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Abstract

Tests of Spatial Ofiehtation (Card Rotations, - Cube 
Comparisons) and Visualization (Form Board, Papei Folding,
SurféCe Development5. were administered to 537 (266 men,
268 women) university students. Participants rated the
perceived difficulty of eaéh éf the ﬁests 6n‘a 9 point
'scale ranging from 1 = very easy to 9 = very difficult.
Théy were asked to indicate which of six problem solving:
strategies they used to éolve the itéms on any 'particular
test. The strategy statements wére designed to tép part
or whole problém éolving strategies. . Part :sﬁrategies
invplved concentrating. on salient aspects of a stimulus
while whoie strategies involved concentr?ting on an entire
stimulus. |

Since men scored higher than women 6n all five tests
"analyses vere performed separately for the sexes. For
both men and women the first principal component accounted
for more than 50% of the variance. Thus, previous 
findings of two spatial factors for men and one spatial
factor for women were not supported.

Problem solving strategy did not relate to
performance on the spatial tests nor to difficulty
ratings. There were no consistent sex differences in
strategy except that women indicated that they guessed
more on all tests. The limitations of introspective

reports were discussed.



iii

For both men and.women_the percéived difficultylof a
particular‘test correlated more Ahighly with the total
score. on that test than with the total score dn any otﬁer
test. On the basis of this fihding it was concluded that
the difficulty: index 'is a valuable one worthy of fﬁrther
study. The finding that men and womeh did not differ on
mean difficulty'rating on.three of the tests, even though
they differed significantly in performance on all tests,
was interpreted to mean that each person subjectively.rank‘
orders the tests 'in terms of difficﬁlty. It was
hypothesized that the perceived difficulty of é test is, -
therefdre,.té function of the other tests included for
study. |

There was moderate support for the hypothesis .that,
as the difference in”réted difficulty for pairs of tests
increases, the correlation between the two decreases.
This was the .case for six of 10 cOmpatisons for men and
three of 10 comparisons for women. It was sﬁggested that
this hypothesis would receive stronger support if tests of

more distinct abilities were included in the same study.
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Historical Perspective on Spatial Ability Research

In sumha:izfng the results of factor analytié studies
of intellectual ébilities Wolfle (1940) pointed‘out that a
space factor was the second most frequently indentified
factor in the literature. Although there was relatively
~little overlap .in ~the tests usea?'iﬁ many of the .
investigationé- of spatial ability to this time, variousA
researchers provided nearly identical definitions of the
‘ability they preéumed to. be measuring. ’McFarlane7(1925),
for instance, found a group factor distinct frbm éeneral
intelligence which measured - an ability ~in which
"uniqueness lies in the fact that those persons posseSSing
it in a high degree analyse and judge better aboﬁt
concrete spatial relations" (p. 54). . Koussy (1935) found
eQidénce of a factor which he . saw as the "ability to
obtain and the facility to utilize visual spatial imagery"
(p. 84) and Thurstone (1938) characterized his first
primary mental ability as "facility in spatial and visual
imagéry" (p. 80).

While British researchers, for the most part,
investigated the nature of this one general spatial factor
for some time to come (Smith, 1964), numerous American
investigatoré became interested in subfactors of the
identified spatial ability. Notable are the findings of
Guilford and Lacey (1947) from the U.S. Army Air Forces
Aviation Psychology Research Program which mostly wused

armed services personnel. Their research 1led them to


http://to.be

divide spatial abilify_into a spatial visualization and a
spatial orientation factor. 'Spéfial '§i§ualization was.
seen as the "ability to imagihe the”rotétion of :depicted
_objects, -the folding and unfolding of flat patterns, the
relative chahges.of position of .objects in Spacé, the-
-motion . of | machinery.- This wvisualization féctor is
- strongest in ;esté that preseét a stimuluélpicﬁorﬁally and
in which some manipulation or transformation to another
visual arrangement is in§olved" (McGee, 1979, p. 891).
Spatial orientation was défined as -the M"ability to
determine relafionships between differeﬁt' spaﬁially
ar;anged sfimﬁli and responses and the comprehension of
the arrangemenf_ of. elements witﬁin ‘a visual SﬁimUlus
pattern” (McGee, 1979, p. 891). It is not clear,~however,
on. the basisvof an analysis of the factor patterns listed
by French (1951), how distinct these twovfactors,might be.
Many of the tests purported to load 6n one factor also
load quite highly oh the other, ana tests later déveloped
to measure these factors more parsimoniously (Guilford &
Zimmerman, 1953). wvere often found to correlate
substantially with one another (e.g. r = .67; Borich &
Bauman, 1972).

As noted by McGee (1979), Guilford and Lacey (1947)
were by no means the only researchers to split the spatial
factor. Thurstone's (1950) work, for example, had a great
impact on future 1investigations of spatial ability

subfactors. Thurstone (1950) found three separate spatial



factors, two of which (St and S3) are similar to the
Guilford and Lacey (1947) spatial orientation factor, and
one (S2) which resembles the spatial visualization factor.
Citing Thurstone (1950), Barratt (1955) notes:

"The first space factor (S1) represents

the ability to recognize the identity

of an object when it 1is seen from

different angles;...the second space

factor (S2) represents the ability to

imagine the movement or internal

displacement among the parts of a

configuration that one is thinking.

about;...the third space factor (S3)

represents the ability to think about

those spatial relations in which the

body orientation of the observer is an

essential part of the problem”

(p. 279).

‘In a}review of spatial literature, however, Michael,
Guilford, Fruchter, and Zimmerman (1957) concluded that S1
and S3 could be combined into one spatial relations and
orientation factor due to the finding that tests of one of
these factors often loaded on the other.

Following Thurstone (1950), French (1951) also
identified three spatial factors after integrating the
results of over sixty'factor analyses, many of which were
performed by or under the direction of Thurstone and
Guilford. Space (S) was seen as the ability to perceive
spatial patterns accurately and to compare them with each
other; Spatial Orientation (SO) as the ability to remain
unconfused by the varying orientations in which a pattern
may be presented; and Visualization (Vi) as the ability to

comprehend imaginary movements in 3-dimensional space or

the ability to manipulate objects in 1imagination. The



distincfion between § and SO is‘sdmewhat uncléar, howevér,
and it seems that both factors.might'be included in the
Guilford and Lacey (1947) Qdefinition of spatial
orientation. The main distinction between the two seems
merely to be that for S tests one has to compare two
stimuli while for SO tests one works with the same
stimulus. Further, in the analyses listed by French
(1951) there is a considerable degree of overlap as to the
tests with high 1loadings on these two factors. Given
these findings and fhe fact that Michael et al. (1957)
viewed their Spatial Relations and Orientation factor as a
combination of the Erench (1851) S and SO.factors, it is
understandable that tests;'of only two Spatial factoré
appeared in the 1963 version of the Kit of Reference Tésts
for Cognitive Factors (French, Ekstrom, & Price, 1963).
This trend continued with the 1876 version bf the Kit
of Factor-Referenced Cognitive Tests (Ekstrom, Freﬁch, &
Harman, 1976) when tests for two spatial factors, Spatial
Orientation (S) and Visualization (Vz) were included.
Thus it seems that researchers have converged 1in their
belief that the earlier identified general spatial factor
(e.g. Koussy, 1935; McFarlane, 1925; Thurstone, 1938) can

be divided into two subfactors (McGee, 1979).



Purpose of the Study

Althbugh there éeems to be fairly widespfead suppogt
for the view that S and Vz afe distinct factoré, there
has, nevertheless, been considerable--difficulty fn
clarifying the .aistinctions' between the two. It 1is
primarily ihis issue to which the pfeéent ~study  is
addressed. As Smith (1964) pointed out, even though the
differences between  the fwo have received detailed
analysis in ﬁerms Qf such concepts as item cqmpléxity,
task difficulty (e.g. Michael et al., 1957), and problem
solving étrategy (e.g.. Barratt, 1953), none of the
differences -explains _the - distinctions between all
different pairs of tests. Thus, for example, even' though
most = Vz itests are assumed to be more difficult.ana
compriséd ofﬁ;more complex items than most S . tests,
counterexahples abound. Generally, there is widéspread
concensus that Vz tests are more difficult (e.g. Ekstrom
et al., 1976; Werdeiin & Stjernberg, 1969).

It has not been shown, however, that this phenomenon
alone accounts for the two distinct factors. This 1is
probably ‘due to the inherent difficulty of.obtaining a
difficulty index for a speeded test. Further, not all
tests are likely to be df the same relative difficulty for
all persons and 1in order to show that the correlations
between tests are affected by the difficulty of the tests
involved one must compare correlations for various groups

of people. This has not yet been researched and will be



one of the concerns of the present study.

Another recurring finding has beénrthat analysis of
.spatial test scores from men indicates more than one
spatiél factor while analysis of spatial test scores from
women results in only one géneral.spatial factor (Barratt,
.1955;,Michael, Zimmerman, & Gﬁilford,'1950; Véry,-_1976).'
' Men tend‘to score higher Qn‘various.types of spatiél-teéts
(Barratt, 1955; 'Maccoby & Jacklin, 1974). One possible
explanation for greater differentiation of abilities 1in
men ié afforded by reseérch~ which indicétes Qreater
differentiation of abilities in groups which excel in
these abilities (see Anastasi (1970) for a review). It is
not _clear, however, how the difficulty of a test relafes
to ability level. Thus, it is possible that the réported
sex: differences in structure are.ninextricably tied to
difficulty. This will also be investigated.

One other area relating to the distinction between §
and Vz which has received much attention is part versus
whole problem solving strategy. It is generally believed
that Vz tests require a peréon to keep an entire stimulus
in mind (whole) while performance on S tests is enhanced
by paying attention to the details (part) of the stimulus
figures (Barratt, 1953, 1955; Ekstrom et al., 1957;
Michael et al., 1950). The question of whether the
problem solving strategy affects the correlations between
tests will be investigated by comparing people who use the

same strategies to those who use different strategies on



the various tests used in this study.

The main focus of this study, then, lies not only in
~attempting to. confirm previous fihdings related to sex
d1 ferences and the part versus whole approach but also
in 1nvestlgat1ng hypotheses for distinct groups of people._
-An 1ndex of dlfflculty Ior speeded tests w1ll be proposed
and its psychometrlc properties 1nvestlgated.

For the purposes of this study, the definitions of
Spatial drientation (S) and Visualization (Vz) are»those
provided by Ekstrom et al. (1976) S is the- ability to

"perceive spatlal patterns or to maintain orientation w1th;
respect to objects in space" (p. 149) and Vz is the"
ability to "maoipulate or transform the image ‘of, spatial
patterns"intoAlother arrangements” (p. 173).  The Card
"Rotations Test (S1).and the Cube Comparisons. Test (S2)
were used as measures of S and the Form Board Test (Vz1),
the Paper Folding Test (Vz2), and the Surface vDevélopmént
‘Test (Vz3) were used as measures of Vz (see Appendix A for

a description of these tests).

Review of the Literature

This section is divideo into four main parts. The
first deals with findings related to the psychometric
distinctiveness of S (Spatial Orientation) and Vz
(Visualization). The second, concerns sex differences and
ability level. The third section deals with part versus

whole problem solving strategies, while the fourth deals



with the effects of test difficulty  on  the correlations

"between tests.

The Distinction between Spatial Subfactors

~As  stated previously, S tests sometimes load
significantly on Vz‘factors and viéa' versa. .Further, a
factor is sometimes called spatial visualization even
though no Vz-type tests are foﬁnd to load on it. Examples
of this can be found quite readily in French (1951). - A
case in point is an analysis (referred to éé AFA) in which
the  visualization factor was 1oa§ed by"Mechanicai
Principles along yith mathematics and reading tests. Iﬁ
another analysis (AFE) both a spatiai relations and a
visualization ‘faétor were identified. While the
visuaiization factdr was loaded by Vz—type'tests (as here
defined) and the spatial relations factor was not, no
S-type tests were included in the battery used. The
second highestbloading on the spatial relations factof was
for a test in which the subject was reqguired to adjust
stick-and-rudder controls 1in response to a pattern of
three lights. It is difficult to.see how this would be
tied to performance on the Cards Test (S1), séy, wheré the
subject merely indicates whether one pictured card is a
reflection of another pictured card.
Other analyses shed more 1light on the distinction
between S and Vz. In an analysis of a subset of

Thurstone's (1938) data Fruchter (1948) found.two factors
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which resemble S and Vz althoﬁgh there was some factorial
complexity. The tests‘used were Cubes (s2), Flags (a test
guite similar to the Cards Test - S1), Form Board (Vz1),
and Paper Folding (Vvz2). Although all tests loaaed over
.60 on the factor they were hypothesized to measure, Form
Board loaded .50 on the S factor{ Thus, while the.
'distinctién between S énd-Vz may not be perfectly clear,
it does kseem that, in this sample at least, an argument
for two abilities could be made.

The results of Michaél et al. (1950), with a samplé
”bf 500 male students; provide an even clearer distinction
-bétweéh S and Vz. The S tests were Cubes (S2), Flags, and
the éuilford—zimmerman Spétial Orientation Test_ (G-2 S0)
and the Vz tests were Form Board (Vz1), Paper Folding
(vz2) and‘»the Guilford-Zimmerman Spatial - Visualization 
Test (G-Z SV). The results were quite unequivocal in that
two. of the S and two of the Vz.tests loaded highly on
their respective factors and nof over .25 on the other
factor. The G—Z'fests were more complex and even though
both loaded more highly on the hypothesized factors than
othér tests of those factors, they also loaded over .40 on
the factors they were not meant to tap. Even so, this
study, perhaps more than any other ever reported, shows §
and Vz to be distinct spatial factors. To be noted 1is
that neithér of the G-Z tests were included in the 1976
edition of the Kit of Factor Referenced Cognitive Tests,

although G-Z SO did appear as an S test in the 1963 Kit.
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Other . studies have ' not always ,. factorially
différéntiated» tests purported ‘to define or load separate
factors. Fleishman and Dusek (1971), for instance,
administered 21 tesfs- from the 1963 Kit to 90 army
enlisted men .and found that all spétial tests wused
(Cubes - s, Paper . Folding - Vz2, Surface
De&elopment - Vz3) loaded on the same factor. It is
possible that this finding is due to the fact that only
one S test was chosen for inclusion in the study. . Using é
greater Variety of spatial tests with a  sample of 177
éleventh and twelfth grade male sﬁudents, French (1965) 
‘also found S and Vz tests to load on the same factor. The
six.spatial tests included in>his battery were the three
‘Vz“tests_from the 1963 Kit as well as Cards (S1); G-Z SO,
and a concealed figures test. - The latter test has at
times been found to load with other S-type tests (French,
1951). |

Very (1967) employed a number of spatial tests in a
study of mathematical ability'involying 193 male and 162
female college students. The tests Qsed were mostly of
the S variety (e.g. Cards - S1, Cubes‘- §2, G-2 SO) but
also included Very's test of spatial relationships. This
latter test included 1items requiring the subject to
determine, for example, what would happen to the area of a
rTectangle if the length of each side were doubled. As
concerns the spatial factors, the findings were quite sex

specific. For women, all of the spatial tests, along with
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a number of other tests, combined to lQad on whét was
interpreted as a spatial factor. For men three spatial
factors wereb'idehtified,v two of which seem to be
relatiyeiy pure Aspatial factors. ’;The first factor was
defined by Cards (St), Cubes (S2), and the. spatial
relations test while the secona factor had its highest
loading for G-Z SO butfwés also loaded-by'.Cards, spatiai
relations, and a test involvihg the ability to determine
the rule which relates  two groups of letters. Thus,
although this study does not provide a.vefy stringént tést
of the hypothesié that S and vz are distinct, due mainly
to a lack of traditional Vz tests, it 1is interesting
nonetheless. If one considers ‘the notable loading of
G-Z SO on a Vz factor mentioned previously (Miéhael et
al., 1950) along with the finding that the same test split
, away from the S tests for the men, but not the women, it
leads one to consider the possibility that Vz and S are
more distinct for men than women.

Barratt's (1955) study provides some clarification of
this matter because it included tests of both Vz and S and
because factor analyses were performed for the sexes
separately (103 women, 96 men). Although there :were ten
spatial tests and eight personality measures, discussion
will be limited to tests which can be considered § or Vz
or both. The S tests were Cards (S1), G-Z SO, Flags, and
Thurstone's Figures test, a test which often 1loaded with

Cards and Flags 1in the analyses presented by French



(1951). The Vz tests were the Minnesota Paper Formb Board
(similar to the Form Board - VvVzi), G-2 SV, and the Spatial
Relationsbsubtest‘ofkthe Differential Aptitudé Test. This
latter test 1s quite similar to tﬁe Surféce Development
Test (Vzé) in - that both invoive the folding of a
2-dimensional stimulus into a 3-dimensional object.

The results of the analyses were quite clear. 'For
men, flags, Figures, and Cards (S1), all S tests, defined
one factor while all other tests, including G-Z SO, loaded:
on another factor. The only -test with any notable.
‘complexity was the G-Z SV Test but its 1loading on what
could be called the S factor was much lowep (.43) than its
loéding'on what could be seen as the Vz factor (.67). For
vwomeni on the other hand, all.tests mentioned above loaded
on one . factor. This led Barratt (1955) to concluderfhat
tﬁe "space tests in the female matrix. did not show as
clear a ~differentiation....as did the male analysis”

(p. 286).

Sex Differences and Ability Level

The findings cited above lead one to ask whether S
and Vz are separate abilities for men only. It should be
remembered, for example, that much of the work reviewed by
French (1951), including the work of Guilford and Lacey
(1947), 1involved only male subjects. Further, the study
which reported the clearest distinction between S and Vz

(Michael et al., 1950) employed a male sample. Also, it
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is hot'cleér whether Fruchter's (1948) results.,could be
due to the sample employed since Thursfone (1938), whose
data base Fruchter .analyzed, did not describe his sample
in terms of . sex and pooled the sexes in determining
. correlations between tests. It may . be conjecturéd,
however, when one considers the time period, that men were
overrepresented in Thurstone's sample.

1f it is iﬁdéed the case that S and Vz are diétinct
for men only and that they <collapse into one general
épatial_ factor for women, the question arises as to why
this should be the case. Possibly beafing on this' issue
is the finding that a.seX'differenbe in spatial ability
‘has been one Qf'the most consistent results in individual
:differences’ fésearch. (Garai & Scheinfeld, 1968; Harrié,
1978; Maccoby & Jacklin, 1974). Results - such as those
réportéd by Barratt (1955) showing that men scored
- significantly higher than women on eight of ten spatial
tests are not atypical in this regard..'Although this Sex
difference is generally believed to obtain on both S and
Vz tests (McGee, 1979) the literature related to this idea
has never been systematically reviewed. In noting
Werdelin's (1961) findings, Sherman (1967) wrote that "sex
differences do not occur on tests 1in which visual
organization 1is easily comprehended and which are to be
manipulated as given, but on those in which the
organization and reorganization aspects are exaggerated"

(p. 293). This suggests, then, that the sex difference is



limited to tests of Vé. Even if this 1is the case;' if
stiil does not explain why men exhibit two spatial factogé
and women only one. | |
Perhaps related ﬁo this is the evidence reviewed by
Anastési (1970) indicating gfeaﬁer differentiation of
abilities in g;oupé which ‘excell in these .abilities.
Examples include more verbal factors for girls‘ than boys
and lower intercorrelations among primary_mentai abilities
for higher scoring groups. Thus, it is possible that the
sex difference in'spatial ébility is'related to why S§. and

Vz are more distinct for men than women.

Part Versus Whole Problem Solving Stratégies

In relation to the greater differentiation of
abilities for high-séoring groups it might well :ber ésked
~1if groups who exhibit a relativeiy general factor, as
‘opposed to more numerous'specific factors, aléo_ tend to
bring a more limited nﬁmber of problem solving strategies
to bear on the questions asked of them. In other wo:ds,
is it possible that people who are not particularly adept
at solving spatial items use the same strategies for all
tests, while those who are more capable attempt different
strategies for differént tests? Further, does the type of
problem solving strategy used influence the correlations
between pairs of tests?

Most of the informafion related to these gquestions

comes from investigations relying on introspective reports
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as well as numerous hypothetical statements.
French (1965) showed that the loading of a test on a
factor can be substantially different for people who
report employing different problem solving strategies. To
begin, French divided his sample of 177 into two - groups
based - on the following criteria: "Geometrical terms used
in solving Cubes 1items;...Few visualizatibn indicationsv
made in solving Cubes items;...When asked reports mentally
rotating the cube on two separate axes" (p. 24). Subjects
who were marked plﬁs on two or more of these were deemed
to have solved the Cubes (S2) items in an analytic manner
and were compared to all other subjects. The most
interesting findings were that the loading of Cubes on the
Space-Visualization factor dropped from: .52 for the
non-analyzers to .07 for the analyzers and that, for the
analyzers, Cubes loaded on an induction factor. Also, the
correlations between various abilities were found to
differ for people who used a system to solve problems
(analyzers) and those who did not.
"Subjects who attempt to solve spatial
or other problems by ordinary common
sense, perhaps by simple inspection
until a solution seems to offer
itself, succeed pretty much according
to their general intelligence as
measured by verbal and mathematical
tests. For those subjects, therefore,
the correlation between -
Space-Visualization and the verbal or
mathematics factors 1is high. On the
other hand, the subjects 'who use a

system for solving problems have
succeeded in developing some
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specializatidn of‘their;abilities, and -
Yol the correlations drop ‘down"
(French, 1965; p. 22). |

Although this study included both S; and Vz-type
tests only ohe spatial factor was found.. Thus, it was not
possible to determine whether the highest loading for the .
Cubes Test would imové ‘frOm an 'S factor to a Vz factdr,’
dependiné on the problem solving strategy used. Michael
et al. (1950) have hypothesized ﬁhét this might indeed be
the case. It was their belief that people who mentally
pick up. and rotéte'a‘cube use a visualization -process,
whereas people wﬁo attempt to interrelate the_positions,ofv
the sides or who picture themselves as walking around thé
cubes, use a . spatiél orientation strategy. Similariy,
they believed that the Flags test (usually thought of as
"an S test) should ioad on the Vz factor if the"flag is
‘mentélly picked up and turned, and that it should load on
the S factor if.it is solved with only the edges of the
flag in mind. 1In summation, if a spatial item is solved
by keeping the entire stimulus in mind (the 'whole‘
problem solving strategy) the. test should load on-a Vz
factor. 1If an item is solved by concentrating only on
various salient aspects of the stimulué (e.g. an -edge,
point, or side), perhaps one after the other (the‘ 'part'’
problem solving strategy), the test should load on an §
factor. Unfortunately, Michael et al. (1950) did ' not

test this hypothesis.

In relation to the part versus whole strategy,
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Barratt (1953).f5und that péople-who_used a part  strategy
(e.g. rotating only part of a figure) scored higher than;
pecple who rotated -the whole figure. Also, peoplé who
aftempted to reléte the figﬁres ~to something familiar
(e.g. a letter of the alphabet,.a concrete iject). scored
lower than people who employed a pért strategy.  Further,
four types of problem solving straﬁegies for - ﬁhe Space
subtest of the Differéntial Aptitude Test were delineated.
Some people folded the stimulus and noted relationships of
parté; some~unfolded the response figure and compared this
unfolding to the pattern; others looked merely for cues
such as ahgle iﬁtersections; andl some people .could not
solve the problems and relied on guessing. Barfatt did
not report which problem solving strategy ‘led» to thé
highest scores. Also, correlations betwéen the various
tests used were not feported separately fdr' groups whb
used different strategies. Thus, it 1s not known if
different stratégies might result in a different :factor
structure.

In summary, it seems that different strategies are
employed by different people in solving ‘the same ‘items.
For the most part, it is not known which strategies result
in the highest scores. Also, we do not know if the
correlation between two tests is higher when the same
strategy 1is used for both than when a different stfategy

is used for each.
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Test Difficulty and the Correlation between Tests

Although many investigators concerned with 'spatial
ability have suggested that‘ S tests.are generally_less
difficult than Vz tests (Ekstrom et al., 1976; French,
1851; Michael et al., 1957), few empirical studies related
to this  point have been attempted. This is probably a-
result of the difficulty of obtaining a difficulty index
for speeded tests. Thus, before discussing findings
related to spatial ability, tests of which are, for the
most part, speeaed, studies involving more objective
difficulty indices will be reviewed.

That-test_ and item difficulty, at least in the
absolute sense, is 1indeed a petent'variable as’cohcerns.
‘factor strueture and the correlations between tests of
varying" difficulty has been amply documented. "For
example, Guilford (1941) factor analyzed the teﬁ subscales
of the Seashore test of pitch discrimination. Subscale
scores were obtained for the_ 300 college studente by
tabulating which of the ten items at each of ten ftequency
differences they< detected correctly. - Fregquency
differences ranged from .5 to 30 cycles per second and
subjects either passed or failed " each subtest based on
Guilford's attempt to obtain a noh-skewed distribution for
each of the subtests. Factor analysis based on
tetrachoric correlations revealed three factors; Factor I
had loadings which were 1inversely proportional to the

difficulty of the items involved in the subtests; Factor
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11 hadl.significant loadings‘ for the more difficult
subtests‘and Factor I11 had loadings for the moderately
difficult subtests. Guilford (1941) summed up hié Study
by noting that "we may accept the hypothesis ,thét...(the
factors)...represent three. 'distiﬁct ~human abilities
‘involved in the comparison and judgment of tones as. to
pifch" (p.v74).

Ferguson (1941) obtained a result quite similar to
Guilford's when he split a 100 word vocabulary test into
six subtésté of varying difficulty. This led Ferguson to
suggest that "factors deduced from test batteries which
are homogeneous with respect to difficulty, although
heterogeneous wifh respect té chntent, would v‘lend
themselves more réadily to és?chologicélly meaningful
interpretation than factors aeduced from test batteries
.which are heterogeneous with respect to both diffiéulty
‘and cohtent“ (p. 329); Thus, the implication 1is that
different factors ‘arising'out of‘similar content are due
to differential difficulty.

A study performed by Sargenf (1940) in which subjects i
were asked to solve easy, difficult, and moderately
difficult anagrams also relates to the above findings. In
correlating mean solution times for the different groups
of anagrams, it was found that correlations for tests one
level removed in difficulty (i.e. easy-moderate,
moderate-difficult) were substantially  higher than

correlations between tests two levels  removed in
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diffiéultjxﬂi.e. easy—difficﬁlt); Thus, as the differénce
in difficulty bethen_the‘tests increaSed_the gofrelatibn
between the two decreésed.

Given that difficulty can have an effect on
correlations, it 1is still not at all cleér that
difficulty, ..pef © se, causes 'the .cdrrelations. Some .
researchers have postulated that as 'one type"bf item
(e.g. aﬁ anagram) is made mofe aifficult, its-solution:
requires é different type of problem solving strategy or
ability. .Sargent (1940), for iﬁstance; had tfained
subjécts. verbalize their thouéhts while solVing the
anagrams and found that whilé~the-easier anagrams were
solved as a whole, the more difficult dnes were solved _by
a part’ method which ihyolved breaking'the'anagrams_into

syllablés or familiar combinations. Along similar lines,

" Guilford (1941) hypothesized that the three factors

discovered with the pitch discrimination test reflected
auditory, - attentional, and verbal components although he
had no way of knowing which componént was represented by
which factor.

In the area of spatial ability Zimmerman (1954)
hypothesized that "merely by varying item difficulty and
compléxity a single kind of test could be made to-
emphasize each of four factors in succession from
Perceptual = Speed through Space and Visualizatién to
Reasoning”™ (p. 398).

Werdelin and Stjernberg (1969) attempted to test this



21

hypothesis by administering S énd Vz fests as well as
ﬁerceptual séeed, numeriéal, and reasoning tests to a
sample of eighth grade boys and girls. 'Although sepéraﬁe
S aﬁd Vz factors were not found for this sample, a result
not inconsistent with othef findings employing relatively
young samples (e.g. French, 1951), the results indicated,
for Some spatial_tests, a Jélear tendgncy for increased
correlations with the P (perceptual spéed) and N
(numerical) factors and somewhat iowef correlations with
the S (space) factor the more the test is practiced"”
(p. 190). Thus, although this finding does not directly
address the distinction between S and vz, it*does show
that as a teét becomes easier (i.e. is éracticed) 1it may
measure a different ability. Werdelin and Stjernbéré
.(1969) also pointed out, however, that the method by which
the items are solved may change with iﬁcfeased practice.
Thus, for the test which Showed the most pronounced
practice effect, a test quite similar to Cards (S1), they
noted "that "the problem...might aftef'the practice period
at least part of the time be solved without the subjects-
‘having to turn the various figures around in their minds"
(p. 191). |

The findings related to spatial ability, in contrast
to the studies by Guilford (1941) and Ferguson (1941), do
not involve an operational definition of difficulty. For
instance, Zimmerman (1954) assumes that keeping track of

three turns of a plane is more difficult than keeping
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'track‘ of merely one turn. Werdelin and Stjernberg (1969)
assume that és a tést is practiced it becomes easier..
While this kind of logic is hardly debatable,
consideration of difficulty in this manner does not allow:
one to assess its effects empirically. For example, mos£
people would agree that a test ipvolving‘ three - turns is
more difficult than one involving one turn when the same
sfimuli are used in both (as is thé case with Zimmerman,
_1954). There would probably not, however, be the saﬁe
degree of agreement‘if people wereuaskea: to cbmpare the
difficulty.of a test involving three.tufnS'of one stihulus
to the difficulty of a test involving the folding and
unfélding‘of a plece of paper. Thus, what is needed is a
measurement of diffichty.

To this end, it is prbposed that the difficﬁlty a
person has in completing a test can be assessed by askihg
‘how difficult he or she found the test. While this is a
relatively subjective index, and not necessarily related
to difficulty indices based on pass/fail considerations
(see Nunnally, 1978), it is believed to be a valuable one.
This is especially so because it allows for careful
consideration of individual differences. Not only can one
determine how difficult a person found a test, but how
difficult a person found one test relative to others.
Further, it would be possible, empirically, rather than
anecdotally, to investigate the relationship . between

difficulty and the topics reviewed above (i.e. sex
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differences, problem- solving strategies, structure of
spatial ability). For instancé; ‘one could readily
determine whether people who use cértaiﬁ” problem solving
strategies find a test more or iess aifficuit than people
who do not use these stratégies. Alsd, the .effect that
test difficulty has on the correlation between tests 'is
.open to investigation on ~'the  basis ofl subjeétive‘ test

difficulty indices for speeded tests.

Hypotheses

Hypothesis |

‘The difficulty rating assigned to a test will
correlate more negétiVely with the total score on that
test than with the total score on anonther test.

Rationale: This is a test of the adequacy of the
difficuity rating scale. 1If this is not generally the
case then it would be difficult to justify interperson
comparisons based on the difficulty indices. Further,
groups created on the basis of the difficulty indices
could not, meaningfully, be compared on any performance or
ability Variable. |

Hypothesis 2

Men will score significantly higher on Vz, but not on
S tests, than women.
Rationale: This 1is a test of Werdelin's (1961)

hypothesis. Further, it 1s an attempt to support the
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often cited sex difference in'spatial-ability.

Hypothesis 3.

‘Men will -raté Vz tests, but not S tésts, as
'significanﬁly lesé difficﬁlt than wili women.

| Rationale: If rated ‘difficulty correlates with
ability or performénce leVel,' the difficulty findings
should parallel thoée of ability (Hypothesis 2). .

Hypothesis 4

People using a pért approach on one test and a whole}
approach on another test will exhibit.aﬂiower correlatiod
between these tests than people using the same approach on
both tests. |

‘Rationale: This is an indirect test of the finding
that people who use differentf approaches . for different
tasks have "sﬁcceedéd ih developing some specialization of
their abilities"v (French, '1965; p. 22). Also, the-
hypothesis that any particular test can change from being
an’' S test to being a Vz test depending on the strategy
employed (Michael et al., 1950) can be tested in this way.

Hypothesis 5

The sexes will differ in the strategies they employ
to solve the items on various tests.

Rationale: This hypothesis relates to the statement
made by Werdelin and Stjernberg (1969) that the way in
which items are solved may change with practice. 1If the
'with practice' aspect of this postulate is taken to imply

that the items become easier and if women do, in fact,
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£ind certain tests more difficult than men this hypothesis
would indirectly test the ‘assumption put forth by Werdelin
and Stjernberg.

Hypothesis 6

For S tests, people using a part approach will score
significantly higher than people using a whoie approach.
For Vi tests the-réverse will be the case. | |

'Rationale: The S tests do‘not réquire a festructuring
of the stimulus. It would be mofe efficient, as found by
Barratt (1953), to compare the salient aspects of» the
figures rather than the figures as a whole. The Vz tests,
on the other hand, do require a restructuring of the
stimulus in order to compare it to the vfigure(s) from
which the answer must be chosen. Thus, it would probably
-be more efficient to keep the entire‘restructured’étimulué
in mind when searching for an answer than to make the many
comparisons necessary for correct solution. |

Hypothesis 7

For S tests, ﬁeople using a part approach will find
the tests less difficult than people using a whole
approach. For Vz tests the reverse will be the case.

Rationale: If rated difficulty correlates  with
ability, the difficulty findings should parallel those of

ability (Hypothesis 6).
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Hypothesis 8

s tests will be rated as less difficult ﬁhén Vz
: tests.'.

Rationale: This. hypothesis tests statements made to
this effect by Zimmerman (1954) and by Ekstrom et al.
(1976)  in . the Manual of the Kit of Factor-Referenced
Cognitive Tests. It is not clear that this hypothesis has
ever been tested either with objective or subjective (as
used here)‘difficulty ratings.

"Hypothesis 9

Principal component analysis of the five spatial test
scores will yield a first principal componeht»of-smaller
variance for men than for women.

Rationale: This is.aﬁ attémpted confirmation of "Very-
(1967) and Barratt (1955) that S and Vz are more distiﬁct
for men than women.

Hypothesis 10

For pairs of tests, as the difference in rated
difficulty 1increases the correlation between the two will
decrease. |

Rationale: The evidence discussed ‘previously
indicates that the correlations between tests decrease as
the difference in objective difficulty increases
(Ferguson, 1941; Guilford, 1941; Sargent, 1940). This
hypothesis tests these findings at a more individual level
in that it takes into account how difficult each test was

for each individual rather than at a group level.
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Method

Questionnaires

The Card Rotatiéns.Test (S1) and the Cube Comparisons
Test .(SZ) were :used as measures of Spatial Crientation”
(S),_ahd the'Form Board Test (vzi), the Paper Folding Test
(vz2), and the Surface‘Development'Test (Vvz3) were used as.
measures of Visualizatioﬁ (Vz). These tests were taken
from the 1976 version .of the Kit of Factor-ReferenCed
Cognitive Tests (Ekstrom et al., 1976).. Part oné of . each
test was used. Tests Vz3 and Vz1 were completed third and
fifth, respectively. ° The order of the other three tests
(s1, S2, and Vz2) was randomized. | |

For the difficulty réting a ‘9 point scale labélled at
three - poinﬁs' :(1 = very easy, 5 = moderétely
eaéy/difficult, 9 = very difficult) was | used (see
Appendix B). There wés one rating scale for each test and
‘the test to be rated on each scale was made salient by
preceding the scale with stimulus items from the
appropriate test.

Problem solving strategy was assessed with six items
for each test (see Appendix C). To each statement
participants were to answer either 'TRUE' or 'FALSE'.
Statements for each test were again preceded by sample
items ffom that test (see Appendix D for.an exblanation of

the statements used).
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. Procedure

“After a brief introduction to the purposes of the
- study, participants were asked to coﬁpléte a title page by
indicating ~age, sex, year of university, university
faculty and major. They were aiso’asked to provide their
student identificatipn numbers on this page if they wanted
anonymous feedback. |

After participants indicated that.they had completed
the title page they were asked if there were  any
guestions. Afterbanswering.these,'the'fbllowihg procedure
~was employed for each .of the tests. Participants were
askéd fo turn the page and reéd the instructions to the
next test (see Ekstfom et al., 1976_for'thé instructions).
After 1.5 minutes they were asked to-indiéate if they had
not ffnished the instructions by raising their hands. :if
a majority of people had finished, an édditional 15
seconds were allowed. Otherwise, an additional 30 seconds
_were given. At the end of this time, participants were
told to 'start now'. At the end of the time allowed for
completioﬁ of each test (see Appendix A), barticipants
were told to 'stop'.

After the lést test (vz1) pafticipants were asked to
rate the difficulty of each test (see Appendix B) and to
indicate how they solved the items on each of the tests
(see Appendix C). This part of the study was not timed.
Upon completion participants were asked to take their

booklets to the front of the room.
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" At a later date feedback was provided _indicating. an
individual's ‘performance as well as means for each of the
tests.

Participants

Participants were recruited in introductory
psychology <classes during the fall term of the 1980/81.
‘academic year. Although 572 people returned bodklets; 35
of these were dropped from all analyses because one or
‘more of the tests were not completed. 'Peopie were deleted
due to the possibility that they.workéd-onva_ test at an
inappropriate time (i.e. when they should have been
completing another test); Thus, all analyses are based on
a maximum of 537 peopie.

The mean age of the 537 partiéipants (266 men,
.268 women, 3.sex ‘not speéified) 'Qas 18.78 (minimum 17,
maximum 40). Of the 484 people who reported a faculty,
51.7% were registered iﬁ Arts, 21.9% in Science, 12.2% in
Engineering, and 14.2% in various other faculties. Of the
492 people who reported year of registration, 73.2% were
in first, 23.8% in second, 2.6% in third, and. 0.4% in

fourth year.

Results

The means and standard deviations for the difficulty
ratings and all test scores (corrected for guessing) are
presented by sex and for the total group in Table 1.

Due to the large number of people involved in most
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analyses. tok’be discusséd below; trénds.(i.é. .05 < Q <
.10) were treated as nénsignificant. vfurther, when post
~hoc comparisons were performedi‘Schéffe‘s-method (Hays,
1973), with thé.significance levei set at .05, was usea
exclusively. Moreover, all 2x2 Chi—sqdare values reported
are based on Yétes‘ correction regardles; of expecfed cell
frequency (Feréuéon, 1976) .

In consideration of the widely citéd sex differences
in spatial ability all anaiyses were performed for the
sexes  separately as well as for the ‘total group. . In the
éase of analysis of variance (ANOVA) sex is always é
factor.

Hypothesis 1 .

The - difficulty rating assigned vtof a test . will
~correlate more negatively with the total score on that
test thah with the totél score on any other test.

The correlations related to this hypothesis are
presented'in'Tablévz. For women, men, and the total-
group, the correlations were as predicted. For men the
correlations between difficulty rating and test score
ranged from -.24 (Cubes) to -.59 (Surface Devélopment)
while for women they ranged from -.16 (Form Board) to -.64¢
(Surface Development).

Thus, although there are substantial differences in
the magnitude of the correlations, perceived difficulty
does appear to be related to performance. Further, the

perceived difficulty of any particular test 1is more
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related to performance on that test than to performance on
any other test.

Hypothesis 2

Men will score significantly higher.on Vz, but not on
S tests, than women. |

In order to stringently test this hypothesis a
Hbtelling's' T? analysié was performed with the five_
spatial test scores serving as ‘the dependent variables.
Men and women were found to differ significantly
(F (5,528)l = 26.42, Q < .01) and post hoc multipleV‘
comparisons revealed that men scored significantly higher
than women on all tests (see Table ' for means énd
sténdard deviatiphs).

It seems, therefore, that the sex differencé in
spatial’ability is not limited only to tests of Vz, but
manifests itself on S tests as weil.

Hypothesis 3

Men will rate  Vz tests, but not S tests, as.
'significantly less difficult than will women.
| For this analysis the five difficulty ratings were
treated as repeated measures and a Sex x Test Difficulty
repeated measures ANOVA was performed (see Table 3). This
revealed_significant effects for Sex (F (1,529) = 62.07,
p < .001), Test Difficulty (F (4,2116) = 327.17,
p < .001), and a Sex x Test Difficulty interaction
(F (4,2116) = 24.50, p < .01). Post hoc comparisons

indicated that women rated both the Cubes and Surface
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Development tests as more difficult than did men. Thgre
were no significant differences on the other tests (see
Table 1 for means and standard deviations).

Considerihg ‘that there were sex differences 6n only
two of the tests (one S and one Vz) support for this
hypothesis does not seem'adequété; The sex differences in
ability (i.e. significant differences on all tests) do not
parallel the findings concerning difficulty.

Within sex comparisoné based on this analysis will be
discussed under Hyﬁothesis 8.

Hypothesis 4 -

People wusing a part approach on one test and a whole
approach on another test will exhibit a lower correlation
between these tests than people qsing the same approach on
~ both tests.

The 'number of people: who. ahsﬁered '"true' to the
various statements regarding problemAsolving strategy are
‘given in Table 4. Of interest to this hypothesis are the
first four statements for each test.

For any particular test, people who answered 'true'
to one or more of the part strategies (as indicated in
Appendix D) and answered 'false' to all of the whole
strategies are defined as the 'part' subgroup. The

'whole' subgroup consists of people who answered 'true' to
one or more of the whole strategies and 'false' to all of
the part strategies. A third subgroup, to be considered

later, consists of people who answered 'true' to at least
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one part strafegy as well és at least one whole,strategy.
~This group is réferred to as‘ the  'part/wh6le' subgroup.
Thus, for the Paper Folding Test, for instance, é'person
who answered 'true' to strategies one and two and“'false”
to three andvﬁour would fall into the part/whole subgroup;
a person &hb‘answered 'true'_to‘strategy one and ffalSe'
" to the rest would bé in the whole subgroﬁp} a berson 'whd
answered 'true' £o' strategy two and 'false' to the rest
would be in the part subgroup; and ‘people who answered
'false' to all four strategies.wouid not be considered‘in
ady analysis involving problem solving strategy. For
pairs of tests, then, people who feil into the same .
 vsubgroup on both teéts (i.e. into the part subgroup on
both tests or into the whole subgroup on both tests).were
deemed to have used the 'same' prbblem solving approach to
both tésts. Those who fell into different subgroups for
the two tests (i.e. the part subgroup for one test and the
whole sUbgroup for the other) were deemed to have employed
'different' problem solving approaches to the two tests.

The number of people who fell into the 'same' and
'different' groups for each pair of tests as well as “the
correlations between the tests for the two groups are
given in Table 5.

For the total sample, as well as for the sexes
separately, the correlations between the 'same' and
'different' groups were compared by first uéing Fisher's r

to Z transformation (Hays, 1973). Of the 30 comparisons,
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13 negative and 17 positive g.values were obtained. None
of these surpassed the critical value for a one-tailed
test (1.65).

Given these findings, it may be concluded that the
distinction between part and whole problem solving- (as
here measured) has 1little to do with the'correlatiéns,

between tests.

Hypothesis 5 ‘
| The sexes will differ in the strategies they emp;oy
' to solve the items on various tests.. o |

To assess this hypothesis 2x2 Chi-square (male/female
versus true/false) analyses were performed for each of thé
'30 strategy statements (see Table 4 for the number of
7péople in each groﬁp).

On éll tests women indicated that they guessed more
(p < .05 in ali cases). Further, Qomen answered 'the' to
the following statements more often than men: I mentally
folded the paper, punched a hole, and then mentally
unfolded it.and compared it to the possible answers (from
Paper Folding; '%&(1) = 4.12, p < .05); I didn't use any
particular strategy (from Surface Development; ]Zl(l) =
23.20, p < .001); I noted some distinct aspect of 'the
figure (e.g. bottom part or top left corner) and solved
the figures with this feature in mind (from Cards; '%1(1)
= 6.81, p < .01); I used a pencil to draw the large figure
out of the smaller ones (from Form Board; 7%1(1) = 4,80,

p < .05).
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At a more ‘global level, Chi-square tests ~ were
performed - to determine if, on each test, sek was
independent of overall strateéy employed (i.e;vpart{
whole, part/whole). The only test to reach significance
was for the Cards tést ('%5(2) = 8.19, p < .05). This was
- highlighted by the fact that.a greater percentage of men .
(36.9 compared to 25.6% of the women) fell into the part
subgroup, while =& greaier percéntage of woheh"(64.9
compared to 53.6% of theAmén) fell into the part/whole
subgroup (see Tables 6 to 10 for the number of men and
women in each groﬁp for each téét).

Generally, 'then, this hypothesis may be rejected.
"Only three of fhe twenty statements which were designed to
reflect part . or  whole problem solving- strategy
discriminated men'from women., Also; on only one ﬁesf did
the sexes differ in overall strategy employed .-and this
finding may well have been influenced by the small number
of people in the part subgroup. |

Hypothesis 6

For S tests, people using a part approach will score
significantly higher than peOpie,using a whole approach.
For Vz tests the reverse will be the case.

For each test a Sex x Strategy (part, whole,
part/whole) -ANOVA was performed (see Tables 6 to 10 for
the source tables and means).' In all cases, men scored
significantly higher than women (see Hypothesis 2 for a

more appropriate statistical test of these findings). of
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major concern for this hypothesis are the Stfétegy and Sex
X Strategy findiﬁgs.

For the Cards Test a signifitaﬁp effect for Strategy
was found (E (2,5T9) = 4.33, p < .05),‘althoughv post hoc
comparisons (Scheffe) indicated no significant diffefences
between, any two of - the subgroups; .On,the other SAtest
(Cubes) there was a significant Séx’x Strategy interaction
(F (2,518) = 4.07, p < .05). Although" post  hoc
comparisons revealed no within sex differences,:fhe male
part/whole subgroup scored higher than the female whole
and part/whole subgroups, and the male part'subgrbup did
not score higher than any feﬁale subgroup. In-considering
these résulfs it is important to.noﬁe the relatively few
people in the part subgroups (T9.men,.25 women) . |

For the Vz tests, there was a significant Strategy
effect for Papér Folding (F (2,521) = 3.53, p < .05) angd
significant Sex x Strategy (F (2,512) = 5.14, p < .01) and
Strategy (F (2,512) = 5.52, p < .015 effects for Surface‘
Development. For the Form Board Test the only significant
effect was Sex.

_ Post hoc comparisons for the  Vz tesf findings
indicated vthat, for Paper Folding, the part subgroup
scored lower than the part/whole subgroup. To be noted is
that the part subgroup consisted of only 25 people. The
Sex x Strategy . ‘interaction for Surface Development was
highlighted by the finding that the male whole subgroup

scored 1lower than the male part subgroup. There were no
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othef within sex. differences, and all malé _subgroupé
scored higher.thén,all'female'subgroups. |

Given the significant sex differences in performance
(see Hypothesis 2) the énalyses‘of major concern to this
hypothesis are . the Strategy and Sex x Strategy post hoc
comparisons. Thé only witﬁin'seX':cohparison to achieve
significance (Surface bevelopment) does.not:éupport‘the-
-hypéthésis siﬁce the méle whole éubgroup scored lowér than
the ﬁéle part subgroup. Further, the only post- hoc
comparison related to Straxégy which was significant
(Paper Folding) did not indicaté that the part and whole
‘subgroups differed. Thus, it seems that performance is
not tied to problem solving strategy in a consistent
‘manner.and the hypothesis.may be largelf rejected.

Hypothesis 7

For S tests, people using a part approach will find
the tests 1less difficult than people using a whole
approach., For Vz tests the reverse will be the case.

For each test a Sex x Strategy (part; whole,
part/whole) ANOVA was performed with .difficulty rating
serving as the dependent variable (see Tables 11 to 15 for
the source tables and means). Except for the Fbrm Board
Test women rated all tests as more difficult than did men.
Since sex differences related to difficulty were discussed
previously (Hypofhesis 3) based on a more appropriate
statistical procedure, they will not be discussed further

here.
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Two other effects also reached significance.-'On the
Paper Folding Test post hoc analyses ofvthe Strateg&.
effect (F (2,526) = 5.47; gv< .O1)'févealed that the part
subgrou§ rated the test as.more difficuif than each.of the
other 'th groups. Although there was a signifiéant Sex x
Strategy interaction for ,the, Surfaée Development Test
(E (2,512) = 4.69, p < .Oi), post hoc comparisons did not
reveal any within sex differences; All male subgroups
rated the test as less difficult than all female
subgrbups. |

Since' only one finding was in the hypothesized
direction (the Strategy effect for Paper Folding) this
hypothesis may be largely rejected.

Hypothesié 8

S tests will be rated as less difficult than Vz
tests. | .

This hypothesis was assessed’by pérforﬁing within sex
post .hoc comparisons on the various mean. difficulty
ratingé (see Hypothesis 3 fér a discuséion ofvthé repeated
measures design employed). For both men and women the
Paper Folding Test and the Cubes Test were the only two
tests which did not differ significantly in mean
difficulty rating. Women rated the tests, from easiest to
'most difficult, in the following order: Cards (S1), Paper
Folding (Vvz2), Cubes (S2), Surface Development (Vz3), Fbrm
Board (Vz1). Except that the order of Surface Development

and Form Board was reversed, men ordered the tests in the
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same way.

Support for this hypothesis is tenuouﬁ.f'Although;two‘
Vz tests were rated most difficult,(Suffacé Development
andIForm Board) thé.ofher Vz test (Paper Folding) did not
differ in rated difficulty from thébmore.difficult S test
(Cubes). |

Hypothesis 9

Principal component analysis bf the five spatial test
scores will yield a first principal component of smaller
variance for men than for women. |

The correlation matrices which were factored-are
presented in Table 16. To be noted 1is that, with - few
exceptions, the correlations among tests of the same type
_(i;e. within S and within Vz test correiafions) are higher
than the correlations between S and Vz tests. Even though
this is the case, however, the eigenvalue corresponding to
the second principal component was néver greater than
unity. The first principal component accounted for 52.5,
52.1, and 56.8% of the variance for-men, women, vand the
total éroup, respectively. The corresponding percentages
for the second principal component were 17.1, 16.3, and
15.1. Further, visual inspection ofv the matrices
presented in Table 16 reveals few differences in magnitude
in the correlations for men and women.

Regardless of the findings presented above and
ignoring the possibility of overfactoring when the second

component accounts for so 1little variance (see Harman,
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1976),‘two prihcipal compqnents'were extraéted and rotated
tb 'simple -structure  dsing-;a> Varimax rétation.; The .
obﬁained pattern matrices are presented in’ Table 17.
Interpretation of these matrices Qould ihdicate that the
Vz tests define Factor I and that the S tests define
Factor II. | |
. The analees:-for two factors are included for
illustrative purposes only; This is also true of the
analyses fof the total ' group because - the test for
inequality of the variénce/covariancé matrices  (see
Mbrrisoh, 1976) indicated that the data for men and women
should not, ideally, have.been "pooled ( 12(15) = 32.71,
FQ‘< .01). The likelihood that the two-factor solutions
représent an overfaétoring}of the‘data is suggested'by the
application of the three most commonly used tests for the
number of factoré to retain (see Hakstian, 1973). The
'Kaiser-Guttman rule' (eigenvalues greater than unity)
-suggestsi one factor for both men and women. The 'maximum
likelihood-ratio test' suggests two factors for  men
( kf(l) = .59, p = .44) and one factor for women
'('%1(5)_=10.08, p = ,07); Finally, the "Scree test’
(finding the Abreak in the curve of plotted eigenvalues)
indicates one factor for both men and women.
Thus, three of three tests for women and two of three
tests for men suégest one spatial factor. Due to the
author's belief thaf the data have probably been.

overfactored the two-factor findings will not be pursued
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further.

Hypothesis 10

For pairs of tests, as the';difference in rated
difficﬁlty increases the correlation bet&een the two will
decrease..

For ahy two given tests, the absolute value’of the
differénce in :éted diffiéulty‘ was -calculated for. each-
person. On the basis of the distribution of this vélue a
median split pfocedure was employed to yieid two groups; a
Qroup with a - ‘low" difference in difficulty “(the lowa
difference group), and a group with a 'high' difference in
‘difﬁiculty (the high difference group). This étrategy was
followed for men and women separately, and also for the
group as a whole. The values - used to defiﬁe thé two
groups wére the same for the male,vfémale,-and total
groups with two exceptions (see Table 18 for »the values
used).

Following the creation of the low and high difference
groups‘ the correlation between the fwo tests involved was
computed for each group. For clarification of the
procedure employed, two tests will be chosen (Paper
Folding and Surface Development).

For each person in the total group the difficulty
rating of Paper Folding was subtracted from the difficulty
rating of Surface Development. The absolute value of this
differénce was taken and a frequency distribution of, in

this case, 537 values was obtained. Inspection of this
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distribuﬁion. revealed that 268 people had absolute values
- of two or less while 269 people had absolute 'values ‘of
three or more. Since it was desired to create.two groups
of approximately equal size; those people with values of
two 6r less defined‘the low difference group, and beople
with values greater than two comprised the high difference
group. FolloWing_vthis, the cofrélatiop ‘between Paper
Folding and Surface De&elopment was computed for both the-
low and high difference groups. This procedure was
-followed for each pair.of tests (i.e. fO pairs for five
tests). |

The correlations for ,the..high and 1low difference
groups were compared by first wusing Fisher's r to 2
transformation. These correlations, along Qith the number
of people entering into their éomputation,- are presented
in.Table 18.

For the total sample five of the 10 comparisons were
significant (p < .05, one-tailed) in that the - low
difference group exhibited a higher correlation between’™
the two tests than the high difference group. For men,
six of the 10 comparisons were significant and for women
three of the comparisons were significant.

To address the possibility that these results may, in
some way, be artifactual due to a truncation of range or
lessened variability, the wvariances of the low and high
difference groups were compared on the tests involved. On

those comparisons for which a significant difference 1in
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‘ correlations was found, the foilowing_ differences in -
variability wére‘ noted; on the 'Pape; | Foldihg/Cards
comparison the -low difficulty group was‘more variable on
Paper Folding (F (252,284) = 1.34, p < .01); on the Paper
Folding/Surface Development comparison therlow.difficulty
female group was more variable on Surféce Development
(F (115,163) = | 1.36, p < .05); “. on the Surface
'Development/Cubes comparison the low difficulty male group
was more variable on Cubes (F (160,104) = 1.36, p < .05).

| Thus, there seems to be some support for  the
hypothesis that perceived differences in difficulty are
related to the correlations between tests. The effect,
however, seems to be ‘much stronger for men (six of 10)

than for women .(three of 10).

Discussion

In general, the major purpose of this study was vté
clarify the distinction between two subfactors of spatial
ability in terms of problem solving straﬁegy and perceived
difficulty of the tests involved. Seéondarily, spatial .
tests were the vehicle used to test some theoretical
notions that differences in perceived difficulty between
two tests would affect the correlation between these same
tests.

It was found that two subfactors (i.e. Spatial
Orientation and Visualization) did not manifest themselves

in this study. This was the case for both men and women:
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a result which runs contrary to the findings of Barratt
(1955) and Very (1967) that men would exhibit more than
one spatial factor while women would exhibit only'oné.

Referenced previously was the idea that, depending on
the problem solving.stfategy employed,-artest» could move
- from one factor to the other. Since two factors were not
fdund, this"hypothesis ~could -not. be tested.. It wa§
possible, however, to test whether or - not a group of
people who used the séme strategy on each‘ of two tests
would exhibit a higher correlation between thesé two teéts
than a group which used different strategies on the two
tests. Of interest ih this regard was the finding that
peopie who use,,different strategies fbr different tasks
have "succeeded in developing some specialization of their
abilities”™ (French, 1965; p.»22). This, .again,v was not
borne out by the data. Of the 30 éompariséns (10 for each
of men, women, and - the total group) not one was.
significant.

Further, the idea that use of part problem solving.
strategies on S tests and whole problem solving strategies
on Vz tests would enhance performance (Barratt, 1953;
‘Michael et al., 1950) received no support. Even though
the distinction between S and Vz is lost for the purposes
of this study, the formation of subéroups on the basis of
problem solving strategy (i.e. part, whole, part/whole)
was not helpful 1in determining who would score in a

predicted direction on any tests.
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Add to this the findings which largely rejécted the
hypotheses that perceived difficulty would be tied td
'problém ,solving' strategy and that the sexes would differ
in the strategies employed, one is Cleft wondering what
problem solving strategy has to do with any of the
variables mentioned thus far. Of pafticular importance in
this regard is the fact that'so many ‘investigatorév'have
documented a relationship'betweenvproblem‘solving strategy
and one or more of these variables.

One possibility which must be addressed in an attempt
to vexpiain these nonsignificant results 1is that the
participants did not ;espond seriously to this aspect Qf
 the study. There are a number of findings, however, which
mitigate against such a COnclusion.‘ For instance, on all
tests women indicated that they guessed more. When this
is considered 1in cbnjunction with the finding that men
scored higher than women on all tests, it 1is not
surprising. Also, although the relationship‘-is not
. perfect, both men and women indicated that they guessed
more on the tests they perceived to be more difficult.
‘Further, there was an indication  that people responded
'"TRUE' to 'I didn't wuse any particular strategy' more
often for the more difficult tests. This 1is also not
surprising if one assumes that a person who has difficulty
in solving a particular item will bring a variety of
problem solving strategies to bear on that item. Thus,

the evidence 1s not consistent with the idea that
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respondents did not take these items seriously.

| One problem, however, 1s that most participants
tended. to answer in the same direcﬁion on a number of
statements designed to tap part ve:sus "whole problem
solving strategy.  On two of these (one from Paper
Fdlding, one from Cubes) over 80% of the respondents
‘answered 'TRUE' while on' four (one each from Cards éﬁd'
Surface Development, two from Cubes) over B80% answered
'FALSE'. With the ex;eption of Surface Development, these
réSponse»pat£erﬁs led to very few people being inciuded iﬁ
the part subgroups (i.e. never more than 10%) as compared
to the whole and part/whole subgroups. This, then,
-resulted in a 1loss of power to detect differencés amdng
groups (Hays, 1973).

.One other major concern with the assessmentv‘of"
problem solving strategy is the introspective nature of
the task. For 1instance, response to the strategy
statements may require a person to vefbalize some higher
order cognitive processes and it has been suggested that
people have 1little or no introspective access to these
processes (Nisbett & Wilson, 1977). - Thus, it has been
proposed that when peopie actually do attémpt to report on’
cognitive processes they may, in fact, base their reports
on the extent to which a stimulus (i.e. a strategy
statement) 1is a plausible explanation for some behaviour
(i.e. solving a.spatial item). An example of this may be

afforded by the strategy statements for the Cubes test.
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Although a significant portion'df French's (1965) sample
agreed to having wused either geometrical terms, or .
rbtéting ﬁhe cube on separate axes, or both, only 6.8% of
the present sample 1indicated that they 'had an X and Y
axis in mind when éolving the itemsﬁ. On the other hand,
- 89.5% indicated agreement with Strategy 1 (i.e. comparing -
symbols). | | |

It has alsq been suggested that introspective reports
are, to some extent, based on | social desirability
(Di Vesta, Ingersoll, & SunSﬁine, '1971). Thus, for
instange, if people believe that -sblving items in one
fashion 1s more valued than solving them in séme other
fashion, their responses-might not be indicative of the
strategies -they actually employed.. _

Thus, the;prbposals of both Nisbett and Wilson (1977)
and Di Vesta et al. (1971) may reiate’to why sé many
people responded in the same way on many of the  problem
solving statements included in this study. . Since there is
no way to test either of these aséertions, however, it
must be concluded that the failure of problem solving
strategy to relate to other variables in this study cannot
be readily explained. Therefore, in what follows, problem
solving strategy will not be discussed further. It is
suggested, however, that if one wishes to pursue this
‘matter it would -be preferable not to supply participants
with problem solving strategies in order to, if nothing

else, avoid the problem of experimenter induced social
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desirability bf'response (Barratt, 1953).

Aé concerns sei‘differences, ﬁhe similarities were
more striking than the differénces. Although men scored
higher than women on all tests (not.just Vz as predicted),
large differences ihvthe correlations between tests did
not . manifest .themselves; For 'instance, the largest
discrepancy in the test scofe matrices was = .14.
Similarly, the largest sex difference for correlations’
between test difficulty and test séore was .18, Also, .
with  the exception of one ;revérsal. on the two most
difficult tests, the sexesvrank ordered the tests on the
~basis of difficulty in the same way. Finally, even though
men scored highe; tﬁan women on‘all tests, women and.men
did not differ significantly on thevdifficulty rating of
three of the tests. | |

The last point, then, leads one to a discussion of
the difficulty index. Why, it may be asked, does
difficulty rating correlate substantially with test
performance (for the total group as well as for the sexes
separately) when it does not necéssarily differentiate the
sexes? Although the answer is by no means obvious, one
explanation may be that any one individual considers the
difficulty of the tests as a group before rating any one
test individually. This might result 1in what could be
seen as a rank ordering of the tests. If, for instance, a
person considers that the tests as a group are'moderately

easy/difficult, each test may be compared to this
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difficulty 1index before being rated.: The actﬁa1 écaleﬁ
pbiﬁt of the difficulty rating maj'ndt be of the utmosﬁi
impdrtance,. bu£i rather' the numerical rating of one test
compared to another. This, then, leads one to conclude
~that the difficulty of a test (as measured in this study)
is a relativé matter and‘will'be influenced by other tests
included for study. Thué, fbr example, 'the- average
difficulty rating-df the Cards tests might change from 4.0
in a _study éompnised solely of spatial tests to 7.0‘in a
-study comprised of trivial arithmetic and verbal tests.

_If this is the cése then it is an empirical matter to
determine whether difficulty ;ating correlates with
performance Qheﬁ'tests of different abilities'a;e included
in the same study.” |

Also 1in relation to’perceived difficulty, the factor
analytic reéults of this study do not support the findings
of Guilford (1941) that the first factor had loadings
whiéh were 1inversely prdportional to difficulty indices.
A possible explanation is that, in this study, contrary to’
the studies of Guilford (1941) and Ferguson (1941),
different people perceived different tests to be more or
less difficult. For instance, 45% of the men perceived
Cubes to be more difficult than Paper Folding while 38%
perceived Paper Folding to be more difficult than Cubes.
The results were similar for women. Thus, there seem to
be large individual differences in how difficult one test

1s perceived to be in relation to another. Further
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support fdr this contention is supplied by .an ahalysis. of
the correlations between the difficulty ratings of the
various tests. The largest’cOrrelatiohs in these matrices
were, for men and women, respectively, .30 and .22. Thus,
while it may be a simple matter to say that it is more
difficult_ to detect freqguency differenﬁes-of:.s_cycles
than 30 cycles, it is quite another matter to Say thatv.S
tests, for instance, are less difficult tﬁan Vz tests
(Ekstrom et al., 1976; Michael et al., 1950). It is
probably for. this reason that the sorrelétion matrices-
~among difficulty ratings were not similar to ”the
correlation»matrices.among test scores.

That difficulty is, indeed, an important variable is
“attested to by the findings that the correlation :between
two tests can be affected by how discrepant the difficulty
ratings of these two tests are. The findings related to
these correlational differences only used information
about  the difficulty of one test relative to the other.
That is, no consideration was given to how difficult the
two tests actually were.

To be'nofed, again, is that this study involved tests
of only one general ébility. Thus, 1t <can only be
suggested that this same research strategy be applied to
studies involving two, and pqssibly more, distinct
abilities. It may well bé the case that the individual
differénces in perceived relative difficulty would, in

such a study, be lessened. It would then be a simple
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matter  to éompare the correlations among diffiéulty
ratings_to the test score correlation. matriées.' It 1is
hypothesized thét,v with tests from different domains,
these matrices woﬁld be much more similaf than the ones in
the preseht study. This 1is, of course, based on the
finding that as the difference in pérceived difficulﬁy of
two tests increases, the correlation between fhe ‘two may
decrease. It 1is possible that a study of this nature
would explain, or clarify, why a-difficult vocabulary test
can load on a spatial factor'(FreQCh, 1951). Perhaps the
structure of‘ intellect 1is inextricablf tied to the
structure of test difficulty.' |

It - may be concluded that subjéctive difficulty
rétings are valuable in that they provide an operational
definition~for the difficulty of speeded tests. This 1is
evidenced ' by the findihg that test difficulty correlates,
at times substantially, with total test score. It would
be interesting to know if this finding generalizes to
tests of other ébility domains (e.g.‘reasoning, numefical)
and if it makes any difference whether all tests measure
the same ability.

The  findings related to problem solving are
unfortunate; not because of their 1insignificance, but
because the reason for their insignificance is not clear.
Although it seems that difficulty is not related to how
spatial items are solved, it may be that the measures used

in this study were not sensitive enough to point out any
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relationehip which-may.exist._

Finally, fhe'reiationship between sex diffefences ihv
 performance énd sex differences: in difficulty- are
enlightening. &Although men scored higher on all tests,
sex .differences in difficulty ratings were found on only
two of the tests. It would be interesﬁihg to know the
pattern- of difficulty ratings from a study which included
tests of two- abilities; 'one in which :womenv ’excel
(e.g. verbal) and one in which men excel (e.g. spetial).

_The ﬁse of subjective  test difficulty ratingsvaé
difficulty indices‘ for speeded tests is = strongly
recommended. The ratings are both easy to_obtaih and seem
to be valid measures.. Since they: have‘.not, eo the
.aufhor‘s knowledge, been used previously‘ their .potential

is unknown.
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Table 1

Means and Standard Deviations for Spatial Test Scores

and Difficulty Ratings

Total Group

" Test Score Difficulty Rating

Form Board - '
Mean 54 .59 - . 6.48

Standard Deviation : 19.56 : 1.71
Number of People ‘ 537 : 537
Paper Folding S
Mean : 6.19 4.50
Standard Deviation 2.46 S 1.81
Number of People ' . 537 . 537
Surface Development A
Mean ' 17012 ' 6.42
Standard Deviation 8.45 S . 2.18
Number of People - 537 537
Card Rotations , |
Mean 50.89 3.38
Standard Deviation “16.79 1.86
Number of People - 537 : 536
Cube Comparisons | v

" Mean - 7.8% 4.79
Standard Deviation 5.10 1.75

Number of People 537 - 534



Table 1 continued

. Men

Test Score Difficulty Rating

Form Board C
Mean o . 60.46 6.52

Standard Deviation 19,37 ~ 1.68

Number of People S 266 . 266 .
Papér Folding : o .

‘Mean - 6.88 ‘ - 4.26

Standard Deviation 2.24 1.81

Number of People , v 266 . . 266
Surface Development , ,

Mean 20.71 , 5.49

Standard Deviation 7.67 2.17

Number of People N 266 266

Card Rotations ,

Mean : 55.50 - 3.17

Standard Deviation - 15,48 o 1.84°
Number of People : 266 265

Cube Comparisons . '

‘Mean - 9.33 4,42

Standard Deviation 5.13 1.70

Number of People 266 264



Table 1 continued

wWomen

Test Score Difficulty Rating

Form Board . ”
Mean : 48.60 © 6.44

Standard Deviation 17.88 1.75
“Number - of People v 268 , 268
Paper Folding _ o

Mean ’ 5.50 4.74
Standard: Deviation 2.48 o 1.79
Number of People : - 268 N 268
Surface Developmént :

Mean 13.56 7.37
Standard Deviation 7.68 : 1.75
Number of People 268 268
Card Rotations _ :
Mean 46.19 ' 3.60
Standard Deviation 16.73 1.86
Number of People 268 , 268
‘Cube Comparisons : : :

Mean - 6.26 ' 5.15
‘Standard Deviation 4.59 1.74

Number of People X 268 ’ 268



Correlations between Difficulty.

and Spatial Test Scores'

Table 2

Total Group

Difficulty Rating

Vzi

vzt -.23

vz2 .05

Tést Score Vz3 .15
Si .10

S2 .13

Numbef? , 537

vVz2.

.22
.52
.28

12

.08

537

vz3-

.37
.40
.68
.30
.30

537

St

.08

L1

<11

.45

.15

536

62

Ratings

S2

.09

534



vz1

Vz2

Test Score"Vz3,

St
S2

Number

Table 2 continued

Men

Difficulty Rating

Vz 1

-.34

-.01

.15
.05
L12

266

vz?2

-.23

-.53
-.24
-.13

.00

266

_Vz3 S
.28 -.12-
.55 -.09
.59 ~.10
17 —.4Q
.20_--.16.

266 - 265

S2

.07

.07

-.24

264



Table 2 contihued

Women

- Difficulty Rating
Vz1 V22 vz3 s1 - S2
V'z1.“—.16> -.16 -.29 ..}02 .01
vz2 .09 - .19 ?;315 -.07 -1

Test Score Vz3 .16 . -.27 -.64 -.03 -.06

ST .12 -.06 -.25 -.49 ~-.16

S2 .14 -.09 -.18 -.09 " -.22

Number 268 268 268 268 268
' Vz1 = Form Board

Vz2 = Paper Folding _

Vz3 = Surface Development

St = Card Rotations

S2 = Cube Comparisons

The correlations in each columnAare'all based on the
same number of people.



Ta

ble 3

Sex by Test Repeated Measures Analysis of Variance

on Difficulty Ratings

Source daf

Sex (S) , o

- Error between 519
Test (T) 4
S x' T 4

Error within 2116

3

9

MS
05.02

4.91
38.32
70.27

2.87

F

62.07%%%

327.17%%%

24.50%%*

" Means and Number of People

Form Board

Paper Folaing
Surface Development
Card Rotaﬁions
Cube;Comparisoﬁs

Number of People

x¥%* p < 001

women

6.44
4.74
7.37
3.60

268

65



Table 4

Frequency of Answers to Problem Solving Statements

Total Group Men = Women

True False True False True False

"Form Board

3000 229 138 122 161 105

Strategy 1 ,
Strategy 2 346 184 . 177 84 168 - 98~
Strategy 3 226 301 99 161 127 138
Strategy 4 276 249 127 132 o147 116
~ Strategy 5 104 425 38 223 . 64 201
Strategy 6 51 479 28 233 21 245
Paper Folding
Strategy 1 434 103 206 60 227 41
Strategy 2 116 418 57 208 56 210 -
Strategy 3 123 .40 65 201 56 209
Strategy 4 156 374 86 174 - 70 197
Strategy 5 87 443 27 234 59. 207
Strategy 6 ' 34 495 18 244 15 249
Surface Development ,
Strategy 1 155 381 77 189 77 190
Strategy 2 339 197 169 87 167 100
Strategy 3 68 464 238 235 37 228
Strateqgy 4 307 224 155 110 149 114
Strategy 5 135 401 42 223 - 92 176
Strategy 6 46 490 14 251 32 236
Card Rotations v :
Strategy 1 70 462 40 224 30 235
Strategy 2 364 169 166 - 99 1895 70
Strategy 3 237 296 113 152 122 143
Strategy 4 344 184 - 171 9S4 170 S0
Strategy 5 49 484 11 254 37 228
Strategy 6 17 517 ' 7 258 10 256
Cube Comparisons A
Strategy 1 478 56 233 30 242 26
Strategy 2 205 326 107 155 96 170
Strategy 3 36 496 24 238 12 255
Strategy 4 28 504 13 249 15 252
Strategy 5 91 441 25 237 65 202
Strategy 6 35 496 14 248 21 245



" Tests'

Vz1/Vz2 -

vz1/Vz3
Vz1/81
vVz1/S2
vz2/Vz3
Vz2/S1
Vz2/$2
Vz3/S1
Vz3/S82

S1/82

Correlation between Test Scores for People
who use the 'Same' and 'Different’

- Problem Solving Strategies

Table 5

Total Group

67

Same Strategy Different Strategy z—.value2
n’ rt n L

115 .46 . 45 .63 -1.34
86 .39 60 .56 -1.29
73 .42 49 .26 .96
121 .38 43 .42 -.26
133 .57 82 .68 -1.22
123 .42 44 .30 .76
227 .38 43 .30 .58
81 .50 62 .48 15
134 .42 78 .38 .30
118 .43 59 . .58 -1.23
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Table 5 continued

Men
Tests .Same Strategy Different Strategy z-value
'n r  n r
Vz1/Vz2 63 .52 BT R Z1.22)
vz1/vz3 43 .35 29 - .30 19
Vz1/S1 FTEY 23 .28 .51
vz1/S2 57 .29 18 .37 -.29
Vz2/V23 70 52 39 .62 -.76
vz2/51 70 .7 26 - .32 .70
vz2/S2 100 .26 22 .30 - -.19
vz3/s1 50 .43 29 .36 .34
vz3/S2 61 .37 35 34 .16

S1/52 66 .46 27 .55 .51



Table 5 continued

Women
Tests Same Straﬁegy Different Strategy z-value-
n L et r
Vz1/Vz2 52 .35 - 24 .40 - -.19
Vz1/Vz3 43 .38 30 51 .66
vz1i/st 32 - .32 26 .08 .90
vz1/52 64 .37 25 .46 -.43
Vz2/Vz3 63 .56 43 .29 1.62
Vz2/S1 53 .30 20 .21 o .36
V22/52 127 43 20 .06 1.58
Vz3/S1 31 L4 33 .40 .19
Vz3/S2 73 At 43 22 . 1.07
S1/52 52 .30 32 .49 .~ -.95
' Vvz1 = Form Board
Vz2 = Paper Folding
Vz3 = Surface Development
S1 = Card Rotations
. S2 = Cube Comparisons
? z-value for the comparison of the correlations for
.the same and different strategy groups.

The number of people.

The correlation between the two testsbinvolved.



Table 6

Sex by Strategy Analeis

of Variance for

‘Total Score on the Card Rotations Test

"Source af MS

Sex (Se) - 1 1.1832.42
Strategy (st) ';2 1082.26
Se x St S 2 ' 188.30

Error 519 _ 249.77

E
47.37%%*%
4.33

.75

Means and Number of People

Whole Part Part/Whole
Men 52.47 ' 58,60 57.27 -
¥ (87) (25) (141)
Women 43,96 43.92 47.99
(170)

(67) (25)

70



Table 7

Sex by Strategy Analysis of Variance for

Total Score on the.Cube Comparisons Test

Source daf MS - F
Sex (Se) 1 1179.08  50.57%*%
Strategy (St) 2 24.06 ~1.03
Se x St 2 94,92 4.07%
Errbr 518 23.32
Means and Number of People

Whole Part Part/Whole -
Men . 8.68 : 8.89 10.57

(151) (19) ' (88)
Women 6.56 ' 5.86 5.80

(170) (21) (75)
* p < .05
¥** p < .01
*x% 5 < 001

71
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Table 8

Sex by Strategy Analysis of Variance for

‘Total Score on the Paper Folding Test

Source | §£ ' MS . F

Sex (se) R 252.52 45.92%%%
Strategy (St) 2 19.39 3.53%
Se x St 2 3.58 .65

Error : 521 ' 5.49

Means and Number of People

Whole ' Part Part/Whole
Men 6.90 5.32 7.17
. (164) (1a) (85)
Women  5.54 4.89 5.59
(177) (11) (76)
p < .05
** p < .01
**x% p < ,001



Table S

Sex by Strategy Analysis

of Variance for

Total Score on the Surface Development Test

Source af MS

Sex (Se) o 6553.63
Strategy (St) 2 308.56
Se x St | 2 287.12
Error 512 ‘ - 55.91

F
117 .22%%%
5.52%%

5.14%%

Means and Number of People

Whole ‘ Part Part/Whole-
Men 18.54 24.48 21.28
‘ (95) (49) (117)
Women 13.60 13.52 14.11
(84) (49) (124)

*k .
* % %k

.001

looo -
AAA
o

73



Table 10

Sex by Strategy Analysis of Variance for

Total Score on the Form Board Test

MS F
18241.85  52.20%**
g2t .26

86.54 .25_

349.44

Means and Number of People

Source , af
Sex (Se) - 1
‘Strategy (St) -2
Se x St 2
Error :513
Whole
Men 60.81
(85)
Women 47,31
(74)
* p < .05
* % < .01
* % % E
p < .00

Part . Part/whoie
57.78 60.66

(18) (151)
48.04 49.26

(26) - (165)

74
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Table 11

Sex by Strategy Analysis of Variance for

Difficulty Rating of the Form Board Test

Source at MS

MS _ F
Sex (Se) . _(.50 17
Stfategy (st) 2 .94 .32
Se x St 2 o6 .02
Error _513 2.9

Means and Number of ' People

Whole Part Part/Whole

Men . 6.52 6.33 6.56
S - (85) (18) ~ (151)
Women - 6.50 6.27 6.48
(74) (26) (165)
* p< .05
** p < .01
*%% p < 001
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‘Table 12 -

- Sex by Strategy Analysis of Variance for

Difficulty’Rating of the Papéf-Folding Test

Source “ | §£ . MS | F

Sex (Se) 1 34.82 1. 08%%
Strategy ‘(St). _ 2 | 17'.19 5.47%%
Se x St 2 4.73 1.50
Error . | _ 521 ,' 3.14

Means and Number of People

Whole | Part Part/Whole
Men 4.12 . 5.86 2.22
: (164) {14) (85)
Women 4.66 5.18 4.87
(177) (11) (76)



Table 13

Sex by Strategy Analysis of Variance for

Difficulty Rating of the Surface Development Test

Source | af . MS - o F

sex (se) | 1 458,13 120.02%%%
~Strategy (St) 2 1.93 .51

Se x st 2 17.91 4.69%*

Error - 512 3.82 |

Means and Number of People

Whole . part Part/whole"
Men 5.78 4.80 . 5.44
— (95) (49) (117)
Women 7.13 . 7.65 : 7.31

(84) (49) (124)



Difficulty Rating of the Card Rotations Test

- Table 14

‘Sex by Strategy Analysis of Variance for

at MS

Source MS g'
Sex (se) 1 20.30 6.05%
Strategy (St) 2 - .85 .25
Se x St 2 .97 .28
Error 518 3.36
Means and Number of People
Whole Part - Part/whole_
Men 3.24 3.08 - 3.11
(87) (25) (140)
Women 3.55 3.84 3.49
(67) (25) (170)
* p < .05
* % < .01
* % % E
p < .001
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‘Table 15

Sex by Strategy Analysis of Variance for

Difficulty Rating of the Cube Comparisons Test

Source : - df . MS o F

Sex (Se) . - 78.05 . 27.14%%x
Strategy (st) 2 2.20. .77

Se x St : 2 8.17 2.84

Error 516 2.88

Means and Number of People

Wholev Part Part/Whole
 Men 4.44 4.42 4.25
(149) (19) = (88)
~ Women - 4.94 5.29 5.53
(170) - (21) (75) .
* p < .05
** p < .01
**x% p < ,001 B



. Correlations between Spatial Test

vz 1
vz?2
Vz3
.S1

S2

1

Table

)

Total Group (n = 537)
vz1 Vz2 vz3 - - S1
.00 .52 .52. .39

1.00 .59 .41
.48

.00

Scores'

52
.36

.36



Table 16_continued

Men (n = 266)'

vz vz2 Vvz3
1.00 .51 .39
| 1.00 .53

1.00



Vzi
Vz2
vz3
S1.

S2

Table 16 continued

Women (n

= 268)

Vz1  Vz2 Vz3  Si

Vzi . 1.00 44 .53 = .31

a2 1.00 .55 .36

V23, 1.00 .43

S1 1.00
52

Form Board

Paper Folding

Surface Development

Card Rotations
Cube Comparisons

82

S2

.26

.34

.36
.38
.00



Table

17

Unrotated and Rotated'Component Pattern Matrices

Tests'
vVz1
vz2
vz3
S1
S2
1.
2.
3.
4.
5.

Total Group (n = 537)

Unrotated _
Factor I' Factor iI
.74 -.38
.77 -.38
.82 . -.12
72 a2
.70 .53

Rotated
1 Facﬁor I. Factor II
.81 ' .19
.83 ' .20
.71 .44
.29 .78
.19 .86

Eigenvalues and Percentage of Variance

2.84 56.8%

.75 15.1%

.52 10. 4%
.49 . 9.9%

.39 7.9%



Tests

Vzi

vz2

vz3
st

'S2

Table 17 continued

Men (n = 266) .
Unrotated Rotated
‘Factor 1 Factor II- ~Factor 1  Factor II
.71 -.36 .77 g
.74 -.48 .88 13
.77 -.07 .63 .46
.71 L4 .26 .78
.68 - .56 14 .87

Eigenvalues and Percentage of Variance

2.63
.85
61
.53

.39



_'Table 17 continued

= 268)

85 .

Rotated

I Factor I1

Women (n
Unrotated

Tests ~ Factor I  Factor II factor
vz 1 ‘ BN A . T.46 .85
vaz .76 -.20 .73
vz3 . .82 . -.20 .77
S . .68 .40 .29
s2 .62 .60 .13

.06
.30
.34
.73

.86

Eigenvalues and Percentage of Variance

1. 2,60  52.1%

2. .82 16.3%
3. .62 12.4%
4, .54 10.9%
5, .42 B8.4%
' Vz1 = Form Board
Vz2 = Paper Folding
Vz3 = Surface Development
S1 = Card Rotations
§2 = Cube Comparisons
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Table 18

Correlation between Test Scores for People
with High and Low Differences in

Difficulty Ratings

Total Group

Tests'! Value? Low Difference 'High Difference z-value?

n* n r

vz1/Vz2 2 - 290 .58 ~ 247 .48  1.55
Vz1/Vz3 1 236 .58 301 .48 1.60
Vz1/§1 3 299 .49 237 .39 1.45
Vz1/82 2311 .37 224 .42 - .67
vZ2/Vz3 2 | 268 .68 269 .53 2.82%%
vz2/s1 1 252 .53 284 .35 2.61%%
Vz2/S82 1 269 .51 266 .22 3.89%**
vz3/S1 3 284 .66 252 Y 4.00%*x
Vz3/52v‘ 2 287 .54 248 .41 1.97%

S1/82 1 233 © .48 30 . .50 - -.30



‘Table 18 continued

Men

87

Tests Value Low Difference‘ High Difference z-value
| n 1 r |
Vzi/Vz2 @ 2 139 .57 127 .50 .78
vz1/vz3 1 114 .48 152 .31 1.60
vz1/81 3 141 .49 124 .32 1.72%
Vz1/S2 2 144 .38 120 .38 -.03
--Vz2/Vz3 2 152 .62 114 .44 1.99%*
vz2/S1 1 126 .51 139 .26 2.37%%
vz2/s2 1 122 .54 142 .03 4.56%%*
vz3/s1 2 125 .58 140 35 2.36%
Vz3/52 2 160 .55 104 .31 2.32%
S1/S2 1 124 .51 139 .47 .39



Table 18 continued

Women

88

~ Tests Value Low Difference High Difference z-value

n r n r

vz1/Vz2 2 . 150 .52 118 .36  1.56
vzi/Vz3 1. . 121 .60 147 . .50 - 1.11
Vz1/S1 2 117 .43 151 .30 - 1.14
Vz1/S2 2 166 .25 102 .32 - .65
vVz2/Vz3 2 115 .67 153 .50 2.16%
Vz2/S1 1 124 .53 144 .27 2.53%%*
vz2/82 1 146 .41 122 . .29 1.10 -
vz3/s1. 3 115 .64 . 153 JA4 0 2.21%
vz3/82 2 124 41 144 .35 .58
S1/S2 1 108 Sk 160 .44 -1.19
' Vz1 = Form Board

Vz2 = Paper Folding

Vz3 = Surface Development

S1 = Card Rotations

S2 = Cube Comparisons

This value was used to define the low and high
difference groups. For any pair of tests, if
the absolute value of the difference in
difficulty rating of the two tests was less
than or equal to this value a person would

be in the low difference group.

z-value for the comparison of the correlations for
the low and high difference groups.

* p < .05, one tailed

** p < .01, one tailed

*** p < ,001, one tailed

The number of people.

The correlation between the two tests involved.



Appendix ‘A

Description of Spatial Tests
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Card Rotations Test (S1)

-“Suggested by .Thursténe{s' Cards. Each iteﬁ gives a
drawing of a card cut into an irregular sﬁape. To :its
right are....(eight)....other drawings of the same card,
sometimes merely rotated and sometimes turned over to its
othér~side. The subject indicates Qheﬁher o:‘ﬁot the card
has béen turned over" (Ekstrom et'ai.; 1976, p. 150) . |

Length: 3 minutes for 10 items (80 possible answers).

Cube'Comparisons Test (S2)

"Suggested by 'Thurstone;s EHQEE- Each item presents
two’drawings of a cube. Assuming no cube can -héve two
faces aliké,v the subject is to indicaté ‘'which items
present drawings that can be of the same cube and which.
present drawings thaﬁ cannot be of the samé éube" fEkstrém"
et ai., 1976, p. 150).

Length: 3 minutes for 21 items.

Form Board Test (Vz1)

"Each item presents 5 shaded.drawings of pieces, some
or all of which can be put together to .form a figure
presented in outline form.» The task is to indicate which
of the pieces, when fitted togéther, would form the
outline" (Ekstrom et al., 1976, p. 174).

Length: 8 minutes for 24 items (120 possible

answers) .
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Paper Folding Test (Vz2)

"Suggested by - Thurstone's Punched Holes. For each

item successive. drawings illustrate two or three folds

made in a squaré-sheet'of paper. The final drawing of the

- folded paper shows where a hole is punched in it. The

subject selects onerf_S drawings to show. how thé punched
sheet would appear when fully reopened” (Ekstrom et él;,
1976, p. 17_6). |

?Length: 3 minutes for 10 items.

Surface Development Test (Vz3)

"Suggested by Thurstone's test of the same néme. In
this test, drawings are presented of solid forms rthat
vcouid‘ be made with paper or sheet. metal. With each
.drawing there is a diagram showing how a piece .of paper.
might be"cut and :folded so as to make’the solid form.
Dottea lines show where the pabef.is folded. One part of
the diagram is marked to correspond to a marked surface in
the drawing. The subject is to indicate which lettered
edges in the drawing correspond to numbered edges' or
dotted 1lines 1in the diagram"™ (Ekstrom et al., 1976,
p. 174).

Length: 5 minutes for 6 items (30 possible answers).



Appendik B

Difficulty Rating Questionnaire
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On the following page use the scale presented below to indicate
how difficult you found each of the tests you just completed.
For instance, if you found a test to be very easy, circle 1.

1f you found it to be very difficult, circle 3. 1If you found it to be

moderately easy/difficult, circle 5.

Circle the number on the scale which reflects how difficult you

found the test.,

1 2 3 4 5 6 7 8 9
very moderately very

easy easy/difficult difficult



D
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1 2 3 5 6 7 9
very moderately very
easy easy/difficult difficult
~ V=4 Y
1 2 3 4 5 6 7 9
very moderately very
easy easy/difficult difficult
£ A
o [
R n
1 2 3 4 5 6 7 9
very moderately very
- easy easy/difficult difficult
1 2 3 4 5 6 7 9
very moderately very
easy easy/difficult difficult
1 2 3 4 5 6 7 9
very wmoderately very
easy easy/difficult difficult



Appendix C

Strategy Questionnaire
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Listed on the following pages are a number of questions related to
how you solved the items in the tests you just completed.

At the top of each page a number of the items from each test are
reproduced., With these in mind think back to when you were working on

the test in question.

Then, keep in mind how you genmerally solved the items and circle
TRUE for those statements which describe how you solved the problems

and FALSE for those statements which do not.
NOTE: Do not respond on the basis of how you solved one or two of the items.

RESPOND ON THE BASIS OF HOW YOU SOLVED THE ITEMS IN GENERAL.
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1 mentally folded the paper, punched a hole, and then
mentally unfolded it and compared it to the possible

answers,

I noted where one or two of the holes would be and
then tried to find an answer that had these one or
two holes in the same place (i.e., I didn't actually
fold and unfold the paper).

I tried to determine through how many thicknesses
of paper the hole would have to go and then picked
one of the answers that had that many holes (i.e.

I didn't actually unfold the paper with the holes).

I worked backwards; I looked at the drawing with the
hole and then unfolded it mentally (i.e. I didn't
actually fold the paper up to begin with).

I guessed when I wasn't sure.

I didn't use any particular strategy.

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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A & >
I mentally picked up one of the cubes and rotated it to
line it up with a certain symbol on the other ome and
then checked whether or not the other symbols were in
the right place. TRUE FALSE
Without mentally picking up the cube, I determined if
any two of the symbols on both cubes bore the same
relation to one another. TRUE  FALSE
I had an X and Y axis in mind when solving the items. TRUE  FALSE
I pictured myself as walking around the cubes. TRUE  FALSE
I guessed when I wasn't sure. TRUE  FALSE
I didn't use any particular strategy. TRUE  FALSE
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I mentally folded up the figure and mentally placed
it on top of the figure already folded up.

I mentally folded up the figure and then, without
necessarily placing it on top of the figure already folded

up, I tried to match the letters and numbers.

I tried to match the numbers and letters up without

ever doing any mental folding.

I chose a number I wanted to find a letter for and
then mentally folded only those parts of the figure
that had to do with that number.

1 guessed when I wasn't sure,

I didn't use any particular strategy.

'

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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I noted that some of the figures looked like letters of the
alphabet or familiar objects and solved them with this
in mind.

I noted some distinct aspect of the figure (eg. bottom part
or top left corner) and solved the figures with this

feature in mind.

I mentally rotated a figure and mentally placed it on top

of the other figures to see if they were the same.

t

I mentally rotated one of the figures and then, without
necessarily placing one figure on top of the other,
compared the two.

I guessed when I wasn't sure.

I didn't use any particular strategy.

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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100 =

1 mentally .placed one item after the other imto the
figure until it was full.

I kept the large figure in mind and tried to arrange
the smaller pieces to fit it.

1 used a pencil to draw the large figure out of

the smaller omnes.

I used trial and error.

1 guessed when I wasn't sure.

I didn't use any particular strategy.

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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Appendix D

Rationale for ‘including Strategy Statements
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For each test six strategy statémeﬁts‘were included.
Two of these (the last two) were the same for_eéch test.
'I didn't use aﬁy particular strategy' was‘ iﬁcluded to
ensure that people who felt that none of the other
strategies applied to them would, in fact, have ' a
reasonable choice. - |

'I guessed when_YI,‘waSn‘t sure' was included on the
strength . of Barratf's (1953) finding that in sdlving the 
items of the Space subtest of the Differential Aptitude
~Test, some pedple could not solve the‘ifems énd relied on
- guessing.

The rémaining problem solving statements are all
different and are désigned to tap  either part or whole -
problem solving strétegies. If én answer of 'TRUE' to a
statement implied that the whole figure Qas kept in mind,
the item was deemed to be a whole problem solving
strategy. If an énswer of 'TRUE' 1implied that -only a
certain aspect or part of a stimulus figure was kept in_
mind to attain solution of the problem, the itém was

considered to be a part problem solving strategy.

Card Rotations Test (S1)

Ansyering '"TRUE' to 'I noted that some of the figures
looked 1like letters of the aiphabet or‘familiar'objects
and solved them with this in mind' (Strategy 1) is a whole
problem solving strategy. This statement * was included

because of Barratt's . (1953) finding that people who, on
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the Figures test, attempted to relate the 1items to
something familiar sﬁored lower .than people. who used a:
part strategy.

Answéring "TRUE' to 'I noted some distinct aspect of
the figure (e.g, bottom part or top lef£ corner) and
solved the figures with this feature in‘mina"(Strateéy 2)
is a part probiem solving strategy, while answering.'TRﬁE'
to 'I mentally rotated a figure and mentally placed it on
top of the other figures to éee if they were the same'
(Strategy 3) is a ﬁgglg problem solving strategy. Both
items were suggested by Bafrétt's (1953) finaing that
people who rotated only part of a »figure scored .higher
than people wﬁo rotated the whole figure.

Answering  'TRUE' to 'I mentally rotated one of ﬁhe
figures and then, without. necessarily placing one figure
on top of the other, compared the two' (Strategy 4) is a
whole problem solving strategy. Although the statement
was suggested by Barratt (1953),.it was primarily included -
in order to determine how people soived the Cards items,

given that they were using a whole approach.

Cube Comparisons Test (S2)

Answering 'TRUE' to 'I mentally picked up one of the
cubes and rotated it to line it up with a certain symbol
6n the other one and then checked whether not the other
symbols were in the right place' (Strategy 1) is a whole

problem solving strategy. The rationale for including
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this statement is the véamé as. that for including
Strateqgy 4 for Cards. .

Answering.fTRUE' to 'Without mentally picking up the
cube, I determined if any two of the symbols: on both cubes
bore the same felation'to one another’ (Strategy'Z) is a
Qégi problem sblviné strategy; 'Tﬁis statemént» was
suggested by Strategy 2 from Cards in that éniy part of
the stimulus is considered. |

Anéwériqg"TRUE‘ to 'I had an X and Y axis in mind
when solving the items'.(Strategy 3) is a whole problem
solving strétegy. The statement was suggested by Frénch
(1965) who noted that some people reported solving thé
}Cubes items by méntally rotating the cubes on two separéte
axes. | |

Answefing "TRUE' to 'I pictured myself as walking 
around the cubés' (Strategy 4) is-a whole problem solying
strategy; This statement is based on the idea that .people
who picture themselves as walking around the cubes usé é'
‘spatial orientation strategy (Michael et al., 1950), while
those who mentally pick up and rotate a cube use a

visualization process (Strategy 1).

Form Board Test (Vz1)

Inspection of the stimuli for this test might suggest
that, since every item consists of five distinct pieces, a
part strategy would be the only possible one. However,

consideration must also be given to the figure at the top
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of each column which was to be completed, or filled in, by
some subset of the five distinét pieces. Thus,lstatements
which indicated that this-figurevwas kept in mind as  a
whole were térmed whole probiem solving strategies. If,
however, the iigure ~ was not . considered mentally
(i.e. using - the actual figure . rather than a mental
" representation‘of.it) it was assumed.that a part sfrategy.
was used. |
- Due to “the lack of - published reports relating to
problem solving strategy for this test, the vabove.
rationéle "for including the various statements applies to
all statements. ’
‘Answers of 'TRUE' to "I"mentally placed ione 'item
after the other into the ‘figurev until it was full'
(Strateéy 1) or 'I képt the large figure in mind and tried
to arrange the smaller pieces»to fit it' (Strategy 2) were
whole problem solving strategies.
Answers of 'TRUE' to 'I used a pencil to draw the
large‘ figure out of the smallerbones' (Strategy 3) or '1
used trial and error' (Strategy 4) were part problem

solving strategies.

Paper Folding Test (Vz2)

Answers of 'TRUE' to 'I mentally folded the paper,
punchea a hole, and then mentally unfolded it and compared
it to the possible answers' (Strategy 1) or 'I worked

backwards; I looked at the drawing with the holes and then
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unfolded it mentally (i.e. I didn't actually fold the
papér up to begin with)' (Strategy 4) were whole. problem
solving étrategies, ' ' |

Answers of 'TRUE' to 'I notéd where one or two of the -
holes 'would be and then_tried-to find an answer that had
‘these one or two holes in the same place (i.e. I didn't
actually fold and unfold the.paper)' (Strétegy'2) or 'I
tried tb determine through how many thicknesses of paper
the. hole wouid_ have to go and then picked one of the
answers that had that many holes (i.e.»I ididn't actually
unfold 'tﬁe papef with the holes)' (Strategy 3) were part
problem solving strategies.

All stafements were suggested by the problem vsolving
‘strategies listed by Barratt (1953) for the Space subtest -
of the Differential Aptitude Test. Strategies 2 and 3
‘were meant to tap whether people were merely looking'for
cues (i.e. position of holes, number-éf thicknesées); and
Strategies 1 and 4 1involved folding and/or unfolding of

figures.

Surface Development Test (Vz3)~

Answers of 'TRUE' to 'I mentally:folded up the figure
and mentally placed it on top of the figure already folded
up' (Strategy 1) or 'I mentally folded up the figure and
then, without necessarily placing it on top of the figure
already folded up, I tried to match the letters and

numbers' (Strategy 2) were whole problem solving
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étrategiés.
Answers of.'TRUE' to 'I tried to match the numbers'
‘and . letters up without ever doing any méntai folding'’
(Straﬁegy 3) or 'I chese a number I wanted to find a
letter for and then'ménfally félded only those parts of
the figure that had'tovdﬁ with that  number' '(Strafegy 4)
were Qggg-problem-solvihg'stfategiés. | |
These.statements'were included on the‘strength of the
Michael ‘et al. (1950) hypothesis that if entire. figures
are kept in mind (Strétegies 1 and 2) a test would load on
a visualization factor, whereas if only salient aspects of
the figures are consideréd (Strategies 3 and 4) the test

would load a spatial orientation factor.



