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When women perform math, unlike men, they risk being judged by the negative
stereotype that women have weaker math ability. We call this predicasterotype
threat and hypothesize that the apprehension it causes may disrupt women’s math
performance. In Study 1 we demonstrated that the pattern observed in the literature that
women underperform on difficult (but not easy) math tests was observed among a highly
selected sample of men and women. In Study 2 we demonstrated that this difference in
performance could be eliminated when we lowered stereotype threat by describing the test
as not producing gender differences. However, when the test was described as producing
gender differences and stereotype threat was high, women performed substantially worse
than equally qualified men did. A third experiment replicated this finding with a less highly
selected population and explored the mediation of the effect. The implication that
stereotype threat may underlie gender differences in advanced math performance, even

This paper was based on a doctoral dissertation completed by Steven J. Spencer under the dir
of Claude M. Steele. This research was supported by a National Institute of Mental Health predoct
fellowship to Steven J. Spencer and grants from the National Institute of Mental Health (MH458:
and the Russell Sage Foundation (879.304) to Claude M. Steele. The authors thank Jennifer Crc
Lenard Eron, Hazel Markus, David Myers, Richard Nisbett, William Von Hippel, and sever
anonymous reviewers for their helpful advice and comments on earlier drafts of the manuscript. T
also thank Latasha Nash, Sabrina Voelpel, and Nancy Faulk for their help in running experime
sessions.

Correspondence concerning this article and reprint requests should be addressed to Stev
Spencer, Department of Psychology, University of Waterloo, Waterloo, Ontario, Canada, N2L 3G1

4

0022-1031/99 $30.00
Copyright© 1999 by Academic Press
All rights of reproduction in any form reserved.



GENDER STEREOTYPES AND MATH 5

those that have been attributed to genetically rooted sex differences, is discussedo
Academic Press

There was an enormous body of masculine opinion to the effect that nothing could be
expected of women intellectually. Even if her father did not read out loud these opinions,
any girl could read them for herself; and the reading, even in the nineteenth century, must
have lowered her vitality, and told profoundly upon her work. There would always have
been that assertion—you cannot do this, you are incapable of doing that—to protest against,
to overcome.

Virginia Woolf (A room of one’s own

No other science has been more concerned with the nature of prejudice
stereotyping than social psychology. Since its inception, the field has surveyed
content of stereotypes (e.g., Katz & Braly, 1933), examined their effect on soc
perception and behavior (e.g., Brewer, 1979; Devine, 1989; Duncan, 1976; S¢
& Schofield, 1980; Gaertner & Dovidio, 1986; Hamilton, 1979; Rothbart, 1981
explored the processes through which they are formed (Hamilton, 1979; Rothk
1981; Smith & Zarate, 1992), examined motivational bases of prejudice (e
Rokeach & Mezei, 1966; Tajfel, 1978), and, along with personality psychologis
examined the origins of prejudice in human character (e.g., Adorno, Frenk
Brunswick, Levinson, & Sanford, 1950; Ehrlich, 1973; Jordan, 1968). It |
surprising, then, that there has been no corresponding attention to the experi
of being the target of prejudice and stereotypes. Of all the topics covered
Gordon Allport’s (1954) classithe nature of prejudicehis one has been among
the least explored in subsequent research. Happily now, this situation has beg
change (e.g., Swim & Stangor, 1998, and this issue), at least in the sense of t
having emerged a greater interest in the effects of, and reactions to, soci
devaluation. For the most part, this work has focused on stigmatization,
experience of bearing, in the words of Goffman (1963), “a spoiled identity”—
some characteristic that, in the eyes of society, causes one to be broadly deve
(Crocker & Major, 1989; Frable, 1989; Jones, Farina, Hastorf, Markus, Miller,
Scott, 1984; S. Steele, 1990).

The present research extends this focus by examining the experience of b
in a situation where one faces judgment based on societal stereotypes about ¢
group, an experience we refer to as “stereotype threat.” This experience bec
with the fact that most devaluing group stereotypes are widely known through
a society. For example, in a sample of participants who varied widely in prejudi
toward African—Americans, Devine (1989) found that all participants knew tt
stereotypes about this group. Possibly because communicative processes
such a central role in the acquisition of stereotypes (Ashmore & Del Boc
1981)—that is, public and private discourse, the media, school curricula, arti
canons, and the like—knowledge of them is widely disseminated throughou
society, even among those who do not find them believable. This means
people who are the targets of these stereotypes are likely to know them too.
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herein lies the threat. In situations where the stereotype applies, they face
implication that anything they do or any feature they have that fits the stereoty
makes it more plausible that they will be evaluated based on the stereotype. A
the opening quote by Woolf, there is always that assertion “to protest against
overcome.” This predicament, we argue, is experienced as a self-threat. Cons
the aging grandfather who has misplaced his keys. Prevailing stereotypes a
the elderly—their reputed memory deficits, for example—establish a cont
where his actions that fit the group stereotype, such as losing keys, make
plausible explanation of his actions. Stereotype threat, it is important to stress
conceptualized as a situational predicament—felt in situations where one cat
judged by, treated in terms of, or self-fulfill negative stereotypes about on
group. It is not, we assume, peculiar to the internal psychology of particu
groups. It can be experienced by the members of any group about whom negze
stereotypes exist—generation “X,” the elderly, white males, etc. And we stre
that it is situationally specific—experienced in situations where the critic
negative stereotype applies, but not necessarily in others. In this way, it diff
from the more cross-situational devaluation of “marking” that, for example
stigma is thought to be (e.g., Jones et al., 1984).

In the present research, our central proposition is this: when a stereotype al
one’s group indicts an important ability, one’s performance in situations whe
that ability can be judged comes under an extra pressure—that of possibly be
judged by or self-fulfilling the stereotype—and this extra pressure may interfe
with performance. We test this proposition in relation to women’s math perfc
mance, both as a test of the theory and as a means of understanding the proc
that depress women’s performance and participation in math-related ar
Consider their predicament. Widely known stereotypes in this society impute
women less ability in mathematics and related domains (Eccles, Jacobs
Harold, 1990; Fennema & Sherman, 1977; Jacobs & Eccles, 1985; Swim, 19
Thus in situations where math skills are exposed to judgment—be it a formal t¢
classroom patrticipation, or simply computing the waiter’s tip—women bear tl
extra burden of having a stereotype that alleges a sex-based inability. This
predicament that others, not stereotyped in this way, do not bear. The pre:
research tests whether this predicament significantly influences women'’s per
mance on standardized math tests.

We believe, however, that these processes may also contribute to ger
differences in other forms of math achievement as well as test performance (
to achievement deficits in other groups that face stereotype threat, e.g., Stee
Aronson, 1995). For example, the stereotype threat that women experienc
math-related domains may cause them to feel that they do not belong in
classes. Consequently they may “disidentify” with math as an important doma
that is, avoid or drop the domain as an identity or basis of self-esteem—all
avoid the evaluative threat they might feel in that domain (Major, Spenc
Schmader, Wolfe, & Crocker, 1998; Steele, 1992, 1997). Such a process,
originating with stereotype threat, may influence women’s participation in mat
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related curricula and professions, as well as their test performance. But for n
we turn to the question of gender differences in math test performiance.

In this literature, although such differences are not common (Hyde, Fennel
& Lamon, 1990; Kimball, 1989; Steinkamp & Maehr, 1983), a general pattern h
begun to emerge: women perform roughly the same as men except when the
material is quite advanced; then, often, they do worse. Benbow and Stanley (1
1983) found, for example, that among talented junior high school math stude
boys outperformed girls on the quantitative SAT, a test that was obvious
advanced for this age group. Similarly, Hyde, Fennema, and Lamon (1990) in
extensive review of the literature found that males did not outperform females
computational ability or understanding of mathematics concepts, but did outy
form them in advanced problem solving at the high school and college leve
Kimball (1989) found virtually no gender differences in math course work exce
for college level calculus and analytical geometry courses, where males did be
Finally, several national surveys (Armstrong, 1981; Ethington & Wolfe, 198.
Fennema & Sherman, 1977, 1978; Levine & Ornstein, 1983; Sherman
Fennema, 1977) reached the general conclusion that gender differences are
likely to emerge as students take more difficult course work in high school a
college.

Explanations of these differences have tended to fall into two camps. Benb
and Stanley (1980, 1983) have argued that they reflect genetically rooted
differences in math ability. Others (e.g., Eccles, 1987; Fennema & Sherm
1978; Levine & Ornstein, 1983; Meece, Eccles, Kaczala, Goff, & Futterma
1982) argue that these differences reflect gender-role socialization, such
males, far more than females, are encouraged to participate in math and
sciences and that the cumulative effects of this differential socialization are m
evident on difficult material.

While acknowledging the contribution of socialization, we suggest that the
differences might also reflect the influence of stereotype threat, another proc
that may be most rife when the material is advanced for the performer’s skills. |
important to stress that a test need not be difficult for stereotype threat to oc
Simply being in a situation where one can confirm a negative stereotype ab
one’s group—the women simply sitting down to the math test, for example, col
be enough to cause this self-evaluative threat. But for several reasons, it shoul
most likely to interfere with test performance when the test is difficult. If the test
less than difficult, a woman’s successful experience with it will counter the thre
the stereotype might otherwise have caused. Also, easier material is simply
likely to be interfered with by the pressure that stereotype threat is likely to po:
When the test is difficult, however, any difficulty in solving the problems pose

11n this paper we will use the terms gender and gender difference when we are referring |
difference that we believe has a psychological cause. We will use the term sex when dividing men
women into categories and when we refer to a difference that is purported to be based on biolo
differences between men and women.
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the stereotype as a possible explanation for one’s performance. Thus for wol
stereotype threat should be highest on difficult tests.

STUDY 1

As a first step in our research we sought to replicate the pattern found in
literature—that women underperform in comparison to men on difficult tests, &
perform equally with men on easy tests—in a sample of highly qualified equa
prepared men and women. The men and women were selected to have a
strong math background.

In the experiment we varied the difficulty of the math test that was given. Ti
difficult test was taken from the advanced GRE exam in mathematics. Most of
questions involved advanced calculus, although some required knowledge
abstract algebra and real variable theory (Educational Testing Service, 198
The easier test was taken from the quantitative section of the GRE general ex
It assumes knowledge of advanced algebra, trigonometry, and geometry, but
calculus (Educational Testing Service, 1987a). For the well-trained participa
used in this research, this latter exam should be more within the limits of th
skills.

The experiment was administered on a computer. This enabled us to mea
the amount of time participants spent on the test and thereby to assess the ext
which differences in performance might be related to differences in participar
effort.

Method
Participants and Design

Twenty-eight men and 28 women were selected from the introductory psyct
ogy pool at the University of Michigan. All participants were required to hav
completed at least one semester (but not more than a year) of calculus and to
received a grade of “B” or better. They also were required to have scored abc
the 85th percentile on the math subsection of the SAT (Scholastic Aptitude Te
or the ACT (American College Test). Further, on 11-point scales anchored
strongly agree and strongly disagree, participants had to strongly agree
responding between 1 and 3) with both of the following statements: (1) | am gc
at math and (2) It is important to me that | am good at math. Markus (1977) t
used these items to measure whether a person is self-schematic in a domain
experiment took the formf@ 2 (male and femaleX 2 (easier and difficult math
test) design. The primary dependent variables were performance on the matt
and the time participants spent working on the test.

Materials and Apparatus

The tests were administered on a microcomputer. On each question particip
had the options of answering the question, leaving the question blank, or skipr
the question, which allowed them to answer it later. The computer recorc
participants’ responses and how long they worked on each problem. The test
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scored using the standard formula for scoring the GRE, which yields a percent
score corrected so as to disadvantage guessing. Correct items got 1 point, i
left blank got no points or deductions, and incorrect items got a deduction o
point divided by the number of response options for that item (usually 4
5)—the correction factor for guessing.

Procedure

Participants reported to the laboratory in mixed, male and female groups
three to six. They were told, “We are developing some new tests that we
evaluating across a large group of University of Michigan students. Today y
will be taking a math test.” The first screen of the test contained instructions tt
were common to both tests. These instructions explained how to use the comg
and how the test would be scored. Participants were also informed that they wc
have 30 min to complete the test and that they would receive their score at the
of the test. All subsequent instructions were taken directly from the GRE ex:
itself. These instructions provided definitions for certain terms and symbc
explained the range of items on the test, and included a sample item. -
experimenter typed into the computer a randomly assigned code word t
determined the participant’s test difficulty condition. This enabled the expe
menter to remain blind to participants’ condition assignments. The single expt
menter was male. After participants completed the test they were thoroug
debriefed and thanked for their participation.

Results and Discussion

This experiment tested whether the pattern observed in the literature—t
women underperform on difficult tests but perform just as well on easi
test—holds true with the highly selected participants used in this research. As
means in Fig. 1 show, this pattern did emerge. A two-way ANOVA (Sekest
Difficulty) revealed a significant main effect for séx(1, 52)= 3.99,p = .05, and
a main effect for test difficultyf(1, 52) = 137.27,p < .001, that were both
qualified by the significant interaction between gender and test diffié(lty,52) =
5.34,p < .052 Student—Newman-Keuls posthoc comparisons of all possible pa
of means showed that women taking the difficult math test did worse than eacl

2Throughout the paper we report the results using ANOVA and posthoc comparisons. We :
analyzed the results testing planned comparisons based on our predictions. All of these plal
comparisons were highly significarg, < .01. We present the ANOVA and posthoc comparisons
however, because these more conservative tests show that the results are significant even witho
added assumptions that are required for a planned comparison. In addition, for each of the analys
participant’s scores reported in the paper we also conducted analyses of covariance using standa
test scores, previous grades, number of semesters of calculus, and importance of math as cova
These analyses produced results which were essentially the same as those reported. Also, we
report participants’ performance in terms of an accuracy index, that is, the percentage of probl
correct of the number they attempted. Because of the small number of items on the test, almos
participants attempted almost all of the items. Therefore, it is not surprising that analyses of this in
yielded results that were virtually identical to those reported in the text.
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FIG. 1. Performance on a math test as a function of sex of subject and test difficulty

the other groups and that men taking the difficult math test did worse than mer
women taking the easier tegi € .05).

On average, women taking the difficult test worked 1497 s; men taking t
difficult test worked 1539 s; women taking the easy test worked 1738 s; and n
taking the easy test worked 1599 s. A two-way (SeXest Difficulty) ANOVA of
this measure revealed only a marginally significant main effect for test difficull
with participants spending slightly more time on the easier kg4t,52) = 3.151,

p < .10. No other effects obtained significance.

These results show that the differences observed in the literature can
replicated with a highly selected and identified group of participants. Wom
underperformed in comparison to men on the difficult test, but did just as well
men on the easy test.

STUDY 2

The results of Study 1 mirror the results observed in the literature, but t
question still remains about what causes these differences. Our position is
women experience stereotype threat—the possibility of being stereotyped—w
taking math tests, and this stereotype threat is especially likely to underm
performance on difficult tests. But alternative interpretations remain. Perhe
women equaled men on the easier math exam in Study 1 not because stere
threat had less effect when women took this exam, but because only advar
material is sensitive to real ability differences between men and women.

In the present study we tested the effects of stereotype threat directly by giv
all participants a difficult math exam—similar to the one used in Study 1—b
varied whether the gender stereotype was relevant to their performance.
manipulated the relevance of the stereotype by varying how the test v
represented. In the relevance condition participants were told that the test
shown gender differences in the past—a characterization that explicitly evol
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the stereotype about women’s math abiity. the condition where the stereotype
was to be irrelevant, participants were told that the test had never shown gel
differences in the past. It is important to stress that this last instruction did r
attack the validity of the stereotype itself. It merely represented the test in suc
way as to make the stereotype irrelevant to interpreting women'’s performance
this particular math test—it being a test on which women do as well as men.

If women underperformed on the difficult test in Studies 1 because
stereotype threat—the possibility that one’s performance could be judged stel
typically—then making the stereotype irrelevant to interpreting their performan
should eliminate this underperformance. That is, representing the test as inse
tive to gender differences, and thus as a test for which the gender stereotyy
unrelated to their performance difficulty, should prevent performance decreme
due to stereotype threat. But if this underperformance is due to an abil
difference between men and women that is detectable only with difficult me
items, women should underperform regardless of how relevant the stereotype
their performance. In this way, this study provides a direct test of our theory—tl
it is a stereotype-guided interpretation of performance difficulty that caus
women’s underperformance on the difficult math tests in these experiments.

Method
Participants and Design

Thirty women and twenty-four men were selected from the introducto
psychology participant pool at the University of Michigan using the same critel
as in Study 1. The experiment took the form of x 2 mixed model design with
one between-participants factor (sex) and one within-participants factor (t
characterization). The primary dependent variables were performance on
math test and the time participants spent working on the test.

Materials and Apparatus

The tests were administered on computers using the same format as desc
in Study 1. The difficult test used in Study 1 was divided into two halves, ar
participants were given 15 min to complete each half. The first six questions fri
this earlier test comprised the first test and the next five questions comprised
second test. Half of the participants were told that the first test was one on wt
there were gender differences and that the second test was one on which 1
were no gender differences. The other half were told the opposite, that the first
was one for which there were no gender differences and that the second test
one on which there were gender differences. Participants were randomly assic
to these order conditions.

3 We assumed that telling participants that there were gender differences would lead them to be
that men did better than women. Of course, this conclusion is not inevitable, but all participants in-
condition when asked informally reported this to be their interpretation.
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Procedure

The directions and procedure were basically the same as those of Stud
except that participants were told that they would be working on two tests &
would have 15 min to complete each test. Participants read: “As you may kn
there has been some controversy about whether there are gender differenc
math ability. Previous research has sometimes shown gender differences
sometimes shown no gender differences. Yet little of this research has been ca
out with women and men who are very good in math. You were selected for t
experiment because of your strong background in mathematics.” The instructi
went on to report that the first test had been shown to produce gender differer
and that the second test had been shown not to produce such differences, or
versa, depending on the order condition. The single experimenter was again Im

Results and Discussion

The two halves of the test did not prove to be equally difficult. In fact, the me:
for both men and women on the second test was not different from 0, creatin
floor effect for that test. To circumvent this problem, we used performance on
first test, the half that did not produce a floor effect, as the dependent variabls
this experiment. Test characterization was then treated as a between-particiy
factor such that people who were told that the first test did yield gender differen
made up one level of this factor and people who were told that it did not yie
gender differences made up the other level of this factor. A two-way ANOV
(SexX Test Characterization) of participants’ scores on the test confirmed ¢
predictions. When participants were explicitly told that the test yielded genc
differences, women greatly underperformed in relation to men. But when the t
was purported not to yield gender differences, women performed at the same |
as equally qualified men. This happened, of course, even though the test in tl
two conditions was the same. The condition means are reported in Fig. 2. Tt
was a main effect for sex;(1, 50) = 5.66,p < .05, but it was qualified by a
significant sex-by-test characterization interactibl, 50) = 4.18,p < .05.
Student—Newman—Keuls posthoc comparisons of all possible pairs of me
revealed that the mean for women in the gender-differences condition v
significantly lower than each of the other means and that no other means diffe
from each other|§ < .05).

We analyzed the time spent on each item only for the first test participants, t
is, the half for which there was no floor effect. Women in the gender-differenc
condition spent an average of 609 s on the test; men in the gender-differer
condition spent an average of 817 s; women in the no-gender-differen
characterization condition spent an average of 659 s; while men in the no-gen
differences condition spent an average of 697 s. A two-way ¢Sdrst Charac-
terization) ANOVA of this measure revealed a near-significant main effect for s¢
F(1,50)= 2.76,p = .10, with men tending to spend more time on these test iter
than women. No other effects reached significance.

Characterizing the test as insensitive to gender differences was enoug|
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FIG. 2. Performance on a difficult math test as a function of sex of subject and test characteriza

totally eliminate women’s underperformance in this experiment. Yet when t
same test was characterized as sensitive to gender differences, women sig
cantly underperformed in relation to equally qualified men. We believe that |
presenting the test as one on which gender differences do not occur, we madk
stereotype of women’s math inability irrelevant to interpreting their performan
on the test—this particular test. It allowed these women to be as unconcerned
the gender-based stereotype as equally qualified men, which, in turn, allo
them to perform as well as these men. These findings provide strong evidence
women’s underperformance on these difficult math tests results from stereot
threat, rather than from sex-linked ability differences that are detectable only
advanced math material. If women were just unable to do math at the m
advanced levels as measured on these tests, their performance would not
improved when we told them that there were no gender differences on the test
were taking. That women did improve demonstrates that it was something ak
the test taking situation rather then something about their ability that accoun
for the difference in their performance.

We should also note that men did slightly worse when they were told that th
were no gender differences on the test than when they were told that there v
gender differences. This difference did not obtain significance and theref
should be interpreted with caution. However, it might suggest that characteriz
the test as producing gender differences benefited men or that characterizing
test as not producing gender differences interfered with men’s performance.

Finally, the slight tendency for women in the gender-differences condition
spend less time on the test items did not reach interpretable significance, but c
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suggest that this condition undermined participants’ motivation—a question
which we will return.

STUDY 3

Study 2 provided compelling evidence that stereotype threat can depr
women’s performance on a difficult math test and that eliminating this threat c
eliminate their depressed performance. However, for three reasons the experi
did not make our point as convincingly as it might have. First, the floor effe
found on the second test in Study 2 raises the possibility that the effect
stereotype threat might be limited to a small number of questions. Second,
highly selected sample used in Studies 1 and 2 raises the possibility t
stereotype threat effects may have limited generalizability. Third, in Study 2 \
explicitly stated that there were gender differences, leaving open the possibi
that stereotype threat effects will only emerge when gender differences
alleged. Therefore, in this study we sought to replicate the effect of Study 2 |
with a less highly selected sample from another university, on a test with a wit
range of problems, and with a control group in which no explicit mention
gender differences is made. If reducing the gender relevance of the stereotype
improves women'’s performance under these conditions, then we can have gre
confidence that stereotype threat is playing a significant role in women’s mi
performance.

In addition to this primary purpose, we began to explore the mediation of t
effect of stereotype threat on women’s math performance. Presumably,
predicament caused by stereotype threat adds to the normal self-evaluative ric
performance the further risk for women of confirming or being judged by tf
negative stereotype about their math ability. Several literatures suggest that
kind of threat can interfere with performance. Evaluation apprehension, |
example, is essentially a performance-interfering anxiety and distraction tha
aroused by an evaluative audience, real or imagined (e.g., Geen, 1991; Schle
& Leary, 1982). Stereotype threat can even be thought of as a disruptive reac
to an imagined audience set to view one stereotypically. There is also the litera
on test anxiety (Sarason, 1972; Wigfield & Eccles, 1989; Wigfield & Meec
1988; Wine, 1971)—often characterized as a dispositional characteristic,
sometimes as a disruptive reaction to an evaluative test-taking context—as we
a literature on “choking” in response to evaluative threat more generally (e.t
Baumeister & Showers, 1986). Thus ample evidence shows that self-evalua
threat, of the sort stereotype threat is thought to be, can interfere with intellect
test performance.

There is the further possibility, however, that women’s underperformance
these experiments could have stemmed less from stereotype threat than |
lower performance expectations that they brought to the laboratory. Consider:
research has shown that women generally have lower math performance expt
tions than men (Crandall, 1969; Dweck & Gilliard, 1975; Dweck & Bush, 197¢
Eccles, Jacobs, & Harold, 1990; Eccles Parsons, Adler, Futterman, Goff, Kacz
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Meece & Midgley, 1983; Eccles Parsons & Ruble, 1977; Meece et al., 1982). |
possible, then, that their underperformance in these experiments reflects the €
of lower performance expectations, in turn lowering women’s motivation |
perform (e.g., Bandura, 1977, 1986). The “no-gender-differences” condition
Study 2, for example, may have overcome women’s underperformance not
rendering the stereotype irrelevant and thus reducing the threat it causes, bt
raising women’s performance expectations for this particular test, convinci
them that on this test they would do better. Thus condition differences
self-efficacy rather than differences in stereotype threat could have mediated
effects of the previous studies.

As a preliminary test of these interpretations, the present study meast
participants’ evaluation apprehension, state anxiety, and self-efficacy after tl
received instructions that manipulated stereotype threat and before they took
difficult math test. If any of these variables mediate the effects of stereotype thr
they should vary with the instructions for the test—that is, with the independe
variable manipulation—and with performance on the test, thus accounting for
effects of the instructions on test performance.

Method
Participants and Design

Thirty-six women and 31 men were selected from the introductory psycholo
participant pool at the State University of New York at Buffalo. In adapting th
experiment to a different participant population, we used a somewhat easier
and selected participants who had scored between 400 and 650 on the r
portion of the SAT and who had completed no more than 1 year of caltulu
These changes would maintain the basic experimental situation of the test b
quite difficult for the participants but still within the upper ranges of their ability
The experiment took the form of a’2 2 factorial (Sexx Test Characterization)
design. The primary dependent measure was participants’ performance on the
In addition, we collected measures of evaluation apprehension, state anxiety,
self-efficacy.

Materials and Apparatus

The test was given on paper. The participants in this experiment were gi\
only one test and were given 20 min to complete it. The test was similar to 1
tests used in Studies 1 and 2 except that because of the changes in the sele
procedures and the participant population, we made it somewhat easier. It
based on the math portion of the Graduate Management Test (GMAT).

4 Three additional participants were also selected for the experiment that did not report their sc
on the SAT exam. These participants had taken one or two semesters of calculus and haBjotte
better. Two additional subjects, one male and one female, were excluded because they did not m
reasonable effort on the test—they worked on the 20-min test for less than 5 min.
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Procedure

The directions and procedure were basically the same as those in Studies 1
2, except for the introduction of questions designed to examine possible media
collected after the test characterization manipulation and prior to the actual t
The no-gender-difference condition was the same as that described for Stud
Participants were told that there were no gender differences on the test—that
and women performed equally. In the control condition of this experimer
subjects were given no information about gender differences on the test.

After subjects were read the instructions for the test including a samj
problem, they completed a short questionnaire that had four questions designe
measure evaluation apprehension (If I do poorly on this test, people will lo
down on me; People will think | have less ability if | do not do well on this test; |
I don’t do well on this test, others may question my ability; People will look dow
on me if | do not perform well on this test), five questions designed to meast
self-efficacy (I am uncertain | have the mathematical knowledge to do well on tt
test; | can handle this test; | am concerned about whether | have enol
mathematical ability to do well on the test; Taking the test could make me dot
my knowledge of math; | doubt | have the mathematical ability to do well on tf
test), and the state—trait anxiety index (Spielberger, Gorsuch, & Lushene, 19
Upon completion of this questionnaire subjects completed the math test.

Instructions for the experiment including the sample problem were read alc
by the experimenter, so she was not blind to the test characterization manip
tion. All subjects were run in mixed-sex groups. The sample problem w
included so that participants would know that the test was difficult. They did n
complete the problem; however, to ensure that performance on the san
problem did not affect the mediation measures, instructions were read alou
both emphasize the instructions and to standardize exposure to the sar
question. The single experimenter was female. When subjects completed the r
test they were thoroughly debriefed and thanked for their participation.

Results and Discussion

Replicating the results of the previous studies, women underperformed rela
to men in the control condition, but performed equally with them in th
no-gender-difference condition. The condition means of participant’s scores
reported in Fig. 3. A 2X 2 ANOVA of these scores revealed a main effect fol
gender,F(1, 63) = 6.44,p < .05, that was qualified by a gender by tes:
characterization interactior;(1, 63) = 4.78,p < .05, such that men outper-
formed women only in the control condition. Student-Newman—Keuls posth
comparisons of all possible pairs of means revealed that the mean for wome
the control condition was significantly lower than each of the other means and t
no other means differed from each other< .05).

The above findings suggest that women’s math performance improved wi
stereotype threat was decreased. Thus we replicated the results of Study 2 w
less selected population, with a test with more items and comparingptigender-
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FIG. 3. Performance on a difficult math test as a function of sex of subject and test characteriza

differences condition to a control group where no explicit mention of gend
differences was made. These two studies provide compelling evidence
reducing stereotype threat can increase women’s math performance. In addi
as in Study 2, we also found a nonsignificant tendency for men to perform sligh
worse in the no-gender-differences condition than in the control conditic
perhaps suggesting that characterizing the test as not producing gender di
ences has a negative effect on men’s performance.

The above predicted finding allows us to begin to explore the mediation of 1
effect of the test characterization on women’s math performance. Recall that
had three possible mediators in this study, evaluation apprehension, anxiety,
self-efficacy. To verify these measures, we conducted a factor analysis, v
varimax rotation, on the questionnaire that assessed them. Four factors eme
with Eigen values greater than 1. These factors correspond quite closely to

51t should be noted that this nonsignificant tendency is found repeatedly in stereotype thi
research. Nonstereotyped groups seem to perform slightly worse in low stereotype threat condit
This tendency is evident in the Steele and Aronson (1995) study and in several unpublished studi
addition to Studies 2 and 3 in this paper and therefore might be a reliable effect. At this point we ©
have speculations about what might cause it. Perhaps nonstereotyped groups gain an advantage
having to consider the possibility that group differences might affect performance on the test and
advantage is lost in low stereotype threat conditions. Alternatively, the low stereotype thr
manipulations might heighten anxiety or decrease motivation to perform well among the nonste|
typed groups. The results of Study 3 do not provide much support for this latter explanation. Am
men the anxiety, self-efficacy, and evaluation apprehension means and standard deviations fo
control and no-gender-differences conditions, respectively, were as follows: akkietB.53,0 =
2.72,M = 7.56,0 = 2.25; self-efficacyM = 21.07,c = 4.32,M = 22.43,0 = 3.88; evaluation
apprehensioM = 8.53,0 = 3.74,M = 7.75,0 = 4.61. None of these differences are significant.
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three mediational variables we had intended to measure, so we made scale
these variables from the items that loaded most strongly on the factors to wt
they correspondetiThe three scales used in the subsequent analyses and
items loading on these scales are reported in Table 1.

To examine the mediation of stereotype threat effects we conducted th
additional analyses as suggested by Baron and Kenny (1986). First, we exam
the effect of the stereotype threat manipulation on each potential mediator,
then we examined whether these mediators accounted for the effect of
stereotype threat manipulation on women'’s test performance. Finally, we exa
ined each of these mediators individually to see if they could account for the eff
of the stereotype threat manipulation on women'’s performance.

We conducted these analyses in a regression format just among the wor
because it was among women that stereotype threat presumably operatec
examine the mediational hypotheses, we first conducted a series of regres
analyses in which we allowed the stereotype threat manipulation to predict e
of the mediational variablesThere was no evidence of a relationship between tt
stereotype threat manipulation and evaluation apprehengion {0.06,
Tay = —0.311,p > .35) or self-efficacy § = .17, T(3;) = 1.01,p > .15). How-
ever, the manipulation did have a marginally significant effect on anxie
(B = —0.26, Ty = —1.3, p=.09). Thus, representing the test as gender-fa
tended to lower women’s anxiety, but had no discernable effect on their evaluat
apprehension or their self-efficady.

Next we examined whether any of the potential mediators predicted t
performance and whether these mediators accounted for the effect of the ste
type threat manipulation on test performance. We used hierarchical regressic
do this. In the first block of predictors we included the mediational variables-
anxiety, self-efficacy, and evaluation apprehension. In the second block

6 The factor analysis produced four factors. The results of that factor analysis are reported in T
1. Four additional items from the STAI (I am relaxed; | feel content; | feel steady; and | feel pleasa
loaded on a fourth factor. These items seemed to be less related to anxiety than the other items ¢
STAI; therefore, we did not include this factor in our analyses. When this factor was included in 1
analyses, it was not related to the test characterization manipulation or to performance on the tes
did not qualify any of the other mediational analyses reported in the paper. To form scales from
factors we added together participants’ responses to the items that loaded on each factor.

“In the regression analyses that are reported here we controlled for SAT to avoid leaving o
potentially important factor in the regression equation. By including SAT in the equation two wom
were excluded from the analysis because they failed to report their SAT scores. When SAT is
controlled for in the analyses, the results remain much the same and the basic interpretation of the
remains unqualified, although both the effect of anxiety on performance and the direct effect of the
characterization manipulation on performance are somewhat stronger.

8 The means and standard deviations for each of the mediational measures for women in
experimental group and women in the control group, respectively, were as follows: avixie®.16,

o = 2.39,M = 9.86,0 = 3.51; self-efficacyM = 21.00,0 = 4.62,M = 17.36,0 = 4.50; evaluation
apprehensioM = 8.79,0 = 3.63,M = 10.29,0 = 5.11. Scores ranged on the anxiety scale from 5 tc
25, on the self-efficacy scale from 4 to 28, and on the evaluation apprehension scale from 5 to
Higher numbers indicate more of the psychological construct.
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TABLE 1
THE THREE SCALES CORRESPONDING TO THEPOTENTIAL MEDIATIONAL VARIABLES
DERIVED FROM FACTORANALYSIS

Evaluation apprehension scale (Cronbach’s .82)
1. People will think | have less ability if | do not do well on this test.
2. People will look down on me if | do not do well on this test.
3. If I don’t do well on this test, others may question my ability.
4. If 1 do poorly on this test, people will look down on me.
5. | feel self-confident.
Self-efficacy scale (Cronbachis = .88)
1. I am uncertain | have the mathematical knowledge to do well on this test.
2. I am concerned about whether | have enough mathematical ability to do well on the test.
3. I doubt I have the mathematical ability to do well on the test.
4. | can handle the test.
Anxiety scale (Cronbachs = .88)
1. | am worried.
. | feel nervous.
. lam jittery.
. | feel indecisive.
. Taking the test could make me doubt my knowledge of math.

ab~wnN

included the test characterization manipulation. Women'’s performance on the
was the dependent variable. This analysis revealed that anxiety was significa
related to performanced(= —0.40,T,5 = 1.98,p < .05), evaluation apprehen-
sion was significantly related to performan@e< .57, T ,5 = 2.61,p < .05), and
self-efficacy was not significantly related to performange=(.20, T,s = .96,

p > .30). Furthermore, when these mediators were included in the equation,
effect of the test characterization manipulation on test performance was redu
to nonsignificance = .22, Tzg) = 1.26,p > .10). Thus this analysis revealed
that anxiety and evaluation apprehension were related to test performance,
self-efficacy was not.

To provide an additional test of the mediational hypothesis we planned
examine each of the variables alone as a mediator. However, evaluation appre
sion was positively related to performance, while anxiety was negatively rela
to performance and since these variables are positively correlated with each c
(r = .69) they show a suppressor relationshiphis means that the effect of
anxiety and evaluation apprehension on performance if considered alone wc
be muted by the suppressor effect. To correct for this problem we created two
variables by regressing participants’ evaluation apprehension scores onto t
anxiety scores and vice versa and saving the resulting residual scores.

9 Although evaluation apprehension was related to performance, it was actually related to pel
mance in the opposite direction to what was expected. Women in this study performed better w
they had higher evaluation apprehension than when they had lower evaluation apprehension. De
the largeg for evaluation apprehension it would actually be nonsignificant using the one-tailed te
that we have used throughout these regression analyses because it is in the nonpredicted directi
this might be misleading we reported the two-tailed test in the body of the paper.
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provided us with a measure of anxiety that was not affected by the suppres
relationship with evaluation apprehension and a measure of evaluation apprel
sion that was not affected by the suppressor relationship with anxiety. Th
variables can be understood as the part of anxiety that is not explained
evaluation apprehension and the part of evaluation apprehension that is
explained by anxiety. We then tested each of these variables and the self-effic
measure individually as possible mediators of the effect of the stereotype thi
manipulation on women’s math scores.

To conduct these analyses we first regressed the stereotype threat manipul
onto each of the possible mediators. Then we conducted a hierarchical regres
with the potential mediator on the first block and the stereotype threat manipt
tion on the second block. As can be seen in Fig. 4, the part of anxiety that is
explained by evaluation apprehension may show some evidence of mediatio
the stereotype threat manipulation in this experiment. The stereotype thi
manipulation had a marginally significant effect on this part of anxiety, and tf
anxiety in turn was negatively related to performance, and when this variable \
included with the stereotype threat manipulation in a regression analysis,
effect of the stereotype threat manipulation was somewhat weakened and wa
longer significant. The test for the change in significance for the direct path fre
the stereotype threat manipulation to score on the test when anxiety was inclu
in the analysis did not reach significance, howe¥es, 1.08,p = .14. This result
suggests that we have not found strong evidence of anxiety as a mediato
performance in this experiment. It does not, however, allow us to rule out anxit
as a mediator. Anxiety still might be a mediator of the manipulation in th
experiment, particularly if it was measured with error (see Baron & Kenny, 198t

Self-efficacy and the part of evaluation apprehension that was not relatec
anxiety did not show evidence of mediation. There was no reliable evidence t
self-efficacy was effected by the stereotype threat manipulation and self-effic:
did not predict test performance and, thus, there was no evidence that self-effic
mediated the effect of the stereotype threat manipulation on women’s t
performance. Also, even though evaluation apprehension was related to wom
performance, its being unaffected by the stereotype threat manipulation me
that we did not find evidence that evaluation apprehension was a mediator of
effect of stereotype threat on test performance either. However the failure of th
variables to mediate the effects in this study must be interpreted with caut
given our relatively small sample size and therefore our limited power to det
mediation.

On the whole, these tests of mediation do not give us a clear picture of
mediation of the stereotype threat effects in these studies, but they do proy
some important information. First, they suggest that self-efficacy and evaluat
apprehension are not likely to be mediators of the effect of stereotype threat
women'’s test performance seen in these studies. Second, although these rest
not provide compelling evidence that anxiety is a mediator of these effec
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Stereotype Threat Self-Efficacy
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FIG. 4. Possible mediators of stereotype threat manipulation tested individNallg.Anxiety is
the anxiety measure controlling for evaluation apprehension and Evaluation Apprehension is
evaluation apprehension measure controlling for anxiety.

neither do they rule anxiety out as a mediator—anxiety is still a plausikt
mediator of the stereotype threat effects seen in these studies.

GENERAL DISCUSSION

Being the potential target of a negative group stereotype, we have argL
creates a specific predicament: in any situation where the stereotype app
behaviors and features of the individual that fit the stereotype make it plausible
a explanation of one’s performance. We call this predicament stereotype thr
The crux of our argument is that collectively held stereotypes in our socie
establish this kind of threat for women in settings that involve math performant
especially advanced math performance. The aim of the present research has
to show that this threat can quite substantially interfere with women’s me
performance, especially performance that is at the limits of their skills, and tt
factors that remove this threat can improve that performance.

The three experiments reported here provide strong and consistent suppor
this reasoning. Study 1 replicated the finding in the literature that wom
underperform on advanced tests but not on tests more within their skills. Stud
attempted to directly manipulate stereotype threat by varying how the test v
characterized—as one that generally found gender differences or as one tha
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not. Representing test performance as unaffected by gender, we reasoned, v
make the gender stereotype irrelevant as an interpretation of test performa
preclude stereotype threat, and thereby allow women to match the performanc
equally qualified men. This is precisely what happened in this condition, while
the condition where the same test was represented as affected by gender, we
again underperformed in relation to men. Finally, Study 3 replicated the results
Study 2 with a less highly selected population and identified anxiety as a poss
mediator of this effect.

These findings also speak to the generality of stereotype threat’s negative e
on standardized test performance. Other research (Steele & Aronson, 1
Croizet & Claire, 1998) has shown that stereotype threat can interfere with
performance of African—American and low socioeconomic students on diffict
standardized tests. Thus, by showing a comparable effect among women
takers, the present findings help to establish the generality across group:
stereotype threat’s impairment of standardized test performance.

This is not to say that there are no important differences in the way tt
stereotype threat affects different groups. We believe that such important dif
ences do exist. For example, the nature of the stereotype about women’s r
ability is different than the stereotype about African—Americans’ ability in schoc
The stereotype about women is relatively confined—pertaining mainly to me
and science—whereas the stereotype about African—Americans is relati
broad, impugning almost all academic areas, which may lead to import:
differences in the way stereotype threat affects women and African—America
When women face stereotype threat in a math class, for instance, they can avc
by dropping math and picking up most other classes. African—Americal
however, face a much more difficult problem when they face stereotype threa
school. For them it will be much more difficult to avoid. Women can still maintai
a view of themselves as smart and capable, but just not good in math, if tl
disidentify with math. African—Americans, however, are likely to find it muct
more difficult to maintain a view of themselves as smart and capable, but just
able to cut it at school, if they disidentify with school. This reasoning suggests tl
stereotype threat may lead women to disidentify with math more readily thar
leads African—Americans to disidentify with school.

The Mediation of Stereotype Threat Effects

Recent research by Steele and Aronson (1995) provided direct evidence of
psychological state that accompanies stereotype threat among African—Amer
students taking a difficult standardized verbal test. As in the present research,
found that stereotype threat manipulations—for example, making the nega
stereotype about their intellectual ability either relevant or irrelevant to their te
performance by representing the test as either diagnostic or nondiagnosti
ability—greatly affected these participants’ performance. But beyond this, th
found that participants in the stereotype threat condition experienced a dist
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psychological state marked by cognitive activation of racial stereotypes &
strong motivation to avoid being judged by such stereotypes—a distinct state
accompanies stereotype threat. We have assumed that this state is experience
greater degree of self-evaluative threat—arising from their extra risk of fulfillin
a negative group stereotype—and threat of this sort is likely to increase tt
emotionality (Baumeister & Showers, 1986; Geen, 1991; Sarason, 1972; Sch
ker & Leary, 1982; Wine, 1971).

The present studies tested this reasoning more directly. We found evidence
stereotype threat tended to increase anxiety, but we found little evidence that <
emotionality mediates the observed stereotype threat effects. In particular,
found that anxiety showed only weak evidence of mediation and that evaluat
apprehension and self-efficacy as we measured them in this study did not mec
the observed stereotype threat effects. These results suggest that the emotio
that we assumed undermined people’s performance when they experier
stereotype threat may accompany their performance but have little impact upo

However, we should approach this conclusion with caution. There are seve
reasons why it may not be the final story on the mediation of stereotype thr
effects. First, in Study 3 where we examined mediation, we only had 34 womel
relatively small sample to detect mediation. This limited power means that 1
lack of mediational evidence should be interpreted with caution. Second, in ot
situations and with other groups of subjects, the effects of stereotype threat r
be mediated differently and some of the factors that we examined here that fa
to show mediation might with other groups or in different situations. For examp
in some situations, the mediation of stereotype threat effects may invo
expectation effects. Lower expectations about both performance and self-effic
are, after all, inherent parts of the stereotypes we are considering. Thus itis g
possible that the priming of these stereotypes in the stereotype threat condit
could lower expectations among the stereotyped. And this, in turn, could unc
mine their performance by undermining their motivation to perform (e.g
Bandura, 1977, 1986). Now Study 3 shows, we believe, that the effects
stereotype threat in the present experiments were not mediated in this v
Women'’s performance expectations were not significantly affected by the ster
type threat manipulation and were not related to their test performance. This re
is important in showing that stereotype threat has effects on performance tha
beyond any effect it has on expectations and that it was these extra expecte
effects that mediated the present results.

Having made this point, however, we would stress that these effects are
always independent. In fact, lowered expectations in response to contin
stereotype threat in a domain, and the demotivation this causes, may be cri
precursors to disidentifying with the domain—that is, to dropping the domain
an identification and as a basis of self-evaluation (see Major et al., 1998; Ste
1992, 1997). Thus, while the present research shows that lowered expectation
not necessary mediators of stereotype threat effects, as the period of exposu
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this threatening environment extends—as in the school settings to which we w
to generalize—expectations may play a more important mediational role. If t
proves to be so, then a contribution of the present research is its identifying a r
set of conditions that affect these expectations, namely, stereotype threat.

Thus the question of how stereotype threat effects are mediated is a com|
one. Certainly in real-life settings these effects are likely to be multiply mediate
involving several processes at once, anxiety, overcautiousness, lowered exp:
tions, and so on. Thus a central challenge of ongoing research will be to discc
which mediation occurs under which conditions.

Stereotype Threat and the Genetic Interpretation of Gender Differences
in Math Ability

Our research also has implications for the lingering controversy over the role
biology versus the environment in determining the few sex differences that per
in mathematics performance. In its most recent incarnation, this issue |
centered on the claims of Benbow and Stanley (1980, 1983). This much-ci
research studied a group of seventh and eighth grade boys and girls, exceptiol
talented in math, who scored above 700 on the quantitative section of the S
Boys were overrepresented in this group by a factor of 10 to 1. And since th
boys and girls all had the same prior course work in math, the authors took t
fact to indicate a sex difference in biological capacity for math.

There have been several important critiques of this research and its conclu
(e.g., Eccles & Jacobs, 1986; Fennema, 1981; Jacobs & Eccles, 1985). A princ
one is that being in the same classes does not mean that boys and girls hav
same environment. Considerable research shows, for example, that boys and
are treated very differently in the same classrooms (Constantinople, Cornelius
Gray, 1988; Leinhardt, Seewald, & Engel, 1979). Over time, this argument go
these differences in treatment, as well as differences in the larger soci
socialization of women, could produce the findings that Benbow and Stan
report. While endorsing these arguments, we suggest that the present findings
them a step farther. The experience of the testing situation itself may
dramatically different for women and men. As the present research sho
stereotype threat as a feature of this situation can undermine women’s per
mance, precisely when the test is difficult. The seventh and eighth grade boys
girls in the Benbow and Stanley research, who are matched in eighth grade n
ability, but given what for them is a very advanced math test (the quantitative S
exam), are essentially in the same position as the participants in the h
stereotype threat conditions in the present research. As this threat was abl
dramatically depress the performance of talented women math students in
present experiments, it may well have depressed the performance of the tale
girls in the Benbow and Stanley research. Thus we may not need to look to
earlier experience of these girls or to their biology to explain their performanc
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The critical factor may be the stereotype threat of the immediate test-tak
situation??

Finally, in the interest of careful generalization, we note several importa
parameters of the stereotype threat effect. It assumes that the test taker cons
the test as a fairly valid assessment of math ability, that they still care about 1
ability at least somewhat, and that the test be difficult. Stereotype threat effe
should be less likely if the test is either too easy or too difficult (either in itel
content or time allotted) to be seen as validly reflecting ability. Also, if the te
taker has already disidentified with math, in the sense of not caring about t
performance, stereotype threat is not likely to drive their performance lower th
their lack of motivation would. Thus, itis only when the test reflects on ability ar
is difficult and the test takers care about this ability that the stereotype becor
relevant and disturbing as a potential self-characterization. For this reas
stereotype threat probably has its most disruptive real-life effects on women
they encounter new math material at the limits of their skills—for example, ne
work units or a new curriculum level.

This process may also contribute to women’s high attrition from quantitati
fields, especially math, engineering, and the physical sciences, where their col
attrition rate is 2 times that of men (Hewitt & Seymour, 1991). At some point
continuously facing stereotype threat in these domains, women may disidentify v
them and seek other domains on which to base their identity and esteem. While c
factors surely contribute to this process—gender-role orientation (Eccles, 1984; Ec
etal., 1990; Yee & Eccles, 1988), lack of role models (Douvan, 1976; Hackett, ESpos
& O’Halloran, 1989), and differential treatment of males and females in schc
(Constantinople et al., 1988; Peterson & Fennema, 1985)—we suggest
stereotype threat may be an underappreciated source of these patterns.

Embedded in our analysis is a certain hopefulness: the underperformanc
women in quantitative fields may be more tractable than has been assume

10f stereotype threat depresses women'’s performance on standardized math tests relative to t
men, one might ask whether it is appropriate to use the SAT as a means of equating men and w
for skill level in these experiments? Several considerations are relevant. The first bears on the si
math students selected for these experiments. As the results of Study 1 show, performance-depre
stereotype threat emerged in these studies only when the test was at the limits of their skills. Thus
very unlikely that stereotype threat hampered women'’s performance on the SAT exam they had t:
just a few years earlier. It too was well within their skills, as indicated by their high scores. Over t
full range of women taking the quantitative SAT, the performance of some, if not many, is likely to
depressed by stereotype threat and this may well contribute to the mean differences between me
women on this test. But because of the strong skills of the women used in our experiments, sterec
threat is considerably less likely to have affected their SAT performance. Second, even if it did dep
their SAT performance, it would mean that the women in our studies actually have stronger mr
ability than the men with whom they were matched. This would only make it more difficult to detec
performance-depressing effect of stereotype threat; women in these conditions would hawv:
underperform in relation to men who actually have weaker skills than they do. Thus, wh
acknowledging that stereotype threat almost certainly influences the SAT performance in the ger
population of test takers, we do not believe that this fact undermines our interpretation of th
experimental results.
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attempts to understand the math performance of women not in terms of intel
characteristics (e.g., abilities or internalized cultural orientations) but in terms
the interaction between the individual and a threatening predicament posec
societal stereotypes. Predicaments are circumstantial and thus should be eas
change than internalized characteristics. And though our experimental manip
tions have yet to establish broadly generalizable strategies for changing
predicament, they do show that it can be changed.
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