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RESUMO

O objetivo do estudo foi desenvolver um método eficaz de ensino de computagdo grafica usando
modelos de informagdo. Os autores realizaram um experimento pedagdgico, constituido de duas etapas:
averiguagao e ensino. O experimento envolveu 30 alunos e professores de ciéncia da computagéo. Na etapa
de averiguagao, analisou-se o0 estado dos conhecimentos praticos e habilidades dos alunos em computagao
grafica. Os autores realizaram as seguintes tarefas na primeira etapa: desenvolver e descrever os
componentes, critérios de avaliagao e niveis de desenvolvimento da motivagao para o estudo de computacao
grafica; projetar um complexo de diagndstico destinado a estudar o desenvolvimento dos principais
componentes da motivagéo para estudar computacgao grafica; identificar as caracteristicas do desenvolvimento
dos principais componentes e niveis de motivagdo para o estudo da computagdo grafica em ambientes
tradicionais de aprendizagem. O estagio de ensino permitiu verificar a eficacia do sistema de tarefas
desenvolvido pelos autores, bem como a metodologia do autor de usar modelagem de informagdes em
computacgao grafica. Para testar a precisdo da aprendizagem experimental, os autores usaram o método de
comparar o nivel de dominio do material educacional dos alunos nas classes controle e experimental e o
método probabilistico. Para tanto, foram realizados testes de controle, cujos resultados foram submetidos a
analise qualitativa. Os resultados do experimento pedagdgico indicaram a efetividade do método proposto de
utilizagdo de modelagem de informagdo computacional no ensino de computagdo grafica. Além disso, os
autores desenvolveram um conjunto de tarefas de ensino e pesquisa aplicada.

Palavras-chave: Fundamentalizagdo da educacgédo, computagdo grafica, modelo de informagdo, métodos,
informatica, pedagogia, experimentagao.

ABSTRACT

The aim of the study was to develop an effective method of teaching computer graphics using
information models. The authors conducted a pedagogical experiment, which consisted of two stages:
ascertaining and teaching. The experiment involved 30 students and teachers in computer science. At the
ascertaining stage, the state of students' practical knowledge and skills in computer graphics was analyzed. The
authors had the following tasks at the first stage: to develop and describe the components, evaluation criteria
and development levels of the motivation for studying computer graphics; design a diagnostic complex aimed at
studying the development of the main components of the motivation for studying computer graphics; to identify
the features of the development of the main components and levels of motivation for studying computer
graphics in traditional learning environments. The teaching stage allowed to check the effectiveness of the task
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system developed by the authors, as well as the author's methodology of using information modeling in
computer graphics. In order to test the accuracy of experimental learning, the authors used the method of
comparing the level of mastering the educational material of students in the control and experimental classes
and the probabilistic method. For this purpose, control tests were conducted, the results of which were
subjected to qualitative analysis. The results of the pedagogical experiment indicated the effectiveness of the
proposed method of using computer information modeling in teaching computer graphics. Also, the authors
developed a set of teaching and applied research tasks.

Keywords: Fundamentalization of education, computer graphics, information model, methods, Computer
science.

AHHOTALUUA

Llenbto uccnepoBaHus sBrisieTca paspaboTka 3PGEKTMBHON METOAMKU OOy4YeHMSsI KOMIMbIOTEPHOM
rpacpmke ¢ MOMOLLbI0O MHGPOPMALMOHHBIX Mogenen. ABTopammn Obin NpoBefeH Neaarormyecknii SKCNepuUMEHT,
KOTOPbIN COCTOSAN M3 ABYX 3TarnoB: KOHCTaTupytowero n obyvatowlero. B akcnepumeHTe yyactsoano 30
YYEHUKOB M yunuTernenm wuHdopmatvkn. Ha koHcTaTupylowem aTtane Obino npoaHanvM3vpoBaHO COCTOSIHWE
NPakTUYECKUX 3HaHUM N YMEHUI MO KOMMbIOTEPHON rpaduke yvawmxcs. Ha nepsom atane nepen asTopamu
CTOSANMM Takue 3afauu: paspabotatb U onuMcaTb KOMMOHEHTbI, OLEHOYHblE KPUTEPUM W YPOBHM pPasBUTUS
MOTMBaLMU U3YyYEHUS] KOMMNBIOTEPHON rpadmkun; CKOHCTPYMPOBATL AMArHOCTUYECKUI KOMMNIEKC, HanpaBneHHbIN
Ha W3y4yeHue pasBUTUS OCHOBHbIX KOMMOHEHTOB MOTMBAUMW W3YYEHWUs KOMMbIOTEPHOW rpadukv; BbISIBUTb
OCOBGEHHOCTN Pa3BMTUS OCHOBHbBIX KOMMOHEHTOB M YPOBHEW MOTMBALUM U3YYEHUS KOMMBbIOTEPHOW rpaduki B
TPaOULUMOHHBIX yCcrnoBusax obydeHus. OByyarowuin atan no3Bonu NpoBeputb apdPEKTUBHOCTL paspaboTaHHOM
aBTOpamMu CUCTEMbI 3afad, a TakKe aBTOPCKOW METOAMKU UCNONb30BaHNSA MHPOPMALIMOHHOIO MOAENMPOBaHNS
B KOMMblOTEPHON rpachmke. [nd npoBepKn OOCTOBEPHOCTU IKCMEPUMEHTANBHOIO 00yyYeHus Gbin MCNonNb3oBaH
CpaBHUTENbHbLI  METOA4  YPOBHS  YCBOEHMS  y4yebHOro martepvana  yyawMxCsl  KOHTPOSIbHbIX U
3KCMepuMeHTarnbHbIX KNaccoB M BEpPOATHOCTHbIM MeTod. C 3ToM Lenbio npoBefeHbl KOHTPOSbHbIE TECThl,
pesynbTaTbl KOTOPbIX MOABEpranucb KadeCTBeHHOMY aHanudy. PesynbTaTbl negarorm4eckoro akcrnepumMmeHTa
CBUOETENbCTBYIOT O  3(PEKTUBHOCTU  MPEASIOKEHHON  METOAMKM  NPUMEHEHUS  KOMMbIOTEPHOro
WH(OPMALMOHHOIO  MOAENMPOBaHMA MNpu  OOyyYeHUM KOMMNblOTEpPHOW rpaduke. Takke aBTopamu Obin
paspaboTaH KoMnnekc y4ebHO-NPUKNaaHbIX UCCneaoBaTenbCKMX 3aaau.

KnioueBble cnoBa: ®yHOameHmanusauusi 06pas3osaHusi, KOMIMblomepHasi epaghuka, UHGopMayUuoHHas!
modersib, Memoduka, UHGhopMamuka.

1. INTRODUCTION “education in depth”.

o Another view of the concept of

The problem of fundamentalization of «fnqamental education” is the provision of
education is one of the priority areas of scientific ygrsatie humanitarian and natural  science
and pedagogical research. V.V. Grinskun and I.V. " gqycation on the basis of mastering fundamental

Levchenko (Grinskun and Levchenko, 2009) ynowledge, the so-called “education in breadth”.
define the fundamental nature of education as the  This position that fundamentality means a

focus of educational content on methodologically compination of factual, worldview, and

significant, backbone knowledge, invariant methodological aspects of the study of the

elements of human culture, contributing to the gypject, produced on a scientific basis (Laptev
development and realization of the student's gng Ryzhova, 2002).

creative potential, ensuring a qualitatively new _

level of his intellectual and emotional-moral According to research (Ryzhova, 2000;
culture, creating an internal need for self- Laptev and Shvetsky, 2000; Amirgaliyev et al,
development and self-education throughout 2017), the path of development of the

human life, contributing to the adaptation of the fundamentalization ~ of  computer  science
individual in the rapidly changing social, €ducation is reduced to the mathematization of

environments. the development of the formal component of

o ) activity; The central concepts of such a course
A very common position is to interpret the 516 3 computer and an algorithm.
understanding of the fundamental nature of
education as a more in-depth preparation of The authors (Lednev, 1991; Kuznetsov
students in a given direction, the so-called and Zakharova, 2014; Beshenkov et al., 2008;
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Pervin, 2010; Kasatkin and Verlan, 1997) and
others suggest a different way, proposing to build
a computer science course from the phenomenon
of information processes to methods of studying
information models, using the computer as a
means of managing information processes.

Research in the field of computer graphics
education (Kheyfets and Vasilieva, 2017; Sacks
and Barak, 2010; Bilynsky et al., 2017) stresses
that there are problems with the current
introductory courses to the computer graphics,
that there is no connection between theory and
practice, it is proposed to use copyrighted
software to overcome them.

Currently, pedagogical universities of the
Republic of Kazakhstan practically lack a
common opinion on the fundamentals of the
Computer science discipline, and the Computer
science course is faced with the problem of
choice, which poses a serious methodological
danger when teaching future Computer science
teachers. Either future teachers of computer
science will study computer science as a
mathematical discipline studying the construction
and study of mathematical methods and models,
and the computer as for automating the
processing of numerical information, or will study
information processes in the broadest sense.
Subsequently, the future teacher also carries his
knowledge to the students who are being taught
by him/her.

We state the facts that the overwhelming
majority of university courses in Kazakhstan tend
to be technological and applied, the programs are
mainly focused on studying either the hardware
and software tools of a personal computer and
information technologies, or algorithmization and
programming. There is a lack of a fundamental
base, without which it is impossible to deepen the
technological direction.

2. LITERATURE REVIEW

According to the fact that modern priority
objects for studying Computer Science at school
are information processes and information
technologies, a more promising course is aimed
at mastering the fundamental triad — information
processes, modeling and formalization,
information bases of management.

When studying graphic information, it's
processing, in the course of Computer science,
namely in the course of computer graphics, one
of the methods used should be the construction
of information models, using the computer as a

means of managing information processes. The
use of information and computer modeling in the
computer science course is the subject of many
researchers in domestic and foreign practice.

R. Lesh and L. D English (Lesh and
English, 2005) concluded that research on the
development of the concept of model and
modeling (M & M) is more than research on
problem-solving; and, instead of being
preoccupied with writing texts in textbooks and
developing standardized tests, the authors focus
on (simulations) solving the problems in "the wild
nature".

P. Sengupta (2012) presents a new visual
programming language based on the logo —
VIMAP — and a sequence of learning activities
related to programming and modeling, specifically
designed to support seamless integration
between programming and cinematics.

L. T. Louca and Z. C. Zacharia (Louca
and Zacharia, 2015) explored ways in which
novice K-6 modelers can participate in modeling-
based learning in science education using rich
modeling contexts, which present various
modeling means and tools. The results showed
that novice designers accept certain phases of
learning differently than they are described in the
literature for older students and / or expert
designers and offer new more accessible and
understandable materials for studying K-6
modeling.

V. L. Peters and N. B Songer (Peters and
Songer, 2013) did a three-step usability test of a
modeling tool designed to support students in-
depth understanding of the implications of climate
change for ecosystems. The design process
included a repetition of the existing modeling
technology used by professional scientists in a
teaching tool specifically designed for secondary
school students. As a result of problem-solving by
students, the research identified two types of
usability issues that prevented the students from
using the tool productively: issues related to the
use of data and information, and issues related to
the use of modeling technology. The design was
improved, leading to stronger usability results and
improved student productivity.

The change in the role of teacher
assessment of a student through the support of
the mathematical reasoning of his students in the
context of a new modeling assignment in data
analysis was reviewed by H. M. Doerr and L. D.
English (Doerr and English, 2006).The authors
believe that in order to wunderstand the
mathematical content in modeling, the teacher
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needs to play a new role, in close cooperation
with students, i.e., focus on listening to and
observing student ideas and ask questions for
understanding and clarification.

M. S. Kim (2015) develops interactive,
exciting and informal learning activities called
Embodied Modeling-Mediated Activities (EMMA)
to support not only in-depth study of Singaporean
astronomy students but also the ability of
teachers to use information and communication
technologies, including multi-modal modeling
tools.

[. A. Halloun (2007) considers modeling
theory as a pedagogical theory that promotes
mediated empirical learning and research in the
field of science education. Students significantly
improve academic performance in mediation
modeling compared to traditional education
(lectures and demonstrations), especially in high
school and university courses.

V. Hoogerheide, S. M. M. Loyens and T.
van Gog (Hoogerheide et al., 2016) offer online
tutoring with examples of modeling videos that
demonstrate the human model and explain how
to perform a learning task, is an effective learning
method that is increasingly used today. These
results suggest that the gender of both the model
and the observer may be relevant in terms of
affective variables that arise during training.

The article (McQuiggan et al, 2008)
explores an inductive approach to automatically
constructing models of self-efficacy (effective
physiological data) that can be used to inform
pedagogical solutions to predict a student’s self-
realization level.

In a study (Kim and Kim, 2010),
mathematical modeling was successfully applied
to satisfy the various mathematical and cognitive
requirements of gifted people with excellent
learning ability and persistence in mathematics.

N. Barneal and Y. J. Dori (Barneal and
Dori, 1999) developed and introduced a new
computerized molecular modeling (CMM)
learning environment for teaching and learning in
Israeli universities, which is able to illustrate and
explore phenomena in chemistry, equipped with
the convenience and simplicity of creating
molecules of any size and colors in several styles
of presentation, bright animation of three-
dimensional representations.

The study (Hogan and Thomas, 2001)
proposes pedagogical strategies to support all
types of students in studying the central scientific
practice of model quantitative thinking, studying

the knowledge of five pairs of high school
students over time when they compiled
quantitative environmental models using the
STELLA software. For modeling productivity, it is
necessary: (a) focusing on the output of the
model versus model input and individual
relationships when building and revising the
model, (b) studying the nature and effects of
dependencies and feedback compared to simply
creating them as sets of properties of complex
systems and (in ) use of variables in comparison
with constants to represent continuous and
periodic functions.

The results of the study (Soller, 2004) can
help a teacher or a smart trainer in understanding
situations in which groups of students collaborate
remotely to share their knowledge. The study
demonstrates how a probabilistic machine
learning method can be used to model and
analyze interactive knowledge exchanges. The
approach is applied to hidden Markov models
and multidimensional scaling for analyzing and
evaluating the coded interaction sequences of
online students. These analysis methods were
used to train the system to dynamically recognize
when students have difficulty learning new
concepts that they share with each other and why
they have problems.

3. MATERIALS AND METHODS

For an objective and evidence-based
verification of the accuracy of the pedagogical
hypothesis, a pedagogical experiment was
conducted, which was carried out in two stages:
ascertaining and teaching experiments.

Experimental training was conducted in
four schools. Almaty (2015-2018). Students were
divided into experimental and control groups.

The goal of the experiment was to analyze
the state of practical knowledge and skills of
students in computer graphics. The experiment
involved 30 students and teachers in computer
science.

When  conducting an  ascertaining
experiment, we set ourselves the following
specific tasks:

1) to develop and describe the

components, evaluation criteria and levels of
development of the motivation for studying
computer graphics;

2) to design a diagnostic complex aimed
at studying the development of the main
components of the motivation for studying
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computer graphics;

3) to identify the features of the
development of the main components and levels
of motivation for studying computer graphics in
traditional learning environments.

Based on the analysis of the data of the
ascertaining experiment, the following important
conclusions were made for further work: 1) in the
practice of computer graphics training, almost no
models with practical content are built; 2) due
attention is not paid to the formation of the
simplest skills that make up general educational
skills; 3) in about half of schoolchildren, these
skills cannot be formed without the purposeful
work of a teacher; 4) a differentiated approach to
students with different levels of development of
certain skills is required.

This once again confirms the correctness
of the conclusion that it is necessary to apply the
method of wusing information modeling in
computer graphics proposed by the authors,
which can eliminate some, "shortcomings" in the
teaching of computer graphics in Kazakhstan
schools and pedagogical universities.

The purpose of the training experiment
(second stage) was to check the effectiveness of
the developed system of tasks, and the method
proposed by us for using information modeling in
computer graphics.

To test the accuracy of experimental
learning, we used the method of comparing the
level of mastering the educational material of
students in the control and experimental classes

and the probabilistic method — the criterion ;(2.

For this purpose, control tests were conducted,
the results of which were subjected to qualitative
analysis. Each student was asked 30 questions in
3 versions.

Method — criterion y 10 most often used in
pedagogical research to compare the distribution
of objects of two sets by the state of a certain
property based on changes on the scale of the
names of this property in two independent
samples (Glass and Stanley, 1976) of the

considered sets. Criterion Statistics Value y’to

compare the results of the control work is
calculated by the formula (Equation 1), where /; —
the number of works considered in the first
sample; I; — the number of works considered in
the second sample; R 4 is the number of relative
estimates of the i -category in the first sample; R
2i is the number of relative estimates of the i -
category in the second sample.

2 2
If a X 2 X , the difference between the

2 2
two distributions is significant; if a X <X not
significant.

We randomly selected 40 works (test
responses) in the control and experimental
classes. The first sample we have presents the
answers to the tests performed by students of the
control classes, the second — the experimental
classes. The results of the tests are recorded in
table 1.

Table 1. The results of the tests

Relative Control Experimental
assessment classes classes
R<50% 10 1

50% <R<70% 19 6

70 % <R<80% 7 14

80%> R 4 19

By virtue of the fact that in this case Iy = I»
, it can be calculated by the formula (Equation 2).

The designations are the same as in the
previous formula. Then we have (Equation 3).

From table 1 it turns out that the
correspondence to the three degrees of freedom

2
of the value of £k at the 95% probability level is
7.81.Since 26.23>7.81, it is possible to reject the
null hypothesis and assume that there are
significant differences in the results of the control
test in the experimental and control classes.

4. RESULTS AND DISCUSSION:

When teaching computer graphics, before
constructing a figure, it is necessary to build its
information model, i.e., purposefully select
information about the object, which reflects the
essential properties of this object.

The tasks of construction arose in ancient
times and were associated with practical needs.
They train the mind, teach students to apply
knowledge in a complex way, they bring up a
non-standard approach to solving problems.

First, it explains that the graphic object
has a form, dimensions, proportions, and color,
then the concept of the design, the process of
collecting the object and elements are given. To
create a graphic image, an object, both flat and
volumetric, can be moved, replicated, edited,
rotated, reflected, resized, and proportioned.
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Thus, the graphic information model is a
visual way of representing objects and processes
in the form of graphic images.

When observing students developing a
graphical information model, it was obvious that
the model was created and modified based on
the information they had about real objects,
processes, or phenomena. The ability of a
student to correctly understand and process
information largely determines his ability to
understand the world around him and, as a result,
his ability to create models.

It is necessary for the student to correctly
understand how much and what kind of
information is needed for the model. If the student
clearly understands the purpose of the study,
then it is sufficient to have the necessary
information to present it in the proper form.

After building a graphic information model,
a computer model of an object, process, or
phenomenon is built using a computer. As a tool
for computer graphic modeling today, a graphic
editor is used. There are a lot of different
computer environments studied in school: Paint,
Corel Draw, Photoshop, AutoCAD, 3DS MAX,
etc. For modeling in a graphical editor
environment, you can use a generalized
information model of a graphic object.

The main thing in building a graphical
information model is that the resulting model
matches the original object (prototype), correctly
displays it. Otherwise, the building process is
repeated (cyclical process) until the model is
adequate to the real object.

The process of computer information
modeling is complex and diverse, but,
nevertheless, the following steps can be
distinguished in it. The stages of computer
information modeling will be presented in the

form of a flowchart (Figure 1).

The modeling method is cyclical in nature
(Rakhimzhanova et al., 2012, 2015), therefore,
for each specific model, all stages of the
modeling methodology process are repeated, and
the computational stage assumes that the
model’'s parameters are cyclical in order to obtain
new results or study the constructed model in
different situations.

Modeling is the most modern and not fully
developed teaching method, since it satisfies all
the requirements of modern trends in didactic
theory for the development of a student’s thinking
and intellectual activity, such as the method of
undelivered problems, solving non-stationary

problems, acceptability of training, and so on.

Using the examples of tasks, we will
consider the stages of computer information
modeling on a graphic editor. The task is to draw
a bicycle in a graphic editor.

Stage 1. Building an information model

- Definition of purpose. Create a two-
wheeled bicycle on a graphical editor.

- Structural analysis. A bicycle is a two-
wheeled structure consisting of two wheels
connected by a frame, a base for a seat and a
steering wheel, a seat, a steering wheel, forks
from the handlebar to wheels, pedals, connecting
stays for a chain (Figure 2).

- Simplification of assumptions:

e The wheels are oval, consisting of a cylindrical
surface, in the middle a polygon to support the
spokes.

e The frame consists of cylindrical surfaces.

e The fork consists of tubes; some have a
polygon connector.

e The seat consists of connected n — squares.

e The handlebar consists of tubes
interconnected by means of connectors,
polygons covering the tubes.

e The pedals are in the form of connected
cylinders, narrowed in the middle, along the
edges of the ring and n-gons.

e The crank arms consist of cylinders with
concentric bores connected by a bridge.

e All sizes must be selected from the bike
statistics.

- Refining the purpose and description of
the model. Drawing a graphic object — a bicycle,
using geometric shapes of certain sizes, such as
polygon, cylinder, oval, etc.

Stage 2. Computer modeling

1) The use of graphic editor 3DS Max. In
the article, we will consider only fragments of
using the program for drawing a bicycle fork,
wheels, pedals, and a handlebar.

Bicycle fork. In “Create” — “Geometry” we
create a new cylinder with a radius of 2.5, the
height of 7, segments of height 4, segments of
cover 1, sides 12 and place it using the tool
“Select and move” (Figure 3) (Tutorials for 3ds
Max, 2010).

An example of the cyclical nature of
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building a model is that students do not always, in
most cases, build the wrong connections
between cylinders. Students simply bring figures
to each other or make the junction as a circle,
etc. After several attempts are made, it is
necessary to explain that the junction of the
cylinders is an octagon with a certain radius.

In “create”, “create forms” we will make an
n-gon with radius 2.1 and 8 sides and connect
the next cylinder (Figure 4).

Adding another cylinder, in “Select” and
“Turn at”, we turn both times with the same
amount — 30 along the Z-axis, etc.

Then we can make more copies, but this
time, using the Select and Move tool straight
down. Let's go to the perspective viewing
window, and in the edge selection mode, select 4
edges. Using the "Select and Move" tool and
holding Shift, copy them along the Z axis by —
1.876.The tapered end of the plug can be made
with a planer on X, etc. As a result, we get a
bicycle fork (Figure 5)

Wheels. In “Create, Geometry” select
“Cylinder». Change the height segments to 1, the
cover segments to 5, and the sides to 32. In the
keyboard entry, leave X, Y, and Z to 0, change
the radius to 30, the height to 3, and click Create
(Figure 6). After creating the Cylinder, right-click
on it, select “Convert to —“ Convert to Editable ”.

We select the desired polygons, remove
the excess, and convert to create holes for the
spokes. From the “Create, form” create a new
NGon with 8 sides and a radius of 3.5, by clicking
and dragging on the screen. Use the Select and
Move tool to position the NGON, as shown in
Figure 7. Now, using the Cut tool, create 8 new
edges, 4 on each side (Figure 8).

Holding SHIFT, rotate the object by 22.5
degrees along the Y-axis. Select the type of Copy
object, 15 copies, and click OK. Activate the
Attach tool and click on the other 15 objects to
bind them together (Figure 9).

2) We use graphic editors Paint or Corel
Draw. First, we show the outline of a bicycle, its
main lines. That is, you and | should have two
oval wheels connected by a frame, the basis for
sitting and steering. We will make Oval-wheels
wider. We will make handlebar using a smooth
line. We will thicken the existing base of the seat
and give it a shape. From the saddle we draw
another line down, draw the front chain ring and
pedals. Then we draw the thickness of the rubber
tires. Above the rear wheel, there is a wing. Now,
let's turn to the frame and the wheel fork. Design

the saddle, show the seat post. We turn to the
handlebar: here handles and head tube. Now,
let's pay attention to the details. We still lack the
wheel rim with the valve. Next, we draw the cog
set on the rear wheel and the chain. On the chain
rings, we'll draw the holes. Let's make the pedals
voluminous. On the handles of the bike — strips.
On the saddle will draw a line separating its side.
It remains not much to get to the goal. Namely,
the box on the chain and spokes on the wheels.
Now you can draw a bicycle on a computer
(Figure 10).

Stage 3. Results analysis

When modeling a bicycle, all parts and
their sizes are taken into account; the distance
between objects is similar to a real object.

Stage 4. Computer experiment

You can conduct an experiment with a
bicycle. Add it to the program to animate objects,
etc.

It is important to show with the help of
such tasks that the modeling method is cyclical in
nature, that is, for each model being concretized,
all stages of the modeling process are repeated,
and at the computer model experiment stage it is
assumed that the constructed information model
is cyclical for different model parameters in order
to obtain new results or studies of the constructed
model in various situations.

5. CONCLUSIONS:

So, according to the results of a
pedagogical experiment, it can be said with
certainty that the proposed method of using
computer information modeling in teaching
computer graphics is effective.

The skill of the teacher consists in the
selection of such tasks, in which schoolchildren
could correctly determine the goals of the
simulation.

The ultimate goals of modeling training
are determined by significant changes in the
theory and practice of pedagogical science
related to making adjustments to the content of
learning technologies that contribute to providing
a qualitatively new model for training future
members of the information society for whom
creative thinking and cognitive interest will be the
first vital need.

During the research, the following results
were obtained
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1. Approaches to the definition of
"fundamentalization of education" were
analyzed. When teaching computer graphics
in the computer science course and in training
future  computer science teachers in
pedagogical universities, as a way of
developing the  fundamentalization  of
education, the method of studying using
information models is used, using the
computer as a means of managing information
processes.

2. A method of teaching computer graphic
information modeling has been developed.

3. A complex of educational and applied
research tasks for modeling computer graphic
objects has been developed.

4. To test the results of the study and to obtain
effective results on the use of the proposed
methods, a pedagogical experiment was
conducted in schools.

The fundamentalization of education,
specifically, the course of Computer science,
suggests that the course of Computer science
must be built from the phenomenon of
information processes to methods of their study
using information models, using the computer as
a means of managing information processes. In
particular, the study of computer graphics in the
course of computer science should be built using
geometric information models, using graphic
editors when building computer simulations.
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Figure 1. Computer information modeling stages

Figure 2. Bicycle parts

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)

Downloaded from www.periodico.tchequimica.com
764



s Byf= & MES 4§ 9@

4

Figure 3. Using cylinder shape

TR
L el e
S g, T, O N ERE G-E G0 N Bl & SED S SE-

|

Y

Figure 4. Intersection point of cylinders

Figure 5. Bicycle fork
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Figure 10. Corel Draw Bicycle

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com
767

The Periédico Tché Quimica (ISSN: 1806-0374; 2179-0302) is an open-access journal since 2004. Journal DOI: 10.52571/PTQ. http://www.tchequimica.com.

This text was introduced in this file in 2021 for compliance reasons.

© The Author(s)

OPEN ACCESS. This article is licensed under a Creative Commons Attribution 4.0 (CC BY 4.0) International License, which permits use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third-party material in this article are included in the
article 's Creative Commons license unless indicated otherwise in a credit line to the material . If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.



	68_RAKHIMZHANOVA_pgs_755-767



