
Mathematical Ability: 
Is Sex a,Factor? 

Benbow and Stanley (12 Dec. 1980, p. 
1262) report that, over an 8-year period 
of studying selected samples of intellec- 
tually gifted students, their best male 
students outperformed their best female 
students. This is an observation that 
must be taken seriously because of the 
large number of volunteers involved and 
the consistency of the findings. What 
cannot be concluded from their data, 
although they speculate to this effect, is 
that there might be a genetic origin to 
these sex differences. . . . How then can 
their consistent findings of male "superi- 
ority" be accounted for? 

In all the test populations studied by 
Benbow and Stanley, males outnum- 
bered females. Benbow and Stanley ar- 
gue, rightly, that we cannot assume the 
missing females (37 in one year, 418 in 
another, for example) would have been 
the highest scoring girls. But we can 
begin to wonder why fewer girls than 
boys always volunteered for the gifted 
programs. If we isolate as a variable 
"willingness to enter the talent search," 
we might argue that, although it isn't 
likely that the most talented girls refused 
to enter the talent search, it is possible 
that, having other options, they did not. 
Indeed, in research on the same popula- 
tions, published some years ago, Fox 
writes (I) that it is difficult to get talented 
girls (and their parents) to agree to par- 
ticipate in a math class for gifted children 
because of fear of social ostracism. . . . 

A second factor might be different out- 
of-class experiences. In taking mechani- 
cal items apart, participating in strategy- 
memory game-playing, competing in 
math contests, and playing geometrical 
or trigonometrical sports (sailing, bil- 
liards, and so forth) boys, more than 
girls, may develop and exercise math- 
like reasoning powers. 

A third consideration is that 7th and 
8th graders, however interested they are 
in mathematics (and the attitude ques- 
tionnaire administered by the research- 
ers did indicate about equal appreciation 
for, and interest in, the subject), are 
experiencing sudden and intense aware- 
ness of their adult sex roles and expected 
behaviors. In addition to the appearance 
of secondary sexual characteristics at 
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this age (and because of them), 7th and 
8th graders are very much aware of the 
values attached to "masculinity" and 
"femininity" and, according to many 
researchers (Fennema, Sherman, Bush), 
teenagers in general associate mathemat- 
ics with masculinity (2). A question like 
"Is mathematics a more appropriate ac- 
tivity for boys and men than for girls and 
women?" might have revealed that there 
are comparable stereotypes even among 
the gifted and talented. 

Finally, we know precious little about 
the components of mathematical reason- 
ing and even less about how to test for it. 

There is probably no way to conduct a 
true study of male and female mathemat- 
ical aptitude so controlled for self-image, 
out-of-class experiences, and parental 
reinforcement (or nonreinforcement) 
that aptitude can be truly sorted out from 
performance. Moreover, there is no need 
to do this. If spatial visualization contrib- 
utes to mathematical reasoning, teach it. 
Improve math teaching overall, and 
eliminate all the factors in the culture 
that discourage children of both sexes 
and all races from pursuing mathematical 
study with pleasure and reasonable ex- 
pectations of success. 
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Benbow and Stanley "favor the hy- 
pothesis" that the sex differences they 
observed in performance on the Scholas- 
tic Aptitude Test in mathematics (SAT- 
M) "result from superior male mathe- 
matical ability, which may in turn be 
related to greater male ability in spatial 
tasks." They base this hypothesis, in 
part, on the contention that "boys and 
girls have presumably had essentially the 
same amount of formal training in mathe- 
matics," by the 7th grade. There are 
serious problems with this assumption, 

as represented by the following findings 
for elementary school students: girls re- 
ceive less praise for correct answers than 
do boys (1); boys are praised for partici- 
pation in academic activities more often 
than girls (2); and teachers sex-stereo- 
type academic fields, making more aca- 
demic contacts with girls in reading and 
with boys in math (3). From these obser- 
vations, one would expect males to par- 
ticipate more effectively in academic 
activities, particularly in mathematics. 
Equivalence of formal training is there- 
fore not a warranted assumption. . . . 

We also note that Benbow and Stanley 
did not measure spatial ability them- 
selves but cite two published sources 
for their argument. One of these (4) relies 
on studies now 20 or more years old; the 
other (5) has been superseded by a work 
(6) that clearly voices objection to the 
male superiority hypothesis. 

Certainly this new massive study by 
Benbow and Stanley reemphasizes the 
sex differences in mathematical achieve- 
ment that have been recognized as a 
serious social problem. Unfortunately, 
the hypothesis of superior male ability, 
favored but not substantiated by the au- 
thors, received widespread distribution 
in the popular media (7), which did not 
call attention to the complexity of the 
problem. 
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. . . The most serious problem with the 
report by Benbow and Stanley is the 
underlying presumption that the concept 
of mathematical ability, as defined by the 
SAT-M, is theoretically defensible. Such 
tests sample performance in a domain of 
learned knowledge and skill: for this 
reason experts in testing generally recog- 
nize the difficulty of separating any mea- 
sure of ability from achievement, the 
effects of schooling, and other experi- 
ence (1). In a fundamental sense, we do 
not yet know what mathematical ability 
i s . .  . . 

Another suggestion raised by Benbow 
and Stanley is that girls are particularly 
deficient in mathematical reasoning abili- 
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ty. The term "mathematical reasoning" 
also seems to say a great deal more than 
is justified by the reality of the testing 
behind it. It refers to performance on 
word problems. Often, girls-on the 
average-are reported to do less well on 
word problems. Before this difference is 
accepted as real, the possibility of sex 
bias in the content of word problems 
should be considered. Analyses of the 
content of SAT-M (2) and other test (3) 
problems have found the content to fa- 
vor males in a way that can affect prob- 
lem-solving performance (4). Good prob- 
lem-solvers work with the content of the 
problem as much as with the mathemati- 
cal form ( 3 ,  using intuitive understand- 
ing of the content to guide choices of 
mathematical operations. Therefore, fa- 
miliarity of problem content can make a 
difference. Girls perform well on tests of 
computation and algebra where such 
content bias is not a possibility. . . . 

Should we ever discover a genetic and 
organic basis for mathematical ability, 
we can be certain at a minimum that 
some girls will have more ability than 
almost all boys-a subtlety that keeps 
getting lost in our "Boys are more or less 
X than girls" language. Why not let 
performance, with all its pragmatic im- 
portance, speak for itself? 
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. . . An underlying fallacy that has 
been largely responsible for the unwar- 
ranted publicity in the popular media 
which the study by Benbow and Stanley 
has received is the notion that, if a trait is 
under genetic control, the expression of 
that trait is immutable. The genotype of 
an organism does not determine, in any 
trivial sense, a single complex phenotype 
that will be displayed in all environ- 
ments. One has only to consider some- 
thing as simple as the height of wheat to 
realize that a particular genetic strain of 
wheat will yield different ranges of height 
in different environments. A determina- 
tion of the height in one environment will 

tell one nothing about the height in a 
substantially different environment. Un- 
fortunately, the history of the past 100 
years is replete with examples of deplor- 
able social conditions being attributed to 
unchangeable innate human differences 
as an argument for accepting these con- 
ditions (I). . . . Similarly, medical re- 
search into the heritability of diseases 
would be quite ridiculous if the conclu- 
sion were that we should accept as incur- 
able all those diseases which are herita- 
ble. 

Benbow and Stanley have not shown 
heritability or innate sex-linked differ- 
ences in mathematical ability. Even if 
they had, it would tell us nothing about 
how to boost the observed performance 
of girls in mathematics. The real issue is 
whether or not one wants to see such a 
change. Attempts to attribute this social 
difference to a biological difference that 
would then legitimize the social differ- 
ence are fallacious at best. . . . 
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Benbow and Stanley have made a 
modest and unexceptionable contribu- 
tion to one of the real growth industries 
in contemporary social science. My ob- 
jections pertain less to content than to 
editorial form and judgment. 

The title of their report is "Sex dif- 
ferences in mathematical ability: Fact or 
artifact?" Is this appropriate? An "arti- 
fact" in science is a spurious result. 
Whatever legitimate conclusions-social 
or biological-Benbow and Stanley might 

have drawn from their data would have 
been equally "facts." The assumption 
that truths of the gene are the more pro- 
found is thoroughly egregious, but it 
does not find its way into the text of 
the report. It is, however, the very stuff 
of Gina Bari Kolata's commentary (Re- 
search News, 12 Dec., p. 1234), which 
asks the question "Are girls born with 
less ability?" Yet the data of Benbow 
and Stanley do not speak to Kolata's 
question, as Fennema and Gray gra- 
ciously but fruitlessly warn. 

Kolata is scrupulous in seeking out a 
variety of views. But there is really noth- 
ing to talk about. The studies referred 
to in her article are not germane to her 
theme, unless one accepts the curious 
contention (attributed to Benbow and 
Stanley) that it is "hard to imagine that 
[the reported differences] are entirely 
due to socialization." One may, of course, 
stick closely to the word "entirely" 
here; but then, a great many once un- 
imaginable things have proved to be 
true. In any case, the belief that truly 
great differences in people's characters 
and situations must have at least some 
biological roots has been thoroughly 
aired in other, rather nastier, contexts, 
and it has not fared very well. 

Toward the end of Kolata's article, 
Benbow advises us that women should 
accept their differences and stop com- 
plaining. At last, one begins to see it: a 
throng of feminist math students, claim- 
ing that society has done them wrong, 
and seeking federal funds to redress the 
balance. One of Benbow's colleagues, 
Tobin, is understandably depressed. She 
does not "want to think" that she can't 
"do math like the men do." She speaks 
not as a scientist, to be sure, but "as a 
woman," a credential that is, to say the 
least, widely shared. Even so, her anxi- 
ety is enshrined in a special box, near the 
top of the page. 

What does this have to do with sci- 
ence? Nothing. That is the point. As the 
news weekly of the scientific communi- 
ty, Science justifiably tries to offer some 
features with topical importance and 
-dare one say it-sex appeal. But it also 
has, as they say, a reputation to uphold. 
This is not the way. 

DANIEL J. MORAN 
Department of History, 
Stanford University, 
Stanford, California 94305 

Kolata notes that many mathemati- 
cians whom we questioned did not know 
the names of five famous contemporary 
women mathematicians. Our research 
(1-3) does not support the thesis that 
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girls are born with less math ability than 
boys. It does suggest that, both in and 
out of the classroom, environmental in- 
fluences may be different for females 
than for males. For example, of the 
mathematicians whom we questioned, 
significantly more women than men said 
that they were discouraged by others in 
their efforts to become mathematicians, 
and that they were treated differently, as 
mathematics students and professionals, 
because of their sex (1-2). To cite an- 
other example: on an arithmetical prob- 
lem-solving test, girls tended to interpret 
the instructions differently than boys and 
were more prone to give answers that 
they thought their teachers wanted (3). 
Such results hint at how difficult it is to 
control environmental or cultural factors 
and to ascribe observed differences 
sheerly or mainly to genetic differ- 
ences. . . . 

For more than a century, sex differ- 
ences have been reported in mathemat- 
ical ability, in spatial ability, and in ver- 
bal ability, some favoring males and oth- 
ers females (2, 4). There is often a large 
overlap in the distribution of the males 
and females' scores on the tests, so that 
there are females with better scores on 
tests of mathematical ability or spatial 
ability or with lower scores on tests of 
verbal ability than males. It is not possi- 
ble to make predictions from these stud- 
ies for a particular male or female, nor 
has a genetic basis been established for 
any of the differences. Indeed, a genetic 
hypothesis that has been investigated for 
two decades-that an X-linked gene de- 
termines spatial ability-has been dis- 
missed as unfounded in recent critical 
reviews (5). 

The whole issue is reminiscent of the 
fruitless nature-nurture-IQ controversy, 
and conclusions about the meaning of 
differences in scores (between sexes or 
races) have the same ideological ramifi- 
cations. Instead of arguing about wheth- 
er sex differences in mathematical ability 
are due to heredity or environment, or 
whether they are "facts" or "arti- 
facts"-particularly, if one means that 
they are immutable or changeable re- 
spectively-it seems more fruitful to 
study what happens to them under trans- 
formation of conditions. In particular, 
conditions of teaching and learning can 
be changed. Our studies (3) showed that 
girls responded better to verbal hints in 
geometric problems than did boys. Using 
Gestalt psychological principles, we 
found that spatial configurations could 
be presented in a structurally clear man- 
ner so as to improve their visualization 
and to eliminate sex differences. At- 
tempts to enhance mathematical learning 

for both sexes may be challenging ways 
to channel some of the energy now being 
used in controversies over the nature 
and source of sex differences in 
mathematics. 
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The results of Benbow and Stanley on 
sex differences in mathematical achieve- 
ment are similar to some results of mine 
on scientific achievement (1). In an inter- 
national study of the achievement of 14- 
year-olds in physics, chemistry, and bi- 
ology, I found that in all 14 countries 
studied boys scored higher than girls on 
average. It was also true that within each 
country the boys' advantage was most 
marked at the highest levels of achieve- 
ment. However, the international aspect 
of the study revealed another dimension, 
not present in Stanley and Benbow's 
work. Girls in some countries did better 
than boys in other countries. When a 
standard corresponding to the interna- 
tional top 5 percent was defined, this was 
reached by 11 percent of Japanese girls 
and 9 percent of Hungarian girls, com- 
pared to less than 4 percent of boys in 
Belgium, the Netherlands, and Italy. It 
would, I suppose, be possible to argue 
that there is a genetic difference between 
children in different countries as well as 
between girls and boys. But it is equally 
plausible to suggest that the science edu- 
cation which children receive is resvon- 
sible for the differences. Some countries 
teach science more efficiently than oth- 
ers; but in all the countries studied sci- 
ence has a masculine image and is taught 
in a way which is oriented toward boys 
rather than girls (2). 
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So little of our report is quoted directly 
that it seems desirable to reproduce its 
concluding paragraph: "We favor the 
hypothesis that sex differences in 
achievement in and attitude toward 
mathematics result from superior male 
mathematical ability, which may in turn 
be related to greater male ability in spa- 
tial tasks. This male superiority is proba- 
bly an expression of a combination of 
both endogenous and exogenous varia- 
bles. We recognize, however, that our 
data are consistent with numerous alter- 
native hypotheses. Nonetheless, the hy- 
pothesis of differential course-taking was 
not supported. It also seems likely that 
putting one's faith in boy-versus-girl so- 
cialization processes as the only permis- 
sible explanation of the sex difference in 
mathematics is premature." 

In this context, "superior male mathe- 
matical ability" and "greater male abili- 
ty in spatial tasks" mean only that boys 
tend to score higher on the SAT-M and 
spatial tests (I)  than girls do. Unfortu- 
nately, many readers (such as Stage and 
Karplus) interpret "superior ability" as 
meaning inherently, intrinsically, or ge- 
netically abler. As national norms show, 
girls tend to score lower on spatial tests, 
such as the Differential Aptitude Test 
(I), whether or not for environmental 
reasons. 

We postulated that "endogenous" 
variables (2) may be involved. Endoge- 
nous sex differences have been docu- 
mented in a wide variety of organisms, 
including humans (3). We have carried 
out more research and helped more able 
young girls mathematically (4) than most 
other investigators in the country. We 
believe that the last sentence of our brief 
report is consistent with the present state 
of knowledge. 

Because the girls in our studies were 
bright, eager, volunteer participants in a 
mathematics talent search and were 
matched with boys on in-school mathe- 
matics tests, most of the proffered expla- 
nations that the sex differences are de- 
fects of the SAT-M as a measure of 
mathematical reasoning ability are irrele- 
vant. The SAT is designed mainly for 
above-average 11th and 12th graders, 4 
or 5 years older and more advanced in 
grade placement than participants in the 
Study of Mathematically Precocious 
Youth's (SMPY's) annual search for 
youths who reason extremely well math- 
ematically. Thus, the SAT-M almost cer- 
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tainly functions far more at the analytical 
reasoning level for the SMPY testees, 
who have not had many formal opportu- 

Surely, it is reasonable to ask whether 
the differences are man-made or endoge- 
nous. Kelly's observations about phys- 

ing findings squarely and search hard for 
causes, whatever they may be. Our data 
clearly show a large, important sex dif- 
ference before the well-documented and nities to develop their abilities, than it ics, chemistry, and biology may be more 

relevant to learning mathematical con- 
cepts and computation than to mathe- 
matical reasoning ability. Kelly has not 

does for high school juniors and seniors 
who have already studied rather abstract 
mathematics for several years. 

intensive socialization processes operat- 
ing during puberty. Moreover, our data 
show that extensive boy-versus-girl so- 

Stage and Karplus challenge our as- 
sumption that our males and females 
received similar formal training in math- 
ematics. We doubt that the studies thev 

established causal links between male 
images and the sex difference in ability. 

The statement in the 16 January 1981 
Science editorial by Schafer and Gray (p. 
231) that "Not a single student identified 
by [SMPY] as mathematically preco- 
cious-boy br girl-has gone on to do 

cialization processes during this period 
seem to have little, if any, effect on 
mathematical reasoning ability. At the 
Very least, one must discount differential 

cite are relevant to the mathematical 
reasoning ability of our subjects, who are 
highly able and well motivated (5). In 

course-taking. It would also seem pru- 
dent not to rule out endogenous explana- 
tions for these sex differences entirely. 

addition, Stage and Karplus object to our 
references relating sex differences in 
mathematical reasoning ability to spatial 

graduate wdrk in mathematics. . . ." is 
simply incorrect. For example, an 18- 
year-old is a 4th-year graduate student in 
"pure" mathematics at Prin~eton Uni- 

It is not the method of science (or 
Science) to ignore published facts or 
provide a forum for subjective judgments 
and anecdotal evidence. ability, saying that one was "20 or more 

years old" and the other had been "su- 
perseded." To their first objection we 
reply that research findings do not auto- 

versity. Two more are at the Massachu- 
setts Institute of Technology. Three are, 
or were, at Berkeley, Stanford, and 
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matically become invalid with age. Their 
second objection has been in turn "su- 
perseded" by our own study of the spa- 
tial ability of a subset of SMPY examin- 

Johns Hopkins. As graduate students, 
SMPY's protCgCs have not yet been 
studied systematically. We know of only 
19, a majority of whom major in mathe- References h d  Notes 
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ees, as well as by other studies (6). 
The male-female ratio of participants 

tended to be remarkably stable from year 
to year at about 57 to 43. We postulate 
that fewer girls could meet the qualifying 
score fdr the search, in addition to the 
fact thsit more boys than girls found 

matics, computer science, electrical en- 
gineering, physics, and other fields in 
which high mathematical ability is 
imvortant. 

We deeply regret that press coverage 
of our brief report confused the issues, 
rather thah alerting people to the magni- 
tude of the sex difference. The situation 4 ~l;;siar, the Johns Hopkins groups have report- 

ed their rationale and findings in seven books 
and more than 100 articles, including the follow- 
ing volumes published by the Johns Hopkins 
University Press Mathematical Talent (1974), 
Intellectual Talent (1976). The Grfred and the 
Creatrve (1977), Educating the Gtfted (1979), 
and Women and the Mathematical Mystrque 
( 1980) 

5 C Benbow and J Stanley, in preparation. 
6. C Benbow, M Kirk, L Daggett, J. Stanley, in 

preparation, S. Burnett, D Lane, L Dratt, 
Intellrgence 3, 345 (1979), S. Cohn, in prepara- 
tion 

entering a mathematics competition ap- 
pealing. 1n eight talent searches thus far, 
involving about 34,000 participants, we 

is far worse than most persons realize. 
For example, of the 7500 boys and 7500 

have found no evidence that the ablest girls in our curnnt talent search (select- 
ed for overall intellectual ability), 23 
boys and no girls scored 700 or more on 
the SAT-M. Our search nationwide 

girls tend not to enter. Moreover, the 
January 1980 and 1981 searchds involv- 
ing 24,000 participants were based on 

found another 19 boys but no girls scar- 
ing 700 or more. Let's face these dismay- 

verbal as well as mathematical qualifica- 
tions, and the sex ratio of participants 
was 1 to 1. Nonetheless, the mean differ- 
ence between sexes on the SAT-M was 
exactly the same (32 points) as in the 
January 1979 search, when one could 
qualify only on a mathematics test. Also, Substance 
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exammed even if we accept a 1.3 boys to 1 girl bias 
in participation, that could not account 
for the great difference between boys 
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and girls in high scores earned. 
Egelman et al. erect a straw man we 

do not recognize from our report. For 
our groups, Chipman also seems to be 
grasping at straws, however relevant the 
ETS research she cites may be to 11th 
and 12th graders who take the SAT. The 
"artifact" in the title of our article, to 
which Moran refers, indeed means a 
spurious result-specifically, the fre- 

Lethal Number of 
Substance cells progeny 

(%) exammed 

Glass beads 3.14 i: 0.33 624 
HCI-extracted 14.77 i 1.25 960 

particles 
DMSO-extracted 8.21 i 2.00 656 

particles 
Unextracted 14.09 c 5.29 896 

particles 
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Errare humanum est. In the erratum published in 
the issue of 13 February (p. 6561, Tables 1 and 2 from 
the report "Mutagenicity of fly ash particles in 
Paramecium" by J. Smith-Sonneborn et al. (9 Jan., 
p. 180) were printed incorrectly. Significance lines 
missing in the original tables were also missing in the 
erratum. With determination, we again reprint the 
tables as they should have appeared (Table 1 above, 
Table 2 at right). 

quently seen assertion that girls do math- 
ematics as well as boys until they drop 
out of the courses. In addition, however, 
the primary definition of the word "arti- 
fact" is "any object made or modified by 
man" (Random House Dictionary of the 
English Language, College Edition). 

10 APRIL 1981 




