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Gender Similarities in

Mathematics and Science

Janet Shibley Hyde™ and Marcia C. Linn?

Boys and girls have similar psychological traits and cognitive abilities; thus, a focus on factors other
than gender is needed to help girls persist in mathematical and scientific career tracks.

he role of gender in mathematics and
I science education is hotly contested (/).
Some advocate single-sex schooling as
a way to let girls’ talents blossom, freed from
boys’ domination in the classroom and
from sexual harass-
ment by boys (2, 3).
Others emphasize
gender differences
in learning styles,
citing evidence that
girls perform best under cooperative learning
conditions and boys perform best in competitive
learning environments (4). These arguments
rest on the assumption that psychological gen-
der differences are large and exist in numerous
domains. Should gender be the major factor in
deciding which school a child attends or which
curriculum a child receives? The Gender
Similarities Hypothesis (5) provides an alterna-
tive view, stating instead that males and females
are very similar on most, but not all, psycholog-
ical variables.
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Evidence for Gender Similarities

A review of meta-analyses of research on
psychological gender differences identified
46 reports, addressing a variety of psycho-
logical characteristics, including mathemati-
cal, verbal, and spatial abilities; aggression;
leadership effectiveness; self-esteem; and
computer use (5). These research syntheses
summarize more than 5000 individual stud-
ies, based on the testing of approximately 7
million people. The findings are represented
on a common scale based on the standard
deviation. The magnitude of each gender dif-
ference was measured using the d statistic
(6), d = (M, — Mp)/s,, where M, is the mean
score for males, M, is the mean score for
females, and s is the pooled within-sex stan-
dard deviation. The d statistic measures the
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distance between male
and female means, in
standard deviation
units. In each individ-
ual meta-analysis, the
values of d from multi-
ple investigations of
the same outcome were
weighted by sample
size and combined.
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performance, which was
based on 100 studies and
the testing of more than 3
million people (7). Patterns
emerged as a function of the
age of test takers and the
cognitive level of the test.
Girls outperformed boys on
computation in elementary
school and middle school (d

A total of 124 syn-
thesized effect sizes
resulting from meta-
analysis were extracted
from the reports. Fol-
lowing convention, d
values in the range 0.11 to 0.35 were classi-
fied as small, 0.36 to 0.65 as moderate, and
0.66 to 1.00 as large (6). Values greater than
1.0 were categorized as very large and values
between 0 and 0.10 were considered trivial.

Of the effects for gender differences,
30% were trivial and an additional 48% were
small. That is, 78% of the effects for psycho-
logical gender differences were small or
near zero. For example, for mathematics
problem-solving, d = 0.08 (7); for leadership
effectiveness, d =—0.02 (8); and for negotia-
tor competitiveness, d = 0.07 (9).

An essential implication of these findings
is that the overlap of distributions for males
and females is substantial for most out-
comes. For example, the chart above shows
the distribution of male and female perform-
ance for a small effect size of 0.20. Assuming
that performance fits a normal distribution
(supporting online material text), for means
that are 0.20 standard deviations apart (d =
0.20), the populations show 85.3% overlap.
Only 54% of members of one gender exceed
the 50th percentile for the other gender. For d
=0.10, there is 92.3% overlap in the distribu-
tions of the two groups, and 52% of those of
one gender exceed the 50th percentile for the
other. Even for a moderate effect size (d =
0.50), 60% of members of one gender exceed
the 50th percentile for the other gender.

Most relevant here is the meta-analysis of
research on gender differences in mathematics
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Effect size of 0.20. When the effect size
between two groups is 0.20, 85.3% of the dis-

s 130 =-0.20). There was no gen-

der difference in high
school. There was no gen-
der difference in deeper
understanding of mathe-
matical concepts at any age.
For complex problem solving, a skill that is
highly relevant for science, technology, engi-
neering, and mathematics careers, there was no
gender difference in elementary or middle
school; a small difference favoring boys
emerged in high school (d = 0.29). Consistent
with these findings of gender similarities in
mathematics performance, in 2001 women
earned 48% of the bachelor’s degrees in mathe-
matics in the United States (/0), demonstrating
that substantial numbers of women do have the
ability to engage mathematics successfully at
the advanced levels required of a mathematics
major.

A few exceptions to the pattern of gender
similarities were identified in the review of
meta-analyses. Most relevant to educational
settings are the gender differences in activity
level and physical aggression, with effect sizes
for aggression ranging between 0.40 and 0.60
(males more aggressive) across several meta-
analyses (//—14). Males display a higher activ-
ity level than females, d=0.49 (15). It is widely
believed that there are substantial gender differ-
ences in interests in fields such as psychology
compared with physics, although we found no
meta-analysis of this research literature.

Gender Similarities in Science

The National Assessment of Educational
Progress (NAEP), the Nation’s Report Card,
tests thousands of students across the United
States on achievement in mathematics and
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science. The conclusions from 2005 stated
that males outperformed females at all three
grades tested in science (16).

Another look at the data leads to a different
conclusion. For fourth-graders, the average
science score was 152.53 (SD = 32) for boys
and 148.66 (SD = 30) for girls. That is, the dif-
ference is less than 4 points on a scale that
ranges from 0 to 300. As NAEP reports, this
gender difference is statistically significant,
given the large sample size (roughly 100,000
students per grade). However, the effect size,
d, for this gender difference is 0.12, reflecting
a small difference. Increasingly large samples
can detect increasingly small differences, but
an assessment of the effect size, d, gives a
more accurate reflection of the importance of
the difference. Emphasis on statistical signifi-
cance, while ignoring the magnitude of the
effect, risks exaggerating the importance of
the differences (17).

The magnitude of the gender gap in sci-
ence achievement remains similar from fourth
to 12th grade. NAEP reports average scores of
149.01 for boys (SD=35) and 145.15 for girls
(SD =33) in 12th grade, for an effect size of d
=0.11, a small difference that is no larger than
the difference in fourth grade. The NAEP data
provide better evidence for gender similarities
in science achievement than they do for gen-
der differences.

Cross-National Comparisons

Cross-national data provide another way to
evaluate the magnitude of gender differences
in mathematics and science performance.
Research on fifth-graders’ performance on
mathematical word problems in the United
States, Taiwan, and Japan reveals a slight male
advantage in each culture, but a larger differ-
ence between cultures (see chart above) (/8).
Whereas the effect size for the gender differ-
ence in the United States is d = 0.18, the effect
size for the difference between U.S. boys and
Japanese boys is d = 1.42. These cultural dif-
ferences reflect many factors, including differ-
ences in curriculum, time spent in homework,
and parents’ beliefs in the importance of effort
in school performance (/9). Even within the
United States, the gender difference in mathe-
matics performance is larger in some ethnic
groups than others. For whites, d = 0.13;
whereas for blacks, d =—0.02; for Hispanics, d
=0.00; and for Asian Americans, d=-0.09 (7).

Implications

Women earn 46% of the Ph.D.’s in biology but,
despite evidence for gender similarities, they
earn only 25% ofthe Ph.D.’s in physical science
and 15% in engineering. Women comprise
30% of the assistant professors in biology but
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Cross-national and gender differences in math.
Differences in fifth-graders’ performance on word
problems are larger between countries than between
genders (18). Boys' scores are shown in blue; girls’
scores are shown in red.
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only 16% in physical science and 17% in engi-
neering (20). Too often, small differences in
performance in the NAEP and other studies
receive extensive publicity, reinforcing subtle,
persistent, biases (20, 21). Indeed, the magni-
tude of the attitudinal association between sci-
ence and males is large, d=0.72 (22, 23). These
biases can have an impact on decisions about
admissions, hiring, and promotion (24, 25).
These biases may contribute to popular beliefs
about same-sex education and learning styles,
and dissuade some individuals from persisting
in science (26).

For example, advocates of same-sex edu-
cation claim advantages for both boys and
girls (2). Some argue that boys’ great activity
level and aggressiveness make it difficult for
girls to learn and participate actively, and at
the same time, boys need a classroom that tol-
erates their active style. Activity level and
physical aggression are two exceptions to the
gender similarities rule, with effect sizes
around 0.50 for each. Yet even a gender differ-
ence of that magnitude means that 40% of
one group (in this case, girls) score higher
than the average for the other group (boys). If
the idea is to separate children into class-
rooms for the more active and aggressive and
the less active and aggressive, gender is not
the best indicator. A teacher’s rating of activ-
ity level would be far more accurate.

The phenomenon of gender similarities
has implications for schooling. Emphasis on
gender differences in the popular literature
reinforces stereotypes that girls lack mathe-
matical and scientific aptitude. However, gen-
der is a poor indicator of whether one will
major in mathematics or the biological sci-
ences as an undergraduate. A better predictor
would be actual mathematics achievement
scores in middle school or high school (27). A
cultural overemphasis on gender differences
may mask critical predictive variables and
lead to decision-making that is empirically
unsupported. To help teachers succeed, we
may need to address variability in aggression
and activity level for all learners. To neutralize
traditional stereotypes about girls’ lack of

ability and interest in mathematics and sci-
ence, we need to increase awareness of gender
similarities. Such awareness will help mentors
and advisers avoid discouraging girls from
entering these fields. Continued monitoring
of the relative progress of boys and girls is
essential so that neither group falls behind.

Rather than focusing on gender differ-
ences, mathematics and science educators
and researchers could more profitably
examine ways to increase awareness of the
similarities in performance and in ability to
succeed.
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