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AN INVESTIGATION OF THE NATURE OF THE
SPATIAL-RELATIONS AND VISUALIZATION
FACTORS IN TWO HIGH SCHOOL SAMPLES1

WILLIAM B. MICHAEL

The RAND Corporation
WAYNE S. ZIMMERMAN

Brandeis University
and

J. P. GUILFORD

University of Southern California

THE existence of at least two spatial abilities has been shown
in several factorial analyses completed by workers in the psy-
chological research units of the AAF (3) and in other analyses
reported by Fruchter (i) and by the writers (10, i i, 18). How-
ever, in most of these studies samples consisting of adult males
have been employed, and some degree of selection has been
present. Thus, most samples have consisted of either college
students, who in most instances had attained at least a specified
minimum score on an aptitude test, or of aviation cadets, who
were required to place at or above a specified cutting score on
the Army General Classification 1’est. For these samples, nearly
all factors isolated and identified, including the two factors of
spatial relations and visualization, have appeared to be rela-
tively independent.

The Problem

The primary purpose of this investigation was to test the
validity of two hypotheses concerning the psychological nature
of the spatial-relations and visualization abilities in two high-

1 The first-mentioned writer wishes to express his appreciation to the Social Science
Research Council for kindly making available a grant-in-aid for the completion of this
study. Grateful acknowledgment is made to Dr. Dorothy Motsinger and the other
teachers at John Muir College who generously made available time and facilities for the
testing of a number of their students. The authors are indebted to Professor L. L.
Thurstone, who generously granted permission to have several of his tests offprinted
in order that they might be included within the batteries. Special thanks are extended
to all students who participated in the project.
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562 EDUCATIONAL AND PSYCHOLOGICAL MEASUREMENT

school samples differing in sex. In addition, attention was to
be directed toward finding answers to the following questions:

(i ) Given identical test batteries, are the same factois iso-
lated for boys and girls of high-school age?

(2) Is the factor pattern in each of the tests comparable for
the two sexes?
With respect to these two questions, several empirical studies

have indicated that despite the presence of rather marked dif-
ferences in the characteristics of samples, the same common
factors are usually isolated, although the magnitude of the
weights in the same factors may vary considerably in identical
tests (9, 12).
A secondary purpose of the study was to ascertain whether

certain factors found in the AAF investigations were the same
as those identified as Thurstone’s primary mental abilities.
Tests of the type employed in the AAF psychological research
units constituted one-third of the battery.

Plan of Investigation
The general plan followed in the investigation was to in-

corporate within the batteries those tests thought to represent
the psychological processes hypothesized for the spatial-rela-
tions and visualization abilities. Additionally, other reference
tests known to be representative measures of factors such as
verbal comprehension, numerical facility, general reasoning,
and perceptual speed were included for three reasons: (i ) to

gain additional information regarding the over-all nature of
mental organization in male and female subjects of high-school
age, (2) to identify other possible sources of common-factor
variance in the spatial-visualization tests, and (3) to have an
indication of the relative degree of purity of various tests

incorporated within the battery-especially the degree of purity
of the tests loaded in the spatial-relations and visualization
factors.

Positive evidence for each of the hypotheses was to be con-
sidered attained if each group of tests thought to be associated
with the psychological process hypothesized defined a factor.
The evidence for the hypothesis would tend to be more nearly
clear-cut if each test within a given group was weighted

 at Serials Records, University of Minnesota Libraries on July 12, 2011epm.sagepub.comDownloaded from 

http://epm.sagepub.com/


563SPATIAL RELATIONS AND VISUALIZATION FACTORS

negligibly in the factor defined by the other group of tests.
However, the fact that a given test might be loaded sub-
stantially in each of the two factors defined by the groups of
tests would not necessarily negate the validity of the hy-
potheses, since it is likely that the successful completion of
certain items in many tests requires the use of both psychologi-
cal functions hypothesized. Moreover, certain individuals in

the samples studied may tend to use primarily one of the
processes to the exclusion of the other, despite differences in
the nature of the tasks required.

Hypotheses
In a recent article by the writers, two hypotheses concerning

the nature of the spatial-relations and visualization factors were
developed in considerable detail (11). The essential aspects of
the two hypotheses may be quoted as follows:

The factor of spatial relations was hypothesized to represent
the ability to comprehend the arrangement of elements within
a visual stimulus pattern primarily with reference to the human
body. Thus, an important implication in the ability to perceive
spatial arrangements is that the subject is able to distinguish
whether one object is higher or lower, left or right, or nearer
or farther than another within the same field. Through the
presentation of two simulated views of a stimulus pattern, a
test item may be constructed such that there is a systematic
relationship between the order of elements within the first
spatial pattern (the stimulus component of a test item) and the
order of elements within the second pattern (the response com-
ponent of a test item).
The factor of visualization was hypothesized to represent

an ability that requires the mental manipulation of visual
images. In contrast to another factor identified as visual
memory (3), which appears to be a static or reproductive form
of visualization, the factor referred to as visual manipulation,
or simply visualization, is dynamic. This visual manipulative
ability appears to be present in the solution of problems in
which the individual finds it necessary mentally to move,
rotate, turn, twist, or invert one or more objects. Following
the performance of the presented manipulation the individual is
required to recognize the new position, location, or changed
appearance of the object or objects.

Another important difference in the nature of the psycho-
logical processes hypothesized for the spatial-relations and
visualization factors was that of speed of response. As indi-
cated by findings in the AAF Aviation Psychology Program,
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564 EDUCATIONAL AND PSYCHOLOGICAL MEASUREMENT

the tests thought to measure the spatial-relations factor were
administered with fairly short time limits, but those tests

thought to measure visualization were given with fairly liberal
time allowances. The spatial relations factor was considered to
demand a fairly rapid decision on the part of the examinee as
to the spatial position of objects with reference to his own loca-
tion ; whereas, the visualization factor was believed to be repre-
sented in problems requiring a more deliberate and less auto-
matic approach. In part such a distinction may be a function of
the complexity of a task (i.e., the number of steps entering into
the performance of an item), the more complex tasks requiring
visualization for their solution.

2’he 2’ests

The tests selected to represent the psychological processes
hypothesized for the spatial-relations factors were Guilford
and Zimmerman’s Spatial Orientation, Thurstone’s Cubes, and
Space from Thurstones’ Chicago rests of Primary Mental Abili-
ties. The test Space consists of three sub-tests : Flags, Figures,
and Cards. A composite score was employed for the test Space.
To yield evidence regarding the validity of the second hy-

pothesis, four tests were used: Guilford and Zimmerman’s

Spatial Visualization, Thurstone’s Form Board, Thurstone’s
Punched Holes, and the sub-test Spatial Relations in Wright-
stone and O’Toole’s Prognostic ’l’est of Mechanical Abilities. The
Spatial Relations sub-test is actually a modification of
Thurstone’s Form Board test in that the examinee is required
to tell which of five sets of two-dimensional pieces, when as-
sembled, will make up the &dquo; total&dquo; figure placed to the left of
the various &dquo;multiple-choice&dquo; sets of pieces. This test differs
from Thurstone’s Form Board with respect to the method of

response. In the latter, the examinee is required to fill in his

response by drawing dotted lines in the total figure to show how
the pieces fit together; in the former, the method of recognition
appears most likely to be used.

In line with the hypotheses it would be expected that this
sub-test might be factorially complex in that the format of the
items would tend to favor an examinee’s using two psychological
processes associated with the factor spatial-relations. However,
the mental manipulation of the figures would appear simultane-
ously to facilitate the fulfillment of the correct solution.

Since the other tests in the battery have been described in
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detail elsewhere, no attempt will be made to give an account of
them except for the necessary details presented in Table i.

The six Guilford-Zimmerman tests and the four by Thurstone
(Cubes, Form Board, Punched Holes, and Identical Forms) have
been described at some length by the writers in a recent article
(II) and in other places in the literature (7, 8). The four tests
taken from the Chicago 2’ests of,Primary Mental flbilities (Num

ber, Verbal Meaning, Space, and Reasoning) are discussed in
detail in the Manual of Instructions to the Chicago tests of
Primary Mental Abilities (15).

2’he Samples
Two high school samples of twelfth-grade students at John

Muir Junior College in Pasadena, California, were used. One
sample consisted of 1~1 boys; the other, of 139 girls. For each
group the age of the subjects ranged from 15 to 20 years. The
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566 EDUCATIONAL AND PSYCHOLOGICAL MEASUREMENT

median age was 16 years 10 months for the girls, and 16 years
i months for the boys.
Although more than 200 boys and 200 girls participated in

the testing project during the spring semester, complete results
could not be obtained, either because of absences or because of
changes in the number enrolled at the grade level at any one
testing session. For the first six tests, results were available for
a variable number of boys and of girls; for the remaining tests
complete results were obtained for 151 boys and 139 girls re-
spectively. Intercorrelations among several of the tests for the
two groups were based upon numbers slightly smaller than 151 I
and 139, the two smallest N’s for a group correlation coefficient
in the samples being 129 and 113 respectively.

In Table 2 are means and standard deviations of test scores
for the two groups and t ratios reflecting the degree of sig-
nificance of the difference between means. It is apparent that
an hypothesis that the two samples were drawn from the same
population with respect to performance on each of the tests
must be rejected in most instances. Since the two samples may
be said to come from different populations, the problem of
factorial invariance is one of considerable interest.

Factor 4nalyses
Thurstone’s centroid method of factoring was employed in

the analyses of the two matrices of intercorrelations (Tables 3
and 4). For each matrix two sets of extractions were required
to obtain estimates of communalities that deviated from the
obtained communalities by less than 1.101. Following the second
set of extractions the largest discrepancies between obtained
and estimated communalities were .058 for the group of boys,
and .053 for the group of girls.
An arbitrary criterion was employed as to the number of

factors that should be extracted. For the two matrices, cen-
troid factors were extracted up to the point that the highest
loading of any test in that factor was less than 1.2001. Accord-
ingly, seven factors were initially extracted and used in the
rotation process. As an aid to subsequent rotations two addi-
tional centroid factors were computed. These centroid factor
loadings are available from the authors on request.
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For the orthogonal solutions given, rotations of pairs of
centroid axes were achieved by a graphical method devised
by Zimmerman (17). To achieve the final rotated orthogonal
loadings presented in Table 5 and Table 6, forty-two and forty
rotations were required respectively. Thurstone’s criteria of

positive manifold and simple structure served as the bases for
cessation of the rotation process. For each group an orthogonal
reference system appeared to suffice, especially in view of the
relatively small number of tests in each battery.2 2

General Results

In both analyses, six rotated factors were meaningfully iden-
tified as verbal comprehension (V), general reasoning (R), nu-
merical facility (N), perceptual speed (P), spatial-relations (S),
and visualization (Vz). One other factor appeared-a doublet
in one analysis and a triplet in the other-for which a tentative
interpretation may be offered. In the final rotated factor matrix
for the boys, two residual factors emerged; in the corresponding
matrix for the girls one residual factor appeared and a second
factor came out for which an interpretation seems improbable,
if not impossible. With the exception of S and Vz the factors
identified are common with those of Thurstone.

In the main, the two hypotheses regarding the nature of
spatial relations and visualization were upheld as they were in
a previously cited study by the writers in which a college sam-
ple was employed (I I ) . Each of the two groups of tests placed
in the test batteries to represent the psychological processes
hypothesized for the spatial-relations and visualization abilities
served to define a distinct factor. With respect to the two fac-
tors identified as spatial relations and visualization, the larger
portion of the variance in the tests within each of the two
groups of tests was in the factor that the group defined, with

2 Nevertheless, a separate paper is being prepared to ascertain estimates of the
degree of correlation among primary factors in order that comparisons may be made
not only between these two groups, but also with an oblique solution derived from a
college sample (II). For this forthcoming paper, the three oblique solutions will be
presented to yield evidence regarding whether a change in correlation among factors
occurs with an increase in age or with an advancement in academic level. Garrett and
his associates have found that the amount of correlation among factors decreased
markedly as age increased (2). Swineford, on the other hand, found no systematic
change in the degree of correlation among factors throughout a range of six grade
levels&mdash;fifth through tenth (I2, p. 32).
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one exception. This exception occurred in Wrightstone and
O’Toole’s Spatial Relations sub-test in which the final rotated
factor loading for the boys was .39 in S and .33 in Vz.

In the following list of four tests, the first three of which
were chosen to yield evidence regarding the first hypothesis,
loadings of .39 or higher were found in four rotated factors
designated as S, Vz, R, and Db:

It is evident that tests (5), (9), and (14) serve to identify a
spatial-relations factor, although tests (9) and (14) are factori-
ally complex.
Attainment of positive evidence for the second hypothesis

regarding the nature of visualization is apparent in the follow-
ing list of tests for which factor weights of .39 or higher are
given (along with weights on the S factor for ccmparative
purposes) :

Of special interest is the factor labeled Db (an abbreviation
for &dquo;doublet&dquo;) which occurred more distinctly in the boys’
matrix of rotated factor loadings than it did in the girls’ matrix.
In fact, in this latter matrix, the factor which may be called a
triplet received a moderate weight (.39) in the test Space in
addition to weights .4o and .35 in the Form Board and Punched
Holes tests. In the boys’ matrix, the weights in the Form Board
and Punched Holes tests were .49 and .50, but only o7 in
Space.
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A similar-appearing factor was present in the previously
mentioned study with a college sample in which the hypothesis
was offered that the &dquo;drawing in&dquo; or &dquo;filling in&dquo; nature of the

response to the test item might represent the psychological
process corresponding to the factor (II). This factor may re-
flect a specialized aspect of the reasoning processes. In terms
of the requirements of the task represented by the Form Board
and Punched Holes tests, the factor may be tentatively referred
to, for lack of a better name, as visual-motor reasoning.

In general, the factor patterns of each test were similar for
the two rotated factor matrices. A few differences did appear
which may be worthy of comment, although it is, of course,
not possible to make a test of the statistical significance of the
difference between factor loadings:

Girls had higher weights than boys in the verbal-comprehen-
sion factor on the tests measuring essentially the spatial-rela-
tions and visualization abilities, with one exception-namely,
Spatial Orientation. This finding was consistent with the fact
that correlations between scores on the verbal tests and scores
on the spatial-visual tests were higher for the girls in every
instance than they were for the boys. It may be that since the
mean achievement level of girls was slightly lower on the
verbal tests (contrary to the expected finding) than that of
boys, the reading comprehension level of the girls might have
been at a point far enough below that of the boys to make the
vebal comprehension factor of greater importance to the girls
in understanding the rather complex verbal directions to many
of the spatial and visualization tests. On the other hand, it

might be that the girls tended to verbalize their performance
on the items in such tests as Form Board, Spatial Visualization,
and Space to a relatively greater degree than did the boys.

Several miscellaneous and more or less non-systematic dif-
ferences occurred in the sizes of factor loadings (many of which
can probably be attributed in large measure to sampling error):

(i ) a weight in the perceptual-speed factor of .~’7 for boys
and - .08 for girls in the test Reasoning (PMA) ;

(2) a weight in the perceptual-speed factor of .34 for boys
and . 15 for girls in the test Form Board;

(3) a weight in the numerical-facility factor of .36 for boys
and .16 for girls in the test Identical Forms;
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(4) weights in the general-reasoning factor of .34 and .48
for boys and .10 and .18 for girls in the tests Form Board and
Cubes respectively;

(5) a weight in the general-reasoning factor of io for boys
and .30 for girls in the test Spatial Orientation (but variances
in the reasoning factor were about the same for the two samples
in all the other spatial and visualization tests);

(6) weights in the spatial-relations factor of .39, .39, and. i4
for boys and .14, .59, and .36 for girls in the tests Spatial Rela-
tions, Cubes, and Form Board respectively; and

(7) weights in the visualization factor of .36, .21, and .33 for
boys and .02, .48, and .47 for girls, in the tests Space, Cubes,
and Spatial Relations respectively.
One anticipated finding confirmed by this study is that in

general tests in the spatial and visualization factors tend to be
factorially complex. Until relatively pure tests in the spatial-
relations and visualization abilities are developed, estimates
may be obtained of univocal factor scores through use of sup-
pression formulas, provided that relatively pure tests can be
found for suppressing portions of unwanted variance (5). How-
ever, the use of such formulas should not serve to discourage
the formulation of new hypotheses regarding the nature of
spatial-visualization abilities and the development of more
nearly pure measures of identified abilities through efforts on
the test-construction front. The attainment of such objectives
is essential for the success of a test-development program in
which factor analysis is employed (4).

Summary
The primary purpose of the study was to test the validity of

two hypotheses regarding the psychological properties of the
spatial-relations and visualization factors. Within a battery of
fifteen tests, two groups of tests (four tests in one group and
three in the other) were included which appeared to differentiate
between the essential psychological processes associated with
the spatial-relations and visualization abilities. Reference tests
of fairly well known factorial content composed the remainder
of the battery.
Two high-school samples numbering 151 boys and 139 girls

participated in taking the same battery of 15 tests. A Thurstone
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centroid analysis was completed, followed by rotations of axes
to positions such that the criteria of simple structure and posi-
tive manifold were satisfied.
For both groups, the same six orthogonal factors were identi-

fied : S (spatial-relations), Vz (visualization), V (verbal com-
prehension), N (numerical facility), P (perceptual speed), and
R (general reasoning). Positive evidence was considered at-
tained for the two hypotheses regarding the factors S and Vz,
in that each group of tests clearly defined a distinct factor.
Moreover, the factor pattern in each test was approximately
the same for the two groups studied.
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