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Abstract.The article considers issues of development of spatial thinking 
in students in the process of studying graphic disciplines. The relevance of 
the study is dictated by the specifics of competencies in the application of 
the laws of geometric formation of the future builder. The subject of the 
study is the formation of spatial thinking among engineering students 
through the study of the course of engineering and computer graphics. The 
peculiarity of the student's spatial thinking is manifested through the 
perception of reality, the ability to see the design result, the combination of 
actions and operations, as well as graphic visualization skills. The obtained 
results revealed the dependence of the conditions of reproduction of the 
form by students (reproductive knowledge) on their mastery of theoretical 
knowledge and acquired skills in performing images. 
Keywords: spatial thinking, engineering graphics, projections of 
geometric images, spatial imagination, spatial thinking of students. 

1 Introduction 
Recent studies related to the study of spatial thinking [1] show that spatial thinking skills 
are strongly correlated with advances in science, technology, engineering, and mathematics 
(STEM), and have a marked impact on learning in educational institutions, thereby 
improving the quality of education. 

The development of spatial thinking begins in childhood, when learning of the world 
through visual images takes place and introducing them to spatial thinking can contribute to 
overall mathematical and cognitive development [2]. Thus, the use of planar and spatial 
geometric images can increase the level of spatial perception and according to research [3] 
significantly improve the quality of knowledge and skills during learning. 

Spatial thinking can be characterised as part of visual thinking. Visual thinking 
activities are related in particular to modelling, designing, constructing [4]. All these 
activities are related to the educational tasks of civil engineers. In addition, spatial thinking 
stimulates the development of an innovative way of thinking that transforms spatial forms 
into digital forms [5]. The transition to digital technologies in the design of demonstration 
space leads to the development of the construction industry, industrial and civil 
engineering, and environmental design. Traditional design drawings are increasingly unable 
to meet the new contextual communication requirements of contemporary architectural 
culture in terms of mode of expression [6].  

Quality engineering education is impossible without a high level of graphic training of 
construction university students. Professional competence of an engineer implies conscious 
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application of knowledge, skills and abilities required for solving certain engineering tasks; 
ability to develop design and technological documentation; fluent orientation in the 
environment of graphic information technologies. The application of computer technologies 
in education creates the conditions for active and competent use of computer technologies 
and modern digital technologies in the future [7-10]. The implementation of such 
innovative approaches to learning will allow students to independently solve the tasks in 
their future professional activities [11, 12]. 

The discipline «Engineering and Computer Graphics» belongs to the group of 
disciplines that form the basis of engineering education and includes the main sections of 
descriptive geometry and engineering graphics. At our university, in all engineering 
disciplines, this discipline is taught in the first year. The discipline is studied both in the 
classical way «by hand», despite the existing opinion that with the development of digital 
technologies in creating graphic images, descriptive geometry and traditional design have 
become obsolete [13], and with the help of the graphics program AutoCAD. It should be 
noted that the efficiency of using computer graphics depends on the knowledge of basic 
image theory and the ability to use it in graphic modelling in computer environment [14]. 
Nowadays, computer has become an indispensable tool in visual communication, 
environmental design, industrial modelling and other fields [15].However, mastering this 
discipline is complicated by the lack of basic drawing knowledge, as the subject «drawing» 
has been abandoned in Russian schools since the nineties. Besides, the teaching of school 
geometry is somewhat different from the teaching of engineering drawing. Poor 
development of students' spatial thinking [16], which serves as an essential component in 
preparing future builders for engineering practice, is also one of the reasons for the 
complexity of teaching this discipline. At the same time, it should also be noted that 
students, while receiving education in the discipline «Engineering and Computer 
Graphics», acquire computer modeling skills necessary in future professional activities, 
both at the design and construction stages [17].  

Developing imagination is an important prerequisite for mastering the ability to 
construct and read drawings and graphic activities in general. As adequate verification of a 
constructive solution requires spatial reasoning skills to represent imaginative tasks [18-19]. 
An experimental study conducted at the University of La Laguna with the purpose of 
mastering spatial thinking in students has shown the importance of spatial abilities in the 
context of engineering education [20]. 

2 Materials and methods  
The study of most special disciplines in construction university is based on the competences 
acquired by students in the process of studying graphic disciplines, which requires 
establishing a clear sequence of learning, defining teaching methods that contribute to the 
successful assimilation of theoretical and practical knowledge. Successful learning of other 
graphical disciplines in higher education guarantees good knowledge of the fundamentals 
of descriptive geometry and engineering graphics.  

Professional graphic competence of an engineer implies conscious application of 
graphic knowledge, skills and abilities; experience in graphic professionally oriented 
activities; free orientation in the environment of graphic information technologies; attitude 
towards successful professional activity, its significance and certain engineering tasks [21]. 

The practice of teaching first-year students in the discipline «Engineering and Computer 
Graphics» reveals poor development of students' spatial thinking. This is evidenced by the 
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difficulties encountered by students of higher educational institutions in solving both 
theoretical and practical problems. 

Spatial thinking is a complex process. With the help of spatial thinking a person can 
orient in space, create three-dimensional images and objects, perform various actions in the 
process of solving all kinds of engineering problems.  

 One of the problems in the formation of spatial thinking, spatial imagination in first 
year students are spatial representations, without which mastering the discipline is 
impossible. The process of forming spatial representations of geometric objects takes place 
on the basis of knowledge about them. A condition ensuring the formation of spatial 
representations is to teach first-year students the techniques and methods of theoretical 
foundations of building images of geometric objects, their diversity and relations between 
them. 

The basic principle of mastering the engineering and computer graphics course is to 
teach elementary techniques, which are characterised by reliance on visual material. The 
most important prerequisite for the formation of ideas about objects is to teach students 
how to look at and remember details and reproduce them from memory, as well as to 
master the techniques that students need to create images when reading a drawing based on 
the perception of the plane image [22]. 

In addition, the process of mastering knowledge in Engineering and Computer Graphics 
should include four stages: understanding, memorising, applying knowledge according to 
the rules and solving creative tasks. The stages are related to the activity of recognising, 
reproducing, solving typical and non-typical graphic tasks that require application of 
knowledge in new situations. Therefore, it is desirable to include creative tasks in the 
learning process, the solution of which is aimed at assimilation of relevant knowledge. And 
this, naturally, will contribute to the process of knowledge assimilation and development of 
spatial thinking, without which professional engineering activity is impossible in the future. 

It should be noted that models, parts, various products, drawings, etc. should be used 
during the engineering graphics course. The study of theoretical material should be 
combined with compulsory graphic work. The main goal of traditional «manual» graphic 
training is the development of spatial thinking on the basis of projection drawing methods 
and mastering drawing technology with the help of an ordinary drawing tool. 

An important requirement for students' graphic training is the introduction of modern 
3D information technologies. Continuous improvement of CAD systems, which are 
supplemented with new commands, functions and modules, allows solving a large number 
of engineering tasks: creating 2D and 3D graphic objects, performing various engineering 
calculations, etc.  

3 Results and discussion 
The introduction of teaching methods using 3D technology [23] makes it possible to greatly 
simplify the process of formation of spatial thinking, spatial imagination in students. For 
example, in the study of full theoretical course of engineering graphics by Chinese 
university students [24], it was found that the course content should strengthen the ability of 
students' spatial imagination and help them to master the method of information expression 
to improve their practical and applied abilities. 

Our experiment [25] has shown that the most effective way is to draw the part in a 
computer programme and then, having an idea of it, to draw it on a sheet of paper. This 
way, the student can visualize the model of the part in advance and it will be easier for him 
to draw it on the sheet of paper. If the student knows the basics of AutoCAD and has 
enough curiosity, the task will take much less time than the same work with a pencil, here 
the superiority of machine execution of the task is unambiguous. However, it is impossible 
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to work in AutoCAD without knowing the algorithms of its execution, whether it is the 
intersection of surfaces or the construction of a figure. For example, the article [26] 
suggests using the computer graphic editors AutoCAD and Compass in solving the 
problems in the subject «Descriptive geometry and engineering graphics», the authors of 
the article point out the role of pedagogical information technologies in the process of 
teaching students at universities in Uzbekistan. At the same time there are other approaches 
to teaching computer graphics, where practical classes are transferred from the standard 
graphics API OpenGL to the game development engine Unity. Game Development Engines 
(GDEs) provide powerful programming tools and computational components. Software 
development in GDEs is done using full-fledged IDEs [27]. We believe that the use of 
computer graphics in the learning process contributes to a better mastering of basic 
concepts, methods, acquisition of practical skills and abilities, development of spatial 
thinking. And as a consequence, the efficiency of students' independent work increases, the 
quality of completed homework and tests improves. The authors [28] believe that with the 
development of computer technology, engineering graphics have more expressive 
approaches and can effectively express innovative design ideas. The engineering graphics 
course should develop students' abilities of spatial imagination, digital and programmatic 
expression for drawing and preliminary innovative design [29]. 

4 Conclusions 
During the study of graphical disciplines students should learn to develop and use graphical 
technical documentation; use in practice new knowledge and skills necessary for the 
development of design, regulatory, operational and technical documentation for the objects 
of professional activity; conduct design of parts and assemblies of building structures in 
accordance with technical tasks using standard packages and means of computer aided 
design. 

As a result of mastering the discipline, students acquire the knowledge they need for 
further studies at university and their professional activities. 

We believe that the success of the discipline «Engineering and Computer Graphics» 
contributes to the development of spatial imagination and skills of proper logical thinking. 
It also improves the ability of students - from a flat image to mentally create representations 
of the shape of an object and vice versa, to create images of mentally created images. At the 
same time, the process of teaching descriptive geometry and engineering graphics serves as 
one of the most important means of developing imagination. 

The inclusion of Engineering and Computer Graphics as one of the main disciplines 
allows the formation and development of students' spatial thinking, which, in turn, will 
prepare professional specialists at university who are ready to carry out projects of various 
degrees of complexity. 

This discipline teaches students to master expressive technical language - the language 
of drawing, the ability to compose and freely read drawings, to solve various engineering 
and technical problems with the help of drawings. In addition, the discipline also 
encourages students to develop spatial perceptions and spatial imagination, qualities that 
characterise a high level of engineering thinking and are necessary for solving applied 
problems. 
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