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Abstract: Spatial abilities are recognized as one of the main factors for success in technical (STEM) professions, especially in the field of architecture and civil engineering.
Given that this kind of competence is not paid enough attention to in the early stages of education, students arriving at technical faculties have difficulties in mastering the
subject of Descriptive geometry and solving spatial problems in general. There are different opinions on whether these abilities are inborn, if they could be improved and if
they could, in what way. In this paper, the relation between spatial abilities and the subject of Descriptive geometry at the University of Banja Luka will be examined. The
study involved 175 first-year students of the Faculty of Architecture, Civil Engineering and Geodesy (FACEG) who took a spatial ability test before and after attending the
course. The results of the tests were then compared in order to determine whether their spatial abilities were improved and, if so, whether the mastering the course had an
impact on it. The results showed significant difference among those three professions. The spatial ability test used in the research was customized for this purpose and will

be described in the paper.
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1 INTRODUCTION

The term spatial abilities appears in literature in several
forms-spatial skills, spatial abilities, visual and spatial
abilities etc., precisely because it implies, depending on the
author, a wide range of different cognitive operations - from
arranging cubes to map reading and spatial orientation. In
relation to this, various authors have defined several factors
that make up a set of spatial abilities (spatial perception,
spatial visualization, mental rotations, spatial relations,
spatial orientation [1]). Although various types of cognitive
tasks that assess these spatial factors could be found in
literature in the past half-century [2], the exact influence of
those operations is still not determined.

Regardless of these factors, spatial abilities are
recognized as essential for success in STEM fields (science,
technology, engineering and mathematics), and various
researches show that they are a key factor in the
development of creativity and divergent thinking necessary
in both technology and art related professions, such as
architecture and civil engineering [3-6]. In one of this two
decade long study [7, 8] it is shown that the spatial abilities
could be the major predictor for creative, occupational, and
life accomplishments of participants.

In psychological research a difference between spatial
abilities and spatial skills has often been made. Spatial
ability is defined as the innate ability to mentally manipulate
spatial elements, that is, a person is born with such abilities.
Spatial skills have been learned or acquired through some
kind of formal or informal training. For students at the
university level, it is almost impossible to distinguish
between spatial abilities and spatial skills, because there is
usually no formal training at lower education level in which
students have the opportunity to acquire these skills. For
most of them the first encounter with this subject is during
the course of Descriptive Geometry at the first year of
engineering studies.

The topic of improving spatial abilities is equally
attractive both to psychologists and engineering educators.
A large number of papers that investigate the possibility of
improving spatial abilities by certain strategies or trainings
can be found in literature. Those courses are supported by

modern technologies [9], virtual reality [10], dynamic
exercises, pen and paper exercises. Some authors are
suspicious of the effects of spatial skills training [11], while
others advocate it. The essence of these disagreements lies
in the acceptance of spatial abilities as innate or acquired.

Many of those studies show that spatial skills could be
developed over time, and that certain types of exercises can
improve them [12-15]. Because of all above stated, it is
important to continue further research on spatial abilities, its
factors and influences on other scientific fields, and to
determine if it is possible to develop them over time. If so,
what are the right methods to do that, and what influence will
they have on other occupations, specifically those
concerning engineering?

In previous studies, spatial abilities were tested before
and after the participants' engagement in some kind of spatial
training (Descriptive Geometry, Digital modelling,
Augmented reality course, Mathematics), but in most of
them there were no control groups involved [9-15]. That
means that it is not possible to accurately determine whether
the training conducted by the researchers had an impact on
improving spatial abilities, or it is caused by some other
factor. In this research we choose Descriptive Geometry
course as a tool to develop spatial abilities at two groups of
students-the first group that took the course during the first
semester (students of Civil Engineering and Geodesy), and
the second one that did not (students of Architecture) at the
Faculty of Architecture, Civil Engineering and Geodesy
(FACEQG) at the University of Banaj Luka.

While men and women do not differ in levels of general
intelligence, gender differences do exist for more specific
cognitive abilities. In particular, gender gaps in spatial
ability are the largest of all gender differences in cognitive
abilities. Research has shown that the development of spatial
ability lays down the foundation for quantitative reasoning,
a collective term for mathematical and science skills [16,
17]. For this reason, we also analyzed the progress of spatial
skills based on gender.

This research has several goals. The first one is to
contribute to the development of spatial tests with special
review on spatial factors for engineering professions that
would provide better insight in their assessments. Second
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one is to improve the current methodology of spatial ability
assessments. The third one is to determine if Descriptive
Geometry course held at the university has influence on
developing students' spatial abilities.

This study provides empirical research in the area of
spatial ability analysis of FACEG students with the aim of
filling a gap in the literature that considers improving spatial
abilities. This paper aims to answer the following research
questions (RQs):

RQ1: What are the trends in improving spatial abilities?
RQ2: What relevant tools and teaching materials can be used
to improve spatial abilities?

RQ3: Is there a correlation between the descriptive geometry
course and the improvement of the spatial abilities of
engineering students?

RQ4: What are other factors that could influence the level of
spatial abilities?

RQS5: Are there gender differences in improving spatial
abilities in engineering students?

To answer these questions, extensive literature was
analyzed and a comprehensive study was conducted and is
presented in the following sections of this paper.

The main research question of this paper relates to the
impact of the Descriptive geometry course on spatial
abilities of 175 students of FACEG that were tested with
customized spatial ability tests.

1.1 Spatial Tests and Spatial Factors

The issue of standardized spatial tests is still an open
topic in the field of psychology, most often because of the
lack of researchers' consensus on factors that assess spatial
abilities. There are many types of tasks that are used for
assessing spatial abilities in literature, and the most common
are The Mental Rotation Test (MRT), The Differential
Aptitude Test: Space Relations (DAT: SR) and the Mental
Cutting Test (MCT).

For the purposes of this research, we conducted a test
that consisted of 4 types of tasks that had two levels of
difficulty (8 tasks in total). The test was prepared by the
teachers at the course using available literature on spatial
ability tasks [2, 3, 18, 19]. Three types of tasks required the
ability to mentally manipulate objects (a, b, and d), while one
type required the skill of the mental cutting (c).

These types require that:

(a) the respondent assumes the shape of the paper after
folding-MRT (Fig. 1),

(b) the respondent recognizes the object after it has changed
its position-MRT (Fig. 2),

(c) the respondent recognizes the shape of the section after
an object has been cut with the plane-MCT (Fig. 3),

(d) the respondent recognizes the object based on its
developed surface-DAT: SR (Fig. 4).
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Figure 1 Type "a" - easy level (up) and advanced level (down)
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Figure 2 Type "b" - easy level (up) and advanced level (down)
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Figure 3 Type "c" easy level (up) and advanced level down

Figure 4 Type "d" - easy level (up) and advanced level (down)

The difficulty of tasks is caused by the specificity and
requirements of the engineering professions where spatial
abilities are recognized as essential for success, and
candidates are expected to have higher than average level
of spatial competence. Also, recent research suggests that
spatial abilities develop creative thinking [20], which has
been recognized as one of the main factors for success in
the field of technology and innovation [21]. The diversity
of tasks in the test is a result of the intention to determine
which of the spatial ability factors has most potential to be
improved by mastering the course of Descriptive
geometry.

2 RESEARCH METHODS AND ORGANIZATION

The Descriptive geometry course takes place in the
first semester at the department of Civil Engineering and
Geodesy at the Faculty of Architecture, Civil Engineering
and Geodesy at the University of Banja Luka (FACEG).
This course takes 6 hours/week (2 hours of lectures +4
hours of theoretical assignments) and covers the following
topics using traditional methods of Descriptive Geometry:
general elements of projecting; point, line, plane and their
mutual relations; transformation, rotation, intersections of
lines, surfaces and solids both in isometric and orthogonal
projection; roofs and terrain levelling. Theoretical
assignments are executed with pen and paper, consisting of
technically constructed drawings of mostly abstract and
general elements such as lines and geometrical solids.

A total of 175 out of 212 students of the first year of
the FACEG at the University of Banja Luka were included
in the study, enrolled in the 2017/18 and 2018/19 academic
years. Students took the spatial ability test at the beginning
and at the end of the first semester. Each test contained a
total of 8 tasks. The first four tasks were easier level tasks
evaluated with 1 point each), and the other four were
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advanced level tasks evaluated with 2 points each). So, the
maximum score on each test was 12 points. Also, the tasks
were sorted according to the types described above. The
test lasted 25 minutes. The first and the second test were
not identical but had the same structure and task types. The
tests were prepared by the teachers at the course.

For the statistical analysis we used the SPSS v.20
analytical-statistical software package, using descriptive
statistics for presenting and summarizing data, the Paired
Samples #-Test, nonparametric Mann-Whitney U test, and

Spearman's rank correlation coefficient. The variables
observed in this study did not have normal distribution.

In the observed sample, the first group had 92
participants, while the second group had 83 participants
(Tab. 1). There were 109 (62,3%) female students and 66
(37,7%) male students in total. The second group had
higher percentage of female students (75,9%), while the
representation of male and female students in the first
group was equal.

The average age of the sample was 19. Participants
were not paid for taking part in the study.

Table 1The study sample by group and gender

GENDER
female male Total
GROUP Gl Count 46 46 92
% within GROUP 50,0% 50,0% 100,0%
% within GENDER 42.2% 69,7% 52,6%
% of Total 26,3% 26,3% 52,6%
G2 Count 63 20 83
% within GROUP 75,9% 24,1% 100,0%
% within GENDER 57,8% 30,3% 47,4%
% of Total 36,0% 11,4% 47,4%
Total Count 109 66 175
% within GROUP 62,3% 37,7% 100,0%
% within GENDER 100,0% 100,0% 100,0%
% of Total 62,3% 37,7% 100,0%

The specificquestions of this research were:

A. Does the mastering of Descriptive geometry have
influence on the improvement of spatial abilities?

We compared the participants' scores of the first and
second spatial tests in two groups of students: those who
attended the DG course during the first semester (G1) and
those who did not (G2). The first group (G1) consisted of
first-year students of Civil Engineering and Geodesy,
while the control group (G2) consisted of first-year
students of Architecture.

The aim was to determine if there was any significant
improvement in the level of spatial abilities in the group
that attended the DG course in relation to the second group,
and whether there was any significant improvement
regarding gender.

After a general analysis of the results, the structure of
the test was examined in more detail regarding the
difficulty and task types in order to determine in which of
the tasks students had most success, and whether there was
progress in solving any particular type.

B. Does the high level of spatial ability have
influence on mastering Descriptive Geometry?

The students' success in the course of Descriptive
Geometry was measured by the total score during the
semester. That included points earned in class and in two
written colloquiums. We compared scores in both spatial
ability tests with the final score in the course at the end of
semester for the first group of participants. We also
compared the scores by each task to determine whether
some type of task has a correlation with success in the
Descriptive Geometry.

3 RESULTS AND DISCUSSION
3.1 The Analysis of the Influence of Descriptive Geometry
on Improving the Level of Spatial Abilities

Tab. 2 shows the overall success of groups in the first
and the second (control) test.

The Paired Samples #-Test showed a statistically
significant difference in success between the first and
second spatial ability tests in both groups (¢ =—3,788, df =
174, p = 0,000). The second test had better score (Tab. 2).

Mann-Whitney U test showed a statistically significant
difference in success in the first test between the first (N =
92, Md = 5,00) and the second group of students (N = 83,
Md =7,00), where students of architecture (second group)
achieved better score (U=2561,00, Z=-3,771, p=0,000).
Also, the same test showed the difference in success in the
second test between the observed (N = 92, Md = 6,00) and
the control group of students (N = 83, Md = 8,00), where
students of architecture had more success again U =
2057,00, Z=—-5,289, p = 0,000).

Table 2 Overall success of groups in the first and the second (control) test

Min. Max.

z
Mean
Std. Dev
Median

Gl 92 5,16 2,18 5,00 1,00 10,50
TEST1| G2 83 6,59 | 2,58 7,00 | 0,00 12,00
Total | 175 584 | 2,47 6,00 | 0,00 12,00

Gl 92 5,59 2,82 6,00 | 0,00 12,00
TEST2| G2 83 7,91 2,50 8,00 | 2,50 12,00
Total | 175 6,69 | 290 | 7,00 | 0,00 12,00

Also, observing the average score for both groups in
both tests, it is evident that the second group had better
results in the second test compared to the first. Therefore,
the second group of students had progressed more in spatial
skills, even though they did not take the Descriptive
Geometry course in the first semester.

These results lead to the conclusion that Descriptive
Geometry contributed to the development of spatial
abilities to some extent, but it is possible that some other
courses and tasks that students of architecture take during
the first semester (architectural design, architectural
drawing, model making) had more influence on the
development of their spatial abilities than Descriptive
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Geometry. It is also possible that the methodology of the
Descriptive Geometry course requiring deductive, abstract
and systematic cognitive processes is focused on
developing spatial thinking rather than spatial abilities.

The difference in the initial level of spatial abilities
among students of architecture compared to the students of
civil engineering and geodesy can be justified with the
entrance exam for architecture studies and the fact that due
to the preparation for the entrance exam, students of
architecture have undergone some training in spatial
abilities before enrolment at the faculty. The main part of
this exam consists of spatial perception and visualization
test that includes various tasks for measuring spatial
abilities.

Furthermore, another reason for the dominance of
architecture students in spatial ability tests could be the

distribution of students regarding their secondary school
education. Students of all three study programs come from
primarily two different secondary schools (grammar
school and technical secondary school), but their
distribution by study programs is not equal. Some
technically oriented schools have the course of Descriptive
Geometry in their curriculums. Tab. 3 shows the
distribution of students by research groups in relation to
whether they had previously dealt with the subject of
Descriptive Geometry in secondary school.

Tab. 3 shows that in the first group 64,1% of the
respondents had had the subject Descriptive Geometry in
the secondary school, while in the second group this
percentage is significantly lower —38,6% and, despite this
fact, the second group achieved better score on the spatial
test.

Table 3 The distribution of students by study groups in relation to whether they had previously had the subject of Descriptive Geometry in secondary school

DG sec.sch. Total
YES NO
Count 59 33 92
Gl % within GROUP 64,1% 35,9% 100,0%
% within DG_sec.sch. 64,8% 39,3% 52,6%
% of Total 33,7% 18,9% 52,6%
GROUP Count 32 51 83
@ % within GROUP 38,6% 61,4% 100,0%
% within DG _sec.sch. 35,2% 60,7% 47,4%
% of Total 18,3% 29,1% 47,4%
Count 91 84 175
Total % within GROUP 52,0% 48,0% 100,0%
% within DG _sec.sch. 100,0% 100,0% 100,0%
% of Total 52,0% 48,0% 100,0%

This suggests that Descriptive Geometry did not have
a major impact on the development of spatial abilities with
this group of students, at least in the case of a traditional
approach in mastering this subject-with abstract tasks and
theoretical application, as such methods develop spatial
thinking, rather than spatial abilities. Unlike other
professions, students of architecture and civil engineering
specifically express the need for clear implementation of
spatial solutions, which is the application of spatial abilities
[11].

Tab. 4 shows that the majority of students of
architecture are from grammar schools whereas in the
study programs of Civil Engineering and Geodesy the
majority of students are technical secondary school
students. The advantage of pupils coming from grammar
schools (schools with general oriented education), in
relation to pupils of vocational secondary schools, also
proved to be relevant in previous studies related to their
success in entrance exams [22], where grammar school

graduates had the highest average score in the test
(Entrance exam), along with the highest average number of
correctly solved tasks.

3.1.1 Analysis by Types and Levels of Tasks

Analyzing the results by types of tasks, Fig. 5 and Fig.
6 show that type d (DAT: SR) has the highest score in the
first test for both groups, while type b (MRT) has the best
score in the second test. Also, significant progress is evident
for both mental rotation tasks (type a and type b), while the
mental cutting tasks (type c) and the surface development
tasks (type d) reveal a decrease in scores in both groups of
respondents. Previous studies show that the mental rotation
tasks develop a holistic approach where the timing of the
tasks is important. The holistic strategy relies on visualizing
the whole object, while the analytic strategy uses a
systematic, stepwise approach [15, 23].

Table 4 The structure of students enrolled in different study programs in relation to secondary schools which they come from

SCHOOL
Civil Engineering Grammar school Other technical Other Total
Secondary schools schools

GROUP Gl Count 54 27 6 5 92
% within GROUP 58,7% 29,3% 6,5% 5,4% 100,0%

% within SCHOOL 64,3% 40,9% 60,0% 33,3% 52,6%

% of Total 30,9% 15,4% 3,4% 2,9% 52,6%

G2 Count 30 39 4 10 83

% within GROUP 36,1% 47,0% 4,8% 12,0% 100,0%

% within SCHOOL 35,7% 59,1% 40,0% 66,7% 47,4%

% of Total 17,1% 22,3% 2,3% 5,7% 47,4%

Total Count 84 66 10 15 175
% within GROUP 48,0% 37,7% 5,7% 8,6% 100,0%

% within SCHOOL 100,0% 100,0% 100.0% 100,0% 100,0%

% of Total 48,0% 37,7% 5,7% 8,6% 100,0%
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The general test results indicate that the level of spatial
abilities in both men and women is medium. The average
score achieved in the first test is 5,84, while in the second
test it is 6,69 out of 12 points in total (Tab. 2). It should be
taken into account that the test contained tasks of both basic
and advanced level, which means that half of the tasks were
considered to be above standard. However, if we look at
the results by levels, Fig. 7 and the results of The Paired
Samples #-Test ¢t = —6,376, df = 174, p = 0,000) show that
all participants had more success in solving advanced tasks
in the second test compared to the first. Based on the results
of The Paired Samples ¢-Test (¢ = 4,017, df = 174, p =
0,000), we conclude that lower-level tasks were poorly
performed in the second test compared to the first one.

1,88
‘l.‘R
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1,25
1,14 108
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Type"a" Type"b" Type"c" Type"d"

W firsttest M second test

Figure 5 Scores by task types for the first group
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Figure 6 Scores by task types for the second group
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Figure 7 Comparison of basic (L1) and advanced (L2) level of tasks in the first
and second test by groups (G1, G2)

TO1 TO2 TO2 TO4 TOS TO6 TO7 TO8

= Entry test = Final test

Figure 8 Percentage of success in solving tasks in both tests for all participants

Observing the whole sample, the most successfully
solved task in the first test was task 1 (folding paper - basic
level), while in the second test it was task 6 (mental
rotation-level 1). The least successfully solved task in the
first test was task 5 (folding paper-level 2), while in the
second test it was task 3 (the mental cutting-level 1) (Fig.
8).

1,23

TO1 TO2 TO3 TO4 TOS TOE TO7 TO8

mEntry test u Final test

Figure 9 Score by tasks in the first (entry) and second (final) test for the first
group

TO1 TO2 TO3 TO4 TOS TO6 TO7 TO8

¥ Entry test W Final test

Figure 10 Score by tasks in the first (entry) and second (final) test for the
second group

Fig. 9 and Fig. 10 show average scores by tasks for the
first and second group of respondents. In the first group,
observing the average points scored in both tests, the
greatest progression is evident in task 6 (mental rotation-
level 1), while the greatest regression is shown in the eighth
task 8 (surface development-level 2). In the second group,
observing the average scores in both tests, the greatest
progression is evident in task 5 (folding paper-level 2),
while the greatest regression is shown in task 3 (mental
cutting-level 1).

3.1.1 Gender Differences

Table 5 Test scores by gender

=
= 3

N g =i s Min. Max.
77} 5]
= A s

F 109 5,75 2,46 | 6,00 1,00 12,00
TEST1| M 66 598 | 2,52 6,00 | 0,00 10,50
Total | 175 5,84 | 2,47 6,00 | 0,00 12,00

F 109 6,69 | 291 7,00 | 0,00 12,00
TEST2| M 66 6,69 | 2,93 6,50 | 0,00 12,00
Total | 175 6,69 | 29 | 7,00 | 0,00 12,00

The Paired Samples #-Test showed a statistically
significant difference in the success between the first and
the second tests in female students (¢ =—3,707, df= 108, p
= 0.000), while male students showed no statistically
significant improvement in success in the second test (¢ =
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—1,653, df = 65, p = 0,103). We conclude that female
students are more likely than male students to improve
spatial abilities (Tab. 5). Such results have also been shown
in other studies concerning gender differences in spatial
abilities [10, 24, 25] which report that women are
progressing more during spatial ability trainings than men,
as they have more space to evolve, given that they had
lower spatial ability in the beginning.

TO1 TO2 TO3 TO4 TOS TO86 TO7 TO8

H Female o Male

Figure 11Scores by tasks and gender in the first test

In the first test (Fig. 11), women showed slightly better
results at the advanced level of tasks than men, while in
both genders the score in basic level tasks was decreasing.
The task in which women have shown better results in both
tests is the task of folding paper-level 2. Generally, there
are no major differences in gender regarding the task types.

TO1 TO2 TO3 TO4 TOS TO6 TO07 TO8

u Female = Male

Figure 12 Scores by tasks and gender in the second test

3.2 Correlation Between the Level of Spatial Abilities and
Success in Descriptive Geometry

Tab. 6 shows main positive correlations between
success in test 2 and points scored from DG (s = 0,330),
as well as between success in test 1 with success in test 2
(rs =0,309).

A positive correlation of success in DG was obtained
in task no. 2 - mental rotation (s = 0.277) and task no. 4 -
surface development (s = 0.357) in the first test, and with
task no. 2 (rs = 0.286), no. 4 (rs = 0.266) and no. 6 (rs =
0.307) in the second test.

This suggests that the factor of spatial manipulation
has the biggest influence on mastering the course of
Descriptive Geometry, that is, that the holistic approach
has the greatest influence on solving abstract spatial
problems [15].

Table 6 Correlation between two spatial ability tests and success in Descriptive Geometry

Correlations TEST 1 TEST 2 DG
Spearman's tho TEST 1 Correlation Coefficient 1,000 0,309 0,144
Sig. (2 - tailed) - 0,003 0,171
N 92 92 92
TEST 2 Correlation Coefficient 0,309™ 1,000 0,330™
Sig. (2 - tailed) 0,003 - 0,001
N 92 92 92
AK12 Correlation Coefficient 0,144 0,330 1,000
Sig. (2 - tailed) 0,171 0,001 -
N 92 92 92
**_ Correlation is significant at the 0.01 level (2 - tailed).

4 CONCLUSION

Based on the obtained results, it was concluded that
mastering Descriptive Geometry improves spatial abilities
to some extent. Most of all, it contributes to the
improvement of mental manipulation factor, which
develops a holistic approach to solving spatial problems.
The methodology of Descriptive Geometry course
requiring deductive, abstract and systematic cognitive
processes is focused on developing spatial thinking more
than spatial abilities.

An interesting fact is that students of architecture, who
did not attend Descriptive Geometry course during this
research, achieved better results in both tests of spatial
abilities. After analyzing the structure of participants by
study programs, it turned out that the students of
architecture were mostly candidates who had general
oriented education in secondary school, that is, they had
not previously met with the subject of Descriptive
Geometry. On the other hand, they did have a certain

training in spatial ability before enrolment at the Faculty
due to the entrance exam preparation.

Based on the results obtained, we can draw the
following conclusions:

(1) Descriptive geometry develops spatial thinking,
more than spatial abilities. Therefore, it is recommended to
conduct an additional analysis of the possibility of
inclusion/improvement of this course in the curriculum of
architecture. This stems from the fact that, unlike other
professions, architecture students especially express the
need for a clear application of spatial solutions.

(2) Gender analysis showed negligible differences in
the first spatial test. However, it has generally been shown
that women have made greater progress in improving
spatial abilities than men.

(3) Higher levels of spatial abilities, especially
regarding the mental rotation factor, have a significant
influence on mastering the Descriptive Geometry course,
that is, on improving spatial abilities.

(4) Despite the differences between students in terms
of the different study programs they have enrolled, it is

2006

Technical Gazette 27, 6(2020), 2001-2007



Maja ILIC et al.: Descriptive Geometry and Spatial Ability-Correlation and Mutual Impact at Engineering Students

evident that spatial skills tests are a relevant factor for
architecture  students.  Therefore, one of the
recommendations of this research is to further explore the
specifics of the spatial abilities of this profession. This
refers specifically to the connection and impact on the
technical/artistic approach to solving spatial problems and
possible strategies for developing these capabilities
through further curriculum and practice, eg. regarding the
new and yet promising field of architectural digitalisation
and vizualisation.
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