
JOURNAL OF INDUSTRIAL DESIGN AND ENGINEERING GRAPHICS     147  

  
 

 

 

 

 
Abstract: The paper aims to identify the role of the Descriptive Geometry discipline and the education of 

visual perception in the training of engineers' skills in the context of the new technological trends of the 

21st century. Spatial skills play a key role in the development of human creativity, which Industry 5.0 focus 

on. Thus, the students' individual study was completed with a new topic to increase their abilities in shape 

recognition. The final evaluation showed a positive influence of this method, with better results recorded by 

female students compared to male students. 

 

Key words: descriptive geometry, Industry 4.0 and Industry 5.0, spatial visualization abilities, 
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1. INTRODUCTION  

 

Spatial skills are improved through Descriptive 

Geometry discipline [1] and play a key role in both 

assimilating preexisting knowledge and developing new 

knowledge and sustaining creativity process [2].  

From the end of the 18th century, with the beginning 

of the first industrial revolution, Industry 1.0, to Industry 

2.0 in the mid-20th century, Gaspard Monge’s drawing 

principles, relating to the two-dimensional representation 

of three-dimensional objects, are used in mechanical 

production and in production on electrically driven 

assembly lines, respectively. Automated lines, CAD 

(Computer Aided Design) and electronics increased 

efficiency of mass production during Industry 3.0 until 

the end of 20th century. The future of manufacturing is 

being redefined from today’s Industry 4.0 and 5.0 [3] to 

the next frontier Industry 6.0, which will enable 

development of human creativity, autonomous systems, 

and sustainable innovation. Even as the manufactory 

sector is heading towards quantum era with “industrial 

metaverses where physical connected factories would be 

replaced with virtual factories” [3], CAD knowledge will 

still be useful for the design process. 

Spatial visualization and spatial perception are 

necessary for recognizing all objects in a design 

environment, as shown in Figure 1. The perception of 

unseen edges is useful in identifying the object space 

positioning and understanding chromatic perspective. 

 

 
 

Figure 1 Emergence of Industry 4.0 in naval sector [4]. 

 

Industry 4.0, a term introduced in 2011 [5], is driven 

by cyber-physical systems and its social value is 

competitiveness. Industry 5.0 also emerged at the 

beginning of 21st century, emphasizing resilience and 

human centricity [5], as social values. 

Therefore, we realise this paper, which aims to 

increase students’ shape recognition skills using 

Descriptive Geometry knowledge and the criterion of 

gender, as the variable of this study. 

An educational experiment was conducted on first-

year students enrolled at a Romanian faculty. A team 

assignment was used to recognize points, lines or planes 

on a 3D object of the students’ choice. The comparative 

analysis of the experimental data showed that this 

method increased the students promotability in the 

Descriptive Geometry discipline. It is concluded that the 

visibility of seen and unseen object’ edges will be 

resolved by future research dealing with intersection 

curve recognition.  

 

2. RESEARCH OBJECTIVE  

 

The purpose of this paper is to establish the role of 

the graphics disciplines in the context of current trends in 

technological development. The educational process 

during Descriptive Geometry course, depending on the 

gender factor, is considered for this study. 

 

2.1 Selecting and testing subjects 

The study was applied to 124 students enrolled in the 

first year at the Naval Architecture Faculty (FAN) of the 

‘Dunarea de Jos’ University of Galati. The experiment 

had two phases, one for diagnosis and one for analysing 

the influence of team assignment on the learning process. 

The gender distribution of the participants is presented in 

Table 1. 
Table 1  

Experimental groups. 
Phase Group Faculty Academic 

year 

Gender 

M F 

I  FAN 2025-2026 14 10 

II Control FAN 2024-2025 37 25 

Target FAN 2025-2026 38 24 
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2.2 Educational experiment 

For the analysis of the experiment, phase I, the 

students received the same diagnostic test, shown in 

Figure 2. It was conducted in the first and last week of 

the first semester of the academic year 2025-2026. 

 

 
 

Figure 2 Diagnostic test [6], experiment, phase I. 
 

The aim of the experiment, phase I, was to guide the 

students’ learning process. The task of the diagnostic test 

was to identify only the F–direction projection for 6 

objects, within five minutes, from the 18 projections, 

seen in Figure 3. 

 

 
 

Figure 3 Test answer items of the experiment, 

phase I [6]. 

 

The team assignment was only received by the target 

group, phase II. The task was to choose a familiar object, 

and each team member had to identify a point, a line and 

a plane on this 3D object and represent them on a paper, 

in A4 format, using the Descriptive Geometry 

knowledge. A 3D object model and its 3D solutions of a 

student team can be seen in Figure 4 and Figure 5. 

 

 
 

Figure 4 Assignment model, points representation on the 3D 

object for a target group team with three members. 

 

 

Both the target group and control group were given 

the same final subject exam, for 90 minutes to assess the 

Descriptive Geometry’ topics, to analyse the effect of the 

experiment, phase II, on educational process. 

 

 
 

Figure 5 Assignment model, lines representation on the 3D 

object for a target group team with three members. 

 

3. RESULTS 

 

The Excel Data Analyses used to analyze and 

interpret the results, also allow statistical analyses using 

the AVERAGE and STANDA formulas, regarding the 

gender variable for both phases of the experiment. 

 

3.1 Experimental data, phase I, initial test 

The initial test of the diagnostic test was done in the 

first week of the first semester to find out the spatial 

skills of the current students and potential issues. It is 

used as a starting point to guide the learning process and 

to increase students’ motivation in the study of 

Descriptive Geometry. 

Figure 6 shows the results obtained for each of the 6 

diagnostic test items. It is observed that female students’ 

spatial visualization abilities are better than male students 

for three items (B, E and F), the highest being 80% in 

item E. The lowest results in both female and male 

students were 30% and 42.86%, respectively, obtained in 

item C and F, respectively. 

 

 
 
Figure 6 Compared study male and female students (M, F) of 

diagnostic test’ items, phase I, initial test. 

 

In Figure 7 we can see the diagnostic test solution, 4 

and 7, for items C and F, respectively. The students' 
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answer to these two items shows that edge’ visibility is a 

problem that must be solved, as a matter of priority, with 

Descriptive Geometry applications. 

 

 

 

 

 
Figure 7 Items C and F from test, phase I [6]. 

 

3.2 Experimental data, phase I, final test 

The final test of the diagnostic test was conducted in 

the last week of the first semester to make students aware 

of their own level of spatial skills acquired in the 

Descriptive Geometry course. 

 

 
 

Figure 8 Compared study male and female students (M, F)  

of diagnostic test’ items, phase I, final test. 

 

The results presented in Figure 8 show that female 

students spatial visualization abilities are better than male 

students for four items (A, B, C and D). The lowest 

results for female students were recorded for item E and 

F, 60% for both, and are 2.86% higher than the lowest 

result for male students.  

 

 
 

Figure 9 Comparative analysis of the 

female’s and male’s students diagnostic test results, phase I. 

 

Figure 9 presents the compared results, depending on 

gender, recorded for initial and final diagnostic tests. The 

results show that female students spatial visualization 

abilities for final test are better than the initial one, for all 

items, except item E. We can see that all female students 

recognized item A. Only for four items (A, C, E and F) 

the male students’ results in the final test, are better than 

the initial one. The highest result for male students is 

78.57 recorded for item E, for item B the results were the 

same, for final and initial diagnostic test. 

 

3.3 Experimental data, phase II 

The team assignment was received in the first week 

by all students in the target group and must be completed 

after 6 weeks. It complements each student’s individual 

study and was given for the first time in the academic 

year 2025-2026. 

 

 
 

Figure 10 Target group’s professional results at  

Descriptive Geometry discipline according to grades. 

 

Following the final exam held at the end of the first 

semester, the results presented in Figure 10 are obtained. 

The female students’ spatial abilities, from the target 

group, are 5.7% better than males’ for a high score 

(grade between 9 and 10) and by 17.8% for a medium 

score (grade between 7 and 9), and by 2.2% for a low 

score (grade below 5). Only for grade between 5 and 7 

the results for male are 21.3 % better than for female 

students. 

The diagram in Figure 11 presents, for the control group, 

that for the high score (grade between 9 and 10), the 

results for female students are 10.6% better than male, 

but for the grade below 5 the results for male students are 

3.8% better than female students. 

 

 
 

Figure 11 Control group’s professional results at  

Descriptive Geometry discipline according to grades. 

 

In Figure 12 we observed that, for the low score 

(grade below 5), the results for female students in the 
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target group are 7.7% better and for the medium score 

(grade between 7 and 9), 34.5% better than those in the 

control group. 

 

 
 

Figure 12 Comparative analysis of the female students’ 

professional results at Descriptive Geometry discipline 

according to grades. 

 

The diagram in Figure 13 shows that for the low 

score (grade below 5), the results for male students in the 

target group are 5.7% better than those in the control 

group.  

 

 
 

Figure 13 Comparative analysis of the male students’ 

professional results at Descriptive Geometry discipline 

according to grades. 

 

The results presented in Table 2 use the AVERAGE 

and STANDA formulas applied to grades, which show 

that students in the target group perform better than those 

in the control group one.  

 
                                                                               Table 2  

Experiment, phase II, standard deviation values. 

 Control group Target group 
F M F M 

Count 25 37 24 38 
AVERAGE 6.84 6.25 7.39 6.52 
STANDA 1.75 1.60 1.55 1.58 

 

 

4. CONCLUSIONS  

 

The diagnostic test was useful for identifying low 

students’ spatial visualization. Students’ final test results 

for items without invisible edges were observed to be the 

best. The results show that the edges of the left-

positioned    item, like A, are better recognised by female 

students then by male students, who recognized the edge 

of the right-positioned item better, like E. Thus, the  

 

results in the above-mentioned items are increased with 

50% for female students and 21.4 for male students, 

respectively. 

Considering the final exam, the target group’s 

promotion rate for male and female students is 90% and 

92%, respectively, compared to that of the control group, 

which is 84% and 80%, respectively.  

The research shows that the introduction of 

personalized assignment for the students’ team, had 

effect on the development of their spatial skills for 

transforming objects from 3D representation to 2D 

representation. Female students outperformed male 

students in both absolute and percentage values by 2% 

and 12%, respectively. 

These conclusions will be used in future work that 

will study the influence of using new visualization tests 

for recognizing curve intersection using Descriptive 

Geometry course. 

 

5. REFERENCES 

 

[1] Landron-de-Guevara-Munoz, M,C., Alonso-Garcia, 

M., de-Cozar-Marcias, O.D., Blasquez-Parra, E.B. 

(2023). The place of Descriptive Geometry in Face of 

Industry 4.0 Challenges, Symmetry,15 (12), 2190, pp. 

(1831-1836),  https://doi.org/10.3390/sym15122190 . 

[2] Kell, H.J., Lubinski, D., Benbow, C.P., Steiger, J.H. 

(2013). Creativity and Technical Innovation: Spatial 

ability’s unique role, Psychological Science, vol 

24(9), pp. (1831-1836), e-ISSN 1467-9280, DOI: 

10.1177/0956797613478615. 

[3] Verma, A., Prasad, V.K., Kumari, A., Bhattacharya, 

P., Srivastava, G., Fang, K., Wang, W., Gadekallu, 

T.R. (2025). Industry 6.0: Vision, technical 

landscape, and opportunities, Alexandria 

Engineering Journal, vol 130, pp. (139-174), ISSN 

1110-0168, https://doi.org/10.1016/j.aej.2025.08.040. 

[4] Fernandez, R.P., Regueira, F.J. (2022). How to 

improve the building industry with the Internet of 

ships concept, Ship Science and Technology 

(Cartagena), vol 15(30), pp. (37-46), e-ISSN 2619-

645x, DOI: 10.25043/19098642.227. 

[5] Madsen, D.O., Slatten, K, Berg, T. (2025). From 

Industry 4.0 to Industry 6.0: Tracing the Evolution of 

Industrial Paradigm Through the Lens of 

Management Fashion Theory, Systems, vol 13(5), 

 https://doi.org/10.3390/systems13050387 . 

[6] Salehinejad, H. (2013). Technical Drawing, Iran 

Technical Publishing Company, Teheran, Iran, Part 1, 

pag. 1-85, ISBN 978-864-389-377-3, 

https://www.robotabzar.ir/ebook/drawing/rasmfaniom

omi91_Part1.pdf (accesed on 7 January 2026).  

 

 

Author(s): 

Lecturer Manuela NECHITA, ‘Dunarea de Jos’ 

University of Galati, Naval Architecture Department, E-

mail: manuela.nechita@ugal.ro. 

Lecturer Liviu Cătălin ȘOLEA, ‘Dunarea de Jos’ 

University of Galati, Mechanical Engineering 

Department, E-mail: catalin.solea@ugal.ro 

https://doi.org/10.3390/sym15122190
https://doi.org/10.3390/systems13050387
https://www.robotabzar.ir/ebook/drawing/rasmfaniomomi91_Part1.pdf
https://www.robotabzar.ir/ebook/drawing/rasmfaniomomi91_Part1.pdf
mailto:manuela.nechita@ugal.ro
mailto:catalin.solea@ugal.ro

