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1985, 56, 1479-1498. Sex differences in
Spatial Ability: A Meta-Analysis. CHILDDEVELOPMENT,

spatialability are widely acknowledged,yet considerabledispute surroundsthe magnitude,nature,
and age of first occurrence of these differences. This article focuses on 3 questions about sex
differences in spatialability: (a) What is the magnitudeof sex differences in spatialability?(b) On
which aspects of spatial ability are sex differences found? and (c) When, in the life span, are sex
differences in spatial ability first detected? Implications for clarifying the linkage between sex
differencesin spatialability and otherdifferencesbetween males and femalesare discussed.We use
meta-analysis,a method for synthesizingempiricalstudies, to investigatethese questions.Resultsof
the meta-analysissuggest (a) that sex differencesariseon some types of spatialabilitybut not others,
(b) that large sex differences are found only on measures of mental rotation,(c) that smaller sex
differences are found on measures of spatial perception, and (d) that, when sex differences are
found, they can be detected across the life span.
Differences between males and females
in spatial ability are widely acknowledged,
yet considerable dispute surrounds the magnitude, nature, and age of first occurrence of
these differences (Harris, 1982; Hyde, 1981;
Liben, Patterson, & Newcombe, 1981; Linn
& Petersen, in press; Maccoby & Jacklin,
1974; McGee, 1979). To establish the magnitude of sex differences in spatial ability,
meta-analysis has proved useful for studies
published prior to 1974 (Hyde, 1981).' In this
article we review studies reported since 1974
using recent refinements of the meta-analysis
technique.

It is generally agreed that spatial ability
is an important component of intellectual
ability, yet its nature remains to be clarified.
Activities as disparate as perception of horizontality, mental rotation of objects, and location of simple figures within complex figures
have all been referred to as measures of spatial ability. No consensus exists for categorization of measures of spatial ability, although
many different schemes have been presented.
The only view achieving agreement is that
spatial ability involves multiple processes. In
this article we draw on recent psychometric
studies, information-processing
investiga-
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partiallyon researchsupportedby the National Science Foundationunder grantno. 81-12631,by
the NationalInstitute of Mental Health under grantMH30252/38142,and by the Spencer Foundation. Any opinions, findings and conclusions, or recommendationsexpressed here are those of the
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was presented at the meeting of the American PsychologicalAssociation,Anaheim, CA, August
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tions, and theories of sex differences. These
views, as well as meta-analysis techniques,
are used to partition the measures of spatial
ability into meaningful categories.
Explanations of sex differences in spatial
ability depend, to some extent, on when these
differences first occur. The hypothesized
emergence of sex differences in spatial ability
in early adolescence had led researchers to
suggest explanations linked to pubertal
change (e.g., Petersen, 1980; Waber, 1976). If,
instead, sex differences in spatial ability are
found to emerge prior to adolescence, then a
biological explanation for the sex differences
based on genetic factors (see Wittig &
Petersen, 1979) or prenatal hormonal influences (see Reinisch, Gandelman, &
Spiegal, 1979) would be preferred.
For example, Waber (1979) has indicated
that spatial tests on which males have shown
a consistent superiority have several common
characteristics: the sex differences do not appear reliably until adolescence, and the
mechanisms that mature during that period
and permit children to perform the task are
sexually differentiated. Maccoby and Jacklin
(1974) cited some evidence for emergence of
sex differences in adolescence. However,
subsequent writers (e.g., Newcombe, Bandura, & Taylor, 1983) identify studies suggesting that male-female differences in spatial
ability emerge prior to adolescence. The
speculative link of sex differences in spatial
ability to the biological changes in adolescence may have been based more on the limited number of convincing studies with
preadolescent subjects than on a lack of differences between boys and girls on spatial ability tasks prior to adolescence. In this article
we examine the magnitude of sex differences
in spatial ability prior to, during, and after
adolescence.
Clarification of the character and timing
of emergence of sex differences in spatial
ability has implications for areas such as science and mathematics education (Linn &
Petersen, in press). For example, the possible
emergence of sex differences in science and
mathematics performance in adolescence has
been linked to the emergence of sex differences in spatial ability (Benbow & Stanley,
1980, 1984). This linkage, however, may
reflect sex differences in mathematics course
experience, which, until recently, often first
occurred during adolescence. Recent increases in mathematics course enrollment
patterns for females have paralleled delays in
the emergence of sex differences in mathematics performance among males and females

(e.g., Armstrong, 1979; Chipman, Brush, &
Wilson, 1985; Fennema & Sherman, 1978).
Thus we address three questions about
sex differences in spatial ability: (a) What is
the magnitude of sex differences in spatial
ability? (b) On which aspects of spatial ability
are sex differences found? and (c) When, in
the life span, are sex differences in spatial
ability first detected? Implications for clarifying the linkage between sex differences in
spatial ability and other differences between
males and females are discussed. We use
meta-analysis, a method for synthesizing empirical studies, to investigate these questions.

Research on Spatial Ability
Results from meta-analysis depend inexorably on the approach, methodology, and
quality of available primary analyses. The research perspectives that motivated those conducting primary analyses of spatial ability
provide both the opportunities and the constraints of meta-analysis. Thus we briefly
summarize the major research perspectives
for investigating spatial ability that influenced
our secondary analysis.
Four research perspectives have generated most studies of spatial ability: (a)
the differential perspective, involving comparison of spatial ability for different populations (such as males and females); (b) the
psychometric perspective, involving comparison of correlations between different spatial
tasks in order to define "factors" in spatial
ability; (c) the cognitive perspective, involving the identification of the processes used
universally to solve a particular spatial ability
task, albeit with quantitatively different
efficiency; and (d) the strategic perspective,
involving identification of the qualitatively
different strategies used to solve a given spatial ability task by different respondents.
These four perspectives illustrate the
complexity of this field. Researchers from
each of these perspectives consider information at different levels of detail and take qualitatively different approaches. All four influence the planning and interpretation of our
meta-analysis. Our meta-analysis, drawing on
the differential perspective, focuses on group
mean differences. We draw on the psychometric and cognitive perspectives to partition
the many studies of spatial ability into homogeneous groups. To interpret variations in
performance on the same task we rely on the
strategic perspective.

Meta-Analysis
Recent advances in meta-analysis procedures make this a preferred tool for research
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synthesis (Hedges, 1982a, 1982b). Metaanalysis procedures offer more opportunities
for valid inference from empirical studies
than "eyeball analysis" or "vote counting"
methods do (e.g., Glass, 1976; Hedges &
Olkin, 1980; Pillemer & Light, 1980). As
mentioned above, the results of a metaanalysis are only as valid as the studies that go
into it. Furthermore, the research perspectives in the field influence what researchers
study and, therefore, constrain the metaanalysis.
In the meta-analysis we synthesized effect sizes or standardized mean differences
between males and females on spatial ability
tasks. Using the recently developed methods
of Hedges (1982a, 1982b), we computed unbiased estimates of effect size. We computed
unbiased effect sizes from ANOVA and t test
data as well as from means and standard deviations using the methods of Cohen (1977).
Unbiased estimates of effect sizes have lower
standard deviations than biased estimates
and, therefore, are more precise.
Testing for homogeneity is essential to
ensure that effect sizes are drawn from a uniform population. When effect sizes are homogeneous, a pooled estimate of effect size provides a summary of the results of a series of
studies. However, when effect sizes are not
homogeneous, pooled estimates may be misleading. Hedges (1982a) reports a statistical
test for homogeneity of effect size within
groups and a strategy for fitting a model to
effect sizes divided into a priori classes.
Hedges's homogeneity test assesses whether
studies in the sample can be viewed as replicates of each other. Thus findings that studies
are nearly homogeneous imply that they
come close to being replications. Since studies entering meta-analysis do differ on many
dimensions, near homogeneity may be appropriate (e.g., Class, McGaw, & Smith, 1981).
As a wide range of meta-analyses reveal,
homogeneity is infrequently achieved (e.g.,
Hyde & Linn, in press). More experience
with these measures is needed to clarify how
the statistic behaves when studies are similar
but not exact replicates. For further discussion of these issues, see Linn (in press).
the Hedges
Implementing
(1982a,
1982b) approach in this study, we tested all
the spatial ability effect sizes for homogeneity. When an acceptable level of homogeneity
was not found, we partitioned the studies into
smaller groups following a model derived
from the psychometric and cognitive research
perspectives. We tested the partitioned studies for homogeneity and basically continued

1481

until we located homogeneous or nearly homogeneous groups of studies.
In summary, through meta-analysis we
offer a promising method for research synthesis. Advances in methodology, including procedures for computing unbiased estimates of
effect size and for testing homogeneity of effects, increase the accuracy of conclusions.
Ultimately we expect that meta-analysis techniques will encourage progress from one set
of studies to another in ways that vote counting or informal comparisons are not able to
accomplish.

Study Selection
In our meta-analysis we included studies
of spatial ability published since Maccoby
and Jacklin's (1974) review and before June
1982. We searched journals likely to publish
studies focused on spatial ability as well as

Psychological Abstracts, Child Development
Abstracts, and the Index Medicus. Sources of
studies included Behavioral Genetics, Psy-

chological Bulletin, Journal of Early Adolescence, Developmental Psychology, and Child

Development. In addition, papers presented
at recent meetings of the American Educational Research Association, the American
Psychological Association, and the Society for
Research in Child Development were included. Inclusion of unpublished studies as
well as studies of topics other than sex differences (where sex differences are reported
whether or not significant differences are
found) offsets, to some extent, the concern
that available studies are biased toward
significant effects while other studies remain
in the file drawer (Rosenthal, 1979).
Initially we identified over 200 effect
sizes; 172 entered our meta-analysis. (The
studies and effect sizes are cataloged in Hyde
& Linn, in press.) Studies were eliminated
because they (a) had samples of fewer than 40
volunteers selected haphazardly, (b) reported
insufficient information to compute effect
sizes, or (c) had text presentations that did not
coincide with the data reported in the tables.
(These events were clarified with the author
when possible, and several typographical errors were detected.) Furthermore, to avoid
dependence among the effect sizes in the
data, we randomly selected one effect size
from studies that used the same subjects to
measure the same category of spatial ability.

Analysis Procedure
The analysis plan involved using a
branching procedure governed by a criterion
of homogeneity following Hedges (1982a).
First, all 172 effect sizes were tested to see
whether they could be from a uniform popu-
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lation. As described in detail below, when
homogeneity was not achieved, the psychometric and cognitive perspectives were used
to identify three categories of spatial ability,
and the effect sizes were partitioned into
those categories..When homogeneity did not
result, effect sizes within a particular category
of spatial ability were partitioned according to
the age of the respondents and again tested
for homogeneity. Partitioning by age reflected
both the differential perspective, because different age groups are hypothesized to have
different levels of spatial ability, and the cognitive perspective, because tests of spatial
ability can tap different processes at different
points in development. If homogeneity was
still not achieved, we investigated other partitions for the effect sizes.

Categories of Spatial Ability
Spatial ability generally refers to skill in
representing, transforming, generating, and
recalling symbolic, nonlinguistic information.
Given the uncertainty about categories of spatial ability, we first formed broad categories
that could be further partitioned if metaanalysis of the effect sizes failed to yield
Considerable dispute surhomogeneity.
rounds the identification of specific spatial
abilities and the characterization of the processes used to solve spatial items (e.g., Caplan, MacPherson, & Tobin, in press).
Categorizations of spatial ability, stemming from the psychometric perspective,
have frequently used factor analysis (e.g.,
Lohman, 1979; McGee, 1979). Thurstone and
Thurstone (1941) identified space as a prominent aspect of the primary mental abilities. In
the 1940s, Air Force researchers partitioned
Thurstone's concept of spatial ability into four
separate dimensions. The French kit of reference tests (French, Ekstrom, & Price, 1963)
identifies three types of spatial ability. Hierarchical models, such as those of Cattell (1971)
and Vernon (1965), generally locate spatial
ability near the top of the hierarchy and include two or more subabilities in the general
category.
Since the psychometric perspective
yields categorizations that depend on the tests
used for the investigation, this approach will
never yield a general answer. In contrast, research from the cognitive perspective, identifying processes used to solve the tasks
thought to measure spatial ability, offers some
promise for identifying general categories of
spatial ability (e.g., Carpenter & Just, 1981;
Cooper & Regan, 1982; Guilford, 1969;
Shepard & Cooper, 1982). In this research we

focus on similarities in the processes that respondents use for individual items, a different
level of analysis from the correlational approach used in the psychometric perspective.
Informed by these perspectives, the categories we describe are labeled spatial percep-

tion, mental rotation, and spatial visualization.
Spatial Perception
In spatial perception tests, subjects are
required to determine spatial relationships
with respect to the orientation of their own
bodies, in spite of distracting information.
One example is the Rod and Frame Test
(RFT), in which subjects must place a rod vertically while viewing a frame oriented at 220
(Witkin, Dyk, & Faterson, 1962). Another is
water level, a task that requires subjects to
draw or identify a horizontal line in a tilted
bottle (e.g., DeAvila, Havassy, & PascualLeone, 1976; Harris, Hanley, & Best, 1978;
Inhelder & Piaget, 1958). An example appears in Figure 1.

Cognitive rationale.-What

processes

characterize spatial perception tasks? Some
process analyses of spatial perception tasks
suggest that subjects use the gravitational vertical to locate the correct orientation. Corballis and colleagues (Corballis & Roldan, 1975;
Corballis, Zbrodoff, & Roldan, 1976) here
demonstrated that participants in studies of
symmetry detection rotate the stimuli to
achieve either visual (consistent with head
tilt) or gravitational upright. Respondents
may rely on kinesthetic cues for locating the
gravitational horizontal or vertical (e.g., Goodenough, Oltman, & Cox, 1984; Linn & Kyllonen, 1981; Sigman, Goodenough, & Flanagan, 1978, 1979). For example, respondents to
the RFT report relying on whether the position "feels" upright (Linn & Kyllonen, 1981)
and respondents to water level report relying
on whether the water "feels" level (Petersen
& Gitelson, in press). The other feature of
spatial perception tasks is a focus on disembedding or overcoming distracting cues. Respondents can either ignore or correct for the
possibly misleading cues from tilted objects

I

FIG. 1.-A

2

3

4

spatial perception item. Respon-

dents are asked to indicate which tilted bottle has a
horizontalwater line.

Linn and Petersen
in their visual field. Reliance on kinesthetic
cues may accompany a decision to ignore the
distracting cues in the situation.
Although RFT and water level are certainly not identical in their task demands,
they share important features. They both depend on locating the gravitational upright;
they both present distracting perceptual information; and they both provide a series of
items requiring the same response with slight
variation in the distractors.

Psychometricrationale.-Historically, the
RFT was introduced by Witkin (1949) to
measure what he called Field-Dependence
(FDI). Subsequently, high
Independence
correlations between RFT and the Embedded Figures Test (EFT) were noted, as were
similarities in task demands (both included
distracting information). Both RFT and EFT
became accepted measures of FDI. Recently,
however, Witkin and Goodenough (1981) reviewed the work on FDI and concluded that
RFT represents FDI better than EFT does
and that the two abilities are distinct. Furthermore, they indicated that the role of kinesthetic cues distinguished the RFT from the
EFT. In a correlational study, Linn and Kyllonen (1981) supported the distinction between
RFT and EFT. Linn and Kyllonen, using both
factor analysis and structured equation approaches, showed that measures of spatial
orientation could be separated from measures
such as EFT, thus providing a psychometric
rationale for two distinct categories. Lohman's
(1979) identification of an orientation factor in
measures of spatial ability corresponds to this
distinction. Correlational evidence suggests
that RFT and water level are more similar to
each other than they are to other measures of
spatial ability (Goodenough et al., 1984; Linn
& Kyllonen, 1981). Goodenough et al. found
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that, in a group of spatial tasks, water level
had the highest correlation with RFT and that
both had their highest loadings on a factor
labeled "vestibular."
In summary, the potential advantage of
using gravitational kinesthetic processes may
differentiate spatial perception tasks from
other tasks that require disembedding such as
the EFT. The psychometric perspective is
consistent with this process analysis, demonstrating that spatial perception tasks are distinct from other tasks requiring disembedding.

Mental Rotation
Shepard and his colleagues (Shepard &
Cooper, 1982; Shepard & Metzler, 1971) have
studied the ability to rotate a two or three dimensional figure rapidly and accurately. They
devised individually administered tasks to
measure the speed of response to different
amounts of rotation (Cooper & Shepard, 1973;
Shepard & Metzler, 1971). Subsequently Vandenberg and Kuse (1978) modified the
Shepard-Metzler Mental Rotation Test for
group administration (see example in Fig. 2).
Other potential measures of this dimension
are Flags and Cards from the French kit
(French et al., 1963) and Primary Mental
Abilities (PMA) space (Thurstone & Thurstone, 1941).

Cognitive rationale.-Shepard and his
colleagues (e.g., Shepard & Cooper, 1982)
sought to substantiate an analogue process for
mental rotation. They hypothesized that during a mental rotation the respondent's internal cognitive processes have a one-to-one correspondence with the external rotation of the
object (Shepard & Cooper, 1982). Thus they
infer that a Gestalt-like process governs the
rotation of objects. Controversy centers on

STANDARD

RESPONSES

1

2

3

4

FIG. 2.-A mental rotation item. Respondents are asked to identify the two responses that show the
standard in a different orientation.

1484

Child Development

whether mental rotation is analogous to physical rotation or is subject to analytic processing
strategies (e.g., Carpenter & Just, 1978; Just &
Carpenter, 1976; Pylsyshyn, 1979, 1981;
Shepard & Cooper, 1982).
Evidence for the Gestalt-like process
comes from research by Shepard and his coworkers (e.g., Shepard & Cooper, 1982) showing that the reaction time to solution for mental rotation items reflects the number of
degrees through which the item must be rotated. Shepard finds that individuals take
longer to rotate objects through a larger angle,
supporting an analogue process for rotation of
the figure. Those attempting to demonstrate
that mental rotation is subject to analytic processing have sought to demonstrate effects for
stimulus complexity (e.g., Pylsyshyn, 1979,
1981). Taken together, however, the various
studies of mental rotation provide a strong
case for the availability of Gestalt-like analogue mental rotation processes.
Mental rotation items are used to measure the time required for solution rather than
the accuracy of solution (which is extremely
high). Conditions of measurement encourage
an analogue process. The possibility remains
that respondents could use analytic processes
to rotate figures when mental rotation is part
of a more complex task such as Surface Development (French et al., 1963). When individually administered mental rotation items are
translated into a group administered format,
different processes may contribute to performance. Thus processes required for mental
rotation may vary with the mode of task presentation. Furthermore, since the primary dimension is speed of response, such tasks have
not been used successfully with young children because the level of concentration required is often limited in the young.
Some researchers suggest that mental rotation in two dimensions is easier and may
reflect a different process than mental rotation
in three dimensions (e.g., Rosser, 1980).
Shepard and Cooper (1982) question this assertion, finding no effect of dimension when
rotation of two- and three-dimensional objects
is compared. Another factor differentiating
two- and three-dimensional stimuli is complexity. Possibly, when respondents encounter complex stimuli, some find that the
strategies they used for simple stimuli are no
longer effective. Cooper (1983) suggests that
the longer response times for threedimensional stimuli result from some subjects
whose inefficient strategies interfere with
success. Thus all subjects may use a process
analogous to physical rotation, but some sub-

jects may apply the strategy inefficiently.
Such inefficiency would be more apparent for
complex stimuli.

Psychometric rationale.-The

primary

psychometric question is whether mental rotation can be differentiated from other measures of spatial ability. Thurstone's original
space factor included mental rotation. French
(1951), Fruchter (1954), Smith (1964), and
Thurstone and Thurstone (1941) generally
concur that two major factors characterize spatial ability: perception and visualization.
None of these earlier systems differentiated
mental rotation from spatial visualization.
Recently, DeFries et al. (1974) and Wilson and Vandenberg (1978) factor analyzed a
group of 15 cognitive tests and found the
same factor structure for different ethnic
groups, for males and females, and for different age cohorts. In all cases a spatial factor
was characterized by the Vandenberg and
Kuse (1978) mental rotations test (subsequently called the Vandenberg) and by Cards
(French et al., 1963) but also included spatial
visualization tasks such as Hidden Patterns,
Paper Form Board, and Progressive Matrices.
However, the Vandenberg test had a low relationship to the other factors, which were
identified as verbal, perceptual speed, and
visual memory. In contrast, the spatial visualization tasks were more strongly related to the
verbal factor than was the Vandenberg. Thus
psychometrically, the Vandenberg test may
identify a spatial ability independent of verbal ability and may be differentiated from
spatial visualization in this respect.
In summary, results from the process
analysis suggest that mental rotation tasks are
distinct and involve a Gestalt-like analogue
process. Factor analyses using mental rotation
tasks have sometimes been used to identify a
factor independent from spatial visualization.
Our initial categorization of spatial ability
separates mental rotation from spatial visualization, but our analysis procedures provide an
opportunity to combine the two if effect sizes
are similar.

Spatial Visualization
Spatial visualization is the label commonly associated with those spatial ability
tasks that involve complicated, multistep manipulations of spatially presented information. These tasks may involve the processes
required for spatial perception and mental rotations but are distinguished by the possibility of multiple solution strategies. Spatial
visualization tasks include EFT, Hidden Figures, Paper Folding (see Fig. 3), Paper Form

Linn and Petersen
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D
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FIG. 3.-Spatial visualization items. Left, Embedded Figures: respondents are asked to find the
simple shape shown on the top in the complex shape shown on the bottom.Right,PaperFolding: respondents are asked to indicate how the paper would look when unfolded.
Board, Surface Development, Differential
Aptitude Test (spatial relations subtest),
Block Design, and Guilford-Zimmerman spatial visualization. As many researchers have
noted (Cattell, 1971; Guay & McDaniel, 1977;
Shepard & Feng, 1972), an analytic strategy is
required to solve these complex tasks. Mental
rotation and spatial perception may or may
not be elements of that strategy.
Cognitive rationale.--Process
analyses
of spatial visualization tasks stress that multistep, analytic procedures are required to solve
the tasks. Consider Paper Folding (Fig. 3).
Subjects must represent the paper and transform their representations by examining pictures that show (a) the folding of a piece of
paper, (b) the punching of a hole through the
folded paper, and (c) the resulting pattern of
holes when the paper is unfolded. As is characteristic of spatial visualization tests, the student is required to work quickly (many fail to
finish), rotate figures, and keep track of multistep operations.
Successful performance on spatial visualization tasks involves flexibility in selecting
the optimal strategy for each item. As Kyllonen, Woltz, and Lohman (1981) have shown,
respondents rapidly adjust their strategies to
the unique features of new items. Successful
respondents have a repertoire of strategies for
these items.
Psychometric rationale.-Correlational
studies often, but not always, identify spatial
visualization. Guilford (1969) places these
tests on a dimension called Cognition of
Figural Transformation. Horn and Cattell
(1966) identified spatial visualization using
factor analysis with oblique rotation. Snow,
Kyllonen, and Marshalek (in press) attempted
to separate spatial visualization from Horn
and Cattell's (1966) construct of general fluid
ability, which is defined as the ability to form
relationships among symbols, and is measured by tests such as Letter Series (French et

al., 1963). They were unable to separate the
two constructs in an orthogonal factor analysis, so they defined a construct called general
fluid visualization that included both. Thus
the distinction between spatial visualization
and fluid ability requires further clarification.
As discussed above, spatial visualization has
sometimes but not always been distinguished
from mental rotation but has been distinguished from spatial perception.
In summary, it appears that processes
used for spatial visualization are distinct from
those used for other spatial abilities. Success
on spatial visualization requires analysis of
task demands and flexible adaptation of a repertoire of solution procedures. Those conducting psychometric studies suggest that
spatial visualization might be distinguished
from other spatial abilities but not necessarily
from nonspatial tasks such as measures of
general fluid ability.
Thus we found three spatial ability categories: (a) spatial perception, which can
be done efficiently using a gravitational/
kinesthetic process; (b) mental rotation,
which can be done efficiently using a Gestaltlike mental rotation process analogous to
physical rotation of the stimuli; and (c) spatial
visualization, which can be done efficiently
using an analytic process. Other categorizations are, of course, possible. Our approach to
research synthesis helps us decide whether
this categorization is appropriate.

Meta-Analysis Results
As mentioned in the description of our
meta-analysis procedure, we first tested to see
whether all our effect sizes were homogeneous; they were not. Thus we partitioned
the effect sizes using the three spatial ability
categories described above.
Spatial Perception
The 62 spatial perception unbiased effect
sizes were not homogeneous. Using Hedges's
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TABLE 1
EFFECTSIZES(ES) ANDHOMOGENEITY
FORSPATIAL
ABILITYMETA-ANALYSIS

Group

ES (N)

Weighted
Estimator
of ES

95%
Confidence Interval
for ES

Homogeneity
Statistic
(Critical Value)

62
26
23
13

.44
.37
.37
.64

.04-.84
- .06-.81
-.11-.85
.31-.97

110(80)a
45(38)a
19(34)b

29
18
11

.73
.94
.26

.50-.96
.77-1.12
.002-.54

81

.13

- .24-.50

Spatial perception:
All ages ............
Under 13 ........
13-18 ............
Over 18 ..........
Mental rotation:
All ages ............
Vandenberc
......
PMA space ......
Spatial visualization
All ages ............

26(21)a

247(43)
28(20)b
18(16)a

98(101)b

a Close to
homogeneity.

b
Homogeneity achieved with p < .95 confidence.
' Effect
sizes for the Vandenberg version of the Shepard-Metzlerfigures.
d Effect sizes for the
PMA-spacesubtest and other similar tests.

(1982a) methods for fitting categorical models,
we partitioned by age of the subjects as
shown in Table 1. After partitioning, the
within-class homogeneity was reduced (from
X2[62] = 110 to x2[61] = 90) but still high,
indicating that heterogeneity remained. The
between-class homogeneity was significant
(X2[1] = 20, p < .05), indicating that the observed differences in effect sizes between
groups were significant. Partitioning resulted
in homogeneity for the 12-18-year-old age
range and near homogeneity for the other
ages. As discussed above, near homogeneity
implies the studies are similar but not exact
replicates of each other. The fit was improved
by partitioning because the weighted estimator for the over-18 age group exceeded
the estimates for younger individuals.
Unbiased effect sizes for sex on spatial
perception range between -.27 and 1.00.
The weighted estimator is one-third of a standard deviation (favoring males) for those 18
and under and two-thirds of a standard deviation for those over 18 years of age. Only the
effect size for those over 18 is significantly
different from zero, as indicated by the 95%
confidence interval in Table 1.
Why is the effect size for those over 18
years of age larger than for the others? Sex
differences in spatial perception may accelerate with age, or they may be larger for one test
than for another. We computed separate effect
sizes for RFT and water level but found no
difference in pattern. Alternatively, this difference could reflect a cohort influence: perhaps older individuals (studied since 1974)
have had less access to relevant spatial experi-

ences than younger individuals (e.g., science
instruction emphasizing the physical principles involved in water level). A recent study
by Liben and Golbeck (1984) suggests that
substantial amounts of instruction can reduce
or eliminate sex differences on these tasks.
Also, the over-18 samples may be drawn from
a different population than the other samples
(e.g., particular occupation groups). Thus the
postadolescent effect size may reflect acceleration in sex differences after 18 years, a cohort
effect, or sampling biases that differentiate
that group from the other two groups. No
clear support for a single hypothesis emerged
from review of the 13 studies involved.
When in the life span are sex differences
in spatial perception first detected? We consider studies involving young respondents as
well as a longitudinal study to answer this
question.
First, can this dimension be measured reliably across the life span? Spatial perception
can be measured reliably in 4-year-olds
(Block & Block, 1982; Foorman, 1979), although the task may measure a different dimension than that assessed in older children.
Piaget and Inhelder's (1967) study of water
level suggested that younger children view
the task as a memory task, whereas older children can reason about the variables.
The youngest respondents to a spatial
perception measure entering the metaanalysis were also part of a longitudinal sample. The 4-year-olds in the meta-analysis
came from the Block and Block (1982) longitudinal study. These individuals were given
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the RFT at ages 4, 5, 7, and 11. At age 4, girls
outperformed boys. At ages 5 and 7, boys
slightly outperformed girls. By 11 years, boys
performed significantly better than girls. Between age 7 and 11 the difference between
boys' and girls' scores increased threefold.
Thus the Block and Block (1982) longitudinal
study suggests that sex differences in spatial
perception favoring males are first detected
around age 7 and accelerate to adult levels by
age 11. These differences could account for
the slight heterogeneity of effect sizes.
The remaining subjects in the metaanalysis were 8 years of age or older. For
those from 8 to 18 years, the analysis reveals
homogeneous sex differences in performance
on spatial perception favoring males. There is
no evidence for a change in the magnitude of
sex differences in spatial perception at adolescence. As noted above, the larger effect size
for those over 18 years, together with the longitudinal data described suggests the possibility that sex differences in spatial perception
may accelerate beyond adolescence.
Maccoby and Jacklin's (1974) review included 21 studies of RFT and no studies of
water level (possibly because the few available studies at that time failed to report data
by sex). In 16 of their 21 studies, there are
significant effects favoring males, including
all the youngest groups (age 7 or 8). Thus the
conclusions in the studies reviewed by Maccoby and Jacklin (1974) concur with our
finding that sex differences in spatial perception exist by age 8 and persist across the life
span.

Cognitive and strategic perspective.--

The meta-analysis results imply that sex differences in spatial perception can be detected
from age 8 onward, although they are only
significant, as a group, for those age 18 and
older. We turn to the cognitive and strategic
research perspectives for some insight into
the mechanisms that might govern these differences. Our investigations suggest that
knowledge about physical principles, propensity to rely on gravitational/kinesthetic cues,
and propensity to combine task features analytically are dimensions that influence spatial
perception performance.
A number of researchers (e.g., Liben &
Golbeck, 1980; Linn & Delucchi, 1983) have
investigated the role of knowledge of physical
principles (e.g., that water is horizontal in
tilted bottles) in water level performance.
They found that the task was easier when
knowledge of physical principles was not required for solution but that this knowledge
did not interact with sex differences.
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In the water level task, instructions that
encourage analytic attention to task features
also influence performance. Harris et al.
(1978) report that sex differences are eliminated when the instructions indicate "the water is in motion" and "the water is at rest."
When the instructions indicate that the "water is in motion," males find the task more
difficult than they find the standard task.
When the instuctions indicate that the "water
is at rest," females find the task easier than
they find the standard task. However, when
the instructions are changed to describe the
"container at rest" and the "container in mo'tion," the usual sex differences occur just as
they do in the standard version where the illustration suggests that the container is at rest.
These results may indicate a sex difference in
propensity to rely on cues from the task
situation.
Certain visual task features may inhibit
reliance on distracting cues. In some studies,
but not others, the shape of the container in
the water level task influences performance
(Thomas & Jamison, 1975, 1981). In another
example, reducing the size of the retinal image of the frame in RFT inhibits reliance on
the frame (Dichgans, Young, & Brandt, 1972;
Sigman et al., 1978, 1979) and fosters performance.
In summary, spatial perception items typically include task features that encourage or
discourage analytic solutions to the items. Errors probably reflect inappropriate weighing
of these features. In the standard version, reasoners who depend more or primarily on
gravitational/kinesthetic cues may well outperform those who use an analytic procedure
and rely on visual features.

Mental Rotation
The second category of spatial ability,
mental rotation, yielded 29 effect sizes. The
effect sizes were not homogeneous, so we
partitioned them by age. Homogeneity was
not achieved for the separate age groups.
Most of the studies of mental rotation involved either PMA space or the Vandenberg.
To investigate whether lack of homogeneity
reflected a task effect, we plotted the effect
sizes by age and task, as shown in Figure 4.
We found larger effects at all ages for the Vandenberg and Kuse (1978) version of the
Shepard-Metzler Mental Rotation Test than
for the other measures of mental rotation.
Thus we partitioned all the effect estimates
into two groups: (a) Vandenberg and Kuse
(1978) and (b) PMA space or Coordinated
Viewpoints (Guay & McDaniel, 1977) or
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FIG.4.-Effect sizes for mental rotationstests by age. O = Vandenberg(1971).@ = PMA space
(Thurstone& Thurstone, 1941), Cards(French et al., 1963), Flags (French et al., 1963).
Cards (French et al., 1963). (Cards and Coordinated Viewpoints were each represented
by a single effect estimator.) The resulting
partition yielded homogeneity or near homogeneity for each group (Table 1). As discussed above, near homogeneity suggests that
the studies are similar but are not perfect replicates of each other. In fact, as can be seen,
most effect sizes on the Vandenberg and Kuse
(1978) exceeded those on the other tests.
There were no changes in effect size
with age over the ages studied. Sex differences are detected as soon as mental rotation
could be measured. The two studies with the
youngest respondents using PMA space (age
10-11) have means favoring males, but only
one is significant. Wilson and Vandenberg
(1978) found sex differences on mental rotation from their youngest (age 13) to their oldest (age 60+) subjects. For studies prior to
1974, Maccoby (1966) and Maccoby and Jacklin (1974) report studies of PMA space that
detect sex differences at whatever age it is
measured.
In summary, the effect sizes for the mental rotation category lacked homogeneity because the tests included have systematically
different magnitudes of sex differences.
Across ages, we found large homogeneous effects for sex on mental rotation as measured
by the Vandenberg test. Similarly, across age

we found moderately sized and fairly homogeneous effects for sex on mental rotation as
measured by PMA space (Thurstone & Thurstone, 1941). Both types of mental rotation
tasks yield consistent sex differences across
ages, although the magnitude of the difference depends on the test used, and the Vandenberg and Kuse (1978) task has not been
used with those younger than 13.
Cognitive and strategic perspective.From the process analysis described above
we see that mental rotation may often occur as
a cognitive process analogous to the physical
rotation of an object. Of course, the analogue
process can be applied inefficiently, or an analytic process can also be used to rotate
figures, but these approaches are less efficient
for highly speeded mental rotation tests. As
discussed above, the research program of
Shepard and his colleagues has verified the
existence of an analogue process (Cooper &
Regan, 1982; Shepard & Cooper, 1982). Conditions under which the process is applied
require investigation.
What differentiates the Vandenberg from
PMA space? The Vandenberg items are in
three dimensions and are more complex than
the two-dimensional PMA-space items (see
Figure 2). Research suggests that both the additional complexity and the additional dimension lead to slower reaction times for all
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subjects (Cooper, 1975; Pylsyshyn, 1979;
Shepard & Metzler, 1971). In contrast, in both
tests the respondents are required to locate
two instances of the rotated stimulus figure
and to work quickly. These task characteristics encourage use of an efficient rotation
strategy.
Analysis of studies in the cognitive perspective can shed light on this finding. These
studies use small numbers of volunteer subjects but assess their performance individually rather than through the use of groupadministered paper and pencil tests. Such
studies were not entered in the meta-analysis
because of nonsystematic subject selection
but can help us clarify our results. Comparison of male and female performance on individually administered mental rotation items
yields surprisingly consistent results for error
rates and for response times for unrotated
figures (the intercept from an equation fitted
to the responses gives the response time)
(Kail, Carter, & Pellegrino, 1979; Metzler &
Shepard, 1974; Tapley & Bryden, 1977). Differences are found only in the slopes of the
regression lines, which reflect the response
times to solution as items are rotated through
greater angles.
Essentially, each respondent takes longer
to rotate a figure through a larger angle than
through a smaller angle, but the rate of increase (or slope of the regression line) differs
widely. Females have longer response times
than do males. The most comprehensive
study (Kail et al., 1979) showed that sex differences in speed of rotation were dramatic (30%
of the females were slower than all the
males). Besides these group differences, variability in response times for females was
greater than for males because of a bimodal
distribution of scores for females. Some females performed just like the males; others
formed a separate group with longer response
times.
If performance on the Vandenberg and
the PMA-space measure is based primarily on
rate of mental rotation, then the greater magnitude of sex differences on the Vandenberg
relative to the PMA space could reflect
slower rotation rates for a subgroup of females. Research on rate of eye tracking suggests that females, as a group, track more
slowly than males (Kuechenmeister, Linton,
Mueller, & White, 1977). Eye tracking, however, has not been linked to mental rotation
performance and could be used to investigate
this hypothesis. At present, it would be prohibitively expensive to study samples large
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enough for conclusions to be reached (e.g.,
Carpenter & Just, 1978).
Another hypothesis to explain the differences between the Vandenberg test and the
PMA-space test is based on students selecting inefficient solution strategies. Since all
the stimuli are presented simultaneously,
subjects could select part-by-part rotation and
comparison rather than rotation of a whole integrated figure (e.g., Carpenter & Just, 1978).
For the more complex figures in the Vandenberg test, several part-by-part rotations may
be necessary to get enough information to
choose a response. In contrast, fewer part-bypart rotations may be necessary to get enough
information to choose a response for the simpler PMA-space figures. If females, more than
males, adopt a part-by-part strategy, then the
sex differences should be more apparent on
more complex figures.
More generally, a part-by-part strategy
could be mediated by an analytic metastrategy that guides part selection. For the relatively straightforward PMA-space items,
such an approach may be as efficient as mental rotation; for the complex Vandenberg
items, such an approach may be inefficient.
Thus if females adopt an analytic strategy
more often than males, then, in situations
where the meta-strategy for analytic solution
is efficient, few sex differences would be detected. Thus for PMA space, reliance on an
analytic meta-strategy may yield small sex differences, whereas for the Vandenberg test, reliance on an analytic meta-strategy may yield
large sex differences.
Slower performance on mental rotation
may reflect greater caution on the part of females (since few er:ors are made by either
sex) rather than lack of ability to perform
quickly. Female caution in testing situations
has been documented for tests administered
across a wide range of ages such as the National Assessment of Educational Progress
(de-Benedictis, Delucchi, Harris, Linn, &
Stage, 1982; Wheeler & Harris, 1981). The
slower performance of females relative to
males on mental rotations may reflect a tendency to double check an answer by rotating
twice or by rotating additional parts of the
figure (when using a part-by-part strategy)
rather than slower rotation of a single figure.
In summary, males tend to outperform females on mental rotation at any age where
measurement is possible. Then sex differences may result from differential rate of rotation, differential efficiency in strategy application, differential use of analytic processes, or
differential caution.
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Spatial Visualization
In the meta-analysis of the 81 effect estimators for spatial visualization we found that
effects were small and homogeneous across
the life span. Individual studies had effect
sizes ranging from -.91 to .71. The average
effect size was .13 of a standard deviation
unit. The effects were not partitioned since
they were homogeneous. A confidence interval for the mean effect included zero, indicating that the average effect size did not differ
from zero (see Table 1).
Furthermore, sex differences in spatial
visualization do not change across the life
span. For most of the studies, no significant
differences between males and females were
found. Therefore sex differences in spatial
visualization are not detected at any point in
the life span.
Other research is consistent with this
finding. Maccoby and Jacklin (1974) summarized 32 studies of an aspect of spatial visualization: the EFT. In five studies there were
significant differences favoring males, and in
three there were significant differences favoring females. Thus for the studies reviewed by
Maccoby and Jacklin (1974) no consistent sex
differences on this aspect of spatial visualization emerged.
One longitudinal study deserves special
mention because it illustrates consistency in
performance on spatial visualization. Block
and Block (1982) administered a version of
embedded figures at ages 3, 4, 5, and 11 and
found a sex difference at age 4 favoring
females but no differences at other ages. This
longitudinal study lends further support to
the conclusion that spatial visualization is
equally difficult for both sexes.

Cognitive and strategic perspective.--

Process analyses of performance on spatial
visualization items conducted recently show
that these items require an analytic procedure. For example, Kyllonen et al. (1981), in a
study analyzing performance on paper folding, fbund that the item characteristics were
more likely to determine the strategies used
to solve the item than were the characteristics
of the individuals responding to the items.
Thus individuals tend to select different strategies for different items, rather than performing similarly from item to item. Individuals
who do well on spatial visualization items do
so because they have an appropriate repertoire of strategies and because they have effective meta-strategies to govern the selection
of a strategy for each item.

As we mentioned above, both spatial perception and many of the spatial visualization
items require disembedding. In spatial perception the subject may rely on gravitational/
kinesthetic cues instead of correcting for distracting cues. In contrast, kinesthetic cues are
rarely helpful in spatial visualization disembedding. Thus spatial perception may be
uniquely characterized by the possibility of
relying on gravitational/kinesthetic cues.
The analogue mental rotation process
studied by Shepard and his colleagues could
be employed for many spatial visualization
items. Recall, however, that males and females differ primarily on speed of mental rotation, not accuracy. The strategy of rotation
exists for both groups. Speed of rotation is
probably less critical in spatial visualization
than in mental rotation because it constitutes
much less of the total solution time. Alternatively, consider the hypothesis that speed of
rotation reflects caution on the part of females.
Caution in the form of double-checking responses may hinder performance on mental
rotations but not on the more analytic spatial
visualization items.
The repertoire of strategies for spatial
visualization items thus probably includes the
propensity to rely on gravitational/kinesthetic
cues hypothesized to characterize spatial perception performance as well as analogue
mental rotation speed hypothesized to characterize mental rotations. These may account for
the slight tendency of males to perform better
than females on spatial visualization. Tasks
requiring reliance on either of these strategies
may yield larger sex differences than shown
in this meta-analysis. Our investigation does
not include sufficient numbers of such tasks
to allow a test of this hypothesis, but a larger
pool of effect sizes might permit partitioning
of the studies by test and provide a more detailed picture of performance. Sex differences
in strategy selection might be revealed if the
solutions used by males and females for spatial visualization items were studied.
Spatial visualization performance probably reflects the meta-strategy for selecting
processes for each item rather than the individual's relative proficiency in using any particular process. Spatial visualization items can
be solved using a range of processes besides
those associated with spatial perception and
mental rotation. Thus the spatial processes
that yield sex differences could be among
those from which the reasoner flexibly selects
to solve spatial visualization items. Reasoners,
therefore, could select optimal processes for
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their own performance and minimize effects
of sex differences on total score.
That males and females may differ in the
processes they select for solving spatial problems is reflected in correlations between aptitudes and performance for males and females. Kyllonen, Lohman, and Snow (1984)
found that for females verbal aptitude correlated with paper folding performance
whereas for males spatial aptitude correlated
with this task. Similarly, Sternberg and Weil
(1980) found that those using a spatial strategy
on linear syllogisms showed a relationship
between spatial but not verbal aptitude and
solution time, whereas those using a verbal
strategy showed a relationship between verbal but not spatial aptitude and solution time.
Given the lack of sex differences in spatial visualization and the process analysis
reported above, it appears that spatial visualization performance depends on use of
meta-strategies. Furthermore, as Lohman
(1979) suggests, much of the variance in complex spatial tasks is explained by variation in
general ability. These strategies are more
characteristic of general ability than of spatial
ability. Recall also that Snow et al. (in press)
could not separate spatial visualization from
fluid ability in factor analysis. Certainly these
meta-strategies resemble processes thought to
be components of intelligence (e.g., Sternberg, 1982). Spatial visualization performance
may depend, in large part, on general abilities
that do not exhibit sex differences.
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differences range from about one-quarter of a
standard deviation unit for PMA space to almost an entire standard deviation unit for the
Vandenberg. Spatial visualization, which is
characterized by analytic combination of both
visual and nonvisual strategies, is about
equally difficult for males and females.
Our categorization of spatial ability resulted in nearly homogeneous effect sizes
for sex within categories. However, these
findings do not imply that this is the only or
even the best way to partition spatial ability.
For example, the spatial perception effect size
for those under 18 is statistically similar to the
mental rotation effect size for PMA space.
Statistical similarity does not, of course, imply
similarity in processes or strategies required
to solve the items; such similarity simply
raises possibilities.
Originally, we combined diverse measures such as PMA space and the Vandenberg
test, both of which seemed to require mental
rotation, on the basis of process analysis. Statistical procedures in meta-analysis demonstrated that task features can have large effects
on performance even when tasks appear
superficially similar. This finding illustrates
the advantages of combining ideas from
varied research perspectives and the power
of recent advances in meta-analysis. This
finding also suggests some unanswered questions about spatial ability performance.

Thus, sex differences in spatial ability
may influence which processes reasoners
select for spatial visualization items. Flexible
selection of the most efficient processes may
mean that females select different processes
than males for some items. The metastrategies governing selection appear more
similar to general ability than to other spatial
ability processes. Further research is needed
to establish how or whether sex differences in
spatial perception and mental rotations influence spatial visualization performance and
how or whether spatial visualization can be
distinguished from general ability.

Our categories reflect the nature of measures chosen for research study. Measures
represented by few studies in recent research
receive less emphasis than widely studied
measures. For example, two tests are used to
establish nearly all the effect sizes for spatial
perception. Mental rotation is also primarily
assessed by two measures that proved to have
effect sizes of different magnitude. In contrast, spatial visualization has a variety of measures, some of which, if sampled more
widely, might form a separate category. In
particular, spatial visualization tests with
many items that could be efficiently solved
using a mental rotation strategy might yield
small but consistent sex differences.

Summary and Discussion
In summary, we identified homogeneous
sex differences in two of the three aspects of
spatial ability. Spatial perception is easier for
males than females. Differences range between one-third of a standard deviation unit
for those under 18 to two-thirds of a standard
deviation unit for those over 18. Mental rotation is also easier for males than for females;

Magnitude of sex differences in spatial
ability.-Sex differences in spatial ability are
large only for mental rotation, medium for
spatial perception, and small for spatial visualization. Linn and Pulos (1982, 1983) report
that approximately 5% of the variance in the
water level task is attributable to sex. Hyde
(1981) and Plomin and Foch (1982) both report that between 1% and 5% of the variance
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in performance in the studies of spatial ability
reported by Maccoby and Jacklin (1974) can
be attributed to sex. In most studies, sex accounts for up to 5% of all the individual differences in performance on spatial tasks, excluding mental rotation.
Our meta-analysis results contradict the
assertion that sex differences in spatial ability
are first detected in adolescence. For spatial
perception, differences are detected in individual studies at about age 8 and, for grouped
studies, emerge statistically only at age 18.
For mental rotation, sex differences are detected whenever measurement is possible,
although some versions of the test are inappropriate for those under 13. For spatial visualization, there are no differences. Thus sex
differences in spatial ability are detected prior
to adolescence for some categories of spatial
ability and not at all for others.
The nature of spatial ability sex differences.-Sex differences in spatial ability appear on tasks for which efficient solution
requires rapid manipulation of symbolic information and on tasks that require recognition of the vertical or horizontal. Spatial
visualization tasks, where efficient solution
depends on effective use of analytic procedures to select strategies for manipulating
symbolic information, do not appear to yield
sex differences.
Our explanation of the observed sex differences on these tasks centers on selection
and efficient application of solution strategies.
For both mental rotations and spatial perception, inefficient or inaccurate strategies have
been identified. For mental rotations, the less
efficient analytic strategy can be used, or an
inefficient use of the process analogous to the
physical rotation of the object might be employed rather than a process analogous to rotation of the entire physical object. For spatial
perception, the less accurate strategy of attempting to correct for distracting information
could be used rather than a strategy of reliance on gravitational/kinesthetic cues.
The pattern of sex differences could result from a propensity of females to select and
consistently use less efficient or less accurate
strategies for these tasks. Cooper (1983) provides evidence for the view that respondents
choose from a variety of strategies even for
tasks involving mental rotations that seem to
encourage use of a single strategy. Cooper
(1983) suggests that, for mental rotation, once
a respondent has selected a strategy, the same
strategy is used for all the items. Since mental
rotation items are all very similar to each

other, there would be little in the situation to
encourage strategy shifting. Linn and Pulos
(1983) report similar patterns of consistent
strategy use for spatial perception tasks. In
constrast, spatial visualization tasks, because
of the complexity of their items, may encourage strategy shifting. Further investigation is
needed to determine whether tasks that encourage strategy shifting have fewer sex differences than other spatial tasks.
Another explanation centers on acquisition of appropriate strategies for these tasks. If
females are less likely to acquire the efficient
or accurate strategies, then no amount of skill
in strategy selection will help.
Both these explanations for the observed
differences could reflect different experiences
of males and females relevant to each of these
tasks. Inefficient strategy selection for these
tasks may reflect a lack of attention to the
cues governing strategy selection or lack of
opportunity to acquire the strategy. Those
conducting training studies have shown
that instruction improves performance on spatial perception items for both sexes (Liben &
Golbeck, 1980). In addition, the experiences
of males and females differ in areas thought
relevant to spatial performance (e.g., Newcombe et al., 1983; Petersen & Gitelson, in
press). More precise investigations of these
questions are needed.
It appears that spatial visualization performance depends, in large part, on metastrategies used to select an approach for each
item, so that in this sense spatial visualization
resembles general ability. Furthermore, it
may be that, as the mental rotation strategy
analogous to the physical rotation of the object becomes more central to task performance, sex differences become more pronounced. Further research using tasks that
demand more mental rotation skill than those
we classified as spatial visualization and less
than those classified with PMA space would
help to clarify the performance of males and
females on spatial ability tasks. Further study
of the repertoire of strategies available to reasoners, of the cues used by reasoners to select
a particular strategy, and of the efficiency with
which reasoners apply strategies would also
be illuminating.
Relationship to mathematics and science
performance.-The pattern of sex differences
in spatial ability and the process analysis hypothesized to account for this pattern do not
correspond to the pattern of sex differences
found in mathematics and in science performance (e.g., Armstrong, 1979; Malone &
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Fleming, 1983; Meehan, 1984; Steinkamp &
Maehr, 1983). Processes of speed of mental
rotation, most strongly implicated in spatial
ability sex differences, do not correspond to
processes likely to contribute to mathematics
and science performance (see Linn &
Petersen, in press, for a more detailed discussion). Correlational studies show a strong relationship between spatial abilities and
scientific and mathematical reasoning, probably reflecting the role of general ability in
performance in each area. Sex differences in
spatial ability do not generally account for sex
differences in mathematics and science (e.g.,
Fennema & Sherman, 1977; Karplus, Pulos,
& Stage, 1980; Kreinberg & Stage, 1981; Linn
& Pulos, 1982, 1983). Studies that separate
each type of spatial ability are needed to
clarify these relationships further.
Biological mechanisms for sex differences in spatial ability.-Many
hypothesize
that sex differences in spatial ability result
from hormonal changes at puberty. Since the
meta-analysis showed no change in the magnitude of spatial ability sex differences in
early adolescence, a pubertal mechanism for
sex differences would seem unlikely. Furthermore, although many factors governing
the emergence of sex differences in spatial
ability at puberty have been proposed, the research evidence is inconsistent (e.g., Carey,
Diamond, & Woods, 1980; Newcombe et al.,
1983; Petersen, 1983; Waber, 1976, 1977).
For example, Waber originally (1976,
1977) proposed a relationship between spatial
ability and the timing of pubertal maturation.
She suggested that later maturers would be
better spatial visualizers than earlier maturers
because of the effects of maturational timing
on the development of hemispheric specialization in the brain. This hypothesis, that the
brain functioning of later maturers becomes
more laterally specialized for spatial ability,
would explain sex differences in spatial ability since boys mature 1-2 years later than
girls, on the average (e.g., Petersen & Taylor,
1980). The association between maturational
timing and spatial ability was supported in
some studies (Carey et al., 1980; Newcombe
et al., 1983; Petersen & Gitelson, in press)
and not supported in several others (Herbst &
Petersen, 1979; Petersen, 1976; Roach, 1979;
Strauss & Kinsbourne, 1981). Studies supporting the hypothesis generally utilized designs
in which extreme maturation groups (earlier
and late maturers) were contrasted. The fact
that support has been found mainly in such
"extreme groups" studies suggests that the effect of maturational timing may be a weak one

1493

in the whole population. Waber's subsequent
research (Waber, Bauermeister, Cohen, Ferber, & Wolff, 1981) yielded support for the
hypothesis only among upper-middle-class
students. Furthermore, even when late maturers are found to outperform early maturers on
spatial tasks, they usually do not show greater
lateralization. Thus the hypothesized proximal cause underlying the association between timing of maturation and spatial ability
has not been supported (e.g., Herbst &
Petersen, 1979; Newcombe et al., 1983;
Waber et al., 1981), and the role for timing of
maturation in sex differences is more complex
than originally thought. Timing of maturation
may be involved with sex differences in spatial ability, but more research with appropriate measures (e.g., mental rotation) is needed
at this point.
Genetic factors constitute the other major
biological mechanism used to explain sex differences in spatial ability. There is ample evidence that spatial ability, like other cognitive
abilities, is highly heritable (e.g., DeFries et
al., 1976; Spuhler & Vandenberg, 1980).
Some special genetic mechanism, however, is
needed to explain sex differences in spatial
ability. The primary plausible mechanism is
that a spatial gene is carried on the X chromosome (Wittig & Petersen, 1979). Bock and
Kolakowski (1973) initially proposed an Xlinked recessive major gene for spatial ability.
The evidence for a genetic mechanism
for sex differences could be obscured by
lumping together studies of diverse forms of
spatial ability, only some of which show consistent sex differences. The meta-analysis suggests that mental rotations would be the best
task to use to identify a genetic mechanism
since it yields the largest sex differences. Indeed, Vandenberg and Kuse (1979) reviewed
the evidence for a genetic explanation for sex
differences in mental rotations and found that
evidence fails to support this explanation.
The total body of research examining the
X-linked hypothesis
offers contradictory
findings. Some researchers have found evidence for X linkage using spatial visualization
measures (e.g., Hartlage, 1970; Stafford,
1961), mental rotations (Bock & Kolakowski,
1973), and water level (Thomas & Jamison,
1981). Conversely, other studies fail to support the hypothesis using spatial visualization
measures (Corely, DeFries, Kuse, & Vandenberg, 1980) and mental rotations (e.g., McGee,
1978, 1979). Additional studies on all three
categories of spatial ability have produced
mixed results (Fralley, Eliot, & Dayton, 1978;
Goodenough et al., 1977; Loehlin, Sharan, &
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Jacoby, 1978; Walker, Krasnoff, & Peaco,
1981; Yen, 1975). Thus no consistent evidence for the X-linked hypothesis has been

found.

A biological mechanism for observed sex
differences in spatial ability may be expressed through a hormonal mechanism occurring earlier than puberty. Just prior to and
after birth, prenatal hormones reach adult
levels, with the related sex difference. There
is some evidence that brain organization is
affected by hormones at this time (Hines &
Shipley, 1984; Reinisch et al., 1979). However, no evidence linking this hypothesis to
spatial ability has been put forth.
To the extent that any biological factors
affect spatial ability they would interact with
sex-typed experiences and sex-role expectations to produce the observed patterns of
performance (e.g., Newcombe et al., 1983;
Tobin-Richards & Petersen, 1981). Males and
females have differing experiences across the
life span (e.g, Bem & Bem, 1970; Cordua,
McGraw, & Drabman, 1979; Haugh, Hoffman, & Cowan, 1980; Papalia & Tennent,
1975). The relationship between these experiences and documented sex differences in spatial ability has not been established but may
eventually offer an explanation for sex differences in spatial ability (e.g., those in mental
rotations) and for the success of training programs aimed at reducing the differences
(Connor, Schackman, & Serbin, 1978;
Goodenough et al., 1984; Newcombe et al.,
1983; Liben & Golbeck, 1984).
In conclusion, sex differences in spatial
ability are now more specifically described.
The mechanisms that lead to these differences remain to be established, as do the possible influence of these differences on other
behaviors. Individuals probably have an assortment of spatial skills rather than a single
ability. Furthermore, several mechanisms
may contribute to the observed sex differences. Researchers attempting to characterize
the nature and origin of these differences and
their potential influence on other behavior
need to differentiate the types of spatial ability and the processes respondents use for
each item type.
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