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Abstract. A new study on spatial visualization abilities based on the Space
Imagination Test (TPP) has been conducted in international cooperation between
Poland and Slovakia. The goal of this study was not only to provide and analyze
the levels of spatial skills of Polish and Slovak engineering students at technical
universities but also to provide a validation of the test itself. The TPP-test has
been developed in frame of the project VEGA1, which was granted by the Slovak
Ministry of Education in 2000/2002. The test results have been statistically eval-
uated and conclusions formulated.
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1. Introduction

According to Thurstone [17] spatial ability is one of the factors important for general in-
telligence. Recent as well as historical factor analytic studies provide strong and consistent
support for the existence of at least two distinct spatial abilities: spatial visualization and
spatial orientation.

Mark McGee [10] defines spatial visualization as “the ability to mentally manipulate,
rotate, twist, or invert pictorially presented stimuli”. McGee identifies five components of
spatial skills:

spatial perception, spatial visualization, mental rotations,
mental relations, and spatial orientation.
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However, there is still no real consensus about what is meant by the term “spatial visualization
skills” or “spatial abilities” [14]. Spatial ability can be defined as the “innate” ability to
visualize spatial objects and their transformations in one’s imagination.

It is not possible to measure a person’s spatial ability directly. However, it can be mea-
sured indirectly by examination of the skill-levels of a person performing specific tasks. There-
fore, in order to ascertain spatial abilities we use standardized tests to measure spatial skills
and, from the tests’ results we infere conclusions regarding a person’s spatial abilities. Tartre
[16], studied the earlier work of McGee [10], and proposed a classification for spatial skills
based on the mental processes that are expected to be used in performing a given task.
Two distinct categories of 3-D spatial skills — spatial visualization and spatial orientation
have been distinguished. Spatial visualization ability is understood as to be able to perform
mental rotations and mental transformations.

In the past years there were several international research studies about spatial visualiza-
tion abilities from different viewpoints [3, 4, 6, 7, 12, 13, 14, 15]. Standardized tests, such as
Mental Rotations Test [18] or Mental Cutting Test [1] have been used to evaluate the spatial
visualization skill-levels of engineering students from technical universities. The overall inter-
est in this field arises largely from the estimation of spatial visualization abilities as necessary
and until now not well enough developed conditions for visual communications. In our daily
lifes visual communication gets more and more important by the emergence of computer
graphics and multimedia applications. Especially for those persons forming and designing
the three-dimensional environment, working in the field of engineering, spatial visualization
abilities are critical important.

In this paper we analyze and compare the results of a new testing instrument, which
is a “Spatial imagination test” (TPP) developed under suspicion of the Slovak Ministry of
Education. This new testing instrument consists of four parts. Specifically, its purpose is to
examine the ability to operate with the figural matter in the three-dimensional space. The test
had been administered at the Slovak University of Technology in Bratislava (SUT), Technical
University of Košice (SvF TU) and Cracow University of Technology (CUT) respectively at
the Faculties of Civil Engineering in the winter semester of 2001. The test results have been
statistically analyzed.

This new test is still under development, and international comparison of the test results
will give a basis for future validation of the test itself. The point of future research will be
the evaluation of this new test and providing a comparison of the test results with the results
of the tests that have been commonly used for spatial abilities evaluation (MCT, MRT, or
others). The authors deeply believe that the test presentation will provide a new light into
the research of spatial abilities.

2. Test of Space Imagination (TPP)

The “Spatial Imagination Test” has been developed in frame of a VEGA project, which was
granted by the Slovak Ministry of Education in 2000/2002. Originally, the research on spatial
skills with the use of TPP had been conducted primarily at Slovak technical universities. The
test itself was verified by means of the use of so called content validity ratio (CVR) factor [8].
A group of experts was tested to evaluate CVR. For particular parts of the test CVR index
was respectively equal to

0.05 for Subtest I, 0.71 for Subtest II, 0.90 for Subtest IV,

which is a good measure of a test quality. The content validity ratio for Subtest II and
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Subtest IV shows a high level. Thus, having earlier experience in testing spatial abilities with
the use of MRT, MCT and the other tests, the authors decided to perform a pilot study with
the use of TPP test in Poland.

In consequence, the TPP test was also used as a measure of spatial abilities of engineering
students at the Faculty of Civil Engineering in the winter semester of 2001. The test itself
consists of four different Subtests I–IV. In the following the tests’ problems are described.

2.1. Subtest I: Parallel or intersecting?

The test example of one item is shown in Fig. 1. In Subtest I the subjects are asked to
determine whether the line p is parallel to or whether it intersects a specific plane ABC. All
the solids used as testing models are regular, namely a tetrahedron, a cube or an octahedron.
Line p has been determined by two various points, which can be chosen among a center of
gravity of a solid’s face, an orthocenter of a solid and a midpoint of an edge. Plane ABC can
be determined by a solid face, a diagonal plane or optionally determined by three non-collinear
points on the edges. The subtest consists of 12 items and solution time is 5 minutes.

This part of the test has been designed to measure the knowledge of figural relations.

Figure 1: Parallel or intersecting?

2.2. Subtest II: The wire in the cube

This part of the test (Fig. 2) consists of problems related to testing spatial abilities based on
a multiview projection. One piece of a wire has been bent inside the cube (along its faces
or its diagonals) in such a way that it has neither knots nor “crossings”. The test basically
consists of two tasks. In II-1-a and II-1-b the subjects are asked to choose one out of five 3D
models corresponding to the given three views (2 items). In the task II-2-a a 3D pictorial of a
wire inside a cube has been provided as an isometric pictorial and the subjects are supposed
to draw a front, a top and a side view related to the pictorial view (4 various items). In the
task II-2-b based on the three views a subject is supposed to draw a pictorial view of a wire
in a cube (4 items).

Especially in this problem mental rotation and visualization ability were required as the
points of observation. They were assumed to be assigned in a special way, but not as it is
traditionally determined in a multiview projection method.

Subtest II has been designed to check the practical ability to transfer between 3D and 2D
or vice versa. This ability is substantial for engineering practice, especially for those who are
involved in design practice. The time provided for solution is 20 minutes.
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Figure 2: An example of a problem “The wire in the cube”

2.3. Subtest III: Solid’s complement

In this part of the test a cube has been cut into two parts, one of the parts is called a cut, the
other its complement (Fig. 3). There have been 4 cuts denoted with letters A, B, C, and D
and 16 complements shown as various isometric pictorials in various positions. The problem
to solve was

a) to identify the shapes and volumes of the cuts and complements, and

b) to match corresponding cuts and complements in this way that it makes a cube.
In order to solve this task, mental rotation has been required. Thus the mental manipulation
and shape recognition was subject to testing. Solving time for these 16 items is 5 minutes.

Figure 3: An example of a cut-out part: one of 16 items

2.4. Subtest IV: Cube’s complement

A cube consists of 2 parts (see Fig. 4), one of them has been drawn with a blue pencil in the
problem pattern. The subject has to draw with a red pencil a complementary part of the
cube. This subtest consists of 12 items. This problem required from the subjects not only to
mentally visualize a missing part but also to present ability to draw correctly and to denote
hidden lines. It has to be pointed out that missing parts of the cube had to be complemented
in pictorials with changed viewpoint.

Thus the task required flexibility and space orientation and certainly a mental and manual
manipulation from the subjects. Time provided for solving this part — 20 minutes. Within
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Guilford’s [5] classification of spatial abilities this part of the test falls into a group of a
convergent product of figural systems.

Figure 4: Cube’s complement — problem example

3. International collaboration

Several previous research studies on spatial abilities [3, 4, 12, 14] have been conducted to
measure a person’s skill levels with regards to spatial visualization by using various testing
instruments, such as Mental Rotations Test [18], Mental Cutting Test [1], or PSVT:R (Purdue
Spatial Visualization Test: Rotations) [14]. The testing went in frame of international co-
operation and the test results have been statistically analyzed and compared.

As Sorby [14] states there is still disagreement about exactly what constitutes spatial
visualization skills. It is generally recognized that these skills are important for success in
engineering and other technical careers.

A new testing instrument for assessing spatial skill levels has been developed by Z.

Jušcakova [6] and used as a testing instrument. In winter semester of 2001/02 a pilot
study using the same testing material had been administered at the Faculties of Civil Engi-
neering of the Cracow University of Technology (CUT), Slovak University of Technology in
Bratislava (SUT) and at the Technical University of Košice (SvF TU). The data collected
were split and elaborated in two groups: one set of data received in Poland (CUT), and the
other set of data received in Slovakia and called STU (Slovak Technical Universities), which
mean all the data collected at SUT and SvF TU together. The frequency distribution of the
scores for Subtests I, II, III, and Subtest IV has been shown respectively in Fig. 5 for CUT
and in Fig. 6 for STU. The X-axis in each chart shows ranges of scores to gain in particular
sub-tests, Y -axis shows dependent value meaning the number of occurrence in percentage
values. The numbers of subjects and mean scores for the tests together with the standard
deviation values have been shown in Table 1.

4. Tests results analysis

Both at CUT and at STU the number of subjects who were tested with TPP was balanced
and equal to 134, while 96 were male and 38 were female at CUT and respectively 95 men and
39 women at STU (Table 1). Mean scores for individual students were statistically analyzed
using a two-tailed statistical T-test to determine the significance of means between the two
universities for each part of Subtest I, II, III, IV, and for the TPP test as a whole. T-test
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Table 1: Average scores (scores in percentages) of the Subtests I – IV
in a group as a whole and by gender

Cracow University of Technology (CUT)

Subtest I Subtest II Subtest III Subtest IV

Group
result

71.83
s.d. = 15.18
(n = 134)

50.04
s.d. = 24.92

93.80
s.d. = 10.44

65.05
s.d. = 18.91

Men
74.48

s.d. = 14.65
(n = 96)

54.91
s.d. = 24.69

94.40
s.d. = 11.01

67.22
s.d. = 19.03

Women
65.13

s.d. = 14.61
(n = 38)

37.72
s.d. = 21.23

92.27
s.d. = 8.77

59.58
s.d. = 17.69

Slovak Technological Universities (STU)

Subtest I Subtest II Subtest III Subtest IV

Group
result

73.32
s.d. = 17.81
(n = 134)

60.22
s.d. = 22.88

93.47
s.d. = 17.08

45.29
s.d. = 27.66

Men
74.22

s.d. = 17.73
(n = 95)

63.25
s.d. = 21.49

94.92
s.d. = 14.12

45.52
s.d. = 28.92

Women
71.05

s.d. = 18.04
(n = 39)

52.58
s.d. = 24.72

89.80
s.d. = 22.76

44.74
s.d. = 24.56

Table 2: Significance of differences in mean test scores at CUT and STU (T-test results)
and correlation between the universities

Subtest I Subtest II Subtest III Subtest IV TPP

II-1-ab II-2-a II-2-b Together

Pearson’s

coeff. r =
0.9667 0.9510 0.86.58 0.9348 0.9348 0.9026 0.9629 0.9711

F-test 0.0669 0.9912 0.5748 0.6854 0.0265 2.7E-08 1.5E-05 1.6E-07

T-test 0.4611 0.5052 0.0143 4.6E-07 2.4E-07 0.8504 7.4E-11 0.7231

Table 3: Correlation between the subtests for CUT and STU

Subtests I/II I/III I/IV II/III II/IV III/IV

CUT 0.9586 0.8138 0.9754 0.7232 0.9612 0.8269
STU 0.9786 0.7294 0.9504 0.7210 0.9350 0.5607
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a) b)

c) d)

Figure 5: Frequency distribution in percentage values related to the score ranges at CUT:
a) Subtest I, b) Subtest – Form A, c) Subtest III, d) Subtest IV

values of a hypothesis concerning no difference in a mean score on each subtest at CUT and
STU have been included in Table 2.

The mean score for the group as a whole on Subtest I and Subtest III was on the same level
at both universities and there was no significant difference between the results. In student’s
T-test we obtained respectively p = 0.4611 for Subtest I and p = 0.8504 for Subtest III.
However, the mean score of Subtest II at CUT was obviously lower than that of STU (Table 1:
50.04 < 60.22, Table 2: p = 2.4E − 07).

Similar, but the other way round observation can be made regarding Subtest IV, where
the result at CUT for the group as a whole was evidently higher than at STU (Table 1:
65.05 > 45.29, Table 2: p = 7.4E − 11). The last result may be explained by the fact that
at STU the test was administered at the beginning of the winter semester 2001/02, while at
CUT administration took place at the end of the same semester. On the other hand Subtest II
proved to show some deficiencies and needs to be re-modeled.

The test TPP as a whole did not show statistically significant difference of mean results
between STU and CUT (p = 0.7231). Regarding particular parts of the Subtest II we used a
statistical F-test to investigate if there is no difference between the variances of mean scores
between the universities. Only for one part of Subtest II, namely for a problem II-1-ab value
p > 0.05 while for the other parts of this subtest p < 0.05, and for the subtest as a whole
is p = 2.4E − 07 (Table 2). Thus, we may conclude that there is significant difference in
variances of mean scores.

T-test has been also used to compare mean scores in a group by gender for each university.
At CUT significant gender differences showed up Subtest I (p = 0.0014), Subtest II (p =
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a) b)

c) d)

Figure 6: Frequency distribution in percentage values related to the score ranges at STU:
a) Subtest I, b) Subtest – Form A, c) Subtest III, d) Subtest IV

0.0067) and Subtest IV (p = 0.0306). Subtest III (p = 0.2431) showed no significant gender
differences. At STU no significant gender differences showed up Subtest I (p = 0.3250) and
on Subtest IV (p = 0.7610), while on Subtest II (p = 0.0156) and Subtest III (p = 0.0201)
significant gender difference occurred.

The TPP test has been still under reconstruction and evaluation. However, when we
compare adjacent figures for CUT (Fig. 5) and STU (Fig. 6) similarity of frequency distribu-
tion is evident for Subtest I and Subtest III. The most representative results were obtained in
Subtest II and Subtest IV. The test was also analyzed on its reliability. In Table 2 a Pearson
product moment coefficient of correlation r between CUT and STU has been inserted sepa-
rately for each subtest and for the group mean score. It has been shown that apparent linear
correlation of group mean scores in each subtest exists between the two universities (Table 2).

The data presented has indicated that there is a ‘ceiling effect’ for Subtest III and this
subtest will not have much discriminatory power. The measure of linear correlation has been
used to investigate if the subtests are independent. The results are presented in Table 3 and
they prove strong linear relationship between the results. There is high correlation between
the two of each subtests at each university. However, the correlation coefficient is evidently
lower in all cases where Subtest III is compared to the other tests.

5. Conclusions

Two aspects of testing were taken into consideration while administering the TPP test. Re-
garding the test elaboration and validation it has been shown that not all subtests have a
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normal (Gauss) frequency of distribution and that by mean scores there is no significant
difference in both testing groups at CUT and STU for the test as a whole TPP. We came
to the same conclusion when analyzing Subtest I and Subtest III and part II-1-ab of Sub-
test II. Normal distribution have Subtest I for both groups reliable, Subtest II for STU and
Subtest IV for CUT approximately. As it has been investigated and graphically interpreted
in Fig. 5 and Fig. 6, the Subtest-III’s results together with statistical evaluation indicated
that there was a ‘ceiling effect’ for subtest III and will not have much discriminatory power.
It has been suggested that this part of the test should be re-modeled or dropped. Continued
research will provide analysis of the test validation. Up until now, the CVR factor has been
the only measure used for the test evaluation.

The results of TPP indicated significant difference between the female students and the
male students. This conclusion has been identified in many previous research [3, 4, 7, 12, 13,
14]. A new tool of TPP has been used in research on spatial visualization abilities at Polish
and Slovak universities in a pilot study. However, there still remain the questions, which are
open for the future research. The most important question is if the test that was developed
could be given to the general population. This problem will undergo further research.
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