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Abstract – The article examines the technology of teaching 

organization and methodological features of the development and 

implementation of educational programs in the field of 

information computer technologies. 3D technologies using 

potential investigated in order to improve the quality of 

professional training of students was investigated and 

intensification of the educational process in a higher educational 

institution by increasing the interest of participants in the 

educational process to study and more active an educational 

disciplines sections mastering. 
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I. INTRODUCTION 

One of the necessary conditions for ensuring modern 
state competitiveness on the world market is the availability 
of well-prepared specialists which have all the necessary 
skills for independent creative and engineering activities in 
various industries and economy [1]. 

Information technologies of digital 3D-modeling and 
production are the current areas of modern industry and the 
fastest growing economy. 

There is a great demand for specialists who have a high 
level of 3D-modeling technologies in various industries. 

The rapid development and availability of production 
tools such as industrial 3D-printers, laser systems for cutting 
and processing a variety of materials, numerical control 
machines, as well as computer programs for 3D-modeling 
indicate the need to train professional personnel in this 
direction. 

Today’s requirements for modern education quality 
improving in higher educational institutions encourage the 
universities teaching teams to search for new forms, methods 
and means for improving their educational activities. One of 
these, the most effective means, is training in computer 
modeling, which comprehensively combines theoretical and 
practical methods of training specialists [2]. 

One of the main tasks of teaching disciplines related to 
the study of information technology is the formation of 
systemic thinking among students in the field of computer 

technology [3]. Integration of education as a whole takes 
place, interdisciplinary relations are implemented, the 
interest of students in obtaining and mastering new 
professional competencies increases during obtaining 
theoretical knowledge and practical modeling skills process. 

Computer modeling is also one of the most powerful 
means of forming information and production culture in 
today's youth. Stimulates the development of systemic 
thinking, which is necessary for the modern design software 
effective using. 

A prerequisite for mastering computer modeling skills is 
practical work with virtual three-dimensional models, during 
which students studying this discipline are familiarized with 
the methods of their creation, obtaining ideas about the 
model parameters, the ratio of the obtained model and the 
real prototype or future product, the essence of physical 
processes that ensure the operability of the final product. At 
the same time, the skills of research work, planning of 
research, competent interpretation of the results of the work 
performed are formed [4]. 

Recently, a large number of powerful computer software 
tools for modeling, visualization and research of three-
dimensional objects have appeared. 

3D graphics make it possible to create volumetric models 
of objects of different geometric shapes, even very complex, 
imitating even the material from which they will be made. 

Information that is clearly presented in visual form is 
perceived much more easily than that given in any other 
way, while complex information structures and relationships 
are recognized in a shorter period of time. Such information 
is absorbed in a larger volume and with less distortion 
compared to other, traditional, teaching methods used in the 
educational process. 

The general essence of the 3D-modeling is that the 
designer develops a geometric model in its natural visual 
form [5 – 7]. Construction of the object’s drawing usually is 
carried out at the final stage, to a large extent in the 
automated mode provided by graphic editors of modern 
computer software. 
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II. METHODS OF RESEARCH 

During the educational process organization in a higher 
educational institution, information computer technologies 
are widely used, which seriously affect the organization of 
this process. This should be done because the interaction 
nature between the student and the teacher changes 
significantly, in which a considerable part of the pedagogical 
functions rely on the electronic computers using. 

The study of three-dimensional computer modeling at a 
university can be organized for students of various training 
profiles: mechanical, electrical or other specialties, and not 
necessarily technical areas. 

To study the studying process organization and mastering 
three-dimensional computer modeling by students of a 
higher educational institution, the following research 
methods were used: 

– actual literary sources analysis on the topic under study; 

– conversations with teachers and students involved in 
the relevant educational process; 

– joint use of computer supports to eliminate difficulties 
encountered in mastering issues related to the computer 
discipline studying; 

– conducting theoretical and practical training on three-
dimensional modeling using components of the computer-
aided design system (CAD, CAM, CAE, CALS); 

– observation of the student’s educational activities 
during their development of three-dimensional computer 
modeling and methods of studying the obtained models. 

III. EXPERIMENTAL RESEARCH 

Since the end of the last century, due to the economy 
growing needs in information disciplines quality education, 
various computer courses have been emerging and starting to 
develop rapidly. At that time, there were discussions in the 
education system between supporters of the teaching 
computer disciplines theoretical concept and supporters of 
the so-called "user approach" [8]. 

According to the former, programming is the second 
literacy of the population, algorithmic and programming 
skills are fundamental components of human activity, and 
their formation is the main goal of training specialists. 

Supporters of the second approach proposed to focus on 
the practical user skills development in the application of 
applied computer programs, such as office applications, 
graphic and other editors, based on the employers request for 
specific skills and skills. 

Combining both of these areas within one or a small 
number of academic disciplines is almost impossible. The 
amount of study time allocated to them cannot, in principle, 
accommodate training in all areas of computer technology, 
even in certain specialties. 

The training course in information computer disciplines 
should be built on a gradually complicated sequence 
educational tasks solving basis. This approach 
simultaneously provides the education programs content 
flexible adjustment for a specific contingent undergoing 
training and provides the possibility to formalizing the 
content of this education programs. 

Consistent solution of similar practical and theoretical 
problems is a prerequisite for the student’s intellectual and 
professional abilities development. A Similar training system 
creation is an important component of an educational and 
professional programs development for the training of 
specialists, which ensures its conceptual integrity and wider 
adaptive capabilities. 

The educational program of professional training should 
consist of three specialist training levels: initial, basic and 
advanced. Each of these levels should be distinguished by a 
degree of specialization and a building educational tasks 
system that are characteristic only for it. 

Practical experience, which was obtained by the teachers 
of the Department of Cars and Tractors during the teaching 
such disciplines as "3-dimensional technologies in car 
design," "Automated Engineering Analysis Systems" at 
various educational degrees gives reason to consider it 
appropriate to divide the specialist’s education process in 
engineering into several levels. Consistent these levels 
acquisition should take place in different courses and 
different educational degrees (Bachelor, Master).  

The initial level, which should be implemented in the 
first or two first higher education institution study courses, 
should allow for general orientation in the field of computer 
technology. That is, at the initial level there should be no 
specialization in educational training at all. Students should 
acquire relevant knowledge and skills that would allow them 
to freely navigate in any field of information technology. 

The basic professional training level should ensure the 
ordering experience and knowledge gained during the first 
stage of training, and formation a systemic type of thinking 
in a certain subject area. Created systemic thinking will 
allow students to transfer the solving educational problems 
processes to a higher and independent awareness and 
arbitrariness level. 

The development of this type of thinking with orientation 
to the educational activity subject area should be connected 
with the development of project competencies. The training 
task chain complexity at the level of basic training should be 
directed towards the structure of the projected object, which, 
in turn, will complicate the relevant technological operations. 

Successful development of the professional first two 
levels training will allow moving to mastering specialized 
specialization. This will enable the further professional 
orientation implementation, which is inextricably connected 
with the development and technological design solutions 
effective implementation. Mastering the professional 
specialization will allow students, and subsequently 
specialists, to organize the process of finding the necessary 
technological solution in education and then production field. 

According to the gradually complicating tasks concept at 
the end of the development of the training last level, future 
specialists must solve training tasks that differ little from the 
real production tasks. 

To implement the described future specialists 
professional training strategy in mechanical or electrical 
engineering, the course of information and computer training 
must contain the following types of disciplines: fundamental, 
which should represent the drawing geometry; applied, such 
as engineering graphics; and technological – computer 
graphics and three-dimensional modeling. 



The task of descriptive geometry is to familiarize with 
the general theory and methodology of geometric models, 
objects and processes building. 

The main task of engineering graphics is to provide 
students with a conceptual apparatus during the construction 
and design of technical drawings, as well as the creation of 
technical and technological documentation in accordance 
with standards. 

Computer graphics and modeling introduces students of a 
higher educational institution to the process and technology 
of creating electronic design and technological documents, 
professional terminology, types and virtual computer models 
structures. The main task of the discipline is to obtain the 
skills of three-dimensional electronic models creating and 
forming the skills of technical and technological 
documentation figuration in certain CAD. 

The choice of CAD software is an important factor that 
ensures the students' professional competencies successful 
formation when mastering 3D modeling skills. 

The automated design system used for the training of 
future professional personnel must meet the following basic 
requirements [4]: perspective of the software products; their 
competitiveness and prevalence in business markets; 
adaptation to the requirements of native normative 
documents; availability of educational versions; pricing 
policy of the system developer; compliance with the tasks 
facing future specialists and their professional competencies. 

One such system, which was used during student 
training, is the high-level Creo Parametric software complex. 
This CAD system allows you to quickly elaborate high-
quality and accurate 3D models of design objects containing 
both simple and fairly complex geometric surfaces. The 
digital models developed are fully associative, since any 
changes made to the model or accompanying process 
documentation lead to a comprehensive update of all detailed 
design documentation. 

The main advantages of Creo Parametric over many other 
software products are: increase of labor productivity due to 
efficient and flexible functions of three-dimensional 
computer modeling; any complexity degree quick parts or 
assemblies 3D-models creation; production and 
technological documentation automated creation, which 
ensures the current design of the model full compliance; 
possibility of trouble-free working with other formats data, 
obtained from third-party CAD systems; standard product 
libraries availability; availability of training materials. 

Various modules of this software complex allow 
structural, thermal, kinematic and other types of design 
analyses and created structures optimization. 

The Creo Elements module allows you to solve problems 
and optimize the created computer model of a mechanical 
part or assembly unit, or an electrical product by strength, 
thermal or kinematic characteristics, without resorting to the 
production of full-scale samples. This allows you to optimize 
the design in several parameters, defining the necessary 
characteristic as the target function: cost, weight, heat flow, 
temperature gradients, etc. 

The Creo ECAD module allows parametric design of 
electronic PCBs, helps to develop the electronic components 
layout, create and lay three-dimensional cable electric 

harnesses inside the assembly unit model at the same time as 
developing their fastening mechanical design. 

Product’s three-dimensional computer model creation is 
the most important step in its design, since it largely ensures 
the efficiency of the method of its manufacture, as well as 
the quality of the final result of the entire design process. 

At the same time, a powerful modern CAD systems use 
in training 3D-modeling most often leads to the emphasis of 
the trained contingent on the interfaces of these software 
products and the capabilities provided by them, rather than 
on the development and improvement of visual spatial 
thinking. At the same time, a necessary operations 
algorithms machine memorization, which a studied software 
makes it possible to carry out, most often leads to excessive 
automation of actions performed when creating or analyzing 
the object model designed. Advanced spatial thinking 
ultimately significantly impacts performance and 3D 
modeling tasks performing efficiency. 

To develop the future specialist’s visual-spatial modeling 
skills, a different complexity levels tasks system can also be 
developed, organized according to the principle of "from 
simple to complex". 

First-level tasks should be the simplest, requiring 
students to create or convert 3D-models from simple 
geometric shapes or, as they are called, primitives. Solving 
this level task should be based on the ability to represent the 
created object by connecting or moving simple forms. 
Mastering this training stage will allow you to hone the 
working in a three-dimensional graphic editor skills and will 
give you the opportunity to effectively cope with those tasks 
for which the previously developed models can be used as 
work pieces. 

The next most complex level of tasks is based on the 
modification of pre-created simplified models, from which 
you can get the final shape of the product. When solving 
these problems, it is necessary to create a new with a parts 
work piece 3D-model made on the polygon grids basis, 
affecting either the entire work piece or its individual 
elements. 

High-level tasks are designed to obtain more complex 
models consisting of modified objects and ready-made 
shapes with the addition of a transformation of their 
geometry, which will allow you to get a new model shape 
from the existing. 

The last level of tasks contains tasks that require the 
creation and/or analysis of non-static models in space or in 
time, as well as models exposed to different types of external 
influences. When solving these problems, it is necessary to 
take into account the influence of various environmental 
factors. 

However, during the future professionals training, in no 
case should we forget about the general pedagogical 
principles [4] of the organization of the modern educational 
process: scientific, fundamental, systematic, systematic and 
consistent, theory-to-practice, professional focus, 
accessibility and visibility. 

The principle of science speaks of the need to use the 
latest modern achievements in the field of science and 
technology to organize the educational process at a technical 
university. 



In accordance with the principle of fundamentality, 
students should obtain a theoretical knowledge base for their 
qualitative and comprehensive educational training, which 
will provide a wide general outlook and a high professional 
level. 

On the principle of system, students should be provided 
with a high quality of the obtained knowledge, characterized 
by the presence of structural relationships between different 
educational disciplines. In addition, on this principle, future 
professionals should learn the educational material taught to 
them in sufficient volume for professional activity, which 
will make it possible to achieve high professional results 
more fully and in less time. 

The systematic nature of studying is closely and 
inextricably related to the previous principle and is the 
methodological basis of the general didactic principle of 
studying sequence. 

The students training professional orientation is a 
comprehensive unity of students, theoretical scientific 
knowledge and professional skills by implementing a 
corresponding set of pedagogical and methodological 
techniques that create a solid basis for the comprehensive 
student’s development and their achievement on this basis 
the necessary professional training practical goals. Teachers 
participation in scientific research using 3d modeling 
technologies to solve problems that have arisen at the 
enterprise, provide training methodological techniques 
professional orientation [9, 10]. 

According to the principle of accessibility, any 
educational disciplines material offered to higher educational 
institution students should be relatively simple, open and 
understandable for its successful studying. 

The principle of visibility should provide a sensual basis 
for successful mastering of relevant abstract concepts. 

The teaching disciplines practice related to computer 
modeling technologies showed a noticeable increase in 
interest in studying in this direction among students after the 
KrNU representative’s participation in the II round of the 
full-time All-Ukrainian Olympiad in CAD and computer 
modeling. Meetings with the Olympiad partner company’s 
representatives caused a great impact on interest in studying. 
Partner companies of the Olympiad are employers at the 
same time. Therefore, most tasks at the Olympiad are part of 
real production tasks. At the same time, participation in 
Olympiads forms the spirit of healthy competition and 
competition among the most gifted youth. 

IV. CONCLUSION 

The use of technology and elements of 3D-modeling in 
the process of the student’s professional training due to a 
wide range of its functions contributes to the future 
professional’s practical training improvement, which leads to 
better mastering of technical specialties. 

The use of digital information technologies in general 
and three-dimensional computer modeling in particular 
makes it possible to intensify the educational process in a 
higher educational institution by increasing the students 

interest in learning and actively mastering the sections of 
computer disciplines by students. 

High quality of engineering specialist training is achieved 
through a multi-level educational process. The number of 
training levels cannot be less than three. The complexity of 
tasks that students solve during their studies is gradually 
increasing. Training tasks at the end of training practically do 
not differ from the tasks of real manufacturing. The training 
tasks of the final course should be formed in cooperation 
with potential employers. 

Student’s participation in computer modeling 
technologies competitions in significantly stimulates interest 
in students to master new knowledge. Relevant in this 
process is the potential employer’s participation.  

In addition, the relevant academic disciplines educational 
programs development allows students to use the acquired 
knowledge and skills in the practical tasks implementation, 
both in junior and senior courses during their education along 
individual educational trajectories. 
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