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Abstract. The article considers the use of computer technologies at special educa-
tion institutions and highlights the advantages of their application. The article pre-
sents an authored educational technology based on 2D and 3D graphics for develop-
ing natural science knowledge of the topic “Human being” (section “Human skele-
ton”) in students with intellectual disabilities. The authors argue that the computer
technology under description would allow increasing the efficiency of acquisition of
the learning material by students with intellectual disabilities. In order to confirm the
hypothesis posed by the article, the authors developed pedagogical tests based on the
materials of the topics already studied. The tests included multiple choice and multi-
select tasks, as well as matching and classification tasks. Testing on the same topic
was conducted twice: the primary testing was held at the end of the lesson, and the
secondary (delayed) testing was conducted at the beginning of the next lesson. The
results of statistical data processing allowed the authors to conclude that the use of
the developed computer technology makes it possible to increase the retention of
learning the educational biological material by students with intellectual disabilities.
The developed computer program with 2D and 3D graphics serves as a supplement
to the traditional means of teaching students with intellectual disabilities; it is de-
signed taking into account the peculiarities of perception of the children of this cate-
gory, allows to compensate for the shortcomings in their educational and cognitive
activities, and increases their learning motivation.
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Introduction

Rehabilitation tasks of the special
school teacher working with pupils
with intellectual disability are various
and determined by the specificity of
psychological disorders of children of
the given category singled out by the
leading Russian specialists in defec-
tology (L. V. Zankov, N. G. Moro-
zova, V. G. Petrova, S. Ya. Rubinsht-
eyn, Zh. I. Shif, etc.). These disorders
include:

1) disorders of cognitive activi-
ty, fragmentary and limited scope of
perception, poor generality and dif-
ferentiation, low capacity to under-
stand the learning material,

2) inadequate cognitive ac-
tivity, low interest to the content of
the learning material;

3) stereotypicality, rigidity of
the mental process, its poor flexibility;

4)  pronunciation impairments,
agrammatical speech, poor vocabu-
lary, coherent speech underdevel-
opment;

5) low memory and long-term
information storage capacity, mal-
formation of the skills of using the
stored information in activity;

6) incompleteness and distor-
tion of ideas about the surrounding
wprld [5; 10; 11; 12; 16].

In order to overcome these dis-
orders having a negative impact on
the learning-cognitive activity of
the pupils with intellectual disabil-
ity, the special school teacher uses
various methods and means. Com-
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puter technologies are efficient
learning tools for the children of
this category. Their arsenal is being
constantly extended. The opportuni-
ties of their active use in school
practice are being enhanced both
due to better equipment of the Rus-
sian schools (including special
ones) and raising the teachers’
competence in the sphere of com-
puter technologies in education.

Literature review

Let us now characterize com-
puter technologies worked out for
learning and rehabilitation activity
of children with intellectual disabil-
ity and actively used in educational
practice of the Russian special
schools.

Classroom multimedia technol-
ogies used at lessons in various
disciplines [1; 4; 8; 13; 15] are
worked out both by specialists in
the field of programming and by the
teachers themselves with the help of
standard tools offered in the soft-
ware package Microsoft. According
to researchers, these technologies
have many advantages: presentation
of text, graphic, audio and video
information, inclusion of animation,
music, speech and other audio in-
formation. Researchers note that
multimedia  presentations  allow
learning a greater volume of materi-
al than at traditional lessons. In ad-
dition, multimedia presentations
make it possible for the teacher to
take into account the specific pecu-
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liarities and level of perception of
pupils with intellectual disability.

Program complex in the subject
modules  “Grammar”, “Reading”
and “Mathematics”. The complex
represents a set of game-based tasks
aimed at reinforcement of the
knowledge on a certain topic in ac-
cordance with the academic program
for special schools for pupils with
intellectual disability [2; 14]. The
complex ensures activization of the
process of formation of the relevant
learning functions — reading, writing
and arithmetic; and the uniform pro-
gram algorithm allows teachers to
prepare children for acquisition of the
learning material at transition from
one school discipline to another.

The educational computer pro-
gram “Economic Education at
Math Lessons”. The program fo-
cuses on formation and develop-
ment of economic literacy of the
pupils. The program contains 38
tasks included in two blocks —
“Problems and examples” and “Di-
dactic games” — the content of
which is connected with everyday
life situations [3]. Apart from its
urgency for the pupils’ socializa-
tion, this program enhances the
learning motivation of children to
acquisition of rather difficult mate-
rial by inclusion of interesting exer-
cises and game-based tasks.

Computer games realized in the
visual programming environment
“Delphi 7”. The games are targeted
at formation of oral count skills

(“Chamomile”), skills of writing
business papers (“Address the enve-
lope”™), reinforcement of the spelling
of the active vocabulary words and
enrichment of vocabulary (“Active
vocabulary”, “Recollect the rule”),
interactive knowledge control in
various disciplines (“Right answer”,
“Choose a picture”) and practicing
oral count skills (“Insert a mathe-
matical sign”) [7]. The advantage of
the programs consists in the fact
that they solve many different prob-
lems, allow the teacher to activize
various psychological functions and
learning skills of the pupils and
presuppose not only reinforcement
of the acquired knowledge and
skills but also control of the quality
of material acquisition.

Computer-assisted testing tech-
nologies. These technologies are
used for current, topical and final
control in various disciplines and
allow the teacher to evaluate the
level of acquisition of the learned
material by the pupils, as well as to
see their own success or failure in
teaching [6; 14]. The latter makes
it possible for the teacher to cor-
rect his activity and to improve
his ICT competence.

Materials and methods
School subjects differ both in
the content of the lesson and in the
character of presentation of infor-
mation to the pupils by means of
computer technologies, as well as in
the place these technologies may
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take in the process of explanation of
the topic of the lesson and control
of knowledge acquisition. In recent
years, computer technologies using
the opportunities of 3D graphics
which allow observing three dimen-
sion objects and enhance the ob-
server’s sense of reality have be-
come very popular both in mass
culture and in the sphere of educa-
tion. We posed a hypothesis that the
use of 3D graphics in the educa-
tional process of a special school
may have a positive effect on the
level and quality of acquisition of
the learning material by pupils with
intellectual disability due to the fact
that this computer-assisted tool
makes it possible to compensate for
the drawbacks of their academic-
cognitive activity, i.e. it has high
rehabilitation potential. Lessons of
biology (topics “Plants”, “Ani-
mals”, “Human being”), geography,
vocational training, and social-
everyday life orientation can be
referred to such school subjects.

In order to test our supposition we
worked out a computer technology
intended to be used at biology lessons
while studying the topic “Human
being” and including, apart from ob-
jects presented in the 2D graphics
format, objects studied with the help
of 3D graphics. The section “Human
skeleton” was used as learning mate-
rial on the basis of which the hypoth-
esis was tested.

According to the work program,
the given topic included the following

topics:

1) “Support and movement.
Role of the musculoskeletal sys-
tem”;

2) “Composition and structure
of bones”;

3)  “Skeleton of the head”;

4)  “Skeleton of the body”;

5)  “Skeleton of the limbs”.

3D objects were created for each
topic on the basis of such technolo-
gies as 3D modeling, 3D animation
and rigging. The resulting 3D object
was not only a three dimension one
but rotated around its pivot up to
360° In accordance with the fact
that one of the tasks of the given
technology was to acquaint the pu-
pils with new material, the frag-
ments of the 3D object have labels
which are pronounced when the
cursor points at them. In order to
avoid mistakes in the learning mate-
rial comprehension by the pupils
and to attract their attention to this
material, the soundtracked object is
also highlighted. Figures 1-4 show
variants of menus including the
objects under study (the skeleton
and its parts) created using 3D
graphics technologies.

Apart from the fact that the giv-
en technology can be used for ex-
planation and learning new materi-
al, it has a potential for revision and
reinforcement of the material al-
ready learned and for control — i.e.
checking the quality of the material
acquisition. Thus, the functions
“Label” and “Pronunciation” can be

Special Education. 2017. Ne 2

53



disabled, which allows using high-  ture during frontal test (see Fig. 5).
lighting for the parts of the 3D pic-
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Fig. 1. Section menu “Skeleton”
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Fig. 2. Subsection menu “Bone joints. Semi-mobile joints”
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Fig. 3. Subsection menu “Skeleton of the head”
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Fig. 4. Subsection menu “Skeleton of the upper limb”
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CKENET HUXXHUX KOHELIHCTEVI

Fig. 5. Subsection menu “Skeleton of the lower limbs”

During experimental testing of the
created computer educational tech-
nology, we also conducted lessons
with the learning material not sup-
ported by 3D graphics. These were
lessons on the following topics:

1)  “Structure of the cell”;

2) “Chemical composition of
the cell”;

3) “Tissues. Organs”;

4) “Systems of organs. Or-
ganism”.

Comparison between the quality
of learning material acquisition at
the lesson with 3D graphics and the
quality of acquisition at the lesson
without it allows assessing the ef-
fectiveness of application of 3D
graphics at special school lessons
for pupils with intellectual disability
while mastering natural-scientific
knowledge.

Pedagogical tests including the
following tasks were used as as-
sessment tools:

1) multiple choice tasks (with
the chance of choosing one, the
only correct answer to the ques-
tion);

2) multi-select tasks (presup-
posing two or more correct answers
to the question);

3) matching exercises;

4) classification tasks.

Each test included 5 tasks, and
the maximum number of points that
could be scored in each of them was
8. Testing on one and the same top-
ic was held twice:

1) immediately after acquisi-
tion, i.e. at the end of the lesson;

2) delayed in time — at the be-
ginning of the next lesson.

To our opinion, this approach
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does not only allow checking the

level and quality of knowledge ac-

quisition but also its stability.
Results

of comparative analysis (median,
minimum and maximum score) of
testing pupils after the lesson and
delayed testing in 9 topics of the

Figures 6 and 7 show the results  course “Biology”.
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Fig. 6. Dynamics of test results of acquisition of learning material
in the section “Biology” immediately after acquisition (after the lesson)
by pupils with intellectual disability
Note: Md — median, min score — minimum test result, max score —
maximum test result; topic numbers: 1 — “Structure of the cell”, 2 —
“Chemical composition of the cell”, 3 — “Tissues. Organs”, 4 — “Systems
of organs. Organism”, 5 — “Support and movement. Role of the musculo-
skeletal system”, 6 — “Composition and structure of bones”, 7 — “Skele-

ton of the head”, 8 —

“Skeleton of the body”, 9 — “Skeleton of the limbs”.
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Fig. 7. Dynamics of delayed test results of acquisition of learning material
in the section “Biology” (at the next lesson) by pupils
with intellectual disability

Note: See note to Fig. 6.

The results presented in the
graphs demonstrate the differences
in the dynamics of acquisition of
the learning material by the pupils
immediately after the lesson and
delayed in time (at the beginning of
the next lesson while checking the
effectiveness of reinforcement of
the material learned at the previous
lesson). In order to illustrate the
effectiveness of acquisition of the
learning material we presented the
test results of the pupils in both cas-
es on the topics not employing
computer-based technology with 3D
graphics (Lessons 1-4) and on the
topics using 3D graphics (Lessons
5-9). Graphical data demonstrate
gradual decrease of test results at

the traditional lessons, whereas the
lessons using the computer technol-
ogy worked out by us show increase
of all test results beginning with the
very first lesson (Lesson 5) — of the
median, minimum and maximum
scores. It should be noted that the
effectiveness of test tasks comple-
tion is higher according to the re-
sults of testing held immediately
after the lesson, which corresponds
to the specificity of cognitive de-
velopment of the pupils with intel-
lectual disability: they are charac-
terized by a low level of long-term
memory. The median tendency of
the test results is characterized by
significant fluctuations from in-
crease to decrease and vice versa at
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each sequential lesson. In addition,
we observe a considerable variety
of the minimum (0-5 points) and
maximum (4-8 points, with preva-
lence of 8 points) scores in test re-
sults shown in Fig. 6.

The results of delayed testing (Fig.
7) of pupils with intellectual disability
are characterized by lower indices of
the median; the variety of the mini-
mum (prevailing score is 1 point) and
maximum (prevailing scores are 6-7)
scores become more stable. The aver-
age values of test results are character-
ized by an insignificant tendency to-
wards increase. Everything mentioned
above testifies to the fact that the use of
3D graphics computer technology at
the lessons (on the section “Musculo-
skeletal system. Skeleton) facilitates
improving the effectiveness of acquisi-
tion of the learning material by the
pupils with intellectual disability — in
terms of its remembering and stability
of acquisition.

In order to reveal the differences
between immediate testing results
just after the lesson and delayed
testing on previously learned mate-
rial we used the Mann-Whitney U

test (Table 1). We supposed that the
presence of differences between
immediate testing results just after
the lesson and delayed testing re-
sults shows the lesser degree of
effectiveness of material acquisition
by the pupils as it would bring
about fast loss of the acquired
knowledge, and short term character
of remembering the material
learned at the lesson. The absence
of significant differences will mean,
on the contrary, that computer tech-
nologies facilitate better, i.e. more
stable acquisition of the learning
material.

The results presented in the ta-
ble made it possible to reveal dif-
ferences in testing results of the
pupils with intellectual disability on
the lesson topics which were con-
ducted without wusing the 3D
graphics computer-assisted technol-
ogy — “Structure of the cell” (U =
7.5; p < 0.01), “Chemical composi-
tion of the cell” (U = 20.0; p <
0.05), “Tissues. Organs” (U = 18.0;
p < 0.01), and “Systems of organs.
Organism” (U = 15.5; p < 0.01).
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Table 1

Statistical data of differences between testing results of pupils
with intellectual disability after the lesson and delayed testing
(Mann—Whitney U test )

Rank  Sum | Rank Sum
Lesson topics (testing after | (delayed test- | U test p-level
the lesson) ing)
1. Structure of the cell 147.50 62.50 7.50 0.01
2. Chemical 135.00 75.00 20.00 0.0
composition of the cell
3. Tissues. Organs 137.00 73.00 18.00 0.01
4. Systems of organs. | 4, 5, 139.50 1550 0.01
Organism
5. Support and
movement. Role of the | 121.50 88.50 33.50 n/a
musculoskeletal system
6. Composition and 110.00 100.00 45.00 n/a
structure of bones
7. Skeleton of the head | 119.50 90.50 35.50 n/a
8. Skeleton of the body | 96.00 114.00 41.00 n/a
9. Skeleton of the limbs | 127.00 83.00 28.00 n/a

Thus, our hypothesis was cor-
roborated in relation to all topics.
The differences on the topics
“Structure of the cell”, “Chemical
composition of the cell”, “Tissues.
Organs” and “Systems of organs.
Organism”  indicate  that the
knowledge acquired by the pupils
without the use of 3D graphics at
biology lessons is not stable enough
and is lost by the next lesson. The
absence of differences between
such topics as “Support and move-
ment. Role of the musculoskeletal
system”, “Composition and struc-
ture of bones”, “Skeleton of the
head”, “Skeleton of the body” and

“Skeleton of the limbs”, on the con-
trary, testifies to the fact that the
learning material presented with the
help of the 3D graphics technology
has been acquired by the pupils
substantially enough: the learning
material of the lesson was hardly
lost by the next lesson.

The teacher’s observation of be-
havior of the pupils with intellectual
disability during lessons and outside
regular hours also allow one to
judge about rehabilitation potential
of the developed technology. Thus,
the pupils’ interest to the subject
rose, which is demonstrated by
fewer absentees at the lessons of
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biology and negative attitude to
those pupils who are late for biolo-
gy lessons. The rehabilitation-
educational effect on the cognitive
activity of the pupils is seen from
the fact that they began to ask the
teacher questions on the topic of the
lesson, to express surprise at the
facts told at the biology lesson and
to ask to use the given computer
technology at all future lessons. The
increase of the level of comprehen-
sion of the learning material by the
pupils is demonstrated by their
commentary of animated videos and
the teacher’s explanations.

Conclusion

Theoretical review of the use of
computer technologies as a means
of raising effectiveness of learning
of pupils with intellectual disability
showed that in recent years,
rehabilitation potential of these
technologies have not been studied
to the full and need further
specification. Nevertheless, a
number of researchers proved that
computer technologies are effective
both for teaching children of this
category and rehabilitation of their
educational capabilities.

Intervention upon academic-
cognitive activity of the pupils with
intellectual disability by means of
3D graphics computer animation
was undertaken with the purpose of
raising effectiveness of the teaching
methods aimed at acquisition of the
natural-scientific field of knowledge

difficult for them. Methods of teach-
ing of any school discipline needs
constant perfection. Today, applica-
tion of various computer technologies
to the education process, including
3D graphics tools, is one of the means
of such improvement.

The computer program de-
scribed in the article can optimize
the process of acquisition of natu-
ral-scientific knowledge by children
with intellectual disability. It takes
into account the peculiarities of
perception and acquisition of natu-
ral-scientific knowledge by children
with intellectual disability and
complements the traditional means
of explanation of the learning mate-
rial by the teacher at the lesson. The
given computer technology is corre-
lated with the program content of
the discipline “Biology” (the topic
“Human being”) and is fully con-
trollable by the teacher.

With the help of the computer
technology worked out by us to
ensure the acquisition of knowledge
at the lessons of biology on the top-
ic “Human being” by children with
intellectual disability we proved the
effectiveness of inclusion of such
technology as 3D graphics in the
education process of a special
school. Thus, the analysis of the
dynamics of acquisition of the
learning material in the course
“Human being” by the pupils with
intellectual disability using the giv-
en technology showed that they
demonstrate improvement of not
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only the level but also the quality of
acquisition of the learning material,
and, consequently, our hypothesis
that the use of 3D graphics in the
special school education process
while learning school disciplines
raises the level and the quality of
acquisition of the learning material
by the pupils with intellectual disa-
bility has been validated.

We  believe that further
investigation in this field s
perspective in terms of checking the
effectiveness of inclusion of 3D
graphics in the lessons of
geography, vocational training, etc.
in the education process of a special
school.
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