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counterparts on spatial-visualization tests.’ Researchers have atiributed
these differences to a variety of hereditary and environmental factors
without reaching a consensus about their origins,

A significant addition to this controversy came in a 1980 Sciene,
article by Camilla Benbow and Juliaz Stanley. Within a sample of highly
gifted seventh- and eighth-grade children, the suthors found that, on the
average, boys scored higher than girls on the College Board's Scholastic
Aptitude Test for Mathematics (SAT-M).* This difference was especially
marked at the extreme upper end of the distribuson. These data extend a

pattern of vommionly found sex differences 10 a select population of
Jjumior high schocl students and thus are neither SUrprising nor particu-
farly novel * What is novel. however, is Benbow and Stanley’s ivterpreta-
ton of their dura. They aryue that “superior male tnathematical ability” is
the R o

* differences, since the boys and girls in
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enbow and Stanley's assumption

(ual skills.” Thus, one must question B
rude. Furthermore, per-

that the SAT-M measures mathematical apt
formance on timed tests s influenced by a wide variety of motivational
and affective factors such as test anxiety, risk-taking preferences, cogni-
tive style, and confidence in one’s abilities. Since males and females differ

.ctors, it is quite possible that the sex differences

on some of these fa
reported by Benbow and Stanley reflect these noncognitive differences

cather than, or in addition to, rue aptitudinal differences.
The authors’ assumpiion that the bovs and girls in their sampte had
equivalent mathemaiical experiences is alse problematic. Assessing stu-
dents’ maihematical experiences is extremely difficult. Counting the
aumber of mathematics courses the children have taken is only one
ossible method, fousible only if the sample is in secondary school. The
fact that 2l the children in Be sbow and Stanley’s sample had completed
the sixth grade does not support the inference that these students had
equivalent foyrmal educational experiences with mathematics. Conclud-
their informal experiences Were equivalent is €ven more suspect.
cces one would need to develop appropriate
measures of the quantity and quality of elementary school children’s
en test for sex differences on these
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mathematical experiences is questionable, precluding definitive conclu-
sions regarding the origin of observed differences on SAT-M scores.”
Benbew and Stanley's assumption that their data contribute new
insights into the origins of sex differences in mathematical achievement
and aititudes is also suspect. The authors in no way establish the power of
SAT-M scores to predict a student's subsequent achievement in, attitudes
toward, or course envollment in mathematics. Other investigators have
suggested that the link, if any, is weak. For example. Slack and Porter
concluded that the SAT-M score it = poorer predictor of a student’s
mathematics achievement in college than sither high school grades or a
score on the SAT Mathematical Ac devement test. In addition, n a
follow-up ¢ the 1976 cohort of Bentwsw and Stanley’s sample, Lynn Fox
and Sanfor i Cohn found no relation tevween the girls SAT-M scores and
their subseguent educational accelorsiion. Finally, Liune Steel and Lon
Wite found that although mathematcal ability isa significant predictor of
subsequent nuthematics achievenient ind course enroilment, it does not
account for the sex diffevences in cithey high school seniors” mathematics
ar high school mat s enyollment patterns.'® Appar-
themuaticl iy contribute liede to varia-
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Our congclusions are based on a two-year longitudinal study of 250
e-average students inthe seventh through ninth grades,

average and abov
{ their mathematics teachers. We gave questionnaires to

-their parents, and

the studenis in two successive years and examined their mathematics
1d scores on a standardized achievement test (either the
the Califyrnia Achieve-
hered questionnaire

course grades ar
Michigan Fducational Assessment Program of
ment Test) for each vear of the study. We also gat
data from both parents and reachers.

We created our scales by applying exploratory fa
information in the student and parent questionnaires. Factor anahsisisa
statistical procedure whereby iterns are grouped together acc yrding 10
the similarity-of respondents’ answers. For example, because mothersand
fathers gave similar estumates of their children’s mathematical abilines, we
grouped all questions regarding these estimates in one scale rather than
anahvzing those questons individually.”

Four parent factors emerged: mothers’ estimates of the difficulty of
mathermatics for their children, cathers estimates of the difficulty of
cir children, both peaents’ estumates of their children’s
mathenatiod abilities, and both parents’ estimates of the importance of
o maihematics courses. Three student factors emerged: stu-
dents estipates of they own it hematical abilities. their estmates ol the
andd their rating of the value of mathiematics
yueite
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four columns, left to right, representing the chronological sequence in
which we coliected the data. Variables in the column on the far left reflect

scales of students’ mathematical performance prior to entry into our

study, as well as their sex. Variables in the second column-are parentand .
reacher scales gathered in the first year of our study.* With the exceptiont
of math anxiety, the variables in the third column are student attitudinal
scales based on questionnaires distributed in the first year of our research;
math anxiety is a student belief scale gathered in the second year. Vari-
ables in the fourth column on the far right represent students’ grades and
course-taking plans gathered during the study’s second year. We esti-
mated ail possible paths across columns.”

Standardized column-wise muliiple regression equation procedures
were used to estimate path coefficients. At each step, each of the variables
in one column was regressed on the set of all variables in the columns to
the left. This procedure yields standardized path coefhicients, reflecting
the relative predictive power of each variable in comparison to all other
variibles. These coefhicients, 'primed on each path, can vary from —1
o + L
A high path coeffi ent {either positive or negative) reflects a reia-
rively strong relationship. A positive path coefficient means that high
scores on the viriable to the left predict high scores on the var izble wo the
o1 coefficient means that low scores on the
he to the left predict high rcores on the variable to the right. We
th females equal to 1 and males equal
ients on the patbs leading

right. Conversely, a negative pa
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mdicates that we can predict more about that variable using the variables
to its left than we can predict about variables with lower R? values.

Grades and plans to continue taking mathematics are predicted most
directly by the students’ beliefs listed in the third column: their estimates
of their marhematical abilities, their perceptions of the value of mathe-
matics couries, and their levels of math anxiety. These student beliefs, in
turn, are relsted most strongly to the students’ mothers’ beliefs concern-
ing the difficulty of mathe aztics for their children. Parents’ estimates of
the importince of matheinatics courses for their children and teachers’
estimates of ruch student’s wethematical ability also predict some of the
students’ boliefs,

What dees this analysis tell us about boys” and girls attitudes toward
mathematics «nd their enrollment deasions? To answer this question we
need to consider the resuits of the path analysis in conjunciion with the
puttern of < ations between the Important variables, A correlationisa
& At an rvalue) that indicates the strength of
wovariables; it dues nof take into account any
mediasting effecs. Like standardized pat
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ers’ and parents’ estimates of
a3,y = .28)In contrast, girls’ estimates of
related 1o any of these measures (r = .06,
iy). Thus, a student’s mathematical

aptitude, a3 measured in this study, can serve only as an indirect predictor

of thatchild’s attitudes toward mathematics, future mathermnatics achieve-
Social and attitudinal factors appear

fronger direct effects-on these beliefs and pians, especially

mathematics {r = S3yandto hath their teach

their mathematical ability (v =
the value of mathematics arg not
r = .03, and r = .08, respective

10 have much s
among giris.
NMath anxiety also appears to be
subsequent mathematics grades and course-
higher leveis of this anxiety than do boys.
intevesting in light of three additonal relations. First.
mathematically compeient students, math anxiety s only weakly related
{0 the students’ previous performance i mathematies (r = =~ 17). Conse-
qaemly, the individual variations in math anxiety are not pi‘imari!y a
consequence of ohjective differences in performance. Second, math anxi-
ety has a stronger and more direct relaiion 10 mathematics grades and
students future plans for taking math COUFSEs than does our mathemati-
cal aptitude/aci‘iievemem score. Third, math anxiety 18 directly and
strongly influenced by soeial factors, 11 particular by mothers beliefs
ahout the ditfiouly of the subject for their children. Thus, math anxiety
appears o be a key 8t sciabiattitudinal variable that might account for sex
differences I a hieveinent and enroliment 11 mathematics Courses.
Furihermore, given the comny fnding that apxiety has @ debilitating
ctioct on children’s sCOTES on standardized achievement (€~ * one must
4k whether the s€X differences m rath ansiety are streis gnough Lo
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Fymls

Although it could be argued that parents’ gender-saeremyped beliefs
about the difficuliy of mathematics for their children are veridical,
reflecting a real sex difference in chiidren’s behaviors, the following
additional results suggest that this < nol the case. First, girls and boys in

hematics grades and standardized math

this sample had equivalent mat

test scores at the start of the study. Second, when asked how much math

homework they do. the boys and girls reported equivalent amounts.

Third, the teachers estimates of these girls’ and hoys’ mathernatical
hers who endorsed the gender

abilities did not differ. And Frnally, mot
better than girls in advanced high school

ght that math was harder for their daughters
ieved that girls and boys can do egually well
in advanced math courses. Thus, the gender steyeotypes evident in

mothers and fathers beliefs do not appear o be grounded in reatity. The
a “real” sex difference in mathematical apti-

stereotype that boys do
mathematics courses thou
than did the mothers wha bel

extent to which they reflect
tude remains to be demonstrated.

Thus, Benbow and Stanley’s conclusion that sex differences in atti-
tudes toward and achievernent ‘n mathematics may resuit from “superior
male mothematical ability” is premature at best. Although the authors
ray favora liiological explanation, their data do not provide atest of that
hvpotbesis.

Further. one must be concerned about the effect their conclusion
future mathematical achievement and auitudes. This
b jusified giventhe distortion of Benbow and Stanley’s
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campaign on parenis’ stereotypes s and beliefs regarding their children’s
mathematical ability.™
We sent the parents in our sample a guestionnaire similar to cur
original one about three monihs after the research report appeared in
Science, We added a question, placed on the last page of the form, which
described the media coverage of the research and asked if parents had
heard about it. Approximately one-quarter of the respon ing parents (37
et of 200} said yes. While mostof these had read abom the stud\, in either
a magazine or a newspaper, many indicated that they had heard about the
report from several sources. We compared the responses of parents who
had read the media reports (referred to as the misinformed group) to the
responses of those who had not {referved to as the uninformed group).™
We frst assessed the impact of the media exposure on parents
atiitudes about their children’s mathematical abilies. The result was
different for mothers and fathers. Compared ¢ estimates made by unin-
formed mothers of girls, responses by misinformed mothers ot girls
indicewed that they felt their daugtiters had less mathemaucal ability,
would hzve less success in future math cours . would find mathematics
more <.§i?‘!‘é{‘=ds, arid would have 1o work harder in order to dowell inmath
courses. ' adlition, the misinformed mothers of girls thought that
m,e.:.‘r crsiiies woe mudhnore ditficuit for 1o daughters than did the
i ved therﬁ eof hoys, In contrast, formed mothers of both
hovs had sinnlar beliels alout tlu children’s mothematical
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the mothers beliels had become more gender-siereotyped in the vear
following our hirst survey. They now rated math as even more useful for
males in their adult lives than they had earlier.

A slightly different pattern emerged for fathers. When fathers wer
talking about their own children, fathers of sons rated mathematics as
more useful! for their child than fathers of daughters. In addition, misin-
forimed fuhers of sons felt that math was more useful for theirsons than. -
did the uninformed fathers of sons, When asked about the usefulness of
math for males in general, the misinformed fathers of sons stood out
from the other parent groups even more distincthy: they thought
mathematics was much more important for males than for females. It
appears that exposure the media coverage increased the gender-
stereotvped attiudes of fathers of sons.

In summary, media reporis of the Benbow and Stanley article did
appear o change parents’ auitudes. The effect, however. depended on
hotl the sex of the parent and the sex of the child. Misinformed mothers
had their gender-stereotypic beliefs confirmed regarding the difficulty of
math for females and its comparative ease for males. In contrast. misin-
fornred fathers of girls became more confident in their daughters’ mathe-
rmatical abilites. Unfortunately, while the misinformed fathers of girls
come to the defense of their daughters’ math abilities. misinformed
fathers of bovs responded quite differenily, They hecame cven more
convinced than their uninformed counterparts of the vahdity of the
broader gender stereoiypes regarding mathematics abilities. Thev felt
hat females i general do not perform as well as males in ad vanced math
cathiesratics 1s more useful o males than 1o feinales.
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mathematics for their child and by 1
mathematics, Furihﬁrmoz‘e,
appear to have 2 greater influence on students’ attitudes
mathematics grades. Doris Entwisle and D. P. Baker
similar result for childyen i grades one through three Although the
girls and boys in their study had received similar grades in mathematics
and similar scores on 2 math apttude measure, the boys had higher
expectations for their mathematies performance than did the girls. This
sex difference seemed to srem from the different expectations parents
held for their sons and for their daughrers. Finally, our
that media reports attributing sex differences in m
biological factors have » ne
davghters’ math abjlities,
Even though parenis in general hel
ents of danghters spoke of the need to ¢h
and mathematics, (3
she said, “For wi

heir own atsitudes about the valye of
parents’ beliefs, especially mothers’ beliefs,
than do students’

recently reported a

results suggest
athematics to innate or
gative impact on mothers’ confidence in their

d stereotypic beliefs, many par-
ange stereatypic views of women
ne mother summed up this position succinctly when
tatever reason, hoys in general seem to pick up math
concepts with more ease and Jess methodical study. There are eXceptions,
however, »nd I would hot want my daughter to feel she could not do
equally «wollin mih as her brothers.” She continued, “Perhaps society has
encouriged bovs in math more than girls. I hope it is changing.”

We oo hope it will change but fear that change wil] be very slow,
especiaily given the prevailing biases that ‘nfuence what is spotighted
and what i fonored in national news coverage. In the meantime, we, as
IS priens. and teschers, need to do all we can to support and
Tage gizls inctheir effors 1 e “lop interests in math and science.
LA pasave nondisciminagion g simply not an adequate in-
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