
Implicit Social Cognitions Predict Sex
Differences in Math Engagement and

Achievement

Brian A. Nosek
University of Virginia

Frederick L. Smyth
University of Virginia

Gender stereotypes about math and science do not need to be endorsed, or even
available to conscious introspection, to contribute to the sex gap in engagement
and achievement in science, technology, engineering, and mathematics
(STEM). The authors examined implicit math attitudes and stereotypes among
a heterogeneous sample of 5,139 participants. Women showed stronger implicit
negativity toward math than men did and equally strong implicit gender ster-
eotypes. For women, stronger implicit math=male stereotypes predicted greater
negativity toward math, less participation, weaker self-ascribed ability, and
worse math achievement; for men, those relations were weakly in the opposite
direction. Implicit stereotypes had greater predictive validity than explicit ster-
eotypes. Female STEM majors, especially those with a graduate degree, held
weaker implicit math=male stereotypes and more positive implicit math atti-
tudes than other women. Implicit measures will be a valuable tool for educa-
tion research and help account for unexplained variation in the STEM sex gap.
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The mere fact that women are less likely than men to pursue and persist in
many science, technology, engineering, and math (STEM) college majors

and careers is widely recognized; but why the sex gap occurs is the focus of
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intense ongoing study. Halpern et al. (2007) reviewed decades of evidence
and concluded that the problem is complex—‘‘no single or simple an-
swers’’—but acknowledged a scholarly consensus that the contribution of
stereotyping and discrimination now derives partly from cognitive processes
that function outside of awareness. A panel of experts commissioned by the
National Academies of Science (2007) further emphasized the presumed role
of unconscious bias in perpetuating the gender gap in STEM: ‘‘Decades of
cognitive psychology research reveals that most of us carry prejudices of
which we are unaware but that nonetheless play a large role in our evalua-
tions of people and their work’’ (Executive Summary, p. 3).

Unconscious bias, or implicit social cognition, might affect the STEM sex
gap in two ways: by (1) causing STEM gatekeepers and influential adults
(e.g., teachers, administrators, parents) to, unintentionally, behave differ-
ently toward females than toward males in STEM-related contexts and by
(2) undermining girls’ and women’s interest, feeling of belonging, willing-
ness to persist, and actual achievement in math and science-related activities.
This article focuses on the latter possibility and reports evidence that implicit
math cognitions predict variation in math engagement and achievement,
especially for women, that is not accounted for by self-reported thoughts,
feelings, and beliefs about math. Math is a particularly important skill for sci-
entific practice; engagement with math can be seen as a gateway to engage-
ment with science more generally. The results reported here suggest that
education theory and research will benefit by further incorporating implicit
measurement for understanding academic engagement and achievement.

Implicit Social Cognition

Theory and evidence accumulating during the last two decades suggest
that social evaluation can be distinguished as two types: one that is explicit,
characterized by intention, awareness, and control, and one that is implicit,
characterized by lack of intention, awareness, or control (Bargh, 1994;
Gawronski & Bodenhausen, 2006; Greenwald & Banaji, 1995; Strack &
Deutsch, 2004). Because implicit, or automatic, processing can occur with-
out awareness or control, behavior may be influenced by thoughts that
are unrelated to, or even directly contradict, explicit, endorsed beliefs or
values.

The methods of implicit social cognition are quite distinct from the
explicit, self-reported methods of measuring attitudes, identities, and stereo-
types. Asking a person, ‘‘How much do you like science?’’ or ‘‘Do you
believe that math is more for men than for women?’’ requires a self-asses-
sment—an introspection of one’s thoughts and feelings and the translation
of that assessment into a response. Explicit measures draw on mental infor-
mation that is accessible to the respondent, and the respondent can control
what is communicated. Such expressions are valuable indicators of
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respondents’ explicit beliefs. However, conscious experience captures only
a small portion of mental processing (Nisbett & Wilson, 1977; Nosek,
2007; Wilson, 2002). Significant portions of the mind are not easily accessed
by introspective efforts, and what is accessible might be altered for per-
sonal or social purposes. A woman, for example, might have a thought
come to mind that science is for men but not report it because she does
not want others to know she believes that, or because she honestly does
not believe it even though it came to mind. Moreover, the origins of a per-
son’s behavior lie not only in his or her intentions and self-understanding
but also in the automatic processes of the mind that may elude awareness
or control.

Implicit measures, such as the Implicit Association Test (IAT; Greenwald,
McGhee, & Schwartz, 1998) are designed to assess mental processes that the
respondent may be unwilling or unable to report (Greenwald & Banaji,
1995). The IAT is presently the most popular implicit measure with more
than 700 empirical applications in print, and it assesses the strength of asso-
ciation between concepts (for reviews of its psychometric properties, accu-
mulated validity evidence, and methodological strengths and limitations, see
De Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009; Greenwald,
Poehlman, Uhlmann, & Banaji, 2009; Lane, Banaji, Nosek, & Greenwald,
2007; Nosek, Greenwald, & Banaji, 2007). Among implicit measures, the
IAT is the most heavily used, in part because of its flexibility for a variety
of applications, ability to elicit large effects, sensitivity to individual differen-
ces, and relatively good internal consistency compared to other implicit
measures.1

The IAT is a behavioral task in which respondents categorize words or
images into groups as quickly as possible (try it at https://implicit.harvar-
d.edu/). The IAT has two critical conditions in which items representing
four concepts—for example, science (physics, chemistry), humanities (arts,
language), male (him, man), and female (her, woman) for a measure of aca-
demic gender stereotyping—are categorized one at a time using two com-
puter keys. In one condition, items representing science and male are
categorized with one key, and items representing humanities and female
are categorized with the other key. In a second condition, items representing
science and female are categorized with one key, and items representing
humanities and male are categorized with the other key (in practice the
order of the two conditions is randomized between subjects). The logic of
the task is that categorization will be faster if the items sharing a response
key are associated in memory than if the items are not associated. For exam-
ple, participants who are able to complete the categorization task more
quickly when male and science are categorized together compared to
when female and science are categorized together are said to have an
implicit stereotype associating male more with science. Such associations
may exist despite a respondent’s intent not to express them and perhaps
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even without awareness that those associations are present in memory. As
such, many participants who consciously express having no gender stereo-
type about science may nonetheless show evidence of possessing an implicit
stereotype (Nosek, Smyth et al., 2007).

The IAT is just one of a variety of measures of implicit social cognition.
Alternatives include the Affective Misattribution Procedure (AMP; Payne,
Cheng, Govorun, & Stewart, 2005), evaluative priming (Fazio,
Sanbonmatsu, Powell, & Kardes, 1986), Go/No-Go Association Task
(GNAT; Nosek & Banaji, 2001), the Sorting Paired Features task (SPF; Bar-
Anan, Nosek, & Vianello, 2009), and variants of these. Each procedure has
a unique set of methodological idiosyncrasies that make it more or less rel-
evant for particular research applications (see Gawronski & Payne, 2010, for
discussion of a variety of measures and their applications).

Based on the accumulated evidence with the IAT, implicit cognitions
are related to but distinct from explicit cognitions (Nosek & Smyth,
2007), and multiple factors moderate their relationship such as self-presen-
tation concerns, evaluative strength, and perceived distinctiveness of one’s
own evaluations compared to others (Nosek, 2007). Implicit cognitions
predict behavior—even accounting for variation in behavior that is not ex-
plained by explicit cognitions (see meta-analysis by Greenwald et al.,
2009). Implicit and explicit cognitions apparently form via distinct mecha-
nisms, with implicit cognitions appearing to be sensitive to exposure to as-
sociations between concepts whether one agrees with them or not (Gregg,
Seibt, & Banaji, 2006; Ranganath & Nosek, 2008; Rydell & McConnell,
2006). Finally, implicit cognitions are sensitive to interventions for long-
term change, such as the effect of cognitive-behavioral treatment for spider
phobia on reducing implicit spider=afraid or spider=danger associations
(Teachman & Woody, 2003), and also to the immediate social context,
such as temporarily strengthening female=strong associations by first
thinking about female leaders (Blair, Ma, & Lenton, 2001) or shifting
implicit attitudes toward Black females by subtly shifting the context to
emphasize their race or gender (Mitchell, Nosek, & Banaji, 2003). There
is a rich literature focused on the processes that contribute to implicit eval-
uation and it is shaping our understanding of how implicit processes influ-
ence judgment and behavior (for reviews and relevant discussion, see De
Houwer et al., 2009; Gawronski & Payne, 2010; Nosek, Hawkins, &
Frazier, 2011).

Despite the now sizable scientific literature using implicit measurement
that started in psychology and extended to applications in health, medicine,
law, and business, implicit measures have not been frequently applied in
education research.2 The relative lack of application of implicit measures
is notable considering that the theoretical importance of implicit social cog-
nition in education, generally, and in STEM, particularly, has been high-
lighted in the education literature and beyond, such as the comments
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from the National Academy of Science (2007) report in the opening of this
article. Another goal of this report, therefore, is to illustrate the value of
including implicit measurement in education research, particularly for
understanding STEM engagement, so that empirical evidence of the mean-
ingful effects of implicit mindsets can be employed to evaluate the recent
theorizing about their relevance.

Evidence for Implicit Stereotypes and Attitudes About Gender and STEM

A sizable body of evidence shows that implicit stereotypes about math
and science are widespread and related to important indicators of math
and science engagement and achievement. A sample of 299,298 respondents
showed a strong tendency to associate male with science and female with
humanities more than the reverse on the IAT (Nosek, Smyth et al., 2007).
The average effect size across respondents was d = .93, and implicit stereo-
types were positively but modestly related to explicit stereotypes (r = .22).
Furthermore, implicit stereotyping was similarly strong between men and
women and across races/ethnicities. The only notable demographic group
differences were that implicit gender-science stereotypes were stronger
among older participants (e.g., d = 1.30 among respondents over 60) than
younger ones (e.g., d = .88 among respondents under 20), suggestive of
developmental or generational changes (the data were cross-sectional, pre-
venting discrimination between these possibilities).

In a related investigation, Nosek, Smyth et al. (2009) calculated national
estimates of implicit gender-science stereotyping for 34 countries and corre-
lated these with standardized indicators of countries’ sex differences in eight-
grade science and math achievement from the TIMSS project (Gonzales et
al., 2004). Nations with stronger average implicit science=male stereotypes
had larger sex differences favoring boys in science and math achievement.
Similar relations between implicit stereotypes and actual achievement
have also been observed among college undergraduates (Kiefer &
Sekaquaptewa, 2007a; Nosek, Banaji, & Greenwald, 2002).

Cognitive Consistency Theories and Their Application to STEM-Related

Identities and Stereotypes

In parallel with the rise of implicit measures, theoretical innovations
have developed that anticipate the structure and function of implicit cogni-
tions and their relationship with behavior. Cognitive consistency plays a cen-
tral role in a variety of classic psychological theories concerning the
organization of mental associations (Abelson et al., 1968; Festinger, 1957;
Heider, 1958; Osgood & Tannenbaum, 1955). Greenwald et al. (2002)
revived cognitive consistency principles with application to relations among
implicit social cognitions—self-concepts, attitudes, and stereotypes. The
core theoretical principle of cognitive consistency is this: If two concepts
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(A and B) are associated, then they will tend to share the same association
with a third concept (C). For example, if math (Concept A) is associated
with male (Concept B), then they should have the same relationship with
the self (Concept C). If male is associated with the self (as should be true
for most men), then cognitive consistency suggests that the self will also
be associated with math. However, if male is not associated with the self
(as should be true for most women), then cognitive consistency suggests
that the self will also not be associated with math. In short, a person’s iden-
tification with math will be a function of math’s relation with gender (stereo-
type) and gender’s relationship with the self. As this example suggests, self-
concepts are central elements of the theory—one’s own identification with
a topic, and subsequent interest and engagement, is a function of the asso-
ciations of that topic with one’s social identities and stereotypes about those
identities.

Greenwald et al. (2002) found that implicit cognitions conformed to cog-
nitive consistency principles even when self-reported identities and stereo-
types did not. For example, a person may recognize that men are more
strongly associated with math but consciously reject it as a basis of deciding
his or her own identification with math. Implicitly, however, the mere fact of
an association between male and math may make it easier for men and
harder for women to associate themselves with mathematics. And critically,
implicit disidentification with math among girls and women may lead them
to be less engaged with math—perhaps without even recognizing that the
stereotype is playing a role.

Nosek et al. (2002) found initial evidence of cognitive consistency in
implicit math attitudes, stereotype, and identity in samples of Yale under-
graduates. They investigated implicit gender-math stereotypes as well as
implicit attitudes (associations of math and arts with the concepts good
and bad), implicit identity (associations of math and arts with the concepts
self and others), and implicit gender identity (associations of male and
female with self and other). Following cognitive consistency predictions:
(1) Implicit attitudes toward math were positively related with implicit iden-
tification with math; (2) stronger implicit stereotyping of math as male was
associated with more negative attitudes toward and less identification with
math for women but weakly in the opposite directions for men; and (3)
stronger associations of self with female was related to weaker associations
of self with mathematics. In short, women who implicitly associated math
with male were less likely to identify with math, especially if they were
strongly identified with being female.

These relationships suggest that implicit stereotypes, even when they
are held by women who explicitly reject the stereotype, could predict their
interest and identification with math and science. By implication, women
who do not show the implicit stereotype—either because they have been
exposed to counterstereotypic information or have developed other
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strategies for maintaining a link between self and math—may be more likely
to pursue and persist in math and science than women who hold a strong
implicit stereotype, regardless of their explicit beliefs. In this article, we
aimed to extend this line of theory and evidence to clarify the role of implicit
cognitions in understanding the sex gap in engagement with math and
science.

This study includes four IATs measuring associations about math. Table
1 presents an overview of the measures. Three of them are related in assess-
ing different aspects of favorability toward math—attitudes, identity, and
anxiety. Attitude refers to the extent to which math is associated with the
concept good compared to the concept bad (Greenwald et al., 1998).
Identity refers to the extent to which math is associated with the concept
self compared to the concept other (Greenwald et al., 2002; Nosek et al.,
2002). And anxiety refers to the extent to which math is associated with
the concept anxious compared to the concept confident. In each case, stron-
ger associations with good, self, and confident are presumed to be indicative
of a more favorable orientation toward mathematics. And in fact, while atti-
tudes, identity, and anxiety are distinct constructs, the results in the present
article show that they are strongly correlated. For simplicity of reporting,

Table 1

Description of Implicit Association Tests

Topic

Target

Concepts

Attribute

Concepts Interpretation

Implicit Attitude Math – Artsa Good – Bad Positive values indicate an

implicit preference for math

compared to arts

Implicit Identity Math – Arts Self – Other Positive values indicate an

implicit identification with

math compared to arts

Implicit Anxiety Math – Arts Confident –

Anxious

Positive values indicate stronger

associations of math with

confident (and arts with

anxious) compared to math

with anxious (and arts with

confident)

Implicit Stereotype Math – Arts Male – Female Positive values indicate stronger

associations of math with male

(and arts with female)

compared to math with female

(and arts with male)

aThe contrast category to math was randomly assigned between subjects to be arts, verbal,
or furniture.
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therefore, they are presented in the aggregate as an index of implicit favor-
ability toward math.

The fourth IAT measured stereotype associations—how much math is
associated with male compared to female (Nosek et al., 2002). Like favorabil-
ity toward math, a wide variety of theories suggest that stereotypes play an
important role in accounting for the sex gap in STEM.

Theory and Evidence That Stereotypes Predict STEM Engagement and

Achievement

Social stereotypes figure prominently in many theories of engagement
and achievement in math and science (Aronson & Steele, 2005; Eagly &
Steffen, 1984; Eccles, 1984, 1987; Fennema, 1985; Hackett & Betz, 1981;
Jacobs, 1991; Leder, 1986; Parsons, 1983, 1984; Steele, 1997; Wigfield &
Eccles, 2002; Wigfield & Wagner, 2005). Most of these models are amenable
to, or even anticipate, a role for implicit stereotyping beyond what might be
explained by explicit stereotypes. While Marsh and Yeung (1998) concluded
that stereotypes and differential socialization exerted little influence on the
development of adolescents’ academic self-concepts from eighth grade on,
recent work by Cvencek, Meltzoff, and Greenwald (2010) suggests that the
math-is-male stereotype, evident implicitly and explicitly by early elemen-
tary school, may have exerted a potent influence on self-concepts prior to
adolescence. Specifically, Cvencek et al. found that boys and girls as early
as second grade evidenced explicit and implicit math-is-male stereotypes
and also that the young boys already held stronger explicit and implicit
math self-concepts than did the girls. Cvencek et al. argue that a causal
developmental sequence of stereotypes differentially influencing boys’ and
girls’ academic identities is more consistent with their data than the reverse
direction and fits with the theory and evidence accumulated by Eccles,
Wigfield, Harold, and Blumenfeld (1993).

Our goal was to examine whether implicit stereotypes, particularly,
were associated with a range of traditional indicators of adult math engage-
ment and may bear on understanding women’s persistent underrepresenta-
tion among certain subdisciplines and at the highest levels of STEM
accomplishment in a way that explicit measures do not. As explicit stereo-
typing has become increasingly discouraged, we suspect that the role of
implicit stereotyping in shaping what seem to be conscious decisions about
math engagement may be greater now than ever before. We hypothesize
that variation in the implicit math-is-male stereotype among members of
our diverse adult sample will account for variance in a wide array of
well-known and frequently used indicators of math engagement—math
attitude, self-concept/identification, anxiety, participation, self-ascribed abil-
ity, achievements on high-stakes tests, and choice of STEM major (e.g.,
Aiken, 1963; Aiken & Dreger, 1961; Betz & Hackett, 1983; Chipman,
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Krantz, & Silver, 1992; Ethington, 1991; Fennema & Sherman, 1976; Hackett
& Betz, 1981; Hyde, Fennema, Ryan, Frost, & Hopp, 1990; Smith & White,
2001)—beyond that accounted for by self-reports of gender-stereotypic as-
sociations. These indicators of math engagement each have long histories
in theory and empirical research. Many models anticipate that attitudes
and stereotypes will predict STEM engagement and achievement. Our inves-
tigation is not intended to parse among the important nuances differentiating
each theory but rather to demonstrate an effect that all would be prepared to
accommodate. If implicit measures can contribute uniquely to predicting
variation in STEM outcomes, it would suggest new avenues for theoretical
and empirical investigation in understanding the sex gap in STEM
engagement.

Study Overview

Our study was designed with a number of objectives:

1. Replicate and extend the observation of sex differences in implicit math atti-
tudes and identity from Nosek et al. (2002) to implicit math anxiety and to
a large sample with wide diversity in age and education. In particular, we antic-
ipated that women would show less implicit favorability (less positive attitude,
weaker association with self, and more anxiety) toward math than men would
and that both men and women would implicitly associate math with male more
than with female.

2. Investigate cognitive consistency in the interrelations among implicit math and
gender identities, attitudes, and stereotypes, hypothesizing different patterns
for males and females. According to consistency principles, implicit stereotyp-
ing of math as male would be associated with more favorability toward math
among men and less favorability toward math among women.

3. Examine the implicit math cognitions of males and females in the vanguard of
math engagement—those that pursued or are pursuing STEM-related under-
graduate and graduate degrees. Women in STEM have a social identity that
conflicts with the cultural stereotype. How do they resolve the incongruity?
Despite being heavily exposed to gender stereotypes about math and science,
we anticipated that women in STEM would show greater implicit favorability
toward math and weaker implicit stereotyping of math as male than men
and women in non-STEM fields. This could occur because (a) women with
greater implicit math favorability and weaker implicit gender stereotypes are
more likely to select STEM fields, or (b) the psychological act of selecting
STEM as an academic identity shifts implicit attitudes and stereotypes in the
direction of cognitive consistency with that identity.

4. Investigate the convergent and predictive validity of implicit cognitions on
important indicators of math engagement. Implicit social cognition theory
and evidence suggests that implicit attitudes and stereotypes have implications
for decision-making and behavior (Greenwald et al., 2009). We examined
whether implicit self-concepts, attitudes, and stereotypes related to a variety
of indicators of success and engagement in STEM, such as explicit math
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attitudes, anxiety and identity, current and anticipated participation in math,
self-ascribed ability, and achievement on high-stakes college gatekeeper tests
like the SAT and ACT (Benbow, 1992; Maple & Stage, 1991; Marsh, 1992;
Meece, Wigfield, & Eccles, 1990; Ramist, Lewis, & McCamley-Jenkins, 1994;
Singh, Granville, & Kika, 2002; Smyth, 1995; Smyth & McArdle, 2004; Tai,
Liu, Maltese, & Fan, 2006).

5. Predict variation in math engagement that self-reports do not. If so, it would
demonstrate the added practical and theoretical value of implicit measures
for explaining variation in STEM engagement.

Method

Participants

A total of 5,139 volunteers across the adult lifespan completed the study
at a publicly available Project Implicit website (http://implicit.harvard.edu/)
between October 2001 and January 2003.3 Project Implicit is a popular web-
site at which visitors can participate in studies and learn about implicit social
cognition for a variety of topics. Each year, more than one million study ses-
sions are completed. Thousands of visitors come to the website each week
referred by media reports, recommendations from others, assignments from
class or work, and random surfing of the Internet. The sample is heteroge-
neous, especially in terms of age, educational attainment, and career field,
but not representative of any definable population. Study of this sample sub-
stantially extends prior work conducted with a very selective collegiate
sample.

The average age of the sample was 27 years (SD = 11), with half older
than age 22, making this group much more age-diverse than typical conve-
nience samples of college undergraduates. Women comprised 65%; Whites
were 76%, Asians 6%, Blacks 5%, Hispanics 4%, and 9% were another ethnic-
ity or race; 77% were U.S. citizens, 4% Canadian, 4% were from the United
Kingdom, and 15% from another country; and 13% had a high school degree
or less education, 51% had some college/university experience, 19% had
a BA/BS or equivalent degree, and 17% reported an advanced degree.

Participants could report a ‘‘primary’’ undergraduate major and a ‘‘sec-
ondary’’ major or ‘‘minor’’ (list of options presented can be seen in the online
supplement). If either major/minor fit into the categories of math, engineer-
ing, natural sciences, or information technology, then the participant was
identified as an STEM major (n = 856, 19%). Among those with graduate
training, 13% reported an STEM field (n = 212).

Materials

IAT. The IAT measures association strengths among concepts (e.g., math
and arts) and attributes (e.g., good and bad) by way of a reaction time
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paradigm (see Nosek, Greenwald et al., 2007, for a review and Lane et al.,
2007, for practical suggestions on IAT design).

Each participant completed a random selection of three of five IATs in
a planned incomplete design. With the large sample, this approach enabled
inclusion of a wide variety of measures without putting a significant time
burden on individual participants. One of the IATs measuring implicit gen-
der identity (associations between male/female and self/other) is not central
to the goals of this report and is not discussed further. Of the remaining four
IATs, three were modeled after ones introduced by Nosek et al. (2002) mea-
suring implicit attitudes (associations between math/arts and good/bad),
implicit academic identity (associations between math/arts and self/other),
and implicit stereotyping (associations between math/arts and male/female;
see Table 1). New to this report is an IAT designed to measure implicit math
anxiety (associations between math/arts and anxious/confident). The IAT
procedures followed the recommendations of Nosek, Greenwald et al.
(2007) and Nosek, Smyth et al. (2007).

The IAT is a relative measure indicating associations for one topic (math)
compared to another (e.g., arts). A random third of participants were as-
signed to the math versus arts contrast for each IAT (modeled on Nosek et
al., 2002), another third received math versus verbal, and the other third
received math versus furniture. Arts and verbal were selected as natural aca-
demic complements to math. Furniture was selected as a contrast that is irrel-
evant to academics and does not have any obvious gender stereotypes so as
to test whether the observed effects were math-relevant and not exclusively
a function of the verbal/arts contrasts (areas that are stereotypically associ-
ated with women; Beyer, 1999). We included dummy coding for the contrast
category conditions in the reported inferential tests and found that contrast
category (arts, verbal, or furniture) did not alter the substantive results. As
such, for space and simplicity, we do not report these results in the text,
but complete information about the contrast category analyses is included
in the supplementary materials available at http://briannosek.com/.

Each IAT was scored with the D algorithm recommended by Greenwald,
Nosek, and Banaji (2003), which calculates the difference in the participant’s
average response latencies for the two critical conditions and is divided by
the participant’s overall variation (SD) in response latencies. The result is
an individual effect size similar to Cohen’s d with a possible range of scores
from 22 to 12 (Nosek & Sriram, 2007). A score of zero indicates that the par-
ticipant was equally fast categorizing, for example, math with good (and arts
with bad) as math with bad (and arts with good). Positive values indicate rel-
atively more favorable associations with math—that is, faster categorizing of
math with good than bad (attitude), of math with self than other (identity),
and of math with confident than anxious (anxiety). For the stereotype IAT,
positive values indicate stronger associations of math with male than with
female.
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Self-report measures. Participants answered a selection of questions de-
signed to quickly tap key constructs of math engagement that have been
widely identified in the academic literature: math attitude, math identity
(i.e., ‘‘I am a math person’’), confidence/anxiety, self-perceived ability, and
expectations to participate in math (e.g., Aiken & Dreger, 1961; Betz &
Hackett, 1983; Fennema & Sherman, 1976; Hyde et al., 1990; Ingles et al.,
1992; Linn & Hyde, 1989; Maple & Stage, 1991; Marsh, 1993; Meece et al.,
1990; Nosek et al., 2002; Parsons, 1983; Suinn & Edwards, 1982; Wigfield
& Meece, 1988). Full text of questions and response options is listed in the
online supplement.

A bipolar question type was fashioned as a direct corollary to the compar-
ative structure of each of the implicit measures. For example, the corollary to
the math-arts attitude IAT asked, ‘‘Do you prefer math or arts?’’ and provided
nine response options ranging from ‘‘strongly prefer math’’ to ‘‘strongly prefer
arts.’’ Participants also provided attitudinal warmth ratings separately for math
and for the randomly assigned contrast category (arts, verbal, or furniture) on
11-point scales ranging from ‘‘very cold feelings’’ to ‘‘very warm feelings.’’

Also, a small set of items measured self-reported math anxiety (‘‘I feel ner-
vous about doing math,’’ ‘‘I am scared of advanced math topics’’; a = .79),
math identity (‘‘Compared to other subjects, math is important to me,’’ ‘‘I
feel less of a commitment to math than to other academic domains’’ [reverse
coded], ‘‘I identify with math more than with other subjects,’’ a = .85), math
stereotyping (‘‘Men are better at math than women are,’’ ‘‘Women can achieve
as much as men in math’’ [reverse coded]; a = .60),4 self-attributed math skill
(‘‘Compared to other subjects, I am very good at math,’’ ‘‘Compared to other
people, I am very good at math,’’ a = .84), and math participation, past, pres-
ent, and future: ‘‘I have a lot of experience doing math,’’ ‘‘Math is part of my
daily activities,’’ ‘‘I expect to use my math skills in the future’’; a = .72. These
items had four-point rating scales: strongly disagree (21.5), disagree (20.5),
agree (0.5), and strongly agree (1.5). Items comprising each construct were
averaged to create a single index.

College admission test reports. Participants who took the ACT or SAT
standardized exams reported their scores for the subscales SAT-math and
SAT-verbal (n = 1,863; ranges 200–800) and ACT-math, ACT-science, ACT-
English, and ACT-reading (n = 721; ranges 1–36). Comparative math-verbal/
English score was calculated as the difference between the SAT scales and
between ACT-math and ACT-English. Research shows that self-reports of
achievement test scores are highly correlated with actual scores (r = .92;
Smyth & McArdle, 2004; see also Cole & Gonyea, 2010).5

Procedure

Visitors to Project Implicit consented to participate in a study about
‘‘Academic Preferences.’’ Recruiting materials did not provide any additional
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information about the particular topics of interest (i.e., math, stereotypes) or
hypotheses. The order of self-report measures and IATs was randomized.
Each participant completed a random three of five IATs: gender identity, aca-
demic attitude, academic identity, academic anxiety, and gender stereotyp-
ing. The order of the three IATs was also randomized. A demographics
questionnaire was administered last. The order of measures had no effect
on the results reported in this article.

Results

Sex Differences in Implicit Attitude, Identity, Anxiety, and Stereotyping

Summary results for each of the measures separated by participant gen-
der are presented in Table 2. The IAT D score is an effect size comparison of
one sorting condition (e.g., math with male and arts with female) versus
the other (math with female and arts with male). Larger differences in aver-
age response latency for one condition versus the other results in a D score
more distant from zero. Nosek et al.’s (2002) observations concerning
implicit attitudes, identity, and stereotyping with Yale undergraduates
were replicated with this large, heterogeneous sample and extended the ob-
servations to implicit anxiety associations. Women showed weaker implicit
positivity toward math than did men, t(2924) = 11.87, p \ .0001, d = .44,
weaker implicit identification with math, t(2957) = 10.07, p \ .0001, d =
.37, and stronger implicit math anxiety, t(2980) = 12.46, p \ .0001, d =
.46. Also, both men and women evidenced strong implicit gender stereo-
types associating math with male (ds = .65 and .54). Men’s math=male ster-
eotyping was statistically stronger, but the magnitude of the gender
difference was small, t(2947) = 2.25, p = .02, d = .08.

Explicit measures. Self-reported attitudes, identity, stereotyping, and
other indices of math engagement conformed to a similar pattern. Women
consistently reported less positivity toward, and identification with, math
than did men, both relative to other domains and in absolute terms (Table
2). Men reported somewhat higher scores on standardized math and science
exams than did women. No gender differences, or effects slightly favoring
women, were observed for verbal and English subtests of the standardized
exams.

Relations Among Implicit STEM Cognitions

We expected that implicit attitudes, identity, and anxiety (reverse-coded)
measures would be positively correlated because of a common assessment
of favorability toward math compared to other topics. Correlations among
these measures are presented in Table 3, and the expected positive relations
are observed for both men and women. On the other hand, according to
cognitive consistency principles, the implicit math-male stereotype should
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have opposite relations with implicit math favorability for men and women
(Greenwald et al., 2002; Nosek et al., 2002). For women, associating math
with males more than with females should be negatively related to favorabil-
ity toward math. This is the pattern we observed: Among women, stronger
implicit stereotyping of math as male was associated with more negative
implicit attitudes toward math (r = 2.55, p \ .0001), weaker implicit identi-
fication with math (r = 2.47, p \ .0001), and stronger implicit math anxiety
(r = 2.43, p \ .0001). For men, we expected that stronger associations of
math with male should relate to stronger favorability toward mathematics.
However, the relations between implicit stereotyping and implicit math atti-
tudes, identity, and anxiety were quite weak for men, suggesting that the ste-
reotype is more relevant for women’s favorability toward mathematics than
for men’s (Table 3; see also Nosek et al., 2002).

Relations among explicit STEM cognitions. As was observed for the
implicit measures, explicit attitudes, identity, and anxiety (reverse-coded)
were positively correlated, suggesting a common factor of math favorability
(Table 3). The relation between math favorability and stereotyping, how-
ever, was notably weaker with the explicit measures than with their implicit
counterparts. Whereas implicit stereotype was strongly related to the implicit
measures of math favorability for women (average r = 2.48), explicit stereo-
type was less strongly related to explicit math favorability (average r = 2.17).
For men, holding stronger explicit stereotypic associations of math with

Table 3

Correlations Among Implicit Measures (Top Panel) and Explicit Measures

(Bottom Panel) for Women (Left of Diagonal) and Men (Right of Diagonal)

Implicit Measures Attitude Identity Anxiety Gender Stereotyping

Attitude .39 .52 2.10

Identity .53 .38 2.02

Anxiety .55 .48 .14

Gender stereotyping 2.55 2.47 2.43

Explicit Measures Attitude Identity Anxiety Gender Stereotyping

Attitude .88 .51 .17

Identity .84 .51 .15

Anxiety .56 .52 .15

Gender stereotyping 2.16 2.15 2.19

Note. Attitude, identity, and anxiety measures are coded such that higher values indicate
more favorability toward math compared to the contrast. Higher gender stereotyping in-
dicates stronger male-science and female-contrast associations than the reverse. In the top
panel, female Ns range from 912 to 973, male Ns range from 467 to 517 (all jrjs\ .07 are ns
for a = .05). In the bottom panel, female Ns range from 3,297 to 3,310, and male Ns range
from 1,737 to 1,744 (all jrjs \ .03 are ns for a = .05).
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male was associated with stronger explicit favorability toward math (average
r = .16).

Because of their strong interrelations, for participants who, by random
assignment, did more than one of the ‘‘favorability’’ IATs—math attitude,
math identity, and math anxiety (reverse-coded)—the scores were averaged
into a single implicit math favorability index. Positive values indicate greater
implicit favorability toward math compared to the alternative category. All
reported results were similar when testing each of the favorability IATs
separately.

Investment in STEM: Comparison of STEM Graduate, STEM Undergraduate,

and Other Majors

Selecting an STEM field for an undergraduate major, or for graduate
training, is a substantial personal investment in science and mathematics.
Most STEM majors involve rigorous mathematics training. As such, we antic-
ipated that men and women who selected STEM majors would exhibit
greater implicit favorability toward math compared to people who chose
other majors, and that participants selecting to pursue graduate training in
STEM would show the most favorability toward math. Participants were
divided into three groups: STEM-graduate (those who reported pursuing
a STEM graduate degree), STEM-undergraduate (of the remaining partici-
pants, those who reported pursuing an undergraduate STEM degree), and
other (of the remaining participants, those who reported pursuing a college
degree). This grouping was treated as a categorical variable with STEM-
graduate majors being the most committed to math and science and ‘‘other’’
majors the least. While some of the STEM-undergraduate majors may even-
tually pursue graduate training, they had not done so yet.

Implicit favorability toward math by sex and major. Data were analyzed
as an ANOVA with sex (male, female), major (not STEM, STEM-undergrad,
STEM-graduate), and their interaction as predictors.6 Figure 1 presents
implicit math favorability by the three major categories separated by gender.
There was a main effect of sex indicating, as before, that women were less
implicitly favorable toward math than were men, F(1, 4442) = 29.40, p \
.0001, d = 2.16. Also, there was a main effect of major indicating that people
who selected an STEM major, especially for graduate training, were more
implicitly favorable toward math than were others, F(2, 4442) = 88.74, p \
.0001, d = .28. Among non-STEM majors, women were substantially more
negative toward math than were men (d = .38); that sex gap was slightly
weaker among undergraduate STEM majors (d = .33); and it was less than
half that magnitude among graduate STEM majors (d = .14).7

Implicit stereotyping by sex and major. While cognitive balance princi-
ples predict that both male and female STEM majors will have greater
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favorability toward math than people with other majors, they predict diver-
gent effects for implicit stereotyping of math as male. For male STEM majors,
the prevalent stereotype and their own everyday practice in the field reinfor-
ces their association of male with mathematics. For female STEM majors,
a cognitively consistent identity that includes strongly associating oneself
with mathematics would require either a diminished association of math

Figure 1. Implicit Math Favorability (Top Panel) and Implicit Gender-Math

Stereotyping (Bottom Panel) for Men and Women Separated by Degree Type:

STEM Graduate Degree, STEM Undergraduate Degree, or Other

Note. Implicit math favorability is an average of attitude, identity, and anxiety measures (each

participant completed one to three of these measures). Positive values indicate greater favor-

ability toward math compared to contrast category. Group membership determined by high-

est pursued STEM degree. Error bars indicate standard error of the mean.
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with male or of the self with female. These relations were examined with an
ANOVA model with sex, major, and their interaction as predictors of implicit
stereotyping. There was no main effect of major (p = .20), but there was a sig-
nificant effect of sex, F(1, 2605) = 22.48, p \ .0001, d = .19, and a Significant
Sex 3 Major Interaction, F(2, 2605) = 12.05, p \ .0001, d = .14. The interac-
tion is illustrated in the lower panel of Figure 1. Whereas male (M = .26) and
female (M = .25) non-STEM majors did not differ in strength of implicit ste-
reotype, men who pursued undergraduate (M = .35) or graduate (M = .29)
STEM training had stronger implicit stereotypes, and women who pursued
undergraduate (M = .10) or graduate (M = .04) STEM training showed
much weaker implicit stereotypes. One interpretation of this effect is that
female STEM majors maintain cognitive balance by somehow reducing or
eliminating the implicit stereotype of math as male. An alternative (or simul-
taneous) causal possibility is that those women with weak or reversed
implicit stereotypes may be the most likely to pursue and obtain STEM de-
grees in the first place.

Predicting Explicit STEM Attitudes, Identity, Participation, Perceptions of

Ability, and Standardized Test Scores With Implicit STEM Cognitions

The preceding sections examined group comparisons of implicit STEM
cognitions and their interrelations according to theories of cognitive consis-
tency. Women in STEM showed less implicit stereotyping of math and
greater implicit favorability toward math than did non-STEM women. This
implies that implicit cognitions may be related to other indicators of math
engagement. This section examines whether implicit STEM cognitions pre-
dict self-reported engagement and achievement in mathematics.

Implicit math cognitions predict explicit math cognitions. Table 4
presents implicit favorability and stereotyping correlated with a variety of
explicit math-related cognitions and achievement measures separated by
participant sex. The first five rows involve self-report measures that contrast
math with a comparison category to parallel the IAT design. Implicit favor-
ability toward math was positively related to relative explicit attitudes, iden-
tity, and anxiety (reverse-coded) for both men and women (average r = .45;
range .29 to .51). Implicit and relative explicit stereotyping measures were
more modestly positively related, though similarly, again, for men (r =
.21) and women (r = .18). Implicit stereotyping was negatively related to rel-
ative explicit math preferences, identity, and anxiety for women (average r =
2.31; range 2.21 to 2.36) but slightly positively related to those measures
for men (average r = .09; range .08 to .10).

Implicit math cognitions were also compared with explicit math engage-
ment measures that did not have a comparative (arts, verbal, or furniture)
contrast. Again, implicit favorability toward math was associated with
more positive explicit math attitude, explicit math identity, and less explicit
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math anxiety for both men and women (average r = .36; range .25 to .48).
And implicit stereotyping was associated with less positive math attitude,
identity, and greater anxiety for women (average r = 2.21; range 2.18 to
2.27) but the opposite relationship (more weakly) for men (average r =
.10; range .09 to .13).

Table 4

Correlations Between Implicit, Explicit, and Achievement

Measures for Women and Men

Women Men

Implicit

Favorability

Implicit Gender

Stereotyping

Implicit

Favorability

Implicit Gender

Stereotyping

Relative explicit measures

Attitude .51 2.35 .50 .09

Identity .50 2.36 .51 .08

Anxiety .34 2.21 .29 .10

Gender stereotyping 2.15 .18 .05 .21

Feelings of warmth difference .50 2.36 .48 .10

Math-only explicit measures

Math identity .39 2.27 .48 .13

Math anxiety .28 2.18 .25 .09

Math participation .24 2.18 .27 .08

Self-ascribed math ability .32 2.22 .32 .12

Math stereotyping 2.12 .13 .04 .14

Warmth for math .37 2.26 .38 .12

Achievement measures

SAT math – verbal difference .30 2.19 .28 .19

SAT math .13 2.11 .20 .15

ACT math – English difference .32 2.18 .29 .12

ACT math .14 2.09 .11 .02

Note. Implicit favorability is an average of the implicit attitude, identity, and anxiety meas-
ures (each participant completed one to three of these measures). Relative explicit meas-
ures involved a contrast between math and, randomly, either arts, verbal, or furniture.
Attitude, identity, and anxiety measures are coded such that higher values indicate
more positivity toward math compared to the contrast. Higher relative gender stereotyping
indicates stronger male-science and female-contrast associations than the reverse, while
the math-only stereotype is a composite of two items asking only about gender and
math associations. Correlations are positive for both men and women with implicit favor-
ability indicating that stronger implicit favorability is associated with more explicit math
engagement for both men and women. Correlations are in opposing directions for implicit
stereotyping indicating that stronger math=male associations have opposite implications
for men and women’s math engagement. For top two panels, female Ns range from
1,903 to 3,262, male Ns range from 984 to 1,711 (all jrjs \ .05 are ns for a = .05, and
ACT relations \ .10). For achievement measures, female Ns range from 261 to 1,207,
male Ns range from 135 to 634 (all jrjs \ .10 are ns for a = .05, and ACT relations \ .13).
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In summary, following cognitive consistency principles, stronger
implicit math favorability correlated with explicit favorability toward math
for both men and women, and stronger implicit stereotypes correlated
with less explicit favorability toward math for women and slightly more fa-
vorability toward math for men.

Implicit favorability and stereotyping predict participation in math and
self-ascribed skill. Men and women with greater implicit favorability toward
math reported more participation in math and rated their own math skills as
higher than did those with less implicit favorability toward math (Table 4). At
the same time, women with stronger implicit stereotypes reported less par-
ticipation in math and less self-ascribed skill than did women with weaker
implicit stereotypes. Implicit stereotyping was weakly positively related to
participation and self-ascribed skill for men.

Implicit favorability and stereotyping predict scores on high-stakes col-
lege admission exams. SAT scores were reported by n = 1,211 participants,
and ACT scores were reported by n = 462. Men and women with stronger
implicit favorability for math performed relatively better on the math than
the verbal/English portions of the SAT and ACT (average r = .30; range .28
to .32), and that relationship persisted, though more weakly, when looking
at math scores in isolation (average r = .15; range .11 to .20). Furthermore,
the relationship between implicit stereotyping and test scores was in oppos-
ing directions for men and women. Women who more strongly associated
math with male did worse on the SAT and ACT math tests than did women
with weaker stereotypes (SAT r = 2.19; ACT r = 2.18), but men evidenced
a nonsignificant relationship in the opposite direction (SAT r = .19; ACT r =
.12, ns).

Implicit stereotypes account for math engagement and achievement
beyond that explained by self-reported stereotyping. Implicit and explicit ster-
eotypes were weakly related to one another, but both related to a variety of
measures of math engagement. At a time when explicit expressions of ste-
reotypical beliefs are publicly unacceptable, it may be that implicit stereo-
types have predictive validity beyond what is accounted for by stereotypes
that people are willing and able to report.8 Table 5 summarizes 13 hierarchi-
cal linear regressions demonstrating the incremental predictive validity of the
implicit over explicit stereotypes. For each hierarchical regression, sex,
explicit stereotype, and the Sex 3 Explicit interaction were entered in a first
step, then implicit stereotypes and the Sex 3 Implicit interaction were
entered as a second step. Under this procedure, implicit stereotypes had
to predict variance beyond that already accounted for by self-reported ster-
eotypes in order to be a significant predictor. The dependent variables were
explicit math attitudes, math identity, math anxiety either toward math alone
or math relative to the comparison category (arts, verbal, or furniture),
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participation in math, self-ascribed math skill, and SAT and ACT math scores
(absolute or relative to SAT verbal or ACT English, respectively).

In 12 of the 13 regression models (excepting only the prediction of ACT
math alone), the interaction of sex and implicit stereotype significantly pre-
dicted the math engagement measures beyond the prediction afforded by
explicit stereotype. To unpack the interaction effect, we removed the sex
variable and reran the final step of the regressions with implicit and explicit
measures as simultaneous predictors separately for men and women. For
men, stronger stereotypes of math as male were consistently positive predic-
tors of math engagement and test scores, both explicitly (median b = .10,
range = .04 to .14; 9 of 13 regression estimates p \ .05) and implicitly
(median b = .10, range = 2.11 to .20; 8 of 13 regression estimates p \
.05). For women, stronger stereotypes of math as male were consistently
negative predictors of math engagement and test scores, both explicitly
(median b = 2.13, range = 2.24 to .01; 9 of 13 regression estimates p \
.05) and implicitly (median b = 2.24, range = 2.27 to 2.06; 11 of 13 regres-
sion estimates p \ .05).

The regression analyses in Table 5 also show that implicit stereotype was
consistently a stronger predictor of math engagement and test scores than
was explicit stereotype. In 11 of the 13 models (not for ACT math alone
or for explicit math anxiety), the standardized coefficient for the Sex 3

Implicit Stereotyping predictor was larger than the Sex 3 Explicit
Stereotyping predictor even though it was entered in a second step. The sep-
arate follow-up tests for men and women revealed that the stronger predic-
tive validity of implicit stereotype was due more to its effect for women
(implicit median b = 2.24, explicit median b = 2.13), than for men (implicit
median b = .10, explicit median b = .10).

Discussion

Attitudes and stereotypes about math are important predictors of STEM
engagement (Halpern et al., 2007; Hyde et al., 1990). However, people are
often reluctant to report stereotypes, or people may even possess such asso-
ciations without knowing or being able to report them. As a consequence,
stereotypes may have a role in shaping STEM engagement and achievement
without people endorsing the stereotypes or even being aware of having
them.

We found that implicit measures of favorability toward math—implicit
attitudes toward math, identification with math, and associating math with
confidence more than with anxiety—and gender stereotypes about ma-
th—implicitly associating math with male more than with female—predicted
a variety of indicators of math engagement and achievement and may pro-
vide substantial value for education theory and evidence for the mechanisms
that account for the gender gap in STEM involvement.
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In particular, with a large, heterogeneous sample, we observed that
women were less implicitly favorable toward math than were men and
that both men and women implicitly associated math with male more than
with female. Furthermore, the relations among implicit measures conformed
to theories of cognitive consistency: Women who associated math with
male more strongly were more implicitly unfavorable toward math than
were women whose math-male associations were weaker. This implicit ste-
reotype was only modestly correlated with participants’ self-reported stereo-
types, suggesting that the explicit and implicit stereotype constructs differ.
Indeed, implicit stereotypes predicted a variety of indicators of math engage-
ment and achievement beyond what was accounted for by explicit stereo-
types. For women, implicitly associating math with male predicted
reporting more negative attitudes toward math, less identification with
math, having more anxiety about math, ascribing less skill in math to oneself,
participating less in math activities—including pursuing a STEM de-
gree—and performing worse on high-stakes college admission tests—the
ACT and the SAT.

For men and women in STEM, cognitive consistency was maintained
with STEM men and women showing opposing tendencies for implicit ster-
eotypes. Men in STEM showed stronger associations of male with math than
all other groups, and women in STEM showed weaker associations of male
with math than all other groups. This divergence in implicit stereotyping
between men and women in STEM domains could contribute to subtle
ways in which the STEM workplace and education climate makes it more dif-
ficult for women to develop a sense of belonging and ultimately stay
engaged in the field (Valian, 1998).

These findings show that implicit attitude and stereotype measurement
is valuable in accounting for variation in engagement with mathematics, and
especially for sex differences. It further suggests that, to the extent that ster-
eotypes may shape math engagement and achievement, this mechanism
may operate ‘‘under the surface.’’ Women’s unwillingness to endorse explicit
stereotypes that math and science are male domains does not mean that the
stereotype will have no impact on their self-concept and behavior. The fact
that the stereotype is learned and encoded in memory gives it the opportu-
nity to subtly shape the interest and involvement of girls and women in
STEM.

Identifying Causal Relations Between Implicit Cognitions and Math

Engagement

While we emphasized a directional interpretation of our results, these
correlational data cannot clarify the causal relations between implicit cogni-
tions and indicators of math engagement and achievement. The term predic-
tion in this article is a statement of the analysis, not an indication of
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a determined causal relation. In fact, we hypothesize that the causal paths
are bidirectional (see also Nosek, Smyth et al., 2009). On one hand, women
with stronger implicit stereotypes of math as male and implicitly more unfa-
vorable evaluations of math should be, theoretically, more prone to feeling
like an outsider in STEM-related disciplines, less likely to select math-related
courses for additional training, more vulnerable to effects of stereotype
threat in challenging math achievement contexts, and more likely to leave
STEM-majors and careers than women with weaker implicit stereotypes
and more favorable implicit attitudes—even if their explicit reports are the
same (Kiefer & Sekaquaptewa, 2007a, 2007b).

On the other hand, designating oneself as a STEM-major is a potent psy-
chological act of self-identification. According to Greenwald et al. (2002),
self-associations are at the epicenter of our networks of concept associations
and have greater leverage to influence related associations. For women,
identifying as a STEM major may spur mental adaptation toward cognitive
consistency, entailing weakening of the association between self and female,
or of that between math and male, or both. Given a well-established link
between self and female, it is the association of math with female that is
more likely to strengthen. Acts and experiences strengthening for girls and
women the connection between self and math are expected under cognitive
consistency principles to strengthen the counterstereotypical association
between math and female (Gawronski, Deutsch, Mbirkou, Seibt, & Strack,
2008; Nosek et al., 2002). Actions such as taking an STEM class or becoming
an STEM major may produce the cognitive orientation toward mathematics
rather than be a consequence of it. Substantially more experimental and
developmental findings must accumulate along the way to understanding
how implicit cognitions and STEM-related outcomes develop and interact
over time.

Recent findings of Cvencek et al. (2010)—that implicit stereotyping of
math as male was normative in a sample of elementary school students prior
to any actual gender differences in achievement—suggest that implicit ste-
reotype learning occurs early, well in advance of middle school when self-
concepts and decisions related to the pursuit of higher level math and sci-
ence begin to cement (Tai et al., 2006). Without being able to introspect
on its strength or origin, an implicit stereotype of math as male may, to
the woman possessing it, be experienced as a vague feeling of ‘‘not belong-
ing’’ in math and undermine efforts to pursue and persist in behaviors that
would result in long-term engagement and high achievement. Our results
add evidence concerning the potential educational impact of implicit stereo-
types to that recently provided by van den Bergh, Denessen, Hornstra,
Voeten, and Holland (2010) with respect to implicit attitudes. The combina-
tion suggests that further inclusion of implicit measures and concepts from
implicit social cognition is likely to enrich models of academic motivation,
self-concept, and self-efficacy. Furthermore, while our focus was on math
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and science, there are other relevant and important stereotypes and skills in
other categories such as reading that are tightly integrated with the develop-
ment of interests and self-competence (Jacobs, Lanza, Osgood, Eccles, &
Wigfield, 2002). A fully integrative account will incorporate these as well
to clarify how implicit cognitions are relevant to academic engagement
and achievement.

Limitations

While the effects are strong and compelling, there are a variety of factors
to keep in mind for interpreting these effects. First, we focused on a single
implicit measurement procedure—the IAT—as our operationalization of
implicit cognition. Its validity is evident in the results and its voluminous lit-
erature (see De Houwer et al., 2009; Nosek, Smyth et al. 2007), but it is pos-
sible that employing a diversity of implicit measures will improve the
measurement and assessment of implicit STEM cognitions. Second, while
the sample is large and heterogeneous, it is not representative of any popu-
lation and derives from a convenient source of Web volunteers. These results
add to the large body of evidence for the validity of Web-based data collec-
tion (e.g., Nosek, Smyth et al., 2007; Nosek, Smyth et al., 2009; Ranganath &
Nosek, 2008), but it will be useful to further expand sampling and setting
contexts to establish the generality of these effects. In particular, using
child-friendly adaptations of the IAT (Baron & Banaji, 2006; Cvencek et al.,
2010) will be particularly useful for furthering the investigation of the devel-
opment of implicit social cognitions from early childhood through adult-
hood. Third, in order to show that implicit cognitions could predict
a wide variety of indicators of math engagement, and given practical time
constraints of data collection, we used very simple assessments of constructs.
Future work could make good use of the rich measures of STEM identity,
motivations, self-efficacy, participation, and other factors that are theorized
to be critical in academic achievement to unpack the nuances of when
implicit measures will predict particular aspects of STEM engagement. The
present results suggest that such efforts will be productive.

Implications for Interventions to Improve STEM Engagement

The present research adds to the network of evidence that implicit STEM
cognitions contribute to STEM engagement. For practitioners, the present re-
sults do not directly imply an intervention to address the role of implicit cog-
nitions, but it does point to an interesting possibility: Interventions designed
to improve students’ STEM engagement may have an impact in ways that are
not detectable with self-reported evaluation measures. In other words, inter-
ventions may work on a level that escapes students’ ability to report it. A
recent finding from Stout, Dasgupta, Hunsinger, and McManus (2010) is
a tantalizing example of this possibility. Women who had a female as
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opposed to male instructor for their calculus course had significantly more
positive implicit attitudes toward math, stronger implicit identification with
math, and actually expected that they would perform better in the course.
These effects were moderated by the degree to which the female students
identified with their female (as opposed to male) instructor. All of this
occurred without any change to the women’s self-reported stereotypes
about math—that is, the women’s explicit beliefs did not change even
though their implicit associations did. This suggests that incorporating
implicit measures into the evaluation of education interventions could
increase the sensitivity of identifying when and how such interventions
are effective. A student’s failure to report that an intervention was effective
may mislead researchers and practitioners to prematurely dismiss it. Its effec-
tiveness may have escaped the student’s awareness.

Conclusion

Conscious experience is a compelling but incomplete reflection of the
mind. Behavior is influenced by thoughts intended and unintended and
mental processes that are known and unknown. Implicit measurement al-
lows assessment of thoughts and feelings about academic domains that
may not be measureable by introspection and self-report but are clearly in-
tertwined with important STEM-related behavior. This article establishes the
utility of implicit measurement in accounting for important math outcomes
such as attitude, self-concept, participation, self-ascribed skill, and achieve-
ment. It empirically underscores the growing consensus that theories from
implicit social cognition dovetail with theory and evidence in education
research. The critical next extension of this work is longitudinal research
to determine whether implicit cognitions exert a causal influence on STEM
participation and to pursue stronger theoretical integration of theories about
STEM engagement in education research with the relevant theory and evi-
dence from implicit social cognition.

Notes

This research was supported by the National Institute of Mental Health (R01 MH-
68447) and the National Science Foundation (REC-0634041).

1.However, like any psychological construct, it is important to remember that each
measure is just a single operationalization of the concept. Measurement diversity provides
significant value in implicit social cognition research as a means of clarifying which find-
ings are construct general versus measurement specific.

2.For example, a Google Scholar search of American Educational Research Journal
and Journal of Educational Psychology between 2000 and 2009 did not yield a single
occurrence of the phrases ‘‘implicit [or unconscious] bias, attitude, or stereotype,’’ or
‘‘implicit measure.’’

3.Participants had to reach the demographics page at the end of the study and answer
the participant gender question to be included in the present analyses. Three hundred and
fifty-one sessions were dropped because the participant had already completed some or
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all of the measures previously, and an additional 255 sessions were dropped because the
participant had two or more IAT performances that met exclusion criteria for too many fast
responses (.10% overall, .25% in any critical block) or errors (.30% overall, .40% in
any critical block; Nosek, Smyth et al., 2007). Participants with partial completion of meas-
ures were retained accounting for variation in sample sizes reported in Tables 2 and 5. The
effects did not differ substantively using only completed sessions.

4.Note that alpha is strongly influenced by the number of items in the measure. The
alpha level of .60 corresponds to a correlation of .43 between the two items showing
strong correspondence. Furthermore, analyzing each item separately shows effects highly
consistent with those reported with the aggregate measure here.

5.Math and verbal SAT score means in this sample were substantially higher than
national averages. Women averaged 592 (SD = 124) in math and 608 (SD = 116) in verbal,
compared with the respective national averages of 498 and 502 (both SDs = 109; College
Board, 2001). Among men, mean math and verbal scores were 637 (SD = 119) and 620 (SD
= 112), compared with national means of 533 (SD = 115) and 509 (SD = 112). While the
accuracy of the self-reported scores cannot be verified, we observed the expected pattern
of higher scores for STEM majors compared with non-STEM majors, especially in math, as
well as theoretically derived relations with other measures—including implicit measures.

6.As in all other inferential tests, the comparison category (arts, verbal, or furniture)
was included as a covariate with its main effect and interactions with gender and major
estimated.

7.The Sex 3 Major interaction was not significant in this model (p = .20), however,
treating major as a continuous variable—such that graduate-level STEM majors reflect
greater investment in STEM than undergraduate STEM majors—was reliable but weak
(p = .04). That is suggestive, but incomplete evidence, that the sex gap in math favorability
is weaker among the most STEM invested.

8.For space considerations, analyses showing incremental predictive validity of
implicit math favorability appear in supplementary materials at http://briannosek.com/.

References

Abelson, R. P. , Aronson, E., McGuire, W. J., Newcomb, T. M., Rosenberg, M. J., &
Tannenbaum, P. H. (1968). Theories of cognitive consistency: A sourcebook.
Chicago: Rand McNally.

Aiken, L. R., Jr. (1963). Personality correlates of attitude toward mathematics. The
Journal of Educational Research, 56, 476–480.

Aiken, L. R., Jr., & Dreger, R. M. (1961). The effect of attitudes on performance in
mathematics. Journal of Educational Psychology, 52, 19–24.

Aronson, J., & Steele, C. M. (2005). Stereotypes and the fragility of academic compe-
tence, motivation and self-concept. In A. J. Elliot & C. S. Dweck (Eds.),
Handbook of competence and motivation (pp. 436–456). New York: The
Guilford Press.

Bargh, J. A. (1994). The Four Horsemen of automaticity: Awareness, efficiency, inten-
tion, and control in social cognition. In R. S. Wyer, Jr., & T. K. Srull (Eds.),
Handbook of Social Cognition (2nd ed., pp. 1-40). Hillsdale, NJ: Erlbaum.

Baron, A. S., & Banaji, M. R. (2006). The development of implicit attitudes: Evidence
of race evaluations from ages 6 and 10 and adulthood. Psychological Science, 17,
53-58.

Bar-Anan, Y., Nosek, B. A., & Vianello, M. (2009). The sorting paired features task: A
measure of association strengths. Experimental Psychology, 56, 329–343.

Benbow, C. P. (1992). Academic achievement in mathematics and science of students
between ages 13 and 23: Are there differences among students in the top one
percent of mathematical ability? Journal of Educational Psychology, 84, 51–61.

Implicit Math Cognitions

1151



Betz, N. E., & Hackett, G. (1983). The relationship of mathematics self-efficacy ex-
pectations to the selection of science-based college majors. Journal of
Vocational Behavior, 23, 329–345.

Beyer, S. (1999). The accuracy of academic gender stereotypes. Sex Roles, 40, 787–
813.

Blair, I. V., Ma, J. E., & Lenton, A. P. (2001). Imagining stereotypes away: The mod-
eration of implicit stereotypes through mental imagery. Journal of Personality
and Social Psychology, 81, 828-841.

Chipman, S. F., Krantz, D. H., & Silver, R. (1992). Mathematics anxiety and science
careers among able college women. Psychological Science, 3, 292–295.

Cole, J. S., & Gonyea, R. M. (1991). Accuracy of self-reported SAT and ACT test scores:
Implications for research. Research in Higher Education, 51, 305-319.

College Board. (2001). 2001 College bound seniors: A profile of SAT program test tak-
ers. New York: College Entrance Examination Board.

Cvencek, D., Meltzoff, A. N., & Greenwald, A. G. (2010). Math–gender stereotypes in
elementary-school children. Child Development, 82(3), 766–779.

De Houwer, J., Teige-Mocigemba, S., Spruyt, A., & Moors, A. (2009). Implicit meas-
ures: A normative analysis and review. Psychological Bulletin, 135, 347–368.

Eagly, A. H., & Steffen, V. J. (1984). Gender stereotypes stem from the distribution of
women and men into social roles. Journal of Personality and Social Psychology,
46, 735–754.

Eccles, J. S. (1984). Sex differences in achievement patterns. Nebraska Symposium on
Motivation, 32, 97–132.

Eccles, J. S. (1987). Gender roles and achievement patterns: An expectancy value per-
spective. In J. M. Reinisch, L. A. Rosenblum, & S. A. Sanders (Eds.), Masculinity/
femininity: Basic perspectives (pp. 240–280). New York: Oxford University Press.

Eccles, J. S., Wigfield, A., Harold, R. D., & Blumenfeld, P. (1993). Age and gender dif-
ferences in children’s self- and task perceptions during elementary school. Child
Development, 64, 830–847.

Ethington, C. A. (1991). A test of a model of achievement behaviors. American
Educational Research Journal, 128, 155-172.

Fazio, R. H., Sanbonmatsu, D. M., Powell, M. C., & Kardes, F. R. (1986). On the auto-
matic activation of attitudes. Journal of Personality and Social Psychology, 50,
229–238.

Fennema, E. (1985). Attribution theory and achievement in mathematics. In S.
R. Yussen (Ed.), The development of reflection (pp. 245–265). New York:
Academic Press.

Fennema, E., & Sherman, J. A. (1976). Fennema-Sherman Mathematics Attitude
Scales: Instruments designed to measure attitudes toward the learning of math-
ematics by females and males. JSAS Catalog of Selected Documents in
Psychology, 6, 31. (Ms. No. 1225)

Festinger, L. (1957). A theory of cognitive dissonance. Palo Alto, CA: Stanford
University Press.

Gawronski, B., & Bodenhausen, G. V. (2006). Associative and propositional pro-
cesses in evaluation: An integrative review of implicit and explicit attitude
change. Psychological Bulletin, 132, 692–731.

Gawronski, B., Deutsch, R., Mbirkou, S., Seibt, B., & Strack, F. (2008). When ‘‘just say
no’’ is not enough: Affirmation versus negation training and the reduction of
automatic stereotype activation. Journal of Experimental Social Psychology,
44, 370–377.

Gawronski, B., & Payne, B. K. (Eds.). (2010). Handbook of implicit social cognition:
Measurement, theory and applications. Oxford, UK: Oxford University Press.

Nosek, Smyth

1152



Gonzales, P., Guzman, J. C., Partelow, L., Pahlke, E., Jocelyn, L., Kastberg, D., &
Williams, T. (2004). Highlights from the Trends in International Mathematics
and Science Study (TIMSS) 2003 (NCES 2005–005) (U.S. Dept of Ed, Nat Ctr
for Ed Statistics, US Government Printing Office, Washington). Washington,
DC: U.S. Government Printing Office.

Greenwald, A. G., & Banaji, M. R. (1995). Implicit social cognition: Attitudes, self-
esteem, and stereotypes. Psychological Review, 102, 4–27.

Greenwald, A. G., Banaji, M. R., Rudman, L. A., Farnham, S. D., Nosek, B. A., &
Mellot, D. S. (2002). A unified theory of implicit attitudes, beliefs, self-esteem
and self-concept. Psychological Review, 109, 3–25.

Greenwald, A. G., McGhee, D. E., & Schwartz, J. L. (1998). Measuring individual dif-
ferences in implicit cognition: The Implicit Association Test. Journal of
Personality and Social Psychology, 74, 1464–1480.

Greenwald, A. G., Nosek, B. A., & Banaji, M. R. (2003). Understanding and using the
Implicit Association Test: I. An improved scoring algorithm. Journal of
Personality and Social Psychology, 85, 197–216.

Greenwald, A. G., Poehlman, T. A., Uhlmann, E. L., & Banaji, M. R. (2009).
Understanding and using the Implicit Association Test: III. Meta-analysis of pre-
dictive validity. Journal of Personality and Social Psychology, 97, 17–41.

Gregg, A. P., Seibt, B., & Banaji, M. R. (2006). Easier done than undone: Asymmetry in
the malleability of implicit preferences. Journal of Personality and Social
Psychology, 90, 1-20.

Hackett, G., & Betz, N. E. (1981). A self-efficacy approach to the career development
of women. Journal of Vocational Behavior, 18, 326–339.

Halpern, D. F., Benbow, C. P., Geary, D. C., Gur, R. C., Hyde, J. S., & Gernsbacher, M.
A. (2007). The science of sex differences in science and mathematics.
Psychological Science in the Public Interest, 8, 1-51.

Heider, F. (1958). The psychology of interpersonal relations. New York: Wiley.
Hyde, J. S., Fennema, E., Ryan, M., Frost, L. A., & Hopp, C. (1990). Gender compar-

isons of mathematics attitudes and affect: A meta-analysis. Psychology of Women
Quarterly, 14, 299–324.

Ingles, S. J., Scott, L. A., Lindmark, J. T., Frankel, M. R., Myers, S. L., & Wu, S. (1992).
National Education Longitudinal Study of 1988. First follow-up: Student compo-
nent data file user’s manual (Vol. 1). Washington, DC: Office of Educational
Research and Improvement, U.S. Department of Education.

Jacobs, J. E. (1991). Influence of gender stereotypes on parent and child mathematics
attitudes. Journal of Educational Psychology, 83, 518–527.

Jacobs, J. E., Lanza, S., Osgood, D. W., Eccles, J. S., & Wigfield, A. (2002). Changes in
children’s self-competence and values: Gender and domain differences across
grades one through twelve. Child Development, 73, 509–527.

Kiefer, A. K., & Sekaquaptewa, D. (2007a). Implicit stereotypes, gender identification,
and math-related outcomes—A prospective study of female college students.
Psychological Science, 18, 13–18.

Kiefer, A. K., & Sekaquaptewa, D. (2007b). Implicit stereotypes and women’s math
performance: How implicit gender-math stereotypes influence women’s suscep-
tibility to stereotype threat. Journal of Experimental Social Psychology, 43, 825–
832.

Lane, K. A., Banaji, M. R., Nosek, B. A., & Greenwald, A. G. (2007). Understanding
and using the Implicit Association Test: IV: Procedures and validity. In
B. Wittenbrink & N. Schwarz (Eds.), Implicit measures of attitudes: Procedures
and controversies (pp. 59–102). New York: Guilford Press.

Implicit Math Cognitions

1153



Leder, G. C. (1986). Mathematics: Stereotyped as a male domain? Psychological
Reports, 59, 955–958.

Linn, M., & Hyde, J. (1989). Gender, mathematics, and science. Educational
Researcher, 18, 17–19, 22–27.

Maple, S. A., & Stage, F. K. (1991). Influences on the choice of math/science major by
gender and ethnicity. American Educational Research Journal, 28, 37–60.

Marsh, H. W. (1992). Content specificity of relations between academic achievement
and academic self-concept. Journal of Educational Psychology, 84, 35–42.

Marsh, H. W. (1993). Academic self-concept: Theory, measurement, and research. In
J. Suls (Ed.), Psychological perspectives on the self (Vol. 4, pp. 59–98). Hillsdale,
NJ: Erlbaum.

Marsh, H. W., & Yeung, A. S. (1998). Longitudinal structural equation models of aca-
demic self-concept and achievement: Gender differences in the development of
math and English constructs. American Educational Research Journal, 35, 705–
738.

Meece, J. L., Wigfield, A., & Eccles, J. S. (1990). Predictors of math anxiety and its
influence on young adolescents’ course enrollment intentions and performance
in mathematics. Journal of Educational Psychology, 82, 60–70.

Mitchell, J. P., Nosek, B. A., & Banaji, M. R. (2003). Contextual variations in implicit
evaluation. Journal of Experimental Psychology: General, 132, 455-469.

National Academies of Science. (2007). Beyond bias and barriers: Fulfilling the
potential of women in academic science and engineering. Washington, DC:
The National Academies Press.

Nisbett, R. E., & Wilson, T. D. (1977). Telling more than we can know: Verbal reports
on mental processes. Psychological Review, 84, 231–259.

Nosek, B. A. (2007). Implicit-explicit relations. Current Directions in Psychological
Science, 16, 65–69.

Nosek, B. A., & Banaji, M. R. (2001). The go/no-go association task. Social Cognition,
19, 625–666.

Nosek, B. A., Banaji, M. R., & Greenwald, A. G. (2002). Math = Male, Me = Female,
therefore Math 6¼ Me. Journal of Personality and Social Psychology, 83, 44–59.

Nosek, B. A., Greenwald, A. G., & Banaji, M. R. (2007). The Implicit Association Test
at age 7: A methodological and conceptual review. In J. A. Bargh (Ed.), Social
psychology and the unconscious: The automaticity of higher mental processes
(pp. 265–292). Philadelphia: Psychology Press.

Nosek, B. A., Hawkins, C. B., & Frazier, R. S. (2011). Implicit social cognition: From
measures to mechanisms. Trends in Cognitive Sciences, 15, 152–159.

Nosek, B. A., Smyth, F. L., Hansen, J. J., Devos, T., Lindner, N. M., Ranganath, K. A.,
Smith, C. T., . Banaji, M. R. (2007). Pervasiveness and correlates of implicit at-
titudes and stereotypes. European Review of Social Psychology, 18, 36–88.

Nosek, B. A., & Smyth, F. L. (2007). A multitrait-multimethod validation of the Implicit
Association Test: Implicit and explicit attitudes are related but distinct constructs.
Experimental Psychology, 54, 14–29.

Nosek, B. A., & Sriram, N. (2007). Faulty assumptions: A comment on Blanton,
Jaccard, Gonzales, and Christie (2006). Journal of Experimental Social
Psychology, 43, 393–398.

Nosek, B. A., Smyth, F. L., Sriram, N., Lindner, N. M., Devos, T., Ayala, A., .
Greenwald, A. G. (2009). National differences in gender-science stereotypes pre-
dict national sex differences in science and math achievement. Proceedings of
the National Academy of Sciences, 106, 10593–10597.

Osgood, C. E. & Tannenbaum, P. H. (1955). The principle of congruity in the predic-
tion of attitude change. Psychological Review, 62, 42-55.

Nosek, Smyth

1154



Parsons, J. E. (1983). Expectances, values, and academic behaviors. In J. T. Spence
(Ed.), Achievement and achievement motives (pp. 75–146). San Francisco:
Freeman.

Parsons, J. E. (1984). Sex differences in mathematics participation. In M. Steinkamp &
M. Maehr (Eds.), Women in science (pp. 93–137). Greenwich, CT: JAI Press.

Payne, B. K., Cheng, C. M., Govorun, O., & Stewart, B. (2005). An inkblot for atti-
tudes: Affect misattribution as implicit measurement. Journal of Personality
and Social Psychology, 89, 277–293.

Ramist, L., Lewis, C., & McCamley-Jenkins, L. (1994). Student group differences in
predicting college grades: Sex, language, and ethnic groups (College Board
Report No. 93-1). New York: College Entrance Examination Board.

Ranganath, K. A., & Nosek, B. A. (2008). Implicit attitude generalization occurs imme-
diately, explicit attitude generalization takes time. Psychological Science, 19,
249–254.

Rydell, R. J., & McConnell, A. R. (2006). Understanding implicit and explicit attitude
change: A systems of reasoning analysis. Journal of Personality and Social
Psychology, 91, 995–1008.

Singh, K., Granville, M., & Kika, S. (2002). Mathematics and science achievement:
Effects of motivation, interest, and academic engagement. The Journal of
Educational Research, 95, 323–332.

Smith, J. L., & White, P. H. (2001). Development of the domain identification mea-
sure: A tool for investigating stereotype threat effects. Educational and
Psychological Measurement, 61, 1040–1057.

Smyth, F. L. (1995). Standardized testing in college admission: How the ACT and the
SAT are used and compared. Journal of College Admission, 148, 24–31.

Smyth, F. L., & McArdle, J. J. (2004). Ethnic and gender differences in science gradu-
ation at selective colleges with implications for admission policy and college
choice. Research in Higher Education, 45, 353–381.

Steele, C. M. (1997). A threat in the air: How stereotypes shape the intellectual iden-
tities and performance of women and African Americans. American
Psychologist, 52, 613–629.

Stout, J., Dasgupta, N., Hunsinger, M., & McManus, M. (2010). STEMing the tide:
Using ingroup experts to inoculate women’s self-concept and professional goals
in science, technology, engineering, and mathematics (STEM). Journal of
Personality and Social Psychology, 100, 255–270.

Strack, F., & Deutsch, R. (2004). Reflective and impulsive determinants of social
behavior. Personality and Social Psychology Review, 8, 220–247.

Suinn, R. M., & Edwards, R. (1982). The measurement of mathematics anxiety: The
Mathematics Anxiety Rating Scale for Adolescents-MARS-A. Journals of
Clinical Psychology, 38, 576–580.

Tai, R. H., Liu, C. Q., Maltese, A. V., & Fan, X. T. (2006). Planning early for careers in
science. Science, 312, 1143–1144.

Teachman, B. A., & Woody, S. R. (2003). Automatic processing among individuals
with spider phobia: Change in implicit fear associations following treatment.
Journal of Abnormal Psychology, 112, 100-109.

Valian, V. (1998). Why so slow? The advancement of women. Cambridge, MA: MIT
Press.

van den Bergh, L., Denessen, E., Hornstra, L., Voeten, M., & Holland, R. W. (2010).
The implicit prejudiced attitudes of teachers: Relations to teacher expectations
and the ethnic achievement gap. American Educational Research Journal, 47,
497–527.

Implicit Math Cognitions

1155



Wigfield, A., & Eccles, J. S. (2002). The development of competence beliefs, expec-
tancies for success, and achievement values from childhood through adoles-
cence. In A. Wigfield & J. S. Eccles (Eds.), Development of achievement
motivation (pp. 92–122). San Diego, CA: Academic Press.

Wigfield, A., & Meece, J. L. (1988). Math anxiety in elementary and secondary school
students. Journal of Educational Psychology, 80, 210–216.

Wigfield, A., & Wagner, A. L. (2005). Competence, motivation and identity develop-
ment in adolescence. In A. J. Elliot & C. S. Dweck (Eds.), Handbook of compe-
tence and motivation (pp. 222–239). New York: The Guilford Press.

Wilson, T. D. (2002). Strangers to Ourselves: Discovering the Adaptive Unconscious.
Cambridge: Belknap Press.

Nosek, Smyth

1156


