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Abstract. The article describes the content of the study aimed at creating and testing the
"Movement" methodology, which includes tasks that are solved in a visual-figurative form. In
these tasks, an imaginary character moves around the playing field based on certain rules. It is
required to find a route for moving this character from one point of the playing field to another
in the required number of actions. The methodology is intended for younger students in order to
determine how the tasks are solved: general, theoretical or private, empirical. Individual exper-
iments with fourth-graders showed the wide possibilities of the methodology in distinguishing
children by the method of solution.
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1. Introduction. The Federal State Educa-
tional Standard of the NEO [6] states that the
study of the primary school curriculum by
younger students creates conditions not only
for children to acquire knowledge, skills and
abilities in basic academic subjects, but also
opens up wide opportunities for children to
form universal educational activities of vari-
ous character: cognitive, regulatory. commu-
nicative, personal and sign-symbolic.

The subject of our study was the cognitive
competence associated with the development
of ways to solve problems of a search charac-
ter. The purpose of the study was to develop a
methodology that allows determining the
formation of the named cognitive competence
among primary school graduates.

In understanding the characteristics of
ways to solve problems of a search nature, we
relied on the concept of two types of cogni-
tive activity developed in the dialectical theo-
ry of knowledge (see, for example, [8]) and
implemented in the works of V.V. Davydov
(see, for example, [1]).

According to these ideas, a person's
knowledge of the surrounding world can be
aimed at reflecting the internal connections of
objects and phenomena (theoretical, meaning-
ful, reasonable knowledge) and at reflecting
their external connections (empirical, formal,
rational knowledge).

In the first case, cognitive activity is effec-
tive, since its result is an understanding of the
causes of changes in objects of knowledge. In
the second case, cognitive activity is ineffec-
tive, since its result is only a description and
ordering of the observed features of the
change in cognizable objects.

Based on these ideas about the two types
of cognition, it was accepted (see, for exam-
ple, [1-4]) that the development by a person
of ways to solve problems of a search nature
in one case involves the allocation of signifi-
cant relations in conditions for achieving the
desired result, otherwise such development is
not related to the disclosure of significant re-
lationships. In the first case, the methods used
can be characterized as meaningful, in the
second case — as formal.

Achieving a cognitive meta-subject result
associated with the development by school-
children in the course of learning how to
solve problems of a search nature involves the
formation of a mental action of analysis,
which is associated with the analysis of con-
ditions for obtaining the desired result.

In some cases, such an analysis is imple-
mented as a formal analysis, which only di-
vides the proposed conditions into separate
data - this is typical for a non-generalized,
empirical method of solving problems of a
search nature (see, for example, [1-4]).
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In other cases, the analysis of conditions is
connected not only with the selection of data
and their relationships, but also, most im-
portantly, with the clarification of their role in
a successful decision: which of them is essen-
tial and necessary, and which is insignificant
and accidental. This is a meaningful, clarify-
ing analysis, serving as a condition for a gen-
eralized, meaningful way to solve search
problems.

The development of generalized ways to
achieve the desired result is characterized by
the ability to carry out a meaningful analysis
of the proposed conditions, associated with
the allocation of significant data relationships.
As a result, all problems of this class are suc-
cessfully solved. The fact of unsuccessful so-
lution of one or more of them indicates the
absence of a meaningful analysis and, there-
fore, the presence of a non-generalized way to
solve the proposed problems.

2. Materials and methods

On the basis of ideas about the originality
of different approaches to the analysis of the
conditions of the proposed problems related
to the same class, and the different ways of
solving them associated with these approach-
es, requirements were developed for an exper-

imental situation designed to determine the
nature (generalized or non-generalized) of the
method of action when achieving the required
result.

First, the subject must be offered not one,
but several problems to solve. Secondly, these
problems must have a common principle of
solution. Thirdly, their conditions must differ
in external, directly observable features.

Compliance with the above requirements
makes it possible to determine when children
use meaningful analysis in solving problems
of the same type and when children use for-
mal analysis. As a result, it will be possible to
characterize the formation of cognitive meta-
subject competence associated with the de-
velopment of methods for solving search
problems.

2.1. Characteristics of the "Movement"
technique

In accordance with the specified require-
ments, the "Movement” methodology was
developed. The meaning of the tasks of this
technique is to find a way to move an imagi-
nary character (“Rooster”) from one cell of
the playing field to another according to the
given rules and in the required number of
steps (Fig.).
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Fig. Solution of a multi-pass problem

Moving the "Rooster” on the cells of the
playing field is subject to the following rules.
The "Rooster" can move to neighboring cells
either directly (i.e. horizontally or vertically)
or obliquely (i.e. diagonally). At the same

time, he can take no more than two identical
steps in a row. This means that after two steps
straight he takes a step obliquely and after
two steps obliquely — a step straight.
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Thus, “a rooster can alternate steps straight
and oblique in different ways: a step straight -
a step oblique, a step straight - two steps
oblique, two steps straight - a step oblique,
two steps straight - two steps oblique. There
will be four options for alternating steps if
you first take steps obliquely: a step obliquely
- a step straight, a step obliquely - two steps
straight, two steps obliquely - a step straight,
two steps obliquely - two steps straight.

Here is how, for example, such a multi-
pass task: how can a "rooster" get from cell
A9 to cell 11 (Fig. 1) in 10 steps? Solution:
first, the “rooster” took two steps obliquely
A9 - B8 - C7, then two straight steps C7 - C6
- C5, a step obliquely C5 - D4, a step straight
D4 - E4, a step obliquely E4 - F3, a step
straight F3 - G3 and two steps obliquely G3 -
H2 - 11.

2.2. Types of tasks of the "Movement"
technique

Based on the rules for moving the "roost-
er, three types of problems were developed:
multivariate, univariant and unsolvable.

In multivariate problems, the solution has
several successful sequences of steps. For ex-
ample, a task where you need to get from cell
B2 to cell D2 in three steps has six successful
solutions: 1) B2 - C2 - D3 - E2; 2) B2 - C3 -
D2-E2;3)B2-C3-D3-E2;4) B2-C2-
D1-E2;5B2-Cl-D2-E2;6)B2-Cl1-
D1 - E2.

In single-variant problems, the solution has
only one successful sequence of steps. For
example, a task where you need to get from
cell A4 to cell D9 in five steps is solved as
follows: A4 -B5-C6-C7-D8 - E9.

In unsolvable problems, there is no satis-
factory solution provided that the rules and
the required number of steps are observed.
For example, a task where you need to get
from cell Al to cell D4 in three moves. The
fact is that the most probable sequences of
three steps end in cells C4 or D3. And to get
to cell D4, you need to take the fourth step.

2.3. Content of individual experiments

To test the "Movement” methodology, in-
dividual experiments were organized with
fourth-grade students. The meaning of the
experiments was to reveal the possibilities of
the methodology in differentiating children
according to the way they solve problems.

The first task was a practice task, so that
the children tried to use the rules for moving
the “rooster”. To do this, a multivariate task
was proposed in three steps: C1 - E4, which
has three options for a successful solution: 1)
Cl-C2-D3-E4;2)Cl-D2-D3-E4;3)
Cl-D2-Ds3-EA4.

The second, third, fourth and fifth tasks
were the main ones. They were proposed to
determine the type of analysis of the condi-
tions of problems - theoretical, meaningful,
associated with the allocation of significant
relations, or formal, empirical, when signifi-
cant relations are not distinguished. Single-
variant problems were used as the main ones,
which, despite the external difference in their
specific conditions, had a common principle
of solution.

Each problem had to be solved in eight
steps: in the first problem it was required to
find the path from Al to G9, in the second -
from 12 to A8, in the third - from 19 to A3, in
the fourth - from B9 to H1.

The tasks differ in external features of the
conditions (different initial and final cells), so
that the specific steps of the "rooster” in the
method of solving the previous task are not
used in the next one.

The general principle for solving all prob-
lems is that in each problem the sequence of
eight moves includes six oblique moves and
two straight steps: the first two steps and the
last two steps must be performed obliquely.

2.3.1. Conducting individual experiments

The experiment with each of the 53 fourth-
grade schoolchildren was carried out as fol-
lows. The child is offered a sheet of paper on
which a square cellular playing field was
drawn (Fig. 1).

Then the experimenter said: “Today we
will solve interesting problems. Here, a
square of cells is drawn on the sheet. Each
cell in it has its own name from a letter and a
number. For example, this cell, - (the experi-
menter points to the lower left corner), - is
called Al. In this corner, - (the lower right
corner is indicated), - there will be cell I1.
Here there will be cell A9, - (indicates the
upper left corner), and here - 19, - (indicates
the upper right corner). Now | will point to
different cells of the square, and you will say
their names.
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Along with this verification option, the ex-
perimenter also uses another one: he names
different cells, and the student shows them on
the playing field. After it becomes clear that
the child confidently operates with the names
of the cells of the playing field, he is told: “A
magic* cock “walks along the cells of this
square. He steps only into neighboring cells:
up, to the side or down. And never jumps
over the cage. For example, from cell B3 he
can go directly to cell B2, or B4, or A3, or C3
with one step.

In addition, the "rooster" steps into neigh-
boring cells and obliquely. For example, from
cell B3 he can get in one step obliquely into
cell C4, or C2, or A4, or A2.

The main rule of steps is that he can do no
more than two identical steps in a row. If he
took two steps straight, then he must take a
step obliquely. For example, if he went from
Al to A2 and then to A3, then after that, he
must take the third step obliquely - either to
B4 or B2.

And if the "rooster” took two steps in a
row obliquely, then he must then take a step
straight. For example, if from Al he first
went to B2 and then to A3, then he must take
the third step directly: to cell A4 or to cell B3.

Of course, the "rooster” can alternate one
step at a time: a step straight - a step oblique-
ly - a step straight - a step obliquely, for ex-
ample: Al- A2 -B3-C3-D4 - EA4.

He can also alternate one step and two
steps, for example: straight step - two steps
obliquely (Al - A2 - B3 - C4) or oblique step
- two steps straight (Al - B2 - B3 - B4). But
the main thing is that you cannot take three
identical steps in a row.

Let's now practice the "rooster"” steps. How
can he get from cell Al to 19? ... What could
be the first step?.. What is the second
step?...” In the course of a joint discussion,
the children suggest different steps of the
"goose" on the way to the specified goal, and
the experimenter recalls the basic rule of its
movements - "no more than two identical
steps in a row."

Then the experimenter says: “Let's solve
such a problem. From cell B3 ™ took three
steps and hit the cell E2. Name the cells he
walked on.

That's right, he could first step into B3,
then to D3, and then to E2. Write down this
solution using the names of these cells,” — the
child independently writes down a solution of
three moves as follows: 1) C3, 2) D3, 3) E2.

Then the experimenter offered to solve a
control training problem, where in three
moves it was required to find a way from cell
B1 to cell E4.

After solving this problem, the subject was
asked to solve four main single-variant prob-
lems. In each problem, it was required to find
eight moves. This was given 20 minutes.

3. Results

3.1. Distribution of children according to
the method of solving problems

Experiments with subjects made it possible
to establish the following effective character-
istics of solving four main tasks.

It turned out that 60.4% (32 out of 53 peo-
ple) solved the problems with the help of a
theoretical, meaningful analysis and found a
general principle for solving them.

At the same time, observations of the ac-
tions of these children made it possible to dis-
tinguish two groups. The first group, T-1, in-
cluded "theorists™ who discovered the general
principle of solution on the basis of the first
problem. The second group, T-2, included
"theorists" who discovered the general princi-
ple of solution on the basis of the second
problem. The T-1 group consisted of 43.7%
of all "theorists”, the T-2 group, respectively:
56.6%.

The rest of the subjects (39.6%) were una-
ble to perform theoretical analysis and find a
general principle of solution when solving the
main problems. They can be conditionally
called "empiricists".

Observations of the actions of "empiri-
cists" made it possible to distinguish three
groups of subjects. The first group, E-1
(28.5%), are “empiricists” who have solved
two problems correctly. The second group, E-
2 (47.7%), are “empiricists” who have solved
one problem correctly. The third group, E-3
(23.8%), are “empiricists” who have not
solved a single main problem.

3.2. Features of solving problems by chil-
dren of different groups

Along with the productive characteristics
of problem solving noted above, the data of
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observations of the process of solving prob-
lems by children of the above five groups are
of great importance: T-1, T-2, E-1, E-2 and E-
3.

Differences between these groups of sub-
jects already took place when solving the
training problem. Thus, the subjects of groups
T-1 and T-2 not only used one solution, but
also offered two more options for successful-
ly solving this problem. Most often, these
were, firstly, the option when the first two
moves were oblique, and the third move was
straight (i.e. C1 - D2 — E3 - E4), and, second-
ly, the options when the first move was
straight, and the second and third are oblique
(i.e.,C1-C2-D3-E4).

When asked by the experimenter whether
there were still possible options for success-
fully solving this problem, the subjects easily
found the third variant of the sequence of
three moves (from C1 to E4): in this case,
moves of different types simply alternated
(i.e., the first move was obliquely, the second
is straight, the third is oblique: C1 - D2 - D3 -
E4).

The subjects of the E-1 group, as well as
the "theorists”, could independently find two
options for solving the training problem.
However, unlike the “theorists”, they found
somewhat different options.

So, usually, as the first option, they found
a sequence of three moves, in which moves of
different types alternated like this: oblique,
straight, oblique (C1 - D2 - D3 - E4). As a
second option, they suggested a three-move
sequence where the first move was straight
and the other two were oblique (i.e., C1 - C2 -
D3 - E4).

At the same time, when the experimenter
asked if there were still possible options for
successfully solving this problem, the sub-
jects of the E-1 group most often found it dif-
ficult to answer and usually did not find a
third option, when the sequence of three
moves included oblique steps as the first two,
and as the third - step straight (i.e. B1 - D2 -
E3 - E4).

The subjects of the E-2 group, in contrast
to the subjects of the E-1 group, could not in-
dependently find any two variants of a suc-
cessful sequence of three moves in the train-
ing problem. Most often, they offered such a

variant, which was associated with a sequence
of three moves, in which moves of different
types alternated as follows: oblique - straight
- oblique (i.e. C1- D2 - D3 - E4).

When asked by the experimenter whether
there were still possible options for success-
fully solving this problem, the subjects of this
group could find with great difficulty only
one more option: usually this option was as-
sociated with a sequence of three moves, in
which the first move was straight, and the
other two were obliquely (i.e. C1 - C2 - D3 -
E4).

The subjects of the E-3 group, just like the
subjects of the previous group (i.e., the E-2
group), were able to independently find only
one variant of the sequence of three moves in
the training task and, just like the subjects of
the E-group, 2, this variant was most often
associated with a sequence of three moves,
where different types of steps alternated as
follows: C1 - D2 - D3 - EA4.

When asked by the experimenter about
whether there are still possible options for
successfully solving this problem, the sub-
jects of this group could not find any other
option.

Even more significant differences in pro-
cedural characteristics between the groups of
subjects T-1, T-2, E-1, E-2, E-3 were ob-
served when solving four main tasks, each of
which, as noted, had one variant of a success-
ful solution, associated with a sequence of
eight moves, where 1 and 2, 4 and 5, 7 and 8
moves were performed obliquely, and 3 and 6
straight.

3.3. Characteristics of the solution of
problem 1 by subjects of different groups

3.3.1. Features of the behavior of the sub-
jects of the T-1 group

Determination of the location of the initial
and final cells was performed by the subjects
of this group clearly and quickly. At the same
time, they, as a rule, first touched cell Al
with a pen, then cell 19. Then active gaze
movements were observed from cell Al to
cell 19 for some time. This testified, in our
opinion, that the children tried to remember
the extreme points of the desired route.

Then one part of the children of the T-1
group performed three trial attempts of the
solution, and the other part of the children of
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the same group performed four trial attempts.
For those children who limited themselves to
three attempts, of which the third was suc-
cessful, it was characteristic that the first at-
tempt was completed. This means that the
path from the start cell to the end cell was
presented. However, due to the fact that not
eight, but nine moves were made, this attempt
was unsuccessful.

The second attempt was then, as a rule, in-
complete. This means that the children usual-
ly performed four or five moves, after which
it became clear to them that it would be im-
possible to meet eight moves.

The third attempt, like the first one, was
completed: here the children demonstrated a
sequence of eight moves, with the help of
which one can get from cell Al to cell 19.

Those children in whom the fourth trial at-
tempt was successful are characterized by
some differences from the previous part of the
children of the T-1 group. They expressed
themselves in the fact that their second trial
attempt was also completed and also unsuc-
cessful, since it included nine moves. The
third attempt was incomplete, similar to the
second attempt for the subjects of the first
part of the T-1 group.

3.3.2. Features of the behavior of the sub-
jects of the T-2 group

The behavior of the subjects of the T-2
group in the process of solving problem 1 dif-
fered from the behavior of the subjects of the
T-1 group. Thus, the determination of the lo-
cation of the initial and final cells was per-
formed by the subjects of the T-2 group less
clearly and less quickly than it happened in
the subjects of the T-1 group. Having fixed
the location of these cells, first by touching
them with a pen and then with their eyes, the
subjects of the T-2 group, like the subjects of
the T-1 group, (although not as long as the
subjects of the T-1 groups) measured the dis-
tance from Al to 19 with their eyes.

Then one part of the children of the T-2
group (the first subgroup of T-2) performed
four trial attempts of the solution before the
fifth attempt became successful. The other
part of the children (the second subgroup T-2)
performed five trial attempts before the sixth
attempt was successful. The unsuccessful na-
ture of the attempts that preceded the one

where the problem was solved correctly was
due to the fact that the children, in order to
get from Al to 19, performed not eight, but
nine moves.

It should be noted that the attempt imme-
diately preceding the final (successful) one
was always incomplete: in the course of its
implementation, usually four or five moves
were performed. And all the initial trial at-
tempts (first, second and third) in the first
subgroup T-2 and (first - fourth) in the second
subgroup T-2 were completed.

3.3.3. Features of the behavior of the sub-
jects of the E-1 group

The behavior of the subjects of group E-1
in the process of solving the first main prob-
lem differed from the behavior of the “theore-
ticians". As noted earlier, the subjects of the
E-1 groups, unlike the subjects of the T-1 and
T-2 groups, could not solve all the main tasks
successfully: they successfully solved only
two of the four main tasks - the first and
fourth or the first and third or second and
fourth. Thus, in some cases, the subjects of
group E-1 coped with the first task, without
solving the second, in other cases, on the con-
trary, they could not cope with the first task,
but then correctly solved the second task.

It should be noted that the successful solu-
tion of any task - the first, second, third or
fourth - occurred in the subjects of group E-1
randomly. This follows from the observation-
al data on the process of solving problems,
according to which the behavior of the sub-
jects of this group did not differ much in situ-
ations of successful and unsuccessful solution
of the same problem.

The total number of trial attempts in the E-
1 group, regardless of whether the solution
was successful or unsuccessful, reached seven
to eight. All attempts were completed, i.e.
children each time "passed” the path from the
initial cell to the final one. It is important to
note that the initial attempts - usually from
the first to the fifth - as the first move (or
even the first two moves) had a step straight,
although sometimes there was a step oblique-
ly as the first move. The last three or four at-
tempts had as a first move, as a rule, a step
obliquely.

It should be noted that in the trial attempts
of subjects E-1, there were a variety of op-
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tions for the ratio of steps of different types:
alternating steps one at a time (oblique -
straight - oblique - straight or, conversely,
straight - oblique - straight - oblique), alter-
nating steps two and one (straight - straight -
oblique - oblique), alternating steps two and
two (oblique - oblique - straight - straight or
straight - straight - oblique - oblique).

Thus, the analysis of the process of solving
problem 1 by the subjects of the E-1 group
shows significant differences in the actions of
the subjects of this group from the actions of
the subjects of the T-1 and T-2 groups, who
successfully solved all four main tasks.

3.3.4. Features of the behavior of the sub-
jects of the E-2 and E-3 groups

Observations of the actions of the subjects
of groups E-2 and E-3 in solving problem 1
show their significant similarity with the ac-
tions of the subjects of group E-1. As well as
the subjects of the E-1 groups, the subjects of
the E-2 and E-3 groups carried out a signifi-
cant number of trial attempts, seven, eight,
and sometimes even nine, all attempts were
completed, as the first move and often the
first two moves, a straight step was used, the
ratios of steps of different types were very
diverse: oblique - straight - oblique, straight -
oblique, straight - oblique - oblique,

In general, consideration of the character-
istics of the actions of the test groups E-1, E-2
and E-3 shows a significant commonality of
the behavior of these children in the course of
solving task 1 and the fundamental difference
between such behavior and the behavior of
the test groups T-1 and T-2 when solving the
same task.

Observations of children's behavior show
that the differences noted above persist when
solving the other three main tasks.

4. Conclusion

This study was devoted to solving an im-
portant problem for educational psychology:
the development of a methodology designed
to diagnose the method of solving problems
in younger students.

With two classes of primary school gradu-
ates, individual experiments were carried out
using the new method of "Movement". As a
result, it was shown that solving the problems
of this technique allows differentiating chil-

dren according to the method of action to
achieve the desired result.

Some children solved problems in a gen-
eral way, which is associated with a meaning-
ful analysis of the conditions of the problems
in order to highlight the essential relation-
ships in their conditions and discover the
principle of solving a number of similar prob-
lems. This is the theoretical way.

Other children solved problems in a pri-
vate way, which is associated with a formal
analysis of the conditions of the problems, not
aimed at highlighting essential relations in the
conditions of the problems and at searching
for the principle of solving a number of simi-
lar problems. This is the empirical way.

Concluding the consideration of the results
of the development and testing of the
"Movement” methodology, designed to de-
termine the formation of cognitive compe-
tence associated with the development of
methods for solving problems, it is necessary
to note the new facts obtained in the study.

First, observations of the actions of stu-
dents who carry out meaningful analysis in
solving problems made it possible for the first
time to identify two groups of children: in one
group, subjects identify a general principle of
solution when analyzing the content of the
first task and when analyzing the content of
the second task.

Secondly. Observations of the actions of
students who carry out formal analysis in
solving problems made it possible to identify
three groups of children: those who solved
two problems, those who solved one problem,
and those who did not solve a single problem.

The results obtained in the study give rea-
son to believe that the developed methodolo-
gy "Movement" will allow more accurately
than before to determine the formation of
cognitive universal learning activities in
younger students (in particular, among prima-
ry school graduates) related to the develop-
ment of ways for solving search problems by
children.

It should be noted that the knowledge ob-
tained in the study expands the ideas of de-
velopmental and educational psychology
about the intellectual capabilities of primary
school graduates.
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The established facts will allow the com- ology to distinguish between younger stu-
pilers of curricula to make them more effec- dents by the method of solving problems in
tive for creating conditions for the intellectual experiments with students from other grades
development of younger students. of primary school - third, second and first.

In further research, it is planned to study

the possibilities of the “Movement” method-
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BO3MOKHOCTHU METOAUKU «IIEPEMEIEHHUE»
B ONIPEJEJIEHUU OCOBEHHOCTEM PEHIEHUS 3ATAY
Y LIKOJIBHUKOB HAYAJIBHBIX KJIACCOB

A.3. 3AK, 6edywuti HayuHblli cCOMpPYOHUK
IIcnxosornyeckuii uacTuTyT PAO
(Poccus. r. MockBa)

Annomauun. B cmamve usnacaemcs codepicanue uccie008aHus, HanpasieHHO20 Ha CO30a-
Hue u onpobosanue memoouku «Ilepemewenueyr, exnouaroueli 3a0a4u, peuiaemvle 8 Ha2IA0HO-
obpasnoll ghopme. B amux 3a0auax 6000padcaemvlii NePCoOHANC nepemeuiaencs no ueposomy
noJ0 Ha OCHOGe onpedenienHblX npasui. Tpedyemcs Haumu mMapuwpym nepemeujeHus 3mozo nep-
COHAMCa Om 00HO20 NYHKMA USPOBO20 NOJISL 00 0PY2020 3d HYIHCHOe Yucio oelicmeuti. Memoouka
npeoHasHawena OJisk MAAOWUX WKOJLHUKOS ¢ meM, Ymobbl onpedenums, KaKkum cnocobom pe-
waromes 3a0ayu: 00WUM, MeopemudecKUM UlU YACMHbIM, IMAUpuyeckum. HMuousudyanvhvie
IKCNEPUMEHMBL C YeMBEPOKIACCHUKAMU NOKA3AIU WUPOKUE BOZMONCHOCIIU MEMOOUKU 8 PA3IU-
yenuu demeti NO CNOCOOY peuleHusl.

Knrouegwte cnosa: yemeepoknacchuku, memoouxa «llepemewjenuey, meopemudeckui u dm-
nUpUYecKuti N00Xo0bl K peueHuio 3a0ay.
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