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Abstract: Modern conditions of development of society determine special 

requirements for training engineers in a technical university. In the process of 

organizing professional training, the following conditions act as necessary: formation 

of specified levels of competence, professional culture of a specialist, development of 

his needs for continuous professional self-improvement. These conditions are basic 

for the effectiveness of professional activity in a competitive environment. This paper 

reveals the essence of graphic competence of future graduates of a technical 

university in the context of informatization of education. A diagnostic system for the 

development of graphic competence in studying graphic disciplines based on three-

dimensional modeling is proposed. 

Keywords: Training, competence, competency, graphic disciplines, three-

dimensional modeling, computer programs, professional orientation, skills, 

knowledge, abilities. 

 

INTRODUCTION 

The current level of development of the post-industrial society necessitates 

strengthening the requirements for the training of highly qualified technical 

specialists. Of interest to employers in the labor market is currently a technical 

specialist with professional competencies that correspond to the level of development 

of modern design and engineering technologies. Employers declare their intention to 

participate in the formation of the content of training of future technicians and make a 

number of demands on the level of training of young specialists; they express 

dissatisfaction with the level of professional and psychological readiness of young 

specialists to participate in production activities. 

Main part. Digital technologies are that part of the new knowledge 

infrastructure, which is currently steadily integrating into everyday life. Digitalization 

of education is an integral part of the process of training a modern specialist. The 
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transition to a digital society imposes fundamentally new demands on new 

competencies of specialists and the conditions for the formation of these 

competencies. The study of problems related to the transition from computerization 

of education to its digitalization is of particular importance. Digitalization is based on 

the widespread introduction of electronic resources and digital technologies into 

pedagogical practice, which opens up wide opportunities for the formation of 

students' competence. 

The increased attention of researchers to the concepts of "competence" and 

"competence-based approach" is explained by a number of reasons: the need to create 

a new concept of education, the orientation of higher education towards the formation 

of not only subject-specific, but also "supra-subject" (the most universal and 

generalized methods of action) competencies in a specialist, ensuring the ability of a 

young specialist to self-improvement and successful work in a competitive 

environment. 

Issues related to the formation of competence in professional education and the 

competence-based approach were studied by V.I. Baydenko, I.D. Belonovskaya, A.S. 

Belkin, I.A. Zimnyaya, E.F. Zeer, E.A. Klimov, V.V. Kolga, A.Ya. Nain, R.M. 

Petruneva, Z.S. Sazonova, V.V. Serikov, A.V. Khutorskoy, S.E. Shishov et al. E.P. 

Vokh considered graphic competence in the context of cognitive activity, P.A. 

Ostrozhkov identifies factors of graphic competence formation related to independent 

work of students. It should be noted that this issue was considered in relation to 

specialists of a particular field, and the concept of "graphic competence" was not 

considered and was not identified as a separate component of professional 

competence for a graduate of a technical university. Although the need to consider 

the process of formation of graphic competence as an integral part of professional 

competence is absolutely obvious, since it is caused by the needs of modern 

production practice. The purpose of our study was to substantiate the need to form 

graphic competence of future engineers when studying graphic disciplines in a 

technical university. The conducted analysis of research on the competence-based, 
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activity-based approach, the theory of step-by-step skill development, works on 

professional orientation of the content of disciplines in engineering graphics and 

descriptive geometry, informatization of professional education and functional 

analysis of the activities of specialists in various areas made it possible to identify in 

the concept of professional competence its component part - graphic competence, and 

to give its definition. 

 

MAIN PART 

The competence-based approach to training and education orients the 

education system towards the development of certain knowledge, skills and personal 

qualities in students that are necessary for society and a person, expressed in 

competencies [3, 5]. The requirements for the results of mastering the main 

educational programs in the third generation standards are based on the identification 

of general cultural and professional competencies [2]. Let us consider the concept of 

professional competence. 

Professional competence is manifested in the readiness to act independently 

and adequately in a changing professional situation in accordance with accepted 

standards and is considered as a characteristic of the quality of specialist training [6]. 

The concept of professional competence expresses the unity of theoretical and 

practical readiness of a specialist to carry out professional activity. One of the 

components of professional competence of a modern programmer is graphic 

competence. 

Graphic competencies are the competencies aimed at mastering generalized 

methods of action based on knowledge, skills and abilities in applying standards and 

rules for drawing, the ability to freely use design documentation, allowing one to 

quickly navigate it and apply it in the professional activities of a future engineer. 

Graphic competence is characterized by production culture and engineering thinking, 

manifested in the qualification competencies of professional activities: production 

and technological, organizational and managerial, scientific research, design and 
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engineering. The concept of graphic competence is revealed in the focus on the 

professional development of a technical specialist and provides for the possession of 

special knowledge, graphic skills and practical skills using modern computer 

technologies of 3D modeling, necessary for the successful activity of a competitive 

specialist. Graphic competence is a whole system, which includes the study of 

various types of graphic images. Graphic competence includes the necessary 

components: graphic literacy - the ability to read with the help of graphic means, to 

make various design and technical documentation; graphic information is data 

obtained from various technical and technological literature; graphic knowledge - 

concepts about the methods of graphic representation of products, processes, 

phenomena, about norms and rules in accordance with the systems of standards; 

graphic skills - a person's readiness to operate spatial images created on various 

graphic bases, to accurately express their own and read the thoughts of another 

person according to technical documentation; graphic skills - mastery of work 

techniques and software tools of graphic editors. One of the requirements of modern 

employers for engineering positions (engineer, designer, designer, etc.) is the use of 

three-dimensional modeling methods in the design and construction of various 

engineering objects. A three-dimensional model of the geometric image of the 

designed object is its digital analogue, which can be rotated and viewed from all 

sides. A digital model allows you to see the composition of the product with imitation 

of the movement of its parts. Three-dimensional models created using graphic editors 

allow obtaining design documentation in the form of associative working or assembly 

drawings located in projection links, as well as local views, sections, sections, 

callouts, etc.  

When changing the shape or size of the model, the image on all associated 

views changes. Parametric solid modeling allows you to get a complete picture of the 

object and examine any part or product to detect errors. The use of modern computer-

aided design systems in the study of graphic disciplines is determined by the specifics 

of the discipline. Currently, computer graphics are widely used in the training of 
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specialists in various fields. The results of our study of existing approaches and 

methods for using computer graphics showed that, mainly, it is used as a means of 

visualizing decisions made and is practically not used as a means of obtaining new 

knowledge and information about the world around us. However, modern graphic 

packages can be used additionally as a means of intensifying the process of obtaining 

new information about the real objects around us. We know that the drawing of any 

volumetric body is an imitation of three-dimensional space on a flat two-dimensional 

sheet of paper.  

The use of three-dimensional computer modeling makes it easier to understand 

the construction of a real volumetric body, and also makes it possible to trace spatial 

lines of connections using a wireframe model of the object and, ultimately, to obtain 

a realistic visualization using the imposition of textures and patterns. The use of 

three-dimensional computer modeling allows students to create visual images of 

geometric concepts themselves. Many concepts known from descriptive geometry, 

presented intuitively so far, reveal their essence more deeply and become 

understandable precisely on the basis of their figurative perception. One of the 

important stages in developing the methodology was the selection of a graphic 

package that meets the requirements of the teaching methodology. We defined the 

following as the main requirements: the ability to create two-dimensional drawings; a 

diverse range of tools for modeling volumetric objects; the ability to decompose a 

three-dimensional object into a plane using viewports; visualization of the model 

from any point of view; accessible tools for editing the shape and proportions of the 

model; the ability to tint the model, change its illumination; user-friendly interface; 

accessible machine resources; a price affordable for educational institutions. 

 

RESULTS AND DISCUSSION 

The use of three-dimensional solid modeling allows you to create a visual 

image of an object, use color, animation, but, nevertheless, should not distract the 

attention of students from solving the tasks. The ability to analyze an orthogonal 
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drawing of a geometric object, to dismember its complex shape into simple 

constituent geometric bodies - will allow you to easily move from 3D models to flat 

drawings, while significantly simplifying the process of editing drawings. The 

AutoCAD package is used by many universities, as well as many enterprises, 

construction and architectural firms, firms designing furniture, interior design, 

landscape, etc. The AutoCAD system is a powerful graphic core, on which many 

application packages are based, both from Autodesk itself (Mechanical Desktop, 

Architectural Desktop, Land Development Desktop, etc.), and a huge number of 

programs and systems from Autodesk partners and independent manufacturers. 

The main task is to teach students to use this graphic package, bringing their 

skills to the level of performing drawings of any complexity. Users who have 

mastered flat drawing, in most cases, believe that three-dimensional modeling is 

something complicated, requiring special efforts and costs to study, and that drawing 

in space itself is much more difficult than drawing on a plane. In fact, everything 

turns out to be exactly the opposite, which they are convinced of immediately after 

mastering spatial drawing [47]. 

Let us list some of the main advantages of spatial modeling in the AutoCAD 

environment: 

Visualization. A spatial model always looks more realistic than a flat one, even 

if it is far from a real object. A spatial model can be viewed from any side and from 

any point in space, you can make it continuously rotate around the axis of rotation at 

a given speed. It is possible to check the interaction of its individual parts with each 

other and view the model from the inside by drawing flat sections. The ability to 

remove hidden lines and create a realistic view is especially effective if you use the 

coloring and tinting methods. 

Possibility of conversion to 2D. A spatial body can always be converted into 

flat views, which combines both drawing methods well. 
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Simultaneous reflection of changes. An undoubted advantage of spatial 

drawing is the synchronous reflection of changes on all types of the model when they 

are made on one of them. 

Possibility of output to devices for creating volumetric bodies. Computer 

models in AutoCAD can be used to create real physical objects on special machines. 

Creation of presentations and documents. Spatial models can be realistically 

colored and tinted, which is used to check the correctness of the created model and 

when creating presentations, advertising materials and all kinds of reports and 

documents. 

Possibility of conducting engineering analysis and extracting characteristics 

such as area, mass and moments of inertia required for production. Particularly useful 

is the ability to obtain all moments of inertia relative to arbitrary coordinate axes. 

Three-dimensional coordinates. There is a full-fledged possibility of entering 

Cartesian, cylindrical and spherical spatial coordinates. 

User coordinate systems. To work at different points in space, you can use a 

movable coordinate system, to which you can repeatedly return if necessary, if you 

assign it a unique name. The graphic area of the screen can be divided into multiple 

viewports, in which you can view the spatial model from different points and 

directions in space. 

Possibility of using three types of spatial models. Wireframe models consisting 

of combinations of arc segments, circles, ellipses and other graphic objects placed in 

space. These models seem to be made of pieces of wire connected to each other. You 

can stretch a surface over the frame, which is very convenient to do, since there are 

already ready-made points for its binding. 

Surface models. This is the next step in creating realistic objects consisting of a 

combination of various surfaces, of which there are a huge number in the program. 

Solid models, which are similar to a real object and consist not only of lines 

and surfaces, but also of volumetric bodies. 
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Graphic competence includes personal qualities of students aimed at adequate 

application of knowledge in professional activities. To be competent means to be able 

to make a conscious and creative choice of optimal ways to solve professional 

problems from a variety of alternative approaches, taking into account its 

consequences for the enterprise and society, to be able to think systematically, 

comprehensively, independently on the basis of modern means and methods. When 

designing the educational process for training future engineers in graphic disciplines, 

we identified the following foundations for the formation of graphic competence of 

technical university graduates: 

1. Working with information sources, including graphic: 

1.1. knowledge of what information sources exist; 

1.2. ability to use various elements of graphic information; 

1.3. ability to use applied graphic computer technologies; 

1.4. ability to find the necessary source of information not only in educational 

tasks, but also in real professional activities. 

2. Processing and presentation of results: 

2.1. ability to highlight unreliable and questionable results of solving graphic 

problems; 

2.2. ability to find alternative and additional information; 2.3. ability to 

generalize, compare and contrast data from graphic problems, express your opinion 

on the issue under consideration and argue it; 

2.4. ability to create a graphic document (drawing) and present the results of 

your work. 

3. Use of computer technologies: 

3.1. ability to read graphic documents on a computer, work with drawings in 

various graphic programs or import them into another graphic program; 

3.2. ability to enter and design design documentation on a computer; 

3.3. ability to work with Internet tools. 
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In the course of the study, we developed a system of diagnostic tasks to 

identify the development of graphic competence of future engineers through the 

subject "Engineering Graphics and Descriptive Geometry". Carrying out this 

methodology does not require specially allocated class hours; it is enough to include 

these tasks in the course of practical classes in the semester. For each indicator, two 

types of tasks have been developed: basic and advanced, and correct answers, a score 

and a definition of the levels of performance are presented. For example, as an 

answer to the question "the ability to use applied graphic computer technologies", it is 

proposed to select the necessary buttons on the AutoCad toolbar to complete a given 

drawing. The score is higher if all the buttons on the toolbar are used and their 

purpose is described. Another example of an answer to the question "the ability to 

highlight unreliable and questionable results of solving graphic problems". In the 

proposed drawing, it is necessary to highlight and correct errors, the student receives 

the highest score for the ability to find and correct all errors. This technique is of an 

original nature, can be used at various stages of the formation of graphic competence. 

Evaluation of graphic competence is complicated by the fact that the object of 

evaluation is the ability of students to perceive, evaluate and process information that 

varies in nature, content and quality. When assessing graphic competence, it is 

necessary to consider the totality of knowledge, abilities, spatial thinking skills, 

actions, decisions made. The key component in this case is skills, because what has 

been learned must be applied in real professional activities. 

CONCLUSION 

An important factor in the formation of graphic competence is the ability to 

select tools and skills in using them in the process of studying special disciplines in 

senior courses when solving professionally oriented problems in course and diploma 

projects. During the experiment, positive dynamics of the values of graphic 

competence levels for the identified indicators was noted, as evidenced by the results 

of diploma theses and master's studies, positive feedback from managers and teachers 

of disciplines in the specialty. The study covered only one of the areas in solving the 
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problem of teaching graphic disciplines at a technical university and determined the 

need for further development and theoretical justification of a more complete set of 

technologies for the formation of professional competence and diagnostic methods in 

order to improve the quality of training highly qualified specialists. The formation of 

graphic competence is expressed in the possession of modern automated design tools, 

the presence of stable motivation to use modern computer technology, possession of 

skills that ensure the effectiveness of professional activity in a modern competitive 

environment, and the creative focus of professional activity. 
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