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ABSTRACT

THE ROLE OF WOMEN'’S IDENTIFICATION WITH MATH AND ACADEMIC MAJOR IN
WOMEN’S SUSCEPTIBILITY TO STEREOTYPE THREAT AND STEREOTYPE LIFT
A stereotype threat (ST) occurs when individuals underperform in a domain, for example
in math, as a result of exposure to a relevant negative stereotype. Women engaged in math-
intensive tasks can experience ST when negative stereotypes about women’s math ability are
made salient, via for example, test instructions that allege superior math performance by men.
Evidence regarding the role of ST test instructions on women’s math performances has been
mixed (e.g., Bell, Spencer, Iserman, & Logel, 2003; Schmader, 2002). While prior studies found
that women underperform in ST conditions that emphasize the validity of a math test (i.e., when
a math test is presented as indicative of math ability), no study has included a condition in which
the validity of a math test is downplayed (i.e., “test not indicative of math ability” conditions).
Studies examining conditions alleging men’s superiority in math (i.e., “men perform better than
women” conditions) have not included conditions that presented a math test as indicative of math
ability (Cadinu, Maass, Frigerio, Impagliazzo, & Latinotti, 2003; Johnson, Bernard-Brak, Saxon,
& Johnson, 2012). Additionally, it is unclear which women are most vulnerable to math ST
conditions. While ST is found to have greater impact on women who are highly identified with
math relative to women with low identification with math (e.g., Aronson, Quinn, & Spencer,
1999), there is also evidence that women in math-intensive majors (e.g., engineering) have
lower susceptibility to math ST than women not in math-intensive majors (e.g., psychology)
(Crisp, Bache, & Maitner, 2009; Croizet et al., 2004). Furthermore, the roles of identification

with math and academic major have been researched independently. The present study examines



the roles of women’s identification with mathematics and college majors on their susceptibility
to math underperformance under two ST conditions, one related to the validity of the math test
and the other involving comparisons in math performance between women and men.

Women (n = 847), of whom 231 were in math-intensive majors and 616 were not in
math-intensive majors at a large Mountain West state university, completed the Identification
with Math Scale and reported their college majors five to seven days before completing a
mathematics test. They were then randomly assigned to one of six math ST conditions ina 2
(Validity of Math Test Variable: test indicative of math ability, test not indicative of math
ability) x 3 (Women-Men Math Performance Differences Variable: men perform better than
women, no mention of differences in math performance, or women perform better than men)
factorial design experiment.

It was hypothesized that women in the “men perform better than women” condition
would underperform relative to women in the “no mention of differences in math performance”
condition. It was also hypothesized that women high in identification with math who were
assigned to the “test indicative of math ability” condition would experience greater math
underperformance than women in the “test not indicative of math ability” condition. A
significant interaction between the Women-Men Math Performance Differences Variable and the
Identification with Math Variable was found. Women high in identification with math in the
“men perform better than women” condition scored significantly lower than women in the “no
mention of differences in math performance” condition. No such difference in performance was
observed for women low in identification with math. Women in the “women perform better than
men” condition performed better than women in other conditions regardless of their

identification with math.



This study’s findings suggest that women who strongly identify with math may be
especially vulnerable to ST, consistent with past findings (e.g., Steinberg, Okun, & Aiken, 2012).
In support of findings from past studies (e.g., Johnson et al., 2012), this study also demonstrates
that to do well in math tests women may benefit from exposure to information explicitly
contradicting female math incompetence stereotypes. Current study’s findings have implications

for intervention programs with highly math-identified women.
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CHAPTER 1: INTRODUCTION

Stereotypes are “beliefs about the characteristics, attributes, and behaviors of
members of certain groups” (Hilton & von Hippel, 1996, p. 240). “The existence of such a
stereotype means that anything one does or any of one’s features that conform to it make the
stereotype more plausible as a self-characteristics in the eyes of others and perhaps in one’s own
eyes” (Steele & Aronson, 1995, p. 797) and in some situation, stereotypes can influence
individuals to make choices that are consistent with the stereotype (Renninger, 2000). The
prevalence and permeating power of the stereotypes that math-intensive field is “a man’s
domain” and that “women don’t do math” can hinder performance on critical tests, and limit the
academic choices women make.

Imagine identical twins, a girl and a boy, sitting down to complete an important math test.
Despite identical familial and educational backgrounds, and even assuming equal motivation to
do well, the girl must contend with additional pressure resulting from a general expectation that
she will do poorly due to her sex. She must contend with the knowledge that her performance
could confirm that expectation. In short, she takes the test knowing that if she fails, she may
validate the stereotype with her performance on the test. She may endure the anxiety that comes
with this test, but such strain may undermine her performance on the test and come to influence
her academic and professional decisions throughout her life. The experience of this individual is
common, and, for many young girls, it is worse. A number of factors have been proposed to
explain this experience. These include sex differences in spatial ability (Baenninger &
Newcombe, 1995; Levine, Huttenlocher, Taylor, & Langrock, 1999; Terlecki, Newcombe &
Little, 2007), brain development, and hormonal sex differences (Ardila, Rosselli, Matute, &
Inozemtseva, 2011; Halpern, 1992; Wilder & Powell 1989). Nevertheless, what is known as the
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“different availability of aptitude” explanation does not explain why boys and girls only start to
emerge at a certain developmental period, namely middle school (Ambady, Shih, Kim, &
Pittinsky, 2001; Huguet & Regner, 2007, 2009; Muzzatti & Agnoli, 2007, Experiment 2) and in
certain contexts, such as in high-stakes evaluative tests (e.g., Johnson et al., 2012; Kiefer &
Sekaquaptewa, 2007; Steinberg et al., 2012; Thoman,White, Yamawaki, & Koishi, 2008). These
findings suggest that a possible explanation for these discrepancies is the influence of social-
cultural factors, such as the phenomena known as stereotype threat or ST (Ceci, Williams, &
Barnett, 2009).

The purpose of this study was to investigate the situation-specific effects of ST on
women’s math performances. ST has been observed to emerge in high-stakes math testing
situations (e.g., Aronson et al., 1999) and research has shown that a specific feature of the
situation, specifically the manner in which a math test is described via instruction prior to test-
taking, can induce ST and contribute to math underperformance (or math ST; e.g., Johnson et al.,
2012). However, not all studies found support for the negative effects of math ST (e.qg.,
McFarland, Kemp, Viera, & Odin, 2003; Oswald & Harvey, 2000-2001; Schneeberger &
Williams, 2003). These mixed findings suggest that the extent to which math ST influences
women’s math performance may vary depending on individual difference factors (Nguyen &
Ryan, 2008). Research has investigated the role of two important individual difference factors
that influence women’s susceptibility to math ST: academic major and identification with
mathematics and their interactions with math ST. However, their roles have been researched in
isolation. Therefore, this study aimed to examine the moderating role of these individual
difference factors and their interactions with the situation-specific contributors of math ST

concurrently. This study first examined past research on ST and mechanisms by which ST



affects performance, both in general and later directly pertaining to woman’s math performance.
It also examined previous research on the two aforementioned factors, test instructions and
individual differences, and attempted to answer research questions pertaining to these
contributors to math underperformance.

Background: Stereotype Threat Theory

Stereotypes are “shared beliefs about person attributes, usually personality traits, but
often also behaviors, of a group of people” (Leyens, Yzerbyt, & Schadron, 1994, p. 11). As such,
ST can be thought of as a situational predicament in which an individual experiences
underperformance in the presence of shared beliefs pertaining to negative performance (Steele &
Aronson, 1995; Steele, 1997). Numerous studies have demonstrated that situational pressure can
make a relevant stereotype that alleges a lack of ability salient (e.g., Aronson et al., 1999;
Johnson et al., 2012). Individuals need not believe or internalize the stereotype for it to influence
behavior; the mere expectations of taking a relevant test when a negative stereotype is salient is
adequate to induce ST (Steele, Spencer, & Aronson, 2002).

The concept of ST was introduced by Steele and colleagues in the 1990s where they
observed underperformance of negatively stereotyped group members in high-stakes testing
situations (Steele & Aronson, 1995). In general, ST affects performance when a stereotype was
salient before the completion of a domain-relevant test. For instance, ST effects have been shown
to result in underperformance when participants are asked to indicate their stereotyped
demographic (ethnicity, SES, or sex; e.g., Croizet and Claire, 1998). However, a standard
paradigm that was commonly used in ST research was first demonstrated by Claude Steele in a
landmark ST study (Steele & Aronson, 1995). The study informed African Americans, who are

negatively stereotyped with regard to math skills, that a test was indicative (diagnostic) of



academic abilities or that the test was a laboratory problem-solving task (non-diagnostic or “not
indicative”) as part of the test instructions. African Americans in the ST conditions who were
informed that the test was indicative of academic abilities performed worse relative to their
European American counterparts. African Americans in the “indicative of ability” condition
were also more likely to complete a word fragment task in a stereotype-confirming manner than
those in the “test not indicative of ability” condition (i.e., by completing LO_ __ as LOSER;
Steele & Aronson, 1995). This study demonstrates how a common feature of a high-stakes test
(i.e., content of a test instruction) can evoke or make salient negative stereotypes that
subsequently contribute to behaviors that are consistent with the stereotype.
Mechanisms Underlying ST Effects

ST appears to be a pervasive problem, hindering achievement in varying groups and
domains. Latino/a students face challenges on math and analytical ability tasks (Gonzales,
Blanton, & Williams, 2002). Individuals of a lower socioeconomic status (SES) encounter
trouble with tasks measuring verbal abilities (Croizet & Claire, 1998). Even European American
students, a non-minority, exhibit an achievement barrier relative to African American in tasks
that involve “natural athletic ability” (Stone, Lynch, Sjomeling, & Darley, 1999). ST is not
observed only across ethnicities in the United States. Of particular interest to this study is the ST
effect found when women are in high-stakes math testing conditions (1999). How is it, though,
that a problem defined by specific socio-cultural beliefs can be an almost universal dilemma?
Based on past research, Schmader, Johns, and Forbes (2008) postulate a model that specifies
how ST undermines math performance. Subsequent studies have utilized this model to explain
how ST influences women’s math performances. The sequence of processes that have been

proposed to account for this interference in performance is outlined below.



Process I: Automatic Activation of ST

The model proposed by Schmader et al. (2008) posits that ST can affect performance
without conscious awareness. Awareness of the relevant stereotype can be consciously
experienced, but such awareness is not necessary. Many of the psychological, cognitive, and
affective processes that are affected during ST happen automatically; resulting in outcomes that
are in direct opposition to the person’s conscious goals and intentions (Schmader, 2010;
Schmader et al., 2008; Schmader & Beilock, 2012).

ST’s effects on women’s math performances. Schmader et al. (2008) postulates that
women under ST experience a state of cognitive imbalance that stems from conflicts between a
positive sense of oneself as a capable individual, and a situational cue that suggests poor
performance and ability (Johns & Schmader, 2010). This state of imbalance is inconsistent with
one’s fundamental need for cognitive consistency (Festinger, 1957). Therefore, it sets into
motion a series of physiological manifestations of stress, including cognitive and affective
responses to cope with the experience (Major & O’Brien, 2005; Schmader et al., 2008). More
specifically, a sense of uncertainty and self-doubt emerge in an attempt to resolve this state of
imbalance (Beilock, Rydell, McConnell, 2007; Cadinu, Maass, Rosabiance, & Kiesner, 2005). A
state of uncertainty emerges as ST raises psychological burden over two competing possible
outcomes: to perform poorly as is consistent with the stereotype or to perform well and thus to
the standards of one’s own goals.

In an attempt to resolve these two competing outcomes, one searches for cues that can
provide evidence against, or in support of, either outcome. Nevertheless, during this state of
uncertainty, cues that may be innocuous, such as a simple error in calculations can be

automatically misconstrued as a sign of failure (Schmader & Beilock, 2012). A study by Johns



Inzlicht, and Schmader (2008) demonstrates this process. Women in the ST condition showed
increased vigilance toward anxiety-related words and showed subsequent math
underperformance relative to women in a control condition (Johns et al., 2008). Another
expression of uncertainty is self-doubt. A sense of self-doubt (even if activated outside of
conscious awareness) colored women’s interpretation in ways that disrupt optimal cognitive
processing (Schmader, Forbes, Chang, & Mender, 2009). The above-mentioned research
suggests that ST automatically triggers a sense of cognitive inconsistency. This sense of
cognitive inconsistency includes uncertainty and increased vigilance towards cues that may
signify the unwanted outcome of confirming the stereotype (Schmader & Beilock, 2012). These
automatic processes are also accompanied by more controlled processes as one aims to manage
one’s behaviors, thoughts, and emotions.
Process 11: Explicit Activation of ST

ST also contributes to increased task effort, decreased working memory capacity, and
increased efforts to regulate thoughts and emotions, as well as, physiological stress and arousal.

Increased effort at the task. A core tenet of ST theory is ST’s capability to increase
one’s motivation to disconfirm the stereotype. Nevertheless, this increase in motivation
paradoxically leads to underperformance, depending on task difficulty (Schmader & Beilock,
2012). In a high-stakes testing situation, one’s performance is at risk of being evaluated.
Therefore, one’s dominant response is to perform optimally, by exerting more effort. During
tasks that are cognitively simplistic and well-learned, one’s predominant response is to exert this

extra effort.



ST’s effects on women’s math performances. Research has shown that women ina ST
condition who were told that there was performance difference between women and men on a
math test experienced a boost in speed on a relatively simple task: name-writing (Ben-Zeev,
Fein, & Inzlicht, 2005). On the other hand, being in a ST condition impaired women’s
performance on a cognitively demanding task: writing one’s name backwards as many times as
possible for 20 seconds (Ben-Zeev et al., 2005). Another study demonstrates that increased
motivation and effort when under ST can have negative effects on women’s performance on a
more difficult task (Schmader & Beilock, 2012). The study asked women to counter their
automatic tendencies to focus on distracting cues that flashed on the periphery of a target.
However, despite increased motivation, women in a ST condition who were told that the task
was related to visuospatial and math ability before completing the task were less able to expend
corrective effort to do well on the task (Jamieson & Harkins, 2007).

Decreased working memory capacity. ST has been shown to impair performance by
taking away working memory resources (Beilock et al., 2007; Beilock, 2008; Schmader & Johns,
2003). Working memory capacity is essential to optimal performance because it allows focused
attention on relevant tasks while inhibiting thoughts on irrelevant cues (Engle, 2002). Therefore,
one’s performance on a complex task can be undermined when working memory resources are
temporarily depleted or are used to process other tasks (Schmader & Beilock, 2012).

ST’s effects on women’s math performances. The proposition that working memory
depletion mediates the relationship between ST and women’s underperformance in math is
supported by research (Beilock et al., 2007; Croizet et al., 2004; Schmader & Johns, 2003).
Women in the ST condition who were informed “women are poorer at math than men”

experienced reduced working memory capacity (Schmader & Johns, 2003). Specifically, they



recalled fewer words while they were completing math problems than women in the control
condition who were not provided with information regarding differences in math performance
between women and men. These studies supported the proposition that reduced working memory
causes underperformance under ST.

One of the ways by which ST taxes working memory is via task ruminations (Schmader
& Beilock, 2012). Steele et al. (2002) posit that ST contributes to “concerns about how one will
be perceived, doubts about one’s ability, and thoughts about the stereotype” (p. 392). Beilock
(2008) argued that the awareness of the negative stereotype saturated working memory resources
with internal worrying over one’s performance. Indeed, research has shown that women under
ST reported an increased number of negative thoughts. Moreover, an increase in the number of
negative thoughts during the first half of a math test was associated with underperformance at the
second half of the test (Cadinu et al., 2005). Nevertheless, another study demonstrated that
worrying only partially explained (mediated) the relationship between ST and impaired
performance (Beilock et al., 2007).

Additional research demonstrated that self-doubts undermined working memory when
anxiety was present (Schmader et al., 2009). As mentioned above, a sense of cognitive imbalance
under ST triggers a sense of self-uncertainty. Schmader and Beilock (2012) argued that efforts to
interpret and resolve this sense of uncertainty require effortful and controlled processing, which
depletes working memory and takes cognitive resources away from the task at hand. Overall,
research demonstrated that ST contributes to a redirection of working memory into processing

negative self-relevant stereotype information.



Increased efforts to regulate thoughts and emotions. As mentioned above, ST
increases one’s motivation to disconfirm the stereotype of math inability. However, it also
triggers anxiety and self-doubt. Cognitive efforts that are expended to suppress these negative
emotions are the same ones needed to do well at cognitive tasks.

ST’s effects on women’s math performances. An experiment using a dot probe task
demonstrated that women actively suppressed their anxiety when informed that the task was
meant to assess their anxiety under ST. This group of women was faster to identify a dot that was
in the same position as a neutral word (instead of anxiety-related word). However, this inhibitory
control lowered their working memory capacity, contributing to less than optimal performances
on a subsequent task (Johns et al., 2008).

Physiological processes underlying ST. Several studies demonstrated that physiological
stress and arousal also contributed to underperformance under ST (Ben-zeev et al., 2005; Inzlicht
& Kang, 2010; O’Brien & Crandall, 2003; Osborne 2006, 2007; Vick et al., 2008). ST also
affected the physiological processes of a group of individuals with a widely-known stereotype of
“lower intelligence” (i.e., undergraduate psychology majors as compared with science majors).
Psychology majors in the ST condition who were told that a math test was an indicator of general
intellectual ability experienced higher heart rate variability (HRV) relative to when a test was
described as “not diagnostic of any ability.” This increase in HRV, an indirect indicator of
increased mental workload, was followed by math underperformance (Croizet et al., 2004).

ST’s effects on women’s math performances. Women in the ST condition who were told
that there were performance differences between women and men exhibited increased systemic
vascular resistance, which is indicative of increased mental load, as compared to women in the

control condition who were told that women and men did not differ in their performances on the



test (Vick et al., 2008). Another study found that women experienced signs of increased stress
and arousal such as increased heart rates, greater skin conductance, and greater sympathetic
activation of the cardiovascular system in response to ST (Murphy, Steele, & Gross, 2007).
Women experiencing ST also exhibited lower levels of activation in brain regions
associated with problem solving that are thought to be important for optimal math performance.
Further, when compared to women in the control condition, those who were reminded of the
stereotype of math inability experienced increased activation in their ventral anterior cingulate
cortex, a region that is responsible for detecting and processing emotion-based information
(Krendl, Richeson, Kelly, & Heatherton, 2008). Overall, there is converging evidence that
women under ST experience negative emotions and physiological responses. Attempts to
regulate these responses overload women’s cognitive resources, negatively impacting their math

performance.
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CHAPTER 2: LITERATURE REVIEW

Among the most extensively researched topic in the ST literature is the effects of ST on
women’s math performances. ST has been found to undermine performance when an evaluative
situation makes salient a relevant negative stereotype (i.e., in high-stakes math testing situation;
Johnson et al., 2012). A woman experiences math underperformance in a high-stakes testing
situation because “when women perform math, unlike men, they risk being judged by the
negative stereotype that women have weaker math ability (Spencer et al., 1999, p. 4).”

A classic study by Spencer and colleagues (1999) demonstrated the effect of ST on
women’s math performance via test instruction. In the study, women and men of equal ability
completed a difficult math test. Women who were in a ST condition (they were told of presumed
differences in math performance between women and men) performed worse than men.
However, in conditions where women were not told of differences in math performance between
women and men, women performed equally to men. Additionally, another group of women in a
ST condition who were informed of a difference in math performance between women and men
performed worse than women who were placed in a “no mention” condition, where they were
not told anything about differences in math performance (Spencer et al., 1999). Following
Spencer and colleagues’ (1999) seminal work, numerous follow-up studies demonstrated the
same ST effect on women’s math performance and situational factors influencing women’s
susceptibility to ST (Aronson et al., 1999, Study 1; Johnson et al., 2012; Keller, 2002; Keller &
Dauenheimer, 2003; Rydell, McConnell, & Beilock, 2009; Schmader, 2002; Smith & White,

2002; Spencer et al., 1999; Steele et al., 2002; Steinberg et al., 2012).
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ST induced by situational factors in a high-stakes context can partially explain why on
average, U.S. women performed worse than their male counterparts on high-stakes math tests,
while performing equally well or better than men using other metrics of math knowledge (Ceci et
al., 2009; The College Board, 2011; Willingham & Cole, 1997). Indeed, a recent meta-analysis
found that ST contributed to female math underperformance by a quarter of a standard deviation,
which is approximately 33 points out of a possible 800 points below the predicted average score
of female test takers on the quantitative section of the Graduate Record Examination or GRE-Q
(Picho, Rodriquez, & Finnie, 2013).

Furthermore, some findings suggest that the extent to which situational factors in high-
stakes math-testing situations, such as test instructions, influence women’s math performance
(i.e., math ST) can vary depending on important individual difference factors (e.g., McFarland et
al., 2003; Oswald & Harvey, 2000-2001; Schneeberger & Williams, 2003). In support of Kurt
Lewin’s field theory that suggests that behavior is a function of environmental factor and
personal characteristics (Lewin, 1943), these studies’ findings suggest that “ST is a multifaceted
situational predicament whose mediational path can be shaped by features of the person, the
context, and their interaction” (Davies, Spencer, & Quinn, 2002, p. 1617). However, existing
studies have examined the moderating role of these individual difference factors in isolation. By
contrast, this study simultaneously investigated the role of these individual difference factors,
situational factors, and their interaction. Specifically, this study investigated whether
identification with math (i.e., the extent to which a woman identifies with math; Steele et al.,
2002) and academic major (i.e., whether a woman is a math-intensive major or a not in a math-
intensive major; Crisp et al., 2009; Croizet et al., 2004) increase and decrease women’s

susceptibility to the ST-induced test instructions. This literature review discusses under what
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conditions math ST occurs, focusing on the influence of two types of ST-specific test
instructions and for whom, focusing on the individual difference factors that moderate women’s
susceptibility to math ST, as well as their interaction.

Conditions Under Which Math ST Effects Occur

Features of a math-testing situation. Research has demonstrated that ST is more likely
to occur in high-stakes situations (e.g., in high-stakes math-testing situations). In this context,
women have reported a fear of confirming the stereotype via their performances on the test,
thereby, increasing their susceptibility to ST (Steele, 1997). Following the landmark 1995 study
(Aronson & Steele, 1995), researchers have demonstrated the effects of ST in an experimental
testing situation by manipulating the salience of the stereotype. According to subsequent
research, several features of a math testing situation can be responsible for increasing the
salience of the stereotype, thereby, inducing math ST (Spencer et al., 1999). Therefore, a
majority of studies focus on identifying features in a math-testing environment that can induce
ST and interfere with women’s math performances (Aronson & Dee, 2012; Kiefer &
Sekaquaptewa, 2007; Wout, Danso, Jackson, & Spencer, 2008).

Common ways to induce ST in a math-testing situation (or math ST) involve increasing
the salience of stereotypes of math inability experimentally, as a part of a research design. Some
studies increased the salience of the stereotype and induce ST in high-stakes math testing
situation in an indirect and subtle way, by asking women to indicate their sex before completing
a math test (e.g., Croizet & Claire, 1998; Schmader, 2002; Shih, Pittinsky, & Ambady, 1999;
Steele & Aronson, 1995), or by varying the ratio of female to male test-takers in math
examinations (Ben-Zeev, Fein, & Inzlicht, 2005; Inzlicht & Ben-Zeev, 2000, 2003; Murphy, et

al., 2007; Sekaquaptewa & Thompson, 2002; 2003; Schmader & Johns, 2003). However, the

13



most predominant way to induce math ST is to vary the manner in which a math test is described
via instructions prior to test taking.

The role of test instructions. The two most common ways to induce math ST via test
instructions are to inform women that a math test they are about to take is a valid indicator
(diagnostic) of math ability (e.g., Kiefer & Sekaquaptewa, 2007) or to tell women that men
perform better in that specific math test (Brown & Pinel, 2003; Rosenthal & Crisp, 2006; 2007).
Below is a more in-depth review of the relevant studies focusing on the two most commonly
utilized ST-specific test instruction manipulations.

ST-test instruction conditions that suggest the validity of a math test. Introducing a
math test as one that is indicative of math ability can increase the salience of the stereotype and
lead to ST and thus, underperformance (Aronson & Steele, 2005; Good & Aronson, 2008; Steele,
1997). This is because assigning women to a ST condition (i.e., by informing them that a math
test as indicative of math ability) interferes with optimal cognitive processing needed to excel at
the task at hand (Beilock et al., 2007; Osborne, 2007; Schmader & Johns, 2003). On the other
hand, assigning women to a control condition (i.e., by presenting a test as not indicative of math
ability) suggests that the stereotype of math inability is no longer applicable to the task; hence,
women are less likely to experience math underperformance due to math ST (Cadinu et al.,
2005). Numerous studies have supported the link between assigning women to a ST condition
(i.e., presenting a math test as indicative of math ability) and women’s math underperformance
(Bell et al., 2003; Carr & Steele, 2009; Kiefer & Sekaquaptewa, 2007; Crisp et al., 2009; Croizet
et al., 2004; Davies et al., 2002; Good et al., 2008; Martens, Johns, Greenberg, & Schimel, 2006;

Nussbaum & Steele, 2007; Quinn & Spencer, 2001; Smith, Sansone, & White, 2007; Smith &
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White, 2002; Steele et al., 2002; Steele & Aronson, 1995, Study 1; Wout et al., 2008, Woult,
Shih, Jackson, & Sellers, 2009).

ST- test instruction conditions that compare women’s and men’s math performances.
Math ST can also be induced into a math testing situation by alluding to the stereotype of
woman’s math inferiority via test instructions (e.g., by suggesting an unfavorable performance
comparison with men’s or by mentioning that there is no differences in performance; Steele et
al., 2002). On the other hand, in conditions where a math test is described such that the negative
stereotype is not relevant to it (e.g., when performance differences are not mentioned), women’s
math performances match that of the nonstereotyped group (e.g., Spencer et al., 1999).

Some studies induced math ST by mentioning a potential difference in math performance
(i.e., by stating that the study’s purpose is to examine the math performance difference between
women and men; Brown & Pinel, 2003; Johns, Schmader, & Martens, 2005). Other studies
induced math ST by informing women that the performance difference between women and men
has been documented on the upcoming math test (e.g., O’Brien & Crandall, 2003) or that the test
has been shown to produce sex differences (Keller, 2007; Keller & Molix, 2008; Spencer et al.,
1999, study 2 & 3). Others have informed women that a difference in math performance exists,
without specifying the direction of the difference (a “mention of difference” condition; Mclintyre,
Paulson, & Lord, 2003; Vick et al., 2008). In addition, the effect of reminding women of the
stereotype is so strong that even mentioning that women had performed equally to men on the
test (a “mention of no difference” condition) has been shown to induce math ST (Cadinu et al.,
2003; Steinberg et al., 2012). However, the most common way to induce math ST via test
instruction is to explicitly compare women’s and men’s performances in the test (i.e., a “men

perform better than women” condition). Math underperformance has been shown among women
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who are exposed to this explicit instruction (Cadinu et al., 2003; Inzlicht & Schmader, 2012;
Johnson et al., 2012; Keller, 2002; Keller & Dauenheimer, 2003; Kiefer & Sekaquaptewa, 2007,
Rivardo, Rhodes, Camaione, & Legg, 2011; Rydel et al., 2009; Schmader, 2002; Smith et al.,
2007; Smith & White, 2002; Spencer et al., 1999; Steinberg et al., 2012; Thoman et al., 2008).

Gaps in research examining the role of test instructions on math performance.

The inclusion of control conditions. Research has demonstrated math underperformance
under ST conditions, that is when a math test is presented as indicative of math ability. However,
the effect of this test instruction cannot be clearly drawn, as much of the existing research on
math ST does not include a condition in which a math test is presented as not indicative of math
ability (see Croizet et al., 2004 for an exception). In order to draw valid conclusions on the
impact of the indicative of math ability instruction, a “not indicative of math ability” condition
needs to be included as a part of a study design.

Similarly, the effect of test instruction that compares women’s and men’s math
performances cannot be conclusively determined as studies have utilized different control
conditions. According to ST theory, a comparable control condition to a “men perform better
than women” condition is one in which math performance difference between women and men is
not mentioned (i.e., a “no mention of differences” condition; Johnson et al., 2012; Keller, 2002;
Rydell et al., 2009, study 1; Schmader, 2002; Spencer et al., 1999, study 2 & 3; Steinberg et al.,
2012). This is because it is more reflective of a standard test instruction in a math testing
situation. However, as can be seen on table 1, some studies compared the “men perform better
than women” condition to different types of control conditions. These control conditions include:
(a) one that mentioned, but also nullified differences in math performance (e.g., “the following

math test is a collection of questions which have been shown not to produce gender differences
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in the past;” Keller, 2007, p. 330; Jamieson & Harkins, 2012; Keller & Molix, 2008; O’Brien &
Crandall, 2003; Spencer et al., 1999; study 3; Vick et al., 2008), (b) one in which math
performance difference is mentioned without a specific direction (i.e., a “mention of differences”
condition; Smith & White, 2002), (c) one that mentions the stereotype, but also nullify any
differences in math performance (Keller & Dauenheimer, 2003: Smith & White, 2002), and (d)
one that suggests equal performance between women and men (i.e., a “mention of no difference”
condition; Cadinu et al., 2003; Steinberg et al., 2012). These limitations suggest the need to
include a “test not indicative of math ability” condition in order to determine the effect of the
“test indicative of math ability” condition on women’s math performances. In addition,
limitations of research examining the effect of test instruction that compares women’s math
performances relative to men suggest the need for a more thorough examination of the effects of
the “men perform better than women” condition relative to the “no mention of differences”
condition.

The effect of instruction suggesting women’s superiority in math. Previous research has
focused on test instructions that make the negative stereotype in math salient for women.
However, the effect of presenting counter-stereotypical information in which women perform
better than men (i.e., a “women perform better than men” condition), has been relatively under
investigated. One explanation for this gap is that the prevalence of the stereotype of women’s
math inability may limit the credibility of test instruction that alleges superior math performance
by women.

Findings from few studies that investigate the effect of the “women perform better than
men” test condition suggest that a reminder of a counter-stereotypic information has the potential

to elevate women’s performance on a math test and buffer women from the experience of math
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ST (Cadinu et al., 2003; Johnson et al., 2012). It has been suggested that this is due to increased
self-esteem and self-efficacy (Chalabaev, Stone, Sarrazin, & Croizet, 2008; Fein & Spencer,
1997; Walton & Cohen, 2003) from the counter-stereotypes possibly lowering the accessibility
of the negative stereotypes. Lowered accessibility of negative stereotypes can compel women to
adopt more flexible and creative cognitive strategies, which boost performance (Goclowska,
Crisp, & Labuschagne, 2012).

However, to date, there are only two math ST studies that have examined the effect of the
“women perform better than men” condition (Cadinu et al., 2003; Johnson et al., 2012). These
studies include different control conditions, which limit conclusions that can be drawn on the
effect of the “women perform better than men” condition on women’s math performances.
Cadinu et al. (2003) found that women in the “women perform better than men” condition, who
were informed “on tasks that evaluate logical-mathematical abilities, obtained higher scores than
women in the “men perform better than women” conditions and control conditions (i.e., a
“mention of no difference” condition) who were told that: ‘in the logical-mathematical domain
no differences between men and women emerge... men and women show, on average,
equivalent scores” (Cadinu et al., 2003, p. 273). On the other hand, a more recent study found
that women who were assigned to the “women perform better than men” condition (i.e., those
were told that “women are expected to do better than men*) performed better than those assigned
to the “men perform better than women” conditions, but equally to those assigned to the control
condition in which women were “neither women nor men are expected to do better or worse”

(Johnson et al., 2012, p. 141).
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Studies that included both validity of math test and women-men math performance
differences conditions. The majority of past research has only utilized one of the aforementioned
types of test instructions to induce ST. These studies present a math test as either indicative/not
indicative of math abilities or set up a condition in which women are told of their math
performances relative to men on the test. Therefore, there has not been much exploration into
scenarios where there can be interactions between these influences, more closely simulating the
multiple ST-related factors potentially faced by women in a standard math-testing situation.

To date, three published studies have examined the interactive effects of these two ST-
specific instructions. According to ST theory, the “indicative of math ability” condition when
combined with instruction that remind women of the stereotype of math ability can further
increase the belief that their performances can confirm the stereotype. However, no study has test
this hypothesis in a complete factorial design. Bell et al. (2003) and Good et al. (2008) crossed
the dimensions of the two ST-specific instructions to determine their interactive effects in an
incomplete factorial design. In their studies, all women in the ST conditions were informed that a
math test was indicative of math ability, and those who were also informed that the same test was
one in which women have performed equally to men (i.e., a “mention of no difference”
condition) perform better. Another study compared the effects of a different set of test
instructions (Schmader, 2002). In this study, all women in the ST conditions were informed that
the math test was indicative of their ability, and those who were also informed that women and
men’s scores would be compared performed worse (Schmader, 2002). However, these studies do
not include a “test not indicative of math ability” condition, which could aid in determining how
each condition alone or in combination can negatively affect women’s math performances. These

mixed findings suggest the need to determine the interactive impact of these test instructions in a

19



full factorial design, that is, to examine the effect of the different levels of the comparison of

women and men on math performance variable (i.e., women-men math performance differences

levels) in the “test indicative of math ability” conditions relative to the “test not indicative of

math ability” conditions (see Figure 1).

Variable 2
Validity of Math test Instruction
Level 1 Level 2
“Test Not Indicative “Test Indicative of
of Math Ability” Math Ability”
Variable 1 Condition 1: Condition 4:
“No Mention of Stereotype not salient ~ Stereotype not salient
Differences” Evaluation not salient Evaluation salient
Condition 1 Level 2 Condition 2: Condition 5:
Women-Men Math “Men Perform Better Stereotype salient Stereotype salient
Performance than Women” Evaluation not salient Evaluation salient
Differences
Instruction
Level 3 Condition 3: Condition 6:

“Women Perform
Better than Men”

Stereotype salient
Evaluation not salient

Stereotype salient
Evaluation salient

Figure 1. The “Validity of Math Test” and “Women-Men Math Performance Differences”

instructions in a full factorial design

Limitations of studies that include both validity of math test and women-men math

performance differences test instructions.

The inclusion of ““men perform better than women” conditions. Findings on studies that

include both indicative of math ability and comparison of women and men on math performance

manipulations are equivocal. Methodological limitations on these studies’ findings do not allow

for a clearer understanding of how each factor alone or in combination negatively affect



women’s math performances. The three existing studies induce ST in different ways (Bell et al.,
2003; Good et al., 2008; Schmader, 2002). Schmader’s (2002) ST manipulation consisted of
describing a math test as indicative of math ability and suggesting that women’s and men’s
scores would be compared to one another (a “mention of difference” condition). However, the
ST manipulation utilized by Bell et al. (2003) and Good et al. (2008) consisted of describing a
math test as indicative of math ability and suggesting that men perform equally to women (a
“mention of no difference” condition). These studies found math underperformance in conditions
that remind women of the stereotype, regardless of content. However, no study has yet to
examine the role of test instruction that emphasizes the validity of a math test when it is
suggested that men performed better than women (i.e., a “men perform better than women”
conditions) relative to when it is not suggested (i.e., a “no mention of differences” conditions).
The inclusion of control conditions. Studies that include both test instructions have not
included a condition in which a math test is presented as not indicative of math ability (Bell et
al., 2003; Good et al., 2008; Schmader, 2002). In order to draw a conclusion on the amount of
“threat” that is experienced and its effect on women’s math performance, it is necessary to
include all possible levels of test instructions in a complete factorial design (i.e., by comparing
the “test indicative of math ability” conditions with the “test not indicative of math ability”
conditions). Additionally, the three studies compare their comparison of women and men on
math performance conditions to one control condition (i.e., a “no mention of differences”
condition). As these studies neglect to include a “test not indicative of math ability” condition,
they have yet to determine the role of the test instruction that emphasizes the validity of math test
in conjunction with women-men math performance differences test instructions that explicitly

suggests or does not suggest a difference of math performance between women and men (i.e., the
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“men perform better than women” conditions relative to the “no mention of differences”
conditions).

General gap in research examining the role of ST-specific test instructions.

The inclusion of manipulation checks. While much of ST research focuses on the effect
of the experimental induction of ST on performance (Palumbo & Steele-Johnson, 2014), it is
essential to determine the extent to which participants remember the content of the manipulation
(Appel, Kronberger, & Aronson, 2011; Gibson, Losee, & Vitiello, 2014; Inzlicht & Kang, 2010).
In other words, as part of an experimental design, it is necessary to include post-test questions
that is designed to assess the effectiveness of the manipulations used to induce ST. However,
prior math ST studies examining the independent and interactive role of test instructions have
seldom reported the effectiveness of their manipulations (see Jamieson & Harkins, 2009; 2012
for exceptions). Brown and Day (2006) have argued that without such checks, we cannot be sure
that ST is responsible for any observed effects.

Individual Difference Factors in Math ST

The preceding section discussed the effect of ST-specific test instructions on women’s
math performance. Nevertheless, ST has been shown to be more than a situational predicament
elicited “by the mere recognition that a negative stereotype could apply to oneself in a given
situation” (Steele, 1997, p. 617). Consistent with Kurt Lewin’s field theory (Lewin, 1943),
women’s susceptibility to math ST is influenced by both situational factors (i.e., test instructions)
and individual difference factors. In support of studies suggesting the importance of individual
difference factors to math ST (e.g., McFarland et al., 2003; Oswald & Harvey, 2000-2001;
Schneeberger & Williams, 2003), existing research has identified important individual difference

factors that moderate women’s susceptibility to math ST (Steele, 1997). Individual difference
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factors that have been shown to increase women’s susceptibility to math ST is women’s strength
of identification with math (i.e., the extent to which women care about being good at math;
Keller, 2007; Steinberg et al., 2012). This is because the more a woman is identified with a
stereotyped group (i.e., math); the more she expects to be perceived as a member of the group,
the more motivated she is to disapprove the stereotype when reminded of it. On the other hand,
findings from another two studies suggest that a particular group membership, such as a
woman’s academic major can decrease women’s susceptibility to math ST (Crisp et al., 2009;
Croizet et al., 2004). The following section focuses on how the two individual difference factors
affect women’s math performances under math ST.

The role of identification with math. Women’s strength of identification with the
domain being assessed (i.e., math) is theorized to be an important individual factor that increases
women’s susceptibility to ST (Steele, 1997). ST theory predicts that women who believe they are
good in math and care about doing well in math (i.e., women with strong identification with
math) should experience increased pressure to disconfirm the alleged stereotype as it poses a
“threat” to their identity as a capable individual. Highly math-identified women were more likely
to experience additional pressure and anxiety due to ST, which subsequently interfere with their
math performances (Schmader & Beilock, 2012). A woman with low identification with math
should not experience additional pressure to disconfirm the stereotype. Therefore, their
performance should not be affected in a math ST situation (Aronson et al., 1999; Keller, 2002;
Steele, 1997; Steinberg et al., 2012). However, a meta-analysis conducted to determine the
moderating impact of ST on women’s math performance found that women with a moderate

level of identification with math were more susceptible to the ST effect (mean d =|.52|, k = 6)
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than those with strong identification with math (mean d =1.29|, k = 9) (Nguyen & Ryan, 2008).
The following section discusses reasons for this discrepancy.

Gaps in research— the role of identification with math in women’s math ST
susceptibility.

Equivocal findings. A meta-analysis suggests that women who are moderately math-
identified are more susceptible to ST than women who are highly identified with math (Nguyen
& Ryan, 2008). Therefore, according to the meta-analysis but inconsistent with ST theory, math-
identified women are not more susceptible to ST-specific test instructions than women low in
identification with math. One explanation for this discrepancy is that existing studies have
chosen to accept the assumption that math-identified women are more vulnerable to ST without
experimentally testing the moderating role of identification with math on women’s susceptibility
to math ST (Nguyen & Ryan, 2008). The following is a review of the various methodological
limitations of existing studies.

Selective recruitment. Some studies examining the effect of math ST have chosen to
engage in a selective recruitment strategy. Instead of recruiting women with high and low
identification with math in order to determine the moderating role of identification with math,
existing studies have either sampled women with relatively high SAT math scores (e.g., Cullen,
Hardison, & Sackett, 2004; Martens et al., 2006; Marx & Roman, 2002; Quinn & Spencer, 2001;
Schmader, 2002; Schmader & Johns, 2003; Shih et al., 1999; Spencer et al., 1999), or women
with a particular grade point average (e.g., Aronson, et al., 1999, study 2; Bell et al., 2003; Good
et al., 2008). As indicated by the meta-analysis, this sampling limitation may mean that any
observed difference in math underperformance in ST math-testing situations can be attributed to

ceiling effects and regression to the mean (Nguyen & Ryan, 2008). Some studies subsequently
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control for SAT scores to account for this limitation (e.g., Gonzales et al., 2002; Inzlicht & Ben-
Zeev, 2000, 2003; Keller, 2002, 2007; Lesko & Corpus, 2007; Marx & Roman, 2002; Schmader,
2002; Schmader & Johns, 2003; Vick et al., 2008; Wout, et al., 2008; 2009). In addition, based
on the assumption that high performance in performance equals strong identification with math,
some studies utilize identification with math as a selection variable, recruiting women on the
basis of the importance they place on math and math performances (e.g., Ben-Zeev et al., 2005;
Schmader & Beilock, 2012). This selective sampling strategy may have resulted in selection
bias: an oversampling of women with supposedly strong identification with math (Nguyen &
Ryan, 2008). However, it results in another limitation that is discussed in the following section.
Indirect assessments of identification with math. In addition to a selective recruitment
strategy, past studies have neglected to utilize valid and direct assessment of identification with
math. Instead, as reported by a recent meta-analysis (Nguyen & Ryan, 2008), many studies
utilize an indirect measures of identification with math. Prior ability measures (e.g., SAT math
scores; Spencer et al., 1999) are used instead of a validated measure of identification with math
because of the assumption that high-performing women must strongly identify with math
(Nguyen & Ryan, 2008; Picho et al., 2013). However, strength of identification in math, as
measured by Smith and White’s (2001) Identification with math measure is only moderately
correlated with prior math performances or scores, suggesting that strong identification with
math does not always equal strong math performances (Nguyen & Ryan, 2008). This limitation
undercuts the validity of existing studies. In order to determine the moderating role of
identification with math, future research needs to refrain from selective recruitment and utilize a

direct and valid measure of identification with math.
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The impact of both types of test instructions. The various limitations outlined above mean
that there are very few studies that have directly investigated whether women’s identification
with math moderate the effect of ST-specific test instruction. In fact, there are only two studies
that have not engaged in selective strategies and utilized indirect identification with math
measures (Keller, 2007; Steinberg et al., 2012). Keller (2007, p. 330) found that high school girls
with high identification with math performed worse when informed that a math test “had been
shown to produce gender differences” (those in the ST condition) relative to those who were
informed that a math test “had not been shown to produce gender differences”(those in the
control condition). Another study tested the moderating effect of identification with math among
a sample of upper-level undergraduate women majoring in engineering, math, or physical
science who had completed at least three semesters of calculus classes (Steinberg et al., 2012).
Steinberg et al. (2012) found that relative to women with low identification with math, women
with strong identification with math in the ST condition (i.e., those who were informed that men
had outperformed women) performed worse than those in the control condition (i.e., those who
were not informed of performance difference between women and men). These studies tested the
moderating role of identification with math, but they do not investigate the influence of both
types of test instructions in a full factorial design. More research is needed to determine whether
the effect of test instruction that emphasizes the validity of a math test when it is also suggested
or not suggested that men had outperformed women in a math test (i.e., the “men perform better
than women conditions relative to the “no mention of differences” conditions) varies depending

on women’s strength of identification with math.
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The role of academic major. The large body of research on ST has focused on taking
into account the role of individual difference factor, such as identification with math, in
increasing women’s susceptibility to math ST. However, equally important advances can be
made from studying factors that may lower women‘s susceptibility to math ST effect. According
to ST theory, a high level of self-involvement in the relevant domain (i.e., math) can increase
women’s susceptibility to math ST (Steele 1997). Beyond women’s strength of identification
with math, ST theory also suggests important group membership differences that may moderate
the extent to which women are impacted by math ST. Extending the ST theory, findings from
two existing studies suggest how a woman’s academic membership (i.e., whether a woman is in
a math-intensive major or not in a math-intensive major) can have an important role in
moderating the extent to which women experience math underperformance due to math ST
(Crisp et al., 2009; Croizet et al., 2004). Based on ST theory, women in math-intensive majors
(e.g., math, engineering) should, theoretically, experience increased susceptibility to math ST
due to the salience and self-relevance of stereotype of math inability in their everyday
educational environment (e.g., in math classes and/or in math-testing situations) relative to
women not in math-intensive majors (e.g., history, psychology). In support of this assertion,
several research has demonstrated that underperformance due to math ST can occur from simply
being a numerical minority in a negatively stereotyped domain (Logel, Iserman, Davies, Quinn,
& Spencer, 2009) or when being outnumbered by men when taking a math test (Inzlicht & Ben-
Zeev, 2000, 2003; Inzlicht & Good, 2006; Murphy et al., 2007; Sekaquaptewa & Thompson,
2003). Most importantly, one study found math underperformance among female engineering

majors who were exposed to ST-specific test instructions (Bell et al., 2003)
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In contrast, the two existing studies found that female engineering majors were less
susceptible to ST-specific test instruction than psychology majors (Crisp et al., 2009; Croizet et
al., 2004). One study found that female engineering majors experienced enhanced math
performance, while female psychology majors (considered not a math-intensive) experienced
math underperformance in the ST conditions (i.e., when informed, *“on this second test we shall
be comparing the performance of males to females”; Crisp et al., 2009, p. 175). Similarly,
another study found that psychology majors performed worse than science majors did in the ST
conditions (i.e., when informed that a test they were about to take was a “valid measure of the
general intellectual ability involved in mathematical and logical reasoning”) than when an
identical test was presented as a “laboratory exercise related to polygraphic recording of
autonomic activity not diagnostic of any ability” (Croizet et al., 2004, p. 725). These findings
suggest that being a member of a group traditionally stereotyped to have lower math ability (i.e.
women) does not uniformly increase female engineering majors’ susceptibility to math ST.
Specifically, being an engineering major, a group stereotyped to have superior math ability,
appears to attenuate women’s susceptibility to math ST. These findings suggest the importance
of investigating the moderating effects of academic major as it may mitigate the pernicious effect
of math ST.

Findings from the two studies are inconsistent with the original conceptualization of ST
(Steele, 1997). The authors of the aforementioned studies, Crisp et al. (2009) and Croizet et al.
(2004) reason that, although women in engineering and psychology are both aware of negative
stereotypes regarding women’s math abilities, women majoring in engineering may have

developed strategies to contend with the stereotype of math inability. These strategies may have
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developed over time in response to the increasing number of math classes and math examinations
engineering and science majors have to take (Crisp et al., 2009; Croizet et al., 2004).

Gaps in research—the role of academic major.

Generalizability. Research has only examined the effects of ST-specific test instructions
among psychology and science majors (Crisp et al., 2009; Croizet et al., 2004). To date, most
math ST research has neglected to take into account the role of academic major or has engaged
in selective recruitment to target those who were theorized to be more susceptible to math ST
(e.q., Steinberg et al., 2012). Instead, research needs to address this limitation by recruiting
women from a variety of academic majors to determine whether being a math-intensive major
can decrease women’s susceptibility to math ST than being in a not math-intensive major. More
specifically, more research is needed to determine whether the effect of the validity of math test
instruction in conjunction with a condition that explicitly suggests (or does not suggest) a
comparison of math performances between women and men (i.e., the “men perform better than
women conditions relative to the “no mention of differences” conditions) varies depending on
women’s academic major.

The impact of both types of test instructions. Existing studies have not investigated the
effects of both types of test instructions. Crisp et al. (2009) examined the effects of a math test
that was described as indicative of math ability relative to an identical test that was described as
not indicative of math ability. On the other hand, Croizet et al. (2004) investigated the effect of
ST that was presented in an indirect way (a “mention of no difference” manipulation). Both
studies manipulated math ST instructions in a different way and included different control
conditions. Additionally, both studies did not investigate the influence of both types of test

instructions in a full factorial design while simultaneously exploring the impact of two individual
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difference factors (i.e., identification with math and academic major). Further research is needed
to determine the role of the test instruction that emphasizes the validity of a math test in
conjunction with a condition that explicitly suggests or does not suggest a comparison of math
performances between women and men (i.e., the “men perform better than women conditions
relative to the “no mention of differences” conditions) among women in math-intensive majors
and women not in math-intensive majors.

Current Study
Rationale and Research Questions

The present study was designed to investigate two research questions exploring the
situational and individual difference factors that contribute to math ST: 1) what are the main
and interactive effects of two types of ST- inducing test instructions on women’s math
performances (the Validity of Math Test and Women-Men Math Performance Differences
Variable)

2) do two individual difference factors (identification with math and academic major) moderate
the impact of these ST-inducing test instructions?

According to ST theory, the most direct way to induce math ST is by including
information suggesting women’s poor math performance relative to men within a math test’s
instructions (i.e., women-men math performance differences conditions). Indeed, past research
on test instructions found that ST-specific test instructions exerted a stronger effect on women’s
math performance than test instructions that emphasized the evaluative nature of the test (validity
of math test conditions; e.g., Johnson et al., 2012). Therefore, it was hypothesized that women
who were informed that men had performed better (i.e., those in the “men perform better than

women”” conditions) would score lower on the math test than women who were not informed of
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differences in math performance between women and men (i.e., those in the ““no mention of
differences™ conditions).

This study attempted to extend ST theory by determining the interactive effect of both
types of test instructions, whether both test instructions interact to influence women’s math
performance, simulating the stress in a standard testing situation. Specifically, this study also
aimed to determine whether the impact of the Women-Men Math Performance Differences
Variable (i.e., the difference in performance in conditions where women were told and not told
that men had performed better) would be greater on women’s math performance in a condition
where the validity of the math test was emphasized than when the test’s validity was not
mentioned. No past studies that have included both types of test instruction have included a “test
not indicative of math ability” conditions in a complete factorial design in order to determine
how the test instructions alone or in a combination impact women’s math performances.
However, based on findings from past studies (e.g., Bell et al., 2003), it was hypothesized that
women in the “men perform better than women” conditions would be more negatively impacted
when the validity of the math test was emphasized (“test indicative of math ability” conditions)
relative to when it was not emphasized (“test not indicative of math ability” conditions).

This study also aimed to determine the moderating effect of individual difference factors,
as identified by ST theory (Steele et al., 2002). Specifically, this study aimed to determine
whether the impact of the of the Women-Men Math Performance Differences Variable in
conditions where the evaluative nature of the test is emphasized would be greater for women
high identification with math than for women low in identification with math. Based on ST
theory (Steele, 1997; Steele et al., 2002) and findings of the only two studies that have examined

the moderating role of identification with math (Keller, 2007; Steinberg et al., 2012), it was
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hypothesized that the impact of Women-Men Math Performance Differences Variable would be
greater on the math performance of women high identification with math in conditions where
they were informed of the evaluative nature of the test than on the math performance of women
high in math identification with math in conditions where they were not informed of the
evaluative nature of the test. In addition, the math performance of women who were low in
identification with math should not be negatively impacted by these test instructions.

This study also builds on past studies’ findings by testing how a woman’s college major
may affect her susceptibility to math ST. This is because while research has suggested its role in
decreasing women’s susceptibility to math ST, no study has determined its moderating effect
with the different levels of two types of test instructions included as a part of a study design.
Based on predictions from ST theory and findings from past studies (Crisp et al., 2009; Croizet et
al., 2004), it was hypothesized that the impact of the Women-Men Math Performance
Differences Variable would be greater on the math performance of women in math-intensive
majors in conditions in which the evaluative nature of the test was emphasized than on the math
performance of women in math-intensive majors in conditions in which the evaluative nature of
the test was not emphasized. In addition, the math performances of women not in math-intensive
majors should not be negatively impacted by these test instructions. Further, this study examined
the interactive impact of the Women-Men Math Performance Differences Variable,
Identification with Math, and Major. It was hypothesized that the impact of the Women-Men
Math Performance Differences Variable would be greater on the math performance of women in
math-identified math-intensive majors than on the math performance of women in math-
intensive majors who are low in identification with math. Conversely, the math performances of

women not in math-intensive majors should not be negatively impacted by these test instructions.
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Finally, given the limitations of past research on the impact of instruction suggesting
underperformance by male test takers (i.e., “women better than men” conditions, e.g., Cadinu et
al., 2003), exploratory analyses were conducted to determine how its effect on math performance
may vary depending on women’s majors and strength of identification with math.

Hypotheses

This study specifically aimed to test the following hypotheses:

No Mention
Women of
Men Perform Perform Differences
Better than Better than in Math
Women Men Performance
Test Indicative MUu Uiz Has 2
Test Not Indicative MU MUz Moas M.
Ui U2 Us

H1: This study hypothesized a main effect of the Women-Men Math Performance
Differences Variable, such that the women assigned to the “men perform better than women”
conditions would score lower on the math test than women in the “no mention of differences”

conditions.

(w1 # p3)

ST-specific test instructions:
¢ Women-men math performance > Math performance
differences

Figure 2. The Effect of Women-Men Math Performance Differences Instruction on Math
performance
H2: This study hypothesized a two-way interaction between the Validity of Math Test

and the Women-Men Math Performance Differences Variable, such that the impact of the
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women-men math differences levels (the difference in math scores between women in the “men
perform better than women” conditions and “no mention of differences” conditions) would be
significantly greater among women in the “test indicative of math ability” conditions than

women in the “test not indicative of math ability” conditions.

(t11-113) # (u21-p23)

ST-specific test instructions:

° Valldlty of math test > Math performance
* Women-men math performance
differences

Figure 3. The Interactive Effect of Validity of Math Test and Women-Men Math Differences
Instructions on Math performance

H3: This study hypothesized a three-way interaction, such that the difference of the
impact of the women-men math performance differences levels between the validity of math test
levels (“test indicative of math ability” conditions and the “test not indicative of math ability”
conditions) would be greater for women high in identification with math compared to women
low in identification with math.

([pa1-pa3] - [u21-p23]) high identification with math # ([pa1-p13] - [r21-123]) tow identification with math

Individual Difference Factor:
Identification with Math (High or Low)

ST-specific test instructions: \l/
Validity of math test >
Women-men math performance
differences

Math performance

Figure 4. Identification with Math Moderates the Interactive Effect of Validity of Math Test and

Women-Men Math Performance Differences Instructions on Math performance
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H4: This study hypothesizes a three-way interaction, such that the difference of the
impact of the women-men math performance differences levels between the validity of math test
levels would be greater for women in math-intensive majors compared to women not in math-
intensive majors.

([,Ull',ul3] - [,1121',U23]) math-intensive majors * ([,Ull',ul3] - [,1121',1123]) not math-intensive majors

Individual Difference Factor:
Major (Math-Intensive vs. Not Math-Intensive)

ST-specific test instructions: \l/
Validity of math test >
Women-men math performance
differences

Math performance

Figure 5. Major Moderates the Interactive Effect of Validity of Math Test and Women-Men
Math Performance Differences Instructions on Math performance
H5: This study hypothesized a three-way interaction, such that the impact of the women-
men math performance differences levels between women with high identification with math and
women with low identification with math would be greater for women in math-intensive majors
than for women not in math-intensive majors.
([ # 3] nigh identification with math - [14.1 # £.3] low identification with math) math intensive major

+

([,u.l ¢ ,Lt.3] high identification with math - [,U.l ¢ ,Lt.3] low identification with math) not math intensive major
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Individual Difference Factors:

e Identification with Math (High or Low)
e Major (Math-Intensive vs. Not Math-Intensive)

Women-men math performance

differences

ST-specific test instructions: \l/
>

Math performance

Figure 6. Identification with Math and Major Moderate the Women-Men Math Performance

Differences Instruction on Math performance
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CHAPTER 3: METHOD

Participants

Participants were undergraduate students recruited from a large Mountain West state
university; 231 participants were women in math-intensive majors and 616 were women who
were not in math-intensive majors. Consistent with classification models used in prior math ST
studies (e.g., Adelman, 1999; Ethington & Wolfle, 1988; Frehill, 1997; Goldman & Hewitt,
1976; Ma, 2011; National Science Foundation, 1994; Paglin & Rufolo, 1990), participants
majoring in computer science, economics, engineering, finance, mathematics, physical science,
and science/math education were classified as belonging to math-intensive majors. Participants
majoring in arts/design, communication studies, history, philosophy, psychology, and sociology,
as well as participants reporting their majors as undeclared or undecided, were classified as
belonging to majors which were not math-intensive.

Participants ranged in age from 18 to 51 years old, with a mean age of 19.05 (SD = 2.19)
years. The majority of participants were European American (n = 767, 76.5 %). The remaining
23.5 % described themselves as Latina (n = 78, 7.4%), African American (n = 25, 2.5%), Asian
American (n = 33, 3.1%), Native American or Pacific Islander (n = 10, 1%), and other ethnicities
(n =89, 8.5 %). All received psychology research credits for their participation in the study.
Design and Procedure

This study was a 2 (Validity of Math Test: test indicative of math ability, test not
indicative of math ability) x 3 (Women-Men Math Performance Differences: men perform better
than women, no mention of differences in math performance, women perform better than men)

between-participant design. The study’s independent variables were two pieces of information
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embedded within the test instructions. The first piece of information described a math test as an
indicator of the student’s math ability (indicative of math ability or not indicative of math
ability). The second piece of information reported previously observed differences in math
performance between women and men (men perform better than women, no mention of
differences in math performance, women perform better than men). The levels of these test
instructions were fully crossed, to create six experimental conditions (test indicative of math
ability and men perform better than women conditions, test indicative of math ability and women
perform better than men conditions, test indicative of math ability and no mention of differences
in math performance conditions, test not indicative of math ability and men perform better than
women conditions, test not indicative of math ability and women perform better than men
conditions, test not indicative of math ability and no mention of differences in math performance
conditions). The number of questions answered correctly served as this study’s dependent
variable.

All procedures used in this study were approved by the University Institutional Review
Board. Participants completed the study in 2-phases. In Phase 1, they viewed an informed
consent document (see appendix A), completed a demographic questionnaire (see appendix B),
and the Identification with Math Scale (see appendix C) online. Approximately 1 week (5to 7
days) later, participants completed the second phase of the study in a computer lab where they
were given a math test prefaced with one of the six randomly assigned test instructions. After
reading the instructions, participants were verbally asked (see appendix J for the script of
instructions) to complete a math test (see appendix K) for 30 minutes and four post-test questions

(see appendix L). Finally, participants read an online debriefing statement (see appendix M).
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Manipulation of test instructions. All of the study’s participants received the following
instructions before completing the math test:

“You are going to work on some math problems and then answer some questions about

the problems and about yourself. There are thirty questions or incomplete statements,

each followed by five answers. In each case, select the one answer that is the best of the

choices offered and then mark it. You will have 30 minutes to complete the math test.”

However, additional information was presented before and after these instructions to
manipulate the apparent validity of the test as an indicator of ability (adapted from Bell et al.,
2003 and Steele & Aronson, 1995), and to suggest a possible differences in performance between
women and men (modified from Bell et al., 2003 and Spencer et al., 1999).

The test instructions provided to participants in the test indicative of math ability
conditions were prefaced with this paragraph:

“Thank you for participating in this research. We are working in conjunction with the

engineering, math, physical science, and behavioral science departments on campus to

understand how people persist in engineering, math, physical science, and behavioral

science fields. We want to establish profiles of students who show potential for success in

these majors. Everything you do today will be at your own pace. It is important that you

focus on your test only.”

And the test instructions provided to participants in the test indicative of math ability
conditions were also followed by this paragraph:

“This test has been shown to be an excellent indicator of one’s math aptitude and ability

in a large number of settings across a wide spectrum of students, including engineering,

math, physical science, and behavioral science majors. This test is especially effective at

assessing the limitations in math problem areas of individual engineering, math, physical

sciences, and behavioral science students. We ask that you give a strong effort in order to

help us in our analysis of your math ability.”

These paragraphs were entirely absent in the instruction presented to participants in the
test not indicative of math ability conditions.

For some participants in the test indicative of math ability conditions, the final paragraph

embedded an additional sentence. Participants assigned to the men perform better than women
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condition read, “Prior uses of these problems have shown that women have outperformed men
on these problems” (see Appendix E), while participants assigned to the women perform better
than men condition read, “Prior uses of these problems have shown that women have
outperformed men on these problems” (see Appendix F). No information about performance
differences between women and men was inserted into the instructions read by participants in the
no mention of differences in performance condition (see Appendix D).

The information presented to participants in the test not indicative of math ability
conditions was substantially shorter. After the instructions, all participants in the test not
indicative of math ability condition saw the following paragraph:

“The task you will be working on today was specifically designed to present you with
problems varying in their degree of difficulty. We ask that you give a genuine effort and
please try hard.”

For some participants in the test not indicative of math ability condition, and additional
sentence was inserted into the second paragraph, reporting previously observed differences in
test performance between women and men. Participants in the men perform better than women
condition saw, "Previous results on this test have shown gender differences; that is, men have
outperformed women on these problems” (see Appendix H), while participants in the women
perform better than men condition saw, “Previous results on this test have shown that women
have outperformed men on these problems” (see Appendix I). Participants in the no mention of

differences in math performance condition saw no reference to possible differences in math

performance between women and men (see Appendix G).
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Materials

Pre-test questionnaire. The pre-test questionnaire consisted of questions about age,
ethnicity, major, and math classes taken previously.

Identification with Math scale. This 8-item scale measures college students’
identification (i.e., personal investment) with math (Smith & White, 2001) and includes items,
such as “How important is it to you to be good at Math”. Responses are given on a 5-point Likert
scale (i.e., 1 = *“not at all” to 5 =*very much”). The scale has acceptable levels of internal
consistency (Cronbach’s a = .93) and test-retest reliability (r = .89) within a period of eight
months (Smith & White, 2001). In the current study, the eight items were averaged to form a
composite score with higher numbers reflecting stronger identification with math. The scale’s
internal consistency (Cronbach’s a =.90) is comparable to previous studies’ (e.g., Keller, 2007).

Math test. The math test used in this study consisted of 30- multiple-choice math
questions adapted from the quantitative portion of the Graduate Record Examination’s (GRE)
practice tests (see appendix M). These questions were used in other ST studies (e.g., Brown &
Joseph, 1999; Jamieson & Harkins, 2009; 2012; Johns et al., 2005; Schmader, 2002; Tagler,
2012). Respondents’ math performance was represented by the number of math problems
answered correctly (o= .70).

Post-test questionnaire. Four questions were completed at the end of the Phase 2
sessions. There were two open-ended questions regarding test difficulty and number of problems
they believed they had answered correctly (0-30). In addition, two multiple choice question
questions served as a manipulation check. The first question asked participants: “How have
women performed relative to men on these problems?” Possible responses for this question were:

1) The test has been shown to be a good indicator of one’s math aptitude and ability, 2) The test
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has been shown to be a poor indicator of one’s math aptitude and ability, 3) No mention of
whether the test is a good or poor indicator of one’s math aptitude and ability. The second
guestions asked participants: “Which of the following is true about the math test you just
took?”). Possible responses for this question were: 1) Men have performed better than women, 2)
Women and men have performed equally, 3) Women have performed better than men, 4) No

mention of how women and men have performed relative to one another.
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CHAPTER 4: RESULTS

Sample Demographics by Condition

A Chi Square test was performed on the demographic variables (i.e., major—math-
intensive v. non-math intensive and ethnicity) to determine if the sample characteristics differed
by condition. The percentage of participants that were assigned to conditions did not differ by
major, x* (1, N = 749) = 2.53, p =.77, or by ethnicity, * (1, N = 730) = 13.43, p = .97.
Manipulation Check

Memory for the validity of math variable. Participants’ memory of the content of the
test instruction, particularly whether the test they took was described as indicative of their math
ability, was first analyzed to access the effectiveness of the ST manipulation. At the end of the
study, participants were asked to answer two multiple choice questions concerning what the test
instructions had said about the math test they had just completed (i.e., “Which of the following is
true about the math test you just took?”). Possible responses were: 1) The test has been shown to
be a good indicator of one’s math aptitude and ability, 2) The test has been shown to be a poor
indicator of one’s math aptitude and ability, 3) No mention of whether the test is a good or poor
indicator of one’s math aptitude and ability. The percentage of women who correctly
remembered what the test instructions said is presented in Table 2. A Chi Square test indicated
that within each of the Women-Men Math Performance Differences Variable, almost all
participants believed that they were in the test indicative of math ability conditions regardless of

whether they were or not, *(5, N = 725) = 705.24, p <.001.
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Memory for women-men math performance differences variable. Participants were
also asked to answer a multiple choice question about what the test instruction said about
women’s relative performance on the math test (i.e., “How have women performed relative to
men on these problems?”). Possible responses were: 1) Men have performed better than women,
2) Women and men have performed equally, 3) Women have performed better than men, 4) No
mention of how women and men have performed relative to one another. The percentages of
women in each condition who correctly remembered the information provided in the instructions
are presented in Table 3. A Chi Square test indicated that there were differences in what
participants remembered about how women performed relative to men, y*(5, N = 733) = 31.61, p
<.001. The analyses suggest that the math ST manipulation may be ineffective. However,
examining the influence of the manipulation is still a valid concern.

Main Analyses

Assumptions. Before conducting main analyses, a test of assumption of normality was
conducted. According to the Kolmogorov-Smirnov test, the dependent variable, “math correct,”
was not normally distributed within specific types of test instruction. Assumption of normality
was violated for five types of test instructions, except for the one that described the test as
indicative of math ability and made no mention of differences in math performance (the control
condition), p=.20. Nevertheless, factorial ANOVA was a robust test against violations of
normality. A test of the assumption of homogeneity of variance of math performance across test
instructions was also conducted. Levene’s test of equality of error variances was not significant
(p= .48), indicating that the variance in the dependent variable (i.e., math correct) was the same

across six conditions and group (i.e., major).
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Primary Analyses

Hypotheses regarding the math ST effects via test instructions and the moderating role of
Identification with Math and Major on the number of math problems answered correctly were
tested in a 2 (Validity of Math Test: test indicative of math ability, test not indicative of math
ability) x 3 (Women-Men Math Performance Differences: men perform better than women, no
mention of differences in math performance, women perform better than men) x 2 (Major: math-
intensive, not math-intensive) x 2 (Identification with Math: high identification with math, low
identification with math) factorial analysis of variance. First, as recorded in Table 4, the analysis
did not reveal a significant main effect of Women-Men Math Performance Differences Variable.
However, follow-up tests were conducted to test hypothesis one: whether women in the “men
perform better than women” conditions scored lower on the math test than women in the “no
mention of differences” conditions. As recorded in Table 5 and Figure 7, women in the “men
perform better than women” conditions did not score significantly lower than women in the “no
mention of differences” conditions, t(710) = -0.57, 95% CI [-1.49, 0.35], d = -0.11, inconsistent
with hypothesis one.

Second, despite a non-significant interaction effect between the Validity of Math Test
and Women-Men Math Performance Differences Variable, follow-up tests were conducted to test
hypothesis two: whether the impact of the Women-Men Math Performance Differences Variable
(the difference in math scores between women in the “men perform better than women”
conditions and “no mention of differences” conditions) were significantly greater among women
in the “test indicative of math ability” conditions than women in the “test not indicative of math
ability” conditions (see Table 4). Inconsistent with hypothesis two, the impact of the women-

men math performance differences instruction on women’s math performance was not
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significantly greater in the “test indicative of math ability” conditions than in the “test not
indicative of math ability” conditions, t(710) = 0.47, 95% CI [-0.84, 1.78], d = 0.09 (see Table 5
and Figure 8).

Third, despite a non-significant 3-way interaction between the Validity of Math Test,
Women-Men Math Performance Differences Variable, and Identification with Math, follow-up
tests were conducted to test hypothesis three: whether the difference of the impact of the
Women-Men Math Performance Differences Variable between the validity of math test
condition (“test indicative of math ability” conditions and the “test not indicative of math ability”
conditions) will be greater for women high in identification with math compared to women low
in identification with math (see Table 5 for descriptive statistics). The analysis revealed a main
effect of identification with math, such that women with high identification with math
(Madjusted = 12.34, SD = 5.65) performed better than women with low identification with math
(Madjusted = 10.54, SD =5.01) (see Table 4). However, follow-up comparison tests did not
reveal a significant Validity of Math Test by Women-Men Math Performance Differences by
Identification with Math interaction. The analysis indicated that the impact of the Women-Men
Math Performance Differences Variable between the validity of math test conditions were not
significantly different for women high in identification with math, t(710) = 0.88, 95% CI [-0.97,
2.73],d = 0.17. Similarly, the impact of ST between the validity of math test conditions were not
significantly different for women low in identification with math, t(710) = 0.05, 95% CI [-1.80,
1.90], d = 0.01. Therefore, inconsistent with hypothesis three, the impact of the Women-Men
Math Performance Differences Variable between the validity of math test conditions were not
significantly greater for the math performances of women high in identification with math

compared to women low in identification with math (see Table 5 and Figure 9).
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Fourth, despite a non-significant 3-way interaction between the Validity of Math Test,
Women-Men Math Performance Differences Variable and Major, follow-up tests were
conducted to test hypothesis four: whether the difference of the impact of the Women-Men Math
Performance Differences Variable between the validity of math test conditions (“test indicative
of math ability” conditions and the “test not indicative of math ability” conditions) will be
greater for women in math-intensive majors compared to women not in math-intensive majors
(see Table 5 for descriptive statistics). Follow-up comparison tests did not reveal a significant
Women-Men Math Performance Differences by Validity of Math Test by Major interaction. The
analysis indicated that the impact of the Women-Men Math Performance Differences Variable
between the validity of math test conditions were not significantly different for women in math-
intensive majors, t(710) = -0.08, 95% CI [-2.61, 2.45], d = -0.01. Similarly, the impact of ST
between the validity of math test conditions were not significantly different for women not in
math-intensive majors, t(710) = 1.00, 95% CI [-0.56, 2.56], d = 0.19. Therefore, inconsistent
with hypothesis four, the impact of the Women-Men Math Performance Differences Variable
between the validity of math test conditions were not significantly lower for the math
performances of women in math-intensive majors compared to women not in math-intensive
majors (see Table 5 and Figure 10).

Finally, despite a non-significant 3-way interaction between the Women-Men Math
Performance Differences Variable, Major, and Identification with Math, follow-up tests were
conducted to test hypothesis five: whether the difference of the impact of the Women-Men Math
Performance Differences Variable will be greater for women in math-intensive majors with high
identification with math compared to women in math-intensive majors with low identification

with math (see Table 4 for descriptive statistics). Follow-up comparison tests revealed a
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significant Women-Men Math Differences Variable by Math Identification by Major interaction.
Specifically, the impact of ST were significantly greater on the math performances of highly
math-identified women in math-intensive majors than women in math-intensive majors who
were low in identification with math, t(710) = -3.11, 95% CI [-5.84, -0.38], d = -0.57. By
contrast, the impact of ST were not significantly greater on the math performances of women not
in math-intensive majors who were high in identification with math than women not in math-
intensive majors who were low in identification with math, t(710) = -0.54, 95% CI [-2.11, 1.03],
d =-0.10 (see Table 5 and Figure 11).

In summary, women who were assigned to the “men perform better than women”
conditions did not perform worse than those assigned to the “no mention of differences math
performance” conditions, inconsistent with hypothesis one. Inconsistent with hypothesis two,
emphasizing the validity of the math test did not contribute to lower score when it is also
suggested that men had performed better than women. Inconsistent with hypothesis three,
emphasizing the validity of the math test in conjunction with suggesting that men had performed
better than women did not contribute to lower score among women high identification with
math. Similarly, emphasizing the validity of the math test in conjunction with suggesting that
men had performed better than women also did not contribute to lower score among women in
math-intensive majors, inconsistent with hypothesis four. However, in support of hypothesis
five, suggesting that men had outperformed women on the test negatively impacted the math

performance of highly math-identified math-intensive majors.
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Additional Analyses

The manipulation check conducted in the preceding section indicated that almost all
participants believed that they were in the “test indicative of math ability” conditions (i.e., that
the test was a “good indicator of one’s math aptitude and ability) regardless of whether they were
or not. This suggests that the manipulation may be ineffective. Therefore, the following analyses
were conducted independent of the validity of math test condition to determine the effect of the
Women-Men Math Performance Differences Variable on women’s math performance.

Hypotheses regarding the ST effects via Women-Men Math Performance Differences
Variable and the moderating role of Identification with Math and Major on the number of math
problems answered correctly were tested in a 3 (Women-Men Math Performance Differences:
men perform better than women, no mention of differences in math performance, women
perform better than men) x 2 (Major: math-intensive, not math-intensive) x 2 (Identification with
Math: high identification with math, low identification with math) factorial analysis of variance.
First, as recorded in Table 6, the analysis did not reveal a significant main effect of the Women-
Men Math Performance Differences Variable. However, follow-up tests were conducted to test
hypothesis one: whether women in the “men perform better than women” condition will score
lower on the math test than women in the “no mention of differences” condition. Consistent with
the analysis conducted above, but inconsistent with hypothesis one, follow-up analysis revealed
that women in the “men perform better than women” condition (Magjusted = 10.80, SD=5.00) did
not score significantly lower than women in the “no mention of differences” condition (Magjusted
=11.40, SD=5.40), t(722) = -0.60, 95% CI [-1.53, 0.33], d = -0.11 (see Table 6).

Despite a non-significant 2-way interaction between Women-Men Math Performance

Differences Variable and identification with math, follow-up tests were conducted to test
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hypothesis three: whether the impact of the Women-Men Math Performance Differences
Variable (the difference in math scores between women in the “men perform better than women”
conditions and “no mention of differences” conditions) will be greater on women high in
identification with than women low in identification with math (see Table 4 for descriptive
statistics). Consistent with the analysis conducted above, the analysis revealed a main effect of
identification with math, such that women with high identification with math (Madjusted =
12.35, SD = 5.65) performed better than women with low identification with math (Madjusted =
10.54, SD =5.01) (see Table 6). Follow-up comparison tests also revealed a significant Women-
Men Math Performance Differences by Identification with Math interaction. Consistent with
findings from hypothesis three, women high in identification with math in the “men perform
better than women” condition scored significantly lower than women high in identification with
math in the “no mention of differences” condition. By contrast, women low in identification with
math in the “men perform better than women” condition scored equally compared to women low
in identification with math in the “no mention of differences” condition, t(722) = -2.02, 95% CI
[-3.35,-0.69], d = -0.38.

Despite a non-significant 2-way interaction between the Women-Men Math Performance
Differences Variable and Major, follow-up tests were conducted to test hypothesis four: the
impact of the Women-Men Math Performance Differences Variable will be greater on women in
math-intensive major than women not in math-intensive majors (see Table 6). Follow-up
comparison tests did not reveal a significant Women-Men Math Performance Differences
Variable by Major interaction. Inconsistent with findings from hypothesis four, but consistent
with findings from the analysis conducted above, women in math-intensive majors in the “men

perform better than women” condition did not score significantly better than women in math-

50



intensive major in the “no mention of differences” condition. Women not in math-intensive
majors in the “men perform better than women” condition also scored equally compared to
women not in math-intensive majors in the “no mention of differences” condition, t(722) = 0.98,
95% CI [-0.50, 2.46], d = 0.19.

Finally, despite a non-significant 3-way interaction between Women-Men Math
Performance Differences Variable, Major, and Identification with Math, follow-up tests were
conducted to test hypothesis five: whether the impact of the Women-Men Math Performance
Differences Variable between women with high identification with math and women with low
identification with math will be greater for women in math-intensive majors compared to women
not in math-intensive majors (see Table 6). In support of the hypothesis and consistent with the
findings from analysis conducted above, follow-up comparison tests revealed a significant
Women-Men Math Performance Differences Variable by Identification with Math by Major
interaction. Specifically, women high in identification with math in math-intensive majors in the
“men perform better than women” condition scored significantly lower than women in math-
intensive majors in the “no mention of differences” condition, t(722) = -3.25, 95% CI [-5.47, -
1.03], d =-0.61. By contrast, women not in math-intensive majors high in identification with
math in the “men perform better than women” condition scored equally compared to women not
in math-intensive majors low in identification with math in the “no mention of differences”
condition, t(722) = -0.78, 95% CI [-3.00, 1.44], d = -0.15.

Therefore, consistent with the preceding analyses, women who were assigned to the “men
perform better than women” condition did not perform worse than those in the “no mention of
differences” condition, inconsistent with hypothesis one. However, in support of hypotheses

three, women high in identification with math in the “men perform better than women” condition
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scored significantly lower than those in the “no mention of differences” condition, whereas
women low in identification with math’s math scores were not impacted by the test instruction.
Consistent with the preceding analysis and findings from hypotheses four, women in math-
intensive majors’ math performances were not impacted by the test instruction. Finally, in
support of the preceding analysis and findings from hypothesis five, the math performance of
women in math-intensive majors who are high in identification with math were negatively
impacted by instruction that alleges math underperformance male test takers, while the math
performances of math-identified women not in math-intensive majors were not impacted by the
instruction.
Exploratory Analyses on the Effect of “Women Perform Better than Men”” on Women'’s
Math Performance

A single variable that coded individuals by their assigned conditions was created (for
twelve groups, see Table 7). Then, a one-way ANOVA with post hoc comparisons using Tukey
HSD was conducted to determine the effects of the “women perform better than men” conditions
on number of math problems answered correctly. Two cluster of groups emerged where the
collective mean scores of one group were significantly different from the mean scores of another
group. As recorded in Table 7, the distinguishing feature of cluster-1 was that it included every
group except for the highest scoring group: women in math-intensive major with high
identification with math who were in the “no mention of differences” conditions. This suggests
that information that alleges math underperformance by male test takers can positively impact
the math scores of women low in identification with math.

Cluster-2 consisted of the mean scores of eight groups of women, three of which were not

in math-intensive majors. The distinguishing feature of Cluster-2 was that it contained women
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who were either in the “women perform better than men” conditions, were highly-identified with
math, or both. In ascending order, the three women with the highest scores were women in math-
intensive major with high identification with math who were in the “women perform better than
men” conditions, women not in math-intensive major with high identification with math who
were in the “women perform better than men” conditions, and women in math-intensive major
with high identification with math who were in the “no mention of differences” conditions.
Therefore, suggesting math underperformance by male test takers appeared to enhance the math
performances of all women, including women low in identification with math. In addition, while
the highest scores were observed in conditions where they were not informed of the performance
difference (i.e., those in the “no mention of differences” conditions), the beneficial effects of
instruction suggesting male math underperformance were greatest on the math performance of

women in math-intensive and not in math-intensive majors with strong identification with math.
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CHAPTER 5: DISCUSSION

Despite comparable performance within the classroom, female students generally
underperform in high-stakes math examinations relative to male students (Ceci et al., 2009; The
College Board, 2011; Willingham & Cole, 1997). ST Theory and research suggest that anxiety
produced by the possibility of confirming commonly held negative beliefs about female students’
aptitude in mathematics undermines their performance in high-pressure situations (e.g., Johnson
et al., 2008; Steele, 1997). Past research has indicated that this phenomenon is exacerbated by
instructions which remind test takers of these beliefs (Johnson et al., 2012) or which emphasize
the validity of the test’s evaluation (Kiefer & Sekaquaptewa, 2007), and that the effects are
antagonized by high identification with mathematics (Keller, 2007; Steinberg et al., 2012). This
study aimed to replicate and expand upon these findings.

Based on ST theory, this study tested whether women would experience math
underperformance when placed in a ST situation that could potentially confirm the prevailing
negatives stereotypes about their math ability. Building on past findings (e.g., Bell et al., 2003),
this study’s first purpose was to evaluate the effects of ST introduced via two types of test
instructions upon women’s math performances, and to examine the interactive effect between
those instructions. First, the test instructions were manipulated so that some emphasized the
evaluative nature of the test (“test indicative of math ability”), while others did not (“test not
indicative of math ability”). Second, the test instructions were manipulated so that some
presented information regarding women’s math performance relative to men (women-men math
performance differences), either by suggesting underperformance by female test takers (“men

perform better than women”) or underperformance by male test takers (“women perform better
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than men”), while some did not mention differences in math performance at all (*no mention of
differences in math performance”). The levels of these two factors were fully crossed, to create
six experimental conditions.

Further expanding on previous studies suggesting the moderating influences of individual
difference factors (e.g., McFarland et al., 2003; Oswald & Harvey, 2000-2001; Schneeberger &
Williams, 2003), this study’s second purpose was to determine, whether women’s strength of
identification with math, measured directly by the Identification with Math measure (Smith &
White, 2001) and indirectly by participants’ chosen major, influences the extent to which women
are impacted by these ST-inducing test instructions.

Research Question One: Summary of Findings from the First and Second Hypotheses

This study’s first purpose was to evaluate the effects of ST introduced via two types of
test instructions upon women’s math performances, and to examine the interactive effect
between those instructions. The first and second hypotheses were designed to answer this
question.

First hypothesis. Based on ST theory and past studies, the “men perform better than
women” instruction was hypothesized to undermine women’s math performance relative to the
“no mention of differences” instruction (e.g., Steinberg et al., 2012). However, inconsistent with
past studies’ findings, women in the “men perform better than women” conditions did not score
lower than those in the “no mention of differences” conditions. This discrepancy may be due to
the content of the “no difference” instructions utilized by the present study and others (e.g.,
Johnson et al., 2012; Steinberg et al., 2012). For instance, Johnson et al. (2012) explicitly
informed women in their study’s control condition that no difference was expected (“neither

women nor men are expected to be better or worse”). However, in this study, as in Steinberg and
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colleagues’ study (2012), the lack of difference was not explicitly communicated to women in
the “no mention of differences” condition. Participants in the control condition did not receive
any information about differences in math performance between women and men, a situation
which is more reflective of an instruction presented in an ordinary math testing situation.
Although this may have prevented us from supporting our first hypothesis, this approach lends
higher external validity to our control conditions. Furthermore, the fact that our hypothesis was
not supported may highlight the extent to which the stereotypes of women’s math
underperformance are embedded in ordinary testing situations. It may be that these young
women were so aware of the stereotype when they began the test, or worse, so accepting of the
stereotype, that explicitly stating the stereotype-consistent information makes little to no
difference in their test-taking experience.

Second hypothesis. Building on ST theory and past research, this study aimed to
determine the effects of both types of test instructions, examining a scenario where there can be
an interaction between these test instructions, more closely simulating the struggles potentially
faced by women in standard math testing situations. No past study had included a “Validity of
Math Test” Variable in which a math test was explicitly described as “not indicative of math
ability.” As such, it had yet to be determined whether a test instruction emphasizing the validity
of the math test would impact test performance when the test instructions suggested or did not
suggest a comparison of math performances between women and men. Based on past findings
(e.g., Bell et al., 2003), it was hypothesized that the difference in performance between women
who were assigned to the “men perform better than women” conditions and “no mention of
differences” conditions would be greater when the validity of the math test was emphasized.

However, this second hypothesis was not supported. This suggests that a test instruction
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emphasizing the validity of the math test does not necessarily induce additional threat to
women’s math performances. This is further explored in the “Limitations” and “Findings from
Additional Analyses” sections.

Research Question Two: Summary of Findings from the Third, Fourth, and Fifth
Hypotheses

The study’s second purpose was to increase our understanding of the individual
difference factors that account for the relationship between the situational contributors of ST and
math underperformance. Specifically, do two individual difference factors (identification with
math and academic major) moderate the impact of the aforementioned situational factors (test
instructions) on women’s math performances? Unlike past studies (Aronson et al., 1999; Keller,
2007; Steinberg et al., 2012), this study’s participants were not preselected on the basis of the
importance they placed on math (i.e., identification with math) or their past math performances.
Therefore, this study was able to determine the moderating effects of identification with math by
comparing the effects of the test instructions among women with high and low identification
with math.

Third and fourth hypotheses. Our third and fourth hypotheses attempted to explore the
interactive effects between the two test instructions and the individual difference factors,
identification with math and academic major. Based on past findings condition (e.g., Keller,
2007; Seibt & Forster, 2004) and ST theory (Steele & Aronson, 1995), it was hypothesized that a
test instruction emphasizing the validity of the math test would have a greater impact on the math
performance of women high in identification with math than women low in identification with
math in the “men perform better than women” conditions. Past findings have demonstrated that

women who identify strongly with math should become more motivated to disprove the
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stereotype of math inability in women when reminded of it (e.g., Schmader & Beilock, 2012).
Unfortunately, this personal reminder of the stereotype can generate pressure that impairs rather
than enhances their math performances (Schmader & Beilock, 2012). On the other hand, based
on ST theory and past studies’ findings (e.g., Aronson et al., 1999; Keller, 2002; Steinberg et al.,
2012; Steele & Aronson, 1995), the performance of women with low identification with math
should not be additionally impacted by information regarding women’s math performance
relative to men. However, inconsistent with hypotheses three, women with high identification
with math were not more susceptible to the ST-inducing test instructions. Specifically, the
differences in math performance in conditions where women were told and not told that men had
performed better was not significantly different for women high or low in identification in math
in conditions when the validity of the math test was emphasized than when it was not
emphasized.

Based on ST theory and past findings, but unlike the third hypothesis, this study
hypothesized that women in math-intensive majors would be less susceptible to the impact of
these ST-inducing test instructions than women not in math-intensive majors. Specifically, it was
hypothesized that a test instruction emphasizing the validity of the math test would have a lower
impact on the math performance of women in math-intensive majors compared to women not in
math-intensive majors in the “men perform better than women” conditions (Crisp et al., 2009;
Croizet et al., 2004). However, inconsistent with hypotheses four, women in math-intensive
majors’ were not less susceptible to the influence of the ST-inducing test instructions than
women not in math-intensive majors. Specifically, the differences in math performance in
conditions where women were told and not told that men had performed better was not

significantly different for women in math-intensive and not in math-intensive majors when the
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validity of the math test was emphasized than when it was not emphasized. Again, the math ST
manipulations did not seem to have an effect on the math performances of women with strong
identification with math or women in math-intensive majors. The lack of support for hypotheses
three and four may be due to several reasons (e.g. the “Validity of Math Test” Variable’s lack of
impact), which is revisited later in the “Findings from additional analyses” section.

Fifth hypothesis. This study’s fifth hypothesis tested the interactive effect of the
identification with math, major, and the Women-Men Math Performance Differences Variable.
Specifically, it was hypothesized that women in math-intensive majors with high identification
with math to be more susceptible to test instruction that suggests favorable math performance by
men than women in math-intensive majors with low identification with math, whereas the math
performances of women not in math-intensive majors should not be affected by the test
instruction manipulation. In support of hypothesis five and past findings (Crisp et al., 2009;
Croizet et al., 2004; Steinberg et al., 2012; Steele et al., 2002), the differences in math
performance in conditions where women were told and not told that men had performed better
was significantly different for women in math-intensive with high identification with math,
whereas the manipulation did not affect the performance of women not in math-intensive majors.
Therefore, consistent with ST theory and past research (Crisp et al., 2009; Croizet et al., 2004;
Steinberg et al., 2012; Steele et al., 2002), strong identification with math did significantly
increase women’s susceptibility to the “men perform better than women” conditions, but only for

women who were actually in math-intensive majors.
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Findings from Additional Analyses

The lack of support for hypotheses two, three, and four may be explained by the degree to
which the participants accurately recalled the content of the instruction that emphasized the
validity of the test. As illustrated in Table 1 and 2, almost all participants in the study seemed to
recall the instructions saying that the test was a “good indicator of one’s math aptitude and
ability” regardless of what condition they were assigned to. This may have to do with the
perception that all tests are evaluative, and therefore indicative of ability.

To account for the possibility that the apparent validity of the test had not been
successfully manipulated, additional analyses that were independent of the validity manipulation
were conducted. In support of the finding for hypothesis one, women in the “men perform better
than women” condition did not perform worse. Consistent with the finding above and findings
for hypotheses four, women in math-intensive majors in the “men had perform better than
women” condition did not score lower than women in math-intensive majors in the “no mention
of differences” condition. Additionally, women not in math-intensive majors in the “men had
perform better than women” condition scored equally to women not in math-intensive majors in
the “no mention of differences” condition. Therefore, women in math-intensive majors were not
less susceptible to test instructions that suggest favorable math performances by men than
women not in math-intensive majors. However, in partial support of hypotheses three and past
findings (e.g., Aronson et al., 1999; Keller, 2002; Steinberg et al., 2012), women with high
identification with math in the “men had perform better than women” condition were more likely
to perform worse than women with low identification with math in the “no mention of
differences” condition. This finding is inconsistent with a meta-analysis that suggests

susceptibility to math ST among women who are moderately math-identified relative to women
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who are highly math-identified (Nguyen & Ryan, 2008). One explanation is that many studies in
the meta-analysis were engaged in selection bias that target women with supposedly strong
identification with math, which resulted in ceiling effects and regression to the mean. Indeed,
current study’s finding is consistent with a more recent study’s finding (Steinberg et al., 2012)
that found greater susceptibility to math ST among women with high identification with math.
Additionally, consistent with findings for hypothesis five, these findings suggest that women’s
self-reported academic major may not be as influential as identification with math when looking
at an individual difference factor that may influence women’s susceptibility to math ST. For
example, approximately 30% of women not in math-intensive majors were undeclared. These
individuals could become math-intensive majors later in their academic career, which may
influence the validity of the categorization of majors (see “Limitations”). The lack of support for
hypothesis four may also be due to the academic major classification criteria used by this study,
which is further elaborated in the “Future Research” section.
Findings from Exploratory Analyses

In support of findings from past research examining the effects of the “women perform
better than men” conditions on women’s math performances (Cadinu et al., 2003; Johnson et al.,
2012), findings from this study’s exploratory analyses illustrated its beneficial effect on the
performance of all women, including women with low identification with math. In particular, its
beneficial effect was greater on the math performances of math-identified women, and this was
the case for both women in math-intensive and women not in math-intensive majors.
Nevertheless, the highest test scores were obtained by math-identified women in math-intensive
majors who were not exposed to any ST manipulations supporting findings from the math ST

literature (e.g., Steinberg et al., 2012).
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Conclusions

In this study, math ST conditions introduced via test instructions did not contribute to
women’s math underperformance. This was inconsistent with ST theory and past findings (e.g.,
Johnson et al., 2012; Steele et al., 2002). Consistent with much of past math ST studies, this
suggests that the instruction suggesting underperformance by women introduces “threat” into the
testing situation without the need for instruction that emphasizes the validity of the math test
(e.g., Johnson et al., 2012). This study’s methodological limitations may explain this finding,
which is revisited later in the “Limitations” section. Inconsistent with past findings (Crisp et al.,
2009; Croizet et al., 2004), the present study findings also demonstrates that women in math-
intensive majors are not immune to the negative effects of math ST. However, in support of ST
theory and past findings (Keller, 2007; Steele et al., 2002; Steinberg et al., 2012), this study
found that math ST introduced via test instructions impacts the math performance of women who
are most invested in their math performance, those we would expect to be most capable in math:
math-intensive majors with high identification with math.
Limitations

A limitation of this study pertains to the content of test instructions that emphasizing the
validity of the test’s evaluation. As evidenced by a lack of support for hypothesis two, the
instruction emphasizing the validity of the test’s evaluation is a different and subtler method of
math ST inducement than the instruction that presented information regarding women’s math
performance relative to men. As such, it might have affected aspects of performances that were
not assessed by the current study’s math test (Stone & McWhinnie, 2008). The instruction
emphasizing the validity of the test’s evaluation might have affected performance when different

math tests that require other types of problem solving strategies were used. In addition, based on
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an analysis of a post-item question, participants showed poor recall of the instruction
emphasizing the validity of the test’s evaluation. Therefore, it is a possibility that the instruction
might not have successfully conveyed the message that the math test they were completing might
not be evaluative of their math abilities. Nevertheless, Brown and Day’s (2006) review of the
literature indicated that few studies included a post-test questionnaire that assessed the
effectiveness of manipulating test instructions (Brown & Day, 2006; see Jamieson & Harkins,
2009; 2012 for exceptions); therefore, it is unclear whether or not this has been an issue in past
research. Additionally, although participants did not recall the content of the test instruction after
completing the test, those instructions may still have influenced their math performances.
Research on priming has established that people do not need to be consciously aware of stimuli
to be influenced by it (Bargh, 1996). The content of the test instruction was presented
supraliminally, but the processes it influenced may have been non-conscious.

This study’s measurement of women’s math performance may have limited our ability to
detect significant differences in the impact of ST. As evidenced by the low scores received
across the conditions, the high difficulty of the test may have produced a floor effect in our
measurement of the dependent variable as the low scores restrict variance in the data (across six
conditions, scores ranged from 10.24 to 12.36 out of a possible score of 30 points with standard
deviations that ranged from 4.94 to 5.79). In particular, this may have contributed to the lack of
statistically significant difference between the “men perform better than women” conditions and
the “no mention of differences “conditions.

Our categorization of academic major may have had poor discriminant validity, as a
measure. Based on past research, academic major should represent the academic environment

that the person is immersed in (Logel et al., 2009). However, our definition of not math-intensive
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major includes participants who have not declared a major and many of these participants may
have a math-intensive curriculum and academic environment. Therefore, participants who are
classified as being in math-intensive majors are immersed in an academic environment that is
focused on mathematics, but, individuals who are classified as being not in a math-intensive
major may also exist in that environment. The categorization of major may not adequately
discriminate between the academic experiences of the participants, thus reducing the variance
between the two groups.

Situational factors in a math-testing environment, independent of the test instruction
manipulation might have introduced error variance that obscures the effects of our manipulation.
First, we did not control the sex distribution of the room’s occupants when administering the test.
Second, the characteristics of the experimenter administering the tests were not controlled or
otherwise considered. Although the data collection sessions were all led by female
experimenters, possible experimenter effects might still have influenced participants’ math
performance, independent of the test instructions manipulation. Specifically, participants might
have responded differently to the test instructions and the math test itself when data collection
was led by females of different ethnicities (Armenta, 2010). The experimenters’ ethnicities might
have also systematically interacted with group size and sex composition to influence women’s
math performance, independent of the manipulation. As suggested by research regarding the
positive effect of in-group role models on women’s math performance in math ST situations
(e.g., Marx & Roman, 2002; Mclintyre et al., 2003), female research experimenters may have
represented knowledgeable role models in the math-related fields whose presence refuted the
stereotypes in the participants’ minds and influence women’s math performance independent of

the manipulation. Finally, generalization of this study’s findings beyond this study may be
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limited by the use of one type of performance outcome: participants’ performance scores on the
quantitative section of the Graduate Record Examination, which included a substantial number
of problems that require a relatively high-level reading comprehension ability. While this test is
commonly used in the math ST research (e.g., Brown & Joseph, 1999; Jamieson & Harkins,
2009; 2012; Johns et al., 2005; Schmader, 2002; Tagler, 2012), the generalizability of this
study’s findings is limited to the type of math abilities that are assessed by this particular test.
Therefore, this study’s findings might not represent women’s performance in other types of tasks
or tests with a different format. For instance, some studies utilized a computerized calculus test
where participants were not allowed to work on a math problem once they proceeded to the next
problem (Harder, 2000; Steinberg, 2008). In addition, a different pattern of findings may emerge
when instead of number of correct, math accuracy scores are chosen as a performance outcome
(i.e., number of correct math responses divided by the number of math problems completed;
Inzlict & Ben-Zeev, 2000; Johns et al., 2005; Lawrence, Marks, & Jackson, 2010; Schmader &
Johns, 2003; Shih et al., 1999). Finally, the ST effects found in this study may not generalize in
an actual high-stakes math setting. This study was designed to demonstrate that math ST effects
could emerge in a controlled testing environment were women were made aware of the
stereotype and its relevance to the math test was explicitly conveyed via test instructions.
Therefore, as suggested by Sackett and Ryan (2012), the external generalizability of this study’s
findings may be dependent on which of this study’s experimental manipulation components can

be applied in an actual math-testing context.

65



Future Research

Future research should attempt to determine whether test instruction that describes a math
test as indicative of math ability is necessary to induce math ST into a math-testing situation. For
instance, future research can include an instruction that more succinctly emphasizes the
evaluative nature of the test (e.g., “This test is especially effective at assessing people’s
engineering limitations in problem areas”; Bell et al., 2003, p. 309). In addition, research can
include a control condition in which a math test is characterized as non- evaluative of math
ability (e.g., by stating that “We are not interested in your overall score on the test, and, in fact,
the problems are in such an early stage of development that we could not say what a particular
score would signify”; Bell et al., 2003, p. 309).

Additional research is also needed to determine whether a similar pattern of findings may
be found when a different or a more specific classification of academic major is used. While this
classification of majors have been used by prior studies (e.g., Adelman, 1999; Ethington &
Wolfle, 1988; Frehill, 1997; Goldman & Hewitt, 1976; Ma, 2011; National Science Foundation,
1994; Paglin & Rufolo, 1990), the generalizability of this study’s findings may be dependent on
this study’s particular classification of majors. In addition, the variability within the major
clusters used by this study may have obscured the effects of the math ST manipulation and
explain a lack of differences in performance among women in math-intensive majors and women
not in math-intensive majors. Future research should examine the effects of the math ST
manipulation among different and/or more specific clusters of academic major (e.g., all majors
within the school of engineering vs. all majors within the school of education or all majors

within the school of business vs. all majors within the school of medicine).
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Future research should also examine how test instructions that emphasizes the validity of
the math test and presents information regarding women’s math performance relative to men
affect the math performance of men, a non-stereotyped group in math. A meta-analysis has
suggested the overall positive effects of instruction that alleges superiority of performance
(Walton & Cohen, 2003). However, most ST research has focused on its impact on the
performance of stereotyped group members, which means that relatively fewer research has been
devoted to examine how instruction that allege in-group members’ superiority in math affect
positively stereotyped group of individuals (i.e., men). In addition, more research is needed to
investigate the moderating role of individual difference factors, such as the role of identification
with math on men’s math performance in ST-testing situation. This is because like research on
the effect of math ST on women’s math performance, only a handful of studies have chosen to
test the moderating role of identification with math by including men with high and low
identification with math (e.g., Smith & Johnson, 2006). Smith and Johnson (2006) found that
men low in identification with math “chocked” under pressure when it was suggested that men
had outperformed women on a math test, relative to men high in identification with math (Smith
& Johnson, 2006). This finding suggests that men who do not personally identify or consider
math personally important experienced additional pressure to perform due to the positive
performance expectation. However, no research has investigated how instruction that alleges
female’s superiority in math affects men’s math performances. Another potential avenue for
research may also include determining other individual difference factors that may moderate the
degree to which specific type of ST-inducing test instructions impact performance, such as

strength of identification as a woman or as a man.
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Implications

These findings suggest the need to educate women who are most motivated to succeed in
math-intensive fields about the potential negative effects of math ST. One consequence of
underperformance on an important domain is the confirmation of the stereotype. However, a
more tangible consequence is an increased likelihood of these women experiencing what Steele,
Reisz, Williams, and Kawakami (2002) call “domain disengagement.” These women may
psychologically distance themselves from the math-related domain and diminish the importance
they place on the domain within their self-concept as a way to protect themselves from future
threats. This strategy may result in disidentification (Davies et al., 2002; Major & Schmader,
1998; Major, Spencer, Schmader, Wolfe, & Crocker, 1998), manifested as an increased
likelihood of leaving math-intensive fields of study. As women are already under-represented in
these fields, field which tends to be more economically prosperous, disengagement and
disidentification resulting from ST may sustain and exacerbate a significant source of systemic
gender inequality in America. Conversely, findings from the exploratory analysis suggest that
women, independent of their strength of identification with math and major, may benefit from
test instruction suggesting outgroup members’ (i.e., men’s) potential disadvantage in a math test.
Findings regarding the beneficial aspect of the “women perform better than men” conditions may
be used to develop intervention programs that can attenuate or reverse the pernicious effects of
math ST.

Furthermore, the findings from the exploratory analysis suggest that the least threatening
environment for women who have both the motivation and skill to excel as math-intensive
majors is one in which no attention is drawn to how women perform relative to men in a math

testing situation. However, given the predominance of the stereotype about women’s math
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ability, it is unlikely that such an environment exist. In addition, past findings suggest that
presenting information that indicates a lack of differences in performance may distract high
performing women from focusing on the task at hand (Stone & McWhinnie, 2008). While
informing women that they perform as well as men can help to nullify the stereotype (Steinberg
et al., 2012), it can also convey a mixed message that remind women of the stereotype and can
inadvertently activate the ST effects. On the other hand, informing women that they outperform
men provides targets of negative stereotypes with a more expansive view of themselves and their
group, as well as a positive reappraisal of their math abilities in an otherwise threatening
environment. Based on findings from large research literature that supported the general
effectiveness of reappraisal for coping with stress (e.g., Ochsner & Gross, 2008), the integrated
process of ST model was proposed by Schmader et al. (2008) to explain how reappraisal may
reduce ST’s negative effect on performance. The model suggests that positive task reappraisal
may undercut’s the effect of ST by freeing cognitive resources that are otherwise expended to
suppress negative emotions (e.g., uncertainty, self-doubts) under ST. Nevertheless, additional
research is needed to determine the effect of task reappraisal and the specific circumstances
under which the performance of women with the highest motivation and skill is hindered and

facilitated in a math-testing situation.

69



TABLES AND FIGURES

Table 1
Relevant Math ST Studies that have Utilized Women-Men Math Performance Differences

Variable

Women-Men Math Performance Differences Instruction  List of Studies

Mention of Difference Mclntyre et al. (2003)
Vick et al. (2008)
Smith and White (2002)
Rivardo et al. (2011)

Mention of No Differences Cadinu et al. (2003)
Steinberg et al. (2012)
Men Perform Better than Women Cadinu et al. (2003)

Johnson et al. (2012)

Keller (2002)

Kiefer and Sekaquaptewa (2007)
Rydel et al. (2009)

Schmader (2002)

Smith and White (2002)
Spencer et al. (1999)

Steinberg et al. (2012)

Thoman et al. (2008)

No mention of Differences Johnson et al. (2012)
Keller (2002)
Keller and Dauenheimer (2003)
Rydell et al. (2009, study 1)
Schmader (2002)
Smith and White (2002)
Spencer et al. (1999, study 2 and 3)
Steinberg et al. (2012)

Mention with Nullification Keller (2007)
Keller and Dauenheimer (2003)
Jamieson and Harkins (2012)
Keller and Molix (2008)
O’Brien and Crandall (2003)
Smith and White (2002)
Spencer et al. (1999, study 3)
Vick et al. (2008)
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Table 2
Participants’ Recall of Test Instructions by Validity of Math Test Variable

Recalled Validity of Math Test Condition

Test Indicative of Math  Test Not Indicative of Math

Ability Ability
Test
Assigned Indicative of
Validity of Math Ability 99.4%(342) 0.8%(3)

Math TeSt Test Not
Condition  |ndicative of
Math Ability 99.206(378) 0.6%(2)

Notes: % refer to percent of correct or incorrect recall by condition, Numbers in

parentheses refer to number of participants with correct or incorrect recall by
condition
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Table 3

Participants’ Recall of Test Instructions by Women-Men Math Performance Differences
Variable
Recalled Women-Men
Math Performance Differences Conditions

Women
Men Perform Perform
Better than Better than No Mention
Women Men of Differences
Assigned Men Perform Better
Women-Men than Women 59.7%(145) 20.1%(148) 20.2%(50)
Math
Performance Women Perform
Differences Better than Men 29.5%(70) 549%(129) 16.5%(40)
Conditions

No Mention of
Differences 28.4%(72) 32.2%(80) 39.4%(99)

Notes: % refer to percent of correct or incorrect recall by condition, Numbers in
parentheses refer to number of participants with correct or incorrect recall by condition
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Table 4
Analysis of Variance Results for Main Effects and Interaction Effects of Validity of Math Test Condition, Women-Men Math

Performance Differences Variable, Major, and Identification with Math

Variable df MS F p G
Main effect of Validity of Math Test (V) 1 35.358 1.276 259 0.002
Main effect of Women-Men Math Performance Differences (D) 2 66.451 2.399 .092 0.007
Main effect of Major (M) 1 52.413 1.892 169 0.003
Main effect of Identification with Math (MI) 1 413.404 14.922 .000 0.021
VxD 2 7.364 0.266 167 0.001
VXxM 1 7.299 0.263 .608 0.000
V x Ml 1 9.485 0.342 559 0.000
DxM 2 26.604 0.960 383 0.003
D x Ml 2 39.022 1.409 245 0.004
M x Ml 1 9.404 0.339 560 0.000
VXxDxM 2 14.525 0.524 592 0.001
V xDx Ml 2 8.236 0.297 743 0.001
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VXxMxMI 1 9.001
DxMx MI 2 50.409
VxDxMxMI 2 5.733
Within-cells error 710 27.704

0.325

1.820

0.207

.569

.163

813

0.000

0.005

0.001
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Table 5

Descriptive Statistics for Number Correct as a Function of Conditions

Validity of Math Test Women-Men Math Identification
Variable Performance Differences Variable Major with Math M SD N
Test Indicative of Men Perform Better than Women Math-Intensive High 11.77 539 22
Math Ability
Low 11.00 4.67 13
Total 1149 508 35
Not Math-Intensive High 1210 488 30
Low 1040 492 48
Total 11.05 495 78
Total High 11.96 5.05 52
Low 1052 484 61
Total 11.19 497 113
Women Perform Better than Men ~ Math-Intensive High 1156 4.59 16
Low 1192 730 13
Total 11.72 584 29
Not Math-Intensive High 1166 555 44
Low 1344 594 46
Total 1257 579 90
Total High 1295 564 62
Low 11.72 592 57
Total 1236 579 119
No Mention of Differences Math-Intensive High 1469 544 29
Low 10.50 5.66 8
Total 13.78 568 37
Not Math-Intensive High 11.27 362 30
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Validity of Math Test

Women-Men Math

Identification

Variable Performance Differences Variable Major with Math M SD N
Low 10.18 453 50
Total 1059 422 80
Total High 1295 488 59
Low 10.22 465 58
Total 11.60 494 117
Total Math-Intensive High 13.05 536 136
Low 10.78 547 65
Total 12.32 549 201
Not Math-Intensive High 11.85 5.74 232
Low 10.32 482 301
Total 1099 5.29 533
Total High 1229 5.62 368
Low 10.40 494 366
Total 11.35 537 734
Test Not Indicative Men Perform Better than Women Math-Intensive High 1147 472 17
of Math Ability
Low 9.80 3.77 10
Total 10.85 4.39 27
Not Math-Intensive High 10.18 570 51
Low 10.00 4.76 56
Total 10.08 5.20 107
Total High 1050 547 68
Low 9.97 459 66
Total 10.24 5.04 134
Women Perform Better than Men Math-Intensive High 13.31 5.07 26
Low 1160 7.01 10
Total 1283 562 36
Not Math-Intensive High 1286 6.20 36
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Validity of Math Test

Women-Men Math

Identification

Variable Performance Differences Variable Major with Math M SD N
Low 1029 459 52
Total 11.34 543 88
Total High 13.05 572 62
Low 1050 5.01 62
Total 11.77 550 124
No Mention of Differences Math-Intensive High 1400 6.02 26
Low 9.55 4.11 11
Total 1268 584 37
Not Math-Intensive High 1149 6.63 39
Low 9.63 4.61 ol
Total 1043 562 90
Total High 1249 646 65
Low 9.61 450 62
Total 11.09 575 127
Total Math-Intensive High 13.12 539 69
Low 10.29 505 31
Total 12.24 5.42 100
Not Math-Intensive High 11.35 6.19 126
Low 9.97 4.64 159
Total 10.58 541 285
Total High 1197 597 195
Low 10.03 4.69 190
Total 11.01 546 385
Total Men Perform Better than Women Math-Intensive High 11.64 5.04 39
Low 1048 425 23
Total 1121 476 62
Not Math-Intensive High 1089 546 81
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Validity of Math Test Women-Men Math

Identification

Variable Performance Differences Variable Major with Math M SD N
Low 10.18 4.82 104
Total 1049 511 185
Total High 11.13 532 120
Low 10.24 470 127
Total 10.67 5.02 247
Women Perform Better than Men Math-Intensive High 1264 491 42
Low 1178 7.01 23
Total 1234 570 65
Not Math-Intensive High 13.18 6.02 82
Low 1092 5.07 96
Total 1196 5.63 178
Total High 13.00 5.66 124
Low 11.08 5.48 119
Total 12.06 5.64 243
No Mention of Differences Math-Intensive High 1436 5.68 55
Low 9.95 470 19
Total 1323 575 74
Not Math-Intensive High 1139 549 69
Low 9.90 456 101
Total 1051 5.00 170
Total High 1271 575 124
Low 9.91 456 120
Total 11.33 537 244
Total Math-Intensive High 13.05 536 136
Low 10.78 547 65
Total 12.32 549 201
Not Math-Intensive High 11.85 5.74 232
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Validity of Math Test Women-Men Math

Identification

Variable Performance Differences Variable Major with Math M SD N
Low 10.32 485 301
Total 1099 529 533
Total High 1229 562 368
Low 1040 494 366
Total 1135 537 734

Notes: M = Mean, SD = Standard Deviation, N = Sample Size
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Table 6
Analysis of Variance Results for Main Effects and Interaction Effects of Women-Men Math Performance Differences Variable, Major,

and ldentification with Math

Condition df MS F p 2

Main effect of Women-Men Math Performance

Differences (D) 2 78.873 2.868 .057 0.008
Main effect of Major (M) 1 69.852 2.540 111 0.004
Main effect of Identification with Math (M) 1 430.341 15.649 .000 0.021
SDxM 2 20.837 0.758 469 0.002
D x Ml 2 45.637 1.660 191 0.005
M x Ml 1 14.145 0.514 473 0.001
DxMxMI 2 20.837 0.758 469 0.002
DxMxMI 2 14.145 0.514 473 0.001
Within-cells error 722 27.499
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Table 7
Average Math Scores as a Function of Major, Women-Men Math Performance Differences

Variable, and Identification with Math

Subset

Not Math-Intensive
No Mention of Differences
Low ldentification with Math 101 9.90

Math-Intensive
No Mention of Differences
Low ldentification with Math 19 9.95

Not Math-Intensive
Men Perform Better than Women
Low ldentification with Math 104 10.18

Math-Intensive
Men Perform Better than Women
High Identification with Math 23 10.48

Not Math-Intensive
Men Perform Better than Women
High Identification with Math 81 10.89 10.89

Not Math-Intensive
Women Perform Better than Men
Low Identification with Math 96 10.92 10.92

Math-Intensive
No Mention of Differences
High Identification with Math 69 11.39 11.39

Math-Intensive
Men Perform Better than Women
High Identification with Math 39 11.64 11.64

Math-Intensive

Women Perform Better than Men
Low ldentification with Math 23 10.78 10.78
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Math-Intensive 42 12.64 12.64
Women Perform Better than Men
High Identification with Math

Not Math-Intensive
Women Perform Better than Men
High Identification with Math 82 13.18 13.18

Math-Intensive
No Mention of Differences
High ldentification with Math 55 14.36

Notes: M = Mean, N = Sample Size
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PURPOSE

PROCEDURES

RISKS

BENEFITS

APPENDIX A

Information about the Study
This study is designed to explore whether women are susceptible to
stereotype threat under specific conditions.
Participation in this research should take approximately one and a half
hours over the course of two data collections. If you should agree to
participate, we will ask you to provide some information about your
experience with math and math classes. We will also ask you to take a
math test and reflect on your thoughts and feelings while taking the test. In
this study, you will be asked to answer some questions about your
thoughts, feelings, attitudes, and behaviors. Additionally, we will ask you
to complete a brief demographic questionnaire, which will gather
information such as age, sex, and ethnicity. This information will not be
used, in any way, to determine your identity. Instead, it will be used to
describe the composition of our sample when reporting the data. Should
you agree to participate, you will earn 1.5 research credits.
Risks are minimal. Participation is voluntary and can be terminated at for
any reason at any time, without consequence. It is not possible to identify
all potential risks in research procedures, but the researcher has taken
responsible safeguards to minimize any potential, but unknown risks.
There are no known benefits to participating in this research. You may
learn more about how psychological research is conducted and learn more
about how stereotype threat may affect you. However, the primary gains
are in terms of enhanced knowledge about the scientific understanding of
stereotype threat theory.

CONFIDENTIALITYAII information is confidential, and your survey will be identified by a

LIABILITY

PARTICIPATION

GETTING
STARTED

code number. All information will be kept in locked file cabinets, and will
be accessed by project staff for research purposes only. You will be asked
to complete a brief demographic questionnaire for overall sample
description.

The Colorado Government Act determines and may limit Colorado State
University’s legal responsibility if an injury happens because of this
study. Claims against the University must be filed within 180 days of the
injury. Questions about participants” rights may be directed to Janell
Barker at (970) 491-1655. This consent form was approved by the CSU
Institutional Review Board for the protection of human subjects in
research on June 24, 2009.

Your participation in this research is voluntary. If you decide to
participate in the study, you may withdraw your consent and stop
participating at any time without penalty or loss of benefits to which you
are otherwise entitled.

Click the button below that says START SURVEY. By beginning the
survey, you are giving you consent to participate.
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Researcher Contact Information
Silvia Sara Canetto, PhD, (970-491-5415), Department of Psychology, C-012 Clark Bldg.

CO-INVESTIGATOR AND PHONE NUMBER FOR QUESTIONS/PROBLEMS:
Deviyanti (Devi), M.A. (970-491-4150), Department of Psychology, C-015 Clark Bldg.

By proceeding to the next page, you agree to voluntarily participate in the study.

Please do not begin this survey unless you have set aside 1/2 hour (30 minutes) to complete it.
You will not be able to stop and come back to the survey at a later time. There are 4 pages of
survey to complete.

Enter your unique ID. Your unique ID should be the last two digits of the year you were born,
then the last two digits of your cell phone number, then the last two digits of your Social Security
Number.

For Example:

If you were born in 1985, your cell phone number is 555-1234, and your Social Security Number
is 111-22-3333, then your unique ID is: 853433

Your unique ID is required in order to take attendance and to link surveys completed now with

surveys you complete later. Your answers to the survey will not be associated with you
personally.

| |
Enter your unique ID:

Start Survey
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APPENDIX B

DEMOGRAPHIC FORM

Everything will be kept confidential. Your study ID number (not student ID number) will link
your responses.

1. Sex:

2. Age:

3. What is your race or ethnicity? Please circle all that apply.
European-American

African-American

Latina(o)/Hispanic

Native American or Pacific Islander
Asian-American
Other (please specify):

~® 00T

4. Are you an International Student? (Circle) Yes No

5. If you are an international student, please write where you are from?
a. lam not an international student
b. Iam from

6. In what year and semester of college are you?
First year, first semester

First year, second semester

Second year, first semester

Second year, second semester

Third year, first semester

Third year, second semester

Fourth year, first semester

Fourth year, second semester

Other (please specify):

—~SQ@ oo o0 oW

7. What is your major?
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10.

11.

12.

13.

14.

12.

13.

How confident are you in your major? (circle)
Very Somewhat Not very Not confident

confident confident confident at all

What would be your 2" choice for a major?

Current overall GPA (write N/A if this is your first semester in college):

Current major GPA (write N/A if this is your first semester or you have no major):

SAT Math score: 9b. SAT Verbal score:
ACT Math score: 10b. ACT Total score:
How many years of math did you take in high school?

a. 0

b. 1

c. 2

d. 3

e. 4

f. Other (please specify):

When did you complete your last math class (how many months or years ago)?

Please list any math classes you have taken in high school or college (e.g., Calculus, Pre-
calculus, Algebra, etc.). Please indicate the class name, when you took it, and the grade you
received. If you are currently in a math class, please write “currently” on the second line.

Class name When took it (high school or college) Grade
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APPENDIX C

IDENTIFICATION WITH MATH MEASURE
Instructions: Using the following scale, please indicate the number that best describes how

much you agree with each of the statements below.

1 2 3 4 5)
Strongly Moderately Neither Moderately Strongly
disagree disagree disagree or agree agree agree
1. Mathematics is one of my best subjects
2. lhave always done well in Math
3. lgetgood grades in Math
4. ldobadly in tests of Mathematics

Instructions: Please indicate the number that best describes you for each of the statements

below using the following scale:

1 2 3 4 5}

Not at all Somewhat Very much
5. How much do you enjoy math-related subjects?

6.  How likely would you be to take a job in a math related field?
7. How much is Math to the sense of who you are?

8. How important is it to you to be good at Math?

9. Compared to other students, how good are you at math?
1. Very Poor

2. Poor
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3. About the same
4. Better than average
5. Excellent

Items taken from Smith & White (2001) Domain Identification Measure
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APPENDIX D

MANIPULATION

1. Test indicative of math ability and No mention of performance differences
condition

Thank you for participating in this research. We are working in conjunction with the engineering,
math, physical science, and behavioral science departments on campus to understand how people
persist in engineering, math, physical science, and behavioral science fields. We want to
establish profiles of students who show potential for success in these majors. Everything you do
today will be at your own pace. It is important that you focus on your test only.

You are going to work on some math problems and then answer some questions about the
problems and about yourself. There are thirty questions or incomplete statements, each followed
by five answers. In each case, select the one answer that is the best of the choices offered and
then mark it. You will have 30 minutes to complete the math test.

This test has been shown to be an excellent indicator of one’s math aptitude and ability in a large
number of settings across a wide spectrum of students, including engineering, math, physical
science, and behavioral science majors. This test is especially effective at assessing the
limitations in math problem areas of individual engineering, math, physical sciences, and
behavioral science students. We ask that you give a strong effort in order to help us in our
analysis of your math ability.
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APPENDIX E

MANIPULATION

2. Test indicative of math ability and Women perform better than women condition

Thank you for participating in this research. We are working in conjunction with the engineering,
math, physical science, and behavioral science departments on campus to understand how people
persist in engineering, math, physical science, and behavioral science fields. We want to
establish profiles of students who show potential for success in these majors. Everything you do
today will be at your own pace. It is important that you focus on your test only.

You are going to work on some math problems and then answer some questions about the
problems and about yourself. There are thirty questions or incomplete statements, each followed
by five answers. In each case, select the one answer that is the best of the choices offered and
then mark it. You will have 30 minutes to complete the math test.

This test has been shown to be an excellent indicator of one’s math aptitude and ability in a large
number of settings across a wide spectrum of students, including engineering, math, physical
science, and behavioral science majors. This test is especially effective at assessing the
limitations in math problem areas of individual engineering, math, physical sciences, and
behavioral science students. Prior uses of these problems have shown gender differences; that is
men have outperformed women on these problems. We ask that you give a strong effort in order
to help us in our analysis of your math ability.
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APPENDIX F

MANIPULATION

3. Test indicative of math ability and Women perform better than men condition

Thank you for participating in this research. We are working in conjunction with the engineering,
math, physical science, and behavioral science departments on campus to understand how people
persist in engineering, math, physical science, and behavioral science fields. We want to
establish profiles of students who show potential for success in these majors. Everything you do
today will be at your own pace. It is important that you focus on your test only.

You are going to work on some math problems and then answer some questions about the
problems and about yourself. There are thirty questions or incomplete statements, each followed
by five answers. In each case, select the one answer that is the best of the choices offered and
then mark it. You will have 30 minutes to complete the math test.

This test has been shown to be an excellent indicator of one’s math aptitude and ability in a large
number of settings across a wide spectrum of students, including engineering, math, physical
science, and behavioral science majors. This test is especially effective at assessing the
limitations in math problem areas of individual engineering, math, physical sciences, and
behavioral science students. Prior uses of these problems have shown that women have
outperformed men on these problems. We ask that you give a strong effort in order to help us in
our analysis of your math ability.
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APPENDIX G

MANIPULATION

4. Test not indicative of math ability and No mention of differences condition

You are going to work on some math problems and then answer some questions about the
problems and about yourself. There are thirty questions or incomplete statements, each followed
by five answers. In each case, select the one answer that is the best of the choices offered and
then mark it. You will have 30 minutes to complete the math test.

The task you will be working on today was specifically designed to present you with problems
varying in their degree of difficulty. We ask that you give a genuine effort and please try hard.
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APPENDIX H

MANIPULATION

5. Test not indicative of math ability and Men perform better than women condition

You are going to work on some math problems and then answer some questions about the
problems and about yourself. There are thirty questions or incomplete statements, each followed
by five answers. In each case, select the one answer that is the best of the choices offered and
then mark it. You will have 30 minutes to complete the math test.

The task you will be working on today was specifically designed to present you with problems
varying in their degree of difficulty. Previous results on this test have shown gender differences;
that is, men have outperformed women on these problems. We ask that you give a genuine effort
and please try hard.
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APPENDIX |

MANIPULATION

6. Test nNot indicative of math ability and Women perform better than men condition

You are going to work on some math problems and then answer some questions about the
problems and about yourself. There are thirty questions or incomplete statements, each followed
by five answers. In each case, select the one answer that is the best of the choices offered and
then mark it. You will have 30 minutes to complete the math test.

The task you will be working on today was specifically designed to present you with problems
varying in their degree of difficulty. Previous results on this test have shown that women have
outperformed men on these problems. We ask that you give a genuine effort and please try hard.
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APPENDIXJ

SCRIPTED VERBAL INSTRUCTIONS

(1) Have students sign in as they arrive and hand them the manipulation sheet to read.
(2) Read these instructions to the group:

"Thanks for coming today. Welcome to the second part of the “Identity Interference” study.
Please turn off your cell phone. This part takes about an hour to complete. | am going to get you
started on the paper and pencil portion of the study and then let you complete the rest of the
study online. Please read the instructions that you were given when you signed in now, if you
have not already done so.

(3) Give them a minute or two, then ask if everyone is done. When everyone is done reading,
read these instructions to the group:

I will be handing out a test for you to complete in a minute. Please read each page carefully and
start with the paper portion first before moving on to the online measures. | will be instructing
you to stop working on the paper version 30 minutes from now and collect the papers. Do not
start the online survey until you are instructed to do so. Please note that this study is completely
voluntary and your answers will be kept separate from your contact information. You may start
now.

(4) Pass out the problems. Give them a 5-minute warning before you have them stop working
at 30 minutes. Have them hold onto the papers while you read the next section. At this
time, have them find the URL. (http://psy.psych.colostate.edu/surveys/devi/default2.asp)

(5) Read these instructions to the group:

As you can see on the screen, you will need to enter your unique ID for the online portion of the
study for confidentiality purposes. Please be sure you use the same unique ID you used for the
first survey. Your unique 1D should be the last two digits of the year you were born, then the last
two digits of your cell phone number, then the last two digits of your Social Security Number in
that order. You created your unique 1D when you took the first set of surveys. If you have
questions or if you are unable to remember your ID number, please raise your hand and 1 will
look up your number from the list. Once you have signed on to the survey, please wait for further
instructions.

(6) At this point, help anyone who can’t remember their password.

(7) Once everyone has logged into the survey, read these instructions:
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Before you get started, please transfer you unique ID code onto the papers next to the word
‘Code’ in the upper right hand corner. We will collect the papers at the end of the study.

(8) Give them a moment to write the code on their papers. Then continue:

Now turn you attention to the screen. Please read each page of the survey carefully. Work
individually and keep focused on your own computer. When you are finished, exit your screen
and wait for further instructions.

(9) As soon as everyone is done, you can excuse the group. Instruct them as follows:

Thank you for participating in our study. Please turn in your papers to me as you leave.
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APPENDIX K

MATHEMATICS TEST

Instructions: Please complete the following math test. You will have 30 minutes. Please circle
your answers. For each problem, please rate how confident you are in your answer, on a scale of
0 to 4, where 0 represents no confidence at all and 4 represents complete confidence.

1. When a certain number is divided by 7, the remainder is O. If the remainder is not 0 when the
number is divided by 14, then the remainder must be.

Pop o
~No AN

0 1 2 3 4
No confidence at Complete
all Confidence

2. If $4,500 was invested in a bond fund when the price per share was $9 and $3,000 was
invested in the fund when the price per share was $10, what was the average (arithmetic mean)
price per share purchased?

a. $9.625

b. $9.50

c. $9.40

d. $9.375

e. $9.20

0

4

No confidence at
all

Complete
Confidence

3. Which of the following equations can be used to find the value of x if 7 less than 5x is 5 more
than the product of 3 and x?

a.5x—-7=5+3x

b.5x-7=5+ (3 +Xx)

C.7-5x=5+3X

d.7-5x=(5+3)x

e.7-5x+5=3x

0 1 2 3 4
No confidence at Complete
all Confidence
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4. Mario bought equal numbers of 2-cent and 3-cent stamps. If the total cost of the stamps was
$1.00, what was the total number of stamps bought?

a. 25

b. 34

c.40

d. 46

e. 50

0

4

No confidence at
all

Complete
Confidence

5. Jane has exactly 3 times as many Canadian as non-Canadian stamps in her collection. Which
of the following CANNOT be the number of stamps in Jane’s collection?

a. 96
b. 80
c.72
d. 68
e. 54

0

4

No confidence at
all

Complete
Confidence

6. Chris gave Jane x cards. He gave Betty one card more than he gave Jane and he gave Paul
two cards fewer than he gave Betty. In terms of x, how many cards did Chris give Betty, Jane,
and Paul altogether?

a.3x+1
b. 3x
c.3x-1
dx-1
X
e. —
3
0 2 4
No confidence at Complete
all Confidence
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7. Three individuals contributed $800 each toward the purchase of a computer. If they bought the
computer on sale for $1,950 plus 10 percent sales tax, how much money should be refunded to
each individual?

a. $65

b. $85

c. $150

d. $195

e. $255

0 1 2 3 4
No confidence at Complete
all Confidence

8. A widow received 1/3 of her husband’s estate, and each of her three sons received 1/3 of the
balance. If the widow and one of her sons received a total of $60,000 from the estate, what was
the amount of the estate?

a. $90,000

b. $96,000

c. $108,000

d. $135,000

e. $180,000

0 1 2 3 4
No confidence at Complete
all Confidence

9. If x can have only the values -3, 0, 2, and y can have only the values -4, 2, and 3, what is the
greatest possible value for 2x + y??

a. 13

b. 15

c. 16

d. 20

e. 22

0

4

No confidence at
all

Complete
Confidence

120




10. If the cost of a long-distance phone call is ¢ cents for the first minute and % c cents for each
additional minute, what is the cost, in cents, of a 10-minute call of this type?

a.
b.6¢
C. —¢C

d7c

€. —C

0 1 2 3 4
No confidence at Complete
all Confidence

11. City Y has installed 30 parking meters at 15 foot intervals along a straight street. What is the
number of feet between the first meter and the last meter?

a. 200

b. 420

c. 435

d. 450

e. 465

0 1 2 3 4
No confidence at Complete
all Confidence

12. In a certain apartment building exactly 1/3 of the apartments have two bedrooms and exactly
1/7 of the two-bedroom apartments are front apartments. Which of the following could be the
total number of apartments in the building?

a. 42

b. 50

c.51

d. 56

e. 57

0

4

No confidence at
all

Complete
Confidence
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13. The number of connections C that can be made through a switchboard to which T telephones

T(T-1)

are connected is given by the formula: C = . How many more connections are possible

with 30 telephones than with 20 telephones?

a. 435
b. 245
c. 190
d. 45
e. 10

0

4

No confidence at
all

Complete
Confidence

14. If 5 percent of a rectangular lot is covered by a rectangular shed that is 25 feet long and 24

feet wide, what is the area of the lot in square feet?

a. 3,000
b. 5,700
c. 12,000
d. 22,500
e. 30,000

0

4

No confidence at
all

Complete
Confidence

15. If membership in the Elks Club increases from 120 to 150, what is the percent increase?

a. 15%
b. 25%
c. 30%
d. 40%
e. 80%

0

4

No confidence at
all

Complete
Confidence




16. The length of a rectangular floor is 16 feet and its width is 12 feet. If each dimension were
reduced by x feet to make the ratio of the length to width 3 to 2, what would be the value of x?

Pop o
oo, NNO

0 1 2 3 4
No confidence at Complete
all Confidence

17. The Acme Rent-A-Car agency charges $10.00 per day and $0.10 per mile to rent a car. The
Super Rent-a-Car agency charges $20.00 per day and $0.05 per mile to rent a car. If a car is
rented for 1 day, at how many miles would the rental charges of the two agencies be equal?

a. 50

b. 100

c. 150

d. 175

e. 200

0

4

No confidence at
all

Complete
Confidence

18. A school district has 1,989 computers, which is approximately one computer for every 68.6
students. Of the following, which is the closest approximation, in thousands, of the number of
students in the school district?

a. 30

b. 120

c. 140

d. 160

e. 200
0 2 4

No confidence at Complete

all Confidence
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19. A secretary typed 6 letters, each of which had either 1 or 2 pages. If the secretary typed 10

pages in all, how many of the letters had 2 pages?

a.l
2

c.3

d. 4

e.5
0 2 4

No confidence at Complete

all Confidence

20. The rectangular floor of a warehouse is 300 feet wide and 350 feet long. If the width remains
fixed, how many additional feet would have to be added to the length to increase the floor area

by 20%?
a. 42
b. 50
c. 65
d. 70
e. 84
0 2 4
No confidence at Complete
all Confidence
21. If 4x is 9 greater than the sum of x and 3y, then x is how much greater than y?
a.3
b.6
c.9
d. 12
e. 15
0 2 4
No confidence at Complete
all Confidence
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22. Two people were hired to mow a lawn for a total of $45. They completed the job with one
person working for 1 hour and 20 minutes and the other working 40 minutes. If they split the $45
in proportion to the amount of time each spent working on the job, how much did the person who
worked longer receive?

a. $33.75

b. $30.00

c. $27.50

d. $25.00

e. $22.50

0

4

No confidence at
all

Complete
Confidence

23. If the sum of two numbers is known, which of the following is NOT sufficient to determine
the values of the two numbers?

a. One number is greater than the other.

b. The cube of one number is 8.

c. The product of the two numbers is 8.

d. The difference between the two numbers is 2.

e. One number is half the other.

0 1 2 4
No confidence at Complete
all Confidence

24. If a person can save $380 in 5 weeks, in how many weeks, at this same rate can the person

save 2.6 times this amount.

a. 13
b.12.5
c. 11
d. 10.6
e. 8

0

4

No confidence at
all

Complete
Confidence
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25. If the sum of 12, 15, and x is 45, then the product of 5 (x + 2) is

a. 100
b. 92
c. 80
d. 41
e. 25

0 1 2

4

No confidence at
all

Complete
Confidence

26. In a certain shipment 2 percent of the boxes shipped were damaged. If the loss per damaged
box was $35 and the total loss due to damage was $700, how many boxes were shipped?

a. 2,000

b. 1,000

c. 200

d. 100

e. 20
0 1 2 4

No confidence at Complete

all Confidence

27. If the average (arithmetic mean) of two numbers is 20 and one of the numbers is x, what is

the other number in terms of x?
a. 40 — x
b. 40 — 2x
c.20+x
d. 20 - x
e. 20 — 2x

0 1 2

4

No confidence at
all

Complete
Confidence

28. A watch gains 7 minutes and 6 seconds every 6 days. If the rate of gain is constant, how

much does the watch gain in one day?
a. 1 min1sec
b. 1 min 6 sec
c. 1 min 11 sec
d. 1 min 16 sec
e. 1 min 21 sec

0 1 2

4

No confidence at
all

Complete
Confidence
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29. A time-study specialist has set the production rate for each worker on a certain job of 22
units every 3 hours. At this rate what is the minimum number of workers that should be put on
the job if at least 90 units are to produced per hour?

a.b
b. 8
c. 12
d. 13
e. 30

0

4

No confidence at
all

Complete
Confidence

30. The daily rate for a hotel room that sleeps 4 people is $39 for one person and x dollars for
each additional person. If 3 people take the room for one day and each pays $21 for the room,

what is the value of x?
a.6
b. 8
c.12
d. 13
e.24

0

4

No confidence at
all

Complete
Confidence

Taken from the quantitative portion of the Graduate Record Examination (GRE)
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APPENDIX L

POST-TEST QUESTIONNAIRE

1. How difficult did you find the problems?

2. Out of the problems you answered, how many do you think you answered correctly (0-30)?

3. How have women performed relative to men on these problems?
A) Men have performed better than women
B) Women and men have performed equally
C) Women have performed better than men
D) No mention of how women and men have performed relative to one another

4. Which of the following is true about the math test you just took?
A) The test has been shown to be a good indicator of one’s math aptitude and ability
B) The test has been shown to be a poor indicator of one’s math aptitude and ability

C) No mention of whether the test is a good or poor indicator of one’s math aptitude and
ability
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APPENDIX M

DEBRIEFING FORM

Identity Interference in Women and Math
Many women have the abilities, drive, and interests to go into math-related careers (e.g.,
engineering, computer science). However many of these women do not pursue graduate degrees
in math or math-related fields such as physics, engineering, or economics. Some researchers
(e.q., Steele, 1992; Aronson & Steele, 1995; Steele, 1997; Spencer, Steele, & Quinn, 1999) argue
that women can experience “stereotype threat” in math or math-related settings. This study
examines if stereotype threat affects women’s self-confidence, math performance, and other
math-related skills under specific conditions.

To gain a better understanding of stereotype threat and its effects on women and other groups,
please see the chapter on intelligence in your textbook (Myers, D. G. (2008). Exploring
Psychology, 7th Ed. in Modules. New York: Worth Publishers). Module 25 on pages 350-351
describes the role of stereotype threat in aptitude test scores and school performance.

Some of the conditions involved telling participants that the math test was diagnostic of personal
ability and that similar tests have shown men to perform better than women or that women
perform better than men. These statements were created for the purpose of this study and are not
true. This deception was necessary so that participants would be put in a stereotype threat
situation. Doing so allowed researchers to see the effects of various factors on stereotype threat
and the effect of stereotype threat on subsequent math performance. The information generated
by this study may therefore contribute to the scientific understanding of stereotype threat theory.
Being aware of stereotype threat theory may prevent stereotypes groups such as women from
performing poorly and dropping out of math-related fields. Having participated in this study, you
are now armed with the awareness of stereotype threat and may be more likely to persist in your
field than had you not participated.

We appreciate your participation in this research project. We hope that you have learned
something about the process of psychological research and gained some insight about how
stereotype threat might apply to you. If you have any questions about this research, please feel
free to contact:

Deviyanti (Devi), M.A. Silvia Sara Canetto, PhD

Doctoral Candidate, Department of Psychology Professor, Department of Psychology
Colorado State University Colorado State University

1876 Campus Delivery 1876 Campus Delivery

Fort Collins, CO 80523-1876 Fort Collins, CO 80523-1876
970-491-4150 970-491-5415
Devi.NLN@colostate.edu Silvia.Canetto@gmail.com

Note: If you would like to have your data removed from this study, tell the researcher before you
leave the session.
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