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The Influence of Spatial Ability on Gender Differences in Mathematics
College Entrance Test Scores Across Diverse Samples
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The relationship between mental rotation ability and gender differences in Scholastic Aptitude
Test—Math (SAT-M) across diverse samples was investigated. Talented preadolescents, college stu-
dents, and high- and low-ability college-bound youths, totaling 760, were administered the Vanden-
berg Mental Rotation Test. Gender comparisons showed male outperforming female students in both
mental rotation and SAT-M for all 3 high-ability groups but not for the low-ability group. For all
female samples, mental rotation predicted math aptitude even when SAT—Verbal was entered first
into the regression. For male samples, the relationship varied as a function of sample. When mental
rotation ability was statistically adjusted for, the significant gender difference in SAT-M was elimi-
nated for the college sample and the high-ability college-bound students. This suggests that spatial
ability may be responsible in part for mediating gender differences in math aptitude among these
groups.

The interpretation of cognitive gender differences is often
contentious within the scientific as well as lay communities.
One area of vigorous debate involves the finding of a male ad-
vantage in certain mathematical domains (Benbow, 1988;
Rosser, 1989). This gender difference has been demonstrated
cross-culturally, with the largest male advantage found in geom-
etry and word problems. Moreover, gender differences in math
tend to be largest in countries with the highest achieving stu-
dents and in countries with the largest gender gap in experience
and training (Harnisch, Steinkamp, Tsai, & Walberg, 1986;
Steinkamp, Harnisch, Walberg, & Tsai, 1985). The smallest
differences, on the other hand, are found in countries with lower
achieving students in mathematics, which includes the United
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States. Within the United States, poorly educated female stu-
dents outperform their male peers, but as the level of education
increases, the male advantage in mathematics emerges (Moore
& Smith, 1987). Thus, the male advantage in mathematical per-
formance is found primarily for high-ability samples and on
measures of mathematical problem-solving, such as the mathe-
matics section of the Scholastic Aptitude Test (SAT-M; Ben-
bow, 1988; Burnett, Lane, & Dratt, 1979; Hyde, Fennema, &
Lamon, 1990; Lubinski & Benbow, 1992).

Scores on college entrance mathematics tests, such as the
SAT-M, are of particular importance, because SAT-M scores
can affect college opportunities and are predictive of later per-
formance in math- and science-related college curricula (Ben-
bow & Lubinski, 1993). Given the female disadvantage on the
SAT-M, it is especially useful to identify the skills that contrib-
ute to the success of those women who do well on these math
exams. It is also important to determine whether gender differ-
ences in these "underlying" skills do, in fact, contribute to gen-
der differences in math performance. These are the goals of the
present study. Specifically, we attempted to establish evidence
for a relationship between one type of spatial skill (mental rota-
tion) and performance on the SAT-M for female students. If
such a relationship can be documented for female students, the
goal then becomes the determination of whether significant
male-female differences in mathematics can be eliminated
when this spatial skill is statistically adjusted for.

Gender Differences in Mental Rotation Ability

In the past, a major battle was fought over whether men do,
in fact, excel in spatial ability compared with women (Burnett,
1986; Caplan, MacPherson, & Tobin, 1985). The answer now
appears to be that it depends on the type of spatial ability, with
mental rotation ability showing strong gender differences favor-
ing men (Casey & Brabeck, 1989, 1990). This skill involves
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698 CASEY, NUTTALL, PEZARIS, AND BENBOW

Figure 1. Sample mental rotation figures. Choices a and b are identical (but rotated) to the choice on the left
(Vandenberg, 1978).

mentally rotating a two-dimensional representation of an object
in three-dimensional space (see Figure 1). Linn and Petersen
(1985) conducted a meta-analysis of the literature wherein they
documented both large and consistent average gender differ-
ences, and a more recent meta-analysis confirmed that this large
gender difference has remained stable over the last 17 years
(Masters & Sanders, 1993).

A number of researchers have proposed that gender differ-
ences in spatial skills may contribute to or be related to the gen-
der differences on the SAT-M (Benbow, 1988; Burnett et al.,
1979; Casey, Nuttall, Harwood, Pezaris, & Benbow, 1994). Its
relevance for gender differences in mathematics has not yet been
established, however. Linn and Petersen's conclusion in 1986 is
appropriate today as then: "Evidence for direct relationships
between gender differences in spatial ability and gender differ-
ences in mathematics and science is largely lacking" (Linn &
Petersen, 1986, p. 67). The present article was designed to ex-
amine this issue specifically for the spatial skill of mental
rotation.

Criteria for Addressing Gender Issues

Several researchers have proposed criteria that need to be ad-
dressed to make the connection between a possible mental ro-
tation and math relationship for female students and gender
differences in these abilities. Rosenthal (1988) proposed a series
of critical statistical tests. These require demonstrating a sig-
nificant correlation between the mediator (in this case, mental
rotation ability) and the dependent measure (SAT-M). Next, it
is necessary to document significant gender differences for both
the mediator and for the dependent measure and, then, to doc-
ument that the significant gender differences in the dependent
measure are eliminated when the mediator is covaried out.

In this study, we addressed these criteria by investigating
three questions: (a) Does mental rotation ability significantly
predict for math aptitude in women? (b) Are there gender
differences in both mental rotation ability and math aptitude,
favoring male students? and (c) Are these significant gender
differences in math aptitude eliminated when mental rotation
ability is statistically controlled through an analysis of
covariance?

Linn and Petersen (1986) suggested additional criteria for
evaluating research in this area. We incorporated these into our
design as well. They consist of (a) clarity in the types of mea-
sures used, (b) statistically adjusting for general scholastic apti-

tude, and (c) documenting findings across diverse samples.
These issues are discussed in more detail below.

Choice of Measures

In the past, studies that have examined the relation between
spatial ability and math aptitude for both male and female stu-
dents have shown no consistent pattern of results (Burnett et al.,
1979; Casey, Pezaris, & Nuttall, 1992; Connor & Serbin, 1985;
Ethington & Wolfe, 1984; S. A. Gallagher, 1989; Pattison &
Grieve, 1984;Tartre, 1990; Weiner& Robinson, 1986). This is
not surprising, given that the studies vary widely in age and abil-
ity level of students as well as choice of predictors entered into
the regression equation. Most important, the instruments used
for measuring both spatial and math abilities have not been con-
sistent across studies.

In the present study, we selected three-dimensional mental
rotation ability as the spatial skill to be investigated primarily
for empirical reasons: It reveals the largest gender differences in
spatial ability. As our dependent measure of mathematics apti-
tude, we selected the SAT-M, because it serves as a gatekeeper
into college and taps mathematical reasoning, which is the type
of math ability exhibiting the largest gender differences favoring
male students (Lubinski & Benbow, 1992).

Controlling for Scholastic Aptitude

Linn and Petersen (1986) argued that even a strong correla-
tion between mental rotation ability and mathematical aptitude
does not provide convincing evidence that spatial ability makes
an important contribution to math aptitude. They proposed
that this relationship could be mediated by more general ability
requirements shared by both kinds of tests and pointed out that
similar correlations are found between both these measures and
tests of vocabulary. Thus, deciphering the role of verbal ability
becomes another critical test in this type of research. The pres-
ent study addresses this issue by entering verbal aptitude scores
into the regression equation first, and then examining the con-
tribution made by mental rotation ability to math aptitude be-
yond the effects of verbal ability.

Generality of the Findings

Linn and Petersen (1986) noted a dearth of data in the field
on this issue and pointed out that it is important to determine
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GENDER DIFFERENCES IN MATH APTITUDE 699

how widespread the relationship between mental rotation abil-
ity and college entrance math test scores might be. This concern
is not new. For example, a prior study by Burnett et al. (1979)
directly examined the mental rotation and SAT-M relationship
and found a significant relationship for both male and female
students. Yet, Burnett et al. noted that their college sample was
a high-ability group mainly majoring in science and engineering
(with combined SAT scores of over 1,300) and, thus, were cau-
tious in generalizing their results.

Consequently, in the present investigation, the relationship
between mental rotation ability and SAT-M was explored for
760 students (327 male and 433 female) across diverse samples.
Four types of samples in all were investigated. First, a college
sample was specifically chosen so as to include students with
diverse majors, not just the science and engineering students
that were included in the Burnett et al. (1979) study. A talented
sample also was included and consisted of mathematically tal-
ented youths who were invited to participate in a math/science
summer training program on the basis of their scores on college
aptitude tests given at an early age as part of a talent search (i.e.,
at least the top 1% nationally at age 13). Finally, we decided
to examine both high- and low-ability students within another
population because Hyde et al.'s (1990) meta-analysis showed
that ability level is an important variable to consider when
assessing gender differences in math aptitude. We did this for
statistical reasons as well (cf. Lubinski & Humphreys, 1990).
College-bound students in a high school sample from a middle-
income suburban community were divided into high- and low-
ability groups on the basis of level of performance on the verbal
score on the SAT.

Method

Sample

One sample consisted of 274 undergraduates (195 women and 79
men) at two liberal arts colleges in the Northeast. They were recruited
from classes offered by different departments to ensure a range of ma-
jors and were tested on their mental rotation ability in groups of 10 to
20. (Note: There were more women recruited than men, based on the
needs of prior research on this sample [Casey &Brabeck, 1989, 1990].)
The majors in the study included math/science and applied math/sci-
ence fields, the social sciences, education, nursing, and the humanities.
High school SAT scores were obtained from the student files.

The second sample consisted of mathematically talented preadoles-
cents participating in a summer math/science training program in the
Midwest. They included seventh to ninth graders (N = 186; girls: n =
84, M age = 13.25 years, SD = 0.81; boys: n = 102, M age = 13.38
years, SD = 0.96) who were either recruited from a national talent
search program or a statewide teacher selection program to participate
in a summer math/science training program. Students who met any of
the following aptitude test scoring criteria were invited to participate in
the summer program and its associated research studies: (a) at least 20
on the American College Test (ACT) Math or ACT Science Reasoning
Tests, (b) at least 500 on the Math SAT (College Board Aptitude Test),
(c) 430 on the Verbal SAT (SAT-V), or (d) 930 on the combined SAT
scores. (Note: For 34 boys and 23 girls, ACT scores were available in
place of SAT scores. These ACT scores were converted to SAT equiva-
lents by the following formula: SAT estimate = 200 + 20 X [ACT
score].)

The criteria for inclusion in the present study consisted of 500 on the

SAT-M, 430 on the SAT-V, or a combined score of 930. Only students
who had not participated in the program in prior years were included
in the present study (to avoid confounding by prior math training). Stu-
dents were administered the mental rotation test at the beginning of the
summer program before their course work. In the analyses of variance
(ANOVAs) for this sample, age was covaried out to adjust for variations
in age among the students in the program.

The last two samples were taken from college-bound students who
were enrolled in a middle-income suburban high school in the North-
east and who had elected to take the SAT. The mental rotation test was
administered at the end of their sophomore year during their geometry
class period. The data were collected over 2 consecutive years. At the
end of the senior year, the SAT scores were obtained from the student
files. These students were divided into two separate groups on the basis
of their SAT-V scores: a high-ability and a low-ability group. It is im-
portant to have these two subsamples, because the magnitude of the
gender difference in mathematics aptitude often varies with overall abil-
ity level of the sample (Hyde et al., 1990). Students who scored at or
above 480 on the SAT-V were designated the high-ability sample (50
girls and 45 boys). Students scoring below 480 on the SAT-V were des-
ignated the low-ability sample (104 girls and 101 boys). With this cutoff,
30% of the sample was included in the high-ability group. (Note: Verbal
scores were used to make the cutoff instead of total SAT to avoid overlap
with the dependent measure [Lubinski & Humphreys, 1990].)

Measures

Mental rotation. Mental rotation ability was assessed through the
Vandenberg Test of Mental Rotation (Vandenberg & Kuse, 1978), which
uses figures originally designed by Shephard and Metzler (1971). Stan-
dard procedures were followed in administering and scoring the Van-
denberg test (maximum score = 40), with the exception that students
were allowed 5 min to complete each of the two sections of the test
rather than 3 min (10 items in each section). The task involves correctly
matching two out of four choices to a standard. The two correct choices
are identical to the standard but were presented in rotated positions (see
Figure 1). The distractor stimuli vary from the standard either as mirror
images or in terms of slight variations in features of the figure.

SAT scores. The SAT-M and SAT-V scores developed by the Edu-
cational Testing Service were used in the study. Most students take these
tests more than once. For the college-bound high school students and
for the college students, the highest SAT-M and SAT-V scores were
selected for use in the study in accordance with college admissions prac-
tices. The initial SAT scores were used for the talented students as these
were used as program entrance requirements.

The SAT is a 3-hr test administered under carefully controlled condi-
tions and is divided into three parts: verbal (SAT-V), math (SAT-M),
and a test of standard written English (not included here). The SAT-
V consists of sections that include analogies, reading comprehension,
antonyms, and sentence completion. The SAT-M assesses the under-
standing and application of mathematical principles, as well as numer-
ical reasoning ability; it assumes knowledge of basic arithmetic, geome-
try, and algebraic concepts. The technical quality of the test is state of
the art, with high reliability of recent (1990s) forms for both SAT-M
and SAT-V. Correlations between SAT-M and SAT-V have been in the
high 60s, a finding that suggests overlapping scholastic aptitude skills
(R. C. Cohen, Swerdilik, & Smith, 1992).

Results

Mental Rotation as a Predictor of Math Aptitude

For all four samples, a regression analysis was performed for
the male and female students separately, using math aptitude
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700 CASEY, NUTTALL, PEZARIS, AND BENBOW

score (SAT-M) as the dependent measure. To control for scho-
lastic aptitude factors, we entered the verbal aptitude score
(SAT-V) in the equation before the Vandenberg Mental Rota-
tion score. (For students in the talented preadolescent sample,
age was entered into the equation before the verbal ability
score.) Because removing cases with residuals ±2 standard er-
rors from the regression slope (the outliers) resulted in only a
minor effect on the regression parameters, the results reported
are for the entire samples without excluding any cases.

Findings for female samples. For the female students, the
correlations between mental rotation and SAT-M scores were
consistent, ranging from .35 to .38 in the four samples (see Ta-
ble 1). This consistent pattern is further confirmed in the regres-
sion analyses for the four samples. Mental rotation scores, when
entered second in the equation, made a significant contribution
to SAT-M for the female students in every sample above the
effects of SAT-V. Table 1 presents regression and correlation
information for both genders. The b-weights for mental rotation
scores, after verbal ability had been entered into the equations,
ranged from 2.62 to 3.43. (Note: A regression slope of 3.43
would indicate that for each additional item correct on the men-
tal rotation test, the SAT-M score improved by 3.43 points.)
The increment in R2 for mental rotation ranged from .06 to . 12
for the four female samples and was significant in all four. The
confidence intervals for the mental rotation b-weights indicated
that there were no significant differences in slope for the regres-
sion equations for the four female samples.

Findings for male samples. Though not central to the pur-
pose of this article, the mental rotation and math aptitude rela-
tionship was examined for the male as well as for the female
samples. In contrast to the female samples, the correlations be-
tween mental rotation and SAT-M for the male samples showed
no consistent pattern, with correlations ranging from —.03 to
.54 (see Table 1). The regression analyses also revealed no con-
sistent relationships. For the high- and low-ability college-

bound samples, mental rotation did make a significant contri-
bution to predicting SAT-M scores beyond the effects of SAT-
V: In fact, the male students in the high-ability college-bound
sample showed the strongest relationship across all groups. Yet,
in the talented and college samples, mental rotation scores did
not significantly contribute to the prediction equation above
SAT-V. Examination of the confidence intervals for the mental
rotation b-weights among the four male samples further docu-
mented this inconsistency among the male samples. (Note: The
slopes for the regression equations were varied for the male sam-
ples with high-ability college-bound students showing a signifi-
cantly higher b-weight than all the other groups; the low-ability
college-bound students showed a significantly higher b-weight
only in comparison with the talented sample.)

Gender Differences in Abilities

Math aptitude. There was a significant gender difference
in SAT-M scores among all the high-ability samples: college
sample, F(l, 272) = 4.47, p = .035; talented sample, F(l,
183) = 21.39, p < .001; and high-ability college-bound sam-
ple, F(l, 93) = 4.50, p = .037; but not in the low-ability col-
lege-bound sample. This SAT-M difference favored the male
samples, with male students scoring higher than female stu-
dents in all the high-ability groups. Presented in Table 2 are
the means and standard deviations for the different samples.
(Note: The ranges for SAT-M scores were 310-780 for the
college sample men and 300-800 for the college sample
women; 390-800 for the talented boys and 320-760 for the
talented girls; 390-750 for the high-ability college-bound
boys and 360-740 for the high-ability college-bound girls;
and 260-690 for the low-ability college-bound boys and 220-
680 for the low-ability college-bound girls.)

The effect size, d (see Hedges & Becker, 1986), for the gender
difference was large for the talented sample (.70), moderate for

Table 1
Vandenberg Mental Rotation Test (MR) as a Predictor of Scholastic Aptitude Test—Math
(SAT-M) as a Function of Gender

Sample

Talented"
College
High ability1"
Low ability1"

Talented3

College
High ability"
Low ability1"

r
SAT-M
with MR

.35**

.35**

.38**

.35**

-.03
.13
.54**
.25**

B weights

SAT-Verbal MR

Female students

0.18 3.43
0.52 2.78
0.68 3.06
0.96 2.62

Male students

-0.01 -0.49
0.45 0.36
0.53 4.62
0.83 2.16

95% CI for
MR

1.45-5.41
1.43-4.12
1.08-5.04
1.03-4.22

-2.33-1.36
-2.28-3.00

2.56-6.68
0.54-3.78

R2 increase
in MR

.12**

.06**

.11**

.06**

.00

.00

.28**

.05**

Total
R2

.20**

.32**

.44**

.43**

.02

.19**

.43**

.30**

Note. CI = confidence interval.
" Age was entered first into the regression equation.
**p<.0l.

5 College-bound high school sample.
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GENDER DIFFERENCES IN MATH APTITUDE 701

Table 2
Scholastic Aptitude Test—Math (SAT-M) Mean Scores Both
Alone and Adjusted for Mental Rotation (MR) Ability

Sample

Talented"
College
High ability"
Low ability1"

Talented*
College
High ability"
Low ability1"

SAT-M

Male students

M

591.
574b

592b

450

586a

560
581
448

SD

88
92
85
98

n

Alone

102
79
45

101

Female students

M

530.
547b

557b

439

Adjusted for MR scores

535a

561
568
440

SD

87
94
80
98

n

84
195
50

104

d

0.70
0.29
0.42
0.11

0.60
-0.01

0.16
0.08

Note. Means sharing a similar subscript indicate significant sex
differences (subscript a, p < .01; subscript b, p < .05).
" Age adjusted. b College-bound high school sample.

the high-ability adolescent sample (.42), and small for the col-
lege sample (.29; J. Cohen & Cohen, 1975). In contrast, for the
low-ability college-bound sample, d was only . 11 (see Table 2).
(Note: d expresses the size of the gender difference in standard
deviation units [Hyde, 1993].)

Mental rotation ability. The same pattern of gender differ-
ences was found for mental rotation as was found for SAT-M
(see Table 3). In every sample, the male students scored higher
than did the female students, except for the low-ability college-
bound students: college sample, F(l, 272) = 57.74, p < .001;
talented sample, F(l, 183) = 27.84, p < .001; high-ability col-
lege-bound sample, F(l, 93) = 8.93, p < .004; and low-ability
college-bound sample, F(l, 203) = .25, p > .05. (Note: The
ranges for mental rotation scores were between 8-40 for the col-
lege men and 0-40 for the college women; 6-40 for the talented
boys and 2-38 for the talented girls; 2-40 for the high-ability
college-bound boys and 0-40 for the college-bound girls; and 0-
40 for the low-ability college-bound boys and 2-40 for the low-
ability college-bound girls.)

The effect size of the gender difference in mental rotation was
large for the talented {d = .79) and college samples (d = 1.01)
and moderate for the high-ability college-bound sample (d =
.61). However, d was only .07 for the low-ability college-bound
students (see Table 3).

Verbal aptitude. For the verbal aptitude scores, the pattern
of relationships differed from those obtained for mental rota-
tion ability and SAT-M. An ANOVA revealed no statistically
significant differences for the college sample (men, M = 504,
SD = 89, n = 79; women, M = 499, SD = 81, n = 195), the
talented sample (boys, M = 522, SD = 112, n = 102; girls, M =
525, SD = 122, n = 84), and the high-ability college-bound sam-
ple (boys, M = 554, SD = 60, n = 45; girls, M = 553, SD = 64,
n = 50). There was, however, a significant gender difference in
verbal ability for the low-ability college-bound sample favoring

girls, F(l, 203) = 4.44,p = .036 (boys, M = 385, SD = 57, n =
101;girls,M=401,SZ> = 57, n= 104).

Gender Differences in Adjusted Scores

Math aptitude adjusted for mental rotation. Next, we per-
formed analyses to determine whether the significant gender
differences in SAT-M scores for the three high-ability samples
would be eliminated when mental rotation ability was covaried
out. An analysis of covariance (ANCOVA) was performed using
mental rotation score as a covariate. When mental rotation abil-
ity was statistically adjusted for, the significant gender difference
was eliminated for the college sample, F( 1, 272) = .02, p > .05;
and the high-ability college-bound sample, F( 1, 92) = .64, p >
.05. For the very highly select sample of preadolescents selected
through a talent search, however, a significant gender difference
still remained even after statistically adjusting for mental rota-
tion ability, F(l, 183) = 13.97, p < .001. Table 2 presents the
math aptitude means for the different samples when adjusted
for the mental rotation score. (Note: For the low-ability college-
bound sample, again there were nonsignificant gender differ-
ences in the ANCOVA, as was found in the initial ANOVA.)

We again computed the effect size for the gender difference in
math aptitude for each of the samples but with mental rotation
ability statistically adjusted for. For the talented sample, the
effect size remained sizable at .60 (from .70). In contrast, for
the college sample, the effect size was reduced to -.01 (from
.29); for the high-ability college-bound students, the effect size
was reduced to. 16 (from .42). (Note: For the low-ability college-
bound students, the effect size remained low at .08.)

Mental rotation ability adjusted for math aptitude. Fi-
nally, we performed analyses to determine whether the sig-
nificant gender differences in mental rotation ability would
be eliminated for the three high-ability samples when SAT-

Table 3
Mental Rotation (MR) Mean Scores Both Alone and Adjusted
for Scholastic Aptitute Test—Math (SAT-M)

Sample

Talented"
College
High-ability"
Low-ability"

Talented'
College
High-ability"
Low-ability"

MR scores

Male students

M

27.43.
25.76.
26.98.
20.81

27.01.
25.42.
26.05.
20.65

SD

9.54
7.35
9.73

10.19

n

Alone

102
79
45

101

Female students

M

20.14.
17.53.
21.28.
20.13

Adjusted for SAT-M

20.57.
17.88.
22.21.
20.28

SD

8.83
8.39
8.86
9.28

n

84
195
50

104

d

0.79
1.01
0.61
0.07

.72

.93

.41

.04

Note. Means showing a subscript indicate significant sex differences, p
<.01.
* Age adjusted. " College-bound high school sample.
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M was covaried out. An ANCOVA was performed using SAT-
M as a covariate for the gender comparison of mental rotation
ability. When math aptitude was adjusted for, the significant
gender difference still remained for all three samples: for the
college sample, F(\, 271) = 52.24, p < .001; for the high-
ability college-bound sample, F(l, 92) = 4.85, p = .03; and
for the talented sample, F( 1, 182) = 20.15, p < .001. Table 3
presents the mental rotation means for the different samples
when adjusted for math aptitude score. (Note: For the low-
ability college-bound sample, again there were nonsignificant
gender differences in the ANCOVA, as was found in the initial
ANOVA.) Furthermore, the effect size for the gender differ-
ences in mental rotation ability for each of the samples re-
mained essentially unchanged for mental rotation ability
when SAT-M was covaried out. For the talented (d = .72) and
college samples (d = .93), the effect size remained large; for
the high-ability college-bound sample, the effect size re-
mained moderate (d = .41). (Note: For the low-ability col-
lege-bound students, the effect size remained low at .04.)

Discussion

The present study consisted of a series of critical tests for de-
termining whether mental rotation ability mediates gender
differences in SAT-M scores. In the discussion, we first briefly
present the findings for the four questions examined in the arti-
cle, based on the criteria proposed by Rosenthal (1988) when
documenting mediators for gender differences. Then, we discuss
each finding in greater depth. Finally, we discuss the wider
implications.

Addressing the Questions Examined in the Study

We first asked, (a) Does mental rotation ability significantly
predict math aptitude in female students? We found that the
female students in all four samples showed a significant rela-
tionship between mental rotation skills and math aptitude. We
then asked, (b) Is there a similar relationship in male students?
Some samples showed a significant relationship, whereas others
did not. Next we asked, (c) Are there gender differences in both
mental rotation ability and math aptitude, favoring male stu-
dents? Yes there are. We found that for both the mental rotation
and math abilities, male students excelled over female students,
but only for the three high-ability samples. Finally, we asked,
(d) When mental rotation ability is statistically adjusted for, are
the significant gender differences in math aptitude eliminated?
For both the high-ability college-bound students and the college
students, the significant gender differences in SAT-M were
eliminated when scores were adjusted for the ability to mentally
rotate images. This was not the case for the highly talented
sample.

Thus, we applied the criteria set up by Rosenthal (1988) for
establishing evidence for mediating variables contributing to
gender differences in math ability. In doing so, we found evi-
dence supporting the contention that some of the mental pro-
cesses tapped by a test of mental rotation abilities can account
for gender differences in mathematical aptitude. Next, we
turned to the criteria proposed by Linn and Petersen (1986) and

addressed the major concerns they expressed regarding re-
search on this type of gender difference. We address these con-
cerns as we discuss the findings in greater depth.

Mental Rotation as a Predictor of Math Aptitude

Findings for female samples. First, on the basis of Linn and
Petersen's (1986) criteria, we documented that for female stu-
dents, the mental rotation and math aptitude relationship is,
indeed, a widespread phenomenon, not limited to science and
engineering majors (cf. Burnett et al., 1979). We found that the
female students across all four samples showed a strikingly con-
sistent relationship between mental rotation skills and math ap-
titude (with all correlations for these two measures clustering
between .35 and .38, a medium effect size). Thus, the present
study has revealed the generality of this relationship for a wide
range of both high- and low-aptitude female students who were
among the 433 women and girls participating in the study.

Second, in accordance with Linn and Petersen's (1986) cri-
teria, we demonstrated that the association between mental ro-
tation and mathematical abilities among female students can-
not be attributed solely to verbal or general scholastic aptitude
factors. For female students across all samples, mental rotation
skills predicted math aptitude scores (accounting for 6% to 12%
of the additional variance) even when verbal ability was statisti-
cally covaried out.

Linn and Petersen (1986) further recommended that longitu-
dinal data need to be collected. In the two college-bound sam-
ples, mental rotation ability was assessed in the sophomore year
and SAT scores were obtained 2 years later in the senior year.
Thus, in this study, we have provided some preliminary longi-
tudinal evidence supporting the long-term predictive power of
mental rotation ability for female students.

Findings for male samples. The reasons for variations in
math performance within the male samples were less central to
the goals of the study. Our purpose was to identify the skills
affecting female variations in math performance, because the
ultimate question of interest is how to intervene to improve
math performance in female students. For comparison
purposes, we did, nevertheless, obtain the data and found that
the results for the male students were inconsistent: (a) In both
subgroups of male college-bound students (both high and low
ability), mental rotation ability significantly contributed to the
prediction of math aptitude beyond the effects of verbal ability,
(b) For the two other high-ability male samples (the talented and
college samples), no such significant relationship was found.

The reasons for this inconsistency in pattern of results for the
male students are not clear. It cannot be attributed to ability
levels or ceiling effects. First, the high-ability group within the
college-bound sample had levels of SAT-M and mental rotation
scores that were equivalent to the other two high-ability groups.
Second, Burnett et al. (1979) documented a similar relationship
for their high-ability male sample. We checked the data in rela-
tion to the issue of restriction of range and found that this effect
also cannot explain the findings. There was restriction of range
among the college male sample but not among the college-
bound high-ability group nor among the talented preadoles-
cents. The highest score possible was 40 on the Vandenberg
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Mental Rotation Test. Even for the highest scoring male group,
with a mean of 27, there were less than 10% of the male students
who had the maximum possible value of 40. Furthermore, the
standard deviations remained reasonably similar across all fe-
male and male samples, ranging from 7.35 to 10.19, with no
consistent pattern based on gender or a significant mental rota-
tion and math relationship. Finally, the pattern of findings for
the male students also does not appear to be an artifact of the
3O%-70% cutoff point used to divide the high- and low-ability
samples. We reanalyzed the data using a 33%-67% and a 25%-
75% cutoff and still obtained the same results for both male and
female students. Perhaps the longitudinal nature of the data for
the college-bound sample contributed to the differences in
findings.

Gender Differences in Math Aptitude and Mental
Rotation Ability

On the basis of the prior meta-analysis of Hyde et al. (1990),
as well as the findings from cross-cultural research (Harnisch et
al., 1986; Steinkamp et al., 1985), one might have predicted
that we would find gender differences in math aptitude for our
higher ability but not our lower ability students. Indeed, this
pattern was reflected in the present findings for both mathemat-
ical and mental rotation abilities.

Burnett et al. (1979) found that the male advantage on the
math aptitude test was reduced to nonsignificant levels for their
highly select science and engineering students when they covar-
ied out mental rotation ability. Their initial finding supported
the importance of spatial ability in influencing gender differ-
ences in math aptitude. As Burnett et al. pointed out, despite
the fact that causative statements cannot be conclusively made
with this type of correlational data (J. Cohen & Cohen, 1975),
these findings clearly are consistent with a spatial hypothesis.

The present study not only provides further support for this
hypothesis but also extends these findings to two types of high-
ability students who also showed male-female differences on
the math aptitude test: (a) the diverse college sample that in-
cluded students across a wide range of majors and (b) the high-
ability college-bound seniors. Thus, for these high-ability sam-
ples, as well as for the Burnett et al. (1979) high-ability sample,
when mental rotation skills were statistically adjusted for, the
male math advantage was reduced to nonsignificant levels. It is
interesting to note that the reverse was not found. When math
aptitude scores were covaried out of mental rotation scores, the
significant male advantage in mental rotation ability still re-
mained for all three high-ability samples.

It is important to point out, however, that there was a different
pattern of results for the talented youths compared with the
other high-ability samples. For this precocious sample, gender
differences in math aptitude remained even when mental rota-
tion scores were statistically adjusted. Other factors may have
been operating, however. Because these seventh to ninth graders
represent the top 1% of students in the United States, this is
clearly a select group, much more select than the other high-
ability samples. Furthermore, there was at least one additional
way in which the talented youths differed from the other sam-
ples. Because most were tested at 13 years of age, they could not

draw on the algorithms taught to them in school for solving the
math problems as could the students in the other samples. That
is, the talented youths took the SAT at a point before exposure
to the high school math curriculum on which the math SAT
is partially based. Therefore, when the talented students solve
problems on SAT-M, they may be required to invent their own
solutions rather than to recall them from memory, and hence
the SAT-M may tap different skills for this group.

A recent report by the Educational Testing Service (A. M.
Gallagher, 1992) examined gender differences among mathe-
matically talented high school examinees who scored above 650
on the SAT-M. An item analysis revealed that the majority of
items that favored male students required the use of mathemat-
ical insight, whereas all the items favoring female students re-
quired standard algorithmic solutions. Thus, it is possible that,
for the male advantage in math skills among this younger tal-
ented sample, gender differences in insight may contribute
above and beyond the contributions of gender differences in
mental rotation ability (see Kimball, 1989). Alternatively, Ben-
bow (1988) has suggested that gender differences among tal-
ented youths are due to the overabundance of high-scoring male
students. That is, the distribution of SAT-M scores is skewed
for the talented male but not for the talented female students.

Wider Implications of the Findings

It is important to recognize that, at most, only 12% of the
variance in math aptitude scores was explained by mental rota-
tion skills across the female samples. In the regression analyses,
mental rotation ability explained 6% to 12% of the variance
beyond the effects of verbal ability, which in turn accounted
for 5% to 26% of the variance for the different female samples.
Irrespective, there is a substantial amount of variance still un-
accounted for. Individual differences in other factors, such as
number of math courses taken (Pallas & Alexander; 1983),
math attitudes (Eccles & Jacobs, 1986), and autonomous learn-
ing (Fennema & Petersen, 1985; Kimball, 1989) may have con-
tributed as well.

Moreover, it is not clear what the mechanism might be that
explains why gender differences in three-dimensional mental
rotation skills serves as a mediator for gender differences in
math aptitude among high-ability college and college-bound
students. There are several possible underlying mechanisms.
Such a relationship could occur simply from an overlap in the
specific skills required for the two tests (Linn & Petersen, 1986).
This is clearly a possibility, because one quarter to one third of
the items on the SAT-M are geometry items. However, this is
unlikely to be the whole story, because mental rotation ability
also is related to skill at other types of mathematics tasks, such
as word problems (Johnson, 1984).

Alternatively, three-dimensional mental rotation ability may
be an index for more general, complex spatial reasoning skills
(McGuinness, 1993) as well as the general predisposition to use
these spatial skills when solving different types of problems
(Casey, in press; Pezaris & Casey, 1991). McGuinness (1993)
proposed that boys' orientation tends to be more visually based,
which allows them to use visual images to make sense of sym-
bolic mathematical formulations. In fact, using a selective inter-
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ference paradigm, Pezaris and Casey (1991) documented evi-
dence for such a male-female difference in processing style:
When solving mental rotation problems, boys had a greater de-
pendence on spatial strategies than did the majority of girls.

Notably, in this study, we found a subset of female students
who, like the male students, differed from the majority of the
female samples. This female group also depended to a greater
extent on spatial strategies (Pezaris & Casey, 1991). Thus, in-
vestigating individual differences within female students may
provide the best strategy in the future for understanding how to
improve female math skills. We suggest that those female stu-
dents who have the added flexibility to apply spatial as well as
verbal strategies when problem-solving may have an advantage
when solving both mental rotation and math problems. Thus,
strategy differences within female students may account for the
mental rotation and math relationship found for all the female
samples. If spatial thinking does provide an edge when solving
problems, then skill at using spatial thinking may well be the
underlying mechanism for the pattern of relationships and gen-
der differences found here.
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