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VIII. Abstract 

Background: Over the past two decades there has been an upsurge of 

research documenting the deleterious effects that stereotype threat exerts on 

females’ mathematical performance. However, there is still some debate 

regarding the mechanisms that underpin this situational phenomenon. The 

current thesis argues that one reason that may have precluded finding firm 

evidence of mediation is the recognition of distinct stereotype threats. Aims: 

Underpinned by social identity theory, the current thesis examines 

experimentally whether self-as-target and group-as-target stereotype threat 

influence females’ mathematical performance. It aims to elucidate further 

whether deficits in working memory or heightened motivation mediate the 

stereotype threat-performance relationship. Method: Experiment 1 – Female 

participants were primed with a negative self-as-target or group-as-target 

stereotype and completed a modular arithmetic test to provide an initial 

investigation of the working memory interference account. Experiment 2 – 

Female participants were primed with a negative self- or group-relevant 

stereotype and completed an anti-saccade eye-tracking task to pit the working 

memory interference account against the mere effort motivational account. 

Experiment 3 – Both the anti-saccade and modular arithmetic tasks were 

employed to examine whether a positive group stereotype motivated female 

participants to perform well or led them to ‘choke under pressure’. 

Experiment 4 & 5 – Female participants completed an updating, shifting and 

inhibition task under self-as-target, group-as-target or ‘combined’ stereotype 

threat conditions to examine whether these primes reduce general executive 

functioning. Experiment 6 – Female participants were tested alone or in 

groups to explore whether heightened social identity would act as a protective 

factor to augment their mathematical performance from self-as-target and 

group-as-target stereotype threat. It also examined whether stereotype threat 

and the group composition of the testing context influenced a fixed-ability 

mindset. Results: In line with a working memory interference account, 

females who were primed with both a self-as-target and group-as-target 

stereotype underperformed on problems that were presented horizontally 

relative to vertically. Self-as-target stereotype threat appeared to a have a 
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greater negative effect on overall performance (Experiment 1). However, 

these primes did not appear to influence performance on visuospatial tasks 

(Experiments 2 & 3). The salience of a positive group stereotype impeded 

females’ performance on difficult maths problems consistent with theories on 

‘choking under pressure’ (Experiment 3). Females showed reduced updating 

ability when they were primed concurrently with a self- and group-relevant 

stereotype prime, with this mediating the stereotype threat-performance 

relationship. This effect was not observed under conditions in which a task 

was deemed as solely diagnostic of personal or gender-related ability 

(Experiments 4 & 5). Finally, females solved more mathematical problems 

when they completed a maths test in single-sex groups relative to alone, 

suggesting that heightened in-group representation may serve to reduce 

stereotype threat effects. However, participants in single-sex groups appeared 

to endorse a weaker growth mind-set compared to those tested alone. 

Conclusion: Taken together, findings suggest that females may be more 

susceptible to stereotype threat when both their personal and social identities 

are made salient in the stereotyped domain. In such situations, stereotype 

threat appears to diminish verbal working memory resources to bring about 

decrements in mathematical performance. Original Contribution: The 

empirical research presented in this thesis represents the first to examine the 

mechanisms that underpin the effects of different stereotype threats on 

females’ mathematical performance.
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1.1. Females in Mathematics 

The gender gap in interest, participation and performance in mathematics is 

well documented and hotly debated (Nosek et al., 2009; Shibley-Hyde, 2014). 

Whilst females 1  typically outperform males across the majority of school 

subjects (Mullholland, Hansen, & Kaminski, 2004; Voyer & Voyer, 2014), 

international comparisons reveal that males continue to achieve higher grades 

in mathematics in many nations (Benbow, 1988; National Science Foundation 

[NSF], 2013; OECD, 2015; Reilly, Neumann, & Andrews, 2014; Stoet & Geary, 

2013). However, it is important to note that other research suggests that gender 

differences in mathematical aptitude may be small and limited to high achieving 

students (Ceci & Williams, 2010; Else-Quest, Shibley Hyde, & Linn, 2010; 

Halpern et al., 2007; Hedges & Nowell, 1995; Wai, Cacchio, Putallaz, & Makel, 

2010). 

 Early differences in mathematics achievement have also been 

suggested to influence gender-maths attitudes and shape future career 

aspirations (Ceci, Williams, & Barnett, 2009; Hill, Corbett, & St Rose, 2010; 

Shapiro & Williams, 2012). In both the United Kingdom and United States of 

America, females represent only 25% of doctoral degree holders in 

mathematics (London Mathematics Society, 2013; NSF, 2013) and are less 

likely to enter maths-intensive careers, constituting below 20% of mathematics 

university faculties and 6% of Professorships (LMS, 2013; NSF, 2008; US 

                                                        
 
1 The terms “female/male” and “women/men” are used interchangeably in this thesis. 
“Female/male” is appropriate when the age range is broad or ambiguous (American 
Psychological Association, 2010). 
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Department of Education, 2015). The attrition rates of females from 

mathematics fields are disproportionally higher compared to that of males 

(Beasley & Fischer, 2012), with this phenomenon being referred to as the ‘leaky 

pipeline’ (Clark-Blickenstaff, 2005; Wickware, 1997). The statistics are also 

disheartening for females who do enter and excel in STEM-related fields. For 

example, under 3% of Nobel laureates in Science are female, and only one 

female has received one of the top three awards in Mathematics (the Fields 

Medal, the Abel Prize and the Wolf Prize; Stoet & Geary, 2013). The paucity of 

women in mathematics is therefore a pressing societal concern (Murphy, 

Steele, & Gross, 2007), and has led scientists to investigate possible 

explanations for their underperformance in this domain. 

 

1.1.1. Explanations for Gender Differences in Mathematics 

A common and long held belief is that biological factors contribute to 

females’ lower levels of mathematical achievement (Benbow & Stanley, 1980; 

1983; Geary, 1996; Kimura, 1999; Simpkins, Davis-Kean, & Eccles, 2005; 

Spelke, 2005). Evolutionary theories propose that sexual selection has directly 

influenced mathematical development and performance (Geary, 1996). For 

instance, research suggests that males have developed greater visuospatial 

skills because these were required for successful navigation and hunting (Buss, 

1995; Geary, 1995; Geary & DeSoto, 2001). On the other hand, females tend 

to value social relationships more than males and this may lead them to favour 

subjects and careers which are people oriented (Geary, 1996; 1998; 1999; c.f., 

also Su, Rounds, & Armstrong, 2009). These “biological traits” are seen to lay 

the foundation for gender differences in mathematical ability through a variety 
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of mechanisms including differing social roles and sex typing on children’s play 

activities (Caplan & Caplan, 1994; Geary, 1996; 2010). 

Research also suggests that prenatal exposure to sex hormones and an 

increase in their production during puberty may explain group differences 

between females and males’ mathematical achievement (Collaer, Reimers, & 

Manning, 2007; Collins & Kimura, 1997; Geary, 2010; Kimura & Hampson, 

1994). Research by Kimura and Hampson (1994) indicates that high levels of 

ovarian hormones (estradiol) may influence adversely quantitative reasoning 

ability. On the surface, there is intuitive appeal to this explanation when 

considering that changes in hormone production during puberty coincide with 

the widening of the gender-achievement gap in mathematics (Reilly et al., 

2014). However, the gender-maths achievement gap has also been associated 

with cross-national indicators of gender equality (Else-Quest et al., 2010; 

Guiso, Monte, Sapienza, & Zingales, 2008), with data indicating that this gap is 

narrower, and sometimes disappears entirely, in more gender-equal societies 

(Else-Quest et al. 2010; Guiso et al., 2008). Other research, however, appears 

to show no association between endogenous hormone levels and performance 

(Halari et al., 2005; Puts et al., 2010; c.f., also Reilly et al., 2014 for review), 

suggesting that innate sex differences may not be the root cause of observed 

variations in mathematical ability. 

A number of social forces, such as teacher and parental expectations of 

gender-subject competence and socialisation have also been suggested to 

underpin females’ underachievement in mathematics (Bem & Lewis, 1975; 

Bleeker & Jacobs, 2004; Eccles, Jacobs, & Harold, 1990; Simpkins, Davis-

Kean, & Eccles, 2005). In a similar vein, it has been argued that the gender 
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stereotype pertaining to females’ perceived lower ability in mathematics might 

have a particularly important influence on actual performance (Spencer, Steele, 

& Quinn, 1999; Walton & Spencer, 2009). In support of this, research indicates 

that children in primary school endorse negative gender-maths stereotypes on 

both explicit self-report and implicit measures (Cvencek, Meltzoff, & Greenwald, 

2011). Moreover, knowledge of negative gender-maths stereotypes seem to 

consolidate further during middle school, with research suggesting that this may 

have a negative influence on females’ mathematical performance in school 

settings (Huguet & Régner, 2007). 

Negative stereotypes pertaining to females’ performance in 

mathematics appear to be pervasive, as is evidenced by the way in which multi-

national companies use stereotypes to market their products. For example, a 

public outcry led the U.S. toy company Mattel to recall a ‘TeenTalk’ Barbie™ 

doll from the market because it said “Math is hard” (Ben-Zeev et al., 2005; Ben-

Zeev, Fein, & Inzlicht, 2005). In 2015, the charity National Numeracy filed a 

complaint to the company L’Oreal, the French manufacturer of hair products, 

who featured an advert of a woman stating “Age is just a number. And maths 

was never my thing”, asserting that this may perpetuate negative gender-maths 

stereotypes. The negative stereotype surrounding females’ achievement and 

participation in mathematics thus appears to be sufficiently ingrained in 

Western societies and educational systems, and researchers have argued that 

these beliefs may primarily contribute to the gender-mathematics achievement 

gap (Cohen, Garcia, Apfel, & Master, 2006; Gunderson, Ramirez, Levine, & 

Beilock, 2012; Steele & Aronson, 1995; Steele, 1997). 
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1.2. An Overview of Stereotype Threat Theory 

Coined by Steele and Aronson (1995), stereotype threat is a situational 

predicament in which members of a negatively evaluated group underperform 

in stereotype-salient testing environments. The main thrust of this work 

highlights that making individuals aware, either explicitly or implicitly, of societal 

stereotypes regarding their devalued group membership impairs their 

performance in the stereotyped domain (Nguyen & Ryan, 2008; Steele, 1997; 

Steele, Spencer, & Aronson, 2002). In their seminal studies, Steele and 

Aronson (1995) found that African American’s intellectual proficiency was 

diminished when they perceived a verbal ability test to be indicative of race-

related ability. However, African Americans performed equivalently to their 

Caucasian peers when the same test was presented as non-diagnostic of 

ability. Extending these findings, Spencer et al. (1999) found that women 

underperformed when they perceived a test to be confirmative of gender 

differences in mathematical aptitude (after controlling for pre-existing 

mathematical ability). Yet, they performed similarly to men when the negative 

gender-maths stereotype was dismissed prior to the test. These findings 

suggest that the mathematical ability of males and females may be relatively 

equal, except under circumstances where females’ performance is hindered by 

situational cues (Steele, 1997). 

Stereotype threat has been used predominantly to explain the chronic 

gaps in intellectual test scores between African and European Americans 

(Steele & Aronson, 1995; Steele, 1997) and males and females on quantitative 

portions of standardised tests (Spencer et al., 1999). Nevertheless, research 

also suggests that it is not limited to such social groups who routinely face 
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stigmatising attitudes. According to Steele and Aronson (1995), stereotype 

threat can befall anyone who is a member of a group to which a negative 

stereotype applies. In support of this contention, research indicates that 

Caucasian men, a group that typically experience relatively advantageous 

social statuses, underperform when they believe that their mathematical 

performance will be compared against that of Asian men’s (Aronson et al., 

1999). White men also appear to perform comparatively worse to black men 

when a motor task is linked ostensibly to natural athletic ability (Stone, 2002; 

Stone, Lynch, Sjomeling, & Darley, 1999). The theory of stereotype threat 

therefore suggests that individuals may be likely to underperform in testing 

contexts, not solely because of established factors such as poverty, 

socialisation or parental style (c.f., Steele, 1997), but also as a result of 

situational factors, such as the pervasive stereotypes that are associated with 

their group membership (Nguyen & Ryan, 2008). In turn, the societal attitudes 

held about a particular group may shape the behaviour of individual group 

members in a way that imperils their intellectual functioning and reinforces the 

stereotype further (Steele, 1997). 

 

1.2.1. A multi-faceted situational phenomenon? Previous research 

has typically conceptualised stereotype threat as a singular construct, 

experienced similarly by targeted group members (Shapiro, 2011; Shapiro, 

Williams, & Hambarchyan, 2013). However, a closer look at the literature 

reveals that researchers have utilised diverse definitions and manipulations to 

elicit stereotype threat that appear to be fundamentally distinct (Shapiro & 

Neuberg, 2007). Steele and Aronson’s (1995) original definition refers to 
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stereotype threat as “being at risk of confirming, as self-characteristic, a 

negative stereotype about one’s group” (p. 797), and therefore emphasises 

both the role of the self and the social group. More recent definitions have 

deviated from this viewpoint. For example, the majority of research has focused 

solely on stereotype threat as a form of social identity threat; concerns that 

stereotype-relevant performance will reflect adversely on the abilities of one’s 

group (e.g., Aronson & Inzlicht, 2004; Bosson, Haymovitz, & Pinel, 2004). 

Specifically, stereotype threat has been suggested to occur when “one could 

be seen as confirming a negative social stereotype about their in-group” 

(Schmader & Johns, 2003, p. 440). Other research has focused predominantly 

on features of the self, suggesting that stereotype threat arises when individuals 

apprehend that stereotype-relevant performance may be self-characteristic and 

a threat to self-integrity (Croizet & Claire, 1998; Kray, Thompson, & Galinsky, 

2001). 

These disparate definitions may underscore particularly meaningful 

differences in how stereotype threat operates and suggests that individuals 

may experience multiple, distinct forms of stereotype threat (Shapiro & 

Neuberg, 2007). One meaningful difference that can be observed in these 

varying definitions regards whether the self or the social group is the target of 

negative performance implications. With these distinctions in mind, the current 

thesis takes a social identity approach to examine situations in which the 

salience of a female’s devalued personal or social identity may result in 

mathematical performance decrements. 
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1.2.2. A social identity approach. Social identity theory (SIT; Tajfel, 

1981; Tajfel & Turner, 1979; 1986) and self-categorisation theory (Turner, 

Hogg, Oakes, Reicher, & Wetherell, 1987) posit that individuals have two 

sources of identity; a personal identity which defines them as idiosyncratic 

individuals, and a social identity which is derived from the social groups with 

whom they identify (Crocker & Luhtanen, 1990; Hornsey, 2008). Whereas 

personal identity refers to characteristics of the individual, such as competence 

or extravert, social identity refers to the multiple social groups with which people 

categorise themselves, such as female, British or Democrat (Crisp & Hewstone, 

2007; Prati, Crisp, Meleady, & Rubini, 2016; Swann, Gómez, Conor-Seyle, 

Morales, & Huici, 2009). An individual’s social identity serves as a reference 

point that enables them to compare similarities and differences with other 

“ingroup” relative to “outgroup” members (Turner, Oakes, Haslam, & McGarty, 

1994). If an individual evaluates their role in a social group as positive, then this 

serves to heighten self-esteem (Hogg & Abrams, 1988; Hoelter, 1986; Stryker, 

1980; Jetten et al., 2015; Schmader, 2002) and if an individual performs well in 

their social role, they may feel good in view of the perceived positive appraisals 

from others (Franks & Marolla, 1976). This quest for positive distinctiveness 

means that people’s sense of who they are is defined in terms of their social 

identity, specifically in terms of ‘we’ rather than ‘I’ (Ellemers, Gilder, & Haslam, 

2003; Hornsey, 2008; Tajfel & Turner, 1986). When applying a social identity 

approach to stereotype threat research, however, it may be questioned how 

people contend with a devalued social identity that does not serve to enhance 

self-esteem (Rydell, McConnell, & Beilock, 2009). 
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Tajfel (1969) reasoned that individuals come to define their sense of 

‘self’ in terms of their group membership, and this can explain why allocation to 

ostensibly meaningless groups may influence behaviour. Individuals determine 

the superiority or inferiority of their own social group by comparing it to others 

(McGarty, Yzerbyt, & Spears, 2002). Distinguishing between ingroup and 

outgroup members allows individuals to evaluate the benefits of belonging to 

their social group, and helps define their place in society (Tajfel, 1981). It is also 

seen to help people interpret, explain, and justify their behaviour based on the 

characteristics of their social group (Tajfel, 1981). As such, an individual’s 

social identity contributes to the perception of a socially structured ‘self’. 

However, based on group categorisation, differences between the ingroup 

(e.g., female) and outgroup (e.g., male) can become accentuated, and intricate 

differences between members of the same social category (e.g., other females) 

may be overlooked. This can lead to the process of stereotyping in that 

between-group differences are perceived as large whereas within-group 

differences are perceived as small (Ashmore & Del Boca, 1981; Rosenthal & 

Crisp, 2006; 2007; McCauley, Stitt, & Segal, 1980; Tajfel, 1981). This “meta-

contrast” influences a range of behaviour, such as prejudice and discrimination 

(Hall, Crisp, &, Suen, 2009), both of which may be experienced in stereotype-

salient environments (McGarty et al., 2002). 

Some researchers propose that stereotype threat occurs when an 

individual’s positive self-concept is inconsistent with the expectation that their 

social group should underperform in an ability domain (Rydell et al., 2009; 

Schmader, Johns, & Forbes, 2008). For example, most females view 

themselves as competent, capable and able to achieve. Nonetheless, there is 
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a pejorative stereotype that females have lower mathematical ability compared 

to males (Rydell et al., 2009). These contradictory propositions regarding the 

concepts of the self (i.e., I am competent, capable and able), the group (i.e., I 

am a female) and the ability domain (i.e., females have less mathematical 

aptitude) are seen to set the stage for stereotype threat because one cannot 

be both female and good at mathematics (Nosek, Banaji, & Greenwald, 2002; 

Schmader et al., 2008).  

Many studies support the contribution of social identity theory to 

stereotype threat theory. For example, research indicates that focusing on 

differences between males and females can exacerbate the effects of 

stereotype threat on performance, whereas priming similarities between groups 

may alleviate these performance decrements (Crisp & Abrams, 2009; 

Rosenthal & Crisp, 2006; 2007). In a similar vein, women have been found to 

be less susceptible to stereotype threat when they are tested in same-sex 

relative to mixed-sex groups, suggesting that heightened ingroup 

representation serves to bolster their mathematical performance (Huguet & 

Régner, 2007; Inzlicht & Ben-Zeev, 2000). 

However, SIT also suggests that self-categorisation is extremely fluid, 

allowing individuals to shift self-perceptions from a personal to social identity 

perspective dependent on contextual cues (Turner et al., 1994). Capitalising on 

this, researchers have proposed that individuals may be vulnerable to 

experiencing distinct forms of stereotype threat, which target either the self or 

the social group (Shapiro & Neuberg, 2007; Shapiro et al., 2013; Wout, Danso, 

Jackson, & Spencer, 2008). In other words, individuals may experience threats 

to either their personal or social identity dependent on which aspect of their 
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identity is more pronounced in the stereotyped domain (Schmader et al., 2008; 

Shapiro & Neuberg, 2007; Shapiro, et al., 2013; Wout et al., 2008). In a 

stereotype-salient environment, an individual’s personal identity may be 

threatened when they compare unfavourably to other individuals (Schmader et 

al., 2008; Shapiro & Neuberg, 2007). Here, performance deficits may arise from 

a strong propositional link between the self and the ability domain (Schmader 

et al., 2008). In contrast, a valued social identity (i.e., being female) may be 

threatened when an individual’s in-group compares unfavourably with the out-

group (i.e., males in the domain of mathematics; Schmader, 2002). In such 

situations, individuals might apprehend that they will confirm the stereotype as 

a true representation of their social group, with a greater cognitive tension 

stemming from a strong association between the group and the ability domain 

(Schmader et al., 2008). 

 

1.2.3. The Multi-Threat Framework. The Multi-Threat Framework 

(Shapiro & Neuberg, 2007) proposes six qualitatively distinct stereotype 

threats, which manifest from the intersection of two dimensions: the target of 

the stereotype (i.e., the salience of one’s personal or social identity) and the 

source of the stereotype (i.e., the evaluative judgment of the self, the ingroup 

or the outgroup). See Table 1 for an overview. 
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Table 1. 

Six qualitatively distinct stereotype threats that emerge through the 

intersection of the target and source of threat. Adapted from Shapiro and 

Neuberg (2007, p. 113). 

 

  

 Target of Stereotype Threat 

Source of Stereotype 

Threat 

Personal Identity 

(self) 

Social Identity  

(group) 

Personal Identity (self) Self-as-target 
threat 
Being at risk of 
confirming, as self-
characteristic, a 
negative stereotype 
about one’s group. 
 

Group-as-target threat 
Being at risk of 
confirming, or 
reinforcing, a negative 
societal stereotype 
pertaining to one’s 
group-membership. 

Outgroup Members Own-reputation 
Threat (outgroup) 
Being at risk of 
confirming, in the 
minds of other 
group members, 
that a negative 
stereotype is true of 
personal ability. I 
will therefore be 
judged or treated 
badly by outgroup 
members. 
 

Group-Reputation 
Threat (outgroup) 
Being at risk of 
confirming, or 
reinforcing, in the minds 
of outgroup members, 
that a negative societal 
stereotype is true of 
one’s group 
membership. My group 
will therefore be judged 
or treated badly by 
outgroup members. 

Ingroup Members Own-reputation 
Threat (ingroup) 
Being at risk of 
confirming, in the 
minds of ingroup 
members, that the 
negative 
stereotypes held of 
my group are true 
of my personal 
ability. 

Group-Reputation 
Threat (ingroup) 
Being at risk of 
reinforcing, in the minds 
of ingroup members, 
that the negative 
stereotypes held about 
one’s group 
membership are 
confirmative about 
one’s social group. 
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Focusing on the target of stereotype threat, individuals who experience 

“self-as-target” stereotype threat may perceive that stereotype-consistent 

performance will be judged as self-characteristic of personal ability (Shapiro & 

Neuberg, 2007). On the other hand, people who experience “group-as-target” 

stereotype threat may perceive that underperformance will confirm, and thereby 

reinforce, a negative societal stereotype held about their ingroup (Schmader et 

al., 2008; Shapiro & Neuberg, 2007; Zhang, Schmader, & Hall, 2013). These 

types of stereotype threat are comparable from the perspective that they each 

result from the predicament of being a member of a devalued social group, and 

are prompted by the expectation that performance will be judged on the basis 

of a pejorative stereotype (Shapiro & Neuberg, 2007). However, researchers 

have theorised that these distinct experiences of stereotype threat may not only 

result from different eliciting conditions, but also may be moderated and 

mediated by somewhat different processes (Shapiro & Neuberg, 2007; Shapiro 

et al., 2013). As such, self-as-target and group-as-target stereotype threats 

may have a greater or lesser effect on females’ mathematical performance as 

a function of different factors that heighten their susceptibility to such threats. 

Furthermore, it is plausible that different mechanisms may underpin the 

relationship between these distinct stereotype threats and underperformance. 

It is with this in mind that the current thesis argues that research should 

recognise and distinguish between different forms of stereotype threat in order 

to gain a more nuanced understanding of how stereotype threat impacts 

performance and the mechanisms through which it may operate. 
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1.3. Research Premise 

Considerable empirical support has been accrued for the theory of stereotype 

threat over the past two decades of research (c.f., Doyle & Voyer, 2016; Nguyen 

& Ryan, 2008; Pennington, Heim, Levy, & Larkin, 2016; Picho, Rodriguez, & 

Finnie, 2013 for reviews). However, when reviewing the literature, it becomes 

apparent that researchers have not utilised a uniform or standardised set of 

manipulations to evoke stereotype threat, and vary in terms of their theoretical 

definitions (Shapiro & Neuberg, 2007; Shapiro et al., 2013). Specifically, 

researchers have employed a wide range of primes that emphasise the self or 

the social group, yet have conceptualised this methodology as capturing the 

same underlying phenomenon (Shapiro & Neuberg, 2007). Other researchers 

have argued that this may oversimplify the stereotype threat process and 

consequently hinder theory development (Wout et al., 2008). Accordingly, the 

multi-threat framework (Shapiro & Neuberg, 2007) was developed to suggest 

that individuals might experience numerous different stereotype threats, which 

target either the self or the social group to bring about decrements in 

performance. Despite this framework being discussed in a number of 

theoretical articles (c.f., Shapiro & Neuberg, 2007; Shapiro, 2012), there exists 

a limited amount of empirical research that examines the effects of these 

distinct stereotypes on performance (c.f., Shapiro et al., 2013; Wout et al., 2008 

for exceptions). Taking this into consideration, the first aim of the current thesis 

is to examine whether self-relevant and group-relevant stereotypes exert 

different (or similar) effects on females’ mathematical performance. It therefore 

aims to make a theoretical contribution to knowledge by answering the following 
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questions set forth by Aronson et al. (1999), which have not been fully 

addressed to date: 

 

Is stereotype threat self-threatening because it arouses a fear of 

being a bad ambassador of one’s group to mainstream society? 

Or is it more simply the apprehension about appearing 

incompetent – for the sake of one’s own reputation? Or, 

alternatively, is it merely the result of worrying that one might lack 

ability? Or is it some combination of these concerns? These are 

important questions that will have to await the results of future 

research for answers (p. 43). 

  

 There is also considerable debate regarding the underlying mechanisms 

of stereotype threat (c.f., Jamieson & Harkins, 2007; Smith, 2004). As will be 

uncovered in the following systematic literature review (Chapter 3), some 

researchers argue that deficits in working memory mediate the stereotype 

threat-performance relationship (e.g., Beilock, Rydell, & McConnell, 2007; 

Rydell, Van-Loo, & Boucher, 2014; Schmader & Johns, 2003), whereas others 

suggest that enhanced motivation accounts for this relationship (Jamieson & 

Harkins, 2007; 2009; Seitchik & Harkins, 2015). Furthermore, there is mixed 

empirical support with regard to additional affective, cognitive and motivational 

mechanisms that are proposed to underpin stereotype threat effects. The 

current thesis argues that the discrepancies between findings in the current 

literature may, to an extent, be a product of the heterogeneity of primes utilised 

to elicit stereotype threat and the different methods used to measure it. In their 
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theoretical review, Shapiro and Neuberg (2007) suggest that different 

moderating and mediating mechanisms may underpin self-as-target and group-

as-target stereotype threat. However, no research has tested this empirically to 

date. Taking this into consideration, the second aim of the current research is 

to elucidate the underlying mechanisms of distinct stereotype threats. A greater 

understanding of the mediating mechanisms that underpin the effects of self-

as-target and group-as-target stereotype threat on performance is an important 

endeavour, which will help researchers to understand how these distinct threats 

operate and how such effects may be reduced. 

 

1.4. Overview of Thesis 

The following chapter (Chapter 2) presents a systematic literature review of the 

psychological mediators that have been explored within the past twenty years 

of stereotype threat research. It appraises critically the underlying mechanisms 

of stereotype threat as a function of the type of threat primed, the population 

studied, and the measures utilised to examine mediation and performance 

outcomes. Here, it is proposed that one reason that has precluded studies from 

finding firm evidence of mediation is the recognition of distinct forms of 

stereotype threat (i.e., self-relevant and group-relevant stereotype primes). 

Guided by this, Chapter 3 provides an overview of the research questions 

asked by the current thesis and identifies methodological considerations with a 

view to informing the empirical chapters. The ensuing chapters then present six 

empirical studies. Underpinned by a working memory interference account 

(Beilock et al., 2007; Schmader & Johns, 2003), Chapter 4 examines whether 

deficits in verbal working memory may explain the effects of self- and group-
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relevant stereotype threat on women’s mathematical performance (Experiment 

1). Chapter 5 then pits support for the working memory interference theory 

against the motivational ‘mere effort’ account of stereotype threat utilising eye-

tracking methodology, which is novel within this field of research (Experiment 

2). It extends this to examine whether priming a positive group-based 

stereotype facilitates women’s mathematical performance by increasing their 

motivation or debilitates performance because it interferes with working 

memory and leads them to ‘choke under pressure’ (Experiment 3). Chapter 6 

distinguishes between sub-components of executive functioning to examine 

whether updating, inhibition and shifting underpin self-as-target and group-as-

target stereotype threat effects (Experiment 4). It then examines whether 

stereotype threat effects are more likely to emerge when implications for 

performance are tied to both an individual’s personal and social identity 

(Experiment 5). Up to this point, the current thesis focuses on the debilitating 

effects of stereotype threat on performance and the mechanisms that may 

account for this relationship. The final empirical study outlined in Chapter 7 

therefore investigates strategies to alleviate stereotype threat effects. 

Underpinned by a social identity approach, it examines whether testing women 

in single-sex groups may present as an effective strategy to ameliorate 

stereotype threat effects by heightening in-group representation (Experiment 

6). It also explores the potential negative consequences of gender-segregated 

classroom environments by investigating whether same-sex testing influences 

a fixed-ability mindset because females become more cognisant of their 

gender. The general discussion in Chapter 8 consolidates this empirical 

research and provides an overall appraisal of whether stereotype threat should 
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be conceptualised as a singular construct or a multi-faceted situational 

phenomenon. It also highlights some limitations of the current thesis and 

discusses some potential avenues for future research. 
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2. CHAPTER 2 – Systematic Literature Review 
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Abstract 

 
Aim: In the first of its kind, this systematic literature review appraises critically 

the mediating variables of stereotype threat proposed to date. Method: A 

bibliographic search was conducted across the electronic databases of 

PsycINFO, PsycARTICLES, Web of Knowledge, PubMed, Science Direct and 

Google Scholar between 1995 and 2016. The search identified 45 experiments 

from 38 articles and 17 unique proposed mediators that were categorised into 

affective (n = 6), cognitive (n = 7) and motivational mechanisms (n = 4). 

Results: Empirical support was accrued for mediators such as anxiety, 

negative thinking, and mind-wandering, which are suggested to co-opt working 

memory resources under stereotype threat. However, other research points to 

the assertion that stereotype threatened participants may be motivated to 

disconfirm negative stereotypes, facilitating a dominant approach which 

resultantly has a paradoxical effect on performance. The review also indicates 

that stereotype threat appears to impact diverse stigmatised groups in different 

ways, with no one mediator providing generalised empirical support. 

Discussion: In line with the multi-threat framework, the discussion postulates 

that the underlying mechanisms of stereotype threat may differ dependent on 

the primes utilised, the population being studied, and the measures employed 

to examine mediating variables and performance. 
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2.1. Introduction 

Since the publication of Steele and Aronson’s (1995) seminal research, the 

theory of stereotype threat has become one of the most widely researched 

topics in Social Psychology (Derks, Inzlicht, & Kang, 2008; Schmader, Johns, 

& Forbes, 2008). Over the past 20 years, Steele and Aronson’s (1995) original 

article has gathered more than 5,000 citations2 and has been referred to as a 

'modern classic' (Devine & Brodish, 2003; Fiske, 2003). In stark contrast to 

theories of genetic intelligence (Benbow & Stanley, 1980; Spelke, 2005; c.f., 

Sternberg, Grigorenko, & Kidd, 2006 for debate), the theory of stereotype threat 

offers a situational explanation for the on-going and intractable debate 

regarding the source of group differences in academic aptitude (Derks et al., 

2008). 

 More than 300 experiments have illustrated the apparent deleterious and 

extensive effects that stereotype threat can inflict on many different populations 

(Walton & Spencer, 2009). The possibility of confirming a negative stereotype 

about one’s group has been found to contribute to underperformance on a 

range of diverse tasks including intelligence (Steele & Aronson, 1995; Pavlova, 

Weber, Simoes, & Sokolov, 2014), memory (Hess, Auman, Colcombe, & 

Rahhal, 2003; Levy, 1996), mental rotation (Wraga, Duncan, Jacobs, Helt, & 

Church, 2006), and mathematical tests (Beilock, et al., 2007; Schuster, Martiny, 

& Schmader, 2015; Spencer et al., 1999), golf putting (Beilock, Jellison, Rydell, 

McConnell, & Carr, 2006), driving (Skorich et al., 2013; Yeung & von Hippel, 

                                                        
 
2Citation reports from Google Scholar™ state that Steele and Aronson’s (1995) article has been 
cited 5,770 times as of August 2016. 
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2008), inhibitory control (Pennington, Qureshi, Monk, & Heim, 2016), and 

childcare skills (Bosson, Haymovitz, & Pinel, 2004). Given the generality of 

these findings, researchers have turned their efforts to investigating the 

underlying mechanisms of this situational phenomenon. 

 

2.1.1. Susceptibility to Stereotype Threat 

Research has identified numerous moderators that make tasks more likely to 

elicit stereotype threat and individuals more prone to experience it (Shapiro & 

Neuberg, 2007; c.f., Nguyen & Ryan, 2008; Lamont, Swift, & Abrams, 2015; 

Picho et al., 2013; for meta-analyses). From a methodological perspective, 

stereotype threat effects tend to emerge on tasks of high difficulty and demand 

(Hess, Hinson, & Hodges, 2009; Keller, 2007; Neuville & Croizet, 2007). 

However, the extent to which a task is perceived as demanding may be 

moderated by individual differences in working memory (Régner et al., 2010). 

Additionally, stereotype threat may be more likely to occur when individuals are 

conscious of the stigma ascribed to their social group (Brown & Pinel, 2003; 

Hess et al., 2009), believe the stereotypes about their group to be true (Elizaga 

& Markman, 2008; Schmader, Johns, & Barquissau, 2004), and for those with 

low self-esteem (Rydell & Boucher, 2010) and an internal locus of control 

(Cadinu, Maass, Lombardo, & Frigerio, 2006). Research also indicates that 

individuals are more susceptible to stereotype threat when they identify strongly 

with their social group (Davies, Aronson, & Salinas, 2006; Kiefer & 

Sekaquaptewa, 2007a; Marx, Stapel, & Muller, 2005; Schmader, 2002) and 

value the performance domain (Appel, Kronberger, & Aronson, 2011; Aronson 

et al., 1999; Keller, 2007; Steele, 1997; Stone et al., 1999). However, other 
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research suggests that domain identification is not a prerequisite of stereotype 

threat effects (Keller & Dauenheimer, 2003), and has shown that heightened 

group membership may serve as a strategy to overcome harmful academic 

consequences (Oyserman, Harrison, & Bybee, 2001; Oyserman, 

Kemmelmeier, Fryberg, Brosh, & Hart-Johnson, 2003). 

 

2.1.2. Mediators of Stereotype Threat 

Although evidence has been accrued regarding the moderating variables that 

may influence the strength and direction of stereotype threat effects, research 

that aims to elucidate the underlying processes which account for the 

stereotype threat-performance relationship have produced variable results 

(Jamieson & Harkins, 2007; Schmader et al., 2008; Smith, 2004; Wheeler, 

Jarvis, & Petty, 2001). A plethora of factors have been proposed to mediate the 

effects of stereotype threat on performance, however, due to constraints 

surrounding experimental research, many of these variables have been tested 

in isolation (Schmader et al., 2008). Researchers have suggested that this may 

have contributed to the unrealistic expectation that there is a single mediator of 

stereotype threat (Jamieson & Harkins, 2011a; Schmader et al., 2008; Steele, 

Spencer, & Aronson, 2002). Overcoming this, Schmader et al. (2008) propose 

an integrated process model of stereotype threat, suggesting that stereotype 

threat heightens physiological stress responses and influences monitoring and 

suppression processes to deplete working memory efficiency. This provides an 

important contribution to the literature, signalling that multiple affective, 

cognitive and motivational processes may account for the effects of stereotype 
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threat on performance. However, the extent to which each of these variables 

has garnered empirical support remains unclear. 

 Furthermore, researchers have utilised many different manipulations 

and methods to instantiate stereotype threat, and it is plausible that this has 

precluded finding firm evidence of mediation. As discussed in Chapter 1, the 

majority of research has viewed stereotype threat as a situational predicament 

that occurs when individuals perceive their social group to be devalued by 

others (Crocker & Major, 1989; Steele et al., 2002), and have resultantly 

employed “group-as-target” primes (Shapiro & Neuberg, 2007; Shapiro et al., 

2013). This research overlooks how individuals may self-stigmatise and 

evaluate themselves (Frey & Tropp, 2006; Leary, Terry, Allen, & Tate, 2009; 

van Veelan, Otten, Cadinu, & Hansen, 2016; Wheeler, Demarree, & Petty, 

2007), and the conflict people may experience between their personal and 

social identities (Hirsh & Kang, 2015). 

 Researchers have also elicited stereotype threat using direct and 

indirect priming techniques. For example, stereotype threat has been 

manipulated experimentally by priming participants explicitly with a negative 

stereotype regarding their social group (Aronson et al., 1999; Rydell et al., 

2014), activating stereotypes implicitly by asking participants to report their 

group membership before a stereotype-relevant task (Steele & Aronson, 1995; 

Quinn, Kahng, & Crocker, 2004), and manipulating the group composition of 

the testing environment (Inzlicht & Ben-Zeev, 2000; Sekaquaptewa & 

Thompson, 2003). Whilst this speaks to the robustness of this phenomenon, it 

is plausible that these different methods may influence performance outcomes 

in different ways, and that diverse experiences of stereotype threat may be 
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underpinned by independent mechanisms (Nguyen & Ryan, 2008; Stone & 

McWhinnie, 2008). Nonetheless, to date no research has taken a multi-threat 

approach in the investigation of mediating variables, and it remains to be 

assessed whether the same or different mechanisms are responsible for the 

effects of distinct stereotype threats on performance. 

 

2.1.3. Objectives of the Review 

The current systematic literature review distinguishes between different 

stereotype threat primes that target either the self or the social group to provide 

evidence for the existence of multiple stereotype threats that may be evoked 

through different pathways and accounted for by distinct mechanisms. 

Specifically, the purpose of this review is threefold: 1), to identify and critically 

examine the proposed mediators of stereotype threat; 2), to evaluate whether 

different mediators govern different stereotyped populations; and 3), to explore 

whether the effects of self-as-target or group-as-target stereotype threat on 

performance are the result of qualitatively distinct mediating mechanisms. 

 

2.2. Methodology 

 
2.2.1. Literature Search 

A bibliographic search of electronic databases (PsycINFO, PsycARTICLES, 

Web of Knowledge, PubMed, Science Direct and Google Scholar) was 

conducted between the cut-off dates of 1995 (the publication year of Steele & 

Aronson’s seminal article) and July 2016. A search string was developed by 

specifying the main terms of the phenomenon under investigation. Here, the 
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combined key words of stereotype and threat were utilised as overarching 

search parameters and directly paired with either one of the following terms; 

mediator, mediating, mediate(s), predictor, predicts, relationship or 

mechanism(s). Identification of relevant articles and data extraction were 

conducted in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses Statement (PRISMA; Moher, Liberato, Tetzlaff, & 

Altman, 2009). A literature search was conducted separately in each article 

database and records were exported to citation software, after which duplicates 

were removed. A call for any unpublished or ‘in press’ articles was sent to the 

European Association for Social Psychology to control for potential publication 

bias (Dickersin, 2005; Dickersin, Min, & Meinert, 1992; Rosenthal, 1979). 

Additional articles were also retrieved by reviewing the reference lists of 

relevant journal articles. Relevant articles were then screened by examining the 

title and abstract in line with eligibility criteria, after which a full text review was 

performed on all remaining articles (Cronin, Ryan, & Boughlan, 2008; Khan, 

Riet, Popay, Nixon, & Kleijnen, 2009). 

 

2.2.2. Eligibility criteria. Studies were selected based on the following 

criteria: 1), researchers utilised a stereotype threat manipulation; 2), a direct 

mediation analysis was conducted between stereotype threat and performance; 

3), researchers found evidence of moderated-mediation, and 4), the full text 

was available in English. Articles were excluded on the following basis: 1), 

performance was not the dependent variable, 2), investigations of “stereotype 

lift”; 3), doctorate, dissertation and review articles (to avoid duplication of 

included articles); and 4), moderating variables. Articles that did not find any 
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significant results in relation to stereotype threat effects were also excluded in 

order to capture reliable evidence of mediation between stereotype threat and 

underperformance. See Table 2 for details of excluded articles. 

 

Table 2. 

Number of articles excluded in full text review, with reasons. 

 

 

2.2.3. Categorising Different Stereotype Threats 

The current review distinguished between self-relevant and group-relevant 

stereotype primes by examining each stereotype threat manipulation. In 

accordance with previous research (Shapiro & Neuberg, 2007; Shapiro et al., 

2013; Wout et al., 2008), self-as-target stereotype threats were categorised on 

the basis that participants focused on the test as a measure of personal ability. 

Reason for exclusion Number of articles Percentage (%) 

No direct mediation 

analysis 

25 58.14% 

No ST effects found 5 11.63% 

Review papers 4 9.30% 

Did not prime ST 3 6.98% 

Moderators of ST 3 6.98% 

No performance measure 2 4.65% 

Performance not 

standardised 

1 2.33% 
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Group-as-target threats were classified on the basis that participants perceived 

performance to be diagnostic of their group’s ability. 

 

2.2.4. Mediators: Conceptualisations and Definitions 

Effect sizes for mediational findings are described typically through informal 

descriptors, such as complete, perfect, or partial (Hayes, 2013; Preacher & 

Kelley, 2011). Accordingly, the current findings are reported in terms of 

complete or partial mediation. Complete mediation indicates that the 

relationship between stereotype threat (variable X) and performance (Y) 

completely disappears when a mediator (M) is included as a predictor variable 

(Preacher & Kelley, 2011). Partial mediation refers to instances in which a 

significant direct effect remains between stereotype threat and performance 

when controlling for the mediator, suggesting that additional variables may 

explain this relationship further (Rucker, Preacher, Tormala, & Petty, 2011). 

Instances of moderated-mediation are also reported, which occurs when the 

strength of mediation is contingent on the level of a moderating variable 

(Preacher, Rucker, & Hayes, 2007). 
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2.3. Findings 

 
A total of 45 experiments in 38 articles were qualitatively synthesised, 

uncovering a total of 17 distinct proposed mediators. See Figure 1 for process 

of article inclusion. These mediators were categorised into affective/subjective 

(n = 6), cognitive (n = 7) and motivational mechanisms (n = 4). The majority of 

included research utilised a group-as-target prime (n = 36, 80%) compared to 

a self-as-target prime (n = 6; 13.33%). Three studies (6.66%) were 

uncategorised as they employed subtle stereotype threat primes, for example, 

manipulating the group composition of the testing environment. Table 3 

summarises the articles reviewed and details their key findings and respective 

methodologies. 
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Figure 1. Process of article inclusion (following PRISMA guidelines). 
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Table 3. 

Summary of stereotype threat literature examining mediational variables with key methodologies and findings. 

 

Authors Hypothesised 
Mediator 

Mediator Method Dependent 
Variable 

Population Conditions Stereotype 
threat prime 

Mediation 
findings 

Appel et al. 
(2011), 
Experiment 4 

Performance 
expectancies; 
Effort 

Self-report 
expectancy scale; 
two-item self-
report effort scale 

Ability to 
judge 
encyclopaedia 
entries 

Female STEM 
majors 

3 conditions: 
1), stereotype 
threat, 2), 
positive 
stereotype, 3), 
control 

Group-as-
target 

None 

Aronson et al. 
(1999), 
Experiment 1 

Anxiety; Effort State-trait anxiety 
inventory and 
effort 
questionnaire  

18 Graduate 
Record 
Examination 
(GRE) maths 
questions 

23 male 
undergraduates 

2 conditions: 
1), stereotype 
threat; 2), 
control 
condition 

Group-as-
target 

None 

Aronson et al. 
(1999), 
Experiment 2  

Anxiety; Effort; 
Evaluation 
apprehension 

State-trait anxiety 
inventory, Effort 
and performance 
expectancies 
questionnaire  

15 GRE 
maths 
questions 

75 white male 
undergraduates 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

None 

Beaton et al. 
(2009) 

Stereotype 
activation 

Word-fragment 
completion task 

9 GMAT and 
GRE 
questions 

66 French-
Canadian 
female 
undergraduates 

3 conditions: 
1), solo; 2), 
non-solo; 3), 
control 

Group-as-
target 

None 
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Berjot et al. 
(2011) 

Cognitive 
appraisals 
(challenge) 

State primary 
appraisal 
questionnaire 

Visuospatial 
performance 
(Ray figure) 

92 French 
secondary 
school students 
(53 male) 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Full 

Bosson et al. 
(2004) 

Anxiety; 
Evaluation 
apprehension 

Anxiety scale 
observed non-
verbal anxiety  

Childcare 
(interpersonal 
skills) 

72 male 
students 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Full non-
verbal anxiety 
None self-
report anxiety 

Brodish & 
Devine (2009) 

Performance-
avoidance 
goals; Anxiety 

State anxiety 
scale and 
performance 
goals scale 

20 GRE 
maths 
problems 

101 female 
undergraduates 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Full 

Cadinu et al. 
(2003), 
Experiment 1 

Performance 
expectancies 

Bar graph of 
performance 
expectancies 

7 difficult 
maths 
problems 

95 female 
undergraduates 

3 conditions: 
1), positive 
stereotype, 2), 
negative 
stereotype, 3), 
control 

Group-as-
target 

Partial 

Cadinu et al. 
(2003), 
Experiment 2 

Performance 
expectancies 

Bar graph of 
performance 
expectancies 

8 sentence-
completion 
items 

100 African-
American 
soldiers (81 
male) 

4 conditions:  
American – 1), 
Negative; 2), 
Positive. Black 
- 3), Negative; 
4), Positive 

Group-as-
target 

Partial 

Cadinu et al. 
(2005) 

Negative 
thinking 

Thought-listing 
sentences 

7 GRE maths 
problems 

60 female 
undergraduates 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Full 
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Chalabaev et 
al. (2008) 

Achievement 
goals 

Achievement 
goals 
questionnaire for 
sports 

Ability to 
dribble soccer 
ball through 
slalom course 

51 female 
soccer players 

3 conditions: 
1), Athletic 
ability 
stereotype 
threat; 2), 
Technical 
ability 
stereotype 
threat; 3), 
control 

Self-as-target None 

Chung et al. 
(2010) 

Anxiety; 
Specific self-
efficacy 

State anxiety and 
self-efficacy 
questionnaire  

Promotion 
performance 
exam 

150 job 
applicants (134 
male) 

Within-
participants 
field design 

Uncategorised Full 
(sequential) 

Croizet et al. 
(2004) 

Increased 
mental load 

Heart rate 
variability 

Raven APM 
cognitive test 

139 college 
students 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Full 

Galdi et al. 
(2014) 

Implicit 
stereotype 
endorsement 

Implicit 
Association Test 
(IAT) 

Maths test 276 first grade 
children (133 
male) 

3 conditions: 
1), stereotype-
consistent; 2), 
stereotype-
inconsistent; 
3), control 

Group-as-
target 

Full 
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Gerstenberg 
et al. (2012), 
Experiment 3 

Anxiety; Self-
concept 

German test 
anxiety scale and 
IAT 

20 maths 
problems 

156 female 
undergraduates 

2 conditions: 
1), subtle 
stereotype 
threat; 2), 
control 

Group-as-
target 

Moderated-
mediation 

Hess et al. 
(2003) 

Anxiety; Effort Memory anxiety 
questionnaire; 
strategy use 
(clustered recall) 

30-item free 
recall task 

48 young (22 
male) and 48 
older adults (25 
male) 

3 conditions: 
1), negative 
stereotype; 2), 
positive 
stereotype; 3), 
control 

Group-as-
target 

Anxiety: None 
Effort: Full 

Hess et al. 
(2009) 

Working 
memory; 
Anxiety; 
Performance 
expectations 

State anxiety 
scale and 
predicted recall 
task 

Computation 
span task 
(maths 
equations), 
free recall 
task 

103 older 
adults (52 
male) 

2 conditions; 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Performance 
expectations: 
Full 
Others: None 

Jamieson & 
Harkins 
(2011a) 

Effort Coded solving 
techniques 
(conventional or 
unconventional) 

30 GRE 
maths 
problems 

76 female 
undergraduates 

2 conditions; 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Full 

Johns et al. 
(2008) 
Experiment 3 

Emotion 
regulation; 
Working 
memory 

State anxiety, re-
appraisal and 
reading-span task 

30 GRE 
maths 
problems 

61 Caucasian 
female 
undergraduates 

2 conditions: 
1), stereotype 
threat; 2), 
control  

Uncategorised Full  
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Keller (2002) Self-
handicapping 

2-item self-
handicapping 
questionnaire 

20 maths 
problems 

75 German 
secondary  
school students 
(38 male) 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Dejection: 
Full 
Others: None 

Keller & 
Dauenheimer 
(2003) 

Dejection; 
Anxiety; Self-
handicapping 

Anxiety and 
regulatory focus 
questionnaire 

26 maths 
problems 

74 secondary 
school students 
(39 male) 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Dejection: 
Full 
Others: None 

Keller & 
Sekaquaptewa 
(2008) 

Individuation 
tendencies 

24-item self-
construal 
questionnaire 

20-item 
spatial ability 
task 

71 female 
students 

2 conditions: 
1), imagined 
solo status, 2), 
imagined non-
solo status 

Group-as-
target 

Partial 

Laurin (2013) 
 

Somatic and 
cognitive 
anxiety 

Competitive state 
anxiety inventory 
and cognitive 
anxiety 

Motor 
performance; 
10 free throws 

161 French 
high school 
students 

3 conditions: 
1), female 
stereotype 
threat; 2), male 
stereotype 
threat; 3), 
control 

Group-as-
target 

Somatic 
anxiety: 
Partial 
Cognitive: 
None 
 

 

Leyens et al. 
(2000) 

Explicit 
stereotype 
endorsement 

Stereotype 
acceptance 
questionnaire 

Lexical 
decision task, 
valence 
judgment task 
and affective 
decision task 

50 
undergraduates 
(26 males) 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

None 
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Logel et al. 
(2009), 
Experiment 2 

Thought 
suppression 

Lexical decision 
task 

20 maths 
problems 

71 
undergraduates 
(35 male) 

2 conditions: 
1), subtle 
stereotype 
threat; 2), 
control 

Group-as-
target 

Partial 

Mayer & 
Hanges (2003) 

Anxiety; 
Cognitive 
interference; 
Self-efficacy; 
Evaluation 
apprehension  

State anxiety, 
self-efficacy and 
evaluation 
apprehension 
questionnaires 

Raven APM 
Cognitive test 

60 African 
American and 
90 White 
undergraduates 
(55 male) 

2 conditions; 
1), stereotype 
threat; 2), 
control 

Self-as-target None 

McKown & 
Weinstein, 
(2003), 
Experiment 2 

Anxiety; Effort; 
Self-appraised 
performance 

Cognitive, 
physiological and 
affective anxiety 
scale. 

Alphabet and 
word task 

202 elementary 
school children 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Self-as-target None 

Mrazek et al. 
(2011), 
Experiment 2 

Mind-
wandering; 
Anxiety 

Dundee State 
Stress 
questionnaire 

30 GRE 
maths 
problems 

72 female 
undergraduates 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Full 
(sequential) 

O’Brien & 
Crandall 
(2003) 

Evaluation 
apprehension 

Evaluation 
apprehension 
questionnaire 

3 maths test: 
Difficult, easy 
and 
persistence 
tests 

164 
undergraduates 
(105 male) 

2 conditions: 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

None 
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Rosenthal et 
al. (2007), 
Experiment 2 

Performance 
expectations 

Two self-report 
items 

10 GCSE 
maths 
problems 

48 female 
undergraduates 

4 shared 
characteristic 
conditions: 1), 
physical, 2), 
non-academic, 
3), academic, 
4), control 

Group-as-
target 

Partial 

Rydell et al. 
(2009), 
Experiment 2 

Identity 
accessibility 

Identity 
accessibility task 

10 GRE 
maths 
problems 

98 female 
undergraduates 

4 conditions: 
1), gender 
identity, 2), 
college 
identity, 3), 
multiple 
identities, 4), 
control 

Group-as-
target 

Full 

Rydell et al. 
(2009), 
Experiment 3 

Working 
memory 

Verbal vowel 
counting task 

10 GRE 
maths 
problems 

57 female 
undergraduates 

4 conditions: 
1), gender 
identity, 2), 
college 
identity, 3), 
multiple 
identities, 4), 
control  

Group-as-
target 

Full  

Rydell et al. 
(2014), 
Experiment 1 

Updating; 
Shifting; 
Inhibition 

Stroop task, 
letter-memory 
task, number-
letter task 

Modular 
maths test 

168 
undergraduates 
(93 male) 

2 conditions; 
1), stereotype 
threat; 2), 
control 

Group-as-
target 

Updating: Full 
Others: None 
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Rydell et al. 
(2014), 
Experiment 2 

Updating, 
Shifting, 
Inhibition 

Stroop task, 
keep-track task, 
colour shape task 

15 GRE 
Word-maths 
problems 

90 female 
undergraduates 

2 conditions; 
(1) stereotype 
threat; (2) 
control 

Group-as-
target 

Updating: Full 
Others: None 

Rydell et al. 
(2014), 
Experiment 3 

Updating, 
Shifting, 
Inhibition 

Letter-memory 
task, colour-
shape task, anti-
saccade task.  

GRE Word-
maths 
problems 

82 female 
undergraduates 

2 conditions; 
(1) stereotype 
threat; (2) 
control 

Group-as-
target 

Updating: Full 
Others: None 

Schmader & 
Johns (2003), 
Experiment 3 

Working 
memory 

Vowel-counting 
and operation 
span task 

30 GRE 
maths 
problems 

31 female 
undergraduates 

2 conditions; 
(1) stereotype 
threat; (2) 
control 

Group-as-
target 

Full 

Seibt & 
Förster (2004), 
Experiment 2 

Motivation; 
Expectancy 

Motivation and 
performance 
expectancies 
questionnaire 

Word-
selection task 

60 
undergraduate 
students (29 
male) 

2 conditions; 
(1) stereotype 
threat; (2) 
control 

Group-as-
target 

None 

Seibt & 
Förster (2004), 
Experiment 4 

Motivation; 
Expectancy; 
Mood; liking of 
task  

Motivation, 
expectancies, 
mood and liking 
questionnaires  

4 reasoning 
GRE 
problems and 
brick task 

28 German 
undergraduates 

2 conditions: 
(1) positive 
stereotype; (2) 
negative 
stereotype 

Group-as-
target 

None 
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Seibt & 
Förster (2004), 
Experiment 5 

Vigilance; 
Motivation; 
Expectancy; 
Mood; Liking 
of the task 

Self-report 
eagerness and 
vigilance 
strategies, 
motivation and 
expectancy 
questionnaire 

Analytic 
reasoning 
GRE 
problems and 
categorisation 
task 

42 
undergraduates 

3 conditions; 
(1) positive 
stereotype; (2) 
negative 
stereotype; (2) 
control 

Group-as-
target 

Eagerness 
and vigilance 
partially 
mediated 

Sekaquaptewa 
& Thompson, 
(2003) 

Performance 
expectancies 

Performance 
expectancies 
questionnaire 

Oral maths 
exam 

157 
undergraduates 
(77 male) 

2 conditions; 
(1) stereotype 
threat; (2) 
control 

Group-as-
target 

None 
 
 

 

Skorich et al. 
(2013) 

Effort Effort measured 
by number of 
false positives on 
test of hazard 
perception 

Hazard 
perception 
task 

84 
undergraduates 
(49 males) 

3 conditions; 
(1) explicit 
threat; (2) 
categorisation 
threat; (3) 
control 

Self-as-target Full 

Spencer et al. 
(1999) 
Experiment 3 

Evaluation 
apprehension; 
Anxiety; Self-
efficacy 

State-trait anxiety 
index, evaluation 
apprehension 
questionnaire, 

Maths portion 
of Graduate 
Management 
Test (GMAT) 

67 
undergraduates 
(31 male) 

2 conditions; 
(1) stereotype 
threat, (2) 
control 

Group-as-
target 

None 

Steele & 
Aronson 
(1995) 
Experiment 2 

Anxiety State-trait anxiety 
index 

Verbal GRE 20 Black and 
20 White 
undergraduate 
females 

2 conditions: 
(1) stereotype 
threat or 
control 

Self-as-target None 
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Stone (2002) Self-
handicapping; 
Anxiety 

Word-fragment 
completion task, 
situational anxiety 
questionnaire 

Athletic ability; 
golf-putting 

38 Hispanic 
and 36 White 
undergraduates  

2 conditions; 
(1) high 
stereotype 
threat; (2) low 
stereotype 
threat 

Self-as-target Self-
handicapping: 
Partial 
Anxiety: None 

Tempel & 
Neumann, 
(2014) 

Anxiety TAI-G anxiety 
questionnaire 

8 arithmetic 
problems from 
the program 
for 
international 
student 
assessment 

63 female 
undergraduates  
 
 

 

2 conditions; 
(1) stereotype 
threat; (2) 
stereotype 
denial 

Uncategorised None 
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2.3.1. Affective/Subjective Mechanisms 

Researchers have theorised that stereotype threat may stem from the fear, 

apprehension or anxiety of confirming a negative stereotype about one’s group 

(Aronson & Inzlicht, 2004; Kray et al., 2001; Steele & Aronson, 1995). 

Consequently, many affective and subjective variables such as anxiety, 

individuation tendencies, evaluation apprehension, performance expectations, 

explicit stereotype endorsement and self-efficacy have been proposed to 

account for the stereotype threat-performance relationship. 

2.3.1.1. Anxiety. Steele and Aronson (1995) examined whether elevated 

levels of anxiety underpin the effects of stereotype threat on African American’s 

intellectual performance. Results indicated that African Americans 

underperformed relative to their Caucasian peers when a verbal ability test was 

ostensibly diagnostic of personal aptitude (i.e., a self-as-target stereotype). 

However, self-reported anxiety was not a significant mediator of the stereotype 

threat-performance relationship (Experiment 2). Extending this work, Spencer 

et al. (1999; Experiment 3) found that anxiety did not predict the effects of a 

negative group stereotype on women’s mathematical performance, with further 

research confirming this (Aronson et al., 1999; Keller & Dauenheimer, 2003; 

Tempel & Neumann, 2014). Additional studies have suggested that self-

reported anxiety does not influence the impact of self-as-target stereotype 

elicitation on African American’s cognitive ability (Mayer & Hanges, 2003), 

Caucasian students’ athletic skills (Stone, 2002), and group-as-target 

stereotype threat on older adults’ memory recall (Hess et al., 2003; 2009). 
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It has also been proposed that anxiety may account for one of multiple 

mediators in the stereotype threat-performance relationship. For example, 

Chung and colleagues (2010) conducted a field study to examine the effects of 

stereotype threat on promotional exam performance. Results indicated that 

African Americans underperformed relative to Caucasians when they perceived 

a written knowledge test to be diagnostic of race-related ability. Furthermore, 

self-reported state anxiety and specific self-efficacy sequentially mediated the 

influence of stereotype threat on performance. This finding is supported by 

Mrazek et al. (2011) who found that anxiety and mind-wandering sequentially 

mediated the effects of stereotype threat on women’s mathematical ability. 

Laurin (2013) also found that self-reported somatic anxiety partially mediated 

the effects of group-as-target stereotype threat on women’s motor 

performance, suggesting that additional variables may explain this relationship. 

Nevertheless, it is viable to question whether this finding is comparable to other 

studies because stereotype threat facilitated performance. 

In some contexts, it therefore seems that stereotype threat can lead to 

heightened levels of anxiety. However, the mixed results regarding anxiety as 

a potential mediator of stereotype threat may be indicative of various boundary 

conditions (i.e., moderators) that enhance stereotype susceptibility. Consistent 

with this claim, Gerstenberg, Imhoff and Schmitt (2012; Experiment 3) found 

that the impact of stereotype threat was moderated by women’s self-concept of 

their mathematical ability. Specifically, female participants who reported a 

fragile maths self-concept solved fewer maths problems under group-as-target 

stereotype threat relative to those with a high concept of their mathematical 

ability. This susceptibility was mediated by increased anxiety. This moderated-
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mediation suggests that women with a low self-concept in the domain of 

mathematics may be more vulnerable to group-relevant stereotype threat, with 

anxiety underpinning the effect of stereotype threat on mathematical 

performance. 

Steele and Aronson (1995) suggest that anxiety might be relatively 

difficult to detect via self-report measures. Acknowledging this, Bosson et al. 

(2004) examined whether physiological anxiety mediated the effects of 

stereotype threat on homosexual males’ performance on an interpersonal task. 

Results indicated that men who were reminded of their stigmatised homosexual 

identity before interacting with young children exhibited poorer childcare 

abilities compared to men who were not reminded of this identity. Moreover, 

mediational results suggested that physiological anxiety, but not self-reported 

anxiety, mediated the stereotype threat-performance relationship. This 

research was one of the first to suggest that the underlying mechanisms of 

stereotype threat may be best detected using indirect measures because 

people may not be able to reliably self-report on their experience of stereotype 

threat on explicit measures. Nevertheless, other research has found that 

physiological anxiety does not mediate the effects of group-as-target stereotype 

threat on older adults’ memory recall (Hess et al., 2009) and self-as-target 

threat on children’s writing ability (McKown & Weinstein, 2003). Overall, there 

are mixed findings in relation to anxiety as a possible mediator of stereotype 

threat effects, with 11 experiments resulting in null findings. 

2.3.1.2. Individuation tendencies. In their seminal article, Steele and 

Aronson (1995) propose that stereotype threat might occur when individuals 

perceive a negative societal stereotype to be a true representation of their 
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personal ability. Based on this, Keller and Sekaquaptewa (2008) examined 

whether gender-based stereotypes (i.e., group-as-target threat) influence 

women to individuate their personal identity (the self) from their social identity 

(female). Female participants were assigned randomly to two conditions in 

which they anticipated that they would complete a spatial ability task in a group 

of females or males. They then completed a self-construal scale that measured 

levels of individualism and collectivism. Results indicated that participants 

appeared to underperform on a spatial ability test when they perceived that they 

were the single in-group representative (female) in a group of males. Moreover, 

stereotype threat was partially mediated by individuation tendencies in that 

gender-based threats influenced women to disassociate their self from the 

group to lessen the applicability of the stereotype. The authors suggest that this 

increased level of self-focused attention under solo status conditions is likely 

related to increased levels of anxiety. 

2.3.1.3. Evaluation apprehension. Steele and Aronson (1995) also 

suggest that individuals might apprehend that they will confirm a negative 

stereotype in the eyes of out-group members. Testing this assertion, Mayer and 

Hanges (2003) found that African Americans reported higher levels of 

evaluation apprehension compared to Caucasian participants when a test was 

presented as diagnostic of personal cognitive ability. However, evaluation 

apprehension was not found to mediate the impact of this self-as-target 

stereotype on performance. Additional studies have found that evaluation 

apprehension does not mediate the effects of group-as-target stereotype threat 

on women’s mathematical performance (O’Brien & Crandall, 2003; Spencer et 

al., 1999). Research to date therefore suggests that self-reported evaluation 
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apprehension may not mediate the effects of self or group-relevant stereotypes 

on performance outcomes. 

2.3.1.4. Performance expectations. Under stereotype threat, individuals 

may evaluate the subjective likelihood of success depending on their personal 

resources. As these personal resources are anchored typically to group-level 

expectations, it is argued that in-group threatening information (i.e., women are 

poor at maths) may reduce personal expectancies to achieve, leading to 

diminished performance (Cadinu, Maas, Frigerio, Impagliazzo, & Latinotti, 

2003). Testing this prediction, Cadinu et al. (2003; Experiment 1) found that 

women solved fewer maths problems when they were primed with a negative 

group-based stereotype relative to those who received a positive or no 

stereotype. Furthermore, performance expectancies partially mediated the 

effect of group-as-target threat on mathematical performance, suggesting that 

negative information was associated with lower expectancies. A second 

experiment indicated that performance expectancies partially mediated the 

effects of group-as-target threat on black participants’ verbal ability. Research 

by Rosenthal, Crisp and Mein-Woei (2007; Experiment 2) also found that 

performance expectancies partially mediated the effects of self-based 

stereotypes on women’s mathematical performance. However, rather than 

decreasing performance expectations, women who generated shared 

characteristics under stereotype threat reported higher predictions for 

performance relative to a control condition, which enhanced their mathematical 

performance. This research appears to suggest that the salience of a negative 

self-relevant stereotype may heighten the perceived differences between in-

groups and out-groups to reduce performance. Furthermore, promoting shared 
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characteristics between in-group and out-group members may reduce 

stereotype threat effects. 

Research has extended this work to examine the role of performance 

expectancies in diverse stigmatised populations. For example, Hess et al. 

(2009) found evidence of moderated-mediation for the effects of group-as-

target stereotype threat on older adults’ memory recall. Here, the degree to 

which performance expectancies mediated stereotype threat effects was 

moderated by participants’ education. Specifically, elderly individuals with 

higher levels of education appeared to show greater susceptibility to stereotype 

threat. These findings suggest that lowered performance expectations may 

account for the effects of stereotype threat on performance, especially among 

individuals who identify strongly with the ability domain. Conversely, Appel et 

al. (2011) found that performance expectancies did not mediate the effects of 

group-based stereotype threat among highly identified women in the domains 

of science, technology, engineering and mathematics. To some extent, 

performance expectancies seem to contribute towards the negative effect that 

stereotype threat exerts on women’s math performance and older adults’ 

memory. However, it seems that additional research is required to elucidate 

whether performance expectancies mediate stereotype threat effects in 

understudied populations (i.e., the elderly), and for individuals experiencing 

self-as-target stereotype threat. 

Other research suggests that stereotype threat can be activated through 

subtle cues in the environment rather than explicit stereotype activation 

(Sekaquaptewa & Thompson, 2003; Stone & McWhinnie, 2008). It is therefore 

plausible that expectancies regarding performance may be undermined when 
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in-group members are required to perform a stereotype-relevant task in front of 

out-group members. Testing this hypothesis, Sekaquaptewa and Thompson 

(2003) examined the interactive effects of solo status and stereotype threat on 

women’s mathematical performance. Results revealed that women 

underperformed when they completed a quantitative examination in the 

presence of men (solo status) and under conditions of stereotype threat. Whilst 

performance expectancies appeared to partially mediate the relationship 

between group composition and mathematical ability, they did not mediate the 

effects of stereotype threat on performance. The authors posit that such 

findings may suggest that individuals are not consciously aware of how 

negative societal stereotypes may influence negatively their performance. 

2.3.1.5. Explicit stereotype endorsement. Research has examined 

whether targeted individuals’ personal endorsement of negative stereotypes is 

associated with underperformance. For example, Leyens and colleagues 

(2000) found that men underperformed on a decision making task when they 

were told that they were not as apt as women in processing affective 

information. Against predictions, stereotype endorsement was not found to be 

a significant intermediary between stereotype threat and performance. Other 

studies also indicate that stereotype endorsement may not be an underlying 

mechanism of the effects of self-as-target (Steele & Aronson, 1995) and group-

as-target stereotype threat on women’s mathematical aptitude (Beaton, 

Tougas, Rinfret, Huard, & Delisle, 2009; Spencer et al., 1999). 

2.3.1.6. Self-efficacy. Research suggests that self-efficacy can have a 

significant impact on an individual’s motivation and performance (Bandura, 

1986; Maddux, 1992; Schunk, 1989), and may be influenced by environmental 
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cues (Bandura, 2006). Accordingly, it has been proposed that the situational 

salience of a negative stereotype may reduce an individual’s self-efficacy. As 

previously mentioned, Chung et al. (2010) found that state anxiety and self-

efficacy accounted for deficits in African American’s performance on a job 

promotion exam. However, additional studies have indicated that self-efficacy 

does not mediate the effects of self-as-target threat on African American’s 

cognitive ability (Mayer & Hanges, 2003) and both self-as-target and group-as-

target threat on women’s mathematical performance (Spencer et al., 1999; 

Steele & Aronson, 1995). 

 

2.3.2. Cognitive Mechanisms 

Much research suggests that affective and subjective factors underpin the 

harmful effects that stereotype threat exerts on performance (Schmader & 

Johns, 2003). However, researchers argue that stereotype threat may operate 

through a multi-dimensional process of affective, cognitive and motivational 

mechanisms (Schmader et al., 2008). Indeed, converging evidence suggests 

that stereotype threat may also influence performance detriments through its 

demands on cognitive processes (Johns, Inzlicht, & Schmader, 2008; 

Schmader et al., 2008; Schmader & Johns, 2003). Specifically, research has 

examined whether working memory, cognitive load, thought suppression, mind-

wandering, negative thinking, cognitive appraisals and implicit stereotype 

endorsement mediate stereotype threat effects. 

2.3.2.1. Working memory. Schmader and Johns (2003) propose that 

performance-evaluative situations might reduce working memory capacity 
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because stereotype-related thoughts consume valuable cognitive resources. In 

three studies, they examined whether working memory accounted for the 

influence of a group-as-target threat on women’s and Latino American’s 

mathematical ability. Findings indicated that both female and Latino American 

participants solved fewer mathematical problems compared to participants in a 

non-threat control condition. Reduced working memory capacity, measured by 

an operation span task (Turner & Engle, 1989), mediated the adverse effects 

of stereotype threat on mathematical performance. Supporting this, Rydell et 

al. (2009; Experiment 3) found that working memory mediated the effects of a 

group-as-target stereotype threat on women’s mathematical performance. 

Further research has also examined how stereotype threat may operate 

simultaneously through cognitive and emotional processes. Across four 

experiments, Johns et al. (2008) found that stereotype threat was accountable 

for deficits in women’s verbal, intellectual and mathematical ability. Moreover, 

emotion regulation (characterised as response-focused coping) mediated the 

effects of group-as-target stereotype threat on performance by depleting 

executive resources. 

Rydell et al. (2014) acknowledged that executive functioning is made up 

of more cognitive processes than the construct of working memory. Here the 

authors predicted that updating (i.e., the ability to maintain and update 

information in the face of interference) would mediate stereotype threat, 

whereas inhibition (i.e., the ability to inhibit a dominant response) and shifting 

(i.e., people’s ability to switch between tasks) may not underpin this effect. 

Results indicated that women who were primed explicitly with a group-as-target 

stereotype displayed reduced mathematical performance compared to those in 
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a control condition. Consistent with predictions, only updating mediated the 

stereotype threat-performance relationship. These results suggest that the 

verbal ruminations associated with a negative stereotype may interfere with 

women’s ability to maintain and update the calculations needed to solve difficult 

mathematical problems. The extent to which updating accounts for stereotype 

threat effects in diverse populations, however, is less straightforward. For 

example, Hess et al. (2009) found that working memory, measured by a 

computational span task, did not predict the relationship between group-based 

stereotype threat and older participants’ memory performance. 

2.3.2.2. Cognitive load. There is some evidence to suggest that 

stereotype threat depletes performance by placing higher demands on mental 

resources (Rydell et al., 2014; Schmader & Johns, 2003). These demands may 

exert additional peripheral activity (i.e., emotional regulation) that can interfere 

with task performance (Johns et al., 2008). In order to provide additional 

support for this notion, Croizet et al. (2004) examined whether increased mental 

load, measured by participants’ heart rate, mediated the effects of stereotype 

threat on Psychology majors’ cognitive ability. Psychology majors were primed 

that they had lower intelligence compared to Science majors. Results indicated 

that this group-as-target stereotype threat undermined Psychology majors’ 

cognitive ability by triggering a psychophysiological mental load. Moreover, this 

increased mental load mediated the effects of stereotype threat on cognitive 

performance. 

2.3.2.3. Thought suppression. Research suggests that individuals who 

experience stereotype threat may be aware that their performance will be 

evaluated in terms of a negative stereotype and, resultantly, engage in efforts 
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to disprove it (Croizet, et al. 2004; Logel, Iserman, Davies, Quinn, & Spencer, 

2009; Steele & Aronson, 1995). This combination of awareness and avoidance 

may lead to attempts to suppress negative thoughts that tax the cognitive 

resources needed to perform successfully. With this in mind, Logel et al. (2009; 

Experiment 2) examined whether stereotype threat influences stereotypical 

thought suppression. Specifically, it was predicted that female participants 

would respond slower to gender-stereotypical words on a lexical decision task 

before completing a difficult maths test (suppression), but respond more quickly 

when they completed this task after the maths test (post-suppression rebound). 

Results indicated that women under stereotype threat solved fewer 

mathematical problems relative to men. In line with predictions, women tended 

to suppress stereotypical words when the lexical decision task was 

administered before the maths test, but showed post-suppression rebound of 

stereotype-relevant words when this task was completed afterwards. 

Mediational analyses appeared to indicate that pre-test thought suppression 

partially mediated the effects of stereotype threat on performance. These 

findings suggest that the experience of stereotype threat may lead females to 

suppress negative gender-related thoughts. However, this has a paradoxical 

effect on performance, resulting in females reinforcing the very stereotypes that 

they are trying to disprove (Logel et al., 2009). 

2.3.2.4. Mind-wandering. Previous research suggests that the 

anticipation of a stereotype-laden test may produce a greater proportion of task-

related thoughts and worries (Logel et al., 2009; Rydell et al., 2014). Less 

research has examined the role of thoughts unrelated to the task in hand as a 

potential mediator of the stereotype threat-performance relationship. Directly 
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testing this notion, Mrazek et al. (2011; Experiment 2) found that a group-as-

target stereotype threat hampered women’s mathematical performance in 

comparison to those in a non-threat control condition. Although self-report 

measures of mind-wandering resulted in null findings, indirect measures 

indicated that women under stereotype threat showed a marked decrease in 

attention. Mediation analyses showed that stereotype threat heightened 

anxiety, which in turn, increased mind-wandering and contributed to the 

observed impairments in mathematical performance. In contrast to these 

findings, other studies have found no indication that task irrelevant thoughts 

mediate the effects of group-as-target stereotype threat on women’s 

mathematical performance (Beilock et al., 2007) and African American 

participants’ cognitive ability (Mayer & Hanges, 2003). 

2.3.2.5. Negative thinking. Research by Schmader and Johns (2003) 

suggests that the performance deficits observed under stereotype threat may 

be influenced by intrusive thoughts. Other research (Mrazek et al., 2011) has 

included post-experimental measures of cognitive interference to assess the 

activation of distracting thoughts under stereotype threat. However, the content 

of these measures are predetermined by the experimenter and do not allow 

participants to report spontaneously on their experiences under stereotype 

threat. Overcoming these issues, Cadinu and colleagues (2005) asked women 

to list their current thoughts whilst taking a difficult maths test under conditions 

of stereotype threat. Results indicated that female participants underperformed 

when they perceived a mathematical test to be diagnostic of gender 

differences. Moreover, participants in the stereotype threat condition listed 

more negative thoughts relative to those in the control condition, with intrusive 
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thoughts mediating the relationship between stereotype threat and poor maths 

performance. It therefore seems that negative performance-related thoughts 

may consume working memory resources to impede performance. 

2.3.2.6. Cognitive appraisal. Research also suggests that individuals 

may engage in coping strategies to offset the performance implications of a 

negative stereotype. One indicator of coping is cognitive appraisal, whereby 

individuals evaluate the significance of a situation, as well as their ability to 

control it (Lazarus & Folkman, 1984). It is proposed that individuals may exert 

more effort on a task when a situation presents as a challenge, but may 

disengage from the task if they evaluate the situation as a threat (Drach-Zahavy 

& Erez, 2002; White, 2008). Taking this into consideration, Berjot, Roland-Levy 

and Girault-Lidvan (2011) examined whether targeted members might be more 

likely to perceive a negative stereotype as a threat to their group identity rather 

than as a challenge to disprove it. Results indicated that North African 

secondary school students underperformed on a visuospatial task when they 

were primed to perceive that French students possess superior perceptual-

motor skills. Contrary to predictions, threat appraisal did not mediate the 

relation between stereotype threat and performance. Rather, perceiving the 

situation as a challenge significantly mediated the stereotype threat-

performance relationship. These findings suggest that individuals may strive to 

confront, rather than avoid, intellectual challenges and modify the stereotype 

held by members of a relevant out-group in a favourable direction (Cohen & 

Garcia, 2005). 

2.3.2.7. Implicit stereotype endorsement. Research suggests that 

situational cues that present as a threat may increase the activation of 
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automatic associations between a stereotyped concept (i.e., female), negative 

attributes (i.e., bad), and the performance domain (i.e., maths; Nosek et al., 

2002). Implicit measures are able to detect automatic associations between 

such concepts and stereotypical attributes that may not be captured reliably by 

self-reports (Galdi, Cadinu, & Tomasetto, 2014). In a study of 240 six-year old 

children, Galdi et al. (2014) examined whether implicit stereotype endorsement 

accounted for the effects of stereotype threat on girls’ mathematical 

performance. Consistent with the notion that automatic associations can 

precede conscious beliefs, results indicated that girls acquired implicit maths-

gender stereotypes before they emerged at an explicit level. Specifically, girls 

showed stereotype-consistent automatic associations between the terms ‘boy-

mathematics’ and ‘girl-language’, which appeared to account for their lower 

performance under stereotype threat. 

 

 

2.3.3. Motivational Mechanisms 

Most of the initial work on the underlying mechanisms of stereotype threat has 

focused on affective and cognitive processes. In more recent years, 

researchers have argued that instead of interfering with working memory, 

stereotype threat may motivate individuals to disconfirm the stereotype, with 

this having a paradoxical effect of harming performance (Jamieson & Harkins, 

2007; 2009; 2011a). To this end, research has elucidated the potential role of 

effort, self-handicapping, dejection, vigilance, and achievement goals. 

2.3.3.1. Effort/motivation. Underpinned by the “mere effort model”, 

Jamieson and Harkins (2011a) examined whether motivation plays a proximal 
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role in the effect of stereotype threat on women’s mathematical performance. 

Here it was predicted that stereotype threat would lead participants to use a 

conventional problem solving approach (i.e., use known equations to compute 

an answer), which would facilitate performance on ‘solve’ problems, but hamper 

performance on ‘comparison’ problems. Supporting this hypothesis, results 

indicated that stereotype threat debilitated performance on comparison 

problems because participants employed the dominant, but incorrect, solution 

approach. Furthermore, this incorrect solving approach mediated the effect of 

stereotype threat on comparison problem performance. These findings may 

suggest that stereotype threat motivates participants to perform well, which 

increases activation of a dominant response to the task. However, this 

dominant approach does not always guarantee success, resulting in 

participants under stereotype threat performing worse than those in the control 

condition. 

Other researchers have argued that stereotype threat may have different 

effects on effort dependent on the prime utilised (Skorich et al., 2013). For 

example, Skorich et al. (2013) examined whether effort mediated the effects of 

implicit and explicit stereotypes on provisional drivers’ performance on a hazard 

perception test. Participants in the implicit prime condition ticked their driving 

status (provisional, licensed) on a questionnaire, whereas participants in the 

explicit prime condition were provided with stereotypes relating to the driving 

ability of provisional license holders. Results seemed to reveal that participants 

detected more hazards when they were primed with an explicit stereotype 

relative to an implicit stereotype. Mediational analyses indicated that whilst 

increased effort underpinned the effects of an implicit stereotype on 
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performance, decreased effort mediated the effects of an explicit stereotype 

prime. Additional research has also indicated that reduced effort mediates the 

effects of an explicit stereotype on older adults’ memory recall (Hess et al., 

2003). These findings suggest that implicit stereotype threat primes may lead 

to increased effort because participants aim to disprove the stereotype, 

whereas explicit stereotype threat primes may lead to decreased effort as 

participants self-handicap themselves (Skorich et al. 2013). Other studies 

utilising self-reported measures of effort have resulted in non-significant 

findings (Aronson et al., 1999; Experiment 1 & 2; Keller & Dauenheimer, 2003; 

Experiment 4, McKown & Weinstein, 2003; Experiment 2, Seibt & Förster, 

2004, Experiment 2, 4 & 5), suggesting that self-reports may be vulnerable to 

self-presentational motives, which may influence mediational results. 

2.3.3.2. Self-handicapping. Individuals may engage in self-handicapping 

strategies to proactively reduce the applicability of a negative stereotype to their 

performance (Keller, 2002; Stone, 2002). Here it is theorised that people 

attempt to influence attributions for performance by erecting barriers to their 

success. Investigating this notion, Stone (2002) examined whether self-

handicapping mediated the effects of stereotype threat on white athletes’ 

sporting performance. Self-handicapping was measured by the total amount of 

stereotype-relevant words completed on a word-fragment task. Results 

indicated that white athletes practiced less when they perceived their ability on 

a golf-putting task to be diagnostic of personal ability, thereby confirming a 

negative stereotype relating to comparatively poorer white athleticism. These 

athletes were also more likely to complete the term ‘awkward’ on a word 

fragment completion test compared to the control condition. Mediational 
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analyses seemed to reveal that the greater accessibility of this term partially 

mediated the effects of stereotype threat on psychological disengagement and 

performance. The authors suggest that stereotype threat increased the 

accessibility of thoughts related to poor athleticism to inhibit athletes' practice 

efforts. However, a limitation of this research is that analyses were based on 

single-item measures (i.e., the completion of the word ‘awkward’) rather than 

total of completed words on the word-fragment test. 

Keller (2002) also tested the hypothesis that the salience of a negative 

stereotype influences self-handicapping. Results indicated that women who 

were primed with a group-as-target stereotype underperformed on a 

mathematical test relative to their control group counterparts. Furthermore, they 

expressed stronger tendencies to search for external explanations for their 

weak performance with this mediating the relationship between stereotype 

threat and performance. Despite these preliminary findings, Keller and 

Dauenheimer (2003) were unable to provide support for the notion that self-

reported self-handicapping is a significant intermediary between stereotype 

threat and women’s mathematical underperformance. Whilst there is some 

evidence that self-handicapping may account for the effects of stereotype threat 

on performance across diverse populations, such as women in mathematics 

and sports athletes, it therefore seems that additional research is required to 

provide additional support for this variable. 

2.3.3.3. Dejection. Research examining performance expectations 

suggests that stereotype threat may be mediated by goals set by the 

participants. Extending this work, Keller and Dauenheimer (2003) hypothesised 

that female participants may make more errors on a mathematical test due to 
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an overly motivated approach strategy. Results indicated that women 

underperformed when a maths test was framed as diagnostic of gender 

differences (group-as-target threat). Moreover, their experiences of dejection 

were found to mediate the relationship between stereotype threat and 

performance. The authors suggest that individuals may engage in a promotion 

focus of self-regulation because they are motivated to disconfirm the negative 

stereotype. However, according to the researchers, feelings of failure may elicit 

an emotional response that resultantly determines underperformance. 

2.3.3.4. Vigilance. In contrast to Keller and Dauenheimer (2003), Seibt 

and Förster (2004, Experiment 5) propose that under stereotype threat, 

targeted individuals engage in avoidance and vigilance strategies. They 

predicted that positive stereotypes should induce a promotion focus, leading to 

explorative and creative processing, whereas negative stereotypes should 

induce a prevention focussed state of vigilance, with participants avoiding 

errors. Across five experiments, male and female participants were primed with 

a negative group-as-target stereotype, which stated that women have better 

verbal abilities than men. However, rather than showing a stereotype threat 

effect, results indicated a speed-accuracy trade off with male participants 

completing an analytical task slower but more accurately than their 

counterparts in a non-threat control condition. Furthermore, this prevention 

focus of vigilance was found to partially mediate the effects of stereotype threat 

on men’s analytical abilities (Experiment 5). The authors suggest that the 

salience of a negative group stereotype may elicit a vigilant, risk-averse 

processing style that diminishes creativity and speed whilst bolstering analytic 

thinking and accuracy. 
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2.3.3.5. Achievement goals. Achievement goals theory (Elliot & Church, 

1997) posits that participants will evaluate their role in a particular achievement 

context and endorse either performance-focused or performance-avoidance 

goals. In situations where the chances of success are low, individuals may 

engage in performance-avoidance goals, corresponding to a desire to avoid 

confirming a negative stereotype. With this in mind, Chalabaev, Sarrazin, Stone 

and Cury (2008) examined whether performance avoidance goals mediated the 

effects of stereotype threat on women’s sporting performance. The impact of 

two self-as-target stereotypes (i.e., poor athletic and soccer ability) on 

performance was assessed relative to a control condition. Results indicated 

that women in the athletic ability condition performed more poorly on a dribbling 

task, but not in the soccer ability condition. Although these participants 

endorsed a performance-avoidance goal, this did not appear to mediate the 

relationship between stereotype threat and soccer performance. 

Highlighting the possible interplay between affective, cognitive and 

motivational mechanisms, Brodish and Devine (2009) proffered a multi-

mediator model, proposing that anxiety and performance-avoidance goals may 

mediate the effects of group-as-target stereotype threat on women’s 

mathematical performance. Achievement goals were measured in terms of the 

extent to which participants endorsed performance-avoidant (the desire to 

avoid performing poorly) or approach goals (trying to outperform others). 

Results indicated that women under stereotype threat solved fewer 

mathematical problems relative to those in a control condition. Mediation 

analyses seemed to reveal that performance avoidance goals and anxiety 

sequentially mediated women’s mathematical performance. This may suggest 
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that negative expectations for performance may motivate women to avoid 

failure, which in turn, appears to heighten anxiety and influences 

underperformance. 

 

2.4. Discussion 

 
This systematic literature review evaluated empirical support for the proposed 

mediators of stereotype threat over the past twenty years of research. Through 

the lens of the multi-threat framework (Shapiro & Neuberg, 2007), it 

distinguished between self-relevant and group-relevant stereotype primes to 

examine the extent to which these have different effects on performance, are 

mediated by distinct mechanisms, and imperil diverse stereotyped populations. 

 On the whole, findings indicate that experiences of stereotype threat 

may increase individuals’ feelings of anxiety, negative thinking and mind-

wandering, which deplete the working memory resources required for 

successful task execution (e.g., Beilock et al., 2007; Schmader & Johns, 2003; 

Rydell et al., 2014). Specifically, the salience of a negative stereotype may 

influence adverse thoughts and heighten situational performance pressure and 

resultantly distract targeted individuals from the task at hand (Logel et al., 2009; 

Mrazek et al., 2011). Other research, however, suggests that individuals may 

be motivated to disconfirm negative stereotypes and, as a consequence, 

engage in efforts to suppress stereotypical thoughts that are inconsistent with 

task goals (e.g., Hess et al., 2003; Jamieson & Harkins, 2011a, but also c.f., 

Jamieson & Harkins, 2009). It therefore appears that researchers are still in 

disagreement with regards to the underlying mechanisms that mediate the 
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stereotype threat-performance relationship, with several proposed 

mechanisms resulting in varying degrees of empirical support. 

Many different primes and manipulations have been utilised to elicit 

stereotype threat and this may have precluded finding firm evidence of 

mediation (see Table 3 findings, p. 32). For example, some researchers have 

employed blatant/direct stereotype threat manipulations by informing 

participants explicitly of a negative stereotype related to performance (e.g. 

Spencer et al., 1999; Steele & Aronson, 1995). Others have evoked more subtle 

stereotype threats by placing stigmatised group members in situations where 

they have minority status (e.g., Keller & Sekaquaptewa, 2008; Sekaquaptewa 

& Thompson, 2003). It is therefore plausible that different mechanisms may 

mediate the effects of blatant and subtle stereotype threat effects on 

performance (Chalabaev et al., 2008; Skorich et al., 2013; Stone & McWhinnie, 

2008). Providing evidence consistent with this claim, Sekaquaptewa and 

Thompson (2003) found that performance expectancies partially mediated the 

effects of solo status, but not stereotype threat on performance. These results 

suggest that women may make comparative judgments about their expected 

performance when they are required to undertake an exam in the presence of 

outgroup members, but may not consciously recognise how a negative 

stereotype can impair performance directly. 

Additional research suggests that working memory may mediate the 

effects of subtle stereotype threat on performance because individuals attend 

to situational cues that heighten the salience of a discredited identity (Croizet 

et al., 2004; Schmader & Johns, 2003). Alternatively, motivation may mediate 

the effects of blatant stereotype threat because individuals strive to disprove 
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the negative stereotype (Keller & Dauenheimer, 2003; Skorich et al., 2013; 

Seibt & Förster, 2004; Stone & McWhinnie, 2008). However, this is contradicted 

by other research, which appears to show that working memory underpins the 

effects of an explicit gender-related prime on women’s mathematical 

performance (Rydell et al., 2007; 2009; Van Loo et al., 2014). Although 

stereotype threat effects seem to be robust (Nguyen & Ryan, 2008), it is 

possible that different stereotype threat manipulations diverge in the nature, the 

focus, and the intensity of threat they produce and may be accounted for by 

different underlying mechanisms (Shapiro & Neuberg, 2007).  

In a similar vein, previous research has viewed stereotype threat 

typically as a singular construct, which may have led to the unrealistic 

expectation that moderators and mediators may be stable across groups and 

domains (Barber, 2016; Shapiro & Neuberg, 2007). The current review 

highlights that 80% of the articles employed a group-as-target stereotype threat 

prime. Here stereotype threat is manipulated to highlight that stereotype-

consistent performance may confirm, or reinforce, a negative societal 

stereotype as being a true representation of one’s social group (Steele et al., 

2002). This has led to a relative neglect of situations in which individuals may 

anticipate that their performance may be indicative of personal ability. It is 

therefore conceivable that self-as-target and group-as-target manipulations 

may have distinct effects on performance and may be mediated by different 

mechanisms (Shapiro & Neuberg, 2007; Wout et al., 2008). In this context it 

should be noted that research to date has not examined systematically whether 

distinct stereotype threat primes are mediated by different mechanisms. 
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 Recent research suggests that stereotype threat may be a self-concept 

threat, rather than a group-reputation threat (Barber, 2016), and further support 

for this notion is presented in the forthcoming chapters of this thesis. As such, 

stereotype threat-related performance deficits may be more likely to emerge 

when an individual’s personal identity is tied to a negative group-related 

stereotype. Moreover, research appears to indicate that individuals may 

dissociate their sense of self from the negatively stereotyped domain when a 

group-based stereotype threat is primed (Keller & Sekaquaptewa, 2008). 

However, this may be more unlikely when an individual experiences self-as-

target stereotype threat because their personal ability is explicitly tied to a 

negative stereotype that governs their ingroup. In such situations, the activation 

of a group-based stereotype may set into motion mechanisms that reflect a 

protective orientation of self-regulation, whereas self-relevant knowledge may 

heighten self-consciousness. In order to gain a more nuanced account of 

stereotype threat, future research would benefit from recognising the distinct 

forms of stereotype threat, and elucidating whether performance decrements 

are more likely to emerge when an individual’s personal or social identity is 

made salient in the stereotyped domain. 

Research has begun to suggest that different groups may also be more 

susceptible to certain types of stereotype threat (Pavlova et al., 2014; Shapiro 

& Neuberg, 2007; Shapiro, 2011). For example, research indicates that 

populations that tend to have low group identification, such as individuals with 

a mental illness, are more susceptible to self-as-target threats (Shapiro, 2011). 

Conversely, populations with high group identification, such as individuals of a 

certain ethnicity or religion, appear more likely to experience group-as-target 
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threats (Shapiro, 2011). Whilst this highlights the role of moderating variables 

that may heighten individuals’ susceptibility to stereotype threat, it also 

suggests that individuals might experience stereotype threat in different ways, 

dependent on their stigmatised identity. This could explain why some variables 

(e.g., anxiety, self-handicapping) that have been found to mediate the effects 

of stereotype threat on some groups have not emerged in other populations. 

Finally, it appears that diverse mediators may account for the effects of 

stereotype threat on different performance outcomes. Whilst working memory 

appears to be implicated in tasks that require controlled processing, it may not 

be required for tasks that rely more on automatic processes (Beilock et al., 

2006; 2007; Stone & McWhinnie, 2008; Rydell et al., 2014). In line with this 

notion, Beilock et al. (2006) found that experts’ golf putting skills were harmed 

under stereotype threat when attention was allocated to automatic processes 

that do not heavily rely on working memory. This suggests that well-learned 

skills may be hampered by attempts to bring performance back under step-by-

step control. Conversely, skills such as difficult mathematical problem solving 

appear to involve heavy processing demands and may be harmed when 

working memory resources are expended by exposure to a negative 

stereotype. As such, distinct mechanisms may underpin different threat-related 

performance outcomes. 

 

2.4.1. Chapter Conclusion 

Two decades of research appear to demonstrate the harmful effects that 

stereotype threat can exert on a wide range of populations in a broad array of 

performance domains. However, findings with regards to the mediators that 
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underpin these effects are equivocal. This may be a consequence of the 

heterogeneity of primes used to instantiate stereotype threat and the methods 

used to measure mediation and performance. To this end, the current 

systematic review suggests that additional research is required to examine the 

influence that distinct stereotype threats exert on performance, and to elucidate 

further whether different mediators may underpin these effects. 
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3. CHAPTER 3 - Theoretical and Methodological Considerations 
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3.1. Chapter Overview 

Chapter 3 of this thesis provides an overview of the current debate within the 

stereotype threat literature and the issues uncovered by the systematic review 

(Chapter 2). It starts by briefly exploring why the theory of stereotype threat was 

developed, and aims to alleviate some concerns regarding this theory that are 

raised in the wider psychological literature. Following on from this, it engages 

critically with some apparent conceptual issues of stereotype threat theory, 

which underpin the research questions presented by this thesis. Finally, 

methodological issues are considered, with a view to inform the following six 

empirical studies presented in this thesis. 

 

3.2. Critiques of the Stereotype Threat Literature 

The theory of stereotype threat was devised to provide a social psychological 

explanation for the chronic achievement gaps between African American and 

Caucasian students, and between women and men on quantitative portions of 

standardised tests (c.f., Spencer et al., 1999; Steele & Aronson, 1995; Steele, 

1997). The theoretical assumptions underpinning this situational phenomenon 

assert that people tend to be very sensitive to cues in their environment that 

signal a discredited social identity (Murphy, Steele, & Gross, 2007; Purdie-

Vaughns, Steele, Davies, Ditlman, & Randall-Crosby, 2008; Steele et al. 2002). 

In turn, this heightened vigilance is seen to distract individuals from the task at 

hand and lead to underperformance (Schmader et al., 2008; Seibt & Förster, 

2004). Nevertheless, the theory of stereotype threat has come under 

considerable scrutiny in recent years (c.f., Sacket, Hardison, & Cullen, 2004; 
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Stoet & Geary, 2013; Streets & Major, 2014), which has led to a recent review 

that aims to resolve some proposed theoretical and methodological issues in 

the literature (Spencer, Logel, & Davies, 2016). 

 First, some researchers have expressed concern that stereotype threat 

is uncritically regarded as a “primary causal” explanation for the gender-

achievement gap in mathematics (Stoet & Geary, 2012, p. 99). In their critical 

review, Stoet and Geary (2012) highlight that only 50% of studies that used 

experimental manipulations consistent with Spencer et al.’s (1999) seminal 

paper were able to replicate the finding that women underperform in 

comparison to men when they are primed with a negative societal stereotype. 

Furthermore, they found that studies which controlled for participants’ pre-

existing mathematical ability found greater effects than those that did not adjust 

for this. Stoet and Geary (2012) therefore conclude that the state of the current 

literature does not support the enthusiasm for stereotype threat theory as a 

primary explanation for gender differences in mathematical performance. 

However, it is important to note that stereotype threat researchers have firmly 

stated that this theory should not be used as a sole explanation for women’s 

underperformance in mathematics (Spencer et al., 2016; Walton & Spencer, 

2009). Rather, it was developed to rival biological theories of innate differences 

in mathematical ability (c.f., Benbow & Stanley, 1990; 1983; Spelke, 2005), 

proposing that situations themselves might bring about apparent group 

differences in performance (Inzlicht & Schmader; 2010; Steele, 1997; Walton & 

Spencer, 2009). 

 In support of this, the effects of stereotype threat have been observed in 

performance domains, in which achievement gaps between groups have not 
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been widely observed. For example, the salience of a negative stereotype has 

been found to inhibit females’ video gaming performance (Kaye & Pennington, 

2016), older adults’ memory recall (Hess et al., 2003; 2009) and mathematical 

ability (Abrams et al., 2008), ecstasy users’ cognitive functioning (Cole, 

Michailidou, Jerome, & Sumnall, 2006), females’ chess performance 

(Rothgerber & Wolsiefer, 2013), and homosexual men’s childcare skills 

(Bosson et al., 2004). As such, it appears that stereotype threat effects are not 

restricted to specific populations (e.g., women and African Americans) or tasks 

(e.g., standardised tests), but rather appear to impede the performance of any 

group to which a negative stereotype generally applies (Spencer et al., 2016). 

 Presenting as a further issue, researchers have argued that stereotype 

threat effects tend to be confined to the laboratory and do not necessarily 

generalise to real-world testing situations (Cullen, Waters, & Sacket, 2006; 

Sacket et al., 2004, 2008; Stricker & Ward, 2004). Aiming to replicate the 

findings from Steele and Aronson’s (1995) classic research, Stricker and Ward 

(2004) manipulated whether students reported their ethnicity or gender on a 

demographic questionnaire before or after a standardised test. Findings from 

this field study indicated that enquiring about race and gender at the start of the 

test did not elicit stereotype threat effects that were “statistically or practically 

significant” (Stricker & Ward, 2004, p. 685). According to Stricker and Ward 

(2004) stereotype threat might only be potent within laboratory studies because 

researchers use manipulations to ensure that stereotypes are particularly 

salient. However, Danaher and Crandall (2008) re-analysed Stricker and 

Ward’s (2004) findings and concluded that women, in particular, performed 

better on the maths test when they were asked to indicate their gender after the 
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test relative to before. Although this effect was small, they argued that it might 

have notable practical implications. Specifically, it was contended that this 

simple and inexpensive change could increase the number of women in 

America receiving mathematics credit by more than 4,700 every year (Danaher 

& Crandall, 2008). In line with Steele and Aronson (1995), these findings 

suggest that simply asking test takers to report their gender in a stereotyped 

domain may signal to females that their performance will be evaluated in line 

with gender-related expectations (however, c.f., Stricker & Ward, 2008 for a 

reply). 

 Other research also provides support for the applied efficacy of 

stereotype threat (Good, Aronson, & Harder, 2008; Keller, 2007; Huguet & 

Régner, 2007). Huguet and Régner (2007) found that girls in secondary school 

displayed performance decrements when they were led to believe that their 

ability to recall aspects of a complex geometry figure was diagnostic of 

mathematical ability. Female secondary students also appear to perform worse 

on a difficult mathematical test when they are told that it reveals gender 

differences (Keller, 2007). A series of meta-analyses indicate further that 

experiences of stereotype threat may explain between 50-82% of the gender 

gap on the SAT-maths test (Spencer et al., 2016). Taken together, there is 

relatively strong evidence to suggest that stereotype threat may account for one 

of a multitude of factors that impede women’s mathematical performance in real 

life testing environments. 

 However, even in field studies, participants are typically assigned to 

either a stereotype threat condition, whereby they are primed with a negative 

stereotype regarding their group membership, or a “non-threat” control 
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condition (Nguyen & Ryan, 2008). The performance between the two conditions 

is then compared, with the prediction that individuals will perform worse in 

stereotype-salient contexts compared to non-threatening contexts (Nguyen & 

Ryan, 2008; Steele, 1997; Steele et al. 2002). This has led some researchers 

to question why participants in the control condition (who also belong to the 

stigmatised group) do not experience stereotype threat, particularly if this 

phenomenon can explain real world achievement (c.f., Spencer et al., 2016). In 

order to overcome this potential issue, researchers typically inform participants 

in the control condition that their performance is non-diagnostic of ability (c.f., 

Spencer et al., 1999; Steele & Aronson, 1995), and that the task measures 

other factors relating to performance, such as working memory ability (c.f., 

Schmader & Johns, 2003). Such manipulations appear to be successful 

because they lower the situational performance pressure that participants in 

the control condition experience, allowing them to perform optimally (Spencer 

et al., 2016). 

 

3.3. Current Gaps in the Stereotype Threat Literature 

3.3.1. Conceptual/theoretical issues. A review of the literature, 

presented in Chapter 2, highlighted that researchers have employed a variety 

of different manipulations to instantiate stereotype threat within experimental 

procedures, and appear to conceptualise stereotype threat in many ways. 

Specifically, it appears that the majority of previous research has utilised a 

group-as-target stereotype threat prime, which for example, is designed to lead 

women to believe that their mathematical performance will be diagnostic of 

gender-related ability. Less research has examined whether performance 
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decrements occur when women are primed that their performance will be 

diagnostic of personal ability (i.e., a self-as-target threat). Bridging this gap in 

the literature, the current thesis examines whether self- and group-relevant 

stereotypes have simultaneous negative effects on performance, or whether 

these manipulations impact performance outcomes differently. In other words, 

the empirical studies in this thesis examine whether self-as-target or group-as-

target stereotype threats have a greater detrimental impact on women’s 

mathematical performance. This thesis therefore aims to make an original, 

theoretical contribution to knowledge by exploring whether the ‘self’ and the 

‘social group’ are distinct constructs in the conceptualisation of stereotype 

threat (i.e., a multi-faceted phenomenon), or whether stereotype effects occur 

when an individual’s personal and social identity are viewed as functionally 

equivalent (i.e., a singular construct which occurs when the concepts of the 

‘self’ and the ‘social’ group are activated in stereotype-salient situations). 

 In addition to the conceptualisation of stereotype threat, the systematic 

literature review (Chapter 2) revealed that there is considerable debate 

regarding the underlying mechanisms of this situational phenomenon. 

Empirical support has been accrued for the working memory interference and 

mere effort accounts of stereotype threat effects, but these theories proffer 

opposing explanations (c.f., Jamieson & Harkins, 2007; 2009; Schmader et al., 

2008). The working memory interference account suggests that the salience of 

a negative societal stereotype influences verbal ruminations and worries that 

may reduce the working memory resources required to successfully solve 

difficult mathematical problems (Beilock, 2008; Beilock et al., 2007; Rydell et 

al., 2009; 2014). Conversely, the mere effort account argues that individuals 
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may be motivated to disprove the negative stereotype, which facilitates the 

most dominant response on a given task (Jamieson & Harkins, 2007; 2009). If 

this dominant response is correct, then performance is facilitated, however if 

the dominant response is incorrect, or participants are not given the time to 

correct for incorrect responses, then performance is debilitated (Jamieson & 

Harkins, 2007; 2009; Seitchik & Harkins, 2015). As such, it remains to be 

ascertained whether working memory or mere effort can explain the effects of 

stereotype threat on performance. 

 Moreover, to date no research has examined whether these 

explanations account for the effects of distinct stereotype threats on 

performance. From a working memory interference perspective (Beilock et al., 

2007; Johns et al., 2008; Rydell et al., 2014; Schmader & Johns, 2003), it is 

plausible that manipulations that target the self (i.e., self-as-target) may have a 

greater effect on performance because this heightens self-consciousness and 

leads people to ’choke under pressure’. Conversely, from a mere effort 

perspective (Jamieson & Harkins, 2007; 2009; 2011a), it may be that targeted 

individuals are more motivated to disprove a negative gender-related 

stereotype when it is explicitly tied to personal performance (self-as-target 

stereotype threat), with this increased motivation hampering performance. 

Although research has made theoretical advances to suggest that 

individuals can experience multiple stereotype threats, and has begun to 

elucidate the underlying mechanisms that account for the stereotype threat-

performance relationship, these two lines of research tend to be studied in 

parallel, rather than in conjunction with each other. However, if females in the 

domain of mathematics are at risk of experiencing diverse stereotype threats, 
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which may have different effects on performance, then it is important to identify 

the mechanisms that underpin these effects. In the first of its kind, the second 

aim of the current thesis is to examine whether deficits in working memory or 

enhanced motivation underpin the effects of self-as-target and group-as-target 

stereotype threat on women’s mathematical performance. The current thesis is 

therefore underpinned by the following three research questions, which have 

not received due attention in the literature to date: 

 

Research Question 1: Does self-as-target and group-as-target stereotype 

threat influence negatively women’s mathematical performance? 

 

Research Question 2: Does self-as-target stereotype threat have a greater 

detrimental impact compared to group-as-target stereotype threat because it 

heightens self-consciousness? 

 

Research Question 3: Do distinct mechanisms govern the effects of self-as-

target and group-as-target stereotype threat on women’s mathematical 

performance? 

 

3.3.2. Methodological issues. In addition to the heterogeneity of 

primes employed to instantiate stereotype threat, the systematic literature 

review presented in Chapter 2 pointed to a number of methodological issues 

that may have precluded finding firm evidence for the mediators of stereotype 

threat. Here it was highlighted that researchers have tended to utilise explicit 

self-report measures in their efforts to uncover the mediating variables which 
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may underpin the stereotype threat-performance relationship. However, it has 

long been argued that individuals have limited access to higher order mental 

processes (Nisbett & Wilson, 1977; Schwarz, 1999), such as those involved in 

the evaluation and initiation of behaviour (Mandler, 2004; Miller, 1962). 

Resultantly, participants under stereotype threat may be unable to observe and 

explicitly report the operations of their own mind (Bosson et al., 2004; Kiefer & 

Sekaquaptewa, 2007b; Nisbett & Wilson, 1977; Wegner, 2002; Wheeler et al., 

2001). Consistent with this assertion, Bosson et al. (2004) found that although 

stereotype threat heightened individuals’ physiological anxiety, they did not 

report an explicit awareness of increased anxiety on self-report measures. This 

may suggest that participants are mindful of the impression they make to others 

and engage in self-presentational behaviours in an effort to appear inoculated 

to negative stereotypes (Bosson et al., 2004). Support for this notion comes 

from research which suggests that stereotype threatened participants tend not 

to explicitly endorse stereotypes (Beaton et al., 2009; Bosson et al., 2004; 

Kiefer & Sekaquaptewa, 2007b; Leyens et al., 2000; Spencer et al., 1999; 

Steele & Aronson, 1995), and are more likely to claim impediments to justify 

poor performance (Aronson et al., 1999; Keller, 2002; Spencer et al., 1999). 

Overcoming the issues associated with self-report methodology in this domain, 

the current thesis utilises indirect measures to elucidate the underpinning 

mechanisms of the stereotype threat-performance relationship (i.e., cognitive 

tasks of working memory ability and eye-tracking). 

Research has also suggested that order effects (i.e., the order in which 

test instruments are administered) may present as an issue when investigating 

stereotype threat effects (c.f., Brodish & Devine, 2009; Logel et al., 2009). For 
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example, Brodish and Devine (2009) found that women reported higher levels 

of anxiety when they completed a questionnaire before a mathematical test 

compared to afterwards. This suggests that pre-test anxiety ratings may have 

reflected participants’ apprehension towards the upcoming evaluative test, with 

this apprehension diminishing once the test was completed. Research by Logel 

and colleagues (2009) provides support for this notion, indicating that women 

who completed a lexical decision task after a maths test were quicker to 

respond to stereotype-relevant words compared to women who subsequently 

completed the task. These results exhibit the variability in individuals’ emotions 

under stereotype threat and suggest that they may be unable to retrospectively 

report on their feelings once the experience of threat has passed. This 

highlights the importance of counterbalancing test instruments in the 

investigation of stereotype threat, purporting that the order in which test 

materials are administered may influence mediational findings. With this in 

mind, the measures utilised in the current thesis were counterbalanced and 

randomised between participants. 

 Finally, the systematic literature review (Chapter 2) highlighted that, in 

some studies, individuals assigned to the control condition may have also 

experienced stereotype threat, which may have prevented finding reliable 

evidence of mediation. For instance, Chalabaev et al. (2008) primed stereotype 

threat by presenting a soccer ability test as a diagnostic indicator of personal 

factors related to athletic ability. However, participants in the control condition 

were informed that the aim of the test was to examine psychological factors in 

athletic ability. Consequently, these participants may have been apprehensive 

about their performance being evaluated. Research has also manipulated the 
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salience of stereotype threat by stating that gender differences in mathematical 

performance are equal (Sekaquaptewa & Thompson, 2003). However, other 

research has utilised this prime within control conditions (e.g., Croizet et al., 

2004; Jamieson & Harkins, 2011a; Kiefer & Sekaquaptewa, 2007b), 

underpinned by the rationale that describing a test as ‘fair’ or non-diagnostic of 

ability eliminates stereotype threat (Spencer et al., 2016; Steele & Davies, 

2003). It therefore appears that, in some instances, researchers may have 

inadvertently induced stereotype threat. This outlines the importance of 

employing a control condition in which individuals are not made aware of any 

negative stereotypes and are told that the test is non-diagnostic of ability. In 

line with Steele and Davies (2003) recommendations, a control condition is 

employed in each empirical study presented in this thesis, in which participants 

are told that the tasks are non-diagnostic of ability. 

 

3.4. Ethical Considerations 

The Departmental and Faculty Ethics Committees at Edge Hill University 

ethically approved all of the experiments presented in this thesis. Guided by the 

British Psychological Society’s (BPS) ethical requirements, all participants were 

provided with an information sheet, which gave them an overview of the study 

requirements and provided informed consent to take part (see Appendix A). 

They were assigned randomly to the stereotype threat and control conditions. 

In each experiment presented in this thesis, participants were recruited for a 

study that examined ostensibly factors related to problem solving. They 

remained blind to the true experimental aim in accordance with research that 

indicates that awareness of the concept of stereotype threat may eliminate its 
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effects (Johns, Schmader, & Martens, 2005). This decision was also made to 

control for demand characteristics, whereby participants infer the aims of the 

study and behave accordingly. 

 Participants signed up to each study via an online participation website, 

and studies were also advertised through e-mail and posters situated around 

the university. They were compensated with course credits or a small monetary 

reward for their time (£3 for 30-minute tasks and £5 for 45-minute tasks), and 

were able to withdraw from participating at any given time throughout the 

experiment, without any penalty applied. After completion of the experiment, 

participants were given a period of four weeks to withdraw their data by 

contacting the lead researcher. They were provided with both a verbal and 

written debrief which explained the true aims and predictions of the experiment. 

Participants who were assigned to the stereotype threat conditions were told 

that the negative stereotype that they had heard was not a true reflection of 

their personal or social group’s ability (See Appendix B). All participants were 

given the opportunity to ask any questions regarding the research and were 

thanked for their time. 

 

3.5. Measuring Mathematical Performance 

Modular arithmetic (Gauss, 1801, as cited in Beilock & Carr, 2005) was utilised 

as a test bed to examine women’s mathematical performance. This task uses 

standard mathematical operations such as subtraction and division but 

presents them in a novel way (Bellinger, DeCaro, & Ralston, 2015). Across the 

current experiments, this computerised task was administered via E-Prime 

experimental software. Participants were presented with a set of varying 
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problems such as ’43 = 16 (mod 3)’ and were instructed to subtract the middle 

number from the first number (e.g., 43 – 16) and then divide their answer by 

the modular number in the brackets (e.g., 27/3). Participants then responded 

‘true’ if their final answer resulted in a whole number and ‘false’ if this dividend 

resulted in a decimal number. Modular arithmetic is typically taught at the 

highest levels of mathematics education in school settings, particularly in the 

U.S., and is therefore an advantageous laboratory task because many 

undergraduate students will not have been exposed to such mathematical 

operations (Beilock & Carr, 2005). Accordingly, this particular task was deemed 

suitable for use in the current thesis because it may be able to control for 

practice effects and task familiarity to a greater extent compared to using 

standardised national tests such as the Scholastic Assessment Test (SAT) and 

the General Certificate for Secondary Education (GCSE). A breadth of recent 

research has employed modular arithmetic to examine the role of working 

memory in mathematical cognition under conditions of mathematics anxiety, 

choking under pressure and stereotype threat (Beilock & Carr, 2005; Beilock et 

al., 2007; Rydell et al., 2014), advocating the use of this measure. 

Nevertheless, because this task requires a dichotomous response (true 

vs. false), procedures were put in place to exclude any participants who might 

have guessed or pressed any response key to get through the task quickly. For 

example, in three of the five experiments that utilised modular arithmetic in this 

thesis, 50% of the problems presented to participants were ‘true’ and the other 

50% were ‘false’ (unbeknown to participants). In line with previous research 

(c.f., DeCaro, Rotar, Kendra, & Beilock, 2010), participants who scored below 

chance (50%) on this task were excluded from data analysis. The other two 
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experiments did not use equal numbers of “true” and “false” problems and 

therefore outliers (+/- 3 SD) were screened in accordance with procedures 

outlined by Tabachnick and Fidell (2013). In such instances, the deviating 

scores were replaced with the next highest or lowest extreme score. Details 

regarding the numbers of excluded participants and detected outliers in each 

experimental study are outlined in their respective chapters. 

 

3.6. Approach to Data Analysis 

Data were checked to ensure that they met assumptions of normality and 

homogeneity of variance (c.f., Tabachnick & Fidell, 2013). In instances were 

normality was violated, log transformations were performed. Such instances 

are reported specifically in each experimental study. Bonferroni-corrected 

pairwise comparisons were conducted to elucidate significant main effects and 

interactions. Two-tailed hypothesis testing was used and significant alpha 

levels were accepted below the conventional level of p < .05. Effect sizes are 

reported as partial eta squared and Cohen’s d-scores (c.f., Cohen, 1992). 

 

3.6.1 Approach to mediation analysis. Mediation analysis is a statistical 

method which allows researchers to identify the variables that underpin the 

observed relationship between an independent variable (X) and a dependent 

variable (Y) via the inclusion of a third intermediary variable (M) (Hayes, 

2013). Figure 2 presents a simple mediation model. Here the simple 

relationship between the independent variable (X) and the dependent variable 

(Y) is referred to typically as the total effect (denoted in the model as path c). 

The indirect effect is the relationship between the independent variable (X) 
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and the dependent variable (Y) when the mediator (M) is included in the 

model (denoted as path c’). Complete mediation is said to be present if the 

confidence intervals for the indirect effect does not include zero (Shrout & 

Bolger, 2002). Partial mediation is said to occur when the indirect path 

between the independent (Y) and dependent variable (X) is reduced in 

absolute size but is still significantly different from zero when the mediator is 

introduced (MacKinnon, Fairchild, & Fritz, 2007). 

 Within the current thesis, mediation analysis was conducted using 

ordinary least squares path analysis (PROCESS macro; Hayes, 2013). Recent 

research suggests that path analysis provides more statistical power compared 

to traditional analyses, such as the causal steps analysis proposed by Baron 

and Kenny (1986), which is no longer recommended (Hayes, 2009; 2013; Fritz 

& MacKinnon, 2007; Zhao, Lynch, & Chen, 2010). Experimental conditions 

were dummy coded (k – 1, Hayes, 2013; Hayes & Preacher, 2014), with the 

reference group changed to examine each stereotype threat prime (Cohen, 

Cohen, West, & Aiken, 2003). Path coefficients are presented in 

unstandardised form, which is recommended when the independent variable is 

multi-categorical (Hayes, 2013). 
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Figure 2. Simple mediation model. 
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4. CHAPTER 4 – Experiment One 

 
Different Threats, Different Effects? The Influence of Self- and Group-

Based Stereotype Threat on Women’s Mathematical Performance 
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Abstract 

 
Aim: The current study employs the multi-threat framework to examine whether 

self-relevant and group-relevant stereotypes exert different effects on women’s 

mathematical performance. It elucidates further whether deficits in working 

memory underpin these effects. Method: Eighty-four female participants were 

assigned randomly and equally to a self-as-target or group-as-target stereotype 

threat condition or to a control condition. They completed a modular arithmetic 

test with working memory demand manipulated through problem difficulty and 

spatial orientation. Results: Findings indicate that participants under self-as-

target and group-as-target stereotype threat solved fewer horizontally oriented 

problems relative to the control condition. Furthermore, self-as-target 

stereotype threat appeared to have the greatest detrimental impact on 

performance with participants solving fewer vertically oriented problems relative 

to the control. Conclusion: These findings suggest that ruminations garnered 

from negative self- and group-based stereotypes may co-opt the verbal working 

memory resources required to successfully solve horizontally presented 

problems. Moreover, negative self-relevant stereotypes may generate greater 

self-focused attention with associated performance decrements. 
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4.1. Chapter Overview 

The systematic literature review in Chapter 2 highlighted that researchers have 

predominantly utilised group-relevant manipulations to induce stereotype 

threat-performance effects. However, such primes overlook the role of the self 

in stereotype threatening situations, presenting an avenue for additional 

research. In addition, the review highlighted the on-going debate regarding the 

mediating processes that are proposed to underpin stereotype threat effects, 

particularly with regard to whether deficits in working memory or enhanced 

motivation account for these observed performance decrements. Underpinned 

by the multi-threat framework (Shapiro & Neuberg, 2007), the current study sets 

out to examine the impact of self- and group-relevant stereotypes on women’s 

mathematical performance. In line with previous research (Beilock et al., 2007; 

Rydell et al., 2014; Schmader & Johns, 2003), it also aims to elucidate whether 

mathematical problems that rely heavily on verbal working memory resources 

are more susceptible to failure under stereotype threat. 

 

4.2. Introduction 

Working memory captures variations in general executive resources critical for 

coping with acute stressors and functions to maintain the accessibility of task-

related goals, control attention, and minimise the influence of intrusive thoughts 

whilst completing resource-demanding tasks (Kane, Conway, Hambrick, & 

Engle, 2007; Kane & Engle, 2003; Rosen & Engle, 1998). Working memory is 

thought to play a critical role in mathematical problem solving (Ashcraft & 

Krause, 2007; Cragg & Gillmore, 2014), and research indicates that working 

memory capacity may be depleted in high-pressure situations, particularly 
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when an individual strives to perform well (Beilock & Carr, 2005). Accordingly, 

it has been hypothesised that the situational salience of a negative gender-

maths stereotype may reduce women’s working memory resources by 

interfering with their ability to control attention and disrupting the accessibility 

of task-related goals (Beilock et al., 2007; Rydell et al., 2009; Schmader & 

Johns, 2003). Directly examining this notion, Schmader and Johns (2003) 

found that women’s working memory capacity was depleted when they were 

primed with a negative stereotype pertaining to their social group’s 

mathematical ability. These results were the first to suggest that the added 

burden of a negative stereotype may impede working memory capacity, with 

this mediating the deleterious effects of stereotype threat on women’s 

mathematical performance. 

 By now it has become apparent that working memory may not be a 

unitary construct, but instead consists of multiple separate sub-systems 

(Baddeley & Logie, 1999; Friedman & Miyake, 2000; Shah & Miyake, 1996). It 

is theorised that working memory is made up of four components; a limited 

capacity central executive, a phonological loop for storing verbal information, a 

visual-spatial sketchpad for storing visual images, and an episodic buffer which 

integrates this information (c.f., Baddeley, 1986; 2000). The verbal-visuospatial 

distinction has been utilised to explain differences in mathematical task 

demands as a function of verbal and visuospatial processing requirements 

(DeStefano & LeFevre, 2004; Trbovich & LeFevre, 2003). It has been 

suggested that mathematical problems which are presented in a horizontal 

format require the verbal maintenance of intermediate steps in memory and 

appear to rely more heavily on the phonological component of the working 
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memory system (Trbovich & LeFevre, 2003). Conversely, vertically oriented 

problems are likely to require spatial processing and seem to rely on 

visuospatial resources (Logie, 1995; Trbovich & LeFevre, 2003). Underpinned 

by this model, researchers have begun to delineate the precise components of 

working memory that account for stereotype threat effects (Beilock et al., 2007; 

Rydell et al., 2014). For example, Beilock et al. (2007) found that women solved 

fewer horizontally oriented difficult problems compared to vertically oriented 

problems when they perceived a mental arithmetic test to be diagnostic of 

gender-related ability. Indeed, pressure-induced worries may place higher 

demands on the phonological aspect of working memory, which is theorised to 

support inner speech and thinking in the computation of complex mathematical 

problems (Ashcraft & Kirk, 2001; Carlson, 1997; Miyake & Shah, 1999). These 

results suggest that individuals’ ruminations about conforming to a pejorative 

stereotype may debilitate their ability to focus attention on task-relevant 

information in the face of interference, with performance decrements most 

pronounced on tasks that rely heavily on verbal working memory resources 

(Beilock et al., 2007; Rydell et al., 2014). 

 However, this prior research has employed exclusively group-relevant 

primes to examine the effects of stereotype threat on working memory (e.g., 

Beilock et al., 2007; Rydell et al., 2014; Schmader & Johns, 2003). Recent 

research, however, suggests that stereotype threat can operate through 

multiple pathways, which target either the self or the social group (Shapiro & 

Neuberg, 2007; Shapiro et al., 2013; Wout et al., 2008). From this perspective, 

individuals may experience self-as-target stereotype threat when they perceive 

that their performance is self-characteristic of personal ability, but may 



 

 89 

experience group-as-target threat when they apprehend performance to be 

confirmative of their group’s abilities (Shapiro & Neuberg, 2007). Nonetheless, 

research has yet to examine whether these distinct forms of stereotype threat 

place different demands on working memory and whether self-as-target 

stereotype threat may have a greater detrimental impact on performance. 

 It is plausible that women’s mathematical performance is impaired under 

conditions designed to increase self-focused attention. In line with this 

suggestion, research indicates that performance pressure may increase as a 

function of the personally felt importance of a situation, and that self-

consciousness may have a paradoxical effect on task efficiency (Baumeister, 

1984; Schmader, Croft, & Whitehead, 2013; Van-Loo, Boucher, Rydell, & 

Rydell, 2013). The applicability of a negative group stereotype to an individual’s 

personal ability may therefore lead to self-doubt and trepidation that 

performance may be consistent with expectations (c.f., Baumeister & Showers, 

1986). In such situations, the desire to perform optimally may influence 

individuals to ‘choke under pressure’, leading to performance decrements (c.f., 

Beilock & Carr, 2001; 2005; Beilock et al., 2004). Resultantly, self-relevant 

stereotype may disrupt further the working memory resources necessary to 

solve mathematical problems because attention is drawn to one’s own abilities. 

Such situational pressure may be more disruptive because it increases 

attention directed towards the self (i.e., self-consciousness) that may result in 

excess worry (Baumeister, 1984; Beilock & Carr, 2005). 

 The current study therefore aims to examine the effects of self-as-target 

and group-as-target stereotype threat on women’s mathematical performance. 

In accordance with previous research (Beilock et al., 2007), it was predicted 
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that participants primed with a negative self-relevant and group-relevant 

stereotype would solve fewer mathematical problems relative to the control 

condition. Specifically, these performance deficits should be more pronounced 

for horizontal relative to vertical oriented problems because these rely more 

heavily on verbal working memory resources (c.f., Beilock et al., 2007). 

Expanding on previous research (Baumeister, 1984; Beilock et al., 2004; 

Beilock & Carr, 2005), it was also predicted that self-as-target stereotype threat 

might have a greater detrimental effect on performance because it generates 

self-focused attention, which serves to heighten situational performance 

pressure. 

 

4.3. Method 

 
4.3.1. Participants 

Eighty-four female participants (Mage = 21.60, SD = 5.43; 81% university 

students; 90.5% White British) participated in return for course credit or £3 

payment. Using a random number generator, they were assigned equally and 

randomly to one of three experimental conditions; (1) self-as-target stereotype 

threat, (2) group-as-target stereotype threat, and (3) a non-threat control. 

Sample size per condition (n = 28) is comparable to that employed in previous 

stereotype threat studies (c.f., Nadler & Clark, 2011; Nguyen & Ryan, 2008 for 

meta-analyses). 

 

4.3.1.1. Domain identification and perceived mathematical ability. In 

order to control for similar levels of perceived mathematical ability and domain 
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identification in the sample, participants were asked to report their level of 

mathematical ability (“I am good at maths”) and the degree to which they valued 

the importance of this (“It is important to me that I am good at maths”; Beilock 

et al., 2007; Steele, 1997). Responses were recorded on a Likert scale 

anchored between 1 (Strongly Disagree) and 9 (Strongly Agree). Participants 

self-reported maths skills and domain identification (M = 5.87, SD = 1.71) were 

above average, and did not significantly differ as a function of experimental 

condition, p > .053. Previous research has suggested that moderately domain 

identified individuals are most susceptible to stereotype threat (Nguyen & Ryan, 

2008). 

 

4.3.2. Stereotype Threat Manipulations 

In accordance with the multi-threat framework (Shapiro & Neuberg, 2007), 

participants were primed with either a self-as-target or group-as-target 

stereotype threat. 

 Self-as-target stereotype threat. Female participants assigned to the 

self-as-target condition were primed with a negative gender-related stereotype 

that was linked explicitly to their personal ability. The following information, 

designed to heighten the salience of their personal identity, was provided:  

                                                        
 
3 Moderation analyses also indicated that perceived mathematical ability and domain 
identification did not moderate the effects of stereotype threat. 
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“There is a negative stereotype that females have less mathematical 

aptitude comparative to males. You are a female and this maths exam is 

therefore diagnostic of your personal mathematical ability”. 

 Group-as-target stereotype threat. Participants in the group-as-target 

condition were primed explicitly that their performance would be diagnostic of 

gender-related ability. Here they were provided with information that 

heightened the salience of their social identity: 

“There is a negative stereotype that females have less mathematical 

aptitude comparative to males. This maths exam is therefore diagnostic 

of females’ mathematical ability”. 

 In both of these conditions, participants were first told about the negative 

stereotype concerning women in mathematics. This was based on Shapiro and 

Neuberg’s (2007) proposition that individuals may only be susceptible to self-

as-target and group-as-target stereotype threat when they recognise that they 

belong to a negatively stereotyped group. 

 Control condition. In line with prior research (e.g., Rydell, Rydell, & 

Boucher, 2010a; Schmader & Johns, 2003; Steele & Davies, 2003), 

participants in the control condition were informed that the experiment was 

investigating the role of working memory and was not diagnostic of 

mathematical ability. 
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4.3.3. Measures 

 Modular arithmetic test. Participants completed a modular arithmetic 

test (c.f., Beilock & Carr, 2005; Beilock et al., 2007). This computerised task 

was administered via E-Prime experimental software and required participants 

to judge the validity of 50 problems, including 2 practice problems. Here 

participants were taught to answer questions such as ‘43 = 16 (mod 3)’, by 

subtracting the middle number from the first number (e.g., 43 – 16) and then 

dividing their answer by the number in brackets (e.g., 27/3). Participants 

responded ‘true’ if the division resulted in a whole number and responded ‘false’ 

if the division resulted in a decimal number. 

 In line with Beilock et al. (2007), working memory demand (WM; high, 

intermediate or low) was manipulated by function of operation (borrow or carry 

operations; Lee & Kang, 2002) and presentational format (horizontal vs. 

vertical; Trbovich & LeFevre, 2003). Sixteen problems were considered low in 

working memory demand, requiring a single no borrow subtraction operation 

(e.g., 8 = 2 [mod 2]). Sixteen problems were considered intermediate, requiring 

a double digit no borrow operation (e.g., 76 = 62 [mod 14]). Sixteen problems 

were considered high demand, requiring a double digit borrow operation (e.g. 

62 = 47 [mod 7]). Both high and intermediate demand problems are theorised 

to be more difficult compared to low working memory problems. This is because 

larger arithmetic problems (double-digits) are practiced less frequently and, as 

a result, are stored at lower levels of strength in long-term memory (c.f., 

Ashcraft & Krause, 2007; LeFevre, Sadesky, & Bisanz, 1996; Siegler & 

Shrager, 1984). Half of the problems were presented horizontally and half were 

presented vertically. Previous research suggests that the subtraction procedure 
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of modular arithmetic places the greatest demands on working memory 

(Beilock & Carr, 2005; Beilock, Kulp, Holt, & Carr, 2004). Therefore, horizontal 

and vertical problem orientation was altered at this point of the modular 

arithmetic problem. See Figure 3 for a schematic example. 

 

 

 

 

 

 

Figure 3. Example of a horizontal and vertical high demand problem, adapted 

from Beilock et al. (2007). 

  

 Participants were instructed to judge modular arithmetic problems as 

quickly and as accurately as possible (Beilock & Carr, 2005), pressing the 

computer keys ‘Z’ and ‘M’ to answer ‘true’ or ‘false’ respectively. Each problem 

appeared immediately and remained on the screen until participants had 

provided an answer. Accuracy scores were computed by dividing the number 

of problems answered correctly by the total number of problems. The 

percentage of correct scores was used as the dependent variable, with lower 

scores indicating lower modular arithmetic accuracy (Beilock & Carr, 2005; 

Beilock et al., 2007; Rydell et al., 2010a). 

 

43 = 16 (mod 3) 
43 

= 16 (mod 3) 

Horizontal MA Problem Vertical MA Problem 
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4.3.4. Procedure 

After being allocated randomly and equally to an experimental condition, 

participants completed two self-report questions that measured their perceived 

mathematical ability and the importance that they attributed to these skills. 

Participants were then seated individually at a computer and were provided with 

“additional task information” which featured the experimental prime. They were 

taught how to solve modular arithmetic problems through on-screen task 

instructions, before completing two practice problems and a block of 48 test 

problems. Performance feedback was not provided and participants were not 

allowed to correct for mistakes. At the end of the experiment, participants were 

thanked for their participation and were given both a verbal and written debrief 

which emphasised that the negative stereotypes they had heard were not a true 

reflection of their ability. 

 
4.4. Results 

 
 

Modular arithmetic accuracy was examined in a 3 (Condition: self-as-target, 

group-as-target, control) x 3 (WM: high, intermediate, low) x 2 (Orientation: 

horizontal, vertical) Analysis of Variance (ANOVA). Experimental condition was 

analysed as a between-participants factor. Working memory demand and 

problem orientation were analysed as within-participant factors. Accuracy 

outliers (±3 SD, n = 5) were treated in line with procedures outlined by 

Tabachnick and Fidell (2013). Accuracy scores were positively skewed; 

however, log-transformations did not influence the obtained results. For clarity 

of interpretation, the raw means are reported. 
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Problem Demand and Presentation 
 
There was a significant main effect of problem demand, F(2, 162) = 35.48, p < 

.001,  = .31. In line with predictions, pairwise comparisons indicated that 

performance accuracy declined for high (M = .77, SD = .19) relative to low 

demand problems (M = .88, SD = .16), p < .001, d = − .63. Accuracy also 

declined for intermediate (M = .73, SD = .20) compared to low demand 

problems (M = .88, SD = .16), p < .001, d = − .83. There was no significant 

difference in performance accuracy between high and intermediate working 

memory demand problems, p > .05. 

 There was a significant main effect of problem orientation, F(1, 81) = 

26.96, p < .001,  = .25. Accuracy was significantly lower for horizontally 

oriented problems (M = .77, SD = .16) compared to vertically oriented problems 

(M = .82, SD = .16), p < .001, d = − .31. This was qualified by a significant two-

way interaction between problem demand and orientation, F(2, 162) = 8.98, p 

< .001,  = .10. Accuracy was significantly lower when participants performed 

horizontally oriented high (M = .73, SD = .21) and intermediate demand 

problems (M = .68, SD = .22) relative to low demand problems (M = .89, SD = 

.18), p < .001, d = − .82 and – 1.04, respectively. Furthermore, vertically 

oriented high (M = .81, SD = .21) and intermediate demand problems (M = .78, 

SD = .23) were solved less efficiently compared to vertically oriented low 

demand problems (M = .88, SD = .18), F(2, 68) = 13.86, p < .001, d = − .36 and 

− .48, respectively. Accuracy appeared to decrease when high demand 

problems were presented horizontally (M = .73, SD = .21) compared to vertically 

(M = .81, SD = .21) p < .001, d = − .38, and when intermediate problems were 
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presented horizontally (M = .68, SD = .22) compared to vertically (M = .78, SD 

= .23, respectively), p < .001, d = − .44. Accuracy for low working memory 

problems did not differ as a function of problem orientation, p > .05. See Figure 

4 for two-way interaction. 

 

 

Figure 4. Mean modular arithmetic accuracy scores (%) as a function of 

problem demand and orientation. Error bars represent standard 

deviations. 

0.5

0.6

0.7

0.8

0.9

1

High Intermediate Low

M
a

th
s 

P
e

rf
o

rm
a

n
ce

Problem Demand

Horizontal Orientation
Vertical Orientation



 

 98 

Stereotype Threat 

 
In terms of overall accuracy, there was a significant main effect of experimental 

condition, F(2, 81) = 8.32, p = .001,  = .17. Pairwise comparisons indicated 

that participants in the self-as-target stereotype condition solved fewer 

problems (M = .71, SD = .18) compared to participants in the control condition 

(M = .87, SD = .09), p < .001, d = − 1.12. Group-as-target stereotype threat did 

not appear to have a significant effect on overall accuracy and there was no 

significant difference between the self-as-target and group-as-target 

conditions, p > .05. 

A two-way interaction between experimental condition and problem 

orientation was also obtained, F(2, 81) = 3.61, p < .05,  = .08 (see Figure 5). 

Pairwise comparisons indicated that participants solved fewer horizontally 

oriented problems under self-as-target stereotype threat (M = .67, SD = .18) 

compared to control participants (M = .86, SD = .09), p < .001, d = − 1.34. They 

also solved fewer vertically oriented problems (M = .75, SD = .19) compared to 

participants in the control condition (M = .88, SD = .13), p < .05, d = − .80. In 

contrast to the main effect, this interaction also revealed that participants 

primed with a group-as-target stereotype solved fewer horizontally oriented 

problems (M = .76, SD = .16) relative to control participants (M = .86, SD = .09), 

p < .05, d = − .77. Participants in the self-as-target condition solved fewer 

horizontal (M = .67, SD = .18) compared to vertically oriented problems (M = 

.75, SD = .19), p < .01, d = − .43. Participants in the group-as-target condition 

also solved fewer horizontal problems (M = .76, SD = .16) compared to vertical 

problems (M = .84, SD = .14), p < .001, d = −.53. See Figure 5 for two-way 
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interaction. Participants' accuracy in the non-threat control condition did not 

significantly differ as a function of problem orientation, p > .05. There was no 

significant difference between the self-as-target and group-as-target conditions 

with regards to horizontal problem accuracy and vertical problem accuracy p > 

.05. There was no significant interaction between experimental condition and 

problem demand, F(4, 162) = .48, p > .05,  = .01. Participants’ response 

times did not differ significantly as a function of experimental condition, F(2, 81) 

= .56, p > .05,  = .01, suggesting that their accuracy scores were not due to 

a speed-accuracy trade off. 

 

  

Figure 5. Mean modular arithmetic accuracy scores (%) as a function of 

experimental condition and problem orientation. Error bars represent standard 

deviations. 

 

2

p

2

p

0.6

0.7

0.8

0.9

1

Self-as-target Group-as-target Control

M
a

th
s 

P
e

rf
o

rm
a

n
ce

Experimental Conditions

Horizontal Orientation

Vertical Orientation



 

 100 

4.5. Discussion 

 
The current study distinguished between self-as-target and group-as-target 

stereotype threat to examine the impact that these different primes exert on 

women’s mathematical performance. It elucidated further whether performance 

deficits were more likely to occur for problems which are hypothesised to rely 

more heavily on verbal, relative to visuospatial, working memory. Findings 

indicate that participants solved fewer horizontally oriented problems compared 

to vertically oriented problems in both the self-as-target and group-as-target 

stereotype threat conditions. Participants in the self-as-target condition also 

solved fewer vertically oriented problems relative to the control condition. These 

findings suggest that performance may be harmed to a greater extent when 

individuals apprehend that a negative societal stereotype may be a true 

representation of their personal ability. This may generate greater self-focused 

attention, leading individuals to ‘choke under pressure’ (Beilock & Carr, 2001; 

2005; Beilock et al., 2004; Van-Loo et al., 2013). 

 Participants primed with a negative self-relevant stereotype appeared to 

underperform on both horizontally and vertically oriented problems, whereas 

participants primed with a negative group-relevant stereotype underperformed 

on horizontal problems only. This finding is consistent with previous research 

suggesting that performance is hampered in high-pressured situations, 

particularly when excess attention is directed towards the self (Baumeister, 

1984; Beilock et al., 2004). In relation to the current results, the applicability of 

a negative group stereotype to an individual’s personal ability may create a 

distracting environment that shifts attention to task-irrelevant cues, such as 



 

 101 

worries about the situation and its consequences (Beilock & Carr, 2001; 2005). 

This may lead individuals to monitor their performance and actively regulate 

negative thoughts and feelings, which co-opt the working memory resources 

required to solve mathematical problems (Schmader et al., 2008). 

 Female participants in both the self-as-target and group-as-target 

stereotype threat conditions solved fewer horizontally oriented mathematical 

problems compared to vertically oriented problems. Horizontally oriented 

problems are theorised to rely heavily on phonological aspects of the working 

memory system (Trbovich & LeFevre, 2003), and this finding may suggest that 

stereotype threat impacts performance by inducing intrusive thoughts and 

worries (Beilock et al., 2007; Rydell et al., 2009). Nevertheless, the current 

research also found that participants under self-as-target stereotype threat 

underperformed on vertically oriented problems. This is in contrast to the results 

presented by Beilock et al. (2007), who found that only horizontally oriented 

mathematical problems were susceptible to stereotype threat effects. However, 

Beilock et al. (2007) primed participants with a group-as-target stereotype, and 

did not investigate the possible impact of self-as-target stereotype threat on 

women’s mathematical performance. Under self-as-target stereotype threat 

participants may experience a higher degree of performance pressure because 

their personal ability is linked to a negative stereotype. In turn, this added 

pressure to perform well, and to disconfirm the stereotype, may also interfere 

with the visuospatial component of working memory, particularly if one concocts 

visual images of feared consequences (Beilock, 2008; Shackman et al., 2006). 

In support of this contention, research seems to demonstrate the negative 

effects that stereotype threat can exert on spatial mental workload (i.e., spatial 
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orientation; Haussmann, 2014; Moè & Pazzaglia, 2012), and has indicated that 

women’s heightened anxiety in mathematics may consume both verbal and 

visuospatial components of working memory (Ganley & Visilyeva, 2014). 

 The current findings highlight the importance of delineating between 

distinct stereotype threats, and investigating the impact that these may exert on 

mathematical performance. However, there are a number of potential 

limitations that should be acknowledged when interpreting the current findings. 

The results highlight that a self-as-target stereotype influenced performance 

adversely for both horizontal and vertical problems, whereas a group-as-target 

stereotype only impacted performance on horizontal problems. However, there 

was no significant difference between the self-as-target and group-as-target 

conditions on overall performance accuracy. In contrast to the multi-threat 

framework (Shapiro & Neuberg, 2007), it may therefore be asserted that these 

stereotype threats do not have a distinct effect on performance. That is, a 

negative self-relevant stereotype threat did not have a greater detrimental 

impact on performance relative to a group-relevant stereotype. From this 

perspective, it could be argued that women may experience simultaneously 

both self-as-target and group-as-target stereotype threat. Put more simply, 

women may apprehend that their alleged poor mathematical performance will 

be self-characteristic of personal ability, and thereby a true representation of 

their group’s ability (c.f., Steele & Aronson, 1995). In support of this, research 

suggests that an individual’s personal and social identity can become fused in 

so far that they value the outcomes of the group as their own (Swann, Jetten, 

Gómez, Whitehouse, & Bastain, 2012), and may regard their personal and 

social identity as functionally equivalent (Swann et al., 2009). 
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 An alternative explanation is that distinct experiences of stereotype 

threat may be moderated by different factors (Shapiro & Neuberg, 2007; Wout 

et al., 2008). For example, research indicates that women who are highly 

identified with their gender underperform when they are primed with a group-

as-target stereotype threat, whereas both high and low identified women may 

underperform in self-as-target stereotype threat conditions (Wout et al., 2008). 

In the current study, female participants were moderately identified with the 

mathematics domain and it could therefore be argued that they may have been 

more susceptible to self-as-target stereotype threat relative to group-as-target 

stereotype threat. However, sensitivity analyses indicated that domain 

identification did not moderate the effects of either of these stereotype threats 

on performance, lessening concern for this potential issue. 

 A key limitation of the current study, however, is that it did not employ a 

manipulation check to examine whether participants endorsed the negative 

stereotype presented to them, and attributed this to their personal or social 

identity. Future research would therefore benefit from examining the 

effectiveness of stereotype threat manipulations, and exploring whether 

stereotype endorsement is a factor that heightens females’ susceptibility to self-

as-target and group-as-target threats. 

The current findings support a working memory account of stereotype 

threat. It advances this theory by elucidating how this mechanism may explain 

the impact of self- and group-relevant stereotypes on women’s mathematical 

performance. However, it is viable to question whether working memory 

moderates or mediates stereotype threat effects. Although working memory is 

often represented as a general cognitive construct, it can also be 
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conceptualised as an individual-difference variable, with some individuals 

displaying higher working memory capacity than others (Beilock, 2008; c.f., 

Unsworth & Engle, 2007 for an overview). In line with this, Règner et al. (2010) 

found that individuals who had lower working memory capacity solved fewer 

problems under stereotype threat compared to those with higher working 

memory. In relation to the current study, it could be questioned whether 

participants underperformed due to the effects of stereotype threat on working 

memory resources, or because participants in these conditions have lower 

working memory capacity in relation to those in the control condition. 

Nonetheless, this issue was controlled, to some extent, by randomly assigning 

participants to an experimental condition. Furthermore, the current study 

employed an experimental approach by manipulating mathematical problems 

as a function of working memory demand and problem orientation. This was in 

line with recommendations which propose that researchers may benefit from 

adopting designs where the hypothesised mediator is manipulated, due to 

difficulties in justifying stringent causal assumptions in designs in which the 

mediator is measured (Bullock, Green, & Ha, 2010; Spencer, Zanna, & Fong, 

2005). 

 In addition, research suggests that performance decrements under 

stereotype threat may only transpire on difficult problems (Keller, 2007; O’Brien 

& Crandall, 2003; Spencer et al., 1999). Horizontally orientated problems do 

not follow a typical solving convention and are considered to be more difficult 

(Trbovich & LeFevre, 2003). Conversely, vertically oriented problems appear to 

be less difficult because this format activates a representation of the problem 

in the visuospatial sketchpad, which is similar to how people solve problems 
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with pencil-and-paper (Trbovich & LeFevre, 2003). Resultantly, participants 

may have solved fewer horizontally oriented problems relative to vertically 

oriented problems not due to their taxation on verbal working memory 

resources per se, but due to their greater difficulty. Nevertheless, other 

researchers have used additional tasks to provide support for the suggestion 

that stereotype threat taxes executive functioning to bring about decrements in 

women’s mathematical aptitude (Rydell et al., 2014), and have also implicated 

this finding in working memory tasks that are not associated with mathematical 

performance (Schmader & Johns, 2003). The current results are therefore 

consistent with previous research suggesting that stereotype threat may 

interfere with performance by reducing targeted individuals’ working memory 

capacity (Beilock et al., 2007; Rydell et al., 2014; Schmader & Johns, 2003). 

 

4.5.1. Chapter Conclusion 

The current study distinguished between self-as-target and group-as-target 

stereotype threats to explore the impact these have on women’s mathematical 

performance. Based on previous research (Beilock et al., 2007), it also 

examined whether mathematical problems that rely heavily on verbal working 

memory resources are more susceptible to failure under stereotype threat. 

Findings indicate that participants primed with self-as-target stereotype threat 

solved fewer problems compared to participants in the control condition. This 

may suggest that situational performance pressure is heightened when a 

negative societal stereotype is attributed to one’s personal ability, resulting in 

an overall detrimental effect on performance. Participants in the self-as-target 

and group-as-target conditions solved fewer horizontally oriented problems 
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compared to participants in the control condition. They also solved fewer 

horizontally relative to vertically oriented problems. Consistent with previous 

research (Beilock et al., 2007; Rydell et al., 2014), these findings may suggest 

that the salience of negative stereotypes may influence verbal ruminations, 

which deplete the verbal working memory resources required to solve 

mathematical problems. 

 However, an alternative theory suggests that individuals may be 

motivated to disconfirm a negative stereotype, and as a result, may exhibit 

diminished inhibitory control when required to solve mathematical problems 

(Jamieson & Harkins, 2007; Seitchik & Harkins, 2015). For example, research 

testing this theory suggests that stereotype threatened participants may 

respond quicker than participants not under stereotype threat, and will also 

correct for their answers if they realise that they are incorrect. In Experiment 4, 

there was no significant difference in the time it took participants to answer each 

mathematical problem as a function of experimental condition. This may 

indicate that participants engaged in a similar amount of effort when completing 

the task. However, given that they were not able to correct for any errors within 

the modular arithmetic task, a motivational account of stereotype threat effects 

cannot be ruled out as an explanation for the observed performance deficits. 

Experiments 2 and 3 therefore employed an anti-saccade eye-tracking task to 

pit support for the working memory interference account of stereotype threat 

(Beilock et al., 2007; Schmader & Johns, 2003; Rydell et al., 2014) against the 

mere effort motivational account (Jamieson & Harkins, 2007; 2009; Seitchik & 

Harkins, 2015). 
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5. CHAPTER 5 – Experiments Two and Three 

 
Comparisons of the Mere Effort and Working Memory Accounts Across 

Distinct Stereotype Threats 
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Abstract 

 
Aim: The current research examines whether deficits in working memory or 

heightened motivation underpin the effects of distinct stereotype threats on 

women’s mathematical performance. Method: In Experiment 2 of this thesis, 

female participants were assigned randomly to a negative self-relevant or 

group-relevant stereotype threat condition or to a control condition. They 

completed an anti-saccade eye-tracking task, in which they were instructed to 

look directly towards (pro-saccade) and away from a peripheral target (anti-

saccade). In Experiment 3, participants were assigned randomly to a negative 

or positive group stereotype condition or to a control condition. They completed 

an anti-saccade eye-tracking task and a modular arithmetic task. Results: 

Results from Experiment 2 indicate that participants in the self-as-target and 

group-as-target conditions launched marginally fewer corrective saccades 

relative to the control condition. However, there was no significant differences 

in the time it took participants to launch correct and corrective saccades 

towards and away from the target. Findings from Experiment 3 indicate that 

participants solved fewer difficult mathematical problems when they were 

primed with a positive group-relevant stereotype, but a negative group 

stereotype did not appear to impact performance. Furthermore, there were no 

significant differences in visuospatial performance on the anti-saccade task as 

a function of experimental condition. Conclusion: The current experiments 

were unable to provide support for the mere effort or working memory 

interference accounts of stereotype threat. The discussion focuses on potential 

explanations for these findings, with regard to task difficulty and stereotype 

endorsement. 
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5.1. Chapter Overview 

 
 Through the lens of Baddeley’s (1986, 2000) multi-component model, 

researchers have proposed that the verbal ruminations garnered from a 

negative stereotype may reduce verbal working memory resources to bring 

about detriments in mathematical performance (Beilock et al., 2007; Schmader 

& Johns, 2003). Providing initial support for a working memory interference 

account, findings from Experiment 1 indicate that women solved fewer 

horizontally oriented mathematical problems relative to vertically oriented 

problems when they were primed with a self-as-target or group-as-target 

stereotype. Indeed, previous research has shown that horizontally oriented 

problems rely more heavily on phonological aspects of working memory, 

whereas vertically oriented problems place demands on the visuospatial 

component of this system (Beilock et al., 2007; Trbovich & LeFevre, 2003). 

These results may therefore suggest that stereotype-relevant worries operate 

like a resource-demanding secondary task that taxes the phonological 

component of working memory to diminish performance. However, other 

researchers have argued that motivation, and not deficits in working memory, 

underpin the stereotype threat-performance relationship (Jamieson & Harkins, 

2007; Jamieson & Harkins, 2009; Seitchik & Harkins, 2015). Experiments 2 and 

3 of the current thesis therefore pit the working memory interference account 

against the mere effort motivational account to examine whether these two 

theories can explain the effects of distinct stereotype threats on women’s 

mathematical performance. 
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5.2. Introduction 

 
 The mere effort account (Jamieson & Harkins, 2007) proposes that the 

potential for evaluation facilitates the dominant response on a stereotype-

relevant task. When the dominant response is correct, performance remains 

unharmed, but when this dominant response is incorrect, performance is 

debilitated. Of central importance to this theory, however, is the proposition that 

stereotype threatened females will correct for their performance if they 

recognise that their response is incorrect and are given the opportunity to 

correct it (Jamieson & Harkins, 2007; McFall, Jamieson, & Harkins, 2009). 

 One task that allows for the comparison of a working memory and mere 

effort account of stereotype threat is the anti-saccade eye-tracking task, 

specifically because optimal performance requires working memory resources 

to generate volitional saccades to a peripheral target (pro-saccade trials) and 

inhibit the tendency to look towards it (anti-saccade trials) (Jamieson & Harkins, 

2007; Munoz, & Everling, 2004; Unsworth, Schrock, & Engle, 2004). The mere 

effort account predicts that participants under stereotype threat should look in 

the wrong direction towards the target more often than participants in the control 

condition because increased motivation facilitates the dominant response. It 

predicts further that this heightened motivation will influence stereotype 

threatened participants to launch quicker correct saccades (eye movements 

directed correctly towards the target) and corrective saccades (eye movements 

directed towards the target following the emission of an incorrect response) 

compared to participants who are not subject to evaluation (c.f., Jamieson & 

Harkins, 2007; Experiment 3). This contrasts with a working memory 
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interference account, which would predict that participants under stereotype 

threat would launch slower correct saccades and be less likely to correct for 

incorrect responses because of diminished working memory capacity 

(Jamieson & Harkins, 2007). Although working memory is implicated in both 

the mere effort and working memory interference account of stereotype threat, 

the mere effort account proposes that participants are quicker to launch 

saccades because the dominant response has been potentiated, not because 

individuals lack the working memory capacity necessary to inhibit this response 

(Jamieson & Harkins, 2007). 

 Providing support for their theory, Jamieson and Harkins (2007; 

Experiment 3) found that participants primed with stereotype threat launched 

more reflexive saccades on a greater percentage of anti-saccade trials (i.e., 

incorrect responses) and appeared to launch corrective saccades more quickly 

than those in the control condition. There was also a tendency for participants 

under stereotype threat to launch reflexive eye movements more quickly on 

pro-saccade trials. In support of these initial findings, McFall et al. (2009) found 

that although participants who were subject to evaluation launched more 

incorrect saccades, they were quicker to produce correct and corrective 

saccades compared to control participants. These findings suggest that 

participants may be motivated to disprove negative stereotypes, which results 

in them launching faster saccades and correcting for any incorrect responses. 

 However, Schmader et al. (2008) disagree with the assertion that 

increased motivation to correct errors is incompatible with a working memory 

interference explanation of stereotype threat. They argue that despite 

appearing motivated to correct for their mistakes, stereotype threatened 
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participants in Jamieson and Harkins’ (2007) study continued to produce 

incorrect responses. This suggests that their ability to inhibit the dominant 

response and produce goal-directed behaviour was diminished; a finding 

consistent with impaired working memory (Kane & Engle, 2003; Mitchell, 

Macrae, & Gilchrist, 2002). 

 There is therefore considerable debate regarding whether working 

memory deficits or motivation (i.e., mere effort) underpin the effects of 

stereotype threat on women’s mathematical performance. Moreover, no 

research has examined whether these different explanations account for the 

effects of distinct stereotypes on performance. In their theoretical review, 

Shapiro and Neuberg (2007) speculate that different mechanisms may 

underpin self-as-target and group-as-target stereotype threat; but such 

assertion has not been tested empirically. Bridging this gap in the literature, the 

aim of Experiment 2 was to pit support for the working memory interference 

account against the mere effort account when females are primed with distinct 

stereotype threats. 

 In the current study, female participants were primed with a negative 

self- or group-relevant stereotype and completed an anti-saccade eye-tracking 

task in which they had to generate volitional saccades towards (pro-saccade) 

and away from a peripheral target (anti-saccade). Both the mere effort and 

working memory account predict that participants primed with a negative group-

relevant stereotype should launch more incorrect saccades towards the target 

on anti-saccade trials relative to control participants. However, it is argued that 

these two theories make different predictions regarding correct and corrective 

anti-saccades (Jamieson & Harkins, 2007). In line with the mere effort account, 
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it would be predicted that participants under group-as-target stereotype threat 

would be more likely to correct for any incorrect responses and launch both 

correct and corrective saccades more quickly compared to participants in the 

control condition. Conversely, the working memory interference account 

predicts that participants under group-as-target stereotype threat would be less 

likely to correct for incorrect responses. This theory also predicts that 

stereotype threatened participants would launch correct saccades slower, 

rather than faster, because the salience of a negative group stereotype taxes 

the working resources necessary to potentiate these responses (c.f., Jamieson 

& Harkins, 2007). 

 Nevertheless, research is yet to examine whether the salience of a 

negative self-as-target stereotype heightens motivation or diminishes working 

memory capacity. From a mere effort perspective (Jamieson & Harkins, 2007), 

it is plausible that female participants may be motivated to disconfirm a negative 

gender-related stereotype when it is explicitly tied to personal ability. 

Accordingly, participants primed with self-as-target stereotype threat may 

launch correct and corrective saccades more quickly compared to participants 

in both the group-as-target stereotype threat and control conditions. They may 

also be more likely to correct for incorrect responses compared to participants 

in the group-as-target condition. Conversely, from a working memory 

perspective (Beilock et al., 2007; Rydell et al., 2014; Schmader & Johns, 2003), 

the applicability of a negative societal stereotype to one’s personal performance 

may heighten self-consciousness, thereby depleting working memory capacity. 

Underpinned by this account, it would be predicted that participants primed with 

a self-as-target stereotype would launch slower correct and corrective 
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saccades compared to participants in both the group-as-target stereotype 

threat and control conditions. See Table 4 for overview of experimental 

predictions. 

 

Table 4. 

Experiment 2 predictions for performance on anti-saccade trials based on the 

mere effort and working memory accounts of stereotype threat. 

 Group-as-target 

stereotype threat (GAT) 

Self-as-target stereotype 

threat (SAT) 

 Mere effort  Working 

memory 

Mere effort Working 

memory 

Correct % GAT fewer 

than control 

GAT fewer 

than control 

SAT fewer 

than control 

SAT fewer 

than control 

Correct RT GAT 

quicker 

than control 

GAT slower 

than control 

SAT quicker 

than GAT and 

control 

SAT slower 

than GAT and 

control 

Corrective % GAT more 

than control 

GAT fewer 

than control 

SAT more 

than GAT and 

control 

SAT fewer 

than GAT and 

control 

Corrective 

RT 

GAT 

quicker 

than control 

GAT slower 

than control 

SAT quicker 

than GAT and 

control 

SAT slower 

than GAT and 

control 
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5.3. Experiment 2 Method 

5.3.1. Participants 

Sixty-four females (Mage = 22 years, SD = 5.53; 95.3% university students) 

participated in exchange for course credit or £3 remuneration. They were 

assigned randomly, using a random number generator, to one of three 

experimental conditions: 1), self-as-target stereotype threat; 2), group-as-target 

stereotype threat; and 3), a non-threat control. Decisions regarding sample size 

were based on Jamieson and Harkins’ study (2007; Experiment 3) and 

recruitment was stopped once a sample of 60 participants had been met 

through online sign ups to the study. In accordance with previous research 

(Beilock et al., 2007; Steele, 1997), participants answered two self-report 

questions to measure their perceived mathematical ability (i.e., “I am good at 

math”) and their domain identification (i.e., “It is important to me that I am good 

at math”). Responses were recorded on a Likert scale anchored between 1 

(Strongly Disagree) and 9 (Strongly Agree). There were no significant 

differences in participants’ perceived mathematical ability, F(2, 55) = 2.40, p > 

.05,  = .08, or domain identification as a function of experimental condition, 

F(2, 56) = .42, p > .05,  < .01. 

 

5.3.2. Stereotype Threat Manipulations 

 Group-as-target stereotype threat. Participants in the group-as-target 

stereotype threat condition were provided with written information which 

stated that the task they were about to complete was diagnostic of gender-

related ability (c.f., Aronson et al., 1999; Shapiro & Neuberg, 2007). This 

2
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particular prime was adapted from that used by Jamieson and Harkins (2007, 

p. 548) and led participants to believe that the anti-saccade task is a measure 

of visuospatial capacity that is indicative of mathematical ability: 

The eye-tracking task that you are about to complete is a test of 

visuospatial capacity. This measure is closely linked to maths ability. As 

you may know, there has been some controversy about whether there are 

gender differences in maths and spatial ability. Previous research has 

demonstrated that gender differences exist on visuospatial and 

mathematical tasks. Specifically, females are shown to perform less 

accurately compared to males. The task that you are about to complete 

will therefore provide a measure of the differences between male and 

females visuospatial and mathematical ability. 

 Self-as-target stereotype threat. Participants in the self-as-target 

stereotype threat were also primed with a negative gender-related stereotype4 

but instead were told that the task they were about to undertake was diagnostic 

of personal ability (c.f., Shapiro & Neuberg, 2007). Specifically, they received 

the following written information: 

The eye-tracking task that you are about to complete is a test of your 

visuospatial capacity. This measure is closely linked to your maths ability. 

As you may know, there has been some controversy about whether there 

are gender differences in maths and spatial ability. Previous research has 

                                                        
 
4 Research suggests that participants should be knowledgeable of a negative stereotype in 
order to be susceptible to stereotype threat effects (Shapiro & Neuberg, 2007). Accordingly, 
both the self-as-target and group-as-target prime included reference to gender differences in 
visuospatial and mathematical performance. 
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demonstrated that gender differences exist on visuospatial and 

mathematical tasks. Specifically, females are shown to perform less 

accurately compared to males. The task that you are about to complete 

will therefore provide a measure of your personal visuospatial and 

mathematical ability. 

Given the similarities between the two experimental manipulations, the 

researcher also verbally primed participants that the task they were about to 

undertake was diagnostic of personal (self-as-target) or gender-related ability 

(group-as-target) before they commenced the task. 

 Control condition. Participants in the control condition were informed 

that the anti-saccade task was non-diagnostic of ability (c.f., Steele & Davies, 

2003) and that the experiment was investigating the role of working memory 

(Schmader & Johns, 2003). 

 

5.3.3. Measures 

 Anti-saccade eye-tracking task. All participants reported normal or 

corrected-to-normal vision. Participants’ eye movements were recorded using 

an EyeLink 1000 head-mounted eye-tracker, with a sampling rate of 1,000 Hz. 

The experimental tasks were designed using Experiment Builder (SR Research 

Ltd) and participants’ heads were stabilised by a chin rest situated 57cm from 

the computer monitor. Both the anti-saccade and pro-saccade task consisted 

of 84 trials, split into 4 blocks (including 4 practice trials). Each trial started with 

a fixation cross that appeared on the screen and was presented randomly for 

800-1000ms. A target then appeared 8° from the fixation point and was 
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presented randomly on the right or left hand side of the computer screen for 

1000ms. The targets consisted of a square (neutral stimuli) or a number 

(numerical stimuli), which were presented randomly and equally across trials. 

These two target-types were selected because previous research which 

investigates inhibition from a mere effort account has utilised neutral stimuli 

(Jamieson & Harkins, 2007; Experiment 3), whereas numerical stimuli has been 

used to elucidate the working memory interference account (Rydell et al., 2014; 

Experiment 3). It was therefore deemed appropriate to examine any potential 

different effects that the type of stimulus may exert on inhibition. Each target 

was exactly the same size (1.4°) to ensure that this did not influence inhibitory 

control (c.f., Roberts, Hager, & Heron, 1994). 

 

5.3.4. Procedure 

Participants were recruited for a study that ostensibly examined factors relating 

to problem solving and were assigned randomly and equally to one of three 

experimental conditions; self-as-target stereotype threat, group-as-target 

stereotype threat, and a control condition. Participants were seated in front of 

a computer and their eye movements were validated using a 9-point calibration 

system. Before they commenced with the anti-saccade eye-tracking task, they 

were provided with “additional task information”, which corresponded to their 

experimental condition. On-screen instructions explained how to respond to 

anti-saccade and pro-saccade trials. During anti-saccade trials participants 

were instructed to look directly away from the target, to its mirror position, as 

quickly and as accurately as possible. During pro-saccade trials participants 

were asked to look directly towards the target. Participants completed 4 blocks 
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of 80 pro-saccade trials and 4 blocks of 80 anti-saccade trials, with task order 

(i.e., pro-saccade or anti-saccade first) counterbalanced between participants. 

Appropriate breaks were provided throughout to minimise fatigue. After the 

task, participants responded to two questions in order to evaluate the 

effectiveness of the stereotype threat manipulations. In accordance with 

Jamieson and Harkins (2007), participants were asked: “To what extent are 

there gender differences in visuospatial performance?” (1 = gender differences, 

10 = no differences) and “Who do you believe performs better on this task?” (1 

= females, 10 = males). Participants were then provided with a verbal and 

written debrief and were thanked for their time. 

 

5.3.5. Data Preparation 

In line with Jamieson and Harkins (2007), filters were used prior to data analysis 

to ensure that eye movements recorded by the eye tracker represented 

responses to the stimulus presented. The four practice trials were removed 

from any analyses, resulting in a total of 160 trials for each participant. Eye 

movements were categorised as ‘valid’ if participants’ initial eye position did not 

vary by more than 2.82o (50 pixels) from the central fixation cross. Eye 

movements more than 2.82o were considered as invalid and were removed 

from analyses. A total of 3% of pro-saccade and 3% of anti-saccade trials were 

excluded using this criterion. Eye movements were classed as anticipatory if 

participants initiated saccades in less than 80 milliseconds (ms) (c.f., Crevit & 

Vandierendonck, 2005; Jamieson & Harkins, 2007) and saccades beginning at 

1,000ms or greater were excluded because they could not have been initiated 

in response to the target. This criterion resulted in the exclusion of another 3% 
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of anti-saccade trials and 6% of pro-saccade trials. As a total, 9% of pro-

saccade and 6% of anti-saccade trials were removed from the analysis. Data 

from four participants were excluded from the overall analysis because of 

invalid centre starts and calibration error on the anti-saccade task. 

 

5.4. Results 

 

Stereotype Threat Manipulation Check 

 
A Multivariate Analysis of Variance (MANOVA) was conducted to evaluate the 

effectiveness of the stereotype threat primes. There was no significant 

difference in the extent to which participants believed that there were gender 

differences in visuospatial performance as a function of the three experimental 

conditions, F(2, 59) = 1.81, p > .05,  = .06. Participants in the group-as-target 

stereotype threat condition (M = 6.32, SD = 1.86) were more likely to endorse 

that men outperformed women on the anti-saccade task relative to the control 

condition (M = 4.95, SD = 1.54), F(2, 59) = 4.95, p < .05, = .14. However, 

there was no significant difference between responses of participants in the 

self-as-target condition compared to the control condition, p > .05. See Table 5 

for descriptive statistics. 
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Table 5. 

Means and corresponding standard deviations for stereotype threat 

manipulation checks in Experiment 2. 

 Self-as-target Group-as-target Control 

To what extent are there 

gender differences in 

visuospatial performance? 

5.95 (1.99) 6.00 (2.25) 4.95 (1.54) 

Who do you think performs 

better on this task?  

5.90 (2.10) 6.32 (1.86)a 4.53 (1.65)a 

Note: Rows with a common sub-script differ significantly at p < .05. 

 

Anti-saccade Task 

Two separate repeated measure ANOVAs were conducted on correct 

saccades and corresponding saccadic reaction times (SRT) as a function of 

trial type (pro, anti). There was a significant main effect of accuracy, F(1, 58) = 

35.09, p < .001, = .38. Pairwise comparisons indicated that participants 

responded more accurately on pro-saccade (M = .99, SD = .02) relative to anti-

saccade trials (M = .84, SD = .20), p < .001, d = 1.10. There was also a 

significant main effect of response time, F(1, 59) = 205.04, p < .001, = .78. 

Participants responded significantly faster on pro-saccade (M = 182.12, SD = 

24.38) relative to anti-saccade trials (M = 243.36, SD = 33.39), p < .001, d = − 

2.09. 

 A series of between-participant ANOVAs were then conducted on 

participants’ performance on the pro- and anti-saccade trials as a function of 
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experimental condition. There were no significant differences on any of the 

dependent variables as a function of the stimulus used (i.e., number vs. shape) 

and therefore this variable was collapsed within all subsequent analyses. 

 

 Pro-saccade trials. 

Correct responses (%). There was no significant difference between 

correct responses on pro-saccade trials as a function of experimental condition, 

F(2, 57) = 1.54, p > .05,  = .05. All participants responded with above 98% 

accuracy. 

Saccadic response time (SRT). There was no significant difference in 

the time it took participants to launch saccades towards the target as a function 

of experimental condition, F(2, 57) = .66, p > .05,  = .02. 

 

 Anti-saccade trials. 

Correct responses (%). There was no significant difference between 

correct responses on anti-saccade trials as a function of experimental 

condition, F(2, 57) = .04, p > .05,  = .001. 

Correct responses (SRT). There was no significant difference in the 

time it took participants to launch saccades away from the target as a function 

of experimental condition, p > .05. F(2, 57) = .43, p > .05,  = .02. 

Corrective responses (%). There was a significant main effect of 

condition on corrective responses, F(2, 57) = 3.57, p = .04, = .11. However, 
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pairwise comparisons indicated that these differences were marginally 

significant. Specifically, participants in the self-as-target (M = .54, SD = .32) 

were marginally less likely to correct for incorrect responses relative to those in 

the control condition (M = .75, SD = .24), p = .07, d = .74. Participants under 

group-as-target (M = .55, SD = .28) were also marginally less likely to correct 

for incorrect responses relative to those in the control condition (M = .75, SD = 

.24), p = .08, d = .77. 

Corrective responses (SRT). There was no significant difference in the 

time it took participants to launch a corrective saccade away from the peripheral 

target as a function of experimental condition, F(2, 53) = .30, p > .05,  = .01. 

See Table 6 for descriptive statistics. 

 

Table 6. 

Descriptive statistics for anti-saccade trials as a function of experimental 

condition in Experiment 2. 

 Self-as-target Group-as-target Control 

 Mean (SD) 

Correct % 

Correct SRT 

Corrective % 

Corrective SRT 

.81 (.17) 

245.99 (38.53) 

.54 (.32)a 

401.14 (86.35) 

.81 (.16) 

237.87 (32.28) 

.55 (.28)b 

392.08 (78.06) 

.82 (.21) 

246.64 (29.61) 

.75 (.24)ab 

379.98 (87.51) 

Note: % = percentage correct, RT = reaction time. 

 

 

2

p



 

 124 

5.5. Discussion 

 
Experiment 2 utilised the anti-saccade eye-tracking task to examine support for 

the mere effort account and the working memory interference theory of 

stereotype threat-performance effects. In line with the mere effort account 

(Jamieson & Harkins, 2007; 2009; Seitchik & Harkins, 2015), it was predicted 

that female participants who were primed with a negative group stereotype 

would launch quicker correct and corrective saccades and correct for any 

incorrect responses on a greater percentage of trials compared to control 

participants. It was also predicted that participants under self-as-target 

stereotype threat would launch quicker correct and corrective saccades relative 

to both the group-as-target and control conditions. This was based on the 

proposition that the applicability of a negative group stereotype to females’ 

personal ability may motivate them to disconfirm the stereotype. Conversely, 

and in line with a working memory interference account (c.f., Beilock et al., 

2007; Schmader & Johns, 2003; Rydell et al., 2014), it was predicted that 

participants subject to self-as-target and group-as-target stereotype threat 

would launch slower correct and corrective saccades compared to the control 

condition and launch fewer corrective saccades. This is because the salience 

of a negative stereotype may co-opt working memory resources (Jamieson & 

Harkins, 2007). 

 Findings indicate that participants in both the self-as-target and group-

as-target stereotype threat conditions launched marginally fewer corrective 

saccades relative to participants in the control condition on anti-saccade trials. 

These findings appear to be consistent with a working memory interference 
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account of stereotype threat (Beilock et al., 2007; Rydell et al., 2014), 

suggesting that female participants may have been unaware that they had 

initiated an incorrect response and were therefore less likely to launch 

corrective saccades relative to the control condition. In contrast to the 

hypotheses proffered by both the working memory interference and mere effort 

account, however, participants in both stereotype threat conditions did not 

launch fewer correct saccades compared to the control condition. Furthermore, 

there was no significant difference in the time it took participants to launch 

correct and corrective anti-saccades as a function of experimental condition. 

 These results contrast with findings reported by Jamieson and Harkins 

(2007; Experiment 3) who found that participants primed with a negative group-

relevant stereotype launched quicker correct and corrective anti-saccades 

relative to participants in a control condition. This is despite the current study 

using approximately the same amount of participants in each condition 

compared to Jamieson and Harkins (2007) (current, n = 20, Jamieson & 

Harkins’, 2007, n = ~ 18). However, it appears that participants in the current 

study were less likely to endorse the stereotype threat manipulation compared 

to those in Jamieson and Harkins’ (2007) study, and this may explain the 

discrepant findings. In line with Jamieson and Harkins (2007), participants were 

primed that the anti-saccade eye-tracking task was a test of visuospatial 

capacity, which is closely linked to mathematical ability. Although visuospatial 

ability is theorised to be related to mathematical proficiency (c.f., Tosto et al., 

2014), the anti-saccade task is a relatively simple task which is predominantly 

used as a measure of inhibitory control (Munoz & Everling, 2004). As such, 

participants may not have endorsed this particular task to be a valid measure 
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related to mathematical ability, which may explain why both the self-as-target 

and group-as-target primes did not influence anti-saccade performance. 

 In a similar vein, both the current study and the original by Jamieson and 

Harkins (2007) did not examine women’s mathematical performance. 

Resultantly, participants may not have associated their performance on the 

anti-saccade task as a diagnostic indicator of their mathematical ability (as the 

stereotype threat prime implied). This may have weakened the effectiveness of 

the manipulation and may explain the null findings. Due to this issue, the current 

study (and that of Jamieson & Harkins, 2007) is not able to directly associate 

performance on the anti-saccade task to the effects of stereotype threat on 

women’s mathematical performance. With a view to overcome these potential 

issues, Experiment 3 aimed to corroborate the findings presented in 

Experiment 2, utilising both the anti-saccade eye-tracking task and a test of 

modular arithmetic to examine the effects of a negative group-stereotype on 

women’s mathematical performance. 

 Recent research suggests that heightened motivation underpins the 

effects of stereotype threat on females’ mathematical performance (Jamieson 

& Harkins, 2009; Seitchik & Harkins, 2015). For example, Jamieson and 

Harkins (2009) found that stereotype threatened participants were more likely 

to adopt a conventional solving approach, which facilitated performance on 

‘solve’ problems but hampered performance on ‘comparison’ problems. 

Extending this work, Seitchik and Harkins (2015) examined support for the 

mere effort and working memory account of stereotype threat effects. Here they 

identified a dominant response for solving horizontal problems (i.e., the method 

of adjustment) and taught one group of women how to solve modular arithmetic 
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problems based on this method. When they were not told how to solve the 

problems using this strategy, females under stereotype threat solved fewer 

problems correctly compared to those in the control condition. However, when 

told which approach to use to solve the problems, stereotype threatened 

participants solved more problems correctly than control participants. These 

findings therefore suggest that females under stereotype threat may have 

difficulty controlling their tendency to utilise easy-to-adopt but incorrect 

problem-solving approaches. However, within both of these studies, 

participants were provided with paper-and-pencil to solve problems (c.f., 

Jamieson & Harkins, 2009; Seitchik & Harkins, 2015), as well as additional 

paper to show their calculations (c.f., Jamieson & Harkins, 2009). Allowing 

individuals to solve problems in this way lessens the demands placed on 

working memory resources and thus limits the extent to which this working 

memory interference account of stereotype threat can be elucidated 

(Raghubar, Barnes, & Hecht, 2010; Trbovich & LeFevre, 2003). 

 On the surface, it may seem that only negative stereotypes diminish 

performance. However, research has also revealed that a positively 

stereotyped social identity can influence performance decrements (Baumeister, 

Hamilton, & Tice, 1985; Cheryan & Bodenhausen, 2000). For example, 

Cheryan and Bodenhausen (2000) found that Asian American females 

underperformed on a mathematical test when they were primed with a positive 

group stereotype relative to a positive personal stereotype. This is consistent 

with research which suggests that high expectations for personal success may 

facilitate performance (Baumeister et al., 1985; Rosenthal & Jacobson, 1968), 

whereas high group-based expectations often lead to diminished performance 
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(Brown & Josephs, 1999). Additional research also indicates that highly 

identified male mathematics students underperform when they are primed with 

both a positive gender and student identity compared to when they are primed 

with one of these positive social identities alone (Rosenthal & Crisp, 2007). 

These findings suggest that when individuals are primed with positive group 

stereotypes they may experience apprehension about positively representing 

their social group, with such high expectations leading them to ‘choke under 

pressure’ (Cheryan & Bodenhausen, 2000; Rosenthal & Crisp, 2007). However, 

the opposite effects have been found on tests of spatial ability, with research 

demonstrating that women do better on spatial ability tasks when they are 

primed with a positive gender-related stereotype (Moè, 2009; Wraga, Duncan, 

Jacobs, Helt, & Church, 2006). Indeed, it appears that further research is 

required to elucidate the impact that positive stereotypes exert on visuospatial 

and mathematical performance. 

 Experiment 3 therefore examined the effects that a positive and negative 

group stereotype exerts on women’s visuospatial and mathematical 

performance. The mere effort account (Jamieson & Harkins, 2007) predicts that 

the salience of a positive group-relevant stereotype threat motivates 

participants to perform well. Accordingly, it would be hypothesised that 

participants primed with a positive stereotype would be more likely to look in 

the wrong direction towards a peripheral target relative to participants in the 

control condition because motivation facilitates the dominant response (c.f., 

Jamieson & Harkins, 2007; 2009; Seitchik & Harkins, 2015). Furthermore, they 

should launch quicker correct and corrective saccades compared to control 

participants, and correct for any incorrect responses on a greater proportion of 
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anti-saccade trials, in a bid to confirm the positive stereotype. 

 However, based on predictions garnered from a working memory 

interference account (Beilock & Carr, 2005; c.f., also Jamieson & Harkins, 

2007), it would be hypothesised that the salience of a positive stereotype may 

exacerbate situational performance pressure and, resultantly, diminish working 

memory capacity. In turn, this theory predicts that participants primed with a 

positive stereotype would launch more incorrect saccades, and correct for 

these incorrect responses slower and less often compared to participants in the 

control condition. See Table 7 for experimental predictions. 

 With regard to mathematical performance, it was predicted that women 

would solve fewer difficult problems when they were primed with a negative 

group stereotype (Beilock et al., 2007; Rydell et al., 2014). Furthermore, it was 

hypothesised that a positive group stereotype threat might facilitate women’s 

performance on simple problems because they are motivated to perform well, 

but diminish their performance on difficult problems because this heightened 

expectation for success influences them to ‘choke under pressure’ (Beilock & 

Carr, 2005; Cheryan & Bodenhausen, 2000; Rosenthal & Crisp, 2007). 
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Table 7. 

Experiment 3 predictions for performance on anti-saccade trials. 

 Negative group stereotype 

(ST) 

Positive group stereotype 

(PS) 

 Mere effort  Working 

memory 

Mere effort Working 

memory 

Correct % ST fewer 

than control 

ST fewer 

than control 

PS fewer 

than control 

PS fewer 

than control 

Correct RT ST quicker 

than control 

ST slower 

than control 

PS quicker 

than control 

PS slower 

than control 

Corrective % ST more 

than control 

ST fewer 

than control 

PS more 

than control 

PS fewer 

than control 

Corrective 

RT 

ST quicker 

than control 

ST slower 

than control 

PS quicker 

than control 

PS slower 

than control 

 

 

5.6. Experiment 3 Method 

 
5.6.1. Participants 

Sixty females (Mage = 21 years, SD = 5.87) participated in exchange for course 

credits or £3 by way of remuneration. They were assigned randomly and 

equally to one of three conditions: 1), negative group stereotype; 2), positive 

group stereotype; and 3), a non-threat control condition. Decisions regarding 

sample size were based on Jamieson and Harkins’ study (2007; Experiment 3), 

and recruitment stopped once a sample of sixty participants had been reached. 
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Participants self-reported mathematical ability, F(2, 52) = .23, p > .05,  < .01, 

and domain identification did not significantly differ as a function of 

experimental condition, F(2, 52) = 1.62, p > .05,  = .06. 

 

5.6.2. Stereotype Threat Manipulations 

 Negative stereotype threat manipulation. Participants in the negative 

stereotype condition received the same prime that was implemented in 

Experiment 2. 

 

 Positive stereotype threat manipulation. Participants assigned to the 

positive stereotype condition received the same information as those in the 

negative stereotype threat condition. However, rather than highlighting a 

negative gender-related stereotype, they were informed that women typically 

outperform men on tests of visuospatial and mathematical ability. Specifically, 

they were provided with the following written information: 

The eye-tracking task that you are about to complete is a test of 

visuospatial capacity. This measure is closely linked to maths ability. As 

you may know, there has been some controversy about whether there are 

gender differences in maths and spatial ability. Previous research has 

demonstrated that gender differences exist on visuospatial and 

mathematical tasks. Specifically, females have been found to outperform 

males. The tasks that you are about to complete will therefore provide a 

measure of the differences between male and females visuospatial and 

mathematical ability. 
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In an equivalent procedure to Experiment 2, the researcher also verbally 

reiterated the stereotype threat primes to participants before they commenced 

with each task. 

 

 Control condition. Participants in the control condition were informed 

that the task was measuring factors related to working memory and was non-

diagnostic of ability (Steele & Davies, 2003). 

 

5.6.3. Measures 

 Anti-saccade task. Participants completed the same anti-saccade eye-

tracking task that was employed in Experiment 2. 

 

 Modular arithmetic task. A modular arithmetic task, similar to that 

employed in Experiment 1, was employed and was presented using E-Prime 

experimental software (See Method Section, Experiment 1 for additional task 

information). Participants completed 64 modular arithmetic problems, including 

2 practice problems, and were told to respond as quickly as possible without 

sacrificing accuracy, indicating their responses using the ‘Z’ or ‘M’ key on a 

standard computer keyboard. Problem difficulty was manipulated for each 

problem, with 32 problems considered simple (low WM), requiring a single-digit 

no borrow subtraction operation (e.g., 7 = 2 [mod 5]) and 32 problems 

considered difficult (high WM), requiring a double-digit borrow subtraction (e.g., 

43 = 16 [mod 3]). Accuracy scores were calculated by dividing the number of 

problems answered correctly by the total number of problems, with lower 

scores indicating lower accuracy. 
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5.6.4. Procedure 

Participants were informed that the experiment was investigating factors 

relating to problem solving and would complete the anti-saccade eye-tracking 

task and a test of arithmetic. Before commencing with each of the tasks, 

participants were given written information, which corresponded to their 

experimental condition (see “Stereotype threat manipulation”). Participants 

completed the same anti-saccade eye-tracking task that was employed in 

Experiment 2. They were taught how to solve modular arithmetic problems with 

on-screen instructions and progressed through these at their own pace. After 

completing two practice problems, they were required to solve a total of 64 test 

problems. The order of the anti-saccade and modular arithmetic tasks were 

counterbalanced between participants and there was no significant difference 

in performance as a function of task order, p > .05. At the end of each task, 

participants completed two questions to examine the effectiveness of the 

stereotype threat manipulations. After the anti-saccade eye-tracking task, 

participants were asked: “To what extent are there gender differences in 

visuospatial performance?” (1 = gender differences, 10 = no differences) and 

“Who do you believe performs better on this task?” (1 = females, 10 = males). 

Following the modular arithmetic task, participants’ were asked to respond to 

the following two questions: “To what extent are there gender differences in 

mathematical performance?” (1 = gender differences, 10 = no differences), and 

“Who do you believe performs better on this task?” (1 = females, 10 = males). 

Upon completion of the experiment, participants were thanked for their 

participation and received both a verbal and written debrief. 
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5.6.5. Data Preparation 

Data were prepared using equivalent procedures from Experiment 2. Eye 

movements more than 2.82o were considered as invalid and were removed 

from analyses. A total of 4% of pro-saccade and 5% of anti-saccade trials were 

excluded using this criterion. An additional 6% of pro-saccade trials and 3% of 

anti-saccade trials were excluded because participants initiated saccades less 

than 80ms or greater than 1,000ms. As a total, 10% of pro-saccade and 8% of 

anti-saccade trials were excluded. Eye-tracking data from three participants 

were removed due to invalid centre starts and calibration error. Mathematical 

accuracy data from four participants were excluded from analyses because 

they responded to the problems with below 50% accuracy (c.f., Beilock & 

DeCaro, 2007; DeCaro, Rotar, Kendra, & Beilock, 2010). Overall, seven 

participants were excluded from analyses due to invalid eye-tracking data or 

modular arithmetic accuracy. 

 

5.7. Results 

 

Stereotype Threat Manipulation Check 

A MANOVA was conducted to examine the effectiveness of the stereotype 

manipulations. Findings indicated that participants in the positive stereotype 

condition were more likely to endorse gender differences in visuospatial 

performance (M = 6.12, SD = 3.41) relative to participants in the control 

condition (M = 3.56, SD = 2.55), F(2,48) = 3.99, p < .05,  = .14. However, 

there was no significant difference between the negative stereotype and control 

condition on this measure, p > .05. Participants in the negative stereotype 

2

p
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condition were more likely to endorse that men outperformed women on the 

anti-saccade task (M = 6.31, SD = 1.49) relative to both participants in the 

positive stereotype (M = 4.41, SD = 2.83) and control conditions (M = 4.44, SD 

= 1.46), F(2,48) = 4.73, p < .05,  = .16. Participants in the negative 

stereotype condition appeared to endorse more strongly that there were gender 

differences in mathematical performance (M = 6.88, SD = 2.00) relative to 

participants in the control condition (M = 4.28, SD = 2.32), F(2,48) = 3.55, p < 

.05,  = .13. They were also more likely to report that men outperformed 

women on this task (M = 7.25, SD = 1.18) relative to participants in the control 

condition (M = 5.33, SD = 1.68), F(2,48) = 3.85, p < .05,  = .14. However, 

participants in the positive stereotype condition did not differ significantly 

compared to either the negative stereotype or control condition on these two 

latter measures. See Table 8 for descriptive statistics. 
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Table 8. 

Means and corresponding standard deviations for stereotype threat 

manipulation checks in Experiment 3. 

 Negative Positive Control 

 Mean (SD) 

To what extent are there 

gender differences in 

visuospatial performance? 

5.75 (2.70) 6.12 (3.41)a 3.56 (2.55)a 

Who do you think performs 

better on this task?  

6.31 (1.49)bc 4.41 (2.83)b 4.44 (1.46)c 

To what extent are there 

gender differences in 

mathematical 

performance? 

6.88 (2.00)d 5.82 (3.89) 4.28 (2.32)d 

Who do you think performs 

better on this task? 

7.25 (1.18)e 5.94 (2.86) 5.33 (1.68)e 

Note: Rows with a common sub-script differ significantly, p < .05. 

 

Anti-saccade Task 

 Two separate repeated measure ANOVAs were conducted on correct 

saccades and corresponding saccadic reaction time (SRT) as a function of trial 

type (pro, anti). There was a significant main effect for trial-type accuracy, F(1, 

58) = 45.96, p < .001, = 44. Pairwise comparisons indicated that participants 

responded more accurately on pro-saccade (M = .98, SD = .07) relative to anti-
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saccade trials (M = .80, SD = .22), p < .001, d = 1.11. There was also a 

significant main effect of reaction time, F(1, 56) = 92.98, p < .001, = .62. 

Participants were significantly faster to respond on pro-saccade (M = 177.35, 

SD = 26.83) relative to anti-saccade trials (M = 251.38, SD = 49.27), p < .001, 

d = − 1.87. 

 A series of between-participants one-way ANOVAs were conducted on 

participants’ performance on the pro- and anti-saccade trials. Consistent with 

Experiment 1, participants’ accuracy and response times did not significantly 

differ as a function of the stimulus used (i.e., number vs. shape), and 

consequently this variable was collapsed for all subsequent analyses. 

 

 Pro-saccade trials. 

Correct responses (%). There was no significant differences between 

correct responses on pro-saccade trials as a function of experimental condition, 

F(2, 56) = 1.05, p > .05, = .04. All participants responded with above 96% 

accuracy. 

SRT. There was no significant difference in the time it took participants 

to launch saccades towards the target as a function of experimental condition, 

F(2, 54) = .26, p > .05,  = .05. 

  

 Anti-saccade trials. 

Correct responses (%). There was no significant difference between 

the percentage of correct responses on anti-saccade trials as a function of 

experimental condition, F(2, 56) = .45, p > .05,  = .02. 
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Correct responses (SRT). There was no significant difference in the 

time it took participants to launch correct saccades away from the target as a 

function of experimental condition, F(2, 54), p > .05,  = .02. 

Corrective responses (%). There was no significant difference between 

the percentage of corrective saccades launched as a function of experimental 

condition, F(2, 54) = .33, p > .05,  = 01. 

Corrective responses (SRT). There was no significant difference in the 

time it took participants to correct for any incorrect responses as a function of 

experimental condition, F(2, 54) = .001, p > .05,  < .001. See Table 9 for 

descriptive statistics. 

 

Table 9. 

Descriptive statistics for anti-saccade trials as a function of experimental 

condition in Experiment 3. 

 Positive group 

stereotype 

Negative group 

stereotype 

Control 

 Mean (SD) 

Correct % 

SRT Correct 

Corrective % 

SRT Corrective 

.84 (.13) 

261.60 (67.87) 

.55 (.32) 

353.71 (130.47) 

.78 (.27) 

246.32 (33.71) 

.62 (.23) 

352.50 (89.75) 

.78 (.24) 

246.21 (40.54) 

.59 (.27) 

354.23 (94.58) 

Note: % = percentage correct, RT = reaction time. 

 

2

p

2

p

2

p



 

 139 

Modular Arithmetic 

 Problem demand. There was a significant main effect of problem 

difficulty on accuracy scores, F(1, 51) = 145.58, p < .001, = .74. Pairwise 

comparisons indicated that participants solved fewer difficult (M = .78, SD = 

.11) compared to simple problems (M = .97, SD = .08), p < .001, d = − 1.98. 

 Stereotype threat. There was no significant main effect of experimental 

condition on accuracy scores, F(2, 51) = 4.46, p > .05, = .09. There was a 

significant interaction between experimental condition and problem demand, 

F(2, 51) = 3.51, p < .05,  = .12. However, pairwise comparisons indicated 

that these differences were marginally significant. Specifically, participants in 

the positive stereotype condition solved marginally fewer difficult problems (M 

= .74, SD = .11) relative to participants in the control condition (M = .83, SD = 

.10), p = .058, d = − .86. All other pairwise comparisons were non-significant, p 

> .05. Reaction times did not differ as a function of experimental condition, p > 

.05. See Table 10 for descriptive statistics5. 

 

                                                        
 
5  Mediational results are not presented in Experiment 3 because there was no effect of 
stereotype threat on anti-saccade performance (the proposed mediator) or mathematical 
performance (the dependent variable). When mediation analyses are conducted there are no 
significant paths for any variables. 
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Table 10. 

Mean accuracy scores and corresponding standard deviations as a function of 

experimental condition and problem demand in Experiment 3. 

 Positive group 

stereotype  

Negative group 

stereotype  

Control  

 Mean (SD) 

Difficult 

problems 

Simple problems 

Overall Accuracy 

.74 (.11) 

.98 (.03) 

.85 (.08) 

77 (.11) 

.93 (.12) 

.85 (.10) 

.83 (.10) 

.98 (.03) 

.90 (.05) 

 

5.8. Discussion 

 
Experiment 3 examined the impact of a positive and negative group-relevant 

stereotype on women’s mathematical performance. Utilising the anti-saccade 

eye-tracking task, it also explored whether enhanced motivation or deficits in 

working memory may account for these effects. Findings indicate that 

participants under group-as-target stereotype threat did not appear to launch 

significantly more corrective saccades on the anti-saccade task compared to 

the control condition. This is in contrast to the findings presented in Experiment 

2, which indicate that participants who were primed with a negative stereotype 

launched marginally fewer corrective saccades compared to participants in the 

control condition. Furthermore, participants in the group-as-target stereotype 

condition did not differ in their ability to initiate correct saccades or the time it 

took to launch these saccades, which contradicts the findings reported by 
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Jamieson and Harkins (2007; Experiment 3). 

 Participants primed with a negative group-relevant stereotype did not 

appear to underperform on a mathematical test relative to participants in the 

control condition. This is inconsistent with previous research (c.f., Beilock et al., 

2007; Rydell et al., 2014), which shows that the salience of a negative gender-

maths stereotype reduces women’s mathematical performance. However, 

inspection of the means indicate that findings were going in the predicted 

direction, with participants in the negative group stereotype condition solving 

fewer problems compared to those in the control condition. It is therefore 

plausible that Experiment 3 had insufficient statistical power to detect a 

significant finding between groups. Specifically, a total of 7 participants had to 

be excluded from Experiment 3 due to invalid eye-tracking or modular 

arithmetic data and this resulted in a lower sample size per condition. Although 

this sample size is comparable to that of Jamieson and Harkins’ (2007; 

Experiment 3), it is recommended that future research in this area should use 

larger sample sizes to reliably establish whether negative group-as-target 

stereotype threat reduces females’ visuospatial and mathematical 

performance. 

 Results also revealed that participants who were primed with a positive 

stereotype solved marginally fewer difficult problems relative to the control 

condition. In line with previous research (Cheryan & Bodenhausen, 2000; 

Rosenthal & Crisp, 2007), this may suggest that the salience of a positive group 

stereotype leads individuals to ‘choke under pressure’, with performance 

decrements more likely to emerge on problems that rely heavily on working 

memory. The general discussion focuses on possible explanations for the 
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findings of Experiment 2 and 3 of the current thesis with regards to the difficulty 

of the anti-saccade eye-tracking task and the impact that stereotype 

endorsement may have on performance outcomes. 

 

5.9. General Discussion 

Although representing contrasting theories, considerable empirical support has 

been accrued for the working memory and mere effort explanations of 

stereotype threat. Despite this, research has not examined whether these two 

explanations account for the effects of distinct stereotype threats on 

performance. Experiment 2 examined whether the salience of a negative self- 

and group-relevant stereotype motivated participants to disprove the negative 

stereotype (Jamieson & Harkins, 2007) or diminished their working memory 

capacity to bring about decrements in anti-saccade performance (Beilock et al., 

2007; Schmader & Johns, 2003; Rydell et al., 2014). Findings indicate that 

participants under self-as-target and group-as-target stereotype threat 

launched marginally fewer corrective saccades relative to participants in the 

control condition. However, findings from Experiment 3 were unable to 

corroborate these findings, revealing no significant differences in participants’ 

visuospatial performance as a function of experimental condition.  

 A closer inspection of the data across both experiments appears to 

reveal that in Experiment 2, participants in the control condition were more likely 

to correct for their responses (M = .75%) relative to control participants in 

Experiment 3 (M = .59%). In comparison, participants who were primed with a 

negative group stereotype launched corrective saccades on approximately 
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55% of trials in both experiments. This may explain why a significant difference 

was found between the stereotype threat conditions and the control condition 

in Experiment 2, but not Experiment 3, because the former group of control 

participants were more likely to correct for their incorrect responses. Taking this 

into consideration, the results of Experiment 2 and 3 are therefore unable to 

provide support for a working memory or mere effort account of stereotype 

threat-performance effects due to the null findings obtained. 

 Experiment 3 examined the influence that a positive and negative group-

relevant stereotype had on women’s mathematical and visuospatial 

performance. Findings indicate that a negative group stereotype did not 

significantly reduce women’s mathematical performance compared to the 

control condition. However, participants in the positive stereotype condition 

appeared to solve marginally fewer difficult problems when they were primed 

with a positive group-relevant stereotype relative to the control condition. These 

results are consistent with previous research (Cheryan & Bodenhausen, 2000; 

Rosenthal & Crisp, 2007), which suggests that the salience of a positive 

stereotype may heighten situational performance pressure and influence 

targeted individuals to ‘choke under pressure’. However, caution needs to be 

taken when interpreting the current study findings, particularly because the 

difference between the positive stereotype and control conditions did not reach 

a conventional level of statistical significance (albeit showing a large effect 

size). Furthermore, no significant differences were found in relation to 

participants’ visuospatial performance under a positive and negative group 

stereotype. In sum, findings across these two experiments contrast with those 

reported by Jamieson and Harkins (2007; Experiment 3), who found that 
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participants under stereotype threat launched more corrective saccades and 

were quicker to launch correct and corrective saccades, which they suggest is 

due to heightened motivation to disprove the negative stereotype. 

 One explanation for the discrepant findings is that the anti-saccade task 

utilised in Jamieson and Harkins’ (2007) study was more difficult than that 

employed in the current study. For example, in the current study participants 

were instructed to look directly away (anti-saccade trials) and towards (pro-

saccade trials) numerical and neutral targets that appeared on the left or the 

right of the screen. However, the task employed by Jamieson and Harkins 

(2007) employed a flashing cue, which was presented before an arrow target 

appeared on the opposite side of the screen. Participants then had to indicate 

which direction the target was pointing. As such, the task employed in Jamieson 

and Harkins’ (2007) study may have been more cognitively taxing, which could 

explain why stereotype threatened participants launched fewer correct 

saccades compared to the control condition. In a similar vein, participants in 

the current study completed blocks of anti-saccade and pro-saccade trials 

separately, and this could have led to familiarisation with the task requirements, 

lessening the demands placed on working memory. However, this does not 

explain why the latencies of participants’ correct and corrective saccades were 

not influenced by stereotype threat. Given that the current task was simpler, it 

could be argued that differences in saccadic response times between 

experimental conditions should have been detected, particularly if the potential 

for evaluation motivates participants to disconfirm a negative stereotype. Future 

research is therefore recommended to explore the mere effort and working 

memory account of stereotype threat, taking into consideration the difficulty of 
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the task. This could be achieved through the use of mixed blocks of pro- and 

anti-saccade trials. 

 Furthermore, it appears that participants in the current study may have 

been less susceptible to the stereotype primes employed in comparison to 

participants in Jamieson and Harkins’ study (2007; Experiment 3). In 

Experiment 2, there were no significant differences in the degree to which 

participants endorsed gender differences in visuospatial performance as a 

function of experimental condition. In Experiment 3, although there was a 

significant difference on this measure between participants in the negative 

stereotype condition and control condition, inspection of the means indicates 

that stereotype threatened participants reported a neutral response (at the mid-

point of the Likert scale), suggesting that they may have been unsure whether 

to endorse gender differences or not. This may have masked any potential 

differences in visuospatial performance within the current study because 

participants in the stereotype threat conditions may not have endorsed the 

stereotype that they were primed with. Future research is therefore warranted 

to examine whether stereotype endorsement moderates the effects of 

stereotype threat on anti-saccade performance. 

 There has been considerable debate regarding whether working 

memory or motivation underpins the effects of stereotype threat on 

performance. Whilst some researchers argue that these two theories make 

opposing predictions for task performance under stereotype threat (e.g., 

Jamieson & Harkins, 2007; Seitchik & Harkins, 2015), others have argued that 

these two mechanisms may operate concurrently in high-pressured situations 

(e.g., Schmader et al., 2008). For example, Schmader et al. (2008) theorise 
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that individuals may be motivated to disconfirm a negative stereotype regarding 

their group membership, and this may lead to heightened vigilance and 

monitoring processes that tax working memory. In contrast, Jamieson and 

Harkins (2007) argue that the mere effort account is incompatible with the 

working memory interference account. They propose that stereotype 

threatened individuals launch more correct and corrective saccades because 

the dominant response has been facilitated, and suggest that this requires an 

intact central executive. Conversely, they suggest that the working memory 

account theorises that participants do not launch correct and corrective 

saccades faster than control participants because the central executive has 

been compromised. One problem with integrating these two theories is that 

Jamieson and Harkins’ (2007) findings cannot distinguish between the 

overproduction of a dominant response (consistent with a motivational theory) 

or the failed inhibition of a dominant response, which would result from 

diminished working memory and goal neglect (c.f., Schmader et al., 2008; 

Smith, Jostmann, Galinsky, & van Dijk, 2008). Given the discrepancies 

between these two accounts of stereotype threat, and the findings from the 

current studies, it is clear that additional research is required to elucidate 

whether working memory deficits and motivation may operate simultaneously 

under stereotype threat. 

 

5.9.1 Chapter Conclusion 

Experiment 2 and 3 of this thesis examined whether deficits in working memory 

or heightened motivation (mere effort) may account for the performance-

impinging effects of stereotype threat. Findings from Experiment 2 indicate that 
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women launched marginally fewer saccades under self-as-target and group-

as-target stereotype threat relative to the control condition. However, there 

were no apparent differences in the time it took stereotype threatened 

participants to launch correct and corrective saccades relative to the control 

condition. Findings from Experiment 3 indicate that participants solved 

marginally fewer difficult mathematical problems when they were primed with a 

positive stereotype, consistent with theories of choking under pressure 

(Cheryan & Bodenhausen, 2000; Rosenthal & Crisp, 2007). Nevertheless, 

there was no significant difference in visuospatial performance as a function of 

experimental condition. Possible explanations for these findings include the 

difficulty of the anti-saccade task utilised in the current study and the possibility 

that stereotype endorsement may moderate performance outcomes. Additional 

research that employs other tasks to examine the separate components of 

executive functioning may be fruitful to explore whether deficits in working 

memory or motivation can account for stereotype threat effects. 

 With the above in mind, the following two experiments of this thesis 

employ separate tasks to examine the working memory interference account 

and the mere effort account of stereotype threat. Specifically, Experiment 4 and 

5 examine whether the executive functions of inhibition, updating and switching 

account for the effects of distinct stereotype threats on women’s mathematical 

performance. These studies also examine whether stereotype threat effects are 

more likely to emerge when an individual perceives that their performance will 

be diagnostic of personal or gender-related ability (i.e., self-as-target vs. group-

as-target stereotype threat; Experiment 4), or whether performance is 

diminished when both an individual’s personal and social identity is made 
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salient in the stereotyped domain (termed “combined stereotype threat”; 

Experiment 5). 
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6. CHAPTER 6: Experiments Four and Five 

 
The Effects of Different Stereotype Threats Manipulations on Women’s 

Mathematical Performance and Executive Functioning 
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Abstract 

 
Aim: Building on the work of Rydell et al. (2014) and Shapiro et al. (2013), the 

current experiments examine whether deficits in executive functioning underpin 

the effects of distinct stereotype threats on women’s mathematical 

performance. Method: In Experiment 4, female participants were assigned 

randomly and equally to a self-as-target or group-as-target stereotype threat 

condition or to a non-threat control condition. In Experiment 5, female 

participants were assigned to a “combined” self- and group-as-target 

stereotype threat condition or to a control condition. All participants completed 

a modular arithmetic test and three executive functioning tasks that measured 

updating, inhibition and shifting. Results: Findings from Experiment 4 indicate 

that women’s performance was stifled when they perceived a mathematical test 

to be diagnostic of gender-related ability, but it did not appear to suffer when 

the test was regarded solely as diagnostic of personal ability. Updating ability 

did not appear to mediate the effects of group-as-target stereotype threat on 

mathematical performance. Findings from Experiment 5 indicate that under 

“combined” stereotype threat participants solved fewer mathematical problems 

relative to a control, with reduced updating ability mediating this relationship. 

Conclusion: These findings suggest that individuals may be more susceptible 

to the negative effects of stereotype threat when both their personal and social 

identities are made salient in the ability domain. In such situations, the salience 

of a negative stereotype may tax the verbal working memory resources 

required to solve difficult mathematical problems. 



 

 151 

6.1. Chapter Overview 

Findings from Experiments 2 and 3 were unable to provide support for 

the effects of a self-as-target and group-as-target stereotype on women’s 

visuospatial and mathematical performance. Resultantly, neither the mere 

effort nor the working memory interference explanation of the stereotype threat-

performance relationship could be elucidated. It was suggested that the 

difficulty of the task used in these experiments might have been one reason 

that precluded finding significant results. Experiments 4 and 5 therefore utilise 

separate and more difficult tasks of executive functioning (i.e., inhibition, 

shifting, and updating) to examine the extent to which these are implicated in 

the effects of diverse stereotype threats on women’s mathematical 

performance (c.f., Rydell et al., 2014). Specifically, tasks that measure updating 

ability may reveal the extent to which stereotype threat depletes verbal working 

memory resources (c.f., Rydell et al., 2014; Schmader & Johns, 2003), whereas 

tasks that measure inhibitory control may reveal how stereotype threat leads to 

heightened motivation (and therefore quicker responding, c.f., McFall et al., 

2009). 

 Moreover, at this point in the thesis it was acknowledged that the self-

as-target manipulation utilised in Experiments 1 and 2 also made reference to 

the social group. Specifically, female participants were primed with a negative 

stereotype pertaining to their social group’s ability (i.e., “there is a negative 

stereotype that females are comparatively bad at maths compared to males”) 

and were then told that the task was diagnostic of personal ability. This 

particular prime was developed in line with the conditions set out in Shapiro and 

Neuberg’s (2007) multi-threat framework, which suggest that participants need 
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to recognise that they belong to a negatively stereotyped social group in order 

to be susceptible to self-as-target stereotype threat. However, it could be 

argued that this manipulation is not distinct in comparison to the group-as-target 

stereotype threat manipulation because an individual’s social identity is also 

made salient. Accordingly, Experiment 4 aimed to examine whether 

performance decrements ensue when female participants are merely informed 

that their performance will be diagnostic of personal ability, without referring to 

the negative stereotype that governs their social group. Here a self-as-target 

and group-as-target stereotype threat manipulation was taken directly from 

extant research (Shapiro et al., 2013) to examine whether these have a 

negative effect on women’s mathematical performance. 

 

6.2. Introduction 

 
Empirical evidence seems to suggest that negative performance-related 

thoughts deplete working memory to bring about decrements in women’s 

mathematical performance (Beilock et al. 2007; Schmader & Johns, 2003; 

Rydell et al., 2014). To re-cap, research suggests that women exhibit reduced 

working memory capacity when they are primed with a negative gender-maths 

stereotype (Beilock et al., 2007; Schmader & Johns, 2003), and also report 

more negative thoughts and worries relating to the task (Beilock et al., 2007; 

Cadinu et al., 2005). These findings converge to suggest that stereotype threat 

may saturate verbal working memory resources with internal worries about 

one’s ability, resultantly leading to performance deficits (Beilock, 2008). 

Consistent with this reasoning, Schmader et al. (2008) propose that stereotype 

threat leads individuals to actively monitor their performance and suppress 
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negative thoughts and emotions, which resultantly is seen to diminish their 

ability to control attention during complex cognitive tasks. 

 More recent research has suggested that stereotype threat may 

influence more general executive functioning, in addition to the construct of 

working memory. Underpinned by this rationale, Rydell et al. (2014) examined 

whether stereotype threat interferes with women’s ability to inhibit dominant 

behaviours (i.e., inhibition), shift attention from one task to another (i.e., 

shifting), and hold information in working memory (i.e., updating). Findings 

indicated that women showed poorer updating ability and inhibition when they 

were primed with the negative stereotype that women are generally worse at 

maths compared to men. However, no effects were found for shifting. 

Furthermore, whereas inhibition partially accounted for the effects of stereotype 

threat on women’s mathematical performance, updating completely mediated 

this effect. These findings suggest that stereotype threat evokes negative 

thoughts and feelings that interfere with individuals’ ability to regulate attention 

and coordinate information processing to solve mathematical problems. 

 In contrast to the working memory interference account (Beilock et al., 

2007; Schmader & Johns, 2003; Rydell et al., 2014), research suggests that 

motivation is the core process of stereotype threat effects (c.f., Jamieson & 

Harkins, 2007; Seitchik & Harkins, 2015). The mere effort account (Jamieson 

& Harkins, 2007) posits that individuals are motivated to disconfirm negative 

gender-related stereotypes, which resultantly harms performance (Jamieson & 

Harkins, 2007). Specifically, this increased drive increases the emission of a 

dominant response, which is suggested to facilitate performance on simple 

tasks, but hinder performance on difficult tasks (Jamieson & Harkins, 2007; 
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McFall et al., 2009; Seitchik & Harkins, 2015). In accordance with this theory, 

research indicates that stereotype threatened individuals show better inhibitory 

control on the classic Stroop interference task (McFall et al., 2009), the Remote 

Associates Task (Harkins, 2006), and the anti-saccade task (Jamieson & 

Harkins, 2007; McFall et al., 2009; Experiment 4). However, this only occurs 

when stereotype threatened participants are given enough time to respond and 

to recognise that they have made an incorrect response6. These findings are 

therefore inconsistent with the working memory interference account of 

stereotype threat, which predicts that individuals will show reduced inhibition 

under stereotype threat because reduced working memory interferes with their 

ability to deploy inhibitory processes (c.f., Rydell et al., 2014; Schmader et al., 

2008). 

Utilising the same tasks employed by Rydell et al. (2014), Experiment 4 

examined whether the executive functions of updating, inhibition and shifting 

mediate the effects of self-as-target and group-as-target stereotype threat on 

women’s mathematical performance. In accordance with Shapiro et al. (2013), 

women were informed that an upcoming mathematical test was either 

diagnostic of gender-related ability (group-as-target) or personal ability (self-as-

target stereotype threat). Through the lens of the working memory interference 

                                                        
 

6  The mere effort account proposes that stereotype threat arouses participants and this 
facilitates the most dominant response on a task. On the Stroop task, this refers to reading the 
word, rather than naming the colour of the ink. This theory proposes that if participants are not 
provided with enough time, then they will underperform on the Stroop interference task, 
because the dominant response leads them to read the word, rather than naming the colour. 
However, if they are given enough time, the motivation to be correct will yield a faster reaction 
time for participants under stereotype threat compared to those in a control condition (c.f., 
Jamieson & Harkins, 2009; McFall et al., 2009). 
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account (Rydell et al., 2013), it was predicted that a negative group-as-target 

stereotype would diminish women’s mathematical performance. Consistent 

with Shapiro et al.’s (2013) findings, it was also predicted that women under 

self-as-target stereotype threat would solve fewer mathematical problems 

because the relevance of a pejorative gender stereotype to their personal 

identity may serve to exacerbate situational performance pressure (c.f., 

Baumeister, 1984; Schmader et al., 2013; Van-Loo et al., 2013). 

It was also predicted that the salience of a negative self- or group-

relevant stereotype would reduce women’s updating ability, with this mediating 

the relationship between stereotype threat and underperformance. This is 

theorised to occur because the verbal working memory resources that are 

required to update complex mathematical computations in one’s mind are 

expanded on processing negative information regarding the pejorative 

stereotype (Rydell et al., 2014). However, in line with Rydell et al. (2014) it was 

also predicted that inhibition and switching would not explain the negative 

relationship between group-as-target stereotype threat and mathematical 

performance. Although stereotype threat appears to interfere with women’s 

ability to utilise correct problem solving approaches (c.f., Carr & Steele, 2009), 

Rydell et al. (2014) argue that it is unlikely that the ability to suppress a 

prepotent response would uniquely account for the effects of stereotype threat 

on poor mathematical performance. Instead they theorise that negative gender-

related stereotypes threat may interfere with women’s ability to update task-

relevant information in their mind and block out intrusive thoughts and worries, 

which distracts them from the task at hand. 
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6.3. Experiment 4 Method 

 
6.3.1. Participants 

Ninety-six female participants (Mage = 21.80, SD = 5.62; 91.7% White British; 

95.8% university students) participated in return for partial course credit or £5 

remuneration. They were assigned randomly to a self-as-target (n = 32) or 

group-as-target stereotype threat condition (n = 30) or to a control condition (n 

= 34). Decisions regarding sample size were made in line with Rydell et al. 

(2014), of which this particular study is based. An additional 16 participants 

were originally recruited but were excluded because they had accuracy scores 

below 50% on the modular arithmetic task (c.f., DeCaro et al., 2010). An 

additional three participant’s data was excluded because they responded with 

an average reaction times less than 2,000 ms, which was deemed too quick for 

participants to judge and answer difficult mathematical problems reliably and 

may be indicative of guessing. Only female participants were recruited based 

on previous research indicating that males are not susceptible to stereotype 

threat effects in this task (c.f., Rydell et al., 2014; Experiment 2). 

 

6.3.2. Stereotype Threat Manipulations 

The current research employed two distinct stereotype threat primes, derived 

from previous literature, which are suggested to target either the self or the 

social group (Shapiro et al., 2013). 

 Self-as-target stereotype threat. Participants in the self-as-target 

stereotype threat condition were informed that an upcoming maths test was 
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diagnostic of personal ability. Specifically, they were provided with the following 

written information: 

In today’s session, we want to get a measure of your mathematical ability 

by having you take a maths test. Your performance on this test will be 

used to help us establish your personal mathematical ability.  

 Group-as-target stereotype threat. Participants in the group-as-target 

stereotype threat condition were told that an upcoming maths test was 

diagnostic of gender-related ability. Specifically, they were primed with the 

following information: 

In today’s session, we want to get a measure of mathematical ability for 

women and men by having you take a maths test. Your performance on 

this test will be used to help us establish mathematical performance norms 

for women and men. 

 Control Condition. Participants in the non-threat control condition were 

informed that the test was a non-diagnostic problem-solving task (c.f., 

Schmader & Johns, 2003; Steele & Davies, 2003). They received the following 

information: 

In today’s session, we want to measure different factors that may be 

involved in problem solving. The test you are about to undertake is non-

diagnostic of ability. 
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6.3.3. Measures 

The study utilised the same measures as employed by Rydell et al. (2014; 

Experiment 1). Participants completed three executive functioning tasks, which 

measured the executive functions of inhibition, updating and shifting (c.f., 

Miyake et al., 2000). All tasks were presented using E-Prime software 

(Schneider, Eschman, & Zuccolotto, 2002) and the order of each task was 

randomised for each participant. 

 Inhibition. To measure inhibition, participants completed the Stroop 

interference task (Stroop, 1935). The stimuli consisted of three colour words 

“blue”, “red” and “orange” which were presented in congruent or incongruent 

ink. A fixation cross was presented in the middle of the computer screen for 

500ms, which was then replaced with the presentation of each word. The word 

remained on the screen until participants pressed a keyboard button to indicate 

the colour of the ink (marked by coloured stickers). There were a total of 96 

trials, with 48 congruent and 48 incongruent trials. During congruent trials the 

colour word appeared in the colour that matched its semantic meaning (e.g., 

BLUE presented in blue ink). During incongruent trials the colour word 

appeared in a colour that did not match its semantic meaning (e.g., BLUE 

presented in red ink). After eliminating incorrect responses (i.e., incorrect or RT 

< 300 ms or > 2,000 ms), a measure of inhibition was calculated by subtracting 

participants’ average reaction time for the incongruent trials from the congruent 

trials. This scoring procedure ensured that higher scores indicated better 

inhibitory control (Rydell et al., 2014). 
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 Updating. The letter-memory task (Morris & Jones, 1990) was 

employed to measure updating. Participants were presented with a sequence 

of letters, which each appeared in the centre of the computer screen for 

2,500ms. Participants were required to rehearse the letter sequence and recall 

the last three letters presented by typing them into a response box when 

prompted by the computer. There were 10 trials, with five consisting of seven-

letter sequences and five consisting of nine-letter sequences7 . A score of 

updating ability was computed by dividing the number of correctly recalled letter 

triads by 10, with a greater proportion of correctly recalled triads indicating 

greater updating capacity. 

 Shifting. Participants completed the number-letter task (Rogers & 

Monsell, 1995) to measure shifting. Across 128 trials, participants were 

presented with a horizontal line on the computer screen. A cue (a ‘box’) was 

presented above (64 trials) or below (64 trials) the line for 150 ms. 

Subsequently, a letter and a number were presented in the box, either above 

or below the horizontal line. If the box appeared above the line, participants 

were required to indicate whether the number was odd or even by pressing one 

of two response keys (“c” and “m” respectively). If the box appeared below the 

line, participants had to select whether the letter was a vowel or a consonant, 

using the same computer keys. There were 64 no-switch trials, in which the box 

was presented in the same location of consecutive trials, and 64 switch trials, 

in which the box changed location (from above to below the horizontal line). 

                                                        
 
7 The original Rydell et al. (2014) study utilised triads of 3, 5, and 9. The corresponding author 
informed us that we should utilise 7 and 9-letter triads only because their recent research 
indicates greater differences between experimental conditions when participants were required 
to solve difficult sequences (personal communication). 
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Accuracy and corresponding reaction times were recorded for no-switch and 

switch trials. A shifting score was calculated by subtracting participants’ 

average correct response latencies for switch trials from no-switch trials, with 

higher scores indicating better shifting ability. 

 Mathematical performance. After receiving instructions of how to solve 

two practice problems, participants completed a total of 36 modular arithmetic 

problems. All problems used large numbers and required a borrow operation 

(i.e., subtraction), making them difficult (Beilock et al., 2007). Half of the 

problems were presented horizontally and half were presented vertically 

(Beilock et al. 2007; Trbovich & LeFevre, 2003). Half of the problems were true 

and the other half used false correlates (e.g., 51 = 19 [mod 4] vs. 51 = 19 [mod 

5]). Participants were instructed to judge the problems as quickly and as 

accurately as possible, pressing the ‘Z’ and ‘M’ keys on a computer keyboard 

for ‘true’ and ‘false’, respectively. Each problem appeared immediately and 

remained on the screen until a response had been recorded. Accuracy was 

tabulated by dividing the total number of correctly solved problems by the total 

amount of problems, with higher scores indicating better performance. 

 

6.3.4. Procedure 

A blind experimental design was utilised in that participants were recruited for 

a study that ostensibly examined factors relating to problem solving. They were 

allocated randomly to either the self-as-target or group-as-target stereotype 

threat condition or to a control condition. In order to control for similar levels of 

perceived mathematical ability and domain identification, participants 

responded to two self-report questions; “I am good at maths” and “It is important 
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to me that I am good at maths” on a Likert scale anchored between 1 (Strongly 

Disagree) and 9 (Strongly Agree) (Beilock et al., 2007; Spencer et al., 1999; 

Steele, 1997). Participants were then seated at a computer and were provided 

with on-screen instructions which instructed them how to solve the modular 

arithmetic problems. After participants had completed two practice problems, 

the experimenter provided participants with ‘further study information’, which 

corresponded to their experimental condition (see “Stereotype Threat 

Manipulations”). Subsequently, participants completed a set of 18 modular 

arithmetic problems, and the inhibition, shifting and updating tasks. They were 

then primed with the stereotype threat manipulation again before completing a 

final set of 18 modular arithmetic problems. The decision was taken to split the 

36 mathematical problems between the start and end of the working memory 

tasks to ensure that participants perceived the working memory tasks to be 

related to mathematical performance (c.f., Jamieson & Harkins, 2011b) and to 

ensure that task order did not influence the findings (c.f., Brodish & Devine, 

2009; Logel et al., 2009). At the end of the experiment, all participants 

completed a three-item measure of threat concern (Marx, 2012), which was 

adapted to match each of the stereotype threat manipulations employed in the 

current research. To examine the effectiveness of the self-as-target prime, 

participants responded to the following question: “I was concerned that the 

researcher was examining my personal mathematical ability”. In line with the 

group-as-target stereotype threat, they were asked “I was concerned that the 

researcher was examining women’s mathematical ability to compare it to men’s 

mathematical ability”. Finally, to examine the extent to which participants may 

have experienced both self-as-target and group-as-target stereotype threat, 
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they were asked: “I was concerned that my mathematical ability would be used 

as a general indicator of women’s mathematical ability”. Participants were 

asked to complete these measures contingent upon the stereotype threat 

manipulation they were presented with. They responded on a 5-point Likert 

Scale, anchored between ‘Strongly Disagree’ and ‘Strongly Agree’. Participants 

were then given a verbal and written debrief which explained that any negative 

stereotypes that they had heard were not a true representation of their ability. 

 
6.4. Results 

 
 
Perceived Mathematical Ability and Domain Identification 

A one-way ANOVA indicated that participants in the self-as-target condition (M 

= 5.03, SD = 1.84) perceived that their mathematical ability was lower relative 

to those in the control condition (M = 6.35, SD = 1.82), F(2, 93) = 4.83, p = .01, 

= .09. There was no significant difference between the group-as-target and 

control condition, p > .05. An additional one-way ANOVA indicated that there 

was no significant difference in domain identification as a function of 

experimental condition, F(2, 93) = 2.20, p > .05, = .05. Accordingly, 

participants’ perceived mathematical ability was entered as a covariate when 

examining the effects of stereotype threat on mathematical performance. 

 

 

Manipulation Check for Stereotype Threat 

Participants’ responses to each of the three manipulation checks were 

analysed by means of a MANOVA. Participants in both the self-as-target (M = 

3.38, SD = 1.07) and group-as-target stereotype threat conditions (M = 2.67, 
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SD = 1.09) reported a higher level of concern that their mathematical 

performance would be diagnostic of personal ability relative to those in the 

control conditions (M = 2.00, SD = 1.04), F(2, 93) = 13.65, p < .001, = .23. 

Participants in the self-as-target condition also reported a higher level of 

concern regarding their personal ability relative to participants in the group-as-

target stereotype threat condition, p < .05. Participants under group-as-target 

stereotype threat (M = 3.43, SD = .97) reported a higher level of concern that 

their performance would be diagnostic of gender-related ability relative to both 

participants in the self-as-target (M = 2.34, SD = 1.07) and control conditions 

(M = 2.06, SD = .95), F(2, 93) = 16.53, p < .001, = .26. Participants in the 

group-as-target stereotype threat condition also reported a higher level of 

concern that their performance would be diagnostic of both personal and 

gender-related ability (M = 2.90, SD = 1.18) relative to those in the control 

condition (M = 2.12, SD = 1.07), F(2, 93) = 4.88, p < .05, = .07. All other 

pairwise comparisons were non-significant, p > .05. These findings suggest that 

the stereotype threat manipulations were successful. See Table 11 for 

descriptive statistics. 
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Table 11. 

Descriptive statistics for self-report measures in Experiment 4. 

 

 Self-as-target Group-as-target Control 

 Mean (SD) 

Perceived 

Mathematical Ability 

5.03 (1.84)a 5.60 (1.50) 6.35 (1.82)a 

Domain identification 5.56 (1.64) 5.60 (1.48) 6.35 (1.98) 

Concern for personal 

identity 

3.38 (1.07)bc 2.67 (1.09)bd 2.00 (1.04)cd 

Concern for social 

identity 

2.34 (1.07)e 3.43 (.97)ef 2.06 (.95)f 

Concern for personal 

and social identity 

2.47 (1.19) 2.90 (1.18)g 2.12 (1.07)g 

Note: Means in a row with different sub-scripts differ significantly different at p 

< .05. 

Mathematical Performance 

 Accuracy scores were analysed in a 3 (Condition: Self-as-target, group-

as-target, control) x 2 (Orientation: Horizontal, vertical) mixed-factorial Analysis 

of Covariance (ANCOVA). There was a significant main effect of condition on 

mathematical performance, F(2, 92) = 7.15, p = .001, = .14. Bonferroni-

corrected pairwise comparisons indicated that participants in the group-as-

target condition solved fewer mathematical problems (M = .70, SD = .15) 

relative to the control condition (M = .83, SD = .12), p = .001, d = −.96. Self-as-
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target stereotype threat had no significant effect on performance in comparison 

to the control condition, (p > .05), and there was no significant difference 

between the self-as-target and group-as-target conditions (p > .05). There was 

no significant effect of problem orientation, p > .05. A one-way ANOVA revealed 

no significant differences in participants’ reaction times to solve the problems, 

F(2, 93) = .63, p > .05,  = .01. This suggests that differences in mathematical 

accuracy scores were not due to a speed-accuracy trade off. 

Executive Functioning 
 

 Inhibition. A one-way ANOVA indicated that there was no significant 

difference in participants’ inhibitory control as a function of experimental 

condition, F(2, 93) = 2.41, p > .05, = .05. 

 Shifting. A one-way ANOVA indicated that there was no significant 

difference in participants’ shifting ability as a function of experimental condition, 

F(2, 93) = .39, p > .05, = .008. 

 Updating. Participants’ accuracy scores for the letter-memory task were 

submitted to a 3 (Condition: Self-as-target, group-as-target, control) x 2 

(Sequence length: 7, 9 strings) mixed-factorial ANOVA. There was no 

significant main effect of condition, F(2, 93) = 1.10, p > .05,  = .02, and no 

significant interaction between condition and sequence length, F(2, 93) = 2.52, 

p > .05,  = .05. See Table 12 for descriptive statistics for all tasks. 
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Table 12. 

Mathematical performance and executive functioning as a function of 

experimental condition in Experiment 4. 

 Self-as-target Group-as-target Control 

Mean (SD) 

Maths Performance (%) .77  

(.12) 

.70 

 (.15)a 

.83 

 (.12)a 

Maths RT 10671.13 

(3775.12) 

9544.88 

(5204.01) 

10176.56 

(4217.49) 

Inhibition (RT) -67.19 

(62.35) 

-49.71  

(75.17) 

-92.88 

 (95.41) 

Shifting (RT) -275.63 

(447.15) 

-377.45  

(660.55) 

-264.70 

(554.64) 

Updating (ACC) .78 

(.16) 

.76 

(.18) 

.82 

(.16) 

Note: % = percentage correct, RT = reaction time. 

 

Mediation Analysis 

A parallel multi-mediational analysis was conducted using ordinary least 

squares path analysis (PROCESS; Hayes, 2013). Given that the current 

experiment employed a multi-categorical independent variable, experimental 

conditions were dummy coded (k – 1; Hayes, 2013; Hayes & Preacher, 2014). 

Results indicate that participants in the group-as-target stereotype threat 

condition showed better inhibition compared to the control condition, a1 = 43.17, 
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p < .05. They also showed poorer updating ability compared to the control 

condition, a3 = − .12, p < .05. However, inhibition (b1 = .0001) and updating (b3 

= .07) did not predict mathematical performance, p > .05 (See Figure 6). A bias-

corrected confidence interval for the indirect effects, based on 5,000 bootstrap 

samples, indicated that inhibition, β = .004 (LLCI = − .009, ULCI = .03), 

updating, β = − .008 (LLCI = − .04, ULCI = .005), and shifting, β = - .001 (LLCI 

= − .02, ULCI = .004) did not significantly mediate the effects of group-as-target 

stereotype threat on women’s mathematical performance. 

 

 
 
  
 

 
 

 
 

 
 
 
 

 
 

 

 

Figure 6. Mediator model: Relationship between group-as-target stereotype 

threat on mathematical performance through inhibition, shifting and 

updating. Note: * p < .05, ** p < .001. 

 
 

Shifting 

Inhibition 

Maths 
Performance 

Updating (9-
strings) 

Group-as-target 
ST  

a1 = 43.17* b1 = .0001 

Total effect = − .13** 

a2 = −112.75 b2 = .00  

a3 = −.12*  b3 = .07  
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6.5. Discussion 

 
Experiment 4 examined whether self-as-target and group-as-target stereotype 

threat had a negative impact on women’s mathematical performance. It also 

investigated whether the executive functions of inhibition, shifting and updating 

mediated these effects. Findings indicate that women solved fewer 

mathematical problems when they were primed with a negative group 

stereotype. In contrast with Rydell et al. (2014), stereotype threat did not 

influence executive functioning, and updating ability did not mediate the 

relationship between group-as-target stereotype threat and women’s 

mathematical performance. Furthermore, stereotype threatened participants 

did not show reduced inhibitory control, which is inconsistent with previous 

research (McFall et al., 2009). 

Findings also indicate that female participants did not appear to 

underperform under self-as-target stereotype threat relative to those in the 

control condition. The current research employed the self-as-target stereotype 

threat utilised by Shapiro et al. (2013), and a closer look at this prime may 

explain this particular finding. Here participants were not presented with a 

negative stereotype, but were merely informed that their performance would be 

diagnostic of personal ability. This is in contrast to the conditions proposed by 

Shapiro and Neuberg (2007), which suggest that individuals should be aware 

of the negative stereotype to experience both self-as-target and group-as-target 

stereotype threat. From this perspective, it is plausible that participants under 

self-as-target stereotype threat may not have experienced the same evaluative 

pressure compared to those under group-as-target stereotype threat because 
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their performance was not associated with a negative stereotype. Indeed, this 

assertion is consistent with Steele and Aronson’s (1995) original definition, 

which theorises that stereotype threat may operate through concerns about 

how a negative societal stereotype will reflect on both an individual’s personal 

ability and that of their valued social group. 

From this perspective, it could be argued that stereotype threat may be 

more likely to operate through concerns for both the self and the social group. 

For example, a woman may apprehend that her mathematical performance will 

be diagnostic of personal ability (self-as-target) and therefore confirm the 

negative reputation that her social group lacks a valued ability (group-as-

target). Providing support for this notion, research suggests that experiences of 

stereotype threat involve the activation of three core concepts; the concept of 

one’s ingroup, the self-concept, the concept of the ability domain in question 

(Schmader et al., 2008). Here stereotype threat is said to arise from a state of 

cognitive imbalance in which an individual’s positive self-concept is inconsistent 

with the expectation that their group should underperform in a stereotype-

relevant domain. This claim is supported by research which suggests that an 

individual’s personal and social identity can become fused in so far that 

individuals value the outcomes of the group as their own (Bilewicz & Kofta, 

2011; Swann et al., 2009; Swann et al., 2012). Experiment 5 therefore 

examines whether stereotype threat effects are more likely to emerge when 

women are concurrently primed with a self-as-target and group-as-target 

stereotype threats. In other words, Experiment 5 aims to provide empirical 

evidence to evaluate whether women are vulnerable to experiencing multiple, 

qualitatively distinct stereotype threats, which target the self or the social group 
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(Shapiro & Neuberg, 2007; Shapiro et al., 2013), or whether stereotype threat 

effects are more likely to occur when both an individual’s personal and social 

identity are highlighted in the stereotyped domain (Schmader et al., 2008). In 

line with Rydell et al.’s (2014) recent findings, it also aimed to examine further 

whether reduced updating ability accounts for the effects of stereotype threat 

on women’s mathematical performance. 

 
6.6. Experiment 5 Method 

 
6.6.1. Participants 

Sixty-five females (Mage = 24.15, SD = 8.28; 92.7% White British, 95.6% 

university students) participated in exchange for partial course credit or £5 as 

a way of remuneration. They were assigned randomly and equally to either a 

‘combined’ stereotype threat (n = 31) or a control condition (n = 34). In line with 

Experiment 4, decisions regarding sample size were based on Rydell et al. 

(2014). An additional seven participants were originally recruited but then 

excluded because they responded with less than 50% accuracy on the maths 

test. There was no significant differences in participants’ self-reported 

mathematical ability, or domain identification as a function of experimental 

condition, p > .05. 

 

6.6.2. Stereotype Threat Manipulation 

 Combined self and group stereotype threat. Based on research 

which suggests that individuals can experience identity fusion (Swann et al., 

2009; 2012), participants were primed simultaneously with both a self-as-target 
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and group-as-target stereotype threat. Here participants were given the 

following information that linked mathematical performance to both their 

personal and social group’s ability: 

In today’s session, we want to get a measure of mathematical ability for 

women and men by having you take a maths test. Your performance on 

this test will be used to help us establish your personal mathematical 

ability. It will also be used to establish the performance norms for women 

and men. 

Participants in the control condition were given the same information as in 

Experiment 4, which informed them that the task was a non-diagnostic problem-

solving task. 

6.6.3. Measures 

The performance measures and procedure were identical to Experiment 1. 

 

6.7. Results 

 
Stereotype Threat Manipulation 

A MANOVA was conducted on participants’ responses to each of the three 

manipulation checks. Results indicate that participants in both the combined 

stereotype threat and control condition did not significantly differ with regard to 

their concerns that their mathematical performance would be diagnostic of 

personal ability, F(1, 63) = .83, p > .05,  = .01. Participants in the combined 

stereotype threat condition (M = 2.97, SD = 1.06) reported a higher level of 
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concern that their mathematical ability would be diagnostic of gender-related 

ability relative to the control condition (M = 2.17, SD = .92), F(1, 65) = 10.80, p 

< .01, = .14. Participants in the combined stereotype threat condition (M = 

2.97, SD = 1.06) also reported a higher level of concern that their mathematical 

performance would be diagnostic of both personal and gender-related ability 

relative to the control condition (M = 1.92, SD = .73), F(1, 65) = 14.88, p < .001, 

= .19. These findings suggest that the stereotype threat manipulation was 

successful. See Table 13 for descriptive statistics. 

 

Table 13. 

Descriptive statistics for self-report measures in Experiment 5. 

 Combined ST Control 

 Mean (SD) 

Perceived Maths Ability 5.45 (1.71) 5.50 (1.26) 

Domain identification  5.81 (1.56) 5.62 (1.10) 

Concern for personal 

identity 

2.52 (1.12) 2.29 (.84) 

Concern for social 

identity 

3.00 (1.06)a 2.15 (.93)a 

Concern for personal 

and social identity 

3.03 (1.35)b 1.94 (.74)b 

Note: Means in a row with different sub-scripts differ significantly different at p 

< .05. 
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Mathematical Performance 

Accuracy scores were analysed in a 2 (Condition; Combined stereotype threat, 

control) x 2 (Problem orientation: Horizontal, vertical) mixed-factorial ANOVA. 

There was a significant main effect of experimental condition, F(1, 63) = 6.37, 

p < .05, = .09. Pairwise comparisons indicate that participants in the 

combined stereotype threat condition solved fewer mathematical problems (M 

= .76, SD = .10) relative to the control condition (M = .83, SD = .12), p < .05, d 

= −.63. There was no significant effect of problem orientation, F(1, 63) = .35, p 

> .05,  < .01, and no significant interaction between experimental condition 

and problem orientation, F(1, 63) = .35, p > .05,  < .01. Additionally, there 

was no significant difference in reaction time as a function of experimental 

condition, F(1, 63) = 3.55, p > .05,  = .05, suggesting that these results were 

not indicative of a speed-accuracy trade off. 

 

Executive Functioning 

 Inhibition. There was no significant difference in participants’ inhibitory 

control as a function of experimental condition, F(1, 63) = .08, p > .05,  = 

.001. 

 Shifting. There was no significant differences in participants’ shifting 

ability as a function of experimental condition, F(1, 63) = .87, p > .05,  = .01. 

 Updating. Participants’ updating accuracy was submitted to a 2 

(Condition: Combined stereotype threat, control) x 2 (Sequence length: 7, 9 
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strings) mixed-factorial ANOVA. There was a significant main effect of 

experimental condition on updating accuracy, F(1, 63) = 7.70, p < .01,  = 

.11. Pairwise comparisons indicated that participants in the combined 

stereotype threat condition had lower updating ability (M = .76, SD = .17) 

relative to the control condition (M = .86, SD = .14), p < .01, d = − .64. There 

was no significant interaction between experimental condition and sequence 

length, F(1, 63) = .76, p > .05,  = .001. See Table 14 for descriptive statistics. 

 

Table 14. 

Mathematical performance and executive functioning as a function of 

experimental condition in Experiment 5. 

 Combined stereotype 

threat 

Control 

Mean (SD) 

Maths Performance (%) .76 (.10)a .83 (.12)a 

Maths RT 11320.04 (3345.52) 9783.33 (3230.13) 

Inhibition (RT) -76.49 (72.60) -83.78 (128.18) 

Shifting (RT) -290.51 (496.10) -183.89 (427.03) 

Updating (ACC) .76 (.17)b .86 (.14)b 

Note: % = percentage correct, RT = reaction time. 

 

Mediation Analysis 

A path analysis was conducted to examine whether the executive 

functions of inhibition, updating and shifting mediated the effects of combined 
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stereotype threat on women’s mathematical performance. Mediational findings 

indicate that participants in the combined stereotype threat condition displayed 

significantly poorer updating ability compared to the control condition (a3 = − 

.11), with this predicting mathematical performance (b3= .19), p < .05. A bias-

corrected confidence interval for the indirect effects, based on 5,000 bootstrap 

samples, did not include zero, indicating that updating mediated the effects of 

combined stereotype threat on mathematical performance, β = − .02, (LLCI = − 

.05, ULCI = − .003). Furthermore, inhibition, β = .0003 (LLCI = − .007, ULCI = 

.006), and shifting, β = − .002 (LLCI = − .003, ULCI = .02) did not significantly 

mediate the effects of combined stereotype threat on women’s mathematical 

performance. See Figure 7 for multi-mediator model. 
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Figure 7. Mediator model: Relationship between combined stereotype threat 

on mathematical performance through inhibition, shifting and 

updating. Note: ** p < .01, * p < .05. 

6.8. Discussion 

Experiment 5 examined whether women’s mathematical performance and 

updating ability was harmed when they were primed concurrently with a 

negative self- and group-as-target stereotype threat. Findings indicate that 

women in the combined stereotype threat condition solved fewer mathematical 

problems compared to those in the control condition. In line with Rydell et al. 

(2014), participants in the stereotype threat condition also showed reduced 

updating ability relative to control participants, with this predicting their poorer 

mathematical performance. Seemingly in contrast to the multi-threat framework 

Shifting 

Inhibition 

Maths 
Performance 

Updating 

Combined  
ST  

a1 = − 7.28 b1 = .00  

Total effect = − .07* 

a2 = −106.61 b2 = .00  

a3 = −.11**  b3 = .19* 
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(Shapiro & Neuberg, 2007; Shapiro et al., 2013), these findings suggest that 

performance decrements may be more likely to occur when individuals perceive 

a negative stereotype to be a true representation of their personal aptitude, and 

therefore characteristic of their social groups ability (i.e., other females). Such 

assertion is supported by Schmader et al.’s (2008) integrated process model of 

stereotype threat, which theorises that stereotype threat may create a cognitive 

imbalance between an individual’s positive self-concept, their negative group 

identity, and expectations for performance. 

 

6.9. General Discussion 

 Although considerable inroads have been made in elucidating how 

stereotype threat may operate, the literature still lacks a direct empirical 

examination of whether self and group-relevant stereotypes hinder 

performance in distinct ways and the mechanisms that underpin these effects. 

Combining previous work (Rydell et al., 2014; Shapiro & Neuberg, 2007; 

Shapiro et al., 2013), Experiment 4 and 5 examined whether the executive 

functions of inhibition, updating and shifting were implicated in the effects of 

distinct stereotype threats on women’s mathematical performance. Findings 

from Experiment 4 indicate that women solved fewer problems when they were 

primed with a negative group-as-target stereotype threat relative to the control 

condition. This is consistent with previous research which suggests that women 

underperform when they are primed with negative gender-related stereotypes 

pertaining to their perceived lower ability in mathematics (Beilock et al., 2007; 

Rydell et al., 2014; Spencer et al., 1999). As such, women under group-as-

target stereotype threat may experience evaluative pressure because they 
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apprehend that their performance will confirm, and thereby reinforce, a negative 

societal stereotype as a true representation of their social group (Shapiro & 

Neuberg, 2007). 

 Against predictions, however, women in the self-as-target stereotype 

threat did not underperform in relation to the control condition. In accordance 

with the manipulations employed by Shapiro et al. (2013), women in the self-

as-target stereotype threat condition were primed that their mathematical 

performance would be diagnostic of personal ability. However, in their 

theoretical review, Shapiro and Neuberg (2007) suggest that in order to 

experience self-as-target stereotype threat, women should recognise that they 

belong to a negatively stereotyped group and that stereotype-relevant actions 

are linked to oneself. Research also indicates that individuals may be more 

susceptible to stereotype threat when they are knowledgeable and endorse 

negative societal stereotypes (Elizaga & Markman, 2008; Schmader, Johns, & 

Barquissau, 2004). Therefore, participants under self-as-target stereotype 

threat may have not experienced the same evaluative pressure relative to those 

in the group-as-target condition because they were not made aware of any 

negative societal stereotypes regarding their mathematical ability. This 

assertion may be supported further when evaluating the manipulation checks 

employed in the current study. Although participants in the self-as-target 

stereotype threat condition reported concerns that their mathematical ability 

may be utilised as an indicator of their personal ability, they did not report 

concerns that their personal ability may be diagnostic of women’s ability in 

general. This may suggest that for self-as-target stereotype threat effects to 

emerge, women should be knowledgeable of the negative gender-maths 
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stereotype and the implications this may have for both themselves and their 

social group. 

 The findings from Experiment 4 paved the way to examine whether 

women show poorer mathematical performance and reduced updating ability 

when they are led to perceive that their personal mathematical ability will be 

tied to gender-related expectations; a notion consistent with Steele and 

Aronson’s (1995) original definition of stereotype threat. Consistent with these 

predictions, findings from Experiment 5 indicate that women solved fewer 

mathematical problems when they were presented concurrently with a negative 

self- and group-relevant stereotype relative to those in a control condition. 

Evaluations of the manipulation check seemed to show that women under 

‘combined’ stereotype threat reported greater concerns that their personal 

mathematical ability may be used to evaluate the performance norms of women 

relative to the control condition. Indeed, previous research indicates that 

individuals may view their personal and social identities as functionally 

equivalent (c.f., Swann et al., 2009; Swann et al., 2012), and that this may 

particularly be the case in stereotype-salient testing environments (Schmader 

et al., 2008). The current findings therefore suggest that women may be more 

likely to underperform when they apprehend that their performance will be 

viewed as self-characteristic of their personal ability, and reinforce negative 

gender-related stereotypes as a true representation of their social group (Steele 

& Aronson, 1995). 

 The second aim of the current study was to examine whether reduced 

updating ability accounted for the effects of distinct stereotype threats on 
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women’s mathematical performance. Findings from Experiment 4 indicated that 

participants in the group-as-target stereotype threat condition solved fewer 

mathematical problems relative to participants in the control condition. 

However, in contrast to predictions, participants in the group-as-target 

stereotype threat condition did not show significantly reduced updating ability 

relative to the control condition. One explanation for this finding may be that, 

although the group-as-target stereotype threat prime influenced deficits in 

mathematical performance, it may not have been strong enough to elicit 

decrements in updating ability. For example, Rydell et al. (2014) utilised a 

directional prime, whereby female participants were informed that the research 

was investigating “why women are generally worse at math compared to men” 

(p. 381). However, within the current study, women in the group-as-target 

stereotype threat condition were informed that the task was examining the 

performance norms of women and men. As such, it is plausible that the prime 

utilised by Rydell et al. (2014) may have had a greater effect on updating ability 

relative to the prime utilised in the current research because participants were 

made explicitly aware of the negative societal stereotype pertaining to their 

lower mathematical ability. 

 The findings from Experiment 5 indicate that reduced updating ability 

mediated stereotype threat effects when participants were primed concurrently 

that both their performance would be diagnostic of personal and gender-related 

ability. This may suggest that women might be more susceptible to the 

performance-impinging effects of stereotype threat when both their personal 

and social identities are the target of a negative societal stereotype. In such 

situations, targeted individuals have to simultaneously contend with the 
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implications that a negative stereotype has for both their own ability and that of 

their valued social group (Wout et al., 2008). This “double jeopardy” may have 

an additive effect on performance, with negative thoughts diminishing verbal 

working memory resources and influencing underperformance. 

 The current research represents one of a few empirical studies that have 

investigated the impact of distinct stereotype threat primes on women’s 

mathematical performance (c.f. also, Shapiro et al., 2013; Wout et al., 2008). It 

is also the first to examine whether reduced updating ability mediates these 

effects. However, it could be argued that updating ability is implicated more 

heavily in the modular arithmetic problem solving relative to other mathematical 

tests because this task requires participants to hold and update calculations in 

short-term memory (Beilock et al., 2007; Rydell et al., 2014). As such, it could 

be questioned whether these findings would generalise to other standardised 

tests, such as the General Record Examination (GRE) and Scholastic Aptitude 

Test (SAT) which are employed in real world testing environments. 

Acknowledging this potential limitation in their work, Rydell et al. (2014; 

Experiment 2) found that reduced updating ability mediated the effects of 

stereotype threat on women’s performance on the GRE. They also utilised 

different measures of updating ability to support their findings. Concern for this 

issue should also be lessened in the current studies because participants in the 

control condition did not show decrements in updating ability. As such, results 

from Experiment 5 of this thesis appear to suggest that reduced updating ability 

accounts for the effects of stereotype threat on women’s mathematical 

performance, but only when an individual apprehends that poor performance 

will reflect badly on their own ability and that of their social group. 
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6.9.1. Chapter Conclusion 

Underpinned by the multi-threat framework (Shapiro & Neuberg, 2007), the 

current study examined the effects that self-as-target and group-as-target 

stereotype threat had on women’s mathematical performance. It also 

elucidated whether deficits in verbal working memory underpinned these 

effects. Findings from Experiment 4 indicate that women solved fewer 

mathematical problems when they perceived their performance to be diagnostic 

of gender-related ability, but their performance appeared not to suffer when 

they perceived it to be merely diagnostic of personal ability. Against predictions, 

however, reduced updating ability did not mediate the relationship between 

group-as-target stereotype threat and mathematical performance. Taking these 

findings into consideration, Experiment 5 examined whether concurrently 

priming a negative personal and social identity had an additive impact on 

updating and mathematical performance. Findings indicate that women solved 

fewer mathematical problems and showed poorer updating ability under 

“combined” stereotype threat relative to the control condition. These findings 

may suggest that women are more likely to suffer from performance deficits in 

situations where they apprehend that their personal and social identity may be 

under evaluative threat. Furthermore, they lend some support to the assertion 

that stereotype threat may co-opt the verbal working memory resources 

required to solve difficult mathematical problems. 

 The empirical studies presented in the current thesis therefore appear to 

demonstrate the deleterious effects that negative societal stereotypes can have 

on women’s mathematical performance (Experiments 1, 4, & 5). However, the 

extent to which these effects emerge may be contingent on factors such as 
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stereotype endorsement and task difficulty (Experiments 2 & 3). The final study 

of this thesis therefore explores strategies to mitigate stereotype threat. 

Specifically, it examines whether heightened ingroup representation bolsters 

mathematical women’s mathematical performance. 
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7. CHAPTER 7: Experiment Six 

Creating a Critical Mass May Eliminate the Effects of Stereotype Threat 

on Women’s Mathematical Performance  
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Abstract 

 
Background: Women in mathematical domains may become attuned to 

situational cues that signal a discredited social identity, contributing to their 

lower achievement and underrepresentation. Aim: Underpinned by social 

identity theory, the current study examined whether heightened in-group 

representation alleviates the effects of self- and group-relevant stereotypes on 

women’s mathematical performance. It investigated further whether single-sex 

testing environments and stereotype threat influenced participants to believe 

that their ability was fixed (fixed mindset) rather than a trait that could be 

developed (growth mindset). Method: One hundred and forty-four female 

participants were assigned randomly and equally to a self-as-target or group-

as-target stereotype threat condition or to a control condition. They completed 

a modular arithmetic maths test and a mindset questionnaire either alone or in 

same-sex groups of 3-5 individuals. Results: Participants solved fewer 

mathematical problems under self-as-target and group-as-target stereotype 

threat when they were tested alone but these performance deficits were 

eliminated when they were tested in single-sex groups. Participants reported a 

weaker growth mindset when they were tested under stereotype threat and in 

single-sex groups. Moreover, evidence of inconsistent mediation indicates that 

single-sex testing environments negatively predicted mindset but positively 

predicted mathematical performance. Conclusion: These findings suggest 

that single-sex testing environments may represent a practical intervention to 

alleviate stereotype threat effects but may have a paradoxical effect on 

mindset. 
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7.1. Chapter Overview 

The empirical studies presented in the current thesis indicate that negative self- 

and group-relevant stereotypes may have a detrimental impact on women’s 

mathematical performance. Findings also indicate that stereotype threat may 

diminish phonological working memory resources to bring about decrements in 

performance. This suggests that stereotype threat may influence negative 

ruminations or worries about performance, which in turn taxes the verbal 

component of working which is required to solve mathematical problems. Up 

until this point in the thesis, the empirical research presented has therefore 

focused on the adverse effects that stereotype threat can exert on performance, 

rather than exploring ways in which to remedy it. Capitalising on social identity 

theory, the final empirical chapter examines whether reinforcing women’s 

sense of belonging in the domain of mathematics, by creating a critical mass, 

alleviates gender-based concerns to augment performance. However, 

informed by research into the potential disadvantages of gender-segregated 

learning environments, it also investigates whether testing females in single-

sex groups has a paradoxical effect of influencing a fixed-ability mindset. 

 

7.2. Introduction 

 Over the past 30 years there has been exponential growth in women’s 

achievement and representation in science-based disciplines. Despite this 

progress, women continue to underperform and remain underrepresented in 

maths-intensive fields (Ceci et al., 2009; Ceci & Williams, 2010). Being a 

minority member can be particularly problematic for women in mathematics 

classrooms because they may have to contend with negative societal 
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stereotypes regarding their prescribed inferiority in comparison to men (Inzlicht 

& Ben-Zeev, 2003). Consequently, being outnumbered may attract a 

disproportionate amount of attention to a women’s social identity (i.e., being 

female) and increase feelings of responsibility for representing one’s group 

(Saenz, 1994). 

 Research on stereotype threat (Steele & Aronson, 1995) indicates that 

women underperform relative to men when they apprehend that their 

mathematical performance will be interpreted in line with pejorative gender 

stereotypes (c.f., Spencer et al., 1999; Steele, 1997). These effects appear to 

be robust (Nguyen & Ryan, 2008) and extend beyond the laboratory (Good, 

Aronson, & Harder, 2008; Keller, 2007; Hollis-Sawyer, & Sawyer, 2008). As 

such, researchers have turned their attention to examining the moderating 

factors that might heighten women’s susceptibility to stereotype threat. It has 

been proposed that seemingly benign and subtle factors, such as the gender 

composition of a classroom, may undermine women’s mathematical 

performance and contribute further to their underrepresentation in this domain 

(Bigler & Liben, 2006; 2007; Inzlicht & Ben-Zeev, 2000; 2003; Sekaquaptewa 

& Thompson, 2003). 

In a direct test of this notion, Inzlicht and Ben-Zeev (2000) found that 

women underperformed on a mathematical test when men outnumbered them. 

However, these performance deficits were not observed when women 

completed the test in same-sex groups. Moreover, women’s mathematical 

performance was found to decrease in proportion to the number of men in the 

testing environment. Extending this, Sekaquaptewa and Thompson (2003) 

examined the dual influence of solo status and stereotype threat on women’s 
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mathematical performance. Findings indicated that women underperformed to 

a greater extent when they completed the test in opposite sex groups (solo 

status) relative to completing the test in same-sex groups. An interaction 

between solo status and stereotype threat revealed further that experiencing 

both of these factors simultaneously was more detrimental to performance than 

experiencing one of these factors alone. These findings support a wealth of 

research which suggests that the numerical representation of minority group 

members may interact with their stereotyped status to impact whether an 

environment will promote or attenuate learning, engagement and performance 

(Inzlicht & Ben-Zeev, 2000; 2003; Murphy, Steele, & Gross, 2007; 

Sekaquaptewa & Thompson, 2003). 

Research has also examined the extent to which stereotype threat 

effects are mitigated when women work collaboratively to solve mathematical 

problems. For example, Aramovich (2014) found that women were buffered 

from the performance-impinging effects of stereotype threat when they were 

tested in same-sex groups, relative to alone, because they were able work 

together to detect errors. Nevertheless, the practical implications of this study 

may be limited because in real-life testing environments women are typically 

required to undertake quantitative tests independently as a measure of their 

personal ability. Overcoming this issue, Huguet and Régner (2007; Experiment 

2) conducted a field study and revealed that stereotype threatened females 

underperformed when they worked alone or in mixed-sex classrooms on a task 

that measured ostensibly mathematical skills. However, these performance 

deficits were eliminated when females worked in single-sex groups. These 

findings suggest that the mere presence of other in-group members (i.e., 
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females) may promote women’s mathematical performance when they are 

assessed individually. Other research appears to support these findings, 

indicating that females may be more susceptible to stereotype threat in co-

educational relative to single-sex schools, because they are more exposed to 

stereotypical beliefs and perceptions pertaining to gender-subject competence 

(Picho & Stephens, 2012). However, this previous research has not 

distinguished between distinct stereotype threats and it therefore remains to be 

ascertained whether single-sex classrooms may alleviate both self-as-target 

and group-as-target stereotype threat. 

Presenting as a further issue, previous work has focused largely on the 

potential efficacy of single-sex testing environments as a practical means to 

bolster women’s performance against stereotype threat (Huguet & Régner, 

2007; Inzlicht & Ben-Zeev, 2000; Picho & Stephens, 2012). Less work has 

examined the impact that gender-segregated classrooms may exert on 

attitudinal outcomes, specifically with regard to the potential negative impacts 

of highlighting gender (c.f., Halpern et al., 2011). Based on a rationale garnered 

from same-sex schooling (c.f., Halpern et al., 2011; Pahlke, Shibley-Hyde, & 

Allison, 2014), the current research investigates the notion that gender-

segregated environments may influence a fixed-ability mindset (Dweck, 2006; 

2008). When placed in same-sex classrooms, females may question why they 

have been separated from their male peers and attribute this to inherent sex 

differences (Halpern et al., 2011; Pahlke et al., 2014). Such environmental cues 

may signal to women, either explicitly or implicitly, that their ability to succeed 

in mathematics is limited by group membership (Dweck, 2006; 2008; Good et 

al., 2008). Indeed, this is an important consideration in view of research 
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indicating that a fixed-ability mindset may have a damaging, and long-term 

effect on educational outcomes (Verniers & Martinot, 2015; c.f., also Martin, 

2015). As such, it is plausible that single-sex classrooms may reduce situational 

performance pressure by alleviating women’s apprehensions about confirming 

gender-related stereotypes in the eyes of out-group members (Picho & 

Stephens, 2012; Titze, Jansen, & Heil, 2011). However, the gender-

composition of the classroom may signal to women that their mathematical 

performance is determined by external factors, namely their gender, which may 

contribute to a fixed-ability mindset. 

The first aim of the current study was therefore to examine whether the 

mere presence of other females could ameliorate the effects of self- and group-

relevant stereotypes on women’s mathematical performance. Here it was 

predicted that female participants would solve fewer mathematical problems 

under self-as-target and group-as-target stereotype threat when they were 

tested alone relative to those in a control condition. This prediction was derived 

from research suggesting that, when tested alone, women may apprehend that 

they are single representatives of their social group, which may exacerbate 

situational performance pressure (c.f., Aramovich, 2014; Huguet & Régner, 

2007; Steele, 1997). It was also predicted that these performance decrements 

would be alleviated when females were tested in single-sex groups. At first 

blush, it may seem that women should be susceptible to group-as-target 

stereotype threat in single-sex groups because this concerns their devalued 

group membership in the stereotyped domain (c.f., Shapiro et al., 2013). 

However, in line with previous research (Inzlicht & Ben, Zeev, 2000; Murphy et 

al., 2007; Sekaquaptewa & Thompson, 2003), the numerical representation of 



 

 191 

other females within the mathematics classroom should lessen concerns about 

representing positively the in-group to bolster performance. Furthermore, when 

tested in single-sex groups, women may be less susceptible to self-as-target 

stereotype threat because they strive to disconfirm the negative group 

stereotype as being a true representation of their personal ability. 

The second aim of the current study was to examine the effects of 

stereotype threat and group composition on mindset. Underpinned by research 

on single-sex schooling (c.f., Halpern et al., 2011; Pahlke et al., 2014), it was 

predicted that female participants would become more cognisant of the 

differences between women and men when they were tested in single-sex 

groups relative to alone. Under such conditions, it was predicted that they would 

attribute their mathematical ability to internal, fixed factors (i.e., fixed mindset) 

rather than a trait that could be shaped and developed (i.e., growth mindset). 

Given that stereotypes are essentially fixed mindset labels (Blackwell, 

Trzesniewski, & Dweck, 2007; Dweck, 2006; 2008), it was also predicted that 

females who were primed explicitly with information regarding gender 

differences in mathematical performance would report a weaker growth 

mindset compared to those in the control condition. 

 
7.3. Method 

 
7.3.1. Participants 

One hundred and forty-four females (Mage = 21.60, SD = 4.67, 88.9% White 

British, 83.3% university students) signed up via an online participation website 

and arranged a time to come into the lab. They received £3 remuneration for 

their participation. In a between-participants design, they were allocated 
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randomly and equally to one of three experimental conditions: 1), self-as-target 

stereotype threat, 2), group-as-target stereotype threat, and 3), a control 

condition. To examine the effects of in-group representation on performance, 

half of the participants in each experimental condition completed the study 

alone, whereas the other half were tested in groups of 3-5. The study consisted 

of a 3 (condition: self-as-target, group-as-target, control) x 2 (group 

composition: alone, group) between-participants design. 

 

7.3.2. Stereotype Threat Manipulations 

The same self-as-target and group-as-target stereotype threat primes were 

utilised as in Experiment 1 (Chapter 4). 

 

7.3.3 Measures 

 Mathematical performance. The same modular arithmetic test was 

employed as in Experiment 1. 

 

 Mindset questionnaire. Participants’ mindset was measured using a 

20-item self-report questionnaire (McKenzie, 2013; adapted from Dweck, 

2006). This questionnaire was modified to ensure that all questions were 

related to mathematical ability, rather than general intelligence (See Appendix 

C). Participants responded on a 4-point Likert scale anchored between 

‘Strongly Agree’ and ‘Strongly Disagree’. Questions related to a growth mindset 

included “Mathematical talent can be learned by anyone” and questions related 

to a fixed mindset included “Maths is much easier to learn if you are male”. 

Scores were totalled out of 60, with higher scores indicative of a growth-ability 
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mindset. The questionnaire resulted in high internal consistency in the current 

study, Cronbach’s a = .81. 

 

7.3.3. Procedure 

After being assigned randomly to one of three experimental conditions, 

participants completed two self-report questions; “I am good at maths” and “It 

is important to me that I am good at maths”. Responses were recorded on a 9-

point Likert scale anchored between 1 (Strongly Disagree) and 9 (Strongly 

Agree). These questions were included in order to control for any differences 

in perceived mathematical ability and domain identification as a function of 

experimental condition (c.f., Keller, 2007; Steele, 1997). Upon implementing 

the stereotype threat prime, participants completed the mindset questionnaire 

and the maths test, with the order of these measures counterbalanced. 

Participants were then introduced to the maths test with written instructions 

presented on a computer. They were instructed to judge the validity of each 

maths problem, indicating whether the answer was true (i.e., a whole number) 

or false (i.e., a decimal number) using the ‘Z’ and ‘M’ buttons on a standard 

keyboard, respectively. Participants completed the maths test on individual 

computers, which had screens on either side to ensure that participants could 

not observe others’ answers. Upon completion of the study, participants 

received a verbal and written debrief. 
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7.4. Results 

 

Perceived Mathematical Ability and Domain Identification 

A MANOVA indicated that participants in the self-as-target stereotype threat 

condition reported lower perceived mathematical ability (M = 5.08, SD = 1.75) 

compared to the control condition (M = 6.04, SD = 1.49), F(2, 141) = 4.03, p < 

.05,  = .05. Moreover, participants in the self-as-target condition attributed 

less importance to the domain of mathematics (M = 5.38, SD = 1.91) compared 

to the control condition (M = 6.27, SD = 1.50), F(2, 138) = 3.53, p = .03,  = 

.05. Although these responses were above average, participants’ self-reported 

mathematical ability and domain identification were entered as covariates in all 

analyses to ensure that they did not influence performance. Participants in the 

group-as-target and control condition did not differ in their reports of 

mathematical ability and domain identification (both p > .05). Moreover, 

participants’ responses to these two questions did not differ as a function of 

group composition (group vs. alone), p > .05. 

 

Mathematical Performance 

Modular arithmetic accuracy was examined in a 3 (Condition: self-as-target, 

group-as-target, control) x 2 (Group composition; alone, group) x 3 (Problem 

difficulty; simple, moderate, difficult) x 2 (Problem presentation: horizontal, 

vertical) mixed factorial ANCOVA. Experimental condition and group 

composition were analysed as between-participants factors and problem 

difficulty and presentation were input as within-participants factors. 

2

p

2

p
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 Problem difficulty and presentation. There was a significant main 

effect of problem difficulty, F(2, 272) = 19.84, p < .001,  = .13. Bonferroni-

corrected pairwise comparisons reveal that participants solved fewer difficult 

(M = .78, SD = .17) relative to simple problems (M = .93, SD = .10), p < .001, d 

= – 1.08. They also solved fewer moderate (M = .76, SD = .17) relative to simple 

problems (M = .93, SD = .10), p < .001, d = – 1.22. There was a significant two-

way interaction between problem difficulty and presentation, F(2, 272) = 3.22, 

p = .04,  = .02. Participants solved fewer horizontally presented difficult (M 

= .75, SD = .19) and moderate problems (M = .72, SD = .18) compared to simple 

problems (M = .95, SD = .07), p < .001, d = – 1.40 and – 1.68, respectively. 

Participants also solved fewer vertically presented difficult (M = .82, SD = .19) 

and moderate problems (M = .80, SD = .20) compared to simple problems (M 

= .90, SD = .13), p < .001, d = – .49 and – .59, respectively. 

 Stereotype threat. There was a significant main effect of experimental 

condition on maths performance, F(2, 136) = 4.67, p = .01,  = .06. Pairwise 

comparisons indicate that participants assigned to the self-as-target condition 

solved significantly fewer problems (M = .79, SD = .12) compared to the control 

condition (M = .86, SD = .12), p < .01, d = – .58. There was no significant 

difference in performance between the group-as-target relative to the self-as-

target stereotype threat (p > .05) and the control condition (p > .05). A three-

way interaction was obtained between experimental condition, problem 

difficulty and presentation, F(4, 135) = 3.78, p < .01,  = .05. Participants in 

the self-as-target condition solved more difficult and moderate problems when 

they were presented horizontally (M = .72, SD = .19, M = .64, SD = .18) relative 
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to vertically (M = .82, SD = .19, M = .78, SD = .21), p < .001, d = −.53 and − 

.72, respectively. They solved fewer simple problems when they were 

presented vertically (M = .85, SD = .13) relative to horizontally (M = .94, SD = 

.08), p < .001, d = − .83. Participants in the group-as-target stereotype threat 

condition solved fewer difficult questions when they were presented horizontally 

(M = .74, SD = .19) relative to vertically (M = .80, SD = .19) p < .05, d = − .32. 

Participants in the control condition solved fewer difficult and moderate 

problems when they were presented horizontally (M = .79, SD = .19, M = .78, 

SD = .18) relative to vertically (M = .84, SD = .19, M = .85, SD = .21), p < .05, 

d = − .26 and − .36. They solved fewer simple problems when they were 

presented vertically (M = .93, SD = .13) relative to horizontally (M = 1.0, SD = 

.08), p < .001, d = − .74. 

 Participants under self-as-target condition solved fewer horizontally 

presented moderate problems (M = .64, SD = .18) compared to females in the 

group-as-target (M = .73, SD = .18), p < .05, d = – .50, and control conditions 

(M = .78, SD = .18), p = .001, d = – .78. Participants in the self-as-target 

condition solved fewer horizontally presented simple problems (M = .94, SD = 

.08) compared to females in the control condition (M = 1.0, SD = .08), p < .001, 

d = – .75. They also solved fewer vertically presented simple problems (M = 

.85, SD = .13) compared to females in the group-as-target (M = .94, SD = .13), 

p < .01, d = – .69, and control conditions (M = .93, SD = .13), p = .01, d = – .62. 

Participants under group-as-target stereotype threat solved fewer horizontally 

presented simple problems (M = .93, SD = .08) compared to the control 

condition (M = 1.0, SD = .08), p < .001, d = – .87. Accuracy scores for 

participants in the group-as-target condition did not significantly differ from the 
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control condition on all other problems, p > .05. All other pairwise comparisons 

were non-significant, p > .05. See Figure 8 for three-way interaction between 

experimental condition, problem demand and presentation. 

 

Figure 8. Mean modular arithmetic accuracy scores (%) as a function of 

experimental condition, problem demand and presentation. 

 
 Group Composition. Of central importance to the aim of the current 

study, there was a significant main effect of group composition, F(1, 136) = 

3.96, p < .05,  = .03. Pairwise comparisons indicated that participants solved 

fewer maths problems when they were tested alone (M = .81, SD = .12) relative 

to in single-sex groups (M = .84, SD = .12), p < .05, d = – .25. This was qualified 

by a significant three-way interaction between experimental condition, group 

composition and problem presentation, F(2, 136) = 3.58, p < .05,  = .05. 

When tested alone, participants who were primed with a self-as-target 

stereotype threat solved fewer horizontally presented problems (M = .73, SD = 
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.11) relative to participants in the control condition (M = .86, SD = .11), p < .001, 

d = – 1.18. Participants who were tested alone under group-as-target 

stereotype solved fewer horizontally presented problems (M = .77, SD = .11) 

compared to the control condition (M = .86, SD = .11), p < .05, d = – .82. 

Accuracy did not significantly differ for vertically oriented problems, p > .05. 

Importantly, there were no significant performance decrements as a function of 

experimental condition when females were tested in groups, p > .05. These 

results suggest that the mere presence of other females bolstered participants’ 

mathematical performance from the effects of self-as-target and group-as-

target stereotype threat. 

Further confirming this, females primed with a self-as-target stereotype 

solved fewer horizontally presented problems when they were tested alone (M 

= .73, SD = .11) compared to when they were tested in groups (M = .80, SD = 

.11), p = .01, d = – .64. They also solved fewer vertically presented problems 

when tested alone (M = .77, SD = .14) relative to in a group (M = .85, SD = .14), 

p < .05, d = – .57. There was also a trend for participants primed with a group-

as-target stereotype threat to underperform on horizontally presented problems 

when tested alone (M = .77, SD = .11) compared to when they were tested in 

a group (M = .83, SD = .11), p = .058, d = – .55. Females’ performance in the 

control condition did not differ significantly as a function of group composition, 

p > .05. When tested alone, females assigned to the self-as-target condition 

solved fewer horizontally presented problems (M = .73, SD = .11) relative to 

vertically presented problems (M = .77, SD = .14), p < .05, d = – .32. They also 

solved fewer horizontally presented problems (M = .80, SD = .11) compared to 

vertically presented problems when they were tested in a group (M = .85, SD = 
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.14), p = .01, d = – .40. Females under group-as-target threat solved fewer 

horizontally presented problems (M = .77, SD = .11) compared to vertically 

presented problems (M = .84, SD = .14) when tested alone (p < .001, d = – .56) 

but not when they were tested in groups (p > .05). Females in the control 

condition solved horizontally and vertically presented problems with equivalent 

accuracy when tested alone and in a group, p > .05. Overall, these results 

suggest that women were susceptible to stereotype threat when they are tested 

individually, however, single-sex testing environments alleviated these 

performance deficits. See Figure 9 for interaction between experimental 

condition, group composition and problem presentation. See Table 15 for 

descriptive statistics. 
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Figure 9. Mean modular arithmetic accuracy scores (%) as a function of 

experimental condition, group composition and problem 

presentation. 

Table 15. 

Mean arithmetic accuracy scores and corresponding deviations as a function 

of experimental condition, group composition, and problem presentation. 

Note: Estimated marginal means with perceived mathematical ability and 

domain identification as covariates. 
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Mindset 

Females’ self-reported mindset did not significantly differ dependent on whether 

they completed the questionnaire before or after the maths test (p > .05), 

indicating an absence of order effects. There was a significant main effect of 

mind-set as a function of experimental condition, F(2, 138) = 4.45, p = .01,  

= .06. Participants assigned to the self-as-target stereotype threat condition (M 

= 38.58, SD = 6.07) reported a weaker growth mind-set compared to the control 

condition (M = 41.35, SD = 6.03), p < .05, d = – .46. Participants in the group-

as-target stereotype threat condition (M = 38.46, SD = 4.45) also reported a 

weaker growth mind-set compared to the control condition, p < .05, d = – .55. 

There was a significant main effect of group composition, F(1, 138) = 13.04, p 

< .001,  = .09. Participants who completed the test in groups reported a 

weaker growth mind-set (M = 37.85, SD = 5.32) compared to those who 

completed the test alone (M = 41.08, SD = 5.62), p < .001, d = – .59. There was 

no significant interaction between stereotype threat and group composition, p 

> .05. These results suggest that negative gender-maths stereotypes pertaining 

to women’s personal or social identity may hamper a growth-ability mindset. 

Furthermore, testing females in same-sex groups did not appear to have a 

positive effect on mindset. 

 

Mediation Analysis 

Mediation analysis was conducted using ordinary least squares path analysis 

(Hayes, 2013). This analysis examined the influence that the single-sex testing 

environment exerted on mindset and mathematical performance. Results 
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indicate that group composition indirectly influenced mathematical performance 

through its effect on mindset. Specifically, group composition negatively 

influenced mindset (a = − 3.24) but positively predicted mathematical 

performance (b = .19). A bias-corrected bootstrap confidence interval for the 

indirect effect (ab = − .63) did not include zero (LLCI, = − 1.48, ULCI = − .10). 

However, there was still evidence that being tested in a group influenced 

mathematical performance independent of its effect on mindset (c’ = 2.36), p < 

.05. This provides evidence of partial inconsistent mediation (MacKinnon, 

Fairchild, & Fritz, 2007; MacKinnon, Krull, & Lockwood, 2000), with mindset 

acting as a suppressor variable8 (MacKinnon et al., 2000; Tzelgov & Henik, 

1991). See Figure 10 for mediator model. 

 

 

 

 

 

Figure 10. Mediator model: Relationship between group composition on 

mathematical performance through mindset. Note: * p < .05, ** p < .001. 

 

                                                        
 
8 Suppression can occur when the indirect effect has a sign that is opposite to that of the total 
effect, and therefore the omission of a suppressor variable might lead the total effect to 
appear small or non-significant (c.f., Rucker et al., 2011). 

Group vs. Solo Maths Performance 

Mindset  

b = - 3.24**  b = .19* 

 Total effect c; b = 1.74, ns 

a b 

 Direct effect c’; b = 2.36* 
 Indirect effect = - .62 
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7.5. Discussion 

 
The current study evaluated the efficacy of single-sex testing environments as 

a practical means to eliminate stereotype threat effects. Moreover, it examined 

whether testing women in single-sex groups or under stereotype threat 

influenced them to perceive that their ability was a fixed trait. Results indicate 

that female participants underperformed when they were tested alone and were 

primed with either a self- or group-relevant stereotype. However, these 

performance decrements did not emerge when they were tested in single-sex 

groups. These findings suggest that in-group members may function as “social 

vaccines” who increase social belonging and inoculate fellow group members’ 

performance against the experience of stereotype threat (Dasgupta, 2011; c.f., 

also Jetten, Haslam, Haslam, & Branscombe, 2009). Nevertheless, participants 

reported a weaker growth mindset when they were tested in groups relative to 

alone and under stereotype threat. As such, single-sex testing environments 

may reduce group members’ concerns about confirming a negative stereotype 

to bolster women’s mathematical performance but may have a paradoxical 

effect on mindset. 

 Female participants were susceptible to group-as-target stereotype 

threat when they were tested alone in comparison to those in a control 

condition. In this situation, women find themselves as single representatives of 

their social group, which may heighten the salience of negative stereotypes that 

accompany their group status. Being a minority member may result in added 

pressure because women apprehend that performance will confirm, and 

thereby reinforce, pejorative stereotypes as a true representation of their in-
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group (Huguet & Régner, 2007; Inzlicht & Ben-Zeev, 2000). Findings also 

appear to reveal that self-as-target stereotype threat had a greater negative 

effect than group-as-target stereotype threat. Participants may have been more 

vulnerable to self-as-target stereotype threat when they were tested alone 

because they perceived that performance would be evaluated in line with their 

personal ability. As such, the salience of a negative self-relevant stereotype 

may have interacted with the experience of being alone in the testing 

environment to attract a disproportionate amount of attention to one’s personal 

identity. 

 Findings indicate further that women’s mathematical performance was 

protected from the effects of self-as-target and group-as-target stereotype 

threat when they were tested in same-sex groups. This finding may be 

explained by distinctiveness theory (Abrams, Thomas, & Hogg, 1990; Cota & 

Dion, 1986), which posits that group saliency increases relative to the number 

of out-group members in a particular setting (McGuire, McGuire, & Winton, 

1979). Resultantly, the mere presence of other in-group members may have 

decreased women’s apprehensions about representing the group positively to 

bolster performance (Inzlicht & Ben-Zeev, 2000; 2003; Sekaquaptewa & 

Thompson, 2003). This finding may have practical implications in relation to 

gender-segregated learning environments. For example, research suggests 

that women may feel marginalised in mathematics classrooms when men 

outnumber them, which may influence deficits in mathematical performance 

(Inzlicht & Ben-Zeev, 2000; Huguet & Régner, 2007; Sekaquaptewa & 

Thompson, 2003). As such, increasing the number of women in counter-

stereotypical domains, to create a critical mass, may present as a strategy to 
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alleviate experiences of stereotype threat and encourage more women into 

maths-intensive fields. 

 Despite the positive impact that in-group representation had on 

performance, women who were tested in single-sex groups reported a weaker 

growth mindset compared to those who were tested alone. Evidence of 

inconsistent mediation reveals that being in a group negatively predicted 

mindset but positively predicted mathematical performance. When tested in 

single-sex groups, females may have become aware that they had been 

segregated from their male peers, and attributed this to alleged gender 

differences in mathematical ability (c.f., Halpern et al., 2011; Pahlke et al., 

2014). This may have led females to believe that gender is a fundamental 

characteristic of ability, weakening a growth-ability mindset. Participants also 

reported a weaker growth mindset when they were primed with a self-as-target 

and group-as-target stereotype relative to participants in the control condition. 

This is consistent with research suggesting that negative gender-maths 

stereotypes may influence women to believe that their mathematical ability is 

limited because of their group membership (Dweck, 2008; Dar-Nimrod & Heine, 

2006; Good, Aronson, & Inzlicht, 2003). 

 A number of limitations in the present research should be noted. First, 

the study did not employ a fully matched design in that females’ mathematical 

performance was not compared to that of males within single and mixed-sex 

testing environments. The rationale to only recruit female participants was 

underpinned by research which has demonstrated consistently that women’s 

mathematical ability is hampered in the presence of men (e.g., Inzlicht & Ben-

Zeev, 2000; 2003; Murphy et al., 2007; Sekaquaptewa & Thompson, 2003), 
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and by findings indicating that men are less susceptible to stereotype threat in 

the maths domain (Rydell et al., 2014). However, it may be asserted that 

females experiences of distinct stereotype threats may be different when they 

are tested in the presence of outgroup members. That is, women may be more 

susceptible to the effects of group-as-target stereotype threat, relative to self-

as-target stereotype threat, when they find themselves as a single 

representative of their social group. This may be particularly the case for 

women in a vanguard position, such as those in STEM-related disciplines, 

because their social identity is highly salient. It is therefore recommended that 

future research investigates the presence of moderating factors that may 

accentuate the effects of self-as-target and group-as-target stereotype threat. 

 The findings of the current study indicate that participants in the group-

as-target and self-as-target stereotype conditions solved fewer simple and 

moderate problems relative to participants in the control condition. This 

contrasts with research indicating that stereotype threat effects are more 

pronounced on difficult questions (Keller, 2007). Within-participant analyses 

indicated that across all experimental conditions participants solved fewer 

difficult problems relative to moderate and simple problems. Resultantly, 

participants in the control condition may have also found these problems 

difficult, with this diminishing any potential differences between experimental 

conditions. This may particularly be the case given that a novel laboratory task 

was employed to ensure that participants were not familiar with the format of 

the test (c.f., Beilock & Carr, 2005). Future research that examines stereotype 

threat effects as a function of problem type and difficulty, and utilises more 
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ecologically valid tests, such as the General Certificate in Secondary Education 

(GCSE), is therefore recommended. 

 Results also reveal that mindset partially mediated the effects of in-group 

representation on women’s mathematical performance. However, given that 

partial mediation was found, this suggests that additional (unmeasured) 

variables may explain the relationship between single-sex testing environments 

and performance further. For example, previous research suggests that single-

sex testing environments may mitigate stereotype threat by decreasing anxiety 

(Ben-Zeev, Fein, & Inzlicht, 2005). Additional research would therefore benefit 

from exploring explanations for the potential efficacy of single-sex testing 

environments in the elimination of stereotype threat, with researchers 

acknowledging both the advantages and limitations of implementing such 

strategies. 

 

7.5.1. Chapter Conclusion 

The current research indicates that the salience of a negative self or group-

relevant stereotype may have a detrimental impact on women’s mathematical 

performance, with these effects emerging after controlling for participants’ 

perceived mathematical ability and domain identification. However, these 

performance deficits were reduced when women were tested in same-sex 

groups. This may suggest that heightened in-group representation may bolster 

women’s performance in the domain of mathematics. This finding may be 

particularly noteworthy when considering research which suggests that poor 

numerical representation may be a key determinant in women’s decisions to 

avoid or leave math-intensive fields, even for those who are highly skilled and 
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identify with the domain (Murphy et al., 2007). However, findings also reveal 

that females reported a weaker growth mindset when they were tested in single-

sex groups. This underscores the importance of examining the potential 

efficacy of gender-segregated learning environments on both attitudinal and 

behavioural outcomes, suggesting that whilst testing females in single-sex 

classrooms may alleviate experiences of stereotype threat, the saliency of 

gender may influence a fixed-ability mindset. 
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8. CHAPTER 8 – Thesis Discussion and Conclusions 
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8.1. General Discussion 

The past twenty years of research indicates that the salience of a pejorative 

societal stereotype impacts negatively on females’ mathematical performance 

(c.f., Doyle & Voyer, 2016; Nguyen & Ryan, 2008; Picho et al., 2013 for meta-

analyses). However, the majority of previous research has utilised group-based 

primes to elicit stereotype threat, and has seemingly overlooked the role of the 

self in stereotype-salient environments. More recently, researchers have 

proposed that stereotype threat may operate through multiple, distinct 

pathways, which target an individual’s personal or social identity (Shapiro & 

Neuberg, 2007; Shapiro et al., 2013; Wout et al., 2013). Although the multi-

threat framework (Shapiro & Neuberg, 2007; Shapiro et al., 2013) advances 

the theoretical understanding of this situational phenomenon, relatively less 

research has examined empirically the influence that distinct stereotype threats 

exert on performance outcomes. Accordingly, the first aim of this thesis was to 

examine the extent to which self-as-target and group-as-target stereotype 

threat reduce females’ mathematical performance. 

 In addition, there is still debate with regards to the mechanisms which 

are proposed to underpin the stereotype threat-performance relationship. The 

working memory interference account (Beilock et al., 2007; Rydell et al., 2014; 

Schmader & Johns, 2003) and the mere effort account (Jamieson & Harkins, 

2007; 2009; Seitchik & Harkins, 2015) appear to be two of the most robust 

theories in the current stereotype threat literature. However, they both 

represent opposing theories of how stereotype threat diminishes performance 

(c.f., Schmader et al., 2008 for an overview). The working memory interference 

account (Beilock et al., 2007; Rydell et al., 2014; Schmader & Johns, 2003) 
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suggests that stereotype threat impedes the cognitive resources required to 

solve mathematical problems. Conversely, the mere effort account (Jamieson 

& Harkins, 2007; 2009; Seitchik & Harkins, 2015) proposes that stereotype 

threat motivates females to perform optimally, which is seen to facilitate the 

most dominant response on a stereotype-relevant task. Whilst progress has 

been made in recognising the possible existence of distinct stereotype threats, 

and elucidating the mechanisms that may underpin the stereotype threat-

performance relationship more generally, these two research traditions have 

not been studied conjointly to date. That is, research has yet to elucidate the 

underlying mechanisms of distinct stereotype threats. Bridging this gap in the 

literature, the second aim of the thesis was to investigate whether deficits in 

verbal working memory or heightened motivation account for the relationship 

between self- and group-relevant stereotypes on females’ lowered 

mathematical performance. 

 

8.1.1. Overview of Empirical Studies 

Experiment 1 examined whether females’ mathematical performance is 

reduced, to a greater or lesser extent, when they are primed with self-as-target 

or group-as-target stereotype threat. It also assessed whether deficits in verbal 

working memory may account for these effects. Results indicate that 

participants primed with a self-relevant stereotype displayed lower accuracy 

scores on a modular arithmetic task compared to participants in the control 

condition. However, there was no main effect of group-as-target stereotype 

threat on females’ mathematical performance. This finding suggests that self-

relevant gender stereotypes may have a greater detrimental impact on females’ 
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mathematical performance, possibly because heightened self-awareness may 

exacerbate situational performance pressure (c.f., Baumeister, 1984; Beilock & 

Carr, 2001; 2005; Schmader et al., 2013; Van-Loo et al., 2013). Furthermore, 

participants in both the self-as-target and group-as-target stereotype threat 

conditions solved fewer horizontally oriented problems in comparison to those 

in the control condition. They also solved fewer problems when they were 

presented horizontally relative to vertically. In accordance with previous 

research (Beilock et al., 2007; Cadinu et al., 2005; Steele et al., 2002; 

Schmader et al., 2008), this suggests that the salience of a negative self- or 

group-relevant stereotype may influence negative thoughts and worries, which 

resultantly diminishes verbal working memory resources to impair 

mathematical performance. 

 Findings from Experiment 1 therefore lend some support to the working 

memory interference theory of stereotype threat. However, they do not rule out 

a motivational explanation. The mere effort account (Jamieson & Harkins, 

2007; 2009; Seitchik & Harkins, 2015) proposes that stereotype threat arouses 

individuals’ concerns about their ability to perform well on a given task, which 

facilitates the most dominant response. This is seen to influence stereotype 

threatened participants to respond more rapidly in comparison to their non-

threatened counterparts, and can have a paradoxical effect of hampering 

performance (i.e., a speed-accuracy trade-off; Jamieson & Harkins, 2007). In 

Experiment 1, there was no significant difference in the time it took participants 

to answer the modular arithmetic problems as a function of experimental 

condition. This may suggest that participants engaged in similar amounts of 

effort irrespective of the stereotype primes. However, the mere effort account 
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also proposes that stereotype threatened participants should compensate for 

any erroneous responses when they recognise that their answer is incorrect 

and have the opportunity to correct it (Jamieson & Harkins, 2007). In 

Experiment 1, participants were not given the opportunity to amend their 

responses, meaning that the mere effort account of stereotype threat could not 

be explored. 

 Addressing this issue, Experiment 2 utilised the anti-saccade eye-

tracking task, which is able to isolate the motivational processes that may 

underpin stereotype threat effects (i.e., saccade launch latencies and 

percentage of corrections). It examined whether priming a negative self- or 

group-relevant stereotype heightened participants’ motivation or reduced their 

verbal working memory capacity. Findings indicate that participants subject to 

self-as-target and group-as-target stereotype threats launched marginally 

fewer corrective saccades relative to control participants. In support of the 

working memory interference account (e.g., Beilock et al., 2007; Schmader & 

Johns, 2003), this may suggest that stereotype threat interferes with females’ 

ability to recognise that they have made an incorrect response due to the 

additional demands that a negative stereotype places on working memory. 

 Contrary to predictions, there were no significant differences in the time 

it took participants in both of the stereotype threat conditions to launch correct 

and corrective saccades compared to the control condition. These results are 

inconsistent with the findings reported by Jamieson and Harkins (2007; 

Experiment 3) who found that participants launched quicker correct and 

corrective saccades when they were primed with a negative gender-maths 

stereotype, perhaps owing to their motivation to disprove it. However, a key 
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limitation of Experiment 2 was that females’ mathematical performance was not 

assessed, and whilst this decision was made to ensure that the study was 

equivalent to that of Jamieson and Harkins (2007; Experiment 3), it is apparent 

that studies of this nature are unable to determine whether heightened 

motivation mediates the effects of stereotype threat on females’ mathematical 

performance. 

 Experiment 3 therefore employed both the anti-saccade and modular 

arithmetic tasks to elucidate whether the mere effort motivational account, or 

the working memory interference account, may explain the stereotype threat-

performance relationship. Expanding on this, it also examined the effects of a 

positive gender-related stereotype on females’ visuospatial and mathematical 

performance. Findings indicate that participants primed with a positive 

stereotype solved marginally fewer difficult problems compared to participants 

in the control condition (p = .058, d = − .86). This finding supports previous 

research, suggesting that the expectation to perform in line with a positive 

stereotype may lead individuals to choke under pressure (Beilock et al., 2001; 

2004; Cheryan & Bodenhausen, 2000; Rosenthal & Crisp, 2007). Against 

predictions, however, a negative group-relevant stereotype did not appear to 

have an adverse impact on mathematical performance. Furthermore, there 

were no significant differences in participants’ visuospatial performance 

(correct, corrective saccades RT and % correct) as a function of experimental 

condition. Taken together, Experiments 2 and 3 are unable to provide support 

for the mere effort or working memory interference account of stereotype threat. 

 A number of plausible explanations and study limitations were noted for 

Experiments 2 and 3, which may explain the null findings obtained. First, the 
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sample size in these two studies was relatively small (although in line with 

Jamieson & Harkins, 2007), and this may have resulted in insufficient statistical 

power. Second, participants who were assigned to the stereotype threat 

conditions did not appear to strongly endorse the stereotype presented, 

whereas in Jamieson and Harkins (2007; Experiment 3) study they did. Finally, 

findings from the current experiments reveal that all participants responded to 

anti-saccade trials with accuracy rates of 80%, and to pro-saccade trials with 

98% accuracy. These high accuracy scores may indicate that the anti-saccade 

eye-tracking task was too simple and resulted in ceiling effects. Consistent with 

this explanation, research suggests that performance deficits under stereotype 

threat may be more likely to emerge on difficult tasks (Keller, 2007; Neuville & 

Croizet, 2007; Spencer et al., 1999). 

 Experiments 4 and 5 utilised separate and more difficult cognitive tasks 

to examine whether the executive functions of updating, inhibition and shifting 

underpin the effects of distinct stereotype threats on females’ mathematical 

performance. Whilst the mere effort account of stereotype threat can be 

elucidated using inhibitory control tasks (Jamieson & Harkins, 2007; 2009), the 

working memory interference account can be explored using tasks of updating 

ability (Beilock et al., 2007; Rydell et al., 2014; Schmader & Johns, 2003). 

Furthermore, a measure of threat-based concern (Marx, 2012) was employed 

in these studies to assess whether participants were apprehensive about the 

implications that a negative self- or group-relevant stereotype may have for 

their personal or social identity, or whether both of these identities can be 

simultaneously active under such conditions. 
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 At this point, it was acknowledged that the self-as-target prime utilised 

in Experiments 1-3 also included reference to the social group (i.e., females’ 

mathematical ability). Such manipulations were designed in line with conditions 

set out by Shapiro and Neuberg (2007), which posit that females need to be 

knowledgeable about the negative gender-related stereotype and the 

implications that this may have for their personal performance to be susceptible 

to self-as-target stereotype threat. However, in their empirical study, Shapiro et 

al. (2013) found that females underperformed when they were merely primed 

that their performance would be diagnostic of personal ability, possibly 

suggesting that the saliency of group membership is not a prerequisite 

condition to elicit stereotype threat effects. Accordingly, Experiment 4 utilised a 

self-relevant prime from the extant literature (Shapiro et al., 2013) to investigate 

whether performance decrements can occur when females perceive a 

mathematical test to be indicative of their personal ability, without reference to 

the negative gender-maths stereotype that governs their social group. It also 

examined the impact of group-as-target stereotype threat on females’ 

mathematical performance. 

 Findings from Experiment 4 indicate that participants who were primed 

with group-as-target threat solved fewer mathematical problems compared to 

participants in the control condition. However, those in the self-as-target 

stereotype threat condition did not appear to underperform relative to those in 

the control condition. Manipulation checks appeared to show that whilst 

participants in the self-as-target stereotype threat condition reported concerns 

that the task was diagnostic of personal ability, they were seemingly unaware 

that their performance may be used as a general indicator of females’ ability. 
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Conversely, participants in the group-as-target stereotype threat condition 

reported concerns that their performance may be evaluated in line with both 

their personal and gender-related aptitude. These findings may suggest that 

experiences of stereotype threat operate through the interplay of personal and 

social identity to diminish females’ mathematical performance. Consistent with 

this assertion, other research indicates that an individual’s personal and social 

identity can become fused in so far that they value the outcomes of the group 

as their own, and may come to see these two identities as functionally 

equivalent (Bilewicz, & Kofta, 2011; Swann et al., 2009). 

 In contrast to the findings reported by Rydell et al. (2014), reduced 

updating ability was not found to mediate the effects of a negative group 

stereotype on females’ mathematical performance. However, it should be noted 

that the differences between the group-based primes utilised in this study and 

that of Rydell et al.’s (2014) may explain these discrepant findings. Specifically, 

Rydell et al. (2014) utilised a directional prime, in which females were informed 

explicitly that males had superior mathematical ability compared to females. 

Conversely, the current study merely informed participants that their 

performance would be used to assess the norms for women and men. The 

prime utilised in Experiment 4 of the current thesis was therefore subtler and 

may have placed fewer demands on females’ verbal working memory 

resources. 

 Although the multi-threat framework (Shapiro & Neuberg, 2007; Shapiro 

et al., 2013) makes a distinction between self- and group-relevant stereotypes, 

the findings from Experiment 4 therefore suggest that thoughts relating to both 
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the self and the social group are likely to operate in stereotype-salient 

environments. From this perspective, it could be argued that individuals may 

experience multiple stereotype threats concomitantly. For example, females 

completing a mathematical test may worry that their performance will be self-

characteristic of personal ability (self-as-target) and consequently lend 

credence to the negative stereotype pertaining to their social group (group-as-

target). With this in mind, Experiment 5 examined whether stereotype threat 

may be more likely to deplete working memory resources, and consequently 

diminish mathematical performance, when females apprehend that both their 

personal and social identities will be the target of negative gender-related 

expectations. 

 Results from Experiment 5 indicate that female participants who were 

primed concurrently with a negative self-as-target and group-as-target 

stereotype threat solved fewer mathematical problems and displayed reduced 

updating ability relative to those in a control condition. Moreover, updating 

ability appeared to mediate the stereotype threat-performance relationship. 

These findings suggest that stereotype threat may operate through both 

concerns to the self and the social group. In such situations, females may 

apprehend that their own mathematical ability may confirm the negative 

stereotype pertaining to their social group, with this ‘double jeopardy’ taxing the 

verbal working memory resources needed to solve difficult mathematical 

problems. 

 In both Experiments 4 and 5, however, there was no significant 

difference in participants’ inhibitory control as a function of experimental 
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condition. These findings are inconsistent with a mere effort explanation 

(Jamieson & Harkins, 2007; 2009; McFall et al. 2009), which predicts that 

participants under stereotype threat would show better inhibitory control 

because the potential for evaluation motivates them to perform well. As such, 

findings from these studies appear to provide some support for the working 

memory interference account of stereotype threat-performance effects, rather 

than a mere effort motivational account. 

 Experiments 1-5 examined systematically the influence that distinct 

stereotype threats exert on females’ mathematical performance, and 

investigated the mechanisms that may account for these effects. Moving 

beyond this, the final empirical study of this thesis investigated whether testing 

females in single-sex groups, relative to alone, alleviated self-as-target and 

group-as-target stereotype threat. In line with previous research which has 

demonstrated that promoting an incremental mindset alleviates stereotype 

threat (Good et al., 2003), it also examined whether stereotype threat and 

gender-segregated classroom environments may contribute to a fixed-ability 

mindset.  

 Findings indicate that female participants solved more problems under 

self-as-target and group-as-target stereotype threat when they completed a 

mathematical test in the presence of other females. This suggests that 

heightened in-group representation may decrease females’ apprehensions 

about positively representing their in-group to augment mathematical 

performance (Inzlicht & Ben-Zeev, 2000; Sekaquaptewa & Thompson, 2003). 

However, females also reported a weaker growth-ability mindset when they 

were primed with a negative self- or group-relevant stereotype, and when they 
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were tested in single-sex groups relative to alone. Although the presence of 

other in-group members may alleviate situational performance pressure, 

gender-segregated learning environments may influence females to question 

why they have been separated from their male peers, which may relay a 

message that gender is a fundamental characteristic of ability. 

  Experiment 6 therefore highlights the possible positive and unintended 

negative consequences of interventions designed to mitigate stereotype threat. 

Such findings may lead researchers and educationalists to question what the 

best strategy is to reduce the influence of stereotypes on performance and 

related attitudes. One approach could be to teach females in single-sex 

classrooms and to encourage them to view mathematical ability as a malleable 

rather than as a fixed attribute (Aronson, Fried, & Good, 2002; Dweck, 2015; 

Good et al., 2003; 2008; Spitzer & Aronson, 2015). Explaining to students that 

they have not been separated from males based upon their ability, but rather to 

promote their learning may have a positive effect on attainment, motivation and 

engagement (c.f., Dweck, 2008; Elliot & Dweck, 2005). 

 Other research, however, suggests that same-sex educational 

environments may come at a longer-term cost to successful gender-role 

socialisation, particularly when females are re-integrated with males within 

further education and the workplace (Halpern et al., 2011). An alternative 

strategy may therefore lie within tackling negative gender-related stereotypes 

within co-educational classrooms. Teaching students about the pervasive 

effects of stereotype threat and the direct influence it can exert on performance 

could be one way to achieve this (c.f., Johns et al., 2005). Given that 

stereotypes about ability are likely to represent fixed mindset beliefs (Blackwell 
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et al., 2007; Dweck, 2006; 2008), this strategy, in itself, may encourage 

students to adopt a growth mindset and increase females’ participation and 

performance in mathematics. 

 

8.1.2. Thesis Limitations and Research Implications 

Specific theoretical and methodological issues have been discussed within 

each chapter’s empirical findings. Before considering the overall conclusions of 

this thesis, a number of general limitations should be borne in mind when 

interpreting findings as a whole. 

8.1.2.1. Theoretical/Conceptual issues. Underpinned by the multi-

threat framework (Shapiro & Neuberg, 2007; Shapiro et al., 2013), the current 

thesis examined whether performance is debilitated by self- or group-relevant 

stereotypes, and focused accordingly on the ‘target’ of stereotype threat. 

However, another component of this theory acknowledges the ‘source’ of 

stereotype threat. Whilst the target of stereotype threat refers to the implications 

that performance may have for either the self or the social group (i.e., who will 

one’s stereotypical actions reflect upon: the self, or the group?), the source of 

stereotype threat refers to apprehensions regarding who may judge this 

behaviour (i.e., the self, in-group others, or out-group others). For instance, 

females may be at risk of experiencing in-group threat when they perceive that 

members of their own social group (i.e., other females) will evaluate their 

performance and treat them in line with the negative stereotype. Conversely, 

females may be at risk of experiencing out-group stereotype threat when they 

perceive that members of a different social group (i.e., males) may evaluate 
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their performance and discriminate against them on the basis of this negative 

stereotype (Shapiro & Neuberg, 2007). 

 In the present series of studies, the ‘source’ of the stereotype was not 

explicitly primed, however it is possible that participants may have been 

concerned that their performance would be evaluated by ingroup or outgroup 

others. From this perspective, it is conceivable that females may experience 

the ‘target’ and the ‘source’ of stereotype threat in concert. Consistent with this 

reasoning, previous research indicates that blurring intergroup boundaries can 

reduce stereotype threat effects (Rosenthal & Crisp, 2006; 2007), suggesting 

that concerns regarding both the ingroup and the outgroup are likely activated 

by negative stereotypes. 

 Additional research is therefore recommended to explore the impact that 

ingroup and outgroup stereotype threats exert on performance. This could be 

accomplished by influencing females to believe that their mathematical 

performance will be evaluated by other females or males, or by providing them 

with feedback regarding how other ingroup and outgroup members have 

performed. It would also be beneficial to measure the importance that people 

ascribe to their personal and social identities under different stereotype threat 

conditions (c.f., questionnaire employed by Nario-Redmond, Biernat, Eldelman, 

& Palenske, 2004). Such work might reveal whether stereotype threat is a multi-

faceted situational phenomenon, which operates separately through concerns 

for an individual’s personal and social identity, or whether it represents a 

singular construct, in which both the concepts of the self and the social group 

are interlinked. 
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Empirical support has been accrued for many of the moderators of 

stereotype threat proposed in the literature, such as task difficulty (Hess et al., 

2003; Keller, 2007) and domain identification (Appel et al., 2011). Resultantly, 

the current thesis focused on the mediating mechanisms that may explain the 

stereotype threat-performance relationship. Nevertheless, limited research 

exists which has explored the potential moderating factors that heighten 

females’ susceptibility to distinct forms of stereotype threat (c.f., Wout et al., 

2008 for an exception). For example, it is possible that individuals with lower 

personal self-esteem may be vulnerable to self-as-target stereotype threats, 

whereas those with lower collective self-esteem may be susceptible to group-

as-target stereotype threat (Shapiro & Neuberg, 2007). Group-as-target 

stereotype threat may also have a greater detrimental impact on performance 

for individuals who are more likely to define their self-concept as interconnected 

with others (i.e., interdependent self-construal), relative to those who separate 

their sense of self from others (i.e., independent self-construal) (c.f., Voci, 

Hewstone, Crisp, & Rubin, 2008). 

Additionally, females who encounter numerical asymmetry in terms of 

their gender within their daily environment (e.g., educational discipline or 

workplace) may be more susceptible to group-as-target stereotype threat 

relative to self-as-target stereotype threat because they are conscious of their 

minority status in the activities they pursue (c.f., Inzlicht & Ben-Zeev, 2000; 

Sekaquaptewa & Thompson, 2003). However, it is important to note that other 

research has found that female engineering students, who have successfully 

entered a gender counter-stereotypic domain, show better performance when 

primed with a group-relevant stereotype compared to Psychology majors 
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(Crisp, Bache, & Maitner, 2009). It is therefore apparent that future research is 

required to examine the factors that may exacerbate, or protect against, self-

as-target and group-as-target stereotype threat. 

In a similar vein, a recent line of enquiry suggests that interventions 

should be tailored to the specific type of stereotype threat in order to be 

effective. Research by Shapiro et al. (2013) indicates that whilst a self-

affirmation intervention mitigated self-as-target stereotype threat, it did not 

alleviate group-as-target stereotype threat. Similarly, a positive role model 

intervention was found to bolster females’ mathematical performance under 

group-as-target stereotype threat but not under self-as-target stereotype threat. 

The authors suggest that group-based interventions may safeguard only 

against group-as-target stereotype threat, whereas self-based interventions 

mitigate self-as-target stereotype threat. However, it could be argued that 

findings from Experiment 6 of the current thesis contradict Shapiro et al.’s 

(2013) work. Specifically, this study indicates that heightening the numerical 

representation of women in mathematics domains – a strategy that could be 

regarded as a group-based intervention – may alleviate both self-as-target and 

group-as-target stereotype threats. In contrast to the multi-threat framework 

(Shapiro & Neuberg, 2007), these findings suggest that group-based 

interventions may be effective in reducing different forms of stereotype threat 

because both the self and the social group are likely implicated in experiences 

of stereotype threat. 

8.1.2.2. Methodological issues. In each study participants reported their 

perceived mathematical ability and the importance they attributed to this 

domain. These measures were employed in accordance with previous research 
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suggesting that participants may only be vulnerable to stereotype threat when 

they believe that they are skilled in mathematics and value the ability domain 

(Beilock et al., 2007; Nguyen & Ryan, 2008; Spencer et al., 1999; Steele, 1997). 

Sensitivity analyses were also conducted in this regard to ensure that 

participants did not significantly differ on these measures as a function of 

experimental condition. Despite this, it could be argued that participants may 

have differed in their actual (rather than perceived) mathematical ability, 

particularly because no baseline measures of mathematical performance were 

obtained. Whilst this is a documented limitation of stereotype threat research 

(c.f., Boucher, Rydell, & Murphy, 2015; Kaye & Pennington, 2016), studies tend 

not to adopt baseline measures to ensure that participants do not become too 

comfortable with the task, which may consequently weaken the influence of 

stereotype threat manipulations. It is also plausible that providing participants 

with a stereotype threat manipulation after they have completed part of the task 

may influence demand characteristics (i.e., when people infer the true aims of 

the study and act accordingly). 

 In line with previous research (Beilock et al., 2007; Rydell et al., 2014; 

Seitchik & Harkins, 2015; Ståhl, Van Laar, & Ellemers, 2012), a modular 

arithmetic task was utilised to examine the effects of stereotype threat on 

females’ mathematical performance. This novel laboratory task was deemed 

most appropriate because participants are not familiar with the task 

requirements, which may eliminate confounding factors such as practice effects 

and prior expertise. Nonetheless, recent research suggests that, in addition to 

reducing performance, stereotype threat may interfere with learning (Rydell, 

Shiffrin, Boucher, Van-Loo, & Rydell, 2010b; Jones-Taylor & Walton, 2011). 
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 For example, Rydell et al. (2010a) found that female participants who 

received a stereotype threat manipulation before being taught how to solve 

modular arithmetic solved fewer easy problems compared to participants who 

were presented with the manipulation after the instructions. They were also less 

able to explain the mathematical operations required to solve such problems. 

In the current experiments, participants received the stereotype threat 

manipulation prior to reading through task instructions, and consistent with 

Rydell et al. (2010a) stereotype threatened participants in Experiment 6 solved 

fewer easy problems relative to the control condition. It could therefore be 

argued that stereotype threat may have interfered with females’ ability to learn 

the operations required to solve modular arithmetic problems, which 

consequently impeded their performance. A future line for research would be 

to examine whether stereotype threat exerts its negative effects by influencing 

performance or undermining knowledge acquisition. Given the limited literature 

on stereotype threat-based learning effects, and research investigating the 

different effects that self- and group-relevant stereotypes may exert on 

performance, exploring these two areas of research in conjunction would 

present as a fruitful avenue for future research. 

The empirical work presented in the current thesis provides some 

support for a working memory interference account of stereotype threat 

(Beilock et al., 2007; Rydell et al., 2014; Schmader & Johns, 2003), and extends 

previous research by assessing whether deficits in verbal working memory may 

account for the effects of self-as-target and group-as-target stereotype threat 

on females’ mathematical performance. However, due to the measures 

employed, it is not known whether participants experience different thoughts, 
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which relate to either their personal identity (i.e., personal performance) or their 

social group (i.e., females’ performance), when they are primed with a self- or 

group-relevant stereotype threat. 

In order to investigate the hypothesis that stereotype threat depletes 

phonological aspects of verbal working memory, other research has employed 

thought-listing techniques such as asking participants to spontaneously report 

on their thoughts and feelings under stereotype threat (Beilock et al., 2007; 

Cadinu et al., 2005; Mrazek et al., 2011). Nevertheless, such research has 

examined stereotype threat as a general construct, and has not distinguished 

explicitly between self- and group-relevant primes. Future research may 

therefore benefit from employing thought probing techniques to explore 

individuals’ different experiences of self-as-target and group-as-target 

stereotype threat. For example, negative thoughts relating to the self may 

influence deficits in working memory under self-as-target stereotype threat (i.e., 

ruining one’s opportunities, letting oneself down, feeling the stereotype is 

applicable to oneself). Conversely, group-based intrusive thoughts may tax 

verbal working resources under group-as-target threat because individuals 

view their performance in line with their social group (i.e., letting the group 

down, confirming the societal stereotype) (Shapiro & Neuberg, 2007). 
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8.1.3. Thesis Conclusions 

 As a whole, the findings of the current thesis indicate that females’ 

mathematical performance may be stifled when both their personal and social 

identities are concurrently made salient in a stereotype-relevant domain 

(Experiments 1, 4, 5 & 6). However, females’ mathematical performance 

appears not to be reduced in situations in which only their personal identity is 

made salient (Experiment 5). In contrast to the multi-threat framework (Shapiro 

& Neuberg, 2007), this may suggest that both the concepts of the self and the 

social group are implicated in experiences of stereotype threat. 

 Findings also appear to provide some support for the working memory 

interference account of stereotype threat, suggesting that negative thoughts 

and ruminations about being viewed as stereotypic may consume the verbal 

working memory resources required to solve mathematical problems. These 

findings are consistent with previous work suggesting that the cognitive 

imbalance between the concepts of the self, the social group and the 

stereotyped domain may influence verbal ruminations or worries about 

confirming the stereotype, with a consequent reduction in mathematical 

performance (Beilock et al., 2007; Rydell et al., 2014; Schmader & Johns, 

2003). 

 Whilst future work is advocated to examine stereotype threat in more 

ecologically valid environments, the findings from the current thesis may have 

practical implications for females in the domain of mathematics. For example, 

in school settings students are required to sit standardised exams to evaluate 

their personal ability. However, it is possible that female students may be at risk 
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of underperforming on mathematics tests when they are knowledgeable of 

negative gender-related stereotypes. It is therefore important that 

educationalists are aware of the deleterious effects that negative gender-

related stereotypes can exert on females’ mathematical performance, and take 

steps to minimise the salience of such stereotypes in classroom settings. 

  Experiment 6 of the current thesis indicates that one potential way of 

achieving this may be to increase the presence of other ingroup members by 

teaching students in single-sex groups. This finding may be of considerable 

importance given research which suggests that the poor numerical 

representation of females in mathematics may influence even the most highly 

confident and domain-identified students to avoid or leave math-intensive fields 

(Murphy et al., 2009). From this perspective, enhancing females’ sense of 

social identity may present as a practical means for enhancing their 

performance and participation in mathematics. Nevertheless, Experiment 6 

also indicates that both stereotype threat and single-sex environments appear 

to influence a weaker growth mindset, which negatively predicts performance. 

Interventions that aim to teach females to view their mathematical ability as a 

malleable trait that is not determined by their gender may therefore be beneficial 

in fostering a supportive educational environment that deters negative 

stereotypes and promotes mathematical performance. 
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Appendices 

Appendix A: Participant Information Sheet and Consent Form. 

 
Participant Information Sheet 

 

Purpose and Background: 

The purpose of this study is to explore factors related to problem solving. It is hoped that 

studying such differences may lead to the development of interventions to increase 

individuals’ performance in the domain of mathematics. The study will take a maximum 

of 30 minutes to complete, and requires you complete a short questionnaire and 48 

mathematical problems. If you wish to participate in this study, please sign the consent 

form provided. 

 

Potential Benefits of Participation: 

The data and information collected will be analysed and written up into a report. This 

report will contain information to help researchers better understand factors relating to 

problem solving. You are eligible to receive either 1 Psychology course credit, or a 

payment of £3 for your participation in this study. 

 

Possible Risks of Participation: 

You may experience a degree of discomfort during the problem-solving task if you come 

across a question which you do not know the answer to. Before completing the task, you 

will be given some practice questions. If you are still unsure of how to complete the test, 

please ask the researcher and they will demonstrate how to complete the problems. During 

the test, if you do not know an answer please just hazard a guess. Participant’s test scores 

will only be analysed as a group, and your individual score will not be individually 

identifiable in any documentation. 

Confidentiality: 

All information you provide will be anonymous and will be word coded to ensure full 

anonymity (your memorable word). All data will be stored in a locked office to which 

only the investigators will have access. In line with ethical procedures, data will be 

retained for a period of five years following publication of any articles resulting from this 

work, after which they will be destroyed. No information reported will ever be directly 

attributed to you and it will not be possible to identify individual respondents. 

 

Freedom to withdraw: 

You have the right to withdraw from the study at any time, and can do so without penalty. 

You may also withdraw your data within 4 weeks of completing the study. You will need 

to recall and provide your memorable word when contacting the researcher to withdraw 

your data. Your data will then be removed and destroyed, and will not be used within any 

analyses or publications. 
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CONSENT FORM 

 

 

Do you understand that you have been asked to be in a research study?   

 

Have you received and read a copy of the information sheet?      

 

Do you understand that you are free to refuse to participate, or to      

withdraw from the study at any time, without consequence?    

 

Do you understand that your information will be withdrawn from the        

study at your request?                                                                 

  

  

 

Signature of Research Participant      Date    
 

 

MEMORABLE WORD 

 

 

Please supply a memorable word here: 

……………………………………………………. 

This word allows us to ensure that your data remains anonymous but still provides you 

with an opportunity to withdraw your data at a later date. To withdraw your data at a later 

date you will need to provide the lead researcher with this word so that your data can be 

removed.  

DEMOGRAPHICS 

 

Age: 

 

 

Ethnicity:  White British  Other: Please state  

 

 

Area of University study (the subject you study): 

 

Please answer the next two questions truthfully by circling the corresponding number: 

1 = strongly disagree and 9 = strongly agree. You may also circle a number in 

between.  

 

1. I am good at maths:  

 

 

 

 

2. It is important to me that I am good at maths:  

 

 

Yes No 

 

Yes No 

 

 

Yes No 

 

 

Yes No 

1 2 3 4 5 6 7 8 9 
SD        SA 
     

1 2 3 4 5 6 7 8 9 
SD        SA 
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Appendix B. Debrief Sheet. 

Debrief Sheet 

 

 

Thank you for your participation in this study. It is important to state that any 

negative stereotypes you have heard are not a true reflection of your mathematic 

ability and were only used to examine the effects that negative stereotypes may 

have on performance. 

 

The purpose of this study was to examine the effects that negative stereotypes have on 

individuals’ performance. It was important that this specific information was withheld 

from you until completion of the study. This is so we can reliably investigate the 

research question.  Participants were assigned to one of three groups: (1) self-as-

target, (2) group-as-target, and (3) a non-threat control.  Participants in the self-as-

target condition were primed with a negative stereotype regarding their own personal 

maths ability. Participants in the group-as-target condition were primed with a 

negative stereotype that highlighted their groups (i.e. female) mathematical ability. 

The non-threat control did not hear any negative stereotype regarding their 

mathematical ability. All participants then completed a modular arithmetic maths test 

and a mindset questionnaire.   

 

It was hypothesised that female participants’ who were randomly assigned to either 

the self-as-target, or group-as-target threat conditions would perform significantly less 

maths problems correctly compared to the control condition. This is because we 

predict that negative stereotypes will hinder performance. We also predict that 

individuals who heard a negative stereotype regarding either their personal or groups 

mathematical ability will reveal a fixed mindset on the mindset quiz (i.e. intelligence 

is fixed and cannot be changed), compared to the control condition who will reveal a 

growth mindset (i.e. intelligence is malleable).  

 

Please feel free to ask the research any questions regarding this research. If you have 

any more questions once you have participated please contact the lead research:  

 

Charlotte Pennington:  penninc@edgehill.ac.uk   

mailto:penninc@edgehill.ac.uk
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Appendix C: Mindset Questionnaire, Experiment 6. 

 

1. Mathematical ability is something people are born with that can’t be 

changed.  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

2. No matter how intelligent you are at maths, you can always be more 

intelligent.  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

3. You can always substantially change how intelligent you are at maths.  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

4. You are a certain kind of person, and there is not much that can be done to 

really change that.  

 

 

Strongly Agree  Agree    Disagree   Strongly Disagree  

 

 

 

5. You can always change basic things about the kind of person you are.  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

6. Mathematical talent can be learned by anyone  

 

 

Strongly Agree  Agree    Disagree   Strongly Disagree  
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7. Only a few people will be truly good at maths–you have to be “born with it.”  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree 

 

 

 

8. Math is much easier to learn if you are male. 

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

9. The harder you work at maths, the better you will be at it.  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

10. No matter what kind of mathematical person you are, you can always change 

substantially.  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

11. Trying new maths problems is stressful for me and I avoid it.  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

12. Some people are good at maths, and some are not – it’s not often that people 

change.  

 

 

Strongly Agree  Agree    Disagree   Strongly Disagree  

 

 

 

13. I appreciate when people give me feedback about my maths performance.  

 

 

Strongly Agree  Agree    Disagree   Strongly Disagree  
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14. I often get angry when I get negative feedback about my maths performance.  

 

 

Strongly Agree  Agree    Disagree   Strongly Disagree  

 

 

 

15. All human beings are capable of learning maths. 

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

16. You can learn new things, but you can’t really change how intelligent you are 

at maths. 

 

 

Strongly Agree  Agree    Disagree   Strongly Disagree 

 

  

 

17. You can do things differently, but the important parts of who you are can’t 

really be changed.  

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

18. Human beings are basically good, but sometimes make terrible decisions. 

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

19. An important reason why I do my work is that I like to learn new things. 

 

 

Strongly Agree   Agree    Disagree   Strongly Disagree  

 

 

 

20. Truly smart people do not need to try hard in maths. 

 

 

Strongly Agree    Agree    Disagree  Strongly Disagree  

 


