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Abstract

The goal of this paper is to compare freshman engineering students' spatial abilities (Spatial Intelligence) at two universities: Sharif 

University in Tehran and Debrecen University of Hungary, focusing on both their final mathematical exam performance and their 

gender so as to ascertain whether the students differ significantly in terms of their spatial abilities and/or their problem solving 

methods. The tests used to measure spatial intelligence performance and mental rotation was the Purdue Spatial Visualization Test 

(PSVT Branoff). The test results have been statistically evaluated and conclusions formulated. The results show that there was no 

significant difference between Iranian and Hungarian freshman engineering students in the performance of mental rotation tasks. 

However, a general gender difference in spatial ability performance was evident among the Hungarian students but not among the 

Iranians. The results also shed light on spatial rotation problem-solving methods that appear to be largely specific to females.
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1 Introduction
In recent decades, educators and researchers have devel-
oped various test formats to evaluate students' spatial visu-
alisation skills. Spatial ability is very important for mathe-
matics, economic forecasting, geography, engineering and 
architecture students; it is crucial for their career, there-
fore engineering and technology educators have investi-
gated students' spatial visualisation abilities and technical 
graphics skills. Psychologists have also intensively stud-
ied spatial visualisation from the perspective of cognition 
and perception and have said this ability is not determined 
genetically, but rather it is determined as a result of a long 
learning process. According to Baranová and Katreničová 
(2018), spatial ability is the result of lifelong learning and 
training processes and may change over time. Findings 
confirm that students' spatial skills can be improved with 
the help of a geometry course and showed that learning 
geometry has a significant positive effect on students' spa-
tial skills (Williams et al., 2008).

Spatial abilities are one of the most studied factors of 
human cognitive function (Carroll, 1993). Recently, however, 

interest in special abilities has been revitalised, because there 
is growing evidence of a significant correlation between spa-
tial abilities and educational performance (Lubinski, 2010; 
Wai et al., 2009). Spatial ability contributes to performance 
in science, technology, engineering, and mathematics 
(STEM) domains even the abilities of verbal and mathemat-
ical control (Shea et al., 2001; Wai et al., 2009). Individuals 
with high mathematical ability, spatial ability, and scien-
tific interests are likely to pursue STEM careers (Austin and 
Hanisch, 1990; Gottfredson, 2003; Wai et al., 2009). Spatial 
ability is very important for engineering students. Numerous 
studies have shown that spatial ability has a positive cor-
relation with problem solving ability as well as success at 
mathematics (Fennema and Sherman, 1977). According to 
previous studies, spatial abilities are predictors of success 
in technical education and have a high importance in engi-
neering education (Ault and John, 2010; Nagy-Kondor and 
Sörös, 2012; Nagy-Kondor, 2010; Nagy-Kondor, 2017).

It can be said that spatial ability not only helps perfor-
mance in the fields of science, technology, engineering and 
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mathematics, but it also controls verbal and mathematical 
abilities (Dehaene et al., 1999; Shea et al, 2001; Wai et al., 
2009; Young et al., 2018). There is also a correlation between 
the spatial intelligence of preschoolers (Gunderson et al., 
2012) and the spatial intelligence of adults (Sella et al., 2016).

There is no consensus definition of spatial ability among 
scientific associations but it can be said that spatial ability 
is the ability to manipulate an object or pattern by imagina-
tion (Kahle, 1983). Spatial ability is the subjective manipu-
lation of spatial information to determine how a given spa-
tial configuration can be shown if a part of it is rotated, 
folded, repositioned or transformed (Salthouse et al., 1990). 
Spatial ability represents skill at solving a visually assigned 
problem in one's mind (Baranová and Katreničová, 2018). 
Spatial ability can be defined as the "intrinsic ability" to 
visualise spatial objects and their developments in one's 
imagination (Górska and Juščákova, 2003). Gardner (1983) 
differentiates between seven different types of intelli-
gence: linguistic, logical-mathematical, spatial, musi-
cal, physical-kinesthetic, interpersonal and intrapersonal. 
According to Gardner (1983:p.9) the "spatial intelligence is 
the ability of forming a mental model of the spatial world 
and manoeuvring and working with this model".

Interestingly, in some studies, reported differences in 
spatial abilities between men and women were in favour of 
men (Voyer et al., 1995). Studies reported that men were 
significantly better at different mental rotation tests than 
women (Jansen et al.,  2016). Using different approaches 
(Hirnstein et al., 2009) and self-esteem in judging (Estes 
and Felker,  2012) potentially affects sex differences. 
Contrary to social role theory's prediction that sex dif-
ferences are higher in non-egalitarian societies, schol-
ars have also hypothesised that people in societies with 
a higher polarity of gender roles would have greater gen-
der differences than people in a more equitable society 
(Jansen et al., 2016). Sex differences in MRT mental rota-
tion test have been shown to be greater in equality-seeking 
countries (Lippa et al., 2010). The weaker performance of 
non-Western cultures is also consistent with the study of 
Jansen et al. (2019) who showed that the performance of 
some Asian countries such as Thailand and the Philippines 
was lower than that of participants with Western cultures. 
There are few studies examining cultural differences in 
the performance of mental rotation testing (Jansen et al., 
2016). Omani students show poorer MRT performance 
than German students, and children in Cameroon have 
lower score than German children (Jansen et al., 2019). 
Sharps et al. (1993) believe that socio-cultural expectations 

of being feminine or masculine spatial assignments have a 
different effect on "boys and girls" mental rotation ability 
(Saucier et al., 2002).

According to Quaiser-Pohl and Lehmann  (2002), 
women are less likely to have high spatial ability, because 
they have less spatial experiences than men. According to 
Nash's (1979) hypothesis  in the context of gender-related 
assignments and Horner  (1972) theory, individuals per-
form better when their self-concept is consistent with their 
gender-related assignments, and since special abilities 
are required for masculine tasks, men get higher scores 
than women. Moreover, there is strong evidence that sex 
roles have an influence on both the choice of field of study 
and the performance of individuals in the special tests 
(Quaiser-Pohl and Lehmann, 2002). Females also tend to 
underestimate their spatial ability, which is inconsistent 
with their actual performance in mental rotational tasks. 
Thus, females' performance in the Mental Rotational Test 
(MRT) in addition to reflecting their spatial experience 
is also influenced by their attitudes toward spatial skills 
(Quaiser-Pohl et al., 2004).

Biological factors have also been discussed as possible 
causes of this discrepancy. Biological discoveries of fac-
tors involved in mental rotation include studies of cerebral 
involvement. Magnetic Resonance Imaging (MRI) studies 
often reveal the mental rotation related to activation of the 
parietal regions (Parsons et al., 2004). Brain structure and 
the asymmetric quality of the brain can contribute to the 
spatial ability of the brain. Moreover, since mental rota-
tion (which is a major spatial ability) is controlled by the 
right hemisphere, research into brain specialisation has 
shown that men employ mainly the right hemisphere to 
solve such tasks, whereas women use both hemispheres 
and especially the left hemisphere to solve these tasks.

In fact, it is argued that women's poor performance in a 
spatial assignment may be due to the fact that they use ver-
bal strategies to solve and encode spatial assignment. Men's 
brain is larger than women's and this is a property that has 
existed since their birth. Most of all these differences in the 
brain of men and women can be explained by differences in 
body size (Parsons et al., 2004). However, some research-
ers believe that even with such an explanation (namely, that 
sex differences contribute to the brain size), there is also a 
gender difference that accounts for a difference in the brain 
sizes of men and women (Caplan et al., 1997).

Geshwind and Galaburda have proposed a complex 
theory that explains the specialization of the brain hemi-
spheres (Brannon, 2017). This theory is based on inherited 
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events, especially the presence of hormones we inherited 
at birth. In the sensitive embryonic period, Testosterone 
is an important factor in controlling the growth of the 
cerebral hemispheres, and Androgen and Oestrogen hor-
mones affect the brain as well as the growth of the inner 
and outer organs of male and female. These effects may 
also be related to sex differences in the brain. According 
to this theory, embryonic hormones make lasting differ-
ences in the organization of the cerebral hemispheres and 
subsequently in the mental abilities.

Injection of the male hormone Testosterone, even once, 
increases the ability of the male to rotate mental tasks 
(Parsons et al., 2004). Thus, in homework requiring mental 
rotation, men are better than women in spatial navigation, 
mapping knowledge and geography. But in terms of spatial 
memory, when maps are reviewed to remember the signs 
on the route, women are better than men (Kimura, 1999). 
According to Maccoby and Jacklin's hormonal theory, sex 
differences in cognitive functioning in early adolescence are 
not seen in adolescence, and Silverman and his co-workers 
stated that this difference in adolescents is often observed in 
different cultures as evidence of the influence of a biological 
factor on the ability to rotate mentally (Parsons et al., 2004).

According to Kass et al.  (1998), men are expected 
to be more successful in new spatial assignments than 
women because they have more spatial experiences in life 
according to sexual schema and social learning theory. 
However, training with feedback improves women's per-
formance in space assignments more than men. This type 
of exercise not only improves the performance of girls at 
mental rotation, but the effect also persists even 3 weeks 
after training. Research evidence suggests that as regards 
the spatial ability scale, there is a discernible differ-
ence between different educational, cultural, and gender 
groups. Accordingly, in this study, we attempt to study 
and compare the differences in the spatial ability and 
problem solving methods of freshman engineering stu-
dents at two universities, Sharif University of Technology 
in Tehran and Debrecen University, taking into account 
the students' gender, educational level, age, and mathe-
matical test scores. We chose to examine students' spatial 
ability in particular because the results can inform the 
choice of appropriate teaching tools for the subjects.

2 Research questions and hypotheses
The goal of the authors of this manuscript was to see 
whether there are any correlations in PSVT-R between the 
two universities in relation to the spatial intelligence of 

male and female freshman engineering students. During 
the research, the authors set up three RQs and Hs. The RQs 
are the following: 

•	 RQ1: Is there a significant relationship between engi-
neering students' gender, age, grade in mathematics 
and their PSVT-R results?

•	 RQ2: Is there a significant relationship between 
engineering students' gender, age, grade and how the 
PSVT-R problems were solved?

•	 RQ3: Is there a significant difference between 
freshman engineering students at the University of 
Sharif University of Technology in Tehran and the 
University of Debrecen in terms of PSVT-Rotation 
performance?

The following are the Hs:
•	 H1: There is significant relationship between engineer-

ing students' gender, age, grade of mathematics and 
their PSVT-R results – according to previous articles.

•	 H2: There is no significant relationship between 
engineering students' gender, age, grade and how the 
PSVT-R problems were solved.

•	 H3: There is no significant difference between 
freshman engineering students at the University of 
Sharif University of Technology in Tehran and the 
University of Debrecen in PSVT-Rotation.

3 Participants
Participants in this study were 93  freshman engineering 
students, ranging from 19 to 24 years (mean age = 20.50, 
SD age = 1.44), 53 freshman students were Hungarian engi-
neering students (17 female 32.1 %, 36 males 67.9 %, mean 
age = 69.19, SD age = 0.63) and 40 Iranian freshman stu-
dents were engineering students (10 females 25 %, 30 males 
75 %, mean age = 21/75, DS age = 1/51). Demographic infor-
mation about participants' gender, age, nationality, grade of 
mathematics and how to solve the questions was recorded 
by the use of a self-assessment questionnaire.

4 Instrument
The instrument used in this study is Purdue Spatial 
Visualization Test (PSVT Branoff). Purdue Spatial 
Visualization Test (PSVT Branoff) was used to evaluate 
the construct spatial ability (Branoff and Connolly, 1999). 
Guay developed the PSVT in 1976 in order to determine 
student's ability to visualise and recognise orthographic 
drawings. The PSVT includes three sections: developments, 
object rotations and views. The PSVT contains 30 questions 
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whose difficulty level gradually increase. This test is suit-
able for those of 13 years of age and more (Guay,  1977). 
All of the 3D objects in the PSVT have simple geometric 
shapes. The rotations are the combinations of 90° and 180° 
about the axes. The rotations of the sections show an object 
in two different positions. The first object is rotated on the 
X, Y or Z-axis, to show the rotation pattern. A second object 
is presented with five alternative views; one represents the 
second object subjected to the same rotation as the exam-
ple depicts. Guay (1980) reports internal consistency coef-
ficient results (KR-20) of 0.87, 0.89, and 0.92 from studies 
conducted on 217 university students, 51 skilled machinists, 
and 101 university students respectively.

This is a descriptive-analytic study. After gathering 
the data through questionnaires, SPSS software (ver-
sion 25) and descriptive statistics (frequency distribution 
tables, central index, variability index and standard devi-
ation) and inferential statistics (T-test, Pearson correla-
tion and ANOVA) were used in order to analyse the data. 
Confidence coefficient of 95 % and significance level of 
0.05 were considered in PSVT test.

5 Results
In this section the statistical analysis – comprising both 
descriptive and inferential analyses – is presented to 
see whether the three null hypotheses are confirmed or 
rejected. The tables and diagrams are arranged based on 
the order of the null hypotheses presented in the previous 
section. Therefore, the tables and diagrams start to high-
light the gender, age and maths score respectively.

The data analysis in Table  1 showed that there was 
a significant correlation between gender and spatial intel-
ligence scores of first-year students among Hungarian 

engineering students (p = 0.039, r = −0.2488). Evidence 
indicates a significant correlation (p < 0.05) between gen-
der and spatial intelligence score for these students, but 
among Iranian students (p = 0.88, r = −0.025) there isn't 
a significant correlation (p > 0.05) between the gender of 
individuals and their spatial intelligence scores.

In Fig. 1 two groups of answers given by Hungarian and 
Iranian female students are compared. As can be observed, 
the most significant discrepancies are the answers given to 
questions number 13 (90 % Iranian and 53 % Hungarian 
with difference of 37 %), number 17 (100 % Iranian and 
59 % Hungarian with the difference of 41 %), and question 
29 (100 % Iranian and 59 % Hungarian with the difference 

Table 1 Relationship between Spatial Intelligence score and gender

Nationality Gender
Spatial 

Intelligence 
Scores

Hungary

Gender

Pearson 
Correlation 1 −0.284*

Sig. (2-tailed) 0.039

N 53 53

Spatial 
Intelligence 
Scores

Pearson 
Correlation −0.284* 1

Sig. (2-tailed) 0.039

N 53 53

Iranian

Gender

Pearson 
Correlation 1 −0.025

Sig. (2-tailed) 0.880

N 40 40

Spatial 
Intelligence 
Scores

Pearson 
Correlation −0.025 1

Sig. (2-tailed) 0.880

N 40 40

* Correlation is significant at the 0.05 level (2-tailed).

Fig. 1 Results of Hungarian and Iranian female students
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of 41  %). The lowest scores obtained were for question 
number 11 (60 % Iranian), question 13 (53 % Hungarian), 
question 17 (59 % Hungarian), question 28 (60 % Iranian), 
question 29 (59  % Hungarian) and question 30 (40  % 
Iranian and 35 % Hungarian). The highest scores obtained 
were for question number 2 (100  % Iranian) question  3 
(94 % Hungarian) question 4 (100 % Hungarian) and for 
questions 6, 7, 16, 17, 18, and 29 (100 % Iranian).

However, it can be observed that in Fig. 2 Hungarian 
and Iranian male students are compared. As you can see 
the most difference answers in PSVT-R in male groups are 
related to number 29 (93 % Iranian and 61 % Hungarian 
with difference of 32  %), number 30 (27  % Iranian and 
44 % Hungarian with difference of 18 %). The least score 
gained was question number 13 (72 % Hungarian), num-
ber 22 (73 % Iranian), number 28 (77 % Iranian), number 
29 (61 % Hungarian), number 30 (27 % Iranian and 44 % 
Hungarian). The highest scores obtained are for question 
number 1, 2, 7, 8 and 20 (97 % Hungarian), number 9, 14, 
15 and 29 (93 % Iranian).

The results in Table 2 also indicates that there wasn't 
a significant relationship between the spatial intelligence 
scores of freshman engineering students and their age 
in both Hungarian (r  =  −0.038, p  =  0.785) and Iranian 
(r = 0.059, p = 0.717).

Regarding the correlation between math scores and spa-
tial intelligence scores, the results in Table 3 revealed that 
there was a significant (p < 0.05) correlation between math 
scores and spatial intelligence scores (r = 0.277, p = 0.045) 
in Hungarian engineering students. But there was no sig-
nificant correlation (p > 0.05) between mathematics scores 
and spatial intelligence (r  =  −0.095, p  =  0.559) among 
Iranian freshmen students.

We have observed three spatial rotation problem-solv-
ing methods:

•	 A1. Only the shape was rotated in their mind.
•	 A2. The shape and the axes were also rotated in 

their mind.
•	 A3. Only axes were rotated in their mind.

As can be observed in Table  4, a significant percent-
age of engineering freshman students used the form rota-
tion method to solve questions (54  % of Hungarian stu-
dents and 52 % of Iranian students) and the least frequent 
solution is turning the axis in the mind (10.9  % among 
Hungarian students and 12 % are Iranian).

Among Iranian students (20 %) of females just rotated 
shapes in their mind to find the right answer but in 
Hungarian students (29  %) rotated shapes in their mind 
to find the right answer. Likewise, (37 %) of Iranian male 
students solved the problems using only the rotation of 
the shapes in their mind to solve the problems, but in 
Hungarian Students (56 %) using only the rotation of the 
shapes in their mind to solve the problems. Males prefer to 
solve the problem with this method. On the other hand, the 
results suggest that (40 %) of Iranian females rotated both 
shape and axis to come up with the right answers but in 
Hungarian students (35 %) rotated both shape and axis to 
come up with the right answers, while just (17 %) of male 
Iranian students and (28 %) of Hungarian students solved 
the PSVT-R problems by rotating both shapes and axis 
in their mind. Females prefer to solve the problem with 
this method. 10 % of Iranian females, 24 % of Hungarian 
females and 7 % of Iranian males and 3 % of Hungarian 
males used both shape and axis in solving problems in the 
test. Men less typically use this method.

Fig. 2 Results of Hungarian and Iranian male students
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In answer to the question: Whether the drawing of the 
axes helped to find the solution on PSVT-Rotation? It can 
be said that 53  % of female, 31  % of male Iranian stu-
dents, 40 % of female and 20 % of male Iranian students 
answered yes axes help them. On the other hand, 30 % of 
female, 40 % of male Iranian students, 35 % of female and 
56 % of male Hungarian students answered no axes help 
them. In general, the mean 45 % of female in both coun-
tries answered yes, but 16 % of male students answered 
yes. From one hand, 21  % of female in both countries 
answered no, but 31  % of male students answered no. 

The results showed that there was no significant rela-
tionship between the spatial intelligence scores of fresh-
man engineering students and their way of solving ques-
tions between Hungarian students and Iranian students. 
The  results also showed that there was a significant dif-
ference between female and male in the two countries, it 
means the axes help female more than male.

Independent T-test results indicated that there was 
no significant difference between nationality (Iranian, 
Hungarian) and the scores of PSVT-R tests (T = −0.408, 
df = 88.768, p = 0.685).

In PSVT-R test, the most significant differences were 
revealed in the answers given to questions number 13 
(85  % Iranian and 66  % Hungarian with difference of 
19  %), number 15 (93  % Iranian and 75  % Hungarian 
with the difference of 17  %), and question 29 (95  % 
Iranian and 60 % Hungarian with the difference of 35 %). 
The lowest scores obtained were for question number 13 
(66 % Hungarian), question 22 (73 % Iranian), question 
28 (73 % Iranian), question 29 (60 % Hungarian), ques-
tion 30 (30  % Iranian and 42  % Hungarian). The high-
est scores obtained were for questions number 2, 4 and 8 
(94 % Hungarian), questions 6, 9 and 15 (93 % Iranian) 
and for question 29 (95 % Iranian).

6 Conclusion and further research
The spatial abilities and problem-solving methods of 
Iranian and Hungarians freshman engineering students 
have been studied in this paper. Their abilities were mea-
sured by several tests. All data were collected during the 
spring semester of 2019. Results of the current study indi-
cated that students' performance in the PSVT test was 
related to their gender. Male students were stronger than 
female students. However, this difference was found only 

Table 2 Relationship between Spatial Intelligence score and age

Nationality AGE
Spatial 

Intelligence 
Scores

Hungary

Spatial 
Intelligence 
Scores

Pearson 
Correlation −0.038 1

Sig. (2-tailed) 0.785

N 53 53

AGE

Pearson 
Correlation 1 −0.038

Sig. (2-tailed) 0.785

N 53 53

Iranian

Spatial 
Intelligence 
Scores

Pearson 
Correlation 0.059 1

Sig. (2-tailed) 0.717

N 40 40

AGE

Pearson 
Correlation 1 0.059

Sig. (2-tailed) 0.717

N 40 40

Table 3 Relationship between Spatial Intelligence score and Math score

Nationality Math 
score

Spatial 
Intelligence 

Scores

Sp
ea

rm
an

's 
rh

o

Hungary

Math score

Correlation 
Coefficient 1.000 0.277*

Sig. (2-tailed) 0.045

N 53 53

Spatial 
Intelligence 
Scores

Correlation 
Coefficient 0.277* 1.000

Sig. (2-tailed) 0.045

N 53 53

Iranian

Math score

Correlation 
Coefficient 1.000 −0.095

Sig. (2-tailed) 0.559

N 40 40

Spatial 
Intelligence 
Scores

Correlation 
Coefficient −0.095 1.000

Sig. (2-tailed) 0.559

N 40 40

* Correlation is significant at the 0.05 level (2-tailed).

Table 4 How to solve questions?

Answers (A1., A2. or A3.) Freq. Percent Valid 
Percent

Cumulat. 
Percent

H
un

ga
ry Valid

A1. 25 47.2 54.3 54.3

A2. 16 30.2 34.8 89.1

A3. 5 9.4 10.9 100.0

Total 46 86.8 100.0

Missing System 7 13.2

Total 53 100.0

Ir
an

Valid

A1. 13 32.5 52.0 52.0

A2. 9 22.5 36.0 88.0

A3. 3 7.5 12.0 100.0

Total 25 62.5 100.0

Missing System 15 37.5

Total 40 100.0
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among the Hungarian students; there wasn't any gen-
der difference observable in the Iranian students' PSVT 
test scores.

The ability to mentally rotate the shapes has produced 
one of the largest gender differences in cognitive sciences 
(Linn and Petersen, 1985). There are a number of explana-
tions for the gender difference in mental rotation. One of 
the researches provides environmental, social, and cul-
tural explanations of gender differences in mental rota-
tion (Sharps et al., 1993). It has been argued that Western 
cultures regard spatial work as a masculine nature, and 
that the difference in spatial ability may be minimised 
by creating the notion that spatial tasks are appropri-
ate for female participants as well as male participants 
(Richardson, 1994; Subrahmanyam and Greenfield, 1994).

Németh et al. (2007) attempted to identify possible causes 
of gender differences in learning. Studies showed that com-
mon mistakes in special intelligence can be one of the pos-
sible reasons, because in some cases, female students often 
make more mistakes than men especially in respect of spatial 
abilities (Jansen-Osmann and Heil, 2007). The present study 
is consistent with those studies and has shown that the man-
ner of solving PSVT test questions differs between men and 
women, since 56 % of Hungarian male students just rotate 
the shape to solve PSVT test questions, but among women 
the most frequent solution to PSVT test questions is rotating 
the shape and axis in the mind (35 %). Subjects were also 
asked if they were helped by the axes in solving the questions. 

There is a significant difference here as well. 56 % of men 
reported that axes did not help them and 53  % of women 
reported that axes helped them. Thus,  these spatial differ-
ences can be observed in both genders. Females prefer to use 
method 2 for spatial rotation problem-solving: the shape and 
the axes were also rotated in their mind. Females prefer to use 
method 1 for spatial rotation problem-solving: only the shape 
was rotated in their mind. There are some students (rather 
females) solve the task with method 3, so without rotation of 
objects, only axes were rotated in their mind. The axes may 
help females to solve the spatial rotation problem.

Results of the survey prove that imagining a spatial 
figure causes problems for many students and in  this 
way, it affects solving spatial tasks as well. We have 
also observed gender differences between male and 
female in  our research regarding their spatial abilities. 
Since  learning has a positive effect on the spatial abili-
ties of both females and males, it would be very useful 
educators could give training in spatial ability to students 
in both high schools and universities. If teachers and uni-
versity professors devote more time to improve a student's 
spatial ability (special intelligence) at the right age with 
an appropriate teaching strategy, it will help the student to 
have a more developed spatial intelligence, regardless of 
their gender. As many students have problems imagining 
a spatial object, it is necessary to use as many visual aids 
as possible for their development of spatial ability (com-
puter programs, animations, paper models, etc.
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