
Factors Influencing Spatial Skills Development of

Engineering Students*
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Spatial skills are fundamental not only for engineers and architects but also for professionals in a great variety of fields.

These skills are crucial also in the academic training of students of all ages. In the academic year 2012–2013, a large-scale

study was made at the University of Granada (Spain) to evaluate the influence exerted on these skills by several factors

related to personal aspects, experience, hobbies, and abilities. At the beginning of the term, a spatial test and a

questionnaire were administered to 750 students in three majors (Bachelor’s degrees in Civil Engineering, Chemical

Engineering, and Industrial Electronic Engineering) who were studying courses on Graphic Expression. During the

semester, the students were invited to participate in a set of voluntary spatial skills training activities based on exercises of

freehand sketching. At the end of the term they were administered a spatial test again. General intelligence, problem-

solving ability, gender, construction games, and experience in technical drawing are the factors more directly related to

spatial skills. Furthermore, the training activities have shown a high degree of effectiveness in improving the students’

spatial skills.
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1. Introduction

1.1 Importance of spatial skills

Graphic expression and spatial skills are fundamen-

tal tools to pursue a profession in Engineering and

Architecture. These are indispensable for any
designer and enable the graphic transmission of

the design among all the agents involved in the

design, construction or manufacture of a building,

other structure, or machine, etc. Also, these skills

are crucial in academic training, for example in

learning graphic expression, in problem solving, or

in understanding scientific concepts, in addition to

boosting the general confidence level of students
and improving the probability of success in their

studies [1].

However, the importance of spatial skills is not

limited to Engineering and Architecture. Many

studies have related them to a wide variety of

fields of knowledge. For example, Smith [2] identi-

fied up to 84 different majors in which spatial skills

play a relevant role, such as sciences in general,
mathematics, chemistry, medicine, and even music.

Numerous researchers have shown the need for

paying closer attention to visual thought and spatial

skills at all levels of the educational system [3–8].

Nevertheless, in recent decades, graphic expression

and spatial skills have been steadily losing promi-

nence in study planning [9–11].

1.2 Research on factors influencing spatial skills

One important field of research concerning spatial

abilities is related to the factors that influence their

acquisition and development. In this field, studies

can be classified into two broad categories: (1) those

that seek to evaluate to what extent spatial skills can

be related to diverse factors of the biological,
environmental, psychological type or those linked

to life experiences; and (2) those that focus on

determining whether it is possible to train spatial

skills and what is the best manner to do so.

Most studies of the first type concentrate on a

specific factor, studying samples of variable sizes.

The most frequently analysed factor and the one

that has been investigated with the largest sample
sizes, is undoubtedly gender. In this sense, Cochran

and Wheatley [12] studied 165 students, Hamilton

[13] 176, Pearson and Ferguson [14] 282, and

Lunneborg [15] 780, for the largest-scale study. In

terms of studies of the second type, the sample sizes

tend to be considerably smaller, with generally

fewer than 50 students and rarely more than 100.

In its research field, the study described in the
present paper stands out for its sample size (871

students) and for the great quantity of factors

analysed (a total of 19, corresponding to personal

traits, abilities, experiences, and hobbies).

Age is perhaps the factor most closely related to

spatial skills. According to the studies of Piaget [16],

spatial abilities are developed in several stages over

childhood and adolescence, a conclusion which has
been analysed and confirmed in a multitude of later

studies. Other studies, such as Pak [17], appear to

indicate that these skills deteriorate with age during

adulthood. In terms of gender, many studies have

analysed the influence of sex on the STEM fields
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(Science, Technology, Engineering, and Mathe-

matics) [18, 19]. It is practically unanimous that

males surpass females in spatial tasks and that these

differences are persistent and cross land borders [20,

21], although there are also authors that argue that

these differences are diminishing or that they do not
exist at all [22, 23]. Diverse biological, environmen-

tal, and psychological factors have been analysed as

the possible causes of the gender differences in

spatial abilities. Some studies relate these differ-

ences to the inequality between males and females

in professions related to Engineering and with the

Sciences in general [1, 24, 25].

Although age and sex are the factors most closely
associated with spatial skills, many other para-

meters have been studied. Positive correlations

have been found with features such as: general

intelligence, more specifically the type of mental

strategy used in spatial tasks [26]; playing with

construction games during infancy [27, 28]; musical

skills [29, 30]; practice of certain sports [31]; playing

three-dimensional video games [32]; prior experi-
ence with technical drawing; mathematical skills

[28]; freehand sketching skills [33]; etc. It should

be highlighted that there is no complete consensus

on the relation of these factors, and many studies

with highly diverse experimental conditions have

drawn contrasting conclusions.

Other factors such as hand preference, the profes-

sion of the parents (particularly if related to Engi-
neering orArchitecture), and the ability to operate a

computer and certain computer applications, have

been demonstrated to have a doubtful relation to

spatial abilities.

Finally, in relation to the training of spatial

abilities, a great number of studies have concluded

that these skills can be significantly improved by

specific training and that the methodology that
affords the best results is the one that requires the

student to adopt an active role in solving spatial

problems using a pencil and paper [34, 35].

1.3 Objectives of the study

The overall objective of the present study is to

analyse the influence exerted on spatial skills by a

broad set of factors, examined to a greater or lesser

extent in other works using samples of highly

diverse sizes and nature and widely differing experi-

mental conditions, but here using a single and

extensive sample and a homogeneousmethodology.

For this the following specific objectives were laid
out:

� To analyse the relation between the spatial skills

of the students and certain personal features (age,

gender, hand preference, and profession of the

parents in relation to Engineering or Architec-

ture), experiences andhobbies (to have attended a

course in technical drawing, to have played with

construction games during childhood, to have

played video games, to have practiced sports in

general or sports with a spatial component,

experience with graphic-design programs, and
mastery of any musical instrument), and the

student’s perception of his or her own skills

(general intelligence, spatial visualization, pro-

blem solving, imagination, mathematics, free-

hand sketching, computer use, affinity formusic).

� To analyse whether the perception that a student

has of his or her own spatial abilities constitutes a

reliable indicator of those abilities and therefore
could serve in the decision concerning whether or

not to perform specific training activities.

� To analyse the effectiveness of the training activ-

ities for spatial skills designed for the study, and

to test whether this effectiveness is the same in

students with different starting levels of these

skills.

2. Method

2.1 Methodological strategy

The present study is quantitative and correlational

[36], as it is based on data collection and subsequent

statistical analysis with the aim of determining the

factors significantly related to spatial skills in Engi-

neering students.

The research design is fundamentally non-experi-

mental, since the majority of the data analysed refer
to features of the students which the researchers do

not influence. However, the study also includes an

experimental part, meant to evaluate the effective-

ness of the spatial skills specific training activities.

2.2 Population and sample

The study was made with students in five courses of

Graphic Expression of three technical majors at the

University of Granada (Bachelor’s degrees in Civil

Engineering, Chemical Engineering, and Industrial

Electronic Engineering) during the second term of

the academic year 2012/13. A total number of 871

students were enrolled in these courses.

2.3 Data collection instruments

The information related to the characteristics of the

students was compiled through a voluntary ques-

tionnaire administered at the beginning of the term,

requesting personal traits (age, sex, hand prefer-

ence, and profession of the parents), experiences
and hobbies (Technical Drawing courses, construc-

tion games, video games, sports with a spatial

component, sports in general, graphic-design pro-

grams, and musical instruments) as well as an

evaluation of their own skills (general intelligence,
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spatial visualization, problem solving, imagination,

mathematics, freehand sketching, use of the com-

puter, and affinity formusic). A total of 726 students

filled out the questionnaire either partially or com-
pletely.

For the evaluation of the spatial skills of the

students at the beginning and end of the term, the

Purdue Spatial Visualization Test: Rotations

(PSVT:R) [37] was used, in its reduced version

proposed by Bodner and Guay [38]. This test

assesses the ability of the subject to rotate an

image mentally and visualize the object in its new
orientation. The test consists of 20 items and lasts 10

minutes. In each item, two isometric perspectives

are shown of a three-dimensional object, the second

view representing a given rotation from the first

position. Then a second object is displayed with five

alternative rotations from which the student must

select the view representing the same rotation made

with the first object (Fig. 1). This test demonstrates a
high degree of validity and internal consistency,

with a Kuder-Richardson coefficient of KR20 =

0.80 [38], and is one of the least prone to be resolved

by analytical strategies rather than purely spatial

ones [39]. The test, also voluntary, was taken by 748

students at the beginning of the term and by 538 at

the end, of which 523 took both the initial and final

test.

2.4 Procedure

2.4.1 Phases of the study

As commented above, during the first few days of

the second term of the academic year 2012/13, the

students who were enrolled in five courses of Gra-

phic Expression in the majors Civil Engineering,

Chemical Engineering, and Industrial Electronic
Engineering of the University of Granada were

administered the Purdue Spatial Visualization

Test: Rotations [38] together with the questionnaire

of personal information, experiences, hobbies, and

skills. The students were not informed of the result

of the spatial test.

During the period of classes over the term, the

students of these courses were invited to participate

in a set of voluntary spatial skills training activities,

integrated into the Graphic Expression courses
under study. These activities, based on exercises of

freehand sketching, were designed with the purpose

of combining and optimizing two methodologies

that have rendered good results: the one used by S.

A. Sorby and her colleagues at the Michigan Tech-

nological University, which lead to the publication

of the workbook ‘‘Introduction to 3D Spatial Visua-

lization’’ [40] that contains more than 500 spatial
exercises for pencil and paper; and the ‘‘mentored

sketching’’ of Mohler and Miller [33], in which the

students completed exercises of this type under the

direct supervision of the professor. It is important to

remark that these activities were voluntary and that,

as stated above, the students were not informed of

the results of the PSVT:R at the beginning of the

term, and therefore their decision to participate in
the activities was based solely on their own percep-

tion of their spatial skills and on the importance that

they placed on these. A total of 207 students

participated to a greater or lesser extent in these

activities.

At the end of the term, the students again

voluntarily took the PSVT:R and afterwards all

were provided with a personalized report on their
level of spatial skills and their improvement over the

term.

2.4.2 Statistical data analysis

With the great volume of information compiled, the

aim was to assess the influence of certain factors on

four response variables or dependent variables:

1. Results of the PSVT:R at the beginning of the
term.

2. Results of the PSVT:R at the end of the term.

3. Absolute improvement in the test results, i.e.

the algebraic difference between post-test and

pre-test scores.

4. Relative improvement in the test results, i.e. the

percentage of absolute improvement in relation

to pre-test scores.

As factors, explanatory variables or independent

variables were considered to be:

(a) Personal traits: age, gender, hand preference,

relation with Engineering and Architecture of
the students’ parents.

(b) Experiences and hobbies: to have experience in

Technical Drawing courses, construction

games, video games, sports with a spatial com-

ponent or sports in general, graphic-design
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programs, and mastery of any musical instru-

ment.

(c) Skills (self-evaluation by the student): general

intelligence, spatial visualization, problem sol-

ving, imagination, mathematics, freehand

sketching, computer use, and affinity for music.
(d) Participation in spatial skills training activities.

(e) Prior level of spatial skills (pre-test scores).

The quantitative variables were analysed by the

determination of Pearson’s linear correlation coeffi-

cient. When this correlation existed, minimum-

squares adjustment was applied to the equation of
the straight line relating the variables used in the

study. For the analysis of the qualitative variables

(the majority), a one-way ANOVA and the multi-

ple-comparison post hoc tests of Scheffe andGames-

Howell were used. In the cases inwhich theANOVA

assumptions were not fulfilled, the Kruskal-Wallis

test was used. In all cases, the confidence level was

set at 95% (p < 0.05).

3. Results

Tables 1 to 8 present the results of the correlation

study between the different factors analysed and the

PSVT:R scores at the beginning and end of the term,

as well as the absolute and relative improvements

between the two tests.

In terms of personal traits (Tables 1 and 2), a
certain correlationwas found (p<0.05) between age

and the post-test scores and with the absolute

differences, but not with the pre-test scores nor

with the relative differences. Given that all the

students were adults, they were not appreciably

affected by the development of the spatial abilities

proposed by Piaget [16]. Regarding the post-test

results, it appears that the spatial skills measured
with the PSVT:R slightly decreased with age.

Furthermore, gender proved to be clearly related

to the test results (p < 0.001). In the initial test, the

mean score of the males surpassed that of the

females by 19.1% and by 11.7% in the final test.
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Table 2. Relation between certain personal traits and PSVT:R gain scores

(1) Least squares adjustment.
(2) Parents’ profession related or not to engineering or architecture.



On the contrary, hand preference and the relation-

ship of the parents to Engineering or Architecture

did not appear to influence the test scores (p > 0.05).

In relation to experiences and hobbies (Tables 3

and 4), prior experience in courses of Technical

Drawing exerted a highly significant influence (p <
0.001) in the pre-test scores, such that on average

those who had experience outscored the others by

some 15.0%. These differences diminished in the

post-test scores (p < 0.05), since at the end of the

term all students had experience in Technical Draw-

ing. Construction games also had a significant effect

(p < 0.001), as those having used such games with

medium to high frequency during infancy scored
15.1% higher on the initial test and 8.6% higher on

the final test with respect to thosewhohad used such

games with low frequency or not at all. Video games

exerted a similar influence (p < 0.001), registering

differences of 8.0% and 7.8% for the initial and final

tests, respectively. Sports practice appeared to sig-

nificantly affect performance (p < 0.05), though

moderately on both tests, given the differences of
4% to 6% between those that practiced sports with

medium to high frequency and those who practiced

sportswith low frequency or not at all.Masterywith

any musical instrument showed a clear correlation

(p < 0.05) with the pre-test scores, with a difference

of 5.3% in favour of those who had medium or high

mastery, but no difference appeared in the final test.

Finally, experience with computer applications of
graphic design did not appear to alter the test scores

(p > 0.05).

In the section on skills (Tables 5 and 6), according

to the self-evaluations by the students, a significant

correlation appeared between general intelligence

and the pre-test scores (p < 0.001), registering

differences of up to 23.0% between those claiming

to have high or very high intelligence and the rest of
the levels. This correlation was weaker in the final

test (p < 0.01). There was a striking correlation

between the perception that the students held of

their own spatial skills and the test results (p <

0.001), giving differences of up to 41.0% in the initial

test and 22.7% in the final test. A highly significant

correlation was also found with the problem-sol-

ving skills (p < 0.001), with differences of up to
20.4% and 13.8%, respectively. Also, a certain

relation appeared between the results of the tests

Jesús Mataix, Carlos León and Juan F. Reinoso684

Table 3. Relation between experiences and hobbies and PSVT:R results

(3) Y: Yes (do have experience); N: No (do not have experience).
(4) N-L: None or low frequency; M-H: Mid or high frequency.
(5) N-L: None or low mastery; M-H: Mid or high mastery.



and the freehand sketching skills (p < 0.01), with

maximum differences of 8.5% and 6.7%. The influ-

ence of the ability to use a computer was weak and

barely significant, while no relation was found

between spatial skills and imagination, mathema-

tical skills, or affinity for music.
On the other hand, there was a strong correlation

between the pre-test and post-test scores, the abso-

lute improvements and the relative ones (p < 0.001)

(Tables 7 and 8). The average improvements, both

absolute and relative, proved to be higher the lower

the scores were on the initial test. This was reflected

indirectly on finding a certain negative correlation

between relative improvements and some factors
that do prompt differences in the test results. For

example, in relation to the factor experience with

construction games, which very significantly influ-

enced the test results, those who had never played

with such games or only infrequently, achieved

relative-improvement scores 35% higher than those

who had played with medium or high frequency.

Also, a significant difference was found in the pre-
test and post-test scores between students who

participated in the training activities and those

who did not. As stated above, the students did not

know their test results until the end of the term, and

therefore their decision to participate or not in the

activities was based exclusively on their ownpercep-

tion of their spatial skills and on the importance
they placed on these. The students who did not

participate in the activities scored an average of

13.82 points on the initial test, i.e. 17.1% higher

than the 11.80 points scored by those who did

participate in the activities (p < 0.001), whereas in

the final tests these scores were 15.77 and 15.06

points, respectively, reducing the difference to

4.7% (p < 0.01). With the improvements, an inverse
correlation resulted: the participants in the activities

achieved an absolute improvement of 68.8% higher

than did those who did not participate (p < 0.001),

and a relative improvement of 76.8% higher (p <

0.01).

Finally, Table 9 relates the decision to participate

or not in the training activities with the student’s

self-perception concerning his or her level of spatial
skills. This shows a strong negative correlation
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between the two factors (p < 0.001), indicating that

the lower the self-estimation of spatial skills, the

more likely was the student to participate in the

training activities, and vice versa.

4. Discussion

This study presents some limitations that have to be

considered for a proper interpretation of the results

of the statistical data analysis:

(a) First of all, it should be remarked that the scope

of the present study is correlational, not causal.

That is, the aim is to identify the factors that are
statistically related to the spatial skills of the

students, without seeking to identify the causes

explaining the relation.

(b) The main limitations of this study derive from

the tools used to collect the information. With

the questionnaire of personal traits, experi-

ences, hobbies, and abilities, the student was

requested to evaluate certain factors without

being told defined criteria with which to do so

and thus a certain degree of subjectivity was

expected (except for factors such as age, gender,

or hand preference). Therefore, caution should

be exercised in interpreting the strength of the
correlations resulting from the statistical ana-

lysis.

(c) Finally, the PSVT:R test also implies a certain

limitation in the study since it is not capable of

evaluating levels of spatial skills above their

maximum score, 20 points. In fact, 23 students

scored the maximum on the initial test (3.1%),

36 on the final test (6.7%) and 12 both on the
initial as well as the final tests (2.3% of those

who took both tests). This means a certain

undervaluation both in the mean values of
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Table 5. Relation between perception of own abilities and PSVT:R results

(6) VL-L: Very low-low; M: Medium; H-VH: High-very high (ability or affinity).



spatial skills as well as the improvements

achieved over the term.

Thus, in agreement with the results of the statistical

data analysis, the factors that appear to be most
closely related to spatial skills, measured with the

Purdue Spatial Visualization Test: Rotations

(PSVT:R) [38] at the beginning of the term, and

therefore before influencing these specific training

activities or the Graphic Expression courses them-

selves taken by the students during the term, were

the following (arranged in descending order of

influence):

1st. General intelligence (Fig. 2): the students that

claimed to have high or very high intelligence

outscored those claiming to have low intelli-

gence by an average of 23.0% (p < 0.001).
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Table 6. Relation between perception of own abilities and PSVT:R gain scores
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Table 7. Influence of the participation in spatial skills training activities on the PSVT:R results

(1) Least squares adjustment.



2nd. Problem-solving ability (Fig. 3): those with a

high or very high capacity scored on average

20.4% higher than did those with low or very
low capacity (p < 0.001).

3rd. Gender (Fig. 4): males outscored females by

an average of 19.1% (p < 0.001).

4th. Experience with construction games (Fig. 5):

those who played such games with medium or

high frequency in their infancy scored an

average of 15.1% higher than did those who

played with less frequency or not at all (p <
0.001).

5th. Prior experience in Technical Drawing (Fig.

6): those who had taken some course of this

type outscored those who had not by an
average of 15.0% (p < 0.001).

6th. Freehand sketching skills (Fig. 7): those

claiming to have high or very high ability

scored an average of 8.5% higher than did

those with a low or very low ability (p < 0.01).

7th. Video games (Fig. 8): those who had used

these types of games with medium or high

frequency outscored those who claimed to

Jesús Mataix, Carlos León and Juan F. Reinoso688

Table 8. Influence of the participation in spatial skills training activities on the PSVT:R gain scores
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Table 9. Influence of the self-perception of own spatial visualization skills on the decision onwhether to participate
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Fig. 2.Relation between general intelligence and PSVT:R results.
Fig. 3. Relation between problem-solving ability and PSVT:R
results.



have playedwith low frequency or not at all by
8.0% (p < 0.001).

8th. Sports in general and sports with a spatial

component (Figs. 9 and 10): those who prac-

ticed these types of sports with medium or

high frequency scored an average of 5.4%

higher than did those who practiced such

sports with low frequency or not at all (p <

0.05).

The following factors appeared to exert a certain

influence on spatial abilities, although with low

significance:

� Age: a certain correlation with the results of the
final test was found (p < 0.05), but not with the

initial test.

� Mastery of some musical instrument: although

the initial test gave an average difference of 5.3%
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Fig. 4. Relation between gender and PSVT:R results.

Fig. 5.Relation between experience with construction games and
PSVT:R results.

Fig. 6. Relation between prior experience in Technical Drawing
and PSVT:R results.

Fig. 7. Relation between freehand sketching skills and PSVT:R
results.

Fig. 8. Relation between experience with video games and
PSVT:R results.



(p < 0.05) in favour of those who had medium or
high mastery, no significant difference was found

in the final test.

� Ability to use a computer: in the initial test, a

difference of 7.6% appeared (p < 0.01) in favour

of those with high or very high skills, but this

difference did not appear in the final test.

Also, the factors for which no indications of influ-

ence on the test results were found are:

� Hand preference.

� Profession of the students’ parents in relation to
Engineering or Architecture.

� Use of graphic-design programs.

� Imagination.

� Mathematical skills.

� Affinity for music.

On the other hand, the results clearly indicate that
the perception that a student had of his or her own

spatial abilities proved to be closely related to the

results on the spatial test (p < 0.001) (Fig. 11),

registering average differences of up to 41.0%

between those who considered their own spatial

abilities to be high or very high and those who

considered their abilities to be low or very low.

Furthermore, these latter students constituted the
group that most participated in the training activ-

ities, with a percentage of 42.9% as opposed to those

who considered their abilities to be average (28.7%)

and high or very high (19.2%). Therefore, the

students appeared to be capable of evaluating

their own spatial skills and determining whether

they needed specific training.

In terms of the spatial skills training activities
designed for the study, the results reflect a high
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Fig. 9. Relation between the practice of sports in general and
PSVT:R results.

Fig. 10. Relation between the practice of sports with a spatial
component and PSVT:R results.

Fig. 11.Relation between the perception of own spatial visualiza-
tion skills and PSVT:R results.

Fig. 12. Relation between the participation in spatial skills
training activities and PSVT:R results.



degree of effectiveness, since those that participated

in them to a greater or lesser degree achieved an

average absolute improvement 68.8% higher (p <

0.001) than did those who did not participate, and a

relative improvement that averaged 76.8% higher

(p < 0.01) (Fig. 12). Moreover, the effectiveness was
greater the lower the student’s prior level of spatial

skills. This implies that it is possible not only to train

spatial skills but furthermore slight training can

result in very significant improvements.

5. Conclusions

It is universally accepted that spatial skills are vital

not only for Engineers andArchitects, but also for a

great variety of fields of knowledge at all levels of the

educational system. The present large-scale and in-

depth study has identified the personal traits and

experiences that most appear to influence these

skills. Some of these cannot be acted upon, as in

the case of gender (although it remains to be
investigated whether it is possible to act on the

causes of gender differences in spatial abilities) or

general intelligence. However, the other factors for

which an influence has been demonstrated (pro-

blem-solving skills, playing with construction

games, taking Technical Drawing classes, freehand

sketching, playing video games, and playing sports)

are feasible to integrate in someway into studyplans
with the aim of ensuring the proper development of

the student’s spatial skills at each stage of the

educational system.

In this sense, some general educational activities

should be conducted from childhood according to

three lines of action: activities to enhance creativity

and critical thinking as means to develop problem-

solving skills; plastic arts activities consisting in
constructing and manipulating three-dimensional

models and in freehand drawing; and activities that

require individuals to manage in three-dimensional

environments, whether real through sports practice

or virtual by means of specific video games.

Furthermore, it is essential for prospective Engi-

neering and Architecture students to take a Techni-

cal Drawing course in high school, with particular
focus on the classical problems consisting of draw-

ing objects in perspective from a set of standardized

views, or vice versa, andon freehand sketching.And

in the university stage, a set of spatial skills training

activities similar to those designed for the present

study should be available for those first year Engi-

neering and Architecture students who did not take

classes in Technical Drawing in high school, and in
general for those who need to improve their spatial

skills. These training activities, which with slight

adaptations could be used by students of very

different ages and fields of knowledge, consist of

solving spatial problems by freehand drawings

using the basic notions of Technical Drawing, and

have provided very good results, especially in stu-

dents with low initial level of spatial skills.
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