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Abstract

The research was carried out in 2011 among 22 pupils from 14 – 15years old. The purpose of the pilot 
study was to determine the influence of 3D modeling on the spatial visualization of pupils, as well as the 
gender difference in the spatial visualization of the tested pupils and the progress of this visualization 
in individual genders. In addition, it tried to determine whether the sensory style of the pupils, visual, 
auditory or kinesthetic, influences spatial perception and the development of spatial visualization. 
Pupils were divided into two groups, the test group and the control group. Pupils in the test group attended 
a 3D modeling extra-curricular activity for twelve teaching hours in the second evaluation period of 
the 2010/2011 school year. Spatial visualization was determined with a modified spatial visualization 
test, namely before the extra-curricular activity and afterwards. The modified test consisted of different 
spatial visualization tests: PSVT: R, MCT, MRT, DAT: SR, and tests of rotation within a plane. For 3D 
modeling exercises pupils used the open-source software Google SketchUp. None of the tested pupils have 
encountered the mentioned software before.
After a second testing, the test group showed greater progress in solving spatial visualization tasks in 
comparison with the control group, while gender differences were minimal. The results of the spatial 
visualization test were also compared with the sensory style of pupils, which was filled out by all the 
pupils included in the study.
In the 2011/2012 school year a broader study is underway, involving almost two hundred pupils of various 
elementary schools in Slovenia.
Key words: spatial visualization, 3D modeling, perception styles. 

Introduction

During the review of the research regarding the connection between the 3D modeling 
and the spatial visualization we can find some authors, who have taken an interest in this topic. 
People, who have a god spatial visualization have a better developed space intelligence, which 
is after Gardner one of many intelligences. 

For spatial intelligence the abilities of the right perception of the visible world are 
very important as also the performance of transfiguration of the primer perception and the 
imitation of views of the visible experiences. The spatial intelligence could be also named as 
visible, because it is closely connected to the observation of the visible world. At this kind of 
intelligence it is very important how we comprehend an object from the other point of view or 
what it would look like if it would be turned around (Gardner, 1983). The author claims, that the 
tests of intelligence measure only the lingual and the logical-mathematic intelligence. Beside 
the mentioned ones, Gardner also defines the spatial, the musical, the bodily/kinesthetic, the 
interpersonal and the intrapersonal intelligence.
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In the field of space reception the researches reveal two abilities: the spatial ability and 
the ability of visualization. The spacial ability should manifest the most in elementary tasks 
of the mental rotation, the ability of vizualisation however should come to expression in more 
complex tasks of the construction of three-dimensional and two-dimensional objects from 
composed parts or with tasks of ascertaining the results of the rotations in space (Pogačnik, 
1995).

Some authors state, that there is a connection between the technical drawing and the 
space reception (Alias, Black, Gray, 2002; Contero, Naya, Company, Saorin, 2006).

It was also established, that the 3D modeling influences the development of the space 
reception of students (Martin-Dorta, Saorin, Contero, 2008). The researches have been carried 
out with students, who have used the software Google SketchUp for the 3D modeling. Men and 
women as well have been included, because they have determined also the differences between 
sexes. The tests which determined, that the 3D modeling had a positive influence on the space 
reception of students, were carried out in two periods. Men achieved slightly better results.

At the other side there are researches that investigate how space reception influences the 
effective learning of 3D modelling (Sorby, 2006).

Based on some statements men have a better developed space reception, which could be 
based upon the view of the evolutional development, because people and other primates have 
lived in groups long ago and in searching for food, what was mostly done by men, the space 
reception had a visible role. (Gardner, 1983; Kolbl, Whishaw, 2003).

Other authors have found out that the differences between sexes in the understanding of 
space reception are very small or even nullity. (Burin, Delgado, Prieto, 2000).

Regarding the differences in the reception people differ according to which sensual 
impression or sense organ (eyesight, hearing, sense of touch, …) they give priority by reception 
or presentation. The style of reception is named after those characteristics of an individual,  
how he accepts, preserves, remodels and organizes information and based on them he solves 
the problems. Based it is a division on visual, auditory and kinestetic style (Marentič Požarnik, 
2000)

Methodology of Research

General Research Characteristics

In the school year 2010/2011 a quantitative research was carried out between 22 students 
of the 9th class. The age of the students was 14 – 15 years, 10 of them were male (45%), 
12 females (55%). Among these students 14 represented the experimental group, 8 students 
however represented the control group. Fourteen students of the experimental group visited 12 
pedagogical lessons of interest activity 3D modeling. All students met the 3D modeling, for 
which a free of charge software Google SketchUp was chosen, for the first time. The students 
were modeling based on an isometric projection, a perpendicular projection and objects from 
the environment. At first they were modeling simple objects, later they went over to drawing 
objects of more complex shapes. All 22 students were tested twice, in December 2010 and in 
May 2011. In both periods they solved a modified test of spatial visualization. 

Instrument

The tests of spatial visualization were composed of different tasks of the same difficulty 
levels. At both tests it was possible to achieve 14 points.  At the same time they filled in a 
questionnaire at the first testing: your style of learning and thinking, but at the other testing 
they filled in Self evaluation of different kinds of intelligence. The modified test of spatial 
visualization was compound from different tests: PSVT: R (Purdue Spatial Visualization Test:
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Rotations), MRT (Mental Rotation Test) and DAT: SR (Differential Aptitude Test: Space 
Relations) and tests of rotations and composing figures on flat surface. 

With the questionnaire: your style of learning and thinking it was established in which 
perception type we can classify the individual student. In this questionnaire the students assessed 
every one of the 32 statements from 1 (almost never) to 5 (almost always). The statements 
referred to their way of learning, thinking, communicating.

Data Analysis

Based on the results of both tests of spatial visualisation of the experimental and the 
control group the influence of 3D modeling on the improvement of spatial visualization of the 
students was researched. At the same time the influence of the sex on the solving of the test of 
spatial visualization and the possible differences in development of it was established.

At the end of the questionnaire: Your style of learning and thinking the marks are 
written in a chart, and based on them we get the results, which tell us, what perception type 
(visual, auditory or kinaesthetic) prevails over by a particular student. These facts help by the 
analysis and the ascertainment of the possible connection between the reception style and the 
understanding and the developing of the spatial visualization because of the 3D modeling.

Results of Research 

Out of all acquired facts the average values of the achieved points, which are shown in 
the table 1 are calculated. Also the average difference of the achieved points between test 1 and 
test 2 is calculated. There are also gathered facts about the number of students who belong to 
the visual perception style and also to other perceptional styles.

Table 1. Collection of results and the number of achieved points at the tests 
of spatial visualization and at the questionnaire about the perception 
styles of the student. 

Test 1 Test 2

Test 1
 Test 2

(Together)

Difference
Test 1 and 

Test 2

Perceptive style
(Number of students)

V A+K

All
(N=22) 7.91 9.95 17.86 2.03 8 14

Experimental 
group (N=14) 8.21 10.86 19.07 2.65 3 11

Control group
(N=8) 7.38 8.38 15.75 1.00 5 3

V – visual type, A – auditory type, K – kinaesthetic type

In table 2 the average values of the achieved points in the individual test of the space 
reception are shown and also the differences of the achieved points regarding the sex and the 
perceptive style. For every one of the two factors of the experimental group the differences in 
the average of the achieved points between both tests are also shown.
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Table 2. Average values of the achieved points at the individual test of the spa-
tial visualisation.

Test 1 Test 2 Test 1 and 2
Difference

Test 1, Test 2

Spatial visualization regarding the sex

Male (N=10) 8.10 9.70 17.80 1.60

Female (N=12) 7.75 10.17 17.92 2.42

The development of the spatial visualization regarding the sex

Male (ES) (N=8) 8.00 10.38 18.38 2.38

Female (ES) (N=6) 8.50 11.50 20.00 3.00

Spatial visualization regarding the perception style

V (N=8) 6.88 9.50 16.38 2.62

A+K (N=14) 8.50 10.21 18.71 1.71

The development of the spatial visualization regarding the perception style 

V (ES) (N=3) 6.67 11.33 18.00 4.66

A+K (ES) (N=11) 8.64 10.73 19.36 2.09

V – visual type, A – auditory type, K – kinaesthetic type, ES – experimental group

Based on the  Levenov test the null hypothesis was established (H0) about the equal 
variance by 5% characteristic degree, because the significance 0.19>0.05, despite the fact that 
the average difference of the achieved points at the comparison of Test 1 and Test 2 is  +1.65 
in behalf of the experimental group. The students of the experimental group have at the second 
test in average achieved 2.65 points more than at the first test; the students of the control 
group achieved 1.0 points more. The 2-tailed significance of the t-test of the average equality 
is 0.08>0.05 which means, that in this group there are no characteristic statistical differences 
at the progress of spatial visualisation of the experimental group when it is compared with the 
control group.
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Figure 1: The development of the spatial visualization because of the 3D model-
ling.

At the comparison of the progress of spatial visualisation regarding sex from the statistic 
view there are no essential differences. Some higher average value of points was at the tests 
achieved by women. Based on the Levenov test about the equality of variance by 5% degree of 
characteristic it was ascertained, that at the comparison of the progress of spatial visualisation 
between sex the significance is 0.93>0.05.  The p-value significance of the average equality 
the 2-tailed significance is 0.50>0.05, which means that there are no characteristic statistical 
differences between men and women by the progress of spatial visualisation because of the 3D 
modeling.

Figure 2: The development of the spatial visualization because of the 3D mod-
eling regarding the sex.

The average values of the additional achieved points at Test 2 are by the students with 
visual perception style (+4.67); regarding the students of other perception styles they are (+2.09) 
higher. Based on the results of  the  t-test the null hypothesis (H0) about the average equality it 
is rejected by 5% degrees characteristics (0.0005<0.05; t=4.842) which means, that there are 
characteristic statistical differences in the average number of the achieved points of the students 
with the visual perception style in comparison to others.
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Figure 3: The development of the spatial visualization because of the 3D mod-
eling regarding the perception type of the student.

Discussion

At the described research there was at the field of spatial visualisation a certain progress 
noticed, but there is not enough statistical evidence. The eventual limitations can before all 
depend on a small sample (22 students; 14 - experimental group, 8 - control group) and a relative 
small amount of hours (12) of 3D modeling activity. With a longer training better results could 
be expected or a bigger progress at the field of spatial visualisation could be achieved.

Another influence at the spatial visualisation and on the development of it can be the 
perception style of the student and the susceptibility of solving spatial problems (the spatial 
intelligence). It can be concluded, that the perception style influences the solving of tasks with 
spatial problems, where the students with the visual perception style have better orientation. 
Despite all this, there must be known, that the persons cannot be strictly classified into one 
category, because some of them show their type but with the others the types are interweaved 
and the differences are smaller.

There are no essential differences between sexes, which can be also seen at the researches 
by other authors. But some come to the conclusions, that the spatial visualisation because of 
some reasons mentioned at the introduction is more developed by men.

Conclusions

In the school year 2011/2012 a similar research is carried out and there are almost two 
hundred students from different Slovene primary schools involved. So the analysis at a much 
greater sample will be possible and the comparison with the described pilot research. 
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