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Abstract

Nowadays education tends to take into consideration student's personality, his/her individual features and
interests. Professors and teachers should elaborate individual ways to develop each student. That is why the
most valuable part of educational process is the technologies which take into consideration individual
features and abilities of students. This article is focused on experimental approbation of one part of
integrative and differentiated educational approach - style technology. The authors determine methods
distinguishing cognitive styles of thinking, which have approximately the same result. They show the
examples of reformulating the problems adapted to the cognitive ways of thinking. The findings show that
the successful figure out of a problem depends on the way the problem was formulated for the students.
The problems which are adapted to a cognitive style of thinking of each student are figured out more
successfully. The results of the tests confirm that the successful figure out of physics problems depends on
cognitive styles of thinking of the students since people with different cognitive styles perceive the text of

a task in different ways.
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1. Introduction

Federal Educational Standard (Russia) requires physics teachers to organize educational process on
the basis of systemic and activity approach. One of the ideas of this approach is to include every student
into the educational process. It is necessary to take into consideration individual features of each student to
implement systemic and activity approach since the object of educational process becomes its subject when
the problem stated by a teacher is accepted to think over. Professors and school teachers are required to
elaborate individual ways to develop each student. That is why the most important part of educational
process elaboration becomes the technologies focused on individual features and abilities of students:
differentiated (Drobysheva, Drobyshev, Nikanorkina, & Kuzina, 2016) and individual (Mukhina, 2015)
ways to teach, integrative differentiated way (Degtyarev, 2015; Stikhova, 2008; Stikhova, 2014; Surovtsev,
Barkalov, & Belousov, 2006) and others.

2. Problem Statement

One of the activities which is obligatory to be mastered at school is to figure out problems. The
observations of students figuring out problems show that one and the same problem is easy for some
students and difficult for others, and some students figure out quantitative problems more successfully
while others are better in figuring out qualititative-ones. One of the reasons why students do not accept a
problem stated by a teacher or printed in a student's book is that they do not understand the text of a problem.
Some authors believe that successful figuring out of a problem depends of cognitive condition (Isakova &
Yusupov, 2017), others think that students may not understand the problem because their perception of
problem text depends of their cognitive way of thinking (Gidlevskii, 2010).
Cognitive style of thinking is one of the basic concepts in psychology. Achievements in cognitive
thinking researches were integrated into pedagogy to create better conditions for cognitive activity of
students. The idea to implement psychology findings about cognitive styles into educational process is now
new:
— level-style differentiation within modular education (Danushenkov & Korshunova, 2011);
— level-style differentiation within integrative differentiated approach to organize specialized
education (Danushenkov & Korshunova, 2005);

— level-style differentiation within professional training of teachers of rural schools (Korshunova,
2010);

— development of critical thinking of future specialists (Anisimov, 2010);

— formation of cognitive styles and strategies within individualization of the way to teaching
(Mukhina, 2015);

— influence of thinking fluency on figuring out of mnemonic problems successfully (Fedoseeva,
2011);

— connection between individual style of information processing and comprehension of a problem

text (Gilev, 2006).
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However, the researches about the connection between the successful figure out of physics
problems by the students and their cognitive styles have not been led in educational organizations of general

and upper secondary education yet.

3. Research Questions

The classification of cognitive styles is rather broad. Russian and foreign psychological and
pedagogical literature observes about twenty cognitive styles. M.A. Kholodnaia distinguishes 10 general
cognitive styles in her book “O prirode individealnogo uma”: field dependency/ field independency,
narrow/wide range of equivalence; rigid/ flexible cognitive control; narrow/ wide category;
focusing/scanning control; leveling/ sharpening; tolerance/intolerance to unrealistic experience;
impulsivity/ reflexion; concrete/ abstract conceptualization; cognitive simplicity/ complexity (Kholodnaia,
2004).

Berulava and Berulava (2010), basing on researches about the way people percept the world around
them (as a whole or a set of different objects), distinguishes two cognitive styles of thinking: integral and
differential. The author says that this broad classification does not show all of integral features of cognitive
thinking, hence it is necessary to distinguish elements of each style: emotional, theoretical and active:

1) integrally theoretical;

2) integrally emotional;

3) integrally active;

4) differentially theoretical,

5) differentially emotional,;

6) differentially active.

People who have integral style of thinking are inclined to percept a studied object as a whole, those
who have differential style - are inclined to perceive reality as a set of elements.

Integrally theoretical style is referred to cases when the understanding of a situation may be
formulated in one concept and the situation is perceived as a static one.

Integrally emotional style may be diagnosed if the generalized assessment of a situation is emotional.

Integrally active style is formed if a situation is perceived in motion and may be formulated in one
concept.

Differentially theoretical style may be diagnosed if a person perceives a static situation as a set of
elements.

Differentially emotional style may be diagnosed if the emotional concepts appear.

Differentially active style is formed if the situation is perceived in motion and as a set of elements.

4. Purpose of the Study

The hypothesis of the study: students will master the activity to figure out problems more
successfully, if, during the educational process, they are asked to figure out problems adapted to their

cognitive styles of thinking.
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5. Research Methods

The research on the connection between successful figure out of physics problems and cognitive

styles of thinking was led in secondary school Ne126, Ufa. Natalia Vladimirovna Kosareva, physics teacher

of the highest category managed the experiment with 29 students of the 9th grade participating.

Cognitive styles were studied with two methods: 1) students were asked which form of cognitive

study they prefer (Korshunova, 2010) and 2) they were asked to describe images (Sirotyuk, 2004).

The connection between cognitive style of thinking and the successful figure out of physics problems was

studied in three steps.

At the beginning of the research, students did the test about "Optics" which was not differentiated

in cognitive styles (table 01).

Table 01. Tasks of the test which was not differentiated in cognitive styles

Variant 1

Variant 2

There is a lamp above the table (fig. 371). How do
we find the diameter of the light spot on the table
under the lamp?

L]
—

Fia. " @71

Make a drawing (fig. 374) and make shadows and
prenumbras of a ball illuminated by two sources of
light Si and S,.

.ﬂ:iﬁ
@
.3k

b #T4

On a sunny day the length of a house shadow on the
ground is 30 m, and the shadow of a vertically
placed stick with 1.5 m height is 2 m. What is the
height of the house?

Light beam SA (fig. 399)
passes through the plate
with parallel faces fixed
on the surface of water in
a vessel. the
approximate way of the
beam through the plate

Draw

Fiz. 309

and water.

There are two divergent rays 1 and 2 (fig.398)
which pass through a glass plate with parallel faces.
Draw the approximate way of the rays through the
plate and out of it.

&
e

Fie | Gl

Make a drawing —the of a luminous point S
reflection in a flat mirror MN (fig. 388).

S
Ed
M
v
Fiz . 388

An object placed at a distance of d=125 cm from the
collecting lens perpendicular to its main optical
axis, gives an image with height H=25 mm on the
screen. Find the height of the object if the focal
distance of the lens is 0.25 m.

The image of millimeter scale placed in front of a
ruler at the distance of 12.5 cm and perpendicular
to main optical axis has the a length H=2.4 cm on
the screen. Calculate focal distance of the lens.
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After the results of the test were analyzed, the tasks were re-formulated according to the cognitive
styles of the students. As it was mentioned before, the main feature of the integrative styles is that the
situation is perceived as a whole. It is better to teach students with this cognitive style, firstly, abstract
concepts and then concrete, firstly general then its parts. It is necessary to describe a law of physics before
studying forms of its manifestation.

It is necessary to take into account the special features of the integral cognitive styles mentioned
above when formulating the tasks: you should formulate the question first, then give the conditions/ initial
data. This way the necessity of move from abstract to concrete is taken into account: the questions about
general phenomena and processes are asked in the problem, then they are specified by input data.

Main feature of differential styles is that the situation is perceived as a set of elements. It is necessary
to organize study of the material from concrete to abstract; from parts to the whole object. Studying the law
of physics it is necessary to focus on some particular moments of its manifestation and then to study the
law itself.

In accordance with the specific features of differential styles, when formulating tasks, it is necessary
to follow the rule: to give initial data firstly and then state the question. In this case a teacher follows the
tendency to go from parts of an object (initial data) to the whole object (the question about a phenomena or
a process in a task).

According to the stated rule, we made a test differentiated in cognitive styles (table 02).

Table 02. Optics test differentiated according to cognitive styles

Integral styles
Variant 1

Variant 2

Calculate a light year in kilometers if 1 light year is equal
to the distance which the light passes in 1 year.

What is the height of a birch, the shadow of which is 5
m length, if the 2m height birch casts the 1 m shadow?

Calculate the index of ice refraction if the speed of light
inside of it is 228 000 km/sec.

How long it takes light to pass from the Sun to Mars if

the distance between them is 2,3*108km?

Calculate the speed red and violet light disperse in water
if the refractive index for red light is 1.331 and for violet
- 1.343

How different is frequency of light of two rays with the

g, . .
length of the wave 5*10 m, if one of them disperses in
water and another one -- in turpentine?

Draw the image for AB and describe it:

Draw the image for AB and describe it:

al

Differential styles

Variant 1

Variant 2

The speed of light in a diamond is 124000km/ sec.
Calculate the refractive index of the diamond.

The distance from the Sun to the Earth is 1.5*108km.
How long will it take the light radiation to cover this
distance?

The astronomical unit is approximately equal to the
distance from the Sun to the Earth (1.5*108 km). How

The height of a palm is 20 meters and the length of its
shadow is 35 meters. The length of a sequoia shadow is
50 meters, what is its height?
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long will it take light radiation to overcome 10
astronomical units?

Refractive index is 1.5 and the refractive angle is twice
less than the angle of incidence. What is the fall of the
angle to the surface of glass?

There is a scheme of the rays, draw AB image and
describe it:

Refractive index is 1.5 and the reflected ray appeared to
be perpendicular to the refracted. What is the angle of the
light incidence to the glass?

There is a scheme of the rays, draw AB image and
describe it:

It was decided to confirm the dynamics caused by use of tests adapted to cognitive styles of thinking
by making the third test to check "Physics of atomic nucleus" module. It was reasonable to test this module
because the material was not refreshed before the test as it was done with optics test. That means that the

results should be more reliable (table 03).

Table 03. "Physics of atomic nucleus" Module Test differentiated according to cognitive styles

Integral styles
Variant 1 Variant 2
What is B-radiation? What is y radiation?

How many protons and neutrons are in the nucleus of
23

8
0
. U element?

How many electrons are in an atom?

9
What is the second product of a nuclear reaction: ,Bet

4H 12C+ 0
) 6—6

1
What X-particle is involved in the reaction: X + ; B=

14N+ 1 o
7 On'

What is the binding energy of the deuterium isotope
nucleus?

4
What is the binding energy of the helium nucleus 5 He?

13
What is the energy yield of a nuclear reaction: ¢ CF

7 2 8
What energy is released in the reaction: 5 Li+ ,H=,Be
1

1 14
) H= ; N? +, n?
Differential styles

Variant 1 Variant 2

a-radiation is ...?

The planetary model of the atom is based on experiments
on...?

214
The core element o PP contains ... protons and ...

neutrons

The total charge of electrons by a) sign and b) module
is...?

2 3 3
 H+ H=_He+.. makesaparticle ..

2 7 8
,H+ Li= Be=..makes a particle ...

6
The binding energy of the 5 Li nucleus equals...

12
The binding energy of the s C nucleus equals...

- 239
Reaction: o Pu=

106

Tc+

133 .
" 51 Sb. What is its energy

yield?

2 3 4 1
Reaction:  H+ H=_He+ n. What energy is released

in the reaction?
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6. Findings

Table 04. Results of the diagnostics of cognitive styles using questions about the preferred forms of
educational activities

Question Answer choice Cognitive style Number of|
responses
1. If you were asked to fulfil{l. A task with open questions. 1. Integral 1. 14
a task in different forms,|2. Figure out of problems. 2. Differential 2.15
which one would you
choose?
1I. What form of work during| 1. Calculations. 1 — 3 Differential 1.13
Physics lesson do you|2. Proving hypotheses, statements,|4. Integral 2.7
prefer? theorems. 3.2
3. Work on my own. 4.19

4. Teamwork.

III. What forms of studying|l. Brainstorm. 1-3. Integral 1.13
natural sciences you find the[2. Highlighting the main point of{4. Differential 2.9
most appropriate? the problem. 3.3

3. Forecasting results. 4. 14

4. Conducting an  experiment,
making conclusions based on it,
analyzing the results.

Table 05. The results of cognitive styles' diagnostics with use of image description method

Student's first and last name Cognitive style type Conclusion
IT | IE | IA | DT | DE | DA
Student 1 2 3 1 DE
Student 2 4 1 1 IT
Student 3 1 2 2 1 IT/DE
Student 4 2 4 DA
Student 5 4 2 DE
Student 6 1 5 DE
Student 7 4 2 DE
Student 8 4 2 IT
Student 9 2 3 1 DE
Student 10 1 1 2 2 DT/DE
Student 11 5 1 IT
Student 12 6 DE
Student 13 2 3 1 DE
Student 14 1 3 2 DE
Student 15 2 3 DE
Student 16 3 1 2 1A
Student 17 2 2 1 1 IT/TA
Student 18 1 3 2 DE
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Student 19 1 2 3 DA
Student 20 2 1 3 DA
Student 21 1 2 1 1 1 1A
Student 22 2 4 DE
Student 23 6 DE
Student 24 2 3 1 DE
Student 25 6 DA
Student 26 1 4 DE
Student 27 1 2 2 1 1IE/DE
Student 28 6 DE
Student 29 2 3 1 1A
Total 3 0 3 0 15 | 4 4 — mixed
= 1T, 10%
r

— = 'IE, 0%

MIXED; 14%
= 1A, 10%

= | DE, 52%

DT; 0%

Figure 01. Distribution of the students into the integral and differential types of thinking and the
subgroups of them

" Mixed styles; ——

vy __— " Integral styles;
0

21%

Differential styles; 65% —

Figure 02. Distribution of the students into the integral and differential types of thinking
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Both methods (Korshunova, 2010; Sirotyuk, 2004) showed a similar distribution in cognitive styles (figure
01). The majority belong to differential cognitive style (figure 02).

v

Task 1 Task 2 Task 3 Task 4
u With CS w Without CS

Figure 03. Students with differential style of thinking distributed according to their results of figure out
of problems in the "Optics" test (%)

80

Tak 1 Task 2 Task 3 Task 4

u With CS » Without CS

Figure 04. Students with integral style of thinking distributed according to their results of figure out of
problems in the "Optics" test (%)

Results of the optics test, which was not adapted to cognitive styles of thinking showed the
following: academic performance — 55%, quality of education is 22% (figure 03, 04).

Results of the optics test, which was adapted to cognitive styles of thinking showed the following:
academic performance reached 96.2%, education quality index was 60% (figure 03, 04) what is much

higher results than in the test which was not adapted to cognitive styles.
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Task 1 Task 2 Task 3 Task 4 Task 5

u Integral styles ¥ Differential stvles
Figure 05. Students distributed according to their results of figure out of problems in the "Physics of an
atomic nucleus" test (%)
Results of the physics of an atomic nucleus test, which was-adapted to cognitive styles of thinking,
showed the following: academic performance 92%, education quality index -- 58.3% (figure 05) what is

also higher results in academic performance and education quality in comparison with the first optics test.

7. Conclusion

The results of the tests confirm that the successful figure out of physics problems depends on
cognitive styles of thinking of the students since people with different cognitive styles perceive the text of
a task in different ways, however, some results are subject to specification:

1) Task Ne2 in the second optics test was more difficult for students with integral styles than a
similar task before it was adapted in accordance with cognitive styles. Probably, it happened because the
text was re-formulated for students inappropriately, what is also subject to confirmation.

2) Task Ne5 of the third "physics of an atomic nucleus" test appeared to be very difficult for all
thinking styles students: it was done only by 29% of students with integral style and by 25% of students
with differential style. These low results, most likely, show that the task was highly complicated, however,
it also is subject to confirmation.

Generally, the tasks adapted to different cognitive styles of thinking positively influence students'

academic performance as they master to figure out physics problems easier.
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