Guest Comment: Are there innate cognitive gender differences? Some comments on the evidence

in response to a letter from M. Levin

In a recent letter, Professor Michael Levin' states that
“Itis not disputed that males outperform females on tests of
mathematical ability” [my emphasis] and further attri-
butes this phenomenon to innate (i.e., biological) gender
differences. In fact, the only element in his assertions that is
not strongly disputed is that in North America the average
of boys’ scores exceeds that of girls’ on the math SAT and
similar standardized tests, such as the ACT. However, as
discussed below, this disparity does not necessarily persist
when other types of math tests are used, nor is it uniform
across cultures. Moreover, no less prestigious a scientific
body than the British Royal Society® (hardly a bastion of
radical feminist theory) concluded after thorough study
that there was no convincing evidence for innate gender
difference in mathematical ability.

Because of the widespread belief that boys do outper-
form girls on most mathematics tests, it is worth emphasiz-
ing that the actual picture is far more complex. A number
of studies®~” have shown that girls perform as well as boys
on some types of mathematical tests. Two studies, one us-
ing an advanced high-school mathematics class® and an-
other using entering freshmen at American University,’
showed no significant gender differences on achievement
tests despite lower math SAT scores for females in both
groups. The results of over 100 studies were analyzed by
Hyde et al.>® who found that the math SAT produced a
substantially larger gender difference than their “meta-
analysis” of other mathematics tests. Moreover, the size of
the gender gap varies with ethnic subgroup.®° One study®
reported that the gap is largest for Hispanics and smallest
for Afro-Americans. Finally, it also worth emphasizing
that, as Levin admits, gender differences in math scores do
not generally emerge until the early teens.’

Levin buttresses his assertions by reference to the widely
publicized work of Benbow and Stanley' based upon stud-
ies of “mathematically precocious youth” (SMPY) ema-
nating from Johns Hopkins University. The journal Beha-
vioral and Brain Sciences published a lengthy review® (by
Benbow) of this work, accompanied by over 40 critiques
and a rebuttal by Benbow. The assertion that their work is
*“... especially notable for controlling for the socialization
variables...,”” which Levin makes in his letter, has been so
widely debated®!"'? that it hardly merits further discus-
sion. Let me only suggest that anyone inclined to take this
claim seriously read the critiques accompanying Benbow’s
review. There are, however, some less publicized aspects of
the Benbow—Stanley work worthy of comment.

A noteworthy omission from Benbow’s report® is the
fact that, before the young (typically, seventh grade) chil-
dren take the exam, Stanley’s center at Hopkins sends them
a brochure'>!' containing the information that boys out-
perform girls on the math SAT. In addition to the very real
possibility that it could bias their results, this transgression
represents such a serious and fundamental error in experi-
mental design as to cast doubt upon the validity of their
enlire enlerprise. In a related vein, Eccles and Jacobs'” ob-
served that widespread news reports of Benbow and Stan-
ley’s assertions have lowered parents’ perceptions of their
daughters’ mathematics ability. Thus it appears likely that
Benbow and Stanley may now be contributing to the very
effect they purport to measure.
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It should also be pointed out that Benbow and Stanley
attach considerable importance to a rather nonstandard
statistic, the male:female ratio for high scorers (who con-
stitute much less than 1% of their sample). In discussing
the question of whether the gender gap is decreasing in
time, Benbow® asserted that this ratio “has remained rela-
tively constant over...15 years [1972-86]" at about 12:1
for scores >700. Something unusual must have happened
in 1988; Hopkins’ own data'*'¢ give ratios'’ of about 4:1
for 1988, and 8:1 for 1989. Finally, it should be emphasized
that, lower math SAT scores notwithstanding, the girls
Benbow and Stanley tested in junior high subsequently out-
performed boys by receiving higher grades in high-school
math courses!’

Although the SAT does not appear to have been system-
atically studied across cultures in other countries, the In-
ternational Association for the Evaluation of Educational
Achievement gave a different battery of tests to eighth-
grade children in 20 different countries in 5 different sub-
ject areas of mathematics. These data were subsequently
analyzed for gender differences by Hanna®* who found
that in some countries and subjects girls outperformed
boys; in others, the reverse. In all cases, the differences be-
tween countries were much larger than the differences be-
tween the sexes. In three subjects (algebra, arithmetic, and
statistics) there were no significant overall sex differences;
however, there were small differences favoring boys in
measurement and geometry. In view of the latter’s possible
connection to alleged differences in spatial ability, the re-
sults in this area were analyzed further. With a few excep-
tions, the difference between the sexes was not statistically
significant in those countries with high geometry scores,
whereas it was significant in those countries (including the
US) with low scores. In fact, the average scores for Ameri-
can boys and girls were 39.7 and 37.9, respectively; the
“gender gap” of 1.8 pales in comparison to the abyss be-
tween American students and those of top-scoring Hun-
gary and Japan, in which all subgroups had averagesin the
55—-60 range. While the nature of the study does not allow
any definitive rankings between countries, the size of the
gaps clearly demonstrates that cultural factors and educa-
tiorial systems are far more important than gender.

Levin’s assertion of gender differences in spatial ability
might appear to be on firmer ground. However, careful
examination of the evidence again gives a less convincing
picture. In 1985, Caplan, et al.'® surveyed the literature on
the subject and found serious inconsistencies, a lack of con-
clusive evidence, and difficulties with the construct itself,
Their description of one widely cited set of experiments is
worth repeating.

Porteus (1965) has reported that in 99 out of 105 studies
males obtained higher test scores than females on his test
in which examinees are asked to draw their way through
line mazes. These figures are impressive, but a closer
examination...reveals serious flaws.

Porteus himself reported that in only 18 of the 105
studies were ¢ tests done, and in only 4 of those did they
reach statistical significance. Accordingly, he then ques-
tioned the reliability of the ¢ test as a tool to detect signifi-
cant differences. He reported no other statistical tests
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from any of the 105 studies.

Caplan et al.'® further report that, although a significant
sex difference was thus demonstrated in only 4 out of 105
studies, these resuits have been widely cited as attesting to
male superiority in spatial ability with some reviewers im-
plying that significant differences were actually found in 99
of the studies.

It is also worth noting that the size of the gap varies with
the testing procedures used.'® Indeed, the types of tests
used to measure spatial and verbal ability raise some ques-
tions. For example, The New York Times gave front-page
publicity to a study which asserted that women’s verbal
and spatial abilities fluctuated with the level of estrogen in
their bodies.'® Verbal ability was reportedly tested by tim-
ing how fast the women could say *“A box of mixed biscuits
in a biscuit mixer” five times in succession.

Levin’s suggestion that MIT's admissions policy reflects
lower standards for women should not go unchallenged. I
discussed his assertions with representatives of the admis-
sions office and one member of the physics faculty. While it
is true that the average math SAT scores of the women
admitted to MIT are slightly lower than those of the men,
all those I contacted emphasized that this did not resultina
lowering of standards.?® On the contrary, their policy re-
sults in a student body in which women perform, as mea-
sured by college grades, as well as men at MIT. Moreover,
on average, women do as well as men across departments
(including physics) so that their success cannot be attrib-
uted to any preference for “softer” courses as alleged by
Levin. ' .

In addition, almost all of MIT’s students score above 700
on the math SAT; and the College Board’s own guidelines
imply that one cannot draw conclusions about the relative
ability of students whose scores differ by as much as 70
points.2* MIT’s policy is also consistent with both the Col-
lege Board’s strong recommendation that SAT scores not
be used as the sole basis for admission?? and with a number

_ of studies showing that other factors, such as high-school

grades, may correlate better with college math perfor-
mance than the SAT.2%?* As noted above, Benbow and
Stanley themselves report® that, lower math SAT scores
notwithstanding, the girls in their SMPY study subse-
quently outperformed the boys in mathematics courses.

Levin distorts Professor Janice Button-Shafer’s argu-
ment?* when he suggests that she necessarily finds a 50/50
ratio for male and female physicists intrinsically optimal.
Her thesis (amply supported by data from government
agencies and professional societies)*~?* is that the current
percentage of women in physics is much lower than the
percentages in mathematics and other areas of science and
engineering which require the same type of skills and abili-
ties as physics. Furthermore, a number of other countries,
including Belgium, France, Israel, Spain, Poland, and Chi-
na, have far more women physicists in high-level positions
than the US.?? In the US, even girls in advanced math
classes are much less likely to study high-school physics
than boys at the same level of mathematical ability; accord-
ing to American Institute of Physics data,? 80% of such
boys study physics, but only 60% of girls. The point is not
that, in a perfect world, a 50/50 ratio would be either inevi-
table or desirable, but that many capable women do not
pursue careers in the physical sciences, often making criti-
cal decisions at a rather young age.

I do agree with Levin that a complete absence of innate
gender differences has also not been established, but find
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that of little importance. None of the tests measure large
gender differences, and there is substantial evidence that at
least some of those differences can be attributed to culture,
education, and social factors. Therefore, any reasonable
interpretation of the data gives evidence for, at most, a very
small average gender difference in ability, yielding a sub-
stantial cohort of women quite capable of successful car-
eers in science and engineering. Unfortunately, even these
women may be discouraged by the publicity and distor-
tions. Indeed, it is not uncommon for girls at the very top of
the distribution (e.g., first in a math class) to be told that
they cannot be scientists because girls (in general) aren’t as
good as boys. (My own experience was that such com-
ments are most likely to come from nonscientists; however,
other women scientists have reported differently.) Nor is
there much evidence for Levin’s assertion that parents who
encourage sons in math more than daughters are reflecting
their children’s performance. On the contrary, Eccles et
al® have found that parents often deny their daughters’
math ability even when they perform well, and that this
phenomenon has been exacerbated by the publicity given to
assertions of innate gender differences.'’

It is worth observing that the same forces that discour-
age capable women from scientific careers often simulta-
neously encourage boys with mediocre talent. There is evi-
dence that female students generally receive higher grades
in calculus than male students. For example, Hughes®' re-
ported the results of a survey in which 31% of women vs
20% of men received A; 34% of women vs 27% of men
received B; but only 15% of women vs 25% of men re-
ceived D or F. Because fewer women choose to study calcu-
lus, such differences say little about relative ability, but
they do say something sobering about the caliber of stu-
dents pursuing various career paths. My own experience,
which I suspect is typical, suggests that the picture is even
more distorted than the data indicate. Women who receive
calculus grades of C, or even low B, rarely pursue careers in
science or engineering; however, I have frequently encoun-
tered men who intend to become engineers despite repeated
calculus grades at the D or low C level. Thus it appears our
society’s propensity to encourage children on the basis of
gender stereotypes rather than achievement may actually
serve to lower standards. ‘

Furthermore, there are several examples of high-quality
educational environments in which males and females per-
form equally well.>* This leads me to speculate that some of
the gender gap observed in North America may be the re-
sult of deficiencies in our educational system, and to hope
that improved math and science education would diminish
the sex differential. Real reform will require an enormous
investment in both personnel and resources, as well as
changes in attitude. I believe such efforts are worth the
price, and will reduce the gender gap; in any case, the worst
that could happen is that we would have better male scien-
tists.

As a physical scientist, accustomed to quantitative rea-
soning and objective, reproducible experiments, I found
reading some of the literature on this subject, particularly
the reviews by Benbow® and Caplan et al.,'® to be almost
surreal at times. Most of the respondents to Benbow’s re-
view® were identified as affiliated with psychology depart-
ments; a few with education or biosciences (e.g., neurophy-
siology); but not one from a department of mathematics,
statistics, or physical science. Although many of these re-
spondents gave very cogent critiques, I missed the voice of
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a statistician and regret the consequent lack of a serious
critique about the reliability of inferences obtained from
data in the tail of a curve.It is understandable that experi-
ments in psychology and education do not meet the same
standards of rigor and objectivity as those in a physics labo-
ratory. However, that is no excuse for presenting specula-
tion based upon dubious data to the news media and gen-
eral public as if it were scientific fact.

It may be useful for physicists to compare the gender
difference controversy with the recent suggestion of a “fifth
force” or other modification to Newton’s law of gravity.3*
In both cases, individual experiments, some of them care-
fully done, seem to provide strong support for a particular
hypothesis. However, other experiments suggest the oppo-

" site. While physicists may not have been entirely satisfied
with the coverage of the “fifth force” controversy in the
news media, they did at least report the existence of contra-
dictory data. By contrast, the news media frequently report
speculative work alleging a gender difference as if it were
scientific fact, but give scant attention to those who find
otherwise. _

It is unfortunate that the continued need to rebut asser-

tions of sex-based differences in mathematical ability di-
verts attention away from related serious issues—namely,
‘the need to find ways to counter the cultural factors that
still deter women from studying the physical sciences, the
need to substantially improve mathematics and science
education for children of both sexes in the United States,
and the need to find ways to encourage children of both
sexes and all races to aspire to excellence and choose car-
eers on the basis of interests and ability rather than sexual,
ethnic, and racial stereotypes.

My own views on some of these matters have been ex-
pressed elsewhere.** I hope that other readers will accept
Editor Romer’s invitation to use this Journal as a forum for
further discussion of how to meet this challenge.

I am grateful to many people, inciuding Professor Ri-
chard Dudley, Professor Gila Hanna, Allyn Jackson, and
Dr. Barbara Peskin, for helpful information, discussions,
and comments on an early draft of this manuscript. Need-
less to say, both the opinions expressed here and the re-
sponsibility for the accuracy of the citations are entirely my
own.

Mary Beth Ruskai
Department of Mathematics
University of Lowell
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