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The article examines the problems that students face when
studying graphic disciplines. At present, the task of further
improving the quality of professional training of students has
been set as the most important task for higher and secondary
specialized institutions. This involves broad-based training of
future specialists and the complex nature of mastering modern
theoretical and applied knowledge, the ability to apply the
knowledge gained in practice, possession of the necessary
skills in a related field. A specialist with a higher education,
but without knowledge and skills to receive and process
graphic information, may turn out to be incompetent in pro-
fessional activities. The preparedness of students for graphic
activity is determined by the complex of knowledge acquired
by them in the learning process, skills of reproductive and
creative activity, which in the future determine their successful
professional activity. A future engineer must have a high level
of general and technical intelligence, well-developed spatial
thinking, and have a high level of theoretical knowledge in the
field of professional activity. In the system of training special-
ists for engineering specialties, one of the main places is oc-
cupied by the academic disciplines «Engineering Graphics»
and «Descriptive Geometryy. They contribute to the develop-
ment of the future engineer of spatial representation, logical
and constructive thinking, the ability to analyze and synthe-
size. Well-developed spatial awareness and imagination are
prerequisites for successful learning in many academic disci-
plines. And the disciplines «Descriptive geometryy and «En-
gineering graphicsy by their content make high demands on
the level of development of spatial representations. This arti-
cle reveals the reasons for the weak development of spatial
representations among first-year students of universities. It is
proposed to use the developed approach, including tasks,
methods and system of exercises, tasks and tests, as one of the
ways to successfully develop spatial representations in the
study of graphic disciplines. Each group of exercises of this
system is aimed at the conscious and active work of students
and solves a specific problem arising from the theoretical
foundations of the development of spatial representations.

Key words: thinking, graphic disciplines, spatial representa-
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analysis, synthesis.

Introduction. Higher education in the context of
the need for constant self-improvement of specialists is
aimed at the formation of a professionally active
personality with a holistic system of knowledge and
practice-oriented methods in their field of activity.
Therefore, the education system has a great
responsibility for organizing the educational process
that ensures the intellectual development of students.

The specific features of applied geometry as a
science and as an academic discipline determine its
special position among the basic directions of
personality development. Mastering the system of
scientific knowledge, effective work in many types of
theoretical and practical human activity are inextricably
linked with the ability to operate with spatial images,
that is, with developed intellectual skills.

In the system of training specialists in engineering
specialties, one of the main places is occupied by the
disciplines «Engineering Graphics» and «Descriptive
Geometry». They contribute to the development of a
future engineer's spatial representation, logical and
constructive thinking, abilities for analysis and
synthesis. Well-developed spatial representation and
imagination are necessary conditions for the successful
assimilation of many academic disciplines.

In addition, engineering graphics is the language of
technical communication, a tool for transmitting design
information. Through graphic activity, such cognitive
processes as feeling, assistance, representation are
realized simultaneously. The development of spatial
representation is of exceptional importance, because the
development of representation, especially visual-
figurative and spatial representation, is closely
connected with the human intellect.

The main problem of graphic training of engineers
at a technical university at present is the discrepancy
between the requirements of the state educational
standard and the actual volume of classroom hours
provided for by the curriculum. Independent work does
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not give the desired results: the topics proposed for
study are not sufficiently studied by students. Pre-
university graphic training is practically absent. All this
leads to the fact that most students in solving graphic
problems operate with flat, rather than spatial images.

Presentation of the main material. The experi-
ence of teaching graphic disciplines shows that the ma-
jority of applicants have very poorly developed spatial
representations [1, 2], and some applicants do not have
it at all. One of the reasons for this is the absence of the
“Drafting” subject in many secondary schools or the re-
duction in the number of hours in this subject.

Undoubtedly, the accumulated experience of stu-
dents in their representation of the objects shape is also
of great importance. They could receive it in the lessons
of drawing, geometry, stereometry, geography, physics,
chemistry, labor training, etc., Each of these subjects
has its own possibilities in the development of spatial
representations, therefore, the organization, conduct and
pedagogical management of them are of decisive im-
portance, starting from the first year of schooling.

First-year students at the university cannot correct-
ly examine and recognize the geometric bodies that
make up the technical detail. At the same time, they ex-
perience the greatest difficulty in the case of finding an
object in an unusual position for them. Often, students
do not notice some elements of details (holes, grooves,
chamfers, ribs, etc.), they cannot grasp the general shape
of the object, i.e. recognize in it a certain combination
of geometric bodies. In addition, many students are not
able to mentally move from a visual image to a complex
drawing (plot) and vice versa. And with an insufficient-
ly developed spatial representation, it is difficult for
students to fully express anything graphically [3].

To eliminate these shortcomings, it is proposed to
use the developed didactic approach in the study of
graphic disciplines (Fig. 1) [4].

An important place in the developed approach is
occupied by such methods of didactics as analysis and
synthesis. Analysis allows you to recreate the spatial
form of a complex object in parts and thereby simplifies
the presentation process itself. The analysis is followed
by synthesis. It’s bringing together the characteristic
features of the object and obtaining a generalized image
on their basis.

It is known that spatial representations can be
developed in two ways: induction and deduction [5].

The first method involves an initial acquaintance
with the spatial properties of the basic geometric bodies,
and then, on this basis, a transition to the study of
complex spatial forms, which are a combination of
geometric bodies. Thus, the process of cognition
proceeds in accordance with well-known didactic rules:
from the simple to the complex, from the known to the
unknown.

The second method involves the selection by
analysis of objects of complex shapes of individual
geometric bodies, the shape of which should be
considered. In this case, the bodies from which the
shape of the object is created are not isolated, therefore,

their shape is not fully captured due to uncertainty [6].
Therefore, the ability to mentally divide the shape of a
complex object into simple geometric bodies is the main
skill in the representation of the form, which must be
used in the development of spatial representations.

To form spatial representations in the course of
studying graphic disciplines, it is necessary to solve the
following tasks:

- to develop in students the ability to clearly
reproduce mentally the shape of geometric bodies
known to them or real objects when constructing and
reading machine-building and construction drawings;

- expand the boundaries of spatial representations,
consolidate and bring them into a certain system.

DEVELOPMENT OF SPATIAL
REPRESENTATIONS OF STUDENTS

DEVELOPMENT OBJECTIVES

To develop students' ability to clearly reproduce
mentally the geometric shape of geometric bodies or
real objects known to them when constructing and
reading engineering drawings;

Expand the boundaries of spatial representations, fix
and bring them into a certain system
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- building a view from the left on two given
projections;

- addition of views (main, top or left) with missing lines
in accordance with the projection connection;

- construction of an axonometry of a part (node)
according to specified orthogonal projections;

- comparison of the drawing of the part with the model
itself and its visual representation;

- comparison of the complex drawing and visual images
of the part;

- construction of missing projections of points on
certain surfaces of parts;

- representation of the shape of an object by dividing it
into separate geometric bodies, etc.

Fig. 1. Didactic approach to the development of spatial
representations of students in the study of graphic disciplines

One of the ways to successfully solve these
problems in the study of graphic disciplines is the
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proposed system, which includes several groups of
exercises, tasks and tests.

In this system, teachers should pay great attention
to the selection of tasks. When studying any new
section, for illustration, you first need to use drawings
that show objects that are simple in form and well
known to students. Gradually, the tasks should become
more difficult. As the studied material is assimilated, it
is advisable to move on to individual tasks [7-8]. For
this purpose, a variety of tasks with the necessary
number of options are offered.

When creating a system of exercises, it is proposed
to be guided by the rule according to which exercises of
each type solve a specific problem arising from the
theoretical foundations for the development of spatial
representations.

The first group of exercises is building a view on
the left according to two given projections (Fig. 2).
These exercises contribute to the development of
students' skills aimed at representing the form of the
object as a whole and its individual parts in two types.
They can get more difficult as you gain skills.

The second group of exercises is the addition of
views (main, top or left) with missing lines in
accordance with the projection connection. According
to the unfinished drawing, students find it difficult to
determine the shape of objects. Therefore, there should
not be too many missing lines so that they can solve the
problem. These exercises can be practiced both
independently and as an integral part of other exercises
(see Fig. 2).
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Fig. 2. Example exercise: complete the front view
and the missing left view. Make the necessary cuts

The third group of exercises is building an
axonometry of a part (assembly) according to given
orthogonal projections (Fig. 3). It is a more difficult task
for a student, since it requires reproducing the shape of
an object according to its projections. The value of this
exercise lies in the fact that after performing a visual
image, the student more clearly imagines the shape of
the object (node) depicted in the drawing. Such
exercises contribute to the formation in the minds of
students of certain connections between flat and three-

dimensional images and, consequently, the development
of spatial representations.
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Fig. 3. Example exercise. To construct a rectangular
isometry of node 1

The fourth group of exercises is a comparison of
the detail drawing with the model itself and its visual
representation. The student must find among a certain
number of models of the part the one shown in the
drawing. In this case, the shapes of the models differ
only slightly from the shape of the depicted part. Such
exercises develop skills in highlighting the most
characteristic features of the shape of objects in the
analysis, memorizing them and comparing them with
the image. This group of exercises also includes tasks
for finding a given part from visual images of a
drawing.

The fifth group of exercises is a comparison of a
complex drawing and visual images of a part with fixing
the attention of students on individual elements of the
subject. For example, students are given a visual
representation of an object and its three types. Each face
in the visual image is indicated by a letter or number. It
is required to designate the corresponding planes on
three projections. This group includes tasks, for the
solution of which it is necessary to apply dimensions
taken from a visual image or vice versa on three types
of parts.

The sixth group of exercises is the construction of
the missing projections of points given on certain
surfaces of parts. When solving such problems, students
determine the projections of the faces on which the
given points are located. Gradually, from points, you
can move on to segments, flat figures.

The seventh group of exercises is the
representation of the shape of an object by dividing it
into separate geometric bodies. For example, the student
must name the geometric bodies that make up the
object; indicate their boundaries on the proposed views
of the detail drawing or show the boundaries of the
details on the assembly drawing.

Teachers of technical universities should use
pedagogical techniques to develop students' spatial
imagination and thinking, the ability to see spatial
images, combine them when solving various design
problems.

In this regard, we will consider two approaches in
the development of modern graphic disciplines.

The traditional approach is based on the
development and creation of a product drawing, while
the computer is used as an electronic drawing board,
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which improves the quality of design documentation
and speeds up the design process itself.

The main place in this approach is occupied by the
drawing of the model, which serves as a means of its
presentation. The product drawing contains information
for solving various geometric and technical problems,
and also serves as the basis for further manufacturing
and operation of the product (Fig. 4). In the traditional
approach to design, reference, design and technological
documentation is the basis for the transfer of
information.

The basis of the innovative approach is a three-
dimensional model of the product (Fig. 5). Visualization
capabilities make it more visual, and tools are added to
solve engineering problems in an automated mode.
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Fig. 4. Traditional approach

A three-dimensional model of an object (product),
containing information about the geometry of the object,
is used to obtain a drawing, as well as to calculate
various characteristics of the object and technological
parameters during manufacture. Methods for creating a
drawing are based on the capabilities of computer
graphics and methods for transforming a spatial model.
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Fig. 5. Innovative approach

In an innovative approach, the transfer of
information about models of geometric objects occurs
on the basis of a computer representation of objects. The
use of computer technologies in the educational process
forms an information-graphic culture, develops the
ability of design activities. The effectiveness of the use
of these technologies does not cause doubts. The
solution to problems in the study of graphic disciplines
is the restructuring of the entire course using 3D
modeling methods from the very beginning of training.
The main emphasis in this approach is on the analysis of
geometric shapes.

At the initial stage of training, there will be a study
of 3D modeling: the construction of three-dimensional
solid and surface objects and their orthogonal
projections (the system allows you to make these
constructions automatically). The experience of
teaching modeling shows the need to perform special
exercises “from simple to complex”. At the same time,
the student must be able to imagine a detail as a
complex of its constituent elements. The task of the
teacher is not only to help the student understand and
master the logic of modeling, but also to form the skills
of constructive analysis of the shape of the part. The
student studies the ways of shaping, masters editing
operations to create a model. In the classical course of
descriptive geometry, it is proposed to replace the
solution of similar positional, metric problems with 3D
modeling technologies. Consideration of such topics as
surfaces, methods of their formation, section of a
surface by a plane, section of surfaces, study of the
nature of the section line depending on the relative sizes
of surfaces, axonometric projections, which can be
represented using 3D modeling [9-10].

Conclusions. The study of graphic disciplines
allows to depict objects, to develop spatial and logical
thinking. Methods of teaching descriptive geometry and
engineering graphics, which have been practiced for
decades, are ineffective in changing living conditions.

Therefore, using the proposed types of exercises in
the educational process, we can conclude that students,
considering a technical detail or a node in the form of a
combination of geometric bodies and individual
elements, learn analysis as a research method and
thereby improve their spatial representations.

If possible, it is advisable to start with the analysis
of simple parts and assemblies, gradually moving on to
more complex ones. In addition to lectures, practical
exercises, these exercises can be used to check the
quality of mastering certain topics of the discipline,
defending settlement and graphic works, and compiling
test tasks for intermediate certification.

Should also be taken into account that the
formation of a geometric model is a stage that
determines the further process of solving engineering
problems, which is becoming more and more
automated. Such a graphic preparation technique will
reflect the trends of computer-aided design and meet the
requirements for modern engineers.
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Quantitative and qualitative indicators of the
results of the work done indicate that the integration of
computer graphics into graphic disciplines is relevant
and interesting. Revealing the scope of tasks in the
relationship  between traditional and innovative
technologies in design, we get the opportunity to move
on to building distance learning systems. The latter is of
particular importance in the formation of systematic
geometric thinking. Traditional and innovative
approaches should be mastered in conjunction, taking
into account their joint development.

The use of this technique contributes to the
development of the necessary spatial representations in
students. All this enhances the culture of geometric and
graphic training of students, thereby creating the
necessary basis for further study of graphic disciplines.
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Kapmok JI.B., [laBinenko H.O. IIpocTropoBe Mmuc-
JIEHHS CTYAeHTiB NPy BUBYEHHI rpagivyHuX AMCHUIIIH

Y emammi posensidaromecs npobaemu, Axi suHUKaAIOmMs y
cmyOenmie npu GUGHUeHHI epagiunux oucyuniin. B danuii uac
HAUBANCIUBIWIOI0  3a0ayeio  neped SUWUMU | CepeOHiMU
CneyianbHUMU 3aKi1a0amu € 3a80anHs NOOAILUL020 NIOBULEH-
Hs sAkocmi npoghecitinoi niocomosxu cmyoenmis. Lle nepedba-
yae wWUpoKonpoinvbHy nid2omoexy maubymuix gaxieyie ma
KOMNAEKCHUTI XapaKkmep O0B60100iHHA CYYACHUMU Meopemut-
HUMU MA APUKIAOHUMY 3HAHHAMU, YMIHHSA 3ACMOCO8Y8AMU
OmMpuMani 3HAMHA HA NPAKmMuyi, BON0OIHHA HeoOXIOHUMU
Hasuukamu y cymidicHiu eanysi. @axiseys i3 uwoio 0ceimoio,
ane 6e3 3HAHbL MA HAGUYOK OMPUMyamu ma 06podasmu
epaghiuny ingopmayito, modice BUABUMUC HEKOMNEMEHMHUM
v npogeciunii disnvnocmi. Iliocomoenenicmo cmyodenmie 0o
epagiunoi dianbHocmi U3HAYACMbCA KOMNAEKCOM HAOymux
HUMU y npoyeci HAGUANHS 3HAHbL, YMiHb penpOOYKMUeHoi ma
meopuoi JisnbHocmi, AKI Y MAlOYmMHbOMY BUHAYAIOMb iX
yeniwny npogeciiiny OisivHicms. MaiibymHuiil inoicenep nogu-
HeH Mamu UCOKULL pigeHb 3A2AbHO20 | MEXHIYHO20 THmeneK-
my, 0obpe po3eurere nPoOCMOPo8e MUCTEHHS, MAMU SUCOKULL
PpigeHb meopemuuHux 3Hans y cepi npogecitinoi disnbHoCmi.
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V' cucmemi niocomoexu ¢haxieyie indicenepHux cneyianbHo-
cmetl 00He 3 OCHOBHUX MICYb 3aUMAIOMb HABUANLHI OUCYU-
nainu «Inocenepna epaghixay ma «Hapucna eeomempiny. Bo-
HU CRpUAIOMb PO3GUMKY Y MAiOymMHb020 THJICeHepa Npocmo-
POBO20 YABNEHHA, I02IUHO20 MA KOHCMPYKIMUBHO20 MUCTEHHS,
30i6Hocmell 0o ananizy ma cuwmesy. /lobpe po3eunene npo-
cmopose ysgneHHs ma yAa6d € HeoOXIOHUMU YMOBaMU yCniul-
HO20 3AC0€HH OAAMbOX HAGYATbHUX Oucyuniin. A oucyu-
nainu  «Hapucna eeomempisy ma  «Iuocenepna  epagpixay
CBOIM 3MICIOM BUCYBAIOMb BUCOKI GUMOU 00 PiBHS PO3GUMKY
npocmoposux ysagneHns. Y cmammi po3kpumo npuyunu ciab-
K020 pPO38UMKY NPOCHOPOBUX YAGICHb Y CIYOeHmie nepuioco
Kypcy 6y3ie. IIponomyemuvcs uxopucmosysamu Ak OOUH i3
WIIAXIB YCNIWHO2O PO3GUMKY NPOCHIOPOBUX VABTEHb NPU BUG-
YeHHI epagiuHux OUCYuniin po3pooaeruil nioxio, wo 6KIYAe
3A60aHHs, Memoou, CnocoOu ma Cucmemy 6npas, 3a60aHb I
mecmis. Kooicna epyna enpas yici cucmemu cnpsamosana Ha
C8I00MY Mma akmugny pobomy cmyoeHmis i eupiulye nesme 3a-

B0AHHA, WO BUNTUBAEC 3 MEOPEMUYHUX OCHOB PO3GUMKY NPO-
CMOPOBUX YA6IIEHD.

Kniouosi cnosa: mucnenns, epagiuni Oucyuniinu, npo-
CMopose YABNEHHs, 6NPABU, HABYAILHULL NPOYec, Memoou Ou-
OaKMUKU, AHANT3, CUHME3.
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