organizing Mental Activity framework with the general criteria
for assessing students’ achievements and forms of information transformation

Taﬁﬂuua 6. Coomnecenue wazos PEULEeHUsl 6 cxeme opearnuzayuu MBLCAUMENbHOU OesIMENbHOCU C 06WMMU Kpumepusimu OyeHueanusl

docmudiceHuli 00yUawWuxcs u popmamu npeodpas3o6anus UHGoOpMayuu

Assessment Information
Learning Outcome in Terms of Activity criterion .
transformation
(Table 5)
1. Mathematical problem setting analysis ABD DOC
1 | name the object of study B C
2 | formulate the subject of study B C
the answer to the problem
3 | outline (possible variants of the results D o
of object’s research)
4 | identify the research object components A D
- the research object components
= 5 | characterize in accordance with the requirements A D
% of research subject
o
'g 2. Problem solving ABCD DO
QD
-] . .
‘5 1 | formulate the key idea of p.roblem solving B o
« (technique of object research)
problem solving “tools”
2| select (methods of object research) A 0
the application of “tools” at each step
3 | comment on of problem solving AC OD
(process of object research)
an answer to the problem
4 | formulate (result of object research) c 0
o the stages of problem solving
> | identify (structure of object research) D o
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Table 6 continued
Ipooonscenue mabauyvl 6

Assessment Information
Learning Outcome in Terms of Activity criterion .
transformation
(Table 5)
3. Problem solving analysis ABCD DOCV
the correctness of each step
1| check in problem solving D v
(correctness of the process
of object research)
o
2 2 | assess the completeness of the solution to the problem D v
C (completeness of object research)
1}
E the rationality of the solution
= 3 | assess to the problem D A%
47 (rationality of the process of object research)
<«
4 | formulate conclusions on problem solv1.ng ABCD DOC
(comprehensive results of object research)
the possibility of transferring the results
5 | analyze of problem solution ABCD DOC
(uniqueness of the research object)

Note. The letters indicate the leading forms of information transformation into knowledge for a given stage of work with the task:
D is distribution, O is organization, C is classification, V is information verification.

Ipumeuanue. Bykeamu 0603naueHwvl 6edywue 011 OAHHO20 IMana pabomsl ¢ 3a0ayeti popmuvl npeodpa308aHUsL UHGOPMAYULL
6 sHanue: D — pasnecenue; O — opeanuzayus; C — kaaccugpurayus; V — nposepka ungpopmayuu.

future mathematics teachers when acquiring the material of
the “Integral Calculus of One Real Variable Functions”
topic within Mathematical Analysis discipline.

The study confirmed the author’s main idea: the de-
veloped structure for organizing the process of thinkingis
an effective tool for teaching mathematical problem
solving. The Organizing Mental Activity Framework can
be used as a technological tool for organizing
the process of problem solving teaching when training
mathematics teachers.
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Annomayus: MatemMaTndeckoe 3HaHHE B CHIIy CHEIHM(DHUKHN €ro OCBOCHMS 4UEpEe3 PEIICHUE 3a7ad UrpaeT 0colyro
poJIb B Ipoluecce pa3BUTHUS pa3IMYHBIX (OPM MBIIUICHUS. B Xone pemeHus MaTeMaTHYeCKUX 3aj4ad 3a CUET MHTe-
PHOPHU3AIUH IBPUCTHUECKUX MPHEMOB HPOUCXOAUT (HOPMHUPOBAHUE KYIBTYPHOH (OPMBI TBOPUECKOTO MBILIIICHHUS.
Ha ycBoeHne aHaIMTHYECKUX IBPUCTHK MOTYT OKa3bIBaTh BIMSHHE CIIEHUANBHBIC MPHEMbl OPTaHHM3AlMH IIpoIecca
oOyueHusi. B pabore onucaH HHCTPYMEHT OpraHu3aluy oOyueHUs! PELICHHI0O MaTeMaTHYeCKUX 3a/la4 Kak Mporecca,
HaIpaBJIEHHOTO Ha (OPMHUPOBAHHE OPHEHTHUPOB — IBPHUCTUK COTIACHO TPETHEMY THITY OPHEHTHPOBKH TEOPHUH IO-
sTanmHoro (popmupoBanus yMmMcTBeHHBIX nerictBmii I1.5. Tanpnepuna. IlpuBeaeHs! pe3ynbTaTsl GOPMUPYIOMIETO IKC-
MEPUMEHTa [0 OCBOCHHUIO MPEI0KEHHON KOHCTPYKIMH (CXEMBI OpraHU3alluy MBICIUTEIBHOMN e TeIbHOCTH, Jajee —
OM/]) OyaymuMu y4uTensiMU MaTeMaTHKH B MPOLECCe M3YUCHHUS WHTETPAIbHOTO MCUUCIECHUs (GYHKIMH OJHOI Ie-
pemennoii. C momomipio U-kputepuss MaHHa — YHUTHH MOJXYYeHBI CTATUCTUYSCKH 3HAYHMMBIC Pa3IMudsi B YPOBHAX
c(hOpMHUPOBAHHOCTH IBPUCTUKH «AHAJIN3 NMOCTAHOBKH 3a/adyW» B KOHTPOJBHOW M IKCIIEPUMEHTaJbHOM rpynmnax.
B CBs3M C MaJlOYHCIEHHOCTBIO I'PYIIN NPOBEIEH KaueCTBEHHBIM aHamu3 pe3ylabTaToB dKcHepuMmeHTa. IlokasaHa
BO3MOJKHOCTh HCIOJIB30BaHUS cxeMbl OMJl mist peannsanuy CTpPaTETHH IOJIHOTO YCBOCHHS M (DOPMHPYIOMIETO
oneHuBaHus. Kak npeamnonaraercs, cucreMatuyeckoe ucrosb3doBanue cxembl OM/l B mpouecce o0y4deHus peue-
HUIO 3a]]a4 pPealin3yeT TEeXHOJIOTHIO 00y4YeHHs C TPETHUM THIIOM OPHUEHTHPOBKH U LEJIECO00Pa3HO NPH MOJATOTOBKE
yuyuTeneid MaTeMaTHKH.

Kniouegvie cnosa: obyveHHe PEUICHUIO MaTEMAaTHUECKUX 3ajad; TEOPHS MOATAIHOIO (POPMHPOBAHUS YMCTBEHHBIX
JIEWCTBUI; TPETUH THIT OPUEHTUPOBKH; (POPMHUPYIOLIEE OLICHUBAHUE; MOJIHOE YCBOCHHE; TIOITOTOBKA YUUTENsl MATEMaTHKY;
HWHTETpajJbHOE UCUNCIICHUE (DYHKINN OTHOH MepEeMEHHOIA.

Jna yumuposanus: Makeea O.B. TexHONOrHsI OpraHU3aliy PEIICHUS MaTeMAaTHYECKHUX 3a/lad C HCIOIb30BAHHEM
KOHIICTILIMY MO3TAITHOTO (JOpMHUPOBaHUSI YMCTBEHHBIX AEHCTBUI M KPUTEPHAIBLHOTO OLEHUBAHUS NIPU OOYyYEHUU OYIyIIHX
yauteneit maremaruku // JlokasarempHas memaroruka, rcuxonorma. 2025. Ne 3. C.39-53. DOI: 10.18323/3034-2996-
2025-3-62-3.
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