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Abstract

This paper presents a study conducted collaboratively at a two-year community college and a
four-year university. Technical drawing skills are fundamental to engineering technology
students. It is generally believed that spatial visualization abilities affect a student’ s performance
in graphics courses. Do factors, such as training, age, and gender, contribute to spatial
visualization abilities? Do computer-aided design (CAD) courses improve spatial visualization
abilities? This study investigates these factors through the Purdue Spatial Visualization Test —
Rotation. The statistical results, obtained from two different student populations representing
two-year and four-year institutions, are compared. The results from the two-year college also
supplement numerous studies done at other four-year universities.

1. Introduction

Since proficiency in engineering graphicsis essential to engineering and technology students,
the relationship between spatial visualization ability and technical drawing skills has long been
an interesting research topic for engineering and technology educators. Does training improve
spatial visualization ability? Research results have not been able to draw a definite conclusion.
Some research results > ** showed that graphics training did improve spatial visualization ability,
while other studies " **** " showed no evidence of such improvement. Recent years, computer-
aided design (CAD) software packages have been widely used in engineering and technology
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curricula. A joint study was concurrently conducted at Essex County College and Central
Michigan University to investigate whether or not CAD training improves spatial visualization
ability. A comparative study was reported in two similar four-year universities ®. This paper
reports the comparative studies conducted at two different institutions, one an urban two-year
community college and the other arural four-year university. The results are compared to find if
there is a difference between the two institutions. Other factors investigated include gender and
age.

2. The Spatial Visualization Test

Various tests have been developed to measure different levels of spatial visualization ability *.
Among these tests, the Purdue Spatial Visualization Test — Rotation (PSVT-R) ° has been widely
used by researchers. This study also chose the PSVT-R to measure spatial visualization ability.
The PSVT-R was designed to test rotational visualization ability. It consists of 30 multiple-
choice problems. In each problem, an example first shows an object inits original and rotated
views in isometric drawing. Then another object is shown in five different rotations, and the
student is to choose the rotation that matches the given example. A sample problem similar to
that of the PSVT-R is shown in Figure 1.

@ IS ROTATED TO @

AS IS ROTATED TO
A B C D E
Figure 1. Example of a Rotational Spatial Visualization Problem '
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All of the 3D objectsin the PSVT-R have simple geometric shapes of either a cube or a cylinder
with cut slots. The rotations are combinations of 90° and 180° about the axes of the Cartesian
coordinate system. The total of 30 problemsin the PSVT-R can be categorized into 4 types
according to the patterns of rotation (Table 1).

Table 1. Types of Rotationsin the PSVT-R

Type | Rotation Number of Problems
I 90° rotation about one axis 6
[l 180° rotation about one axis 8
11 One 90° rotation about one axis and another 90° rotation about @ 8
another axis
v 180¢° rotation about one axis and 90° rotation about another 8
axis

Asshown in Table 1, the degrees of difficulty of rotation increase from Type | through Type IV,
and are also quite evenly distributed in the test. From test design point of view, the more
difficult the rotations, the harder the visualization. Yue '’ tested the validity of the PSVT-R by
examining the relationship between the difficulty of rotations and the visualization test scores.
Applying one-way analysis of variance (ANOVA) on 64 samples, he found that there are
significant differences among the mean PSV T-R scores for the 4 types of rotations [F(3, 252) =
11.38, p < .01]. Yue further analyzed, using the Scheffe’' s method, the mean score differences
between every pair of the 4 types of rotations, namely X; — Xo, X1 — Xz, X1 — Xy, X5 — X3, X5 —
X4, and X3 — X4, where X; is the mean score for Typei. The results showed that the mean score
differences are significant for X, — X, and X, — X, but not for other pairs. Therefore, the
simplest single 90° rotation is easier to visualize than other more difficult types of rotations, but
the scores for the more difficult rotations are not statistically distinguishable. Further researches
are needed to find whether thisis a general pattern of visualization, or the PSVT-R, though a
well designed visualization test, could be further improved.

3. Test Samples

Two groups of samples were used in this study. One group of samples was from Essex County
College (ECC), and the other from Central Michigan University (CMU). ECC is atwo-year
urban community college located in the downtown of Newark, New Jersey. The 18 ECC student
samples were from two CAD classes in the Department of Engineering Technologies: ENR 105
Applied CAD (2 semester credits and 3 contact hours) and ENR 205 Advanced CAD (3 semester
credits and 3 contact hours). ENR 105 is arequired freshman course for A.S. degree in
engineering and A.A.S. degrees in architectural, civil/construction, manufacturing, and
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mechanical engineering technologies, as well as the CAD certificate. ENR 205 isarequired
sophomore course for the architectural technology degree and the CAD certificate program. In
both classes, the students had already taken an engineering graphics course and used AutoCAD
as a software package. CMU is afour-year university in Mount Pleasant, Michigan. The 24
CMU student samples were from IET 457 Computer-Aided Design (3 semester credits and 4
contact hours), a senior solid modeling class that uses SDRC/I-DEAS, and most had taken
freshman General Drafting, Engineering Graphics, and junior level Computer-Aided Drafting
courses. These students major in various programs including computer-integrated
manufacturing, manufacturing engineering technology, mechanical engineering technology,
industrial technology management with concentrations in mechanical design and engineering
graphics, manufacturing production processes, construction technology, and automobile
technology.

The PSVT-R test was given twice to both sample groups during the spring 2000 semester, one at
the beginning of the semester (pre-test) and the other at the end of the semester (post-test). Then
the results of the two tests were compared to investigate the effects of CAD training to
visualization ability. Next, the results from the two institutions were also compared to reveal any
variation between different college populations and CAD course levels.

Some students took the pre-test but not the post-test for various reasons such as dropping out of
the class. Only those students who took both the pre-test and the post-test were included in this
Investigation.

4. Test Results

The statistical analyses of the results by thet test (Student test) are as follows.

4.1. CAD training and Spatial Visualization Ability

For the 18 ECC students who took the pre-test and post-test of PSVT-R, the mean scores are
respectively 22.67 and 22.94 out of 30 (or about 76 % for both). There was no significant
difference between the pre-test and post-test [t(17) = 0.31, p > .05].

For the 24 CMU students, the mean scores of the pre-test and post-test are also very close (24.96
and 24.46, or about 83 % and 82 % respectively.) There was also no significant difference
between the pre-test and post-test [t(23) = 0.61, p > .05].

Therefore, the results of both groups of sample students showed that there is no evidence that
CAD training improved spatial visualization ability.

When repeated tests are conducted, possible retest effect is aways a concern. It is highly
possible that the post-test scores could be higher than the pre-test scores. Obviously, the retest
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effect did not occur in both groups. Interestingly, the CMU group’ s post-test mean score is even
slightly lower than their pre-test mean score.

4.2. Comparison of the Two Sample Groups

Observing that the mean scores of the CMU group is higher than that of the ECC group (83 %
vs. 76 %), we further compared the mean scores of the pre-tests at ECC and CMU. The
difference in the mean scores is not statistically significant [t(40) = 1.53, p > .05].

The mean score differences could be contributed by many factors. The CMU group were juniors
and seniors who had taken at least three engineering graphics and CAD courses, while the ECC
group were freshman and sophomore students who had taken only one or two engineering
graphics and CAD courses. More researches and evidences are needed to find if systematic
training and comprehensive knowledge, rather than a single CAD course, are necessary to
improve spatial visualization ability. Spatial visualization abilities may have been developed in
more informal ways, such as childhood play with construction blocks, drafting experiences,
computer games, and real-life experience with 3D objects.

4.3. Gender and Spatial Visualization Ability

Many studies have shown that gender is a factor in spatial visualization ability > %% 12 |n
spatial visualization tests, the mean scores of male students were generally higher than that of
female students. The results of this study could not substantiate such a generalization as they did
not show the effect of gender in spatial visualization ability.

There are 2 female students and 16 male students in the ECC group. The average pre-test scores
of the PSVT-R were 22.00 and 22.75 for female and male students respectively. There was no
significant difference between the female and male students [t(16) = 0.15, p > .05].

The result of the CMU was similar. The average pre-test scores of the PSVT-R were 26.20 for
the 5 female students and 24.63 for the 19 male students respectively. The female students
scoreis dlightly higher than that of the male students, but statistically there was no significant
difference between the female and male students [t(22) = 1.06, p > .05].

4.4. Ageand Spatial Visualization Ability

To investigate possible age factor in spatial visualization ability, we divided the students from
ECC and CMU in two age groups, one under 23 years of age and the other 23 years of age or
older. The mean pre-test scores of the PSVT-R of the younger groups were slightly higher than
that of the older groups for both schools.
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In the ECC group, there were 11 students younger than 23 and 7 students at 23 years of age or
older. Their mean pre-test scores of the PSVT-R were 23.55 and 21.29 respectively. There was
no significant difference between the two age groups [t(16) = 0.71, p > .05].

For the CMU students, 18 were younger than 23 and 6 were 23 years of age or older. The mean
pre-test scores of the PSVT-R were 25.56 for the younger group of students and 23.17 for the
older group. The mean score of the younger group was statistically slightly higher than that of
the older group [t(22) = 1.80, p < .05].

5. Conclusion

To investigate the effect of CAD training on the improvement of spatial visualization abilities,
the PSVT-R test was conducted concurrently to the engineering and technology students at both
Essex County College and Central Michigan University during the spring 2000 semester. The
study provided comparisons between two different student populations, one at a two-year
community college and the other afour-year university.

Most of the results of statistical analyses were consistent for the two institutions, despite the
difference of their student profiles. By comparing the pre-test and post-test scores of the PSVT-
R at the beginning and end of the semester in CAD classes, the authors found no significant
evidence that CAD training improved visualization ability at both institutions. There was no
significant difference between the mean PSVT-R scores of the female and male students at both
institutions. For the two age groups, under 23 years of age and at 23 and older, the mean PSVT-
R scores were not significantly different at Essex County College, but slightly higher statistically
for the younger students at Central Michigan University. These results, except the age factor
showed by the Central Michigan University group, confirmed that of an earlier study by the
author at ECC Y.

The sample sizesin this study were small at both institutions (18 students at Essex County
College and 24 students at Central Michigan University.) More investigations are under way
using larger sample sizes. Further studies on spatial visualization ability include development
and evaluation of new tests, investigation of other possible factors, and comparison of different
institutions and student populations.
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