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Gender differences in cognitive and educational
performance refer to the apparent differences in
the cognitive abilities of men and women, especially
with respect to spatial and verbal tasks. They have
been ascribed to both cultural and biological
influences.

HISTORICAL AND CULTURAL
INFLUENCES

Meaningful interpretations of gender differences in
cognitive and educational performance require a
knowledge of the relevant cultural, societal, and
historical contexts. In the United States, as in other
countries, women'’s participation in education has
indeed been a function of culture and history, as
well as economic need and social justice. Women
began to gain access to selected institutions of
higher education by the late 1800s, although many
still believed that study might overtax females by
drawing blood away from their ovaries to their
brains. Research discredited this belief, but it res-
onated with popular opinion, patterns of participa-
tion in intellectual pursuits, and the images of
intellectual women as spinsters. When women
started to enroll as undergraduate and graduate
students, they tended to earn higher grades than
men — a trend that has continued to the present.
Almost a century later, when Title IX came into
effect in the United States, most colleges lifted their
quotas for women. Now almost every institution of
higher education admits both men and women;
few professional programs retain gender quotas.
As aresult, over half of undergraduates are women,
and graduation rates of women from high school
and college have soared and surpassed those of
men. Females comprise an increasing proportion
of students in professional schools including
medicine, law, and business. National Science

Foundation statistics show that almost half of
all PhDs are earned by women, and over a third
of the doctorates in science and engineering go
to women.

The picture is less rosy with regard to employ-
ment. Cultural expectations concerning who can
succeed, especially in positions of leadership,
impact on selection decisions. However, exceptions
are widespread. Men have excelled in fields trad-
itionally viewed as feminine, including nursing
and office administration, and women have suc-
ceeded in endeavors traditionally viewed as male,
including conducting orchestras, leading technol-
ogy companies, and winning intellectual prizes.
Nevertheless, progress in these areas has been
slow for nontraditional participants, and, in some
cases such as computer science, initial gains have
subsided.

The subtle but powerful pressures of cultural
expectations, giving the work of females less value,
are apparent, for example, even at the prestigious
Massachusetts Institute of Technology. Female fac-
ulty jointly assessed the space they were given, the
treatment of their requests for research funds, the
assignment of courses, and the assignment of com-
mittee responsibilities. Comparing practices across
departments revealed systematic and substantial
differences in treatment for female compared with
male faculty. MIT publicized the discrepancies and
remedies in an effort to increase equitable oppor-
tunities for women at all institutions. Despite this
publicity most other institutions have resisted simi-
lar analyses and possible remedies.

Individuals in power may be slow to welcome
those who do not resemble themselves. As de-
scribed, for example by Virginia Valian, individ-
uals who are different from their peers frequently
experience difficulties in succeeding and often are
more closely scrutinized than their more traditional
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peers. These conditions are exacerbated by expect-
ations that tend to place greater responsibility for
family and children on females than on males, re-
ducing available female human capital.

Cultural expectations may affect performance as
well as selection. The psychological research of
Claude Steele and his colleagues has demonstrated
how context may make these expectations salient
for particular groups. When students of a subgroup
that traditionally performs poorly in a given
domain are reminded of this fact, they tend to
perform poorly on difficult tests; without this re-
minder, they perform similarly to their peers. These
and other findings suggest that cultural expect-
ations permeate all social interactions, including
those in research laboratory settings, and may in-
fluence outcomes of experimental and classroom
studies in subtle and unexpected ways.

Cultural expectations may affect educational
participation and performance as well. For example,
in 1980 Geoffrey Driver compared the academic
performances of students who were white and
those of West Indian origin. He found that al-
though they experienced the same general aca-
demic program, when tested at age 16, West
Indians tended to outperform their English coun-
terparts, English boys tended to outperform Eng-
lish girls — but West Indian girls tended to
outperform West Indian boys. A possible explan-
ation is that the West Indian girls assumed a family
structure more prevalent in the West Indies in
which women are responsible for family subsist-
ence — and were preparing for their futures as pri-
mary wage-earners.

Cultural expectations may explain differences in
participation found by a Public Policy of California
study. In California, middle school girls” course
enrollment was greater than boys’ for English, for-
eign language, mathematics, science (except that
required for college), social science, but not for
computer science courses. The situation was simi-
lar for college preparatory high school courses.
Female enrollment was greater than that of males
— again, except for computer science. This enroll-
ment pattern reverses the earlier gender gap in
mathematics and science courses. Moreover, in
each ethnic group in the study categories, girls
enrolled in more mathematics and science courses
than boys. However, gaps were far larger for Filpi-
nos, Hispanics, and African Americans than for
whites and non-Filipino Asians.

Cultural expectations and instructional practices
may explain the findings of David Byrnes and his
colleagues. In contrast with long-standing experi-
ence in the United States, no gender gap was found

when the SAT was administered to a sample of
Chinese high school students. Instructional prac-
tices, but perhaps not cultural expectations, may
be responsible for a similar result for high school
students enrolled in an innovative mathematics
course in the United States.

In the past, cultural interpretations of gender
differences often followed a deficit model. From
this perspective, male behavior was considered
normative and desirable, and deviations from this
norm were considered deficits. This model also
influenced research. Studies looked for differences
between males and females and accumulated less
successful performances of females to paint a pic-
ture of females as having ‘deficits’. This deficit
model was sometimes elaborated into a compen-
sation model, in which typical male behavior was
the norm in ‘male’ activities, including academic,
intellectual, and athletic performance, and female
behavior was the norm in activities typed as
female, including child care, family relations, and
homemaking. These models drew attention away
from the large overlap in the distributions of male
and female performance in every area, and neg-
lected the rapid improvements that result when
barriers to participation or success disappear.

SPATIAL AND VERBAL ABILITIES

Historically, accounts and definitions of human
abilities have varied substantially. In the United
States at the beginning of the twentieth century,
research views of human ability as unitary were
reinforced by measures of general ability that
yielded a single score. As researchers performed
more detailed analyses, they identified more spe-
cific and often contextualized abilities. A substan-
tial commercial enterprise in the design, sale, and
scoring of tests for these abilities developed.

Some of this proliferation in abilities stemmed
from newly available statistical techniques. As
factor analysis developed, individual researchers
used this technique to distinguish more and more
abilities. At the same time, a research program
concerning the nature of ability constructs took
shape. The identification, statistical properties,
and labeling of human ability constructs has con-
tinued as an active research area. Researchers seek
to distinguish ‘traits’ that are innate or unrespon-
sive to instruction from achievements that respond
to instruction. Good methods for determining
whether an ability is inherent or responsive to in-
struction have been difficult to develop. Sorting
out the effects of cultural expectations on human
abilities has proven problematic. When cultural
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expectations limit opportunity to learn, constructs
often appear innate. For example, many assumed
there are innate differences in spatial ability only to
discover that performance responds to instruction
and varies across educational systems. Similar dif-
ferences in mathematical attainment have
narrowed, as Rosenthal observed, ‘faster than the
gene can travel’. A serious debate about the inher-
ent nature of abilities plays out in each of the areas
highlighted in this review.

Spatial Performance

Research on spatial ability has its origins in Francis
Galton’s work on imagery in the 1880s. Findings
concerning gender differences soon followed. Gal-
ton found that ‘scientific men as a class have feeble
powers of visual representation. There is no doubt
whatever on the latter point, however it may be
accounted for’. G. Stanley Hall reported in his
1891 study, ‘The contents of children’s minds on
entering school’, that girls excelled in space con-
cepts and boys in number. Systematic research on
this topic began in the 1920s.

Tests of spatial reasoning such as Raven’s pro-
gressive matrices were viewed as independent of
verbal skill. However, using factor analysis to dis-
tinguish verbal and nonverbal constructs proved
difficult. Raymond Cattell argued that fluid and
crystallized ability, although distinct constructs,
were correlated factors. Despite these difficulties,
by World War II spatial ability measurement
played an important role in assessing and
assigning army recruits, and measures of spatial
ability were used in other career decisions. Eventu-
ally, the belief that females had greater difficulty in
spatial reasoning was associated with their under-
representation in mathematics and science.

In 1974, Eleanor Maccoby and Carol Jacklin
reviewed all the research on gender differences
and concluded that, although performance across
tests used to measure spatial ability varied consid-
erably, in general males excelled in spatial tasks.
These tests included Raven’s progressive matrices,
the embedded figures test, and a newly developed
measure of speed in mental rotation.

In the late 1970s, Marcia Linn and Anne Petersen
extended Maccoby and Jacklin’s findings on spatial
performance. They sought to distinguish the varied
constructs captured under the broad category of
spatial ability. They used meta-analysis to group
tasks in categories with uniform characteristics and
identified three constructs.

First, syntheses of performances on tasks such
as embedded figures, paper folding, and Raven’s

progressive matrices that asked students to
reason about figural rather than verbal information
revealed virtually no gender differences.

Second, tasks measuring what is often referred to
as the water level task revealed large gender differ-
ences. This task, originally used by Jean Piaget, asks
students to predict the level of water in a tilted
glass when given information about the water
level in an upright glass. Many factors can influ-
ence performance, including whether the glass is
square or curved, and whether the respondent be-
lieves that the glass has just been moved to a new
location or has been resting in that new location for
some time.

Third, tasks requiring students to mentally rotate
two- and three-dimensional objects to a new orien-
tation revealed large differences, primarily in speed.
Most respondents obtained the right answer; males
responded more rapidly. Some respondents took
over twice as long as others, and the studies of
strategies for mental rotation showed that some
participants mentally rotated an entire object and
chose an answer, while others rotated features and
repeated the process until the answer was chosen.
In these studies, women were more likely than men
to use a feature matching approach, and therefore
to take longer to respond to mental rotation items.
Changing the instructions to encourage rapid
responding reduces differences, supporting the
idea that a strategy preference is a factor in these
differences.

Subsequent research has shown that spatial abil-
ity, rather than being an enduring trait, appears
quite responsive to instruction and, for instance,
multiple strategies can be used to solve most spatial
reasoning tasks. For example, Sherry Hsi and Alice
Agogino studied spatial reasoning performance
among first-year engineering students at a com-
petitive university, a group likely to have been
successful in high school mathematics classes.
They found large initial differences between males
and females on measures of spatial reasoning. Two
Saturday morning voluntary training sessions re-
duced or eliminated these gender differences.

Moreover, in-depth interviews of successful en-
gineers revealed that they rarely used the rotation
of whole objects in their work. Instead, most
reported that they were likely to rely on descriptive
geometry, feature matching, and the rotation of a
subset of familiar shapes and forms, rather than
using their mental capacities to rotate whole
objects. This suggests that success in engineering
may not require the use of mental rotation.

Another area where spatial reasoning ability is
frequently implicated concerns the interpretation
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of maps. Here again, cultural expectations and an-
ecdotal evidence suggest that males are more suc-
cessful at way-finding, map reading, and map
interpretation. Nevertheless, extensive study of
young children’s ability to find their way in com-
plex settings reveals a fairly systematic result of
males being more successful than females. A
study of adults found that males were more suc-
cessful at way-finding and, as with the engineering
students, that females improved with training.

All these results underscore the importance of
instruction promoting varied spatial abilities. Stud-
ies attempting to link spatial ability to activities
requiring spatial reasoning such as sports and hob-
bies have primarily illustrated the complexity of
the distinction between opportunity to learn and
performance. Scrutiny of the US curriculum, how-
ever, reveals little opportunity to learn spatial
reasoning. Until recently, elementary mathematics
in the United States was almost synonymous with
arithmetic. This is followed by a sudden jump to
Euclidean geometry in high school and later (often
in college) to the geometry concerned in calculus.
Curriculum designers consciously chose to reduce
or eliminate emphasis on spatial reasoning to be
fair to all. This intriguing policy illustrates the role
of culture in decision making. It appears that
exactly the opposite decision would have been
more sensible. By equalizing opportunity to learn,
gender differences might have been reduced.
Limited instruction and experience with spatial
reasoning in the curriculum may exacerbate gender
differences.

In summary, in the area of spatial performance,
the definition of the construct ‘spatial reasoning’
has varied substantially. Research shows that the
definition of the construct determines the existence
and magnitude of gender differences in perform-
ance. Moreover, for tasks involving mental rotation
where the largest gender differences are found,
opportunity to learn as well as instructions to re-
spond rapidly are both important factors in redu-
cing or even eliminating gender differences in
performance. Although the connection of the abil-
ity to rotate a whole object mentally with perform-
ance in mathematics, science, or engineering
remains unclear, mental rotation continues to be
an object of study.

Verbal Performance

Measures of ability, starting with the Binet measure
of intelligence, have generally relied on verbal
skills. The Binet test includes vocabulary items as
well as comprehension and interpretation items.

Tasks such as verbal analogies, opposites, and sen-
tence completion and paragraph comprehension
characterize a broad range of items and predomin-
ate in widely used tests, including the SAT verbal
measure, the Graduate Record Examination verbal
measure, and a multitude of achievement tests ad-
ministered in schools.

Cultural expectations typically include the view
that women excel in “verbal ability’, variously de-
fined. This perception is consistent with estab-
lished findings that on average girls learn to
speak and to read earlier than boys. In addition,
serious problems with reading are more common
among boys than girls; however, individual reports
of these difficulties may be affected by cultural
expectations. Maccoby and Jacklin reported that
differences in verbal ability were well established
in their 1974 summary of gender differences. Sub-
sequent meta-analyses conducted by Janet Hyde
and Marcia Linn suggest that these differences are
very small and vary by the selectivity of the sample
as well as the discipline represented in the item.

Differential opportunities to develop specific
forms of verbal ability influence performance on
verbal measures. Vocabulary items that require
the interpretation of word meanings without sup-
plying a context often require students to rely far
more on broad verbal experience and test-taking
expertise than do more contextualized items such
as sentence completion or verbal comprehension
tasks. Furthermore, performance on verbal com-
prehension tasks that strongly rely on information
from a specific discipline often display patterns of
gender differences compatible with participation in
courses from these fields. Because more males than
females participate in engineering and physical sci-
ence courses, passages with physics or engineering
content tend to favor males. Similarly, because
more females participate in humanities and social
sciences, passages from these domains tend to
favor females.

Another important consideration in analyzing
gender differences in verbal ability concerns the
selectivity of the sample. In general, differences in
performance between males and females are rela-
tively small when the general population is used
but are amplified when selective populations are
studied. A very large group of college-bound stu-
dents take the SAT but this is sample is selective.
An interesting pattern of results has emerged over
the years in SAT performance. Early measures of
verbal ability for this test tended to favor females.
However, in the late 1980s, this measure started
to favor males. This change in gender differences
coincided with an increased reliance on science
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passages in the comprehension section. Hyde and
Linn demonstrated that when the selective SAT
sample was considered, gender differences
favoring males were significant, but when a repre-
sentative group of students were used, these differ-
ences disappeared. One might hypothesize that
among the selective sample the advantage of spe-
cific knowledge about the topics might have a
bigger effect on overall differences between males
and females. This effect, while still operative,
would be very small in a population of individuals
when most lacked specific knowledge of the topics.

Recent research calls for viewing verbal ability,
verbal performance, and verbal communication
skill as nested in the discipline and context where
it is used. Ability to write news articles, poetry,
short stories, novels, technical manuals, scientific
papers, or law briefs depends far more on oppor-
tunity to learn, diligence, and motivation than on
gender. Viewed through this lens, gender differ-
ences play a minor role in verbal performance. By
far, the larger differences occur in the age of first
speech.

BIOLOGICAL BASIS FOR ABILITY

Belief in a biological basis for gender differences in
intellectual performance has motivated numerous
research programs. Many studies have examined
differences in distributions of ability for males and
females. The notion that males are more variable
dates back at least to Charles Darwin, who made
this generalization from observations and studies
of physical characteristics. Scientists sometimes as-
sumed that mental traits were inherited, and would
therefore show distributions similar to those of
physical traits. Edward Thorndike used this sup-
position to argue that because ‘men differ in intelli-
gence and energy by wider extremes than do
women’, women should be not educated for
professions that required giftedness rather than
average ability.

Leta Hollingworth noted that psychologists had
variable meanings for ‘variability’, including: a
wider range in distribution of a trait, or the same
range with greater frequency in the extremes.
Moreover, her large-scale study of neonate meas-
urements did not support any interpretation of
‘greater male variability’. Subsequent large-scale
studies have reinforced Hollingworth’s view that
variability between the genders reflects cultural
rather than biological factors, and the hypothesis
of greater variability has lost currency as an explan-
ation of why ‘leadership in the world’s affairs ...
will inevitably belong oftener to men’.

Researchers now use a variety of new, and rap-
idly advancing methods, for studying the brains of
males and females. These include non-invasive
measurement of neurotransmitter levels, synaptic
strength, number of synapses, and receptor levels
as well as postmortem studies comparing the size
of various brain areas. Studies often reveal gender
differences but no consistent pattern has emerged
and new methods often yield findings that contra-
dict prior work. Both small sample sizes and diffi-
culty associating brain functioning with complex
performance limit the generalizability of current
research. Recent findings offer some insight into
the diagnosis and treatment of problems related
to brain functioning. For example, when reading
performance is measured, men show a higher rate
of dyslexia. However, Sally Shaywitz and her col-
leagues have found that the incidence of dyslexia in
brain function appears to be equally distributed by
gender. To explain this apparent contradiction,
Shaywitz reports evidence that women and men
process language in different parts of their brains
when reading (men use the right inferior frontal
gyrus, women use the left gyrus as well).

ACADEMIC ACHIEVEMENT

As the discussions of spatial and verbal abilities
suggest, the distinction between educational attain-
ments in mathematics, science, language and other
domains, and spatial and verbal ability has blurred
over the past decade. However, it is still a long way
from the laboratory to the classroom. Experimental
research suggests constraints and draws attention
to certain capabilities but does not often yield
direct instructional implications. Educational ac-
complishments depend on opportunity to learn;
cultural expectations have a profound impact on
who participates and who persists in a variety of
fields. Initially, access to education varied by
gender, and today gender patterns in enrollment
and persistence in courses remain.

The most profound differences in gender, access,
and participation are in mathematics and science,
where men predominate. In the past 20 years, fields
like computer science have gained prominence and
importance both in the economy and in academia.
After an initial surge, to approximately one-third of
the student body, the proportion of women has
declined, and today women receive about 12 per-
cent of the computer science PhDs in the United
States.

Participation in the natural sciences varies both
by field and by nationality. For example, in the
United States, equal numbers of women and men
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enroll in calculus courses and select mathematics as
a college major. By graduate school, according to
counts in 1999, women earned over one-third of the
mathematics PhDs granted to US citizens by US
universities. Since the United States educates a
large percentage of graduate students from other
countries, when all nationalities are considered
only 28 percent of those receiving mathematics
PhDs from US universities were women. In con-
trast to the situation for computer science, both the
number and proportion of women receiving PhDs
in mathematics has increased. Proportions differ
considerably in other fields: women currently
earn about 20 percent of PhDs in physics but
40 percent of those granted in biology.

Opportunity to learn effects vary by institution of
higher education as well. For example, Marcia Linn
and Cathy Kessel found that proportions of bach-
elor’s degrees granted to women from the ‘top ten’
mathematics departments ranged from 9 to 47 per-
cent. This variability is consistent with research
done by Elaine Seymour and Nancy Hewitt. Their
analysis of a national sample of 800000 under-
graduates showed that about two-thirds of students
who enter college intending to study mathematics
or statistics switch to another field. Moreover, 72
percent of the females and 60 percent of the males
switched to other fields, but half of the males and
two-thirds of the females switched to a field out-
side of mathematics, science, and technology.

Seymour and Hewitt’s more in-depth study of
335 undergraduates in science and engineering at
seven institutions suggests an explanation for why
men and women switched fields — and moreover,
that explanations differed for men and women.
Although these undergraduates were considered
‘highly qualified” (their SAT-M scores were at
least 650), the primary concern of both switchers
and persisters was poor teaching: courses were
fast-paced, instructors were often unclear, unavail-
able, and uninspiring, even lecturing by reading
from the textbook. Women more than men, how-
ever, were repelled by poor instruction. This study
suggests that context of instruction rather than
“lack of ability’ is a better explanation for students’
lack of persistence in science and engineering
fields. Possibly reflecting their status as nontradi-
tional students, other motivations for participation
— lack of acceptance by male peers, hence lack of
opportunity to learn from peers outside of class —
contributed to switching.

Other evidence suggests that women may be
more often affected by poor instruction, but that
improvements advantage all. For example, Marcia
Linn and Michael Clancy demonstrated that new

computer science courses tend to favor males, con-
trary to the usual experience of higher female
grades. When courses are iteratively refined and
improved, they tend to be equally successful in
improving the learning and understanding of
males and females. In general, when instructors
use information from past courses to redesign
their instruction to be more responsive to their
students, individuals who have been at risk for
failure, and groups that have traditionally per-
formed less well, gain more than individuals who
are traditional course participants. This finding res-
onates with the comments of switchers in the Sey-
mour and Hewitt study and that students tend to
persist more in nontraditional fields with effective
instruction. The pattern of success and persistence
also coincides with accounts of success of women
who attended all-female colleges in the past.

CONCLUSION

The history of views of gender differences in intel-
lectual ability has responded to changes in research
methods. As methods for identifying and assessing
gender differences have developed, new interpret-
ations have emerged. Both more powerful tests and
new methods for representing results, such as path
analysis and meta-analysis, have influenced think-
ing. Analysis of aspects often categorized as ‘noise’
in early studies has strengthened the view that
opportunity and inclination to learn play a power-
ful role in measured differences.

The nature of research findings depends on the
methods used. The majority of psychological inves-
tigations of gender differences tests whether score
differences for males and females significantly
differ from chance. As the sample size increases
and the power of the test increases, the likelihood
of concluding that there are statistically significant
differences also increases. Measures that tap
aspects of broad constructs, such as verbal ability,
spatial ability, and school achievement, often yield
contradictory results. Synthesis techniques such as
meta-analysis make the often unrealistic assump-
tion that the studies replicate each other. In con-
trast, neurobiological studies with small numbers
of women and men offer hints of results to come
but are limited by sample size and by complex
relationships between indicators and the potential
constructs they measure.

In conclusion, the investigation of differences
between males and females over the past decade
reflects advances in methodological, conceptual,
and cultural views of the field. Advances in
the understanding of complex behavior have
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undermined the once prevalent deficit model and
strengthened the belief in opportunity to learn.
Changing cultural views of who can succeed in
intellectual endeavors have enhanced opportunity
and increased the choices available to all students.
Most importantly, research on gender differences
in intellectual attainment reinforces the importance
of effective educational programs and establishes
the value of research designed to enhance the learn-
ing of students with disparate prior experiences
and opportunities.
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