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Under Stereotype Threat: A Meta-Analysis
KATHERINE PICHO
Connecticut Institute for Clinical and Translational Science,
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ABSTRACT. The current meta-analysis synthesized 17 years of research on stereotype
threat (ST). Specifically, it examined the moderating effect of contextual factors on ST.
Findings revealed that, on average, females in ST conditions performed less well on mathematics tests than their control counterparts (d = |0.24|). Results also showed that females
did not benefit more from female-only testing situations, or testing contexts where they
formed the majority. Nevertheless, the trend in ST effects differed by broader contextual
factors like geography and level of education, with females in countries with small gender-gaps showing better performance under ST conditions, and ST effects being greater for
students in middle and high school compared to college students.
Keywords: females, mathematics, meta-analysis, stereotype threat

THE NUMBER OF WOMEN IN SCIENCE, technology, engineering and mathematics (STEM) related fields has risen dramatically over the course of recent
decades (Burelli, Arena, Shettle, & Fort, 1996). However, females remain underrepresented in these domains. According to the United States (U.S.) Department
of Commerce women held less than 25% of STEM jobs in 2011 (Beede, Julian,
Langdon, McKittrick, Khan, & Doms, 2011). The leaking pipeline has been
attributed to gender gaps in math performance that start as early as middle school
(Halpern, Benbow, Geary, Gur, Hyde, & Gernsbacher, 2007). Sex differences in
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mathematics performance have been linked to innate differences in spatial ability
(Baenninger & Newcombe, 1995; Levine, Huttenlocher, Taylor, & Langrock,
1999; Terlecki, Newcombe & Little, 2007), brain development, and hormonal differences (Ardila, Rosselli, Matute, & Inozemtseva, 2011; Halpern, 1992; Wilder
& Powell 1989), as well as to socio-cultural factors like stereotype threat (Steele,
1997).
Stereotype threat (ST) is a social psychological phenomenon that inhibits the
performance of members of stereotyped groups on difficult tasks in contexts where
negative stereotypes about the ability of their group are highlighted (Steele, 1997).
ST impacts individuals with a moderate to strong identification to the domain
(Steele, 1997). For these individuals, simply an awareness of (and not necessarily a belief in) the negative stereotype about one’s group (e.g., females are bad at
math) is necessary for ST to occur (Steele, 1997). ST has been reported to negatively impact the performance of females on quantitative tests (Ambady et al.,
2001; Huguet & Regner, 2007; Eriksson & Lindholm, 2007; Schmader, 2002),
and non-Asian ethnic minorities (Armenta, 2010; Gonzales, Blanton, & Williams,
2002; Schmader & Johns, 2003; Steele & Aronson, 1995) on tests of verbal and
quantitative ability. Most studies investigating the impact of ST on females’ mathematics performance have shown that women perform less well in contexts where
attention is drawn to negative gender stereotypes related to mathematical ability.
In recent years, ST has received a lot of attention both in research and in
the general public as a significant factor explaining the performance of females
in STEM subjects. Since Steele and Aronson’s (1995) seminal work on ST, there
has been a deluge of research and media coverage on the subject. Primary level
studies investigating ST in females have found support for the moderating effects
of psychological factors (e.g., gender identification, Schmader, 2002; stigma consciousness, Brown & Pinel, 2003) and contextual factors (e.g., sex composition,
Inzlicht & Ben-Zeev, 2003; role models, Marx & Roman, 2002). However, the
strength of these moderator variables in attenuating ST effects on the quantitative
performance of females is not yet quite clear. Specifically, even though ST theory
posits the phenomenon as being highly situational (Steele, 1997), the moderating
role of context has not been adequately addressed, in both primary level studies
and meta-analyses. The present meta-analysis sought to shed clarity upon these
areas.
So far, four meta-analyses related to ST have been published (Nguyen &
Ryan, 2008; Stoet & Geary, 2012; Walton & Cohen, 2003; Walton & Spencer,
2009), three of which exclusively examined between group differences on performance under ST conditions. Walton and Cohen (2003) found that members of
non-stereotyped groups (i.e., males and Asians) performed better than their control counterparts when they were made aware of negative stereotypes surrounding
out-group members (females, or non-Asian ethnic minorities). Walton and Cohen
(2009) found a considerably moderate gender performance gap in favor of males
(k = 22, Cohen’s d = 0.48), while Stoet and Geary (2012) found ST to have
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significant negative effects only in primary level studies that had used analysis
of covariance (ANCOVA) to analyze data (d = –0.61, p < .001) and not nonANCOVA studies (d = –0.17, p = .09). Because between-groups differences are
not the focus of this article, interested readers are referred to Stoet & Geary,
(2012), Walton and Cohen, (2003), and Walton & Spencer, (2009) for a more
detailed review of the aforementioned.
Nguyen and Ryan (2008) examined the moderating effects of type of priming,
test difficulty, type of stereotype threat removal strategy, and domain identification, on females and racial minorities. The authors’ within-groups meta-analysis
found a small combined ST effect (Cohen’s d = 0.26), and a much smaller mean
effect on women’s performance (d = 0.21). Like Nguyen and Ryan’s study, the
current within-groups meta-analysis examined the moderating effect of priming
on the performance of females under ST. However, in the present study, new
studies were added to the analysis of this moderator (the overlap between both
meta-analyses on this moderator was only 15 studies). The major difference
between the two meta-analyses lies with how the effect sizes (ES) were computed. In computing ES, the researchers treated ST removed (STR) conditions
(conditions where ST was nullified prior to test taking) sometimes as controls
and other times as experimental groups. The lack of consistency in how STR
conditions were treated (i.e., alternating STR conditions as either control or experimental conditions depending on the type of study) could have confounded both
the magnitude and interpretation of the effect sizes. The present study remedied
this problem by consistently treating the STR conditions as control groups.
Additionally, the current study also extended previous ST meta-analyses by
examining contextual factors not previously investigated and focusing solely on
comparing the performance of females in treatment and control groups in quantitative or visuo-spatial tasks where the literature indicates sex bias in favor of
males.
ST Moderators Investigated in the Present Study
The goal of the present study was to investigate the moderating effects of
contextual factors on females under ST. More specifically, for females exposed to
math-related ST, we sought to address the following questions: (a) Is the impact
of ST greater in testing contexts where gender stereotypes are overt or covert?;
(b) Is ST moderated by sex composition?; and finally (c) for U.S. samples, do ST
effects vary by region?
Priming as a moderator of ST. In ST experiments, the nature of the testing environment has often been manipulated by activating ST through priming. Priming,
which is defined as the activation of knowledge structures (e.g., stereotypes) in
a situational context (Bargh, 1994), can be done explicitly by drawing one’s
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attention directly to the stereotype, or implicitly by activating stereotypes in more
subtle forms. The broader literature on automaticity of behavior reports that priming exerts a passive influence on behavior (Bargh, 1994; Higgins, 1989). Bargh
and colleagues (1996) implicitly activated stereotypes of the elderly by asking
participants to solve a scrambled-sentence task containing words relevant to the
elderly stereotype. They then measured how long it took participants to walk down
a hallway after completing the task and found that those who had been implicitly
primed with the elderly stereotype walked much more slowly compared to their
control counterparts.
However, studies also show that priming outcomes might vary depending on
whether it is explicit or implicit. According to reactance theory (Brehm, 1966),
individuals assert their freedom more forcefully when they perceive a threat to it.
Empirical studies have found that blatantly drawing one’s attention to a negative
stereotype pertinent to one’s group tends to produce a contrast (reactance) effect
where individuals engage in behavior that contradicts the stereotype (Moskowitz
& Skurnik, 1999). To the contrary, subtly directing one’s attention to a negative stereotype through implicit priming has been found to produce the opposite
effect (assimilation). Here, stereotyped individuals engage in behaviors that are
consistent with the stereotype (Moskowitz & Skurnik, 1999). Other studies have
also demonstrated that when faced with negative gender stereotypes regarding
their performance in stereotypically masculine domains, women acted in ways
that disconfirmed the stereotype when it was blatantly (as opposed to implicitly)
expressed (Kray, Thompson, & Galinsky, 2001).
In ST experiments, explicit priming has often involved mentioning that the
test was diagnostic of ability (Gonzales, Blanton, & Williams, 2002; Good,
Aronson, & Harder, 2008; Schmader, 2002), that there were gender differences on the quantitative test being administered (Armenta, 2010; Cadinu, Maas,
Rosabianca, Figerio, & Latinotti, 2003; Cadinu, Maas, Rosabianca, & Kiesner,
2006; Elizaga & Markman, 2008; Picho & Stephens, 2012), or that the test
was being administered in order to understand gender differences in quantitative
performance/ability (Schmader, Johns, & Barquissau, 2004). Implicit priming for
gender ST, on the other hand, has often involved the use of subtle cues to activate
gender stereotypes, like asking young girls to color pictures of a doll or an Asian
holding chopsticks (Huguet & Regner, 2007), or requesting young women to indicate their gender prior to taking a math test (Steele & Aronson, 1995). Jamieson
and Harkins (2012) implicitly primed for gender by asking female participants to
write about a day in the life of a female Northeastern University student named
“Ashley” for 5 minutes before taking a standardized mathematics test. They found
that gender prime participants answered fewer comparison problems correctly
than their control-group counterparts.
Based on studies that have demonstrated reactance and assimilation effects
as a function of type of priming in task performance among members of stigmatized groups, we hypothesized that samples where implicit priming had been
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used to activate ST would generate larger negative effects than samples where ST
had been primed for explicitly. Specifically, because of the tendency of implicit
priming to produce assimilation effects among members of stereotyped groups,
we hypothesized that females subjected to implicit priming would act in ways that
confirmed the negative gender stereotype, and hence exhibit larger negative ST
effects on math performance, compared to samples where explicit priming had
been used.
Sex composition. Studies have shown that some environments are more capable of
enhancing ST susceptibility among females than others. Research has found exaggerated ST effects in testing contexts where females were the minority (Inzlicht
& Ben-Zeev, 2000; Murphy, Steele, & Gross, 2007). Research by Murphy and
colleagues (2007) revealed that factors like a setting’s features and numerical representation made females more vulnerable to ST. Similarly, when Inzlicht and
Ben-Zeev (2000) varied the sex composition of the experimental groups prior to
eliciting ST, the average performance of females, not males, varied significantly as
a function of group composition. Specifically, females performed best in homogeneous versus heterogeneous settings; they also performed better when they were
the majority in heterogeneous contexts and worse when they were the minority
in heterogeneous contexts. Picho and Stephens (2012) also reported differential
ST effects among high school female students in coed and single sex schools in
Uganda, with non- significant ST effects for females in the single sex school, but
large effects for females in the co-ed school (d = 0.11 vs. 0.74). Huguet and
Regner (2009) demonstrated these same gender effects in middle-school-aged
children; negative ST effects were only present in mixed gender testing conditions. Gneezy, Niederle, and Rustichini (2003) also found that women performed
worse in competitive environments only when they believed they were competing
against men. They also found that women performed equally to men when they
were in non-competitive environments or competitive environments where they
believed that they were only competing with other women. These results demonstrate the active, though possibly implicit “probability weighing” that occurs in
ST conditions; that is, women determine whether or not they might be negatively stereotyped and these determinations might mediate ST effects. Based on
these and other similar studies (Sekaquaptewa & Thompson, 2003), we hypothesized more negative effects for females in testing conditions where they formed
the minority and smaller ST effects in homogeneous samples, or samples where
females formed the majority.
Region as a potential moderator of ST. ST is situational, occurring in contexts
where negative stereotypes about a particular stigmatized group are made salient
(Steele, 1997). Although gender stereotypes in ST experiments are activated
through priming, these stereotypes most likely reflect stereotypes already present
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within the broader socio-cultural societal context. In this broader context, stereotypes appear to arise, in part, from societal expectations regarding gender roles
within a given society. According to social role theory (Eagly, 1987), gender roles
are based on shared expectations about what members of a group actually do
(descriptive norms) and/or should do (injunctive norms). It follows, then, that
gender stereotypes would be stronger in cultures where gender roles were more
distinct.
Sociologists in the United States (U.S.) have conducted a plethora of research
investigating differences between northern and southern cultures, particularly as it
relates to gender roles. Results from these studies have found evidence to suggest
that: (a) compared to other regions in the U.S., Southerners are more traditional
in their attitudes toward gender roles (Rice & Coates, 1995; Twenge, 1997), especially regarding women in stereotypically masculine vocations like politics (Rice
& Coates, 1995); and (b) behavioral expectations (injunctive norms) regarding
gender are more clearly defined and culturally prescribed for southern women
than they are for men (Suitor & Carter, 1999). Some of these studies have also
found differences between and within regions as a function of gender and race.
For example, Levant, Majors, and Kelley (1998) found that regardless of region,
African American women were significantly more traditional than their European
American counterparts. However, African American men in the NortheasternMid-Atlantic region had less strong attitudes toward gender roles than their
Southern counterparts. Further, within the South itself, African American men
were more traditional than European American men. Differences in gender role
attitudes have also been found to vary by sub regions, with individuals residing in
rural areas maintaining more traditional gender-role attitudes than those in urban
areas (Twenge, 1997).
To the best of our knowledge, there have been no primary level studies investigating differential ST effects by region in the U.S. As such, we draw from
sociological research to base our hypotheses. Research in this area has found
more liberal attitudes towards gender roles in the north compared to the south
therefore we hypothesized smaller ST effects in the northeast versus the southern
U.S. region. Second, although the majority of this research hardly focused on any
other regional differences in gender roles besides north-south regions, we postulated that ST effects would be generally smaller in regions considered to be more
liberal regarding to attitudes towards gender roles.
Method
Literature Search
A literature search for ST articles was conducted using major databases
including Psycinfo, Proquest, ERIC, web of science, and Ebscohost. Keywords
used in conjunction with the words stereotype threat were: women, race,
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minorities, and mathematics. Unpublished studies were obtained by sending email
requests to several listservs, like SEMNET, and the European Association of
Social Psychology (EASP). We also attempted to obtain unpublished studies
by cold-emailing key researchers in the field for unpublished manuscripts and
checking online repositories for conference papers from major Psychology and
Education organizations.
Inclusion-exclusion criteria. The initial search yielded 450 articles from
1995–2011. From this pool, studies were selected if: (a) the research design was
experimental or quasi-experimental, with results reported for control and experimental groups; (b) women were included in the sample; and (c) the dependent
variable reported performance on a quantitative test. Based on these criteria,
170 studies (published, unpublished, and dissertations) were retained. As shown
in Figure 1, the retained studies were excluded from the coding process if: (a)
control groups did not meet the criteria for this study (i.e., studies where ST was
activated in both groups, or studies where two control groups (pure and STR)
were compared; (b) no clear ST- priming or activation in experimental groups
was reported; (c) scores on the dependent variable were standardized, and raw
scores could not be obtained from authors; and (d) means, standard deviations,
n’s and other metrics on the dependent variable needed to compute effect sizes
were not provided and could not be obtained from the authors. Given the focus
of the meta-analysis on examining ST effects, ST intervention studies were also
excluded. Finally, to avoid duplication of data, journal articles published from
dissertations that had also been retained for the meta-analysis were excluded.
Here, articles (not dissertations) were eliminated because the latter provided more
detailed information on sample characteristics and the nature of the study. This
yielded a final sample k of 103 independent studies nested in 44 articles and
dissertations.
Coding Study Moderators
An elaborate coding form developed by the first author was used to assess
sample characteristics, ST moderators that were previously outlined, methodological features of ST studies (e.g., random assignment, domain identification as
eligibility criteria for participation in ST studies), and features of the experimental design (e.g., experimenter characteristics, test length, psychometric properties
of these instruments measuring ST moderators). A scale was also developed to
rate studies on methodological quality. The authors coded all studies independently and met weekly to check reliability for all coded studies. Any areas of
disagreement in the coding process were resolved by discussion. Cohen’s Kappa’s
corrected formula was used to calculate reliability; the average reliability estimate
for both coders was .87.
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Total Articles
Retrieved
k = 170

During Coding
k = 65

Before Coding
k = 61
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Article Type

ST Problems

Other

Research Problems

ST Problems

Other

Meta-analyses k = 3

ST-related but not
ST study k = 6

Already coded for
k=3

No usable ES info
k = 11

No ST activation
k=6

ES already coded
for in actual study
(dissertation) k = 1

Methods papers
k=2

ST-related
interventions
k=3

No usable ES info.
k=4

Not empirical k = 3

ST not related to
achievement k = 7

Males only/no
info. for women
k=3

Interventions
k=5

DV isnt
achievement
k=4

No control group
k=4

No focus on gender
ST
k = 14

Other k = 4

Not experimental
k = 29

ST not gender
k=2

No expt. group
k=2

No ST priming
k=3

Standardized DV
scores k = 6

Total coded
k = 44

FIGURE 1. Summary of excluded studies.

Coding sex composition. For homogeneous (female-only) samples, effect sizes
were computed using statistics presented for control and experimental groups.
For heterogeneous (mixed sex) samples, only the means and standard deviations
for females in control and experimental conditions were used to compute effect
sizes. In the majority of studies using heterogeneous samples, the number of
females in each condition was provided. However, in the absence of this information, if a study reported (a) the total number of participants who completed
the study by gender and (b) also reported using random assignment of participants into experimental groups, then equal numbers of females were assumed for
both groups. When the total number of females completing the study was an odd
number, the number of participants in the control group sample was greater than
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the experimental group by one. We also coded for the proportion of women in
mixed sex samples and used this as a continuous variable in subsequent analyses
presented in the results section.

Coding testing environment. Priming was coded as implicit if ST was subtly
activated by indirect statements about females’ ability in math—e.g., having participants indicate their gender on tests that were reportedly diagnostic of ability
(Schmader, 2002; Steele & Aronson, 1995). Two categories for explicit priming
were coded: (a) blatant group differences: Studies fell under this category if direct
statements about gender differences in math abilities or performance (e.g., Keller
& Molix, 2008; Lesko & Corpus, 2006; Schmader & Johns, 2003) had been made;
and (b) blatant diagnostic of ability: for studies where participants had been told
that the test was diagnostic of personal ability in the domain being assessed (Steele
& Aronson, 1995; Wout, Danso, & Jackson, 2009; Scholten, et al., 2005).

Coding U.S. regions. We used 2010 census classification for geographical regions
(Northeast, Midwest, South and West) to categorize the states where studies had
been conducted. This information was located in the “participants” section of
primary level studies where either the college of participants or the geographical region was identified by the researchers. For instance, studies that reported
using participants from a “large Midwestern university” were categorized under
2010 census region “Midwest” and so on.

Coding independent data points. The majority of articles reported results of more
than one ST experimental study. In all cases, the samples were independent, so
effect sizes were calculated separately for each study. In instances where a particular study had one control but two or more experimental groups, effect sizes were
computed separately for each experimental group against the control group.

Coding dependent data points. For repeated measures study designs like Dinella
(2004), effect sizes and corresponding variances were computed using Wilson’s
effect size calculator.

Coding ST moderator studies with factorial designs. Studies with two or three
factorial designs were split into two or three independent groups respectively,
depending on the moderators being measured (as defined by the original
researchers themselves). For example, Ambady, Paik, Steele, Owen-Smith, and
Mitchell’s (2004) 2 (condition- control vs. experimental) × 2 (construal- individuation vs. non individuation) design was coded for two effect sizes—control
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and experimental group for the individuated condition, and the same for the
non-individuated condition.
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Coding studies where gender was nested in race. The study by Gonzales et al.
(2002) reported ST results by condition for each gender (male/female) and race
(Whites, Blacks and Hispanics). The study also provided n’s for each group, therefore effect sizes were coded separately for samples of White, Black and Hispanic
females. The same technique was applied in other studies where gender was nested
in race.
Meta-Analysis Procedure
The corrected standardized mean difference, Cohen’s d, its variance (vard),
and weighted variance were computed using an effect size calculator (HuedoMedina & Johnson, 2011). Cohen’s d effect size (ES) was calculated by dividing
the mean difference by the pooled standard deviation. The mean difference was
obtained by subtracting mean scores of the control group from that of the experimental group such that a negative d implied better performance by the control
group and vice versa for positive effect sizes.
Fixed vs. random effects approach to meta-analysis. Fixed and random effects
computational models for meta-analyses are driven by different assumptions
regarding the meta-analytic data. The fixed effects approach assumes that all the
primary studies included in the meta-analysis come from a single population and
therefore are functionally identical, sharing a common ES (Borenstein, Hedges,
Higgins, & Rothstein, 2009). Consequently, any differences between studies in ES
are attributed to sampling error. On the other hand, the random effects approach
assumes that the primary studies included in the meta-analyses do not represent
the entire population of studies, but rather are samples from the population of
studies (Kalaian & Kasim, 2008). Hence there are differences between studies in
ES beyond those due to sampling error (Kalaian & Kasim, 2008).
We used stereotype threat theory (STT) to guide our assumptions about
ST effect sizes and subsequently our selection of a computational meta-analytic
model. STT conceptualizes ST as a highly situational phenomenon (Steele, 1997),
and primary level studies have also demonstrated differential ST effects for samples from different populations e.g., STEM vs. non-STEM students (Crisp, Bache,
& Maitner, 2009; Werhun, 2007). As such, the notion that the studies included
in the current meta-analysis represented an entire population of ST studies with
a shared common effect size seemed unlikely. We therefore conducted moderator analysis in the random effects framework in the statistical analysis software
Stata 10.0.
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Results were based on a total sample of 5,588 females, 2,820 of who were
in control groups. We applied Cohen’s (1992) useful guidelines on interpreting
standardized ES, where d’s = 0.2, 0.5 and 0.8 are small, medium, and large,
respectively. Study effect sizes and moderators investigated in the present study
are shown in Table 1. The overall mean ST effect (mean ES) for all studies was
small, d = –0.24 (CI95 : −0.35, −0.14) with a between study variance of 0.21
(p < .001). The Q-statistic revealed between study heterogeneity (χ 2 (102) =
378.6, p < .001), and the I2 statistic (73.3%) indicated far more variation in the
distribution of effect sizes than sampling error alone would predict.
Publication Bias
Publication bias refers to concerns over the validity of systematic reviews that
have included few or no unpublished studies. The premise of this phenomenon is
that meta-analytic findings that hardly contain unpublished studies might be exaggerated (with a bias towards larger or positive treatment effects) because studies
reporting statistically significant results are more likely to be published than those
that are not (Borenstein, Hedges, Higgins, & Rothstein, 2009). We conducted
Egger’s regression test that revealed small study bias of which publication bias
might be a potential cause (p = .02). In spite of having a significantly larger number of published than unpublished studies in this review, we remain cautious about
interpreting the results of Egger’s test as conclusive evidence of publication bias
for two reasons: first, asymmetry tests like the aforementioned tend, and have been
shown, to generate false positives for publication bias in the presence of large, statistically significant between- studies heterogeneity (Ioannidis & Trikolos, 2007),
which was the case in this study. Second, the distribution of effect sizes in the
funnel plot shown in Figure 2 revealed just as many studies with non-significant
results reported in the published literature, as there were those with significant
results. This suggested that preferential publication of studies based on statistical
significance might be unlikely.
Nevertheless, to judge the robustness of results against publication bias, failsafe numbers, which indicate the number of unpublished studies required to
reduce the ES to non-significance (Rosenberg, 2005), were calculated. It should
be noted that fail-safe N’s do not determine whether meta-analytic results are correct, but rather gauge whether publication bias may be safely ignored (Rosenberg,
2005). Here, large numbers imply more robust results, with the reverse being true
for low numbers.
Table 2 shows descriptive statistics obtained using Stata 10.0. As seen in the
table, the majority of ST studies were conducted in the United States (k = 63),
and most studies used samples from the college population (k = 88), particularly
with students in non-STEM related domains (k = 98). Also, the majority of study
samples were homogeneous or females-only samples (k = 70).

12

11

10

9

8

6
7

5

4

3

2

1

Study
no.

Caucasian undergrads

Caucasian undergrads.
One grad student
Caucasian undergrads.
One grad student
Caucasian undergrads

Sample

Asian American
undergrads
Armenta (2010)
Hispanic undergrads
Beaton, Tougas, Rinfret,
Math identified French
et al. (2007), Study 1
Canadian undergrads
Beaton, Tougas, Rinfret,
Math identified French
et al. (2007), Study 2
Canadian undergrads
Bell, Spencer, Iserman, & Engineering undergrads
Logel (2003)
Brodish (2007), Study 1
High gender identified
undergrads with
strong math skills
Brodish (2007), Study 2
High gender identified
undergrads with
strong math skills
Brodish & Devine (2009), High math and gender
Study 1
identified undergrads

Ambady, Paik, Steele,
et al. (2004), Study 1a
Ambady, Paik, Steele,
et al. (2004), Study 1a
Ambady, Paik, Steele,
et al. (2004), Study 1b
Ambady, Paik, Steele,
et al. (2004), Study 1b
Armenta (2010)

Author (s)

TABLE 1. Studies Analyzed in the Meta-Analysis (k = 103)

47

58

88

18

45

26
44

26

19

20

20

20

Sample
size

1

−0.83 Single sex

.57
.57
1
1
.60
1
1
1

1.88 Mixed sex
−0.82 Mixed sex
0.17 Single sex
−0.11 Single sex
−0.59 Mixed sex
−0.40 Single sex
−0.33 Single sex
−0.35 Single sex

1

1

−0.86 Single sex

0.53 Single sex

1

Implicit N/R

Explicit USA

Explicit USA

Explicit USA

Implicit Canada

Explicit USA
Implicit Canada

Explicit USA

Implicit USA

Implicit USA

Implicit USA

Implicit USA

Midwest

Midwest

Midwest

South

n/a

West
n/a

West

Northeast

Northeast

Northeast

Northeast

Prop.
Sex comp. women Priming Country U.S. region

0.43 Single sex

d
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Crisp, Bache & Maitner
(2009), Study 1
Crisp, Bache & Maitner
(2009), Study 2
Crisp, Bache & Maitner
(2009), Study 3

24

26

25

Cotting (2003), Study 2

Cadinu, Maass, Lombardo,
et al. (2006), Study 2
Cadinua, Maass,
Rosabianca, et al. (2005)
Campbell & Collaer (2009),
Study 1
Campbell & Collaer (2009),
Study 2
Clark, Eno & Guadagno
(2011)
Cotting (2003), Study 1

Brodish & Devine (2009),
Study 2
Cadinu, Maass, Frigerio,
et al. (2003), Study 1
Cadinu, Maass, Frigerio,
et al. (2003), Study 2
Cadinu, Maass, Lombardo,
et al. (2006), Study 1

23

22

21

20

19

18

17

16

15

14

13

Engineering undergrads

Psychology undergrads

U.S. Southern-born
undergrads
Undergrads at an all
women college/
university
Undergrads at a
historically Black
college/university
Engineering undergrads

Undergrad students

Undergrad students

External locus of
control high school
students
Internal locus of control
high school students
Psychology students

Psychology students

High math and gender
identified undergrads
Psychology students

40

40

38

0.44 Single sex

1

1

−0.54 Single sex

.78

−0.35 Mixed sex

55

1

1

−0.13 Single sex

51

0.71 Single sex

.89

41

70
−0.65 Mixed sex

1

−0.54 Single sex

.55

.52

−1.33 Mixed sex

−0.01 Mixed sex

.52

−0.36 Mixed sex

.55

1

1

−1.08 Single sex
0.17 Single sex

1

−0.47 Single sex

0.04 Mixed sex

70

60

42

36

38

26

47
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Implicit UK

Implicit UK

Implicit UK

Implicit USA

Implicit USA

Explicit USA

Explicit USA

Explicit USA

Explicit Italy

Explicit Italy

Explicit Italy

Explicit Italy

Explicit Italy

Implicit N/R

(Continued)

n/a

n/a

n/a

Northeast

Northeast

South

Northeast

Northeast

n/a

n/a

n/a

n/a

n/a

Midwest
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37

36

35

34

33

32

31

30

29

28

27

Study
no.

Science students

Psychology students

Psychology undergrads

Sample

High math identified
undergrads
High math and gender
identified high school
students
Eriksson & Lindholm
Swedish, high gender
(2007)
identified, math and
engineering
undergrads
Ford, Ferguson, Brooks,
Undergrads in
et al. (2004)
Sociology courses
Gonzales, Blanton &
High ethnically
Williams (2002), Study 1
identified Hispanics
Gonzales, Blanton &
High ethnically
Williams (2002), Study 2
identified Caucasians
Good, Aronson & Harder
STEM undergrads
(2007)
Huguet & Regner (2007),
High math identified
Study 1
middle school
students

Crisp, Bache & Maitner
(2009), Study 4
Croizet, Despres, Gauzins,
et al. (2004), Study 1
Croizet, Despres, Gauzins,
et al. (2004), Study 2
Davies, Spencer, Quinn,
et al. (2002)
Dinella (2004)

Author (s)

TABLE 1. (Continued)

.36
.50

−0.24 Mixed sex
−0.68 Mixed sex

57
20

.50

−1.31 Mixed sex

.50

1

1

0.71 Single sex

0.33 Single sex

1.71 Mixed sex

30

30

31

112

0.25 Mixed sex

266

.53

1

−0.84 Single sex

25

.90

−0.72 Mixed sex
.90

1

n/a

n/a

n/a

West

Implicit France

Explicit USA

Explicit USA

Explicit USA

Explicit USA

n/a

South

Northeast

Northeast

Midwest

Explicit Sweden n/a

Explicit USA

Implicit Canada n/a

Explicit France

Explicit France

Implicit UK

Prop.
Sex comp. women Priming Country U.S. region

−0.47 Single sex

d

0.66 Mixed sex

69

69

40

Sample
size
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Huguet & Regner (2007),
Study 2

Jamieson (2009), Study 1
Jamieson (2009), Study 4
Jamieson (2009), Study 2
Jamieson (2009), Study 3
Jamieson (2009)
Jamieson (2009)
Johns, Schmader, &
Martens (2005)
Keller (2002)
Keller & Dauenheimer
(2003)
Lesko & Corpus (2006)

McIntyre, Paulson, Lord,
et al. (2010), Study 1
McIntyre, Paulson, Lord,
et al. (2010), Study 2
McIntyre, Paulson, Lord,
et al. (2010), Study 3
Oswald & Harvey (2001),
Study 1
Oswald & Harvey (2001),
Study 2

39

40
41
42
43
44
45
46

50

54

53

52

51

49

47
48

Huguet & Regner (2007),
Study 1

38

Undergrads in hostile
testing environment
Undergrads in nonhostile environment

Undergrads

Undergrads

Undergrads at a
selective liberal arts
college
Undergrads

High math identified
middle school
students.
High math identified
middle school
students.
Undergrads
Undergrads
Undergrads
Undergrads
Undergrads
Undergrads
Introductory statistics
students
High school students
High school students

38

34

60

60

60

68

37
35

.50
.50
1
1
1
.68
.64
.49
.51
.56
1
1
1
1
1

−0.40 Mixed sex
−0.49 Mixed sex
−0.61 Mixed sex
−0.01 Single sex
−0.59 Single sex
−0.68 Single sex
−0.70 Single sex
−0.53 Single sex

.49

.49

Mixed sex
Mixed sex
Single sex
Single sex
Single sex
Mixed sex
Mixed sex

−0.79
−0.63
−0.79
−0.19
−2.09
−0.69
−1.02

0.03 Mixed sex

227
32
36
120
31
31
41
50

−0.50 Mixed sex

178
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USA
USA
USA
USA
USA
USA
USA

Northeast
Northeast
Northeast
Northeast
Northeast
Northeast
West

n/a

n/a

Implicit USA

Implicit USA

Explicit USA

Explicit USA

Explicit USA

Explicit USA

(Continued)

Midwest

Midwest

South

South

South

West

Explicit Germany n/a
Explicit Germany n/a

Explicit
Implicit
Explicit
Explicit
Explicit
Implicit
Explicit

Implicit France

Implicit France
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Picho & Stephens (2012),
Study 2

Quinn & Spencer (2001)
Rivardo, Rhodes,
Camaione, et al. (2011)

Rosenthal & Crisp (2006),
Study 1
Rosenthal & Crisp (2006),
Study 2
Rosenthal & Crisp (2006),
Study 3
Rosenthal & Crisp (2006),
Study 4
Rosenthal & Crisp (2006),
Study 5
Rucks (2008), Study 1

Rucks (2008), Study 2

Rucks (2008), Study 3

56

57
58

59

65

66

64

63

62

61

60

Picho & Stephens (2012),
Study 1

Author (s)

55

Study
no.

TABLE 1. (Continued)

Math identified
undergrads
Math identified
undergrads
Math identified
undergrads

Psychology undergrads

Psychology undergrads

Psychology undergrads

Psychology undergrads

African high school
students at a coed
school
African high school
students at a single
sex-school
Undergrad students
Undergrads who passed
advanced placement
in Calculus 1
Psychology undergrads

Sample

35

35

35

32

32

24

24

32

1
1
1

−0.03 Single sex
−0.31 Single sex

1

1

1

1

0.61 Single sex

0.47 Single sex

0.36 Single sex

1.17 Single sex

0.35 Single sex

1

NR
.47

−0.67 Mixed sex
0.88 Mixed sex
1.14 Single sex

1

−0.14 Single sex

51
18
39

.40

Explicit USA

Explicit USA

Explicit USA

Explicit UK

Explicit UK

Implicit UK

Implicit UK

Explicit UK

Explicit USA
Explicit USA

Midwest

Midwest

Midwest

n/a

n/a

n/a

n/a

n/a

Midwest
Northeast

Explicit Uganda n/a

Explicit Uganda n/a

Prop.
Sex comp. women Priming Country U.S. region

−0.74 Mixed sex

d

38

Sample
size
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76

75

74

73

72

71

70

69

68

67

Rydell, Beilock &
McConnell (2009),
Study 1a
Rydell, Beilock &
McConnell (2009),
Study 1b
Rydell, Beilock &
McConnell (2009),
Study 1c
Rydell, Beilock &
McConnell (2009),
Study 2a
Rydell, Beilock &
McConnell (2009),
Study 2b
Rydell, Beilock &
McConnell (2009),
Study 2c
Rydell, Beilock &
McConnell (2009),
Study 3a
Rydell, Beilock &
McConnell (2009),
Study 3b
Rydell, Beilock &
McConnell (2009)
Study 3c
Rydell, Beilock &
McConnell (2009),
Study 4a
29
29

Undergrads

Undergrads
40

29

Undergrads

Undergrads

50

Undergrads

50

50

Undergrads

Undergrads

56

56

56

Undergrads

Undergrads

Undergrads

1

−1.28 Single sex

1
1
1
1
1

0.05 Single sex
−0.37 Single sex
−1.02 Single sex
−0.21 Single sex
−0.03 Single sex

1

1

−0.21 Single sex

0.05 Single sex

1

1

0.01 Single sex

−1.36 Single sex

Implicit

Explicit

Explicit

Explicit

Explicit

Explicit

Implicit

Explicit

Explicit

Explicit
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USA

USA

USA

USA

USA

USA

USA

USA

USA

USA

(Continued)

Midwest

Midwest

Midwest

Midwest

Midwest

Midwest

Midwest

Midwest

Midwest

Midwest
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87

86

85

84

83

82

81

80

79

78

77

Study
no.

Rydell, Beilock &
McConnell (2009),
Study 4b
Rydell, Beilock &
McConnell (2009),
Study 4c
Schmader & Johns (2003),
Study 1
Schmader & Johns (2003),
Study 3
Schmader, Johns &
Barquissau (2004),
Study 1
Schmader, Johns &
Barquissau (2004),
Study 2
Steele & Aronson (1995),
Study 2
Steele & Aronson (1995),
Study 2
Steele & Aronson (1995),
Study 4
Taylor, Lord, McIntyre, &
Paulson (2011)
Taylor, Lord, McIntyre, &
Paulson (2011)

Author (s)

TABLE 1. (Continued)

Undergrads

Undergrads

Black undergrads

Black undergrads

White undergrads

76

76

22

20

20

229

240

STEM undergrads

STEM undergrads

28

Psychology undergrads

28

40

Undergrads

Psychology undergrads

40

Sample
size

Undergrads

Sample

1
.47
1
.55
.55

−0.17 Single sex
−0.05 Mixed sex
−0.88 Single sex
−0.09 Mixed sex
−0.1

1

−0.58 Single sex

.64

−0.76 Mixed sex

1

1

−0.79 Single sex

0.18 Single sex

1

0.45 Single sex

Mixed sex

1

Country

Explicit USA

Explicit USA

Implicit USA

Explicit USA

Explicit USA

Explicit Netherlands

Explicit Netherlands

Implicit USA

Explicit USA

Implicit USA

Implicit USA

Prop.
Sex comp. women Priming

−1.39 Single sex

d
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South

South

West

West

West

n/a

n/a

West

West

Midwest

Midwest

U.S. region
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100

99

97
98

96

94
95

93

92

91

90

89

88

Taylor, Lord, McIntyre & Undergrads
Paulson (2011)
Thoman, White,
Math identified
Yamawaki, et al. (2008),
undergrads
Study 1
Thoman, White,
Math identified
Yamawaki, et al. (2008),
undergrads
Study 2
Weger, Hooper, Meir &
Psychology students
Hopthrow (2012)
Werhun (2007), Study 2
Undergrads in moderate
math intensive majors
Werhun (2007), Study 2
Math identified STEM
students
Werhun (2007), Study 2
Non-STEM undergrads
Werhun (2007), Study 3
Undergrads in moderate
math intensive majors
Werhun (2007), Study
STEM undergrads
3 STEM (HCS)
Werhun (2007), Study 3
Non-STEM undergrads
Wout, Danso, Jackson,
Undergrads
et al. (2008), Study 1a
Wout, Danso, Jackson,
Undergrads
et al. (2008), Study 1b
Wout, Danso, Jackson,
Undergrads
et al. (2008) Study 1c
28

29

71
30

65

28
67

24

20

36

44

47

76

Single sex

−1.06

Single sex
Single sex
Single sex
Single sex

−0.57
−0.73

Single sex

Single sex
Single sex

0.43
−1.06

0.45

0.22
−0.45

Single sex

Single sex

−0.06

0.43

Single sex

Single sex

Single sex

0.16

0.50

−0.60

1

1

1
1

1

1
1

1

1

1

1

1

1
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Explicit

Explicit

Explicit
Explicit

Explicit

Explicit
Explicit

Explicit

Explicit

Explicit

Explicit

Explicit

Explicit

n/a

West

West

South

USA

USA

(Continued)

Midwest

Midwest

Canada n/a
USA
Midwest

Canada n/a

Canada n/a
Canada n/a

Canada n/a

Canada n/a

UK

USA

USA

USA

Picho, Rodriguez, & Finnie
317

Wout, Danso, Jackson,
et al. (2008), Study 2a
Wout, Danso, Jackson,
et al. (2008), Study 2b
Zand Sholten, Wicherts,
Elsenburg et al. (2005)

Author (s)

Psychology
undergrads

Undergrads

Undergrads

Sample

Note: N/A = Not applicable, N/R = Not reported.

103

102

101

Study
no.

TABLE 1. (Continued)

254

37

37

Sample
size

Single sex

−0.80
Mixed sex

Single sex

−0.75

0.08

Sex comp.

d

.68

1

1

Prop.
women

Explicit

Explicit

Explicit

Priming
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Netherlands

USA

USA

Country

n/a

Midwest

Midwest

U.S. region

318
The Journal of Social Psychology

Picho, Rodriguez, & Finnie

319

12
Studies
p < 1%
1% < p < 5%

10

5% < p < 10%

Inverse standard error
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p > 10%

8

6

4

2
–2

–1

0
Effect estimate

1

2

FIGURE 2. Funnel plot of ST studies (color figure available online).

ST Moderator Analyses
Moderator meta-analyses were conducted separately for sex composition,
U.S. region, and testing environment (see table 3). 95% confidence intervals about
study ES were also computed. For any given category confidence intervals that
did not include zero indicated 95% confidence that the mean ST effect (denoted
by ES) was not zero. Confidence intervals including zero indicated undependable
ST effects.
Is the impact of ST greater in testing contexts where gender stereotypes are
overt or covert? As shown in Table 3, mean ST effects were greater for samples tested in contexts where negative stereotypes were covert (d = –0.28) versus
overt (d = −0.23). The variance about the ES in overt stereotype environments
(denoted by explicit priming) was much larger than that of samples tested in contexts with covert stereotypes. This indicated greater variability in ES for studies
in the former category. The non-overlap of confidence intervals with zero for both
categories suggested sturdy ST effects but the difference in ES between these two
conditions was not statistically significant (p > .05).
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TABLE 2. Study Characteristics
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Sample characteristic

k

d

Overall mean
103
−0.24
Education level
College
88
−0.24
High school
9
−0.30
Middle school
3
−0.30
Elementary school
1
−0.14
Academic domain
STEM
6
−0.06
Non-STEM
95
−0.25
Math identification used as selection criteria
No
89
−0.25
Yes
14
−0.16
Region
North America
73
−0.29
East Africa
2
−0.41
Western Europe
16
0.01
Southern Europe
5
−0.61
Northern Europe
1
0.33

Vard

95 %

CI95

0.21

−0.35

−0.14

0.26
0.11
0.11
−

−0.37
−0.57
−0.76
−0.61

−0.11
−0.02
0.15
0.32

0.36
0.20

−0.61
−0.36

0.47
−0.14

0.25
0.04

−0.38
−0.33

−0.13
0.01

0.24
0.09
0.11
0.22
−

−0.42
−1.01
−0.20
−1.11
−0.04

−0.16
0.18
0.23
−0.10
0.71

Note. Some studies did not report required information, resulting in missing values (and
discrepancy in k’s) for select categories. Vard = variance of mean effect size (ES).

TABLE 3. Moderator Analyses Results
Variable
Overall
Sex composition
Single sex
Mixed sex
Priming
Explicit
Implicit
U.S. region
Northeast
Midwest
South
West

k

d

Vard

95

CI

Fail safe N

103

−0.23

0.21

−0.35

−0.14

157

70
33

−0.22
−0.26

0.22
0.19

−0.37
−0.43

−0.10
−0.09

48
8

74
29

−0.23
−0.28

0.22
0.14

−0.36
−0.46

−0.10
−0.10

42
16

17
28
8
12

−0.29
−0.42
−0.38
−0.16

0.42
0.14
0.05
0.36

−0.65
−0.61
−0.62
−0.55

0.06
−0.24
−0.15
0.24

0
41
3
0

Note. Vard = variance of mean effect size (ES).
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Sex composition as a moderator of ST. Mean ST effects were larger for mixed sex
samples (d = –0.26) than they were for single sex samples (d = –0.22). Both types
of samples also had confidence intervals that did not contain zero, which suggested
dependable ST effects. However, differences between these groups were not statistically significant (p > .05). We also used the proportion of women variable to
further examine the effect of heterogeneity on the performance of females exposed
to ST in mixed sex samples. Results showed that for every unit increase in the proportion of women in the study samples, the mean ES increased (females exposed
to ST did better) by 0.02, but this increase was not statistically significant (p >
.05). The variance in studies conducted in contexts where gender stereotypes were
overt had been quite large; we examined studies in this category and found that ST
effects were greater for studies presenting the test as diagnostic of personal ability
(d = –0.35, CI 95 = –0.62 –0.09), versus explicitly stating that there are gender
differences on the test (d = –0.26, CI 95 = –0.43 –0.10). The differences between
these sub-groups also did not reach statistical significance.
Geographical region as a moderator of ST in the U.S. Mean ES for different
regions in the United States showed the largest effects in the Midwest (d = −0.42),
followed by the south (d = −0.38) and smallest in Western U.S. (d = −0.16).
However, only the results for the Midwest and South were reliable, as their confidence intervals did not include zero. Also, fail-safe numbers were also low,
indicating that publication bias could not be safely ignored in the interpretation
of ES for all other regions but the Midwest. Moderator analyses revealed no significant regional differences in ST effects (p > .05). The large variance in ES
for studies conducted in the Northeast and Western United States indicated a lot
more variability in ST effects in these regions. To investigate this heterogeneity
further, we analyzed data by sub divisions for each of the main US regions using
the 2010 census categories. However, very few studies had reported information
that would enable classification into given sub-divisions for any given region (see
Table 4). This made it impossible to conduct fine-grained analyses of ST effects
by sub-division for main regions in the United States. All the same, the trends in
ES revealed sub-divisional variations in ST effects (see Table 4), for instance in
the West, mean ST effects ES were more negative for studies conducted in the
mountain region compared to the Pacific.
Subgroup Analyses
Results from this meta-analysis revealed a significant amount of heterogeneity in ST effects among studies that could not be explained by the moderators
investigated. Subgroup analyses were conducted to explore potential sources of
heterogeneity further.
We started by investigating whether heterogeneity could be explained
by the methodological quality of studies included in the meta-analysis. The
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TABLE 4. ST Effects by Sub-Division in the U.S.
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Region
Northeast
New England
Middle Atlantic
Midwest
East North Central
West North Central
South
East South Central
West South Central
West
Mountain
Pacific

k

d

CI95

17
10
4
28
6
4
8
1
7
10
2
8

−0.29
−0.61
−0.04
−0.42
−0.19
−0.48
−0.38
−0.61
−0.36
0.02
−0.46
0.09

−0.65 0.06
−0.99−0.22
−1.05 0.97
−0.61−0.24
−0.51 0.12
−0.81−0.15
−0.62−0.15
–
−0.61−0.10
−0.46 0.51
−1.27 0.35
−0.69 0.87

Note. Discrepancies with some k’s for the Northeast and Midwest are due to unavailable information regarding the state where the study was conducted. (Some studies only
reported geographical region for samples more broadly e.g. students from a large Midwestern/
Northeastern university).

methodological quality form scores range from zero to a maximum of 22 points.
Scores of studies included in the analyses ranged from 5–19. We created a dichotomous variable using 12 (arbitrarily chosen) as a cut off score for good quality
studies. Most studies (k = 89) had quality scores above 12. We found that the
mean ES for better quality studies was half that of studies with average methodological rigor (i.e., k = 89, d = –0.20, CI 95 = –0.32 –0.09 cf. k = 14, d =
–0.46, CI 95 = –0.73 –0.18). However, the differences in mean ST effects were
not statistically significant (p > .05).
The funnel plot examined earlier also indicated heterogeneity in effect sizes
(ES), with several studies showing a reversal in the expected ST trend (i.e., positive ES denoting better performance of females exposed to ST). This trend,
showing that females in ST experimental conditions ST outperformed their control counterparts, was evident in 32 studies. A critical qualitative review of these
studies indicated that this trend could have been attributed to emerging patterns in
the interaction of alternate positive social identities and contextual factors present
in the testing environment.
Alternate positive social identities. Most positive effect sizes came from studies
where the alternate, positive identities of the participants could have been either
inadvertently introduced into the experimental design or deliberately activated as
part of the experimental manipulation (k = 6). An example of the latter was the
study of by Rydell, McConnell and Beilock (2009) where college students in
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experimental conditions where multiple identities (i.e. a positive stereotype that
college students were smarter than non-college students, and a negative stereotype that women were bad at math) were activated simultaneously were compared
to a no identity activated (control) condition before taking a math test. Studies
where positive identities might have been indirectly introduced into the experimental design involved (a) participant-specific characteristics e.g., samples of
Asian females in ST experiments (k = 1) where the positive ethnic stereotype
could have counteracted the negative female stereotype regarding quantitative
ability, and (b) contextual features of the testing context itself (k = 2). With respect
to the latter, single-sex samples were often ethnically diverse, which might have
boosted the performance of the females with the alternate positive (in this case,
ethnic) identity (e.g., Caucasian or Asian females) taking the test under the same
ST conditions as other minority females (k = 5). Indeed, when we decomposed
effect sizes for same sex samples by ethnicity in studies that facilitated this analysis e.g., Armenta (2010), we found reversed ST effects (positive effect sizes) for
White women and negative ST effects for Hispanics. This suggested higher performance for Caucasian females compared to their Hispanic counterparts under the
same conditions where ST was activated. Finally, studies that blurred inter-group
boundaries by having females focus on gender similarities and not differences
in other contexts (k = 5) also yielded positive ES. Therefore, it seemed that the
majority of ST reversal effects were associated with the introduction of alternate
positive social identities, which could have counteracted ST effects.

Contextual factors. Other results showing reverse ST effects were based on studies with student samples with low math identification (k = 1), samples where
members of stigmatized groups did not have solo status (k = 1), with samples
from STEM-related domains (k = 3—half of the STEM studies included in the
meta analysis) and countries with very low scores on Hofstede’s masculinity
index (k = 5). Even for studies reporting ST effects in the expected direction
(per STT), further analyses pointed to contextual factors like geography and education level as potential contributors to differential ST effects. For instance, as
shown in Table 2, ST had larger mean negative effects for samples from Southern
Europe and East Africa compared to North American samples. The mean ES for
studies conducted in Sweden and the Netherlands was almost zero, with females
in experimental groups performing better than their control counterparts. Also,
ST effects appeared to be more negative for samples in the middle school (d =
–0.30) and the high school (d = –0.30), compared to the college samples (d =
–0.24). A minimum of 12 studies per sub-group is required to achieve a power
of 0.9 to conduct moderator analyses (Borenstein et al, 2009). Unfortunately,
extremely low sample k’s for most sub-categories of education level and geographical region translated to low power which precluded moderator analyses
exploring these differences further.
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Discussion
Findings from this meta-analysis revealed that on average, females under
ST performed nearly a quarter of a standard deviation below their non-ST
counterparts. Interpreted in the context of standardized math exams like the GREQuantitative test (GRE-Q), which most ST studies have used in ST research, the
ramifications become much clearer. ST aside, there has been a gender gap favoring
males on standardized mathematics/quantitative tests for decades. For SAT-Math
scores, this gap has remained constant for over 35 years (Halpern et al., 2007).
In 2007 for example, males scored an average of 34 points higher (M (SD) = 533
(114)) than females (M (SD) = 499 (111)) on the SAT-M (Hyde et. al., 2008). The
performance gap is reportedly bigger for the GRE-Q, where males score an average of 70 points higher than females (Coley, 2001). For the 2006-2007 general
US student test-taking population, males (M(SD) = 599 (141) outscored females
(M(SD) = 521 (138)) on the GRE-Q by 78 points on average (Educational Testing
Service, 2008).
Most ST studies use items from the GRE-Q, and in these experiments, the
mean performance of females in the control groups often serves as a baseline,
reflecting the expected mean performance of females under ordinary testing situations on such tests. Alternatively, control scores could also be viewed as a proxy
for mean performance on the GRE when females are not subjected to ST. In the
current study, females in ST experimental groups performed nearly a quarter of
a standard deviation below their control counterparts. Thus, the mean ST effect
found in the current study (d = –0.24) might be akin to stereotype threatened
females performing a quarter of a standard deviation (or approximately 33 points)
below the expected average performance on the GRE-Q, which is lower than the
mean male GRE-Q score to begin with. That the mean scores of ST affected
females could potentially fall below the average score of female GRE test takers
in the general population suggests that the ST could exacerbate what is already a
disadvantageous situation. Viewed in this context, the magnitude of ST on math
performance could have a deleterious effect upon admittance into selective graduate programs, especially in STEM disciplines, given the emphasis placed on
quantitative ability as a factor of paramount importance.
Results also showed that ST was not moderated by the nature of testing environment or sex composition of the participants, and that females did not benefit
more from test setting situations that were homogeneous, or testing contexts where
they formed the majority. Although regional differences in ST effects did not
reach statistical significance for U.S. samples in this study, we believe that this
might have been due to potential sub-cultural variations within each given region.
However, efforts to explore these differences at a more fine-grained level were
futile as the number of studies reporting more specific geographic information
were so few that further analysis was impossible. Nonetheless, we still believe
that this area still holds promise as a potential moderator of ST and merits further
investigation at the primary level.
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That none of the features of the experimental design in the elaborate coding form could explain the between-study variance in ST effects suggests at least
in part that the mediating mechanisms of ST are not yet fully known, and that
the answer could lie with non-experimental contextual factors or other situational
elements not assessed in primary level studies. Specifically, the interaction of
broader contextual factors with psychological factors possessed by participants
in ST studies could have explained some of the variance in ST effects. Be that
as it may, both quantitative and qualitative trends in the data showed potential
interactions between multiple participant identities activated during the ST experiment and differential ST effects by geographical region and level of education.
Earlier on, we surmised that contextual factors related to geography might have
been useful in explaining some of the variance in ST studies. Although the discussion focused on US geographical regions, we would like to add that this could
also be the case for studies conducted in other countries culturally different from
the United States. Indeed, this study showed a trend of reverse to near-zero ST
effects for primary studies conducted in countries with small gender gaps, like the
Netherlands and Sweden for example (e.g., Eriksson & Lindholm, 2007; Scholten
et al., 2005). That ST effects were weak and reversed in studies conducted on
females in Scandinavian countries and were larger in African samples is plausible
given that gender roles are strong and distinct in Africa (Martineau, 1997), and
weak to non-existent in Scandinavian countries, which have the smallest gender
gap in the world (Hausmann, Tyson, Bekhouche, & Zahidi, 2011). We surmise that
in countries where culturally, gender roles are weak, ST would hardly be expected
to impact the performance of females because the occurrence of ST requires the
individual to be aware of negative stereotypes (i.e., high stigma consciousness)
about one’s group in a given domain, which might not be the case for individuals from these cultures. This is because at a cultural level (within egalitarian
societies), these gender stereotypes might be so weak that they engender low (as
opposed to high) levels of stigma consciousness regarding gender stereotypes in
women. Consequently, this would make women less likely to pick up environmental cues related to the negative stigma surrounding females’ math ability. Further,
because these stereotypes are not part of the consciousness of the broader culture,
introducing them in experimental testing contexts primed for ST might hardly be
discernible or even perceived as self-relevant enough to participants to severely
impact performance in this area.
This study was limited in a few ways, which temper the results reported. First,
the majority of primary ST studies have been conducted in the United States. This
was reflected in our meta-analysis where nearly two thirds of the studies were
from the United States. Therefore, caution should be taken in the interpretation
of ST effects, as they may not be easily generalizable to countries that are more
culturally distinct from the United States.
Second, the analysis of potential contextual moderators (like region) of ST
was precluded by insufficient study samples, k, (and hence power) required to
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investigate those factors further. The lack of power resulting from insufficient
k’s for certain sub-categories within these factors prohibited more fine-grained
analyses. Moreover, the problem of inadequate studies at the meta-analytic
level appeared to reflect similar problems inherent in the literature. That is,
key ST moderator variables (whether contextual or psychological) have been
investigated by only a few primary experimental studies. Consequently, limited investigation of key ST moderators at the primary level bound the validity,
generalizability, or even the power to detect their effects at the meta-analytic
level as well. This could be easily remedied by replication research in areas
where few studies have been conducted. We suspect that the paucity of ST
research on context could be partly attributed to the fact that the majority of
ST research has been largely experimental, and this mode of inquiry might be
somewhat limited in its capacity to provide insight into the contextual mechanisms that might mediate or moderate ST. Thus we reckon that a more effective
approach to understanding ST, especially with respect to its impact on individuals in authentic academic environments, might be mixed methods research
that incorporates qualitative inquiry into context. The latter would be more
useful in exploring questions surrounding the role of context in mediating or
moderating ST.
Conclusion
The current meta-analysis has shown that ST does exert a negative effect on
the quantitative performance of females, and that this effect could significantly
hinder entry into graduate programs in science disciplines. Based on the synthesis of ST research over a 17-year period, we contend that research on ST and
the mechanisms that drive it are barely out of its nascent stage. Certainly, over
the past decade and a half, a lot of work in this area has been done, but this
line of research has expanded more in breadth than in depth. That is, a lot of
ground has been covered with respect to uncovering factors that mediate and moderate the phenomenon, but the literature is plagued with insufficient replication
studies investigating these factors more fully. To that end, the present study has
brought the need for the replication of several under-investigated factors identified
as ST moderators at the empirical level to the forefront, and also highlighted the
need for more research to explore the interactive nature of multiple identities and
contextual factors in moderating ST. Currently, most ST studies repeatedly cite
the same one or two studies that have investigated ST moderators, which might
inadvertently yield misguided perceptions regarding the strength of any given ST
moderators. Cadinu and colleagues’ (2006) study for example, is perhaps one of
a handful of studies that has investigated and reported locus of control as a moderator of the phenomenon. The risk in citing results from under or unreplicated
studies is that the moderator effects might be exaggerated, or that the findings
themselves might be attenuated by the randomness introduced in the research
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study. A lack of replication would therefore make it difficult to develop a comprehensive theory of ST. This could have serious implications for ST interventions
and the researchers pursuing this line of work.
First, effective interventions are grounded in solid theory supported by the
best empirical evidence; therefore, structuring interventions based on under replicated ST moderators might lead to ineffective interventions. It appears that at this
time, given the current state of empirical research on ST moderators, any interventions to alleviate ST would be premature. It might be worthwhile for researchers
to first focus on replicating findings across several key factors empirically identified as ST moderators, and developing research on the contextual component of
STT before developing interventions to combat the phenomenon.
Based on the non-significant findings of several ST empirically identified
moderators, we contend that the current meta-analysis has successfully demonstrated what is not missing, i.e. what does not seem to moderate females’
performance in math under ST conditions. Therefore, it is incumbent upon future
researchers to explore the mechanisms that drive ST more fully. A good first step
in this direction would be to investigate the interaction between multiple identities,
as well as several levels of context both broad and narrow (i.e., national, educational and academic domain), which have thus far been under-investigated, as
implicated in the current study. In particular, future research might aim to demonstrate patterns of ST on the basis of geography; we predict that findings might
be indicative of stronger stereotype presence supported in what we typically consider to be cultures (both regional and national) that are less egalitarian in their
expectations and perceptions of gender roles. Researchers are also encouraged to
examine ST within the larger context of factors affecting females’ performance
in mathematics and treat it as one of many factors that curtail the achievement
and advancement of females in these domains. Inter-disciplinary research tying
other factors to females’ performance in these domains might yield more useful information pertinent to narrowing the gender gap in STEM and boosting the
performance of females in these domains.
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