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Abstract: The paper raises the problem of quality control of graphic training of technical university students using 

an automated assessment system. Despite wide access to digital educational resources, the acceptance and checking 

of drawings and calculation and graphic works in technical universities is still performed manually by teachers.  

The authors propose replacing the usual forms of graphic tasks on descriptive geometry with electronic metric and 

positional tasks of a new type. The result of solving such problems is expressed as a number or a short answer and 

can be compared with the standard using any standard testing system, for example, LMS Moodle. The work presents 

20 examples of electronic practical tasks on descriptive geometry, the solution of which can  be performed in any 

graphic editor, and the answer is checked using an automated assessment system. The set of electronic assessment 

tools developed by the authors contains more than 600 variants of graphic tasks and is designed to check theoretical 

knowledge and practical skills related to the content of the Descriptive Geometry and Computer Graphics course. 

The correctness of the tasks is checked automatically by means of the tools of the LMS Moodle electronic learning 

environment without the participation of the teacher. Pre-designed sets of control parameters, such as area, length, 

distance, volume, quantity, condition, and type are used for assessment. The system is successfully used for current 

monitoring of knowledge, skills and abilities of first-year students at the Siberian Transport University. The data 

from monitoring the learning outcomes indicate the effectiveness of the use of automated diagnostics of the level of 

development of students’ graphic skills. 
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INTRODUCTION 

The problem of assessing the quality of training has al-

ways been and remains one of the most discussed in  

the pedagogical environment. Diagnostic activities allow 

the teacher to obtain information on how successfully  

the student masters the educational material, to check the fact 

of the student’s mastery of certain competencies, to identify 

the dynamics and trends in changing learning performance 

indicators. Providing external feedback and activating in-

ternal control are the most important functions of pedagogi-

cal diagnostics [1–3]. At the present stage, one of the priori-

ty areas in pedagogical research is the development of au-

tomated systems for assessing knowledge, skills and abili-

ties, the development of electronic assessment tools, the use 

of digital educational resources, and the introduction of test 

forms of control [4–6].  

The choice of the assessment procedure largely de-

pends on the purpose of the assessment activities, as well 

as on how the assessment results are planned to be used 

in the future [7]. In the system of engineering and gra-

phic disciplines, calculation and graphic works, graphic 

tasks and electronic models are used to assess the results 

of educational activities. Tasks in descriptive geometry, 

engineering and computer graphics and the results of 

their implementation are drawings. In modern realities, 

drawings are made mainly using CAD systems. Check-

ing the graphic work by the teacher includes: loading the 

drawing file to the teacher’s workstation; opening the 

file in a certain CAD system; analyzing the solution’s 

compliance with the condition; critically understanding 

the course of action chosen by the student when solving 

the problem; identifying errors and shortcomings; as-

signing a grade; publishing a grade and review of the 

work. Considering the above, checking graphic tasks is  

a very labor-intensive operation, so there is an objective 

need to introduce automated systems for monitoring the 

level of development of graphic skills into the educa-

tional process [8–10]. 
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There are several options for solving this problem: 

developing applications for automatic analysis of indi-

vidual machine-readable parameters of an engineering 

drawing [9], using systems for automated comparison of 

drawings with certain standards of the correct solution 

[8; 10; 11], using the artificial intelligence capabilities 

[12], developing graphic applications with built-in draw-

ing checking tools [8; 13; 14], and using electronic test-

ing systems [15–17].  

Processing a bitmap image obtained from a visual 

image of a drawing is one of the common ideas for au-

tomatic assessment. For example, the Virtual Teaching 

Assistant (ViTA) system is able to assess student works 

exported from various engineering graphic editors and 

recognize the most common types of errors, such as in-

correct contour or scale, incorrect thickness or type of 

lines, irregularities in the arrangement of images, irregu-

larities in the composition of images [9]. The assessment 

of a student work is performed based on comparison 

with a standard sample previously loaded by the user. 

Virtual Teaching Assistant (ViTA) has shown good re-

sults when checking educational technical drawings con-

taining two-dimensional images of drafting views, sec-

tions and cuts (engineering graphics). However, the limi-

tations of the program make it difficult to check works 

related to the Descriptive Geometry section, since  

the solutions to most metric and positional problems 

contain many auxiliary elements, the arrangement of 

construction lines is variable, the geometric composition 

of the solution depends on the sequence of actions cho-

sen by the students and can have many visual differences 

with an unambiguously correct solution to the problem. 

Another idea of automating the assessment of graphic 

work is related to the use of systems of visual comparison 

with a solution standard [10]. A special program searches 

for missing or faulty elements in the solution based on  

a comparison of visual clones of the checked drawing and 

the standard sample. An undoubted advantage of this 

method is the possibility of batch comparison. A dis-

advantage is the lack of intelligence of the human evalua-

tor. The use of this method is justified if the correct solu-

tion to the graphic problem contains one constant set of 

graphic primitives, a certain combination of which creates 

an unchangeable graphic image of the drawing. If the cor-

rect solution to the graphic task can be obtained in several 

variable ways, with different sets of geometric primitives 

and their combinations, then the use of this method seems 

somewhat difficult. 

An interesting idea of automating the assessment of 

graphic works is the use of non-text databases containing 

arrays of reference images and images containing errors. 

The procedure of checking is implemented using an ele-

ment-by-element comparison of the bitmap of the checked 

work with reference images and with erroneous images 

[11]. The assessment criteria are compositional patterns 

such as proportions, center, symmetry, and contrast. The 

degree of accuracy depends on how great the diversity of 

samples is. Therefore, a necessary condition for the correct 

operation of the system is the presence of a large number of 

structured and labeled graphic images. A limitation of  

the approach is the impossibility of using a clear true/false 

criterion parameter, which complicates the use of this 

method for automatic assessment of work completed by 

students during the study of engineering disciplines. 

One more approach to automating the checking of 

graphic works is associated with the development of spe-

cial extension programs for standard CAD systems.  

A rather successful example is an application designed to 

work in the AutoCAD software product [14]. The applica-

tion is written in AutoLISP, allows the user to initiate auto-

matic construction of a set of graphic primitives, which 

are the initial data of the graphic task, gives the student 

access to the use of built-in AutoCAD drawing tools, 

checks the correctness of the drawing, and displays  

the assessment and feedback on the screen. Significant 

limitations of this technology are narrow specialization – 

the program works only with the AutoCAD program;  

a narrow range of topics in descriptive geometry for 

which tasks have been implemented; lack of access to  

the program for a wide range of users. 

Another way to automate the procedures for checking 

graphic tasks is associated with the development of elec-

tronic testing systems [6; 16–18]. Tests are one of the most 

productive means of optimizing pedagogical work.  

The main difficulty related to the use of test forms of control in 

Descriptive Geometry and Computer Graphics is caused by 

the fact that the result of solving a problem is always a set 

of lines and points, and publicly available electronic educa-

tional systems are not designed to process data presented in 

the form of graphic elements. Therefore, the use of auto-

mated systems for assessing graphic works requires the 

transformation of the tasks themselves, the development of 

new formulations of problems in which the result of solving 

the problem is a drawing containing a certain control parame-

ter. A new approach to the formation of graphic tasks will 

reduce the teacher’s time costs by eliminating routine opera-

tions associated with downloading drawing files, opening 

them, and checking them against the solution standard. 

The purpose of the study is to develop a set of electronic 

graphic tasks adapted for use together with publicly avail-

able automated assessment systems. 

 

METHODS  

Research Materials 

The material for this study was the funds of assessment 

tools used to control the level of development of graphic 

skills of first-year students studying in 23.05.04 Transporta-

tion Process Management training program [19]. 

Stages of the Research 

The research methodology included: 

– analysis of assessment tools in descriptive geometry, 

their systematization; 

– development of technology for monitoring of practical 

skills of students; 

– selection of learning performance indicators; 

– selection of tasks, their adaptation for the electronic 

testing system, selection of the form for presenting tasks; 
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– development of a sufficient number of versions of 

each task; 

– creation of a database, placement of tasks in the elec-

tronic educational environment, setup of the electronic test-

ing system; 

– conducting training sessions with students on the use 

of a new system for assessment of graphic skills, conduct-

ing control activities, analyzing intermediate results; 

– identification and correction of unsuccessful tasks; 

– general analysis of the results of applying the deve-

loped technology. 

Performance Indicators 

When developing the set of electronic graphic tasks, the 

authors took into account that the performance indicators of 

training descriptive geometry are the student’s ability to 

find projections of points and lines belonging to a plane or 

surface; the ability to construct intersection lines or points 

of contact of two or three objects located in space; the abi-

lity to determine the visibility of elements on an orthogonal 

drawing; the ability to perform additional constructions 

necessary to determine the distances between objects or 

their sizes. 

The assessment scales are designed using a standard 

system based on four levels of mastering the educational 

material: unsatisfactory – satisfactory – good – excellent. 

The unsatisfactory grade was used if the student could 

not confirm the ability to solve typical tasks in all tests. 

The satisfactory grade was given to a student who 

demonstrated the ability to solve typical graphic tasks.  

If the student demonstrated the ability to solve com-

bined-type tasks (including many elements of typical 

tasks), he was assigned the good grade. If a student is 

able to synthesize new problem-solving techniques based 

on their previous experience, the level of mastery was 

interpreted as excellent. 

A high level of task variability was ensured by the pre-

viously developed system of automatic generation of task 

variants using sets of parametric templates [20]. 

Testing of a Set of Electronic Graphic Tasks 

The proposed technology for automated assessment of 

students’ practical skills was tested in 2023 at Siberian 

Transport University. First-year students (124 people) par-

ticipated in the testing. During the semester, students com-

pleted 20 graphic tasks packed in test forms. All tasks were 

posted in the e-learning system. The KOMPAS CAD sys-

tem was used to develop and solve the tasks. The grade was 

assigned automatically. Each task was assessed individually 

(separately, regardless of the others). 

The tasks were completed by students in the classroom 

in the presence of a teacher. The time limit was one class 

(90 minutes). The number of attempts was not specified. 

The maximum score for completing the task was 100 points. 

The final grade depended not only on whether the correct 

result was obtained, but also on how many attempts it took 

the student to get the right solution. The maximum grade of 

100 points was given to a student who completed the gra-

phic task without errors the first time. If the student completed 

the task correctly, but not immediately, after one or more 

corrections, then the number of points awarded for the task 

was reduced proportionally to the number of attempts.  

The task was considered passed if the student managed to 

score 70 points or more (i. e. the correct answer was ob-

tained at least on the third attempt).  

The result was assessed automatically, without  

the teacher’s involvement. 

 

RESULTS 

Composition of the Developed Materials 

The authors developed a set of electronic graphic tasks, 

including 20 tasks covering all sections of the Descriptive 

Geometry and Computer Graphics course. 30 options are 

offered for each task. All tasks are formulated in such  

a way that the answer is expressed as a number or a simple 

phrase (selected from the proposed list). Automatic check-

ing of tasks by one or several control parameters has been 

configured. Table 1 provides a specification of tasks, de-

scribes the general content of the task, presents a sample of 

the graphic part of the condition, and indicates the con-

trol parameter and its type. The content of the tasks fully 

corresponds to the structure of the calculation and gra-

phic work performed during the semester. One should 

note that the specific content of the task in each of  

the 30 options is different. Table 1 provides only general 

information about the tasks. Examples of specific elec-

tronic tasks are shown in Figs. 1–3. 

To organize automatic control, standard test forms 

available in most e-learning systems were used: task with  

a numerical answer, selection of missing words and nested 

answers. 

Task with a numerical answer contains a field for enter-

ing an answer, the answer must be a number. The task con-

dition can be presented as text or be added to the question 

as an attached file. Fig. 1 shows an example of a graphic 

task of this type. 

Selection of missing words is a closed-type task; the stu-

dent selects an answer from a drop-down list containing  

a list of answer options. This type of assignment is conve-

nient to use in graphic tasks on determining the visibility or 

relative position of objects. An example of using drop-

down lists to issue a graphic task is shown in Fig. 2. 

The third form of an electronic graphic task is nest-

ed answers. Allowed field types are Numerical Answer 

and Choice from List. The Numerical Answer type field 

requires entering an answer from the keyboard,  

the Choice from List type field allows the student to 

choose among the proposed answer options. An un-

limited number of fields can be added to each task.  

An example of a graphic task created using the nested 

answers form is shown in Fig. 3. 

Test Results of the Approbation 

Table 2 presents sample data on the execution of tasks 

by Student 1 (a “fairly good” student, has a high perfor-

mance score in all subjects, average performance is 86 %), 

Student 2 (an “average” student, average performance in all 

subjects is 62 %), and Student 3 (a “fairly poor” student, 

Evidence-based education studies. 2025. No. 1 19



Petukhova A.V., Ermoshkin E.V.   “A set of electronic graphic tasks on descriptive geometry…” 

 

 

Table 1. A set of electronic graphic tasks 

Таблица 1. Комплекс электронных графических заданий 

 

 

Task,  

No. 

Condition of a problem,  

text part 

Condition of a problem, graphical part,  

example of one of the options 

Control parameter  

(parameter type) 

1 

Find the actual sizes  

of the segments AB, CD and EF. 

 

Indicate the position of each  

of the segments in space 

 

Actual size of the segment  

(numerical) 

 

Position in space  

(choice: contour line,  

general position line) 

2 

Plot along a general position line  

a segment AB of a given value  

(the specific value is indicated  

in the task option) 

 

Point В coordinates (numerical) 

3 

Construct the projections  

of points D and F belonging  

to the plane specified in the drawing.  

 

What are the coordinates  

of the points obtained? 

 

Point D coordinates (numerical). 

Point F coordinates (numerical) 

4 

Construct the projections  

of segment EF belonging  

to the given plane. 

 

What is the actual size  

of segment EF? 

 

The length of segment EF  

(numerical) 
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Сontinue of the Table 1 

 

Task,  

No. 

Condition of a problem,  

text part 

Condition of a problem, graphical part,  

example of one of the options 

Control parameter  

(parameter type) 

5 

The projections of plane АВС  

is given.  

 

It is required to construct  

a segment AK perpendicular to it  

(particular length of the segment  

is specified in the task option) 

 

Point K coordinates 

(numerical) 

6 
Find the actual size  

of the flat polygon ABCDE 

 

Area of the figure (numerical) 

7 
Find the point of intersection  

of the line l with the plane ABC 

 

Intersection point coordinates 

(numerical) 

8 
Find the distance from point A  

to plane BCD 

 

Distance (numerical) 
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Сontinue of the Table 1 

 

Task,  

No. 

Condition of a problem,  

text part 

Condition of a problem, graphical part,  

example of one of the options 

Control parameter  

(parameter type) 

9 

Construct a section of the pyramid  

SABCD by plane α. 

 

What is the actual size  

of the section? 

 

Area of the section (numerical) 

10 

Construct the projections  

of the pyramid SABC. The base  

of the pyramid is the triangle ABC. 

The height of the pyramid  

is the edge AS. AS=BC. 

 

Determine the visibility of all edges  

of the pyramid. 

 

Construct the missing projection  

of the point K belonging  

to the visible face of the pyramid 

 

Apex S coordinates  

(numerical). 

 

Visibility SA, SB, SC, AB, BC, AC 

(choice: visible, invisible). 

 

Point K coordinates  

(numerical) 

11 

Construct the projections  

of a through flat cutout  

on the surface of a polyhedron. 

 

Find the actual size of the flat  

cutout (the area of one of the flat  

sections (any) or the total area  

of the entire cutout) 

 

Area of the section (numerical) 

12 

Construct the projections  

of a through flat cutout  

on the surface of a sphere.  

 

Find the actual size of the section  

(the area of one of the flat sections  

(any) or the total area of the entire  

cutout) 

 

Area of the section (numerical) 
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Сontinue of the Table 1 

 

Task,  

No. 

Condition of a problem,  

text part 

Condition of a problem, graphical part,  

example of one of the options 

Control parameter  

(parameter type) 

13 

Construct the line of intersection  

of the plane α and a cone.  

 

Determine the type of a curve. 

 

Construct the actual size  

of the section 

 

Curve type (choice: parabola, 

hyperbola, ellipse, circle, line). 

 

Intersection line length  

(numerical) 

14 

The drawing shows projections  

of the polyhedron. It is shown  

without regard to the visibility  

of elements. 

 

Determine the visibility  

of the edges of the polyhedron. 

 

Find the points of contact  

of the line l and the polyhedron 

SABCD 

 

Visibility of edges  

(choice: visible, invisible). 

 

Coordinates of points of contact 

of the line with the surface  

SABCD (numerical) 

15 

Two projections of a sphere  

truncated by planes are given.  

 

Determine the visibility of elements  

of the truncated sphere on plane Π2 

 

Visibility of lines  

(choice: visible, invisible) 

16 

The cone is truncated by two planes. 

 

Plot the missing lines on  

the horizontal projection. 

 

What is the shape  

of the flat sections? 

 

Find the actual size of the section  

(the area of one of the flat sections  

(any) or the total area) 

 

Curve type (choice: parabola, 

hyperbola, ellipse, circle, line). 

 

Area of the section (numerical) 
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�K�R�Q�W�L�Q�X�H of the Table 1 
 

Task,  
No. 

Condition of a problem,  
text part 

Condition of a problem, graphical part,  
example of one of the options 

Control parameter  
(parameter type) 

17 

Projections of two intersecting  
bodies are given in the drawing. 

 
It is necessary to determine  
the visibility of all elements  

of the drawing  

 

Visibility of lines  
(choice: visible, invisible) 

18 Construct the line of intersection  
of two quadratic surfaces 

 

The length of the intersection line  
(numerical) 

19 

The design parameters of the site 
(elevation mark, dimensions, and 
slope grades) and the topographic 
surface contour lines are given. 

 
It is necessary to construct  

the boundaries of earthworks. 
 

What is the area of the building  
on the plan plot? 

 

Area of the building  
on the plan plot (numerical) 

20 

A drawing of an engineering  
structure is given. 

 
It is required to construct a profile 

along the line 1�±1. 
 

What is the area of the fill  
and the cut on the profile? 

 

Sectional area of the fill  
on the profile (numerical). 

 
Sectional area of the cut  

on the profile (numerical) 

 
 

 


