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ABSTRACT

This study tested whether the Stereotype Threat effect is mediatathieyement
goals, in particular performance-avoidance goals. Threat level wasdabiefiore a
difficult math test to observe how the endorsement by females of various acbidve
goal dimensions was affected. 222 people (96 females) in a pre-calculug alass a
Mid-Western university participated. It was anticipated that femaldge higher
threat condition would show significantly more performance avoidance (PAV)
endorsement than females in the lower threat condition; and that PAV endorsement
would mediate the threat state — math test performance interaction. Analysis
confirmed the presence of the stereotype threat effect with females high threat
group under-performing on a math test compared to males. Women in the ldw threa
group showed no such difference. MANOVA revealed that females in the high threat
condition endorsed mastery goals at a significantly higher level than femake
low threat state. Endorsement of mastery goals mediated the thteainsédh
performance relationship. There were no significant results for perfoemanc
avoidance. Female participants in the high threat group exhibited a diffettent &
response for performance approach (positive valence (PAP+)) measures tean thos
the low threat group when level of mathematical domain identificationakas into
account. The high threat group showed a marked increase in PAP+ endorsement as
domain identification increased. Those in the low threat group had essentially
constant PAP+ endorsement over domain identification. Additionally, negatively
valenced performance approach achievement goal endorsement was measheed f

first time.



CHAPTER 1

INTRODUCTION AND LITERATURERVIEW

A continuing concern for educators and psychologists alike is the fact that
performance in certain academic domains seems to be related to somealegree t
uncontrollable group membership. Examples of this are African American under-
performance in academics in general and the relative under-performamomen in
the domains of mathematics and mathematically related fields. A gap of uprb a thi
of a letter grade between Blacks and Whites at the college level iseepgrKane
(1998). Studies have shown that sex related gaps in mathematical scores/enay h
decreased during the K-12 years, (Hall, Davis, Bowen & Chia, 1999). Howewear, ot
studies find that women are still underrepresented in mathematical domairiege col
and beyond (National Science Foundation, 2000). This finding mirrors the result of a
meta-study conducted by Hyde, Fennama & Lamon (1990) that shows the
performance gaps between males and females grow throughout postsecondary
education. Studies continue to show that tests such as the ACT and SAT underpredict
the achievement in mathematics for women (Bridgeman & Lewis, 1994; \&aine
Steinberg, 1992). This is of concern since college admission and financial aid
opportunities are based, at least in part, on the scores on these tests.

In this era of high stakes testing in common education it is important to understand
how the stress of these exams affects different populations who may havestalcont
with factors beyond academic competence (e.g., stereotypes about raeadar). g

For example, while girls’ grades tend to be as high or higher than boys’ snoclas



settings their performance on standardized tests lags behind their malepantstey
17-18 years of age (Willingham & Cole, 1997). This is particularly noticeable
guestions that measure more advanced mathematical reasoning skille tiestderd
to continue into mathematics intensive degree programs in college. (Ryam& Rya
2005).

Two essentially independent lines of research which deal with both long term and
short term achievement in academic domains are stereotype threat 8teets, (
1997) and achievement goal theory (Dweck & Leggett; 1988, Elliot & Church, 1997,
Elliot & McGregor, 2001). While stereotype threat (STT) researcls dgpacifically
with the underperformance of stigmatized groups (often on standardized tests),
achievement goal theory (AGT) deals with issues surrounding successfuh¢eand
performance over the entire spectrum of academic (and other) endeavors. STT
researchers have had little success in explicating the mechanisms thb¢ yoder
performance in situations where stigma is present (Smith, 2004). However,
achievement goal research has successfully shown that specific cogndia&ective
behaviors result from the adoption of specific goal states. It has been sdggeste
(Smith, 2004 and Ryan & Ryan, 2005) that performance deficits seen in stighmatize
groups in certain situations could be due to the adoption of a specific (maladaptive)
achievement goal structure. This study seeks to explore the hypothesatiedskip

between stereotype threat and achievement motivation.



Stereotype Threat

Stereotype Threat (STT) is a phenomenon described by Claude Steele asd other
(Steele, 1997, Steele & Aronson, 1995; Spencer, Steele, & Quinn, 1999; Brown &
Josephs, 1999; Osborne, 1999; Blascovich, Spencer, Quinn, and Steele, 2001; Inzlicht
& Ben-Zeev, 2003; Davies, Spencer & Steele, 2005; Brodish & Devine, 2009) in
which members of stigmatized groups, who feel that their work in the stigmatized
domain is personally important, under-perform when placed in challengiag@ns.
Those affected do not need to believe the stigma, and therefore have not intérnalize
it. What matters is the awareness of the fact that the stereotypé¢ knoweh and is
applicable to them in the specific situation in which they find themselvesé3teel
Aronson, 1995). The challenging nature of the task makes failure, and therefore
confirmation of the stereotype, a real possibility. This hypothesis is d[@ssi
explanation for underperformance data that goes back as far as 1964 (Katz, Epps, &
Axelson) indicating that for African Americans simply changing the siggposntext
of the test changes performance. In the case of the Katz study Africarcémser
were told that an 1Q test was a measure of hand-eye coordination. This simpl
manipulation lead to a significant improvement in performance.

Interestingly, ideas about negative stereotypes regarding gender aacerace
place by 11-12 year of age (Aboud, 1988; Ruble & Martin, 1988). This is coincident
with the time that African American males begin to disengage from aesle
(Osborne 1999).

It is believed that the effect of stereotype threat is more pronounced when the

stigmatized person is identified with the domain in question (Steele, 1997; Osborne,



Walker & Rausch, 2002; Smith, 2004). It is postulated that this is due to the fact that
those identified with the domain have a personal need for success, and have a stake in
disproving the stereotype (Steele, 1997).

Academic domain identity is a dimension of self — identity. It's influesdied to
how central good results within academics (or specific areas of acaskeitty) are to
a person’s self —esteem. Domain identification in academic areas hdmkeeno
greater endorsement of learning and mastery goals, intrinsic valuingd#raics and
self —regulation (Osborne & Rausch, 2001). All of these are indicative of higher
achievement and persistence in academic endeavors. Those who are identified with a
domain in academics are likely to have an active self — regulatory piocgkih
good performance increases self — esteem (and domain identification) while poor
performance results in negative consequences for self — image. licgpstances
of poor performance this process/cycle will inform a person that he or she oégds t
harder, stay focused, spend more time studying, or in some other way attempt to
improve performance to alleviate the negative affect caused by the pfannpaarce.
If poor performance within the domain becomes chronic the individual may dis-
identify with the domain entirely to protect his or her self — esteem.

Lack of domain identity disables the feedback/self regulatory processtdes
above; so that poor performance does not have an impact on self — esteem (Steele
1997; Osborne & Rausch, 2001). Indicative of this Osborne (1997) found that African
American high school students had higher self — esteem than White students despite

poorer academic performance. Although this study did not directly measure domain



identity other research has found that African Americans (particularksinate not
domain identified with mathematics (Steele, 1992, see also Steele 1997).

As indicated above an individual’s level of identification with academic domains
IS not constant, in fact it is fairly malleable and people seem to be adepteatipgot
self — image by emphasizing or de-emphasizing their domain identity as needed.
Individuals are likely to emphasize the centrality of domains in which theyrouga g
with which they identify have had good results; and de-emphasize domains for which
personal or group results have not been seen as satisfactory (Crockenr&198p;
Major & Schmader, 1998). Maintaining domain identification is viewed as an
important component of success as one encounters more difficult academiorstuati

Domain specific stereotype threats therefore differentially affetctdents whose
natural inclinations (high domain identification) would lead them into fields where
they could serve as role models that debunk negative stigmas. It is, inddetra r
disheartening cycle. Those who could disprove the stereotype feel the maist thre
when engaging in these activities no matter how many times they havsuseessful
at equally or less challenging tasks. Underperformance (compared tavthe
ability) has increasingly salient negative consequences to sajfeinand in the end
talented individuals drift away from the domain in question (see Steele, 1997).

Stereotype, when viewed from this perspective is threatening to its viatens
number of ways (Steele, 1997). The first is the thought that judgment of peré@ma
might be based on the stereotype and not on ability (a threat to the individual on
specific task evaluatiohs The second threat is that the individual’s performance will

confirm the stereotype about the group (a threat to gmup).



The third threat deals specifically with the concept of domain identification. Those
who are identified have the skills and the interest to succeed in the area in question.
Steele (1997) posits that identification is formed (at least in part) whena pers
good results in the domain. This leads to good feelings about the domain, which leads
to sustained achievement motivation. It has been found that those who are keenly
aware of the stigmandare in danger ddisidentificationtend to be those seeking
dominance or superiority over others as opposed to seeking mastery of the
material.(Josephs, Newman, Brown, & Beer, 2003).

In Steele's view identification is not reached without help from external source
The identified person must feel accepted by those who are already workiregarea,
and must feel useful in the domain. Obviously the idea of a negative stigma rggardin
an individual’s group in a particular setting could have a negative impact about how
they perceive the chances of operating effectively in the domain. Lack of support
from those whom you see as peers or role models would only exacerbate thisworry. |
the end these concerns constitute a threat to the individdaifisty (Steele, 199y

Among the more important predictions of the stereotype threat theory is that
cumulative effects will cause those in the stigmatized group who are ieentith
the domain to be more likely to show deficits in performance the longer theynnema
the domain (Steele 1997). This is the proposed mechanism that will eventually cause
some talented people to lose their motivation, and leave the domain.

Although the effect was originally proposed with respect to under-performance of
African Americans in academics (Steele & Aronson, 1995), stereotype tbesas $0

be common; affecting other stigmatized groups, including but not limited to, women



in mathematics (Spencer, Steele & Quinn 1999; Brown & Josephs, 1999), the
economically disadvantaged (Croizet & Claire, 1998), white men in matlesmati
(Aronson et al., 1999), and women’s leadership aspirations (Davies et al., 2005).

The negative effect of implicit or explicit stereotype situations has besmaal
for many groups in many domains, is robust, and it is fairly easy to manipulate.
Researchers have been able to invoke (or revoke) the stereotype threatigffect
relatively small manipulations in the laboratory setting. Often, the eftexs not
need to be intentionally activated since participants assume the stigreeiarless
told otherwise (Steele & Aronson, 1995). Indeed, a change of just a few words in a
long series of instructions is enough to produce or negate the effect (Osborne &
Simmons, 2002; Steele & Aronson, 1995). Participants who are told that the exam
they are about to take is not a test of ability (and that they will therefoleeno
compared to others); or that the exam has never been shown to "prefer "one group
over another show marked improvement in performance. Indeed performance "gaps"
of long standing such as African American under-performance on standiaebre
(Steele & Aronson, 1995), and women's under-performance in mathematics (Spencer
et al., 1999; Brown & Pinel, 2003) essentially disappear under simple manipulation of
this type.

Generally speaking those researching stereotype threat have detadribtia
performance gaps in various domains for members of stigmatized groups can be
altered by changing the way that people view the task. In one of the semiksiinvor
the field Steele and Aronson (1995) performed five related experiments ontstatie

Stanford University. Taken together these experiments show convincingly that by



presenting academic tasks as not being diagnostic of intellectual #imlisyatistically
significant performance gaps between African Americans and Whiieipants on

the tasks disappeared. However, the gaps remained in the control group in which the
participants were allowed to form their own conclusions about the nature of what the
test was measuring. In some of these experiments no effort was made toynake a
situation more threatening than normal. The “high threat” group was told nothing
about the diagnostic nature of the tasks. Underperformance occurred amongrthose f
whom the stereotype condition was not reduced. In one of the experiments adding a
single line in the demographics section asking for the participant's @becpd an
enhanced stereotype threat condition. This is a fairly subtle manipulation, but it
caused a dramatic drop in performance for the group that received that delmogr
sheet. Apparently stereotype threat is an ambient condition for those in the
stigmatized group, and any reference to the stigmatized identity asisaenough

to enhance the effect.

Spencer et al. (1999) conducted a further series of experiments in which they
tested various hypotheses from stereotype threat theory on women in mathematics
Equal numbers of male and female students were selected from the freshman
psychology pool at the University of MichigaA key selection criterion was that the
participants had to have completed at least one calculus course (but not have more
than one year of calculus). This criterion was instituted to provide students who were
“identified” in the domain of mathematics, since calculus is not required for most
degrees. Two mathematics tests were used, the Advanced Mathematics polngon of t

GRE, and the Quantitative section of the general GRE. These tests diffelecalplyi



in difficulty, so that good sophomore level math students would do well on one and
find the other fairly frustrating. Women taking the more challenging test
underperformed compared to their equally qualified male counteryrdetssthey
were specifically told that the test had been shown to have no gender bias. &sé¢hat c
the performance gap disappeared. There was no performance gap on the easier test
When told that the harder tdsid been shown to have a gender bias the gap got
significantly bigger. Male performance was not significantly aftbtieany of the
manipulations. These results demonstrate a number of things. First, underpeormanc
due to stigmatization is very context dependant. Semetest elicited three different
results from the point of view of a gap in performance between males aalé$em
depending on what, if anything, participants were told about the test. Second, the
effect appeared for these relatively domdentifiedfemalestudents only when the
test wahallenging and therefore threatening. When told that the test was gender
sensitive the gap increased dramatically, presumably because the feerale®ry
cognizant of the fact that their difficulties would be seen as confirrhimghbility of
females to do well on this material. It is worth noting that the test wselfd not be
overtly sexist in content, so that the only way those taking the test could explain the
fact that women did less well would be that women are not good at the domain
content.

Third, as with the study on African Americans, simply telling the partitgthat
the test was not gender sensitive eliminated the effect. This is very ingresice it
implies that a lifetime of awareness of a stigma can be negated fdrcalpainstance

by very simple means.



These results taken together cast doubt on most genetic or hormonal explanations
of under-performance of women in mathematics. If such explanation werejgausi
the performance gap should have stayed the same, particularly for the moud diffic
material.

Could it simply be that the higher threat situations invoke the effects of the
internalization of stigmas that the participants have suffered under alitksijrbut in
general have been able to overcome? This has been a well respected view for a
number of years (Allport, 1954; Cook, 1979; Gerard, 1983) In this view domain
identification is less important than the internalization of the stereaagpapposed to
the idea espoused by Steele, Aronson and others that domain identification is
necessary while internalization is not. To test this idea Aronson et al., (D2@®) s
to provoke a stereotype threat response (underperformance) in a group that is not
usually associated with negative stereotypes, namely white males wdmoadrat
math. Students were recruited from the student bodies at Stanford and the University
of Texas at Austin, for two separate but complimentary studies. Participaets we
required to be good at math (based on high Math SAT scores), white and male.
Students were then given challenging math tests. In the Stanford portion ofhe st
the high threat group was allowed two minutes to read a description of the
phenomenon that Asians outperform Caucasians in mathematics. Those who had this
information performed significantly worse than those who did not. This demonstrates
that specific situational factors are important, even in the absence ofilong te

exposure to stereotypical roles.

10



In the UT portion of the study participants were asked to fill out an instrument
designed to measure domain identification. The top third were designated “highly
identified”, while the bottom third were labeled “moderately identified (consige
the sample none could truthfully be labeled as being minimally identified). Both
groups were then randomly assigned to either a high threat group (where information
about Asian ability was provided) or a control group where no such information about
Asian over-performance was provided (although they were told that this waya st
exploring why different people performed differently in mathematics; whichagiy
would have triggered the threat response in traditionally stigmatized groups). The
results were interesting. In the low threat situation, the highly domainfident
students did significantly better than their moderately identified comraddethe high
threat situation those who were moderately identified did significantlyrlieée
those who were highly identifiednd did as well as the highly identified group did in
the low threat situation (see Figure 1). This strongly supports the ideaighat it
identification with the domain that is key. Taken together the studies seem tonconfir
the position that underperformance is a situational effect caused by the inemediat

presence of the threat and high personal stakes due to identification.
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Differential Effects of Threat with Strength of Domain Identity

Highly Identified  Moderately Identified

# items solvet— 4

stereotype threat control
Figure 1 Effect of Identification on Performance in STT Situations (from Aronson et

al. 1999).

To a large degree Stereotype Threat Theory grew out of data thatesdicai
stigmatized groups score noticeably lower on standardized tests than naatizdgm
groups. Steele (1997) goes on to note another disturbing trend; standardized tests
over-predict subsequent college success for minorities, for women in technical and
physical science areas, and women nmadijiors Steele concludes that something
about the subsequent university environment causes this under-performance. This
seems to conflict with the earlier citation from Ryan & Ryan (2005) in whichst wa
found that standardized mathematics tests (SAT-M) under-predicted tegeanbnts
of women in subsequent college mathematics course. The devil seems to be in the
details here. The difference is really in the groups being discussed.nfede fe

physical science, technical field, and mathematiagprsthe SAT-M overpredicts

12



subsequent success in course work. For women (of undifferentiated majors) the test
underpredicts subsequent performance. The difference then seems to bei@reflect
the level of domain identification of the groups. This sort of effect was notedrearli
(Figure 1) when moderately identified men outperformed the highly identified in a

high threat situation.

Mediators of the Effect

Steele & Aronson (1995) proposed that the threats caused by the knowledge of
stereotype about a person’s group in a domain they care about undermines
performance through several, possibly interrelated, causes. The stigncausa a
distraction that affects performance; may result in lower expectatioh wdduce
effort; and/or may cause anxiety, which inhibits cognitive functioning. I tlae
highly identified participants often studied in this line of research generatigtdo
report a lack of confidence in the higher threat conditiando they report a higher
incidence of distracting thoughts (Spencer et al., 1999). However, they do tend to
reread problems more often, and in general work slower (a sign of anxietyle(&t
Aronson, 1995; Aronson et al., 1999). Other work seems to show that high threat
conditions affect cognitive load, disrupt working memory (Schmader & Johns, 2003)
and reduce the ability of the afflicted to use problem solving strategies (Quinn
Spencer, 2001) as effectively as in reduced threat conditions. Additionally; Kelle
(2002) found that there is evidence that women doing math in a blatantly threatening

situation tend to use more self-handicapping strategies.
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There is little or no evidence supporting lack of effort or presence of distyacti
thoughts as causes of the effect. In fact, Aronson et al., (1999) reported that those in
the high threat condition reportewbreeffort overall although an ANCOVA analysis
revealed that this did not serve as a predictor of score.

The presence of anxiety or apprehension is better supported in the experimental
literature. It is worth emphasizing that the anxiety does not necessariky from an
individual doubting his or her own ability in the field, implying that the person had
internalized the stereotype. It may simply be that the perceptions of ahtrs,
possible impact the individual's performance may have on others in his or her group,
causes the anxiety. Studies have shown, more directly than Steele & Aronson (1995),
that there are indeed psychological anxiety markers (such as evaluatidmeage)
present in situations where the stereotype threat is not explicitly debunlsed or i
intentionally invoked (Spencer, Steele & Quinn, 1999; Blascovich et al., 2001). On
the other hand, some studies have failed to find a link between anxiety and
performance with threat condition (Aronson et. al., 1999). It seems likely that this
may be due to the fact that in these studies anxiety was measured thréugptst
instruments. Also noteworthy is the fact that the group studied in Aronson et al.
(1999) was white males. This group may not feel the same anxieties as those who
have struggled with a negative stigma over their entire lives. It is alselgnt
possible that highly identified participants may not be willing to admit hilgivets of
anxiety in their domain than "usual”, or don't, in fact feel such anxiety until they
discover that the material is indeed challenging. Other studies have attempse

physiological data to support the presence of increased anxiety in higlaer thre
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conditions. Although the effect is subtle there have been studies (Osborne &
Simmons, 2002Blascovich, et al., 2001) that have shown physiological markers of
anxiety such as significant changes in blood pressure, skin temperature, and skin
conductance are present in higher threat situations. These studies seemttothmtica

for people who are identified in a domain, the idea that they are being judged against a
negative stereotype causes increased situational anxiety. This ishaptiging.

While there is some evidence that performance anxiety may be an imemediat
cause of under-performance in challenging situations, there has beesulittess in
identifying mediators other than anxiety, or indeed antecedent psychologica
constructs that might explain the source of the anxiety.

Intended effort and “general motivation” have been examined in the past, but there
have been no statistically significant interactions between them anddbnektion or
performance (Steele & Aronson, 1995; Brown & Josephs, 1999; Brown & Josephs,
2000). Recently (since the inception of the present study) studies designed to test for
links between threat state and specific goal dimenstions have producedagnific
results. Chalabaev, Sarrazin, Stone & Curry, (2008) found that individuals in a
stereotyped group (female soccer players in Europe) who were operating in
threatening situation tended to adopt performance avoidance goals (although their
performance was not affected). Brodish & Devine (2009) found that performance
avoidance endorsement (and worry) mediated the effect of threat state ocaonash s
for women.

No consistently significant effects have been found for self-perceivedesbdit

expectations of success (Brown & Pinel, 2003).
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The general lack of consistent, well-defined mediators could be explained in a
number of ways. First, while researchers in the field have looked for medatoe
the beginning of the research (Steele & Aronson, 1995) the focus of the resaarch w
primarily on investigating the essential characteristics of tee8type Threat
phenomena and on demonstrating performance differences caused by tha affect
broad range of domains. Mediational investigations, while performed, where not
necessarily the focus of experimental design. The focus of reseamh ghifting
(Brown & Pinel, 2003; suggested in Smith, 2004 and Ryan & Ryan, 2005; Chalabaev,
et al., 2008; and Brodish & Devine, 2009) toward more sophisticated covariate
analysis that examines underlying causes (particularly aftecachievement
motivation).

Second, the phenomenon is clearly complex and is assumed to be situational. Both
Smith (2004) and Ryan & Ryan (2005) have written review articles that attempt
summarize the complex, incomplete and often inconclusive or contradictory nature of
the work done in finding mediators for the effect up until that time. In the end both
conclude that the effect probably is not mediated by a single factor orustirfas
suggested by Steele from the beginning). Multiple mediators are likelynprese
most situations and the dominant one (if there is one) is dependent on the specific
situation and environmental cues.

The precise environment, circumstances, and set of cues found in a specific
incident determine which of the different mediators (anxiety, self-hgpyiiog,
distracting thoughts, reduced (or “altered”) motivation etc.) are trigggdédourse

more than one of these may be involved, which would make measuring any of them
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individually rather difficult, particularly with the kind of self-report instremts
commonly used (Steele, 1997; Smith 2004; Ryan & Ryan 2005).

Smith (2004) and Ryan & Ryan (2005) both propose models that link stereotype
threat and its observed effects to achievement goal theory. To quote Ryam & Rya
(2005); “The notion that individual perceptions of self and context lead to differential
trajectories of cognitive engagement, affect, and performance issitrecesof an

achievement goal theory of motivatiofp. 57).

Lastly, the underlying cause may not be wholly psychological. Josephs, et al.
(2003) performed a set of experiments which strongly indicate that testas{@)
levels may be a mediator in the gender-math performance gap for domainedentifi
subjects. Their findings show that males with high T do significantly better tha
males with low T in the high stereotype condition (but not the low threat condition).
For females high levels of T are correlated with lower scores in thehriggt tase.
Low T females are basically unaffected by the threat level. The alitilothis result
to other findings (Dabbs, 1998; Mazur & Booth, 1998; Scaramella & Brown; 1978)
that correlate testosterone levels to participant concern dboubanceandstatus
Further, the authors state that the general effect of T is to enhanceddeditagready
exist Thus, males high in T who are aware that they are supposed to be better at math
will see the test as a challenge, while females, who are aware thatelggnarally
believed to be inferior in this domain will see the test as a threat. Higheb gl
perform better, and high T females worse. Again, in the end the threat condition’s
effect is not about intended effort, but is about the motivational goal of the activity, i

this case to enhance or protect status or dominance. This is in fact a perfayoance
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(Miller, Behrens, Greene, & Newman, 1993), and is supportive of the models

proposed by Ryan & Ryan (2005), and Smith (2004).

Motivation

All motivation is not equal. To date there has been limited research done on the
specific dimensions of the individual's motivational states before, during and afte
exposure to a situation in which they likely view themselves as a member of a
stigmatized group, although there is evidence that motivational statddessta
somewhat fluid and are sensitive to situational cues (Pintrich, 2000b; Simons,
DeWitte, & Lens, 2000; Ryan & Ryan, 2005; Smith, 2007; Brodish & Devine, 2009).

Steele posits (1997) that identification is formed (at least in part) whenanpers
has good results in the domain. This leads to good feelings about the domain, which
leads to sustained achievement motivation. The implication here seems to be that
mastery/learning and/or performance approach goals develop, but thisxgluty
stated. The fact that there is no real discussion of the different dimensions of
achievement motivation is actually a bit disturbing, since “high motivation” does not
always correspond to maximum effort, or even the need to do well.

Why perform at all, especially if the task is hard? What are the hoped-for
consequences of performance? What are a pergoal® In this case what are a
person’s goals that help them achieve high levels of performance? Goal
orientation/endorsement has been under investigation for some time (Nicholl’s; (1984)
Dweck (1986); Dweck & Leggett (1988); Pintrich & Garcia, (1991); Millemhias,

Greene and Newman (1993); Pintrich & Schunk (1996); Miller, Greene, Montalvo,
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Ravidran, & Nicholls, 1996; Greene & Miller (1996)) There are a number of
postulated goal categories; mastery, performance, future (ecgiveet
instrumentality), and pleasing an important other. All of these are posshiiitie
circumstances commonly associated with the stereotype effect.

A person who is mastery oriented is ultimately interested at being géod a
knowing a lot about) a particular thing for intrinsic reasons. Their sat@fiacbmes
from eventual mastery of the behavior/domain. Mastery achievement goals focus on
development of competence through task mastery (Elliot (1999); and Elliot &
McGregor (2001)).

A person who is performance oriented is ultimately interested in how they do (or
appear to do) compared to others (Dweck (1986); Elliot & Church (1997)). These
goals focus on demonstration of competence. Elliot & Church (1997) further
explicated performance goals by discussing and demonstrating approach and
avoidance aspects (valences) for performance. Those whose goal®are fadter
and score higher in comparison to those around them and are eager to undertake the
task are said to have performance approach (PAP) goals. On the other hand, those
who want to avoid the implications of performing badly in front of (or compared to)
others and seek/manufacture some excuse for poor performance or avoid comparison
all together are said to be pursuing performance avoidance (PAV) goals.

Each type of goal has been linked to certain antecedent beliefs about the nature of
learning/intelligence and to consequences for behavior/affect duriminigand
demonstration of learning (particularly when challenged). See Table 13ppge

below. In fact one of the main reasons that positive and negative valences were
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introduced into achievement goal models was to account for the wide disparity in
behavior and affect seen in those reporting simply “performance goalisit,(E999).

The antecedents associated with a particular situation lead to an inclioatéd t
approach (positive) or fear of failure (negative), which, along with Sotoailti
imperatives determines the way that competence is defined (in terms efyntast
compared to others) and ultimately the various self-regulatory seatéigplayed.
When the “selection” of performance goal structure is well matchdgkto t
circumstances the self-regulatory strategies are simple, andtlikieéyeffective (as
defined by the individual). Examples would include mastery endorsement in a
situation where approach and mastery is the priority; or PAV in a situatioe wher
avoidance is called for and possible. Complex self-regulation is also possible
particularly when there is a mismatch between valence and action. faoced is
possible to fear failure and yet feel the necessity to approach a perée;naad do
well. It is also possible that a person could be striving to attain or retatarsnevel
ability out of fear of incompleteness or of demonstrating declining abiltggative
affect and less than optimal performance are to be expected in such a s{ilatgn
1999; Elliot & McGregor, 2001).

A theoretical construction with two dimensions such as valence and competence
comparison also allows for discussion that includes the possibility that agoaéll
structures are present in the same individual at the same time to some Bhigte® (
Church (1997); Elliot (1999); Elliot & McGregor (2001). Previous to these

formulations (e.g., Dweck (1986); Nicholls (1984)) achievement goal theory did not
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account for valence and mastery and performance orientations were Iynpigited
as fully independent entities.

Refinements to the trichotomous model (Table 1) have been suggested. Elliot &
McGregor, 2001 suggested a full 2x2 model for achievement goals. This model has
two dimensiongmastery or performance), which indicate how the individual
perceives the way outcomes will be judged (competence as absoluteioe (&bat

oneself or to others)); and two means of engagement -val@pm@®ach or

avoidance) which indicate whether the person is trying to “succeed” or trying to
“avoid failure”. In the resulting model one could be:

Mastery approacfMAP) in which competence is measured with respect to

content (absolute) and the means of engagement is positive.

Mastery avoidancéMAYV) in which competence is measured with respect to

prior ability and the means of engagement is negative (a person is fearfuhgf losi
ability or knowledge).

Performance approa¢RAP) in which competence is measured with respect to

others and the means of engagement is positive (the person is eager to perform).

Performance avoidan¢®AV) in which competence is measured with respect

to others and the means of engagement is negative (the person is fearful of not

performing well compared to others and wants to avoid meaningful performance).
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Table 1.
The Hierarchical Model of Approach and Avoidance Achievement Motivation (Elliot

& Church, 1997) with Demonstrated Antecedents and Affect (Elliot & McGregor,

2001).
Goal Motivation Antecedents to Goal Affect When Challenged
Structure
M Achievement High competency Effort; Persistence; Mastery;

expectations; Work Expectation of success; Increase
mastery; self- deep processing
determination;
Need for achievement;
Class Engagement

PAP Achievement High competency Effort; Persistence;
expectations; Competitiveness;
Competitiveness; Fear of | Fear of failure; Increased surface
Failure; Need for processing; Good overall
Achievement performance

PAV Avoidance Low competency Fear of failure; Affect;
expectations; Fear of Anxiety; Distraction/Poor self —
Failure; Low self — regulation;
determination; Belief in Lack of effort; Increased surface
fixed nature of ability processing, decreased deep
(entity theory) processing, decreased overall

performance
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This model seems plausible (and nicely symmetric). The studies reported in the
2001 paper show that the four constructs are measurable and have specific sets of
antecedents and consequences. The MAV construct was the “new” piece in what had
been a three piece model (M, PAP and PAV, see Table 1 above). It was examined in
detail. The antecedents were found to be ; fear of failure, low self — deteomjinat
belief in ability as a constant (entity theory), and competence focus. Gagvee
consequences were found to be associated with disorganization, worry, anxiety and
emotionality. These are distinctly negative with regard to performaieaver the
study also indicated that those who endorse MAV in a specific circumstanitdesdy
to adopt MAP or PAP goals in subsequent activities.

Conceptually MAV is a mix of the traditional mastery structure and Pideed
it shares antecedents and consequences with both. MAV is rather conceptually
difficult in some respects. The traditional definition of mastery goalslljas [ioints
out in the 2001 work) is focused on development of competence. MAV does not seem
to focus on development of competence. The focus is on the retention of competence
(as defined by self —comparison of some sort or completion of a task that has been
successfully done in the past). Examples cited by Elliot & McGregordachose
who strive to avoid making any mistakes (perfectionists) or those in the lattef pa
their careers who focus on not performing worse than before. These examples are
clearly negative in valence (avoiding something) but are not so clearlgrnast
intent since they are focused on performance (finishing something perfectly

maintaining a level of competence on specific tasks).
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Further, the two valences (approach and avoidance) do not necessarily map simply
onto mastery and performance competence measures (as in the 2 x2 model above).
For instance, someone in a PAP mode might be working hard to avoid failure or to
make sure that others do not outperform them. This could be termed PAP with a
negative valance (PAP-). Performance approach, where a person isdrgorgitm
that he or she is better than others (the traditional view of PAP), would be PAP with a
positive valence (PAP+). In an overtly competitive endeavor this would be the
difference in striving not to lose and striving to make sure to win/dominats. Thi
PAP+/PAP- dichotomy was first hinted in Elliot and Church’s 1997 article on
hierarchical modeling of approach and avoidance achievement motivation. It was
further explicated in Elliot’'s 1999 seminal work on the subject (in which he first
suggests MAV as well). Clearly PAP- is a complex state, in which tisempes
approaching something out of fear. As mentioned above one would expect that task
success would be less likely in this circumstance. The presence of both @oxitive
negative valences in PAP implies that if the “balance” of positive and negative
antecedents (or affect) changes (for instance in a situation wherangkalie
perceived as threat), a person could easily find herself shifting toward &Bre
or even ultimately a PAV mode. The possibility of a PAP- modality does notlfit we
within the proposed 2x2 framework, although the existence of such a mode appears
reasonable. To date, to my knowledge no attempt has been made to determine
whether positive and negative PAP valences are separable and measurable.

As Elliot states; Accumulating evidence indicates that persons process most, if

not all, encountered stimuli in terms of valence and do so immediately and without
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intention or awarenessdnd that'this automatic valence-based processing is
presumed to instantaneously evoke approach or avoidance predispositions.”(Elliot &
McGregor 2001, p. 502).

This fits well with situations where stereotype threat is present. In tlagss
cues (which are not necessarily blatant) seem to allow the individual to maikieent
rapid, and perhaps unconscious decisions that change the way they approach a

situation.

Synthesis of Stereotype Threat and Achievement Motivation

The complicated interplay of academic, social and self-image variabkeEnpin
stereotype threat situations has been investigated in achievement goalitiebuye.

The adoption of a particular goal structure has been shown to result in the activation of
a pattern of behavioral and phenomenological constructs (see Table 1 above and Ryan
& Ryan, 2005). Both achievement goal theory and STT theory are concerned with
performance differences in groups with similar backgrounds and experiences. Why
does one perform well and another fail when they have similar abilities and
backgrounds in the domain in question?

Approach or avoidance aspects (or positive and negative valences) of an
individual's goal state are thought to be fluid, and based on situational cues that tell
people whether they should fear failure (or not). The “definitional” aspect gbtide
endorsement (e.g. mastery vs. performance) is probably somewhat atdeessice
in general, it reflects how a person perceives learanyits purposes. However, not

all activities leave this interpretation of “learning” up to the person. Soresti
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activities are overtly performance (or mastery) in nature. Indeed &lhis co-
authors have shown that performance and mastery aspects of goal salection
susceptible to experimental manipulation (Elliot 1999).

Standardized tests are overtly performance activities (they eva@nat normative
scale and the results are presented as percentiles). Some classitarms ¢o be
organized in a similar matter, wherein a person is “ok” as long as he or she is not
dumber than average. These overtly performance situations are the very settings i
which stereotype threat conditions seem to operate.

It is hard to see how someone with a generalized tendency to epddmenance
avoidance could have made it to the point where they could be classified as
“identified” with the domain. They should have withdrawn from the domain long ago
(the ultimate form of avoidance). However a performapgaoachperson
(particularly with a positive valence) might make it, especially if thesewery gifted
in the domain. However, once they reached the point where things were not easy
anymore, how would they respond? In academic domains eventually the realization
dawns on a person that this is hard “even for me”, that there is someone out there
“smarter” than they are...they learn faster, and just seem to do better. étibad
juncture, highly identified, performance approach individuals will find themseéivas
situation they care about, work hard at, and value success in, but will need to be able
to explain why things are not as easy for them as they used to be or why someone els
might be outperforming them. For someone who is status conscious the continual
possibility of being seen as “losing their edge” or as being just aveiagd be

difficult to bear. In the overtly performance settings associatddsigreotype threat
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(e.g. standardized tests, upper-class and graduate school exams (dgtriticula
mathematics and related fields) it seems reasonable that this setiofstainces

could cause a person’s means of engagement to shift toward avoidancéaather t
approach, and his or her overall state to be performance avoidance (or PAP- as an
intermediate state) rather than masteryRAP+). That sort of sudden “shift” in
motivation might well be enough to cause anxiety and affect performance. The
negative performance would then affect the way the individual viewed the next such
evaluation. The effect is cyclic, negative, and could lead to dis-indentification.

The path to disidentification may also be connected to distal goals (future @mpals)
opposed to immediate performance goals associated with the task at hand (although
the two are linked). Elliot (1999) proposes that there are two important factors
(antecedent types) that govern proximal achievement goal adoption; these are
perceptions of competence and the individual’s “underlying needs” which could
include future goals. Miller & Brickman (2004) present a model of Futurentl
Motivation and Self-Regulation in which they posit (among other things) that the
perceived instrumentality (the degree to which a particular acts/ppgiceived to be
important to a distal but important goal) is a significant factor in whethgretts®n
operates under mastery or performance approach goals (with high instiitgnenta
associated with mastery goal endorsement). Greene, Miller, Crowson, DAkey&
(2004) show in a path analysis that the link between perceived instrumentality and
goal type is significant (two-tailed) for mastery and nearly §gant (reaches
significance in a one-tailed analysis) for performance approach. Rhet ofiderlying

reasoning of this relationship is the idea that activities that are juddedtdy
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instrumental to the attainment of long-term goals carry with them ahigan usual
self-evaluative (including efficacy) importance, and can affect the plgruofi

proximal activities to reach the distal goal. Mastery goals and competdatas
activities and effort would result from active distal goals. Success ia #uisities
reinforces the individual’s choice of long term goals (and would presumably enhanc
domain identification). Failure calls into question those goals and the “plan” to get
there. Domain identification (for those in school) is almost definitionally dirike
future goals. “l want to be a mathematician” is not easily separated‘frwant to

get a degree in mathematics” for those on an academic path.

These scenarios seem reasonable for anyone who is attempting diféksilt ta
within their domain. Why should some groups be affected more than others? First,
stigma is differential. One group (the stigmatized) sees the stereotgpesgative
thing (whether they believe it or have even personally experienced it or no8, whil
other groups are unaffected by it, unconscious of it, or perhaps even find it of some
positive value. In the case of stereotypes of women in mathematics, maltstfiei
second group (as perhaps would females who were not acculturated to this. stigma)
These groups will view the impending activity differently; and therefae® th
“antecedents” to goal choice will differ, resulting in goals and/or niadaiof
endorsement of those goals. This then influences the level and effectivendss of se
regulation strategies (Pintrich 2000; Miller, et al., 1996).

There are also experimental findings from motivation literature thatatedi
certain groups are more prone to adopt avoidance valenced goals (PAV). These

include women, ethnic minorities, and people from lower socio — economic
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backgrounds (Elliot, 1999). All of these groups face negative social or academic
stereotypes of the kind reported on in the stereotype threat literaturerly @lea the
stigmatized group would seem more prone to suffer from negative affects in a
threatening situation more often, and perhaps in a more personally meaningful way.
The path to negative outcomes/frustration and disidentification discussed above is
simply wider and steeper for members of those operating even under mild
“disadvantages” within their chosen domain.

Many students experience the feeling that they are getting “dumbdré\as t
continue to move deeper into their chosen field. The material becomes more difficult
the activities become more complex, and the peer group becomes more “elite”. Wh
should this effect be more pronounced in individuals who are part of a group not
normally associated with the domain? For those who are not stigmatized there is
worry that failure will really impact anyone beyond the individual (or themilfas),
or for that matter effect anything beyond a limited part of what is defindtealf.
Consider a white male in mathematics. Failure to achieve up to his potenkealyis li
to be devastating, but no one blames it on being white, or male. His white-maleness
was not in doubt. Nor does his failure mean that other; younger white males will be
discouraged from doing math. It is really about him, and the domain. For a female in
the same situation however, there is an added burden For her it isn’t just her and the
domain (which is bad enough), it is her, the domain, her identity as a female, and the
impact of her performance on all those who know she has chosen this route. There is
simply more pressure to perform (and perform well compared to others), or get out

early.
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Models Linking Stereotype Threat and Performance Avoidance Goals

The reasoning presented above leads to the following models proposed by Smith
(2004) and Ryan & Ryan (2005). These articles, which both focus on PAV and its
role in the stereotype threat effect both provide excellent reviews of thendysn in
cognition and affective problems that result when a person is working under
performance avoidance goals. To summarize, PAV leads to self-handicapping, poor
study strategies (Elliot, McGregor & Gable, 1999), and minimal risk¢gfaot
considered in STT research yet (Linnenbrink & Pintrich, 2000)). With the noted
exception these are essentially the suspects that have been testétthdort (much
success) in STT experiments. It has also been shown that PAV chaniges falebut
interest (reduces them (Elliot & McGregor, 2001)), feelings about anxdehatces
them (Elliot & McGregor, 1999; Middleton & Midgley, 1997)), and feelings about
efficacy/confidence (reduces them, (Middleton & Midgley, 2®hunk & Pajares,
2001). Again, these affective variables have long been implicated in the Stereotype
Threat effect. There is therefore good convergence between suspectesiesrotes

STT and demonstrated ones in Achievement Goal research.
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Smith’s Task Engagement Process
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Note: Solid paths indicate direct effects; dashed paths indicate moderating or indirect effects.

Figure 2 The Stereotyped Task Engagement Process Model (Smith 2004)

This model is a straight - forward representation of the process of gteal st
endorsement and the subsequent activation of specific self — regulation pattechs, af
and behaviors discussed above. It is fairly simple in that it views PAV as the only
direct route connecting STT to poor performance. Although this model is single
reasonable to postulate that situational cues about expected performancedgeowle
of and salience of stigma; how it will be interpreted by others (stereotygmehs the
individual and the group); and the challenging nature of the performance can lead
people to adopt an achievement goal with some dimension of avoidance. In its mildest

form the direct threat of the stigma could simply change the goal of the perfertoanc
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“not being outperformed” by the supposedly superior group (e.g. PAP-). In a more
extreme case the avoidance could take the form of PAV, where the goal ietd def
personal responsibility for general poor performance. If these situatioesmbee
causing a preference for goals with some manifestation of avoidance among
stigmatized groups does debunking remove the threat of confirming the stighiet
people be PAP+? Can differences in any negatively valenced perfornracters
linked to stereotype threat condition be shown experimentally (particilaNyas in
the model)?

Smith (2004) discusses results of an interesting but rather weak preliminary
experiment in which females in a math test situation that was threatendctgute
that they would not do as well as the males predicted AND females were more likel
to adopt PAV goals than males were.

The Ryan & Ryan (2005) model rests on the same basic set of observations that
link Stereotype Threat effects and the results of PAV goals. It is ia s@ys more

linear that the Smith model.
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Ryan and Ryan Model of PAV Mediation of Stereotype Threat on Math

Performance
Math Test
Anxiety
Math -worry
Achievemer emotionality
A

Math Achievement Math Cognitive
Stereotype Goal Orientation Processing »| Math Test
Threat -performance -cognitive Performanc
avoidance disorganization
v
Math Math Self-
Investment Efficacy

Figure 3 Conceptual Model of Psychological Processes Underlying Stereotype

Threat and Standardized Math Test Performance (Ryan & Ryan, 2005)

As in the Smith model, a situation that is threatening from a stereotype point of
view is not the only factor in determining the performance goal state. In look&sn
individual characteristics as they relate to experiences in mathemktican
antecedent role. Of course from the view of Stereotype Threat researatiethés
dependent not only on the threat level, but also on the person’s identification with the
domain. So STT researchers might lump the “stereotype task” and the individual
characteristics box(es) together to determine whether the person involved was
susceptible to the threat.

Again it is of note that neither model proposed above includes the possibility of
PAP-. This is due, almost certainly, to the fact that the PAP+ and PAP- have not been

measured separately, and therefore differences in affect and behaeorohédeen
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tested. It is also noteworthy that no mention of mastery avoidance (MA\§ds m

the models although at least one study (Elliot & McGregor, 2001) had shown that
MAV was measurable. This could be due to the somewhat problematic definition of
MAV or to an assumption that the situations in which STT is relevant are always
performance based and therefore would only affect performance goal gtructur

endorsements.

Studies Linking Threat, Motivation and Performance

How does one view a difficult performance situation? The antecedent cues
inherent in the type of activity, meaning of the activity as well as apsrpast
experiences determine her goals for that performance. Hopefully in the case of
mastery oriented persons who find themselves in a manifestly performantiersitua
their quest for mastery has in fact prepared them well for the situation and thei
performance endorsement will be strongly approach in nature.

Theoretical links between threat, motivation and performance seem clebe Int
past few years models have been introduced that explicitly link stereotypetthre
PAV goals and underperformance. Is there existing data to support tmalgene
concept and/or the specific models proposed by Smith and Ryan & Ryan?

In the field of athletic performance Wrisberg (1994) found that difficult sdost
trigger arousal, which leads to anxiety (as opposed to other kinds of affectivallarous
when people feel that their skills are not up to the challenge. These emotional
responses are statistically linked to meta-motivational states. Tleehgastates:

telic; serious goal oriented performance (performance goal) andlgafjalteyful or
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activity oriented...AKA mastery?). The noted affect seems to be less performance
inhibiting in those who are in the paratelic state. These people see the diicalty
challenge, while those classified as telic see it more as a thréamuiié intense
affective results that lead to distraction and loss of focus. While Wrislstugly

does link situational threat (seriousness of performance) to motivatioresl atet
results of activities it does not attempt to measure valence (approachdanae) and
so, while suggestive it does not test the specific links suggested by the models
presented by Smith (2004) or Ryan & Ryan (2005).

Smith (2006) has reported the results of a set of studies to investigate the links
between stereotype threat and goal type. One study found that women in the higher
stereotype threat condition reported a significantly higher endorsement ofj&a&/
than did women in the reduced threat state. A second study showed that women in the
high threat state were statistically more likely to endorse PAV goatswere males
in the same state, and that PAV endorsement mediated the effect of gender on math
score expectancy (for the high threat case). No statistically sigmifiesults were
noted for other goal types (PAP, M). While these results support the model piesente
by Smith in 2004 (see above) the studies have some drawbacks. First, the number of
participants was small and there was no attempt to take inherent abitigy/fialtl into
account. In the case of the first study where women were operating in high and low
threat conditions the total number of participants was only 20. The second study
involving males and females had a total of 13 female and 15 male participants. The
statistical power of these studies is low and the chance for error is gatichas to the

low number of participants. Additionally the studies’ methodology did not call for
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participants to actually take a math exam. Rather they were asked tatesher
performance after looking at the exam. Thus, the stereotype threatwedfenbt

clearly shown to be in operation since even though the expectancies were different
there were no actual math scores to compare. Additionally, this methodology is very
similar to that used to measure mathematical self-efficacy (Bandura, d®®%)quite
possible that mathematical self-efficacy is not an accurate medsactial

mathematical performance.

Smith, Sasone, & White (2007) conducted a series of experiments in which they
tested various aspects of the relationships between stereotype thredtianehnaent
goals. Interestingly the authors chose to focus on the omnibus “strength of
achievement motivation” (rather than domain identification as suggested &ytgper
threat theory) differentiating groups based on whether they were highly ackigvem
motivated (based on survey results) or not. This study also intentionally chos&wom
who had not yet declared a major in mathematics or related field (compatereyc
because “current computer science students may have already overgome an
detrimental effects that stereotypes have on domain interest” (p 101). Shaehate
to focus on task interest rather than actual performance results, and although they
manipulated the women in mathematics stereotype threat level the adtufbfie
which they drew the task instrument was computer science. They found that among
women who were assigned a PAV conditions those who had higher achievement
motivation and who were in the higher stereotype threat condition showed less interest
in the task. Additionally it was found that women higher in achievement motivation

were more likely to adopt a PAV modality that women who were lower in
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achievement motivation when in the higher threat state. While the results are
interesting (particularly the spontaneous adoption of PAV mentioned above) and
suggestive, the study has its drawbacks when viewed from the perspective of the
model proposed by Smith in 2004 (Figure 2). The 2007 study’s primary goal is to
investigate the effect of PAV goal adoption on task interest in a stergbtgagened
situation rather than on actual performance. It investigates the mediaffectof

PAV connecting task absorption to interest, rather than the mediational effect
connecting threat condition to performance, and it uses overall achievement
motivation more or less in place of any indicator of domain identification ¢in fa
choosing people outside the field who were not necessarily identified with it). While
clearly overall achievement motivation and domain identification are relatéadhe

are not co-definitional. A person could be interested in a task without being identified
with the domain. The focus of interest could lie outside of the “intended” domain.
For instance a subject may have little interest in the field of computeiaprogng

but be interested in the task because of the novelty of the situation or an interest in
psychology. Given that the study was done (intentionally) using participhotbad

not declared a major in computer science the above scenario is likely.

Chalabaev et al. (2008) showed that for female soccer players in Europe, an
enhanced stereotype threat state (that women soccer players are notia®athle
technically capable as men) was activated. Relative to a control groupdthat di
have this stigma activated women in the high threat groups showed a decrease in
ability, and an increase in PAV endorsement relative to PAP endorsement (the

measure was PAV-PAP score). However, this change in goal endorsemamt patt
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was not significantly related to actual performance thus failing to shoedational
relationship between threat state, PAV endorsement and performance.

Finally Brodish & Devine (2009) conducted an experiment on women in
mathematics in which the mediational effects of PAV and worry on threatsizte
mathematics performance were tested. Women under threat and not under threat
reported their test-related achievement goals and then took a difficultestith t
Women who participated in the study were chosen from an introductory psychology
pool based on evidence that they were good at mathematics (scores above 26 on the
ACT math test (or equivalent)) and were aware of the negative stereajgpoeing
women in mathematics (as evidenced by their responses to questions regarding the
importance of being a woman, and knowledge (not necessarily endorsement) of the
stereotype). Assuming that math ability is congruent with math idemiticthis
selection procedure should have resulted in a group that was very sensitive to the
effects of stereotype threat. There were 101 participants. Results shatved t
participants in the high threat group were significantly more likely to endr#%e
goals, and trended toward being less likely to endorse mastery goals (p < .@#¢r Fur
PAV goals were shown to mediate the effect of threat state on subsequent mat
performance. This is a very compelling study, however it employed a deehoi
inducing the high threat state that both drew attention to the stigma in the heightened
threat state and reframed the meaning of the performance by state. Thedagh t
state was told that they were taking a test to measure their quantitalitye(and
were reminded of the stereotype of women performing poorly compared to men in

mathematics). The low threat state was told that the assessment imngsiiestory
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capacity (and were not reminded of the negative stigma regarding women in
mathematics). Given the supposed sensitivity of individuals to antecedent dueg as t
approach an activity it is possible that reframing the meaning of thetyactould be
affecting the goal selections of participant. Since no males were incluttad study

an analysis of this potential affect is not possible. A design that manipulatet®nly t

threat level would not have this complication.
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CHAPTER 2

RESEARCH METHODS

A consistent finding in Stereotype Threat (STT) experiments is that tangisg
gaps in academic performance are significantly reduced or eliminateeftayning
the meaning of the performance. (Steele, 1997). This effect has been observed for
African Americans in general academic domains (Steele & Aronson 1995), and
women in mathematics (Spencer et al., 1998; Spencer & Quinn 2001; Brown & Pinel,
2003). This re-framing to lower the threat of stereotype takes the form opkaeitex
statement that the activity is either: not going to be judged in such a walyethat t
stereotype is a factor (see for example Steele & Aronson, 1995); or hasheveras
result typical of the stereotype (for example Brown & Pinel, 2003).

Recently, it has been suggested that goal orientation models can be usedrto expla
the stereotype threat phenomenon through the adoption of a performance avoidance
(PAV) goals (Ryan & Ryan 2005; Smith 2004). These models suggest a high level of
“fluidity” of goal endorsement. This is implied since the stereotype tlefésdt is
clearly highly situation sensitive and the effect of the threat (if sngasily
manipulated. Goal endorsement (specifically approach or avoidance) must also be
easily alterable if it is to explain part or all of the stereotype tleféatt. An
experiment where the level of threat is altered and subsequent strength of PAV

responses are measured could be used to explore this possibility.
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Study questions

1) In a situation where performance on a mathematical test is linked to
stereotype threat does threat condition significantly affect the
performance avoidance goal endorsement of female participants (but
not male participants)?

2) Is performance avoidance endorsement a mediator in the stereotype
threat effect on performance?

3) Does stereotype threat have an influence on endorsement of other goal
types (M, PAP, PAP+, and PAP-)? If so is there a mediational effect

between threat level and performance for that goal type?

The independent variables for this study were stereotype threat conditio)) (STC
mathematical domain identification (math identification); gender ideatifin; and
sex.

Stereotype threat conditions were “enhanced” in which participants werén&ol
the tests in question show gender differences with males doing better than females
“reduced” in which participants were told that no gender difference has been noted for
these tests.

The dependent variables were the participants’ scores on a math test; almath s
efficacy test; and on motivational goal subscales for mastery (M), penfime
avoidance (PAV), performance approach with a positive valance (PAP+), and

performance approach with a negative valance (PAP-).
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Participants

Participants were selected from the student body at a university in theasid
Selection criteria were:

a) Mathematical background: All participants were enrolled Elementargtiéns,
a prerequisite for the calculus sequence for engineering and physioakscid his
was taken as an indication of participant identification with a mathentatietdted
domain since a calculus course is not a General Education requirement itethe sta
Anyone enrolled in this course can be assumed to be either a major in a
mathematically oriented field (engineering, mathematics, physicsputer science,
etc) or simply intrinsically interested in mathematics.

b) Race: Everyone enrolled in the course discussed above was allowed to
participate, however African Americans males were eliminated fnenamalysis due
the confounding nature of known stereotypes regarding African Americans

(particularly males) and academic performance.

Instruments
(All instruments can be found in Appendix D)

Math Test. A 20 item math test (D5) from Inzlicht & Ben-Zeev (2003), with
guestions taken from the mathematical portion of a GRE test guide (Educational
Testing Service, 1994). These questions had appeared in previous Graduate Record
Exams and were answered correctly by an average of only 36.6% of test tdleers. T
guestions were presented as a single test (20 minute time limit). This (gr a ve

similar) method for generating exams for STT experiments is common itetiagure
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(Inzlicht and Ben-Zeev, 2003; Schmader & Johns 2003; Quinn & Spencer 2001;

Keller 2002).

Achievement Goal Survey.An eighteen item Achievement Goal Questionnaire

(D4) with fourteen items adapted from The Patterns of Adaptive LearnihesSca

(PALS) (Midgley et al., 2000). The items adapted from PALS (revised pool, updated
in 2000) were mastery (five), performance avoidance (four), and performance
approach (five). The performance approach items from PALS were all plysitive
valenced. Participants respond on a five point Likert Scale where 5 was strongly
agree and 1 was strongly disagree. The remaining four items were intended
measure performance approach with a negative valence. They used thekeaime
Scale structure as the items from PALS and were generated based oaghe ide
presented by Elliot in his 1999 publication. The fundamental idea behind this goal
type is that “the desire to avoid failure is strategically servedriwngf to attain
success.”(Elliot, 1999 p. 174). Scale items were developed based on the premise that
the participant would work hard on the test due to a concern that they would not be
able to perform as well as they might hope on the upcoming math test. The PAP-
items presented to participants were:

a) | am concerned about performing poorly on this math test so | will work really

hard at it.
b) My fear of not performing well on this test motivates me to try harder.
c) | will work hard on this math test because | am concerned that | can’t do the

problems.
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d) 1 will try hard on this math test because | am worried that | might natrperf

well,

Threat Manipulation.Participants (in both threat states) were informed that their
performance would somehow be compared to others (For example, directions on the
goal survey for the enhanced threat group read in @eantiardized tests evaluate
you based on how you perform relative to other students who took the same exam.
The math test that follows this survey is one such exam that shows that men perform
better than women.”). The directions for the reduced threat group read,

“Standardized tests evaluate you based on how you perform relative to other students
who took the same exam. The math test that follows this survey is one such exam that
shows women and men doing equally well.”

Instrumentation exists to measure the relative strengths of magpenaah and
mastery avoidance; however, due to the fact that the mastery avoidancersiate is
well explicated (and to the overtly performance nature of the task) an instruae

chosen that does not differentiate between the two proposed sub-states.

Gender and Mathematical Identification Survey. A ten item instrument (D2)
that measured identification with gender (four items) and the domain of matbemati
(6 items) measured on a seven point Likert scale, with seven indicating strong

agreement with the statement.
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The gender identification items were adapted from an instrument found in
Schmader (2002), which in turn was adapted from Luhtanen & Crocker (1992). The
adaptation made for the current study was to make all items “positively’gohr&®r
instance, “My gender isotimportant to my sense of what kind of person | am.”
became, “My gender is important to my sense of what kind of person | am.” Tis wa
done based on early results that indicated that the negatively phrased items sicored di
not score “oppositely” to similar items phrased in a positive way. (Sedistafis
this subscale reported in the Research Findings chapter below).

The mathematical domain identification subscale consists of items from two
sources. Three items are from a math identity scale found in Smith, Morgan, & Whit
(2005). The other three math identity items are from the Math Identification
Questionnaire (MIQ) (Brown & Josephs, 2000). Statistics reported in the research

findings section are for this combination subscale.

Math Self-Efficacy Questionnaire. A four item mathematics self-efficacy
instrument (D3) entitled “Appraiséthventory”. This instrument consisted of
mathematical problems that were very similar to those found on the math test. The
instructions ask for participants to “Rate your degree of confidence by megardi
number from 0 to 100 in each blank using the scale given below.”; with O
corresponding to “cannot do at all” and 100 corresponding to “certain can do”. This

methodology follows th&uide for Constructing Self-Efficacy Sca(@andura, 1995).
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Demographic Survey. A demographic survey (D6) was used to determine the
participant’s mathematical background, sex, race, age, high school attended, major
and in which section of the course they were enrolled (for the assignhueativ in

class).

Standardized Math Scores. Scores on the math portion of the ACT or SAT were
obtained. Participants gave permission for this on the informed consent form.

This study was experimental/causal comparative in nature since assigome
stereotype condition was random, but sex and identification with math domain are not

assignable.

Protocol

Part 1) During a regularly scheduled class time prospective panticipare
briefed on the study by the investigator and had the opportunity to read the Informed
Consent Form ICF (D1) for the study. They were told that participation would earn
them extra credit in the class but that credit could only be earned if both portions of
the study were completed. Those who choose to participate completed the gender and
mathematical domain identification survey (titled “About Me”) at that time

Potential participants who were absent the day their class was visitedritet i
participate met with the investigator individually. These individuals reddhe same
Informed Consent form and survey as those who participated in their regulatclass

that time.
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In all cases the participants responded to the identification survey befpredie
randomly assigned to either the reduced or enhanced threat groups. All pasticipant
knew that the study was concerned with potential gender differences inrdiaeda
math tests since this information was included in the informed consent material.

Part 2) The second (and longer) portion of data collection occurred individually in
a general use computer lab in the mathematics department. Participants who had
completed part 1 (above) presented themselves at this site to completeyhé\stud
appointment was necessary as the site was staffed by the invesagatany hours
over the course of at least a week.

Participants were given a WebCT ID and password, and were assigned a compute
station at which to work. The assignment of the ID - password combination randomly
enrolled the participant in one of two “courses” in WebCT. Each “course” wagin fac
a different threat state for the study. The course ID number was used to track
participants throughout the study and subsequent analysis. Course ID’s are
independent of any identifying participant information (e.g. name, address,dityiver
id number, social security number, etc.)

Participants logged into the appropriate site using the ID-password combinati
given.

During the initial instruction phase of this part of the study (after loggitg in
WebCT) the participants in each group were informed of the reputed gender bias or
lack thereof (this was the only difference between the groups) of the upconting ma
test. Participants completed the math self-efficacy survey (4 itemshemthe

achievement goal survey (18 items) at this time. The self-efficatyment exposed
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the participants to the type of problems they would see; the level of difficutltye of
items; and the time limit of one minute per problem as they would encounter on the
math test. The goal survey immediately followed this exposure and agandegini

the participants in each group of the purported gender bias of the math test (“women
and men doing equally well” or “men perform better than women”).

After completion of the goal survey participants initiated a test with 20
mathematics questions to complete in 20 minutes. Explanations/Directions appeared
first, along with time limits. Information was once again provided to the et
telling them about the purported gender bias previously found in the test. The math
test used has in fact been shown to have no gender bias.

. If the math test was finished in the allotted time the participants subrhitted t
material. If timed out, automatic submission occurred. The math test wag score
automatically by the software.

The manipulation of the two states took the following form. For the enhanced
threat group the instructions for the test includaedhe past, males have been shown
to perform better on this test than femalegFor those in the reduced threat group this
read ‘In the past males and females have been shown to perform equally well on this
test”. The rest of the instructions (and the test themselves) were identicdlecoitsi
this difference (See Appendix D5).

All participants concluded the study by initiating and filling out the demographic
guestionnaire through WebCT.

The total time for participation was around 55 minutes (15 minutes in class and 40

minutes in the computer lab).
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ACT or SAT math scores for participants were requested and obtained from the

University Records Department.
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CHAPTER 3

RESEARCHNEINGS

Data Preparation

The data for this study were collected in sections of a pre-calculusiciass t
designed to prepare students for the calculus sequences taken by mathematics,
physical science, and engineering students at a major mid-western upivérsgte
were 222 participants who completed all portions of the study. After eliminating
African American males (due to the confounding influence of racial st@iag)yand
people who did not follow directions (particularly on the efficacy instrument) or who
clearly did not take the study seriously (those who took less than five minutes to
complete the mathematics test) there were 206 participants left in tige dd@were
male and 96 were female. Of those 57 males and 48 females had been randomly
assigned to the reduced stereotype threat state while 53 males and 48 femesiles we
the enhanced threat state.

The data set used had a value of 24 inserted for any participant who was missing
ACT and SAT scores (this was the average for both males and females). &here w
25 of these. 10 were female and 15 were male. These participants were kept in the
study to add power to the analysis beyond the “stereotype threat effect” test. A
concordance table (Florida Department of Education, 2007) was used to convert SAT
scores to ACT scores for those who only had SAT scores. In cases where fhoth AC

and SAT were reported ACT scores were used.
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The data were examined for outliers (-3>Z>3) for math score; ACT saode;
scores on any of the various motivation, domain identification and efficacy scales.
Only two participants fell into this category for any of the measured gqesntiln
both cases they had very high ACT math scores. They were kept in the amatgsis s
they were outliers in only one of ten possible categories and represented less than one
percent of the total sample. Additionally it should be noted that math test scoees wer
used primarily to validate the presence of the stereotype threatieftbis study and
exclusion of the two outliers did not materially change the conclusion reached about
the presence of the effect.

See Appendix D for instrument content.

Factor Analysis and Scale Reliabilities

Gender and Domain Identification. Gender and mathematical domain
identification items were presented to participants in a single instrunAdthbugh all
items had been used in previous studies a factor analysis was performedmndete
if the items loaded onto individual subscales as expected. The factor analysis used
alpha extraction and varimax rotation. Alpah extraction’s factor model wagddsi
to be used in scale construction and testing (Kaiser & Coffrey, 1965). Varimax
rotation was used because it is known to produce an interpretable set of orthogonal
dimensions. Results were as expected. Two very strong factors werd.pfeseor
1 had an eigenvalue of 3.6 and consisted of all the items (six) expected on the math

identity scale. All items had factor loading at least .36. Factor 2 had an digeolva
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3.1 and consisted of all the items (four) expected on the gender scale. All items had a
factor loading of at least .80 (See Table Al).
Both gender and mathematics identity subscales were analyzed folitgliabi

this sample. Both were statistically reliabde< .92 and .83 respectively).

Efficacy. A reliability analysis was performed on the four-item math sei&adly
instrument (See Table D3, for instrument). Cronbach’s Alpha was .74 for thisssampl
Alpha for “any item deleted” never exceeded that for the entire scale. ntigates

that the scale is reliable.

Achievement Goal Motivation SubscalesThere were four theoretical subscales
for motivation included in the 18 item motivation measure. These were Mastgry (M
Performance Avoidance (PAV), Performance Approach with a positive valence
(PAP+), and Performance Avoidance with a negative valence (PAP-) (see Appendi
D4).

Since, as far as | know, no one has ever tried to measure the theorized positive and
negative valences for performance approach motivation scales a factcisaogjll
the motivation questions was needed to see if, indeed, these questions acted like
subscales (see appendix D4 for motivation items and theoretical subsdaltiatis)
that were separable from each other and from PAV.

Factor analysis was performed for the entire sample, including both ttatest s
and both sexes. Since the expectation was that the motivation instrument would

produce several factors the Alpha Method of Factor Analysis (Kaiser 8e@pf
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1965) was used. This method’s factor model was designed to be used in scale
construction and testing. Varimax rotation was used because it is known to produce
an interpretable set of orthogonal dimensions.

Three strong factors and one slightly weaker factor (with eigeneékightly
less than 1 (.969)) were produced by the factor analysis. The three fac®is bie
muddled theoretically.

Factor 1had 5 PAP+ items and 2 PAV items.

Factor 2had all the M items but 2 PAP- items as well.

Factor 3had 2 PAV and 2 PAP- items.

Scree Plot

Eigenvalue

T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Factor Number

Figure 4 Scree Plot for Achievement Motivation Items

Given the strength of the fourth factor (eigenvalue of .969) and my interpretation
of the break-point on the scree plot (Figure 4 above) the analysis was re#rian wi
forced fourth factor. The results were much more satisfactory from a ticabre

perspective.
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Factor 1 had all 5 M items, and no other ty(f&se Table A2 for factor loadings).
Item G7 made essentially no difference in the reliability of the scalag .85 with
or without G7) so in the interest of parsimony, and to match other motivation scales in
number of items it was not included.

Factor 2 had 4 PAP+ items (and no other types); the only PAP+ item that was not
included in this factor was G5.

Factor 3 had all 4 PAV items (and no other types). G5 (alleged PAP+) alsd loade
in this factor, but its loading is relatively weak and it did not really belorkis
factor theoretically so it was excluded.

Factor 4 had all 4 PAP- items (and no others).

Reliability analyses where then performed on the motivation scales asdiefi

above.

Table 2.

Reliability and Scale Statistics for Motivation Factors/Sub Scales

Factor Name
Cronbach's Std.
Alpha # of Items | Mean Variance | Deviation
Mastery .85 4 14.03 15.190 3.897
PAP+ .85 4 13.30 14.469 3.804
PAV .78 4 12.09 15.733 3.966
PAP- .80 4 13.64 12.867 3.587

Further statistics (means, variances etc) for specific itentg\aee in Table A3.
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Overall G5 was the only item that did not fall in an anticipated (or predicted)
category. It read©)ne of my goals is to perform like this test is easy folNoae of
the other purported PAP+ items have an implied level of difficulty (see item D4),
rather they concern themselves with comparisons with how others will do on the
items.

There was one item whose deletion from its subscale would have resulted in a
slightly larger reliability for the scale. This was true if Glevéeleted from the
PAP+ scaleq goes from .85 to .88 if G1 is deleted). However, the subscale was still
quite reliable even if G1 was not excluded (see Table A3).

Items G10 and G16 (both purported to be PAV) load onto the PAV scale but have
noticeable cross-loading on the PAP+ scale. This is not that unusual, and since both
the PAP+ and PAV scales have good reliability as constructed these itegngfivim
the scale they loaded onto most strongly (PAV).

In summary then the subscales used in subsequent analyses were:

Factor 1 - MASTERY (G4,G11,G13, G17)S7 omitted

Factor 2 - PAP+ (G1,G9,G12,G15)

Factor 3- PAV (G3,G6,G10,G16) &5 omitted

Factor 4 - PAP-(G2,G8,G14,G18)

Descriptive Statistics
Results of descriptive statistical analysis for scores on various instisu(vath
Self —Efficacy, Math Identification, Gender Identification, Performafyoproach

(total, positive valence and negative valence) Motivation, Performance Avoidance
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Motivation, Mastery Motivation, ACT Math Test Score, and Math Test Score (for the

instrument used in the experiment)) were performed. All instruments had &beepta

levels of skew (between 1 and -1) and kurtosis (-1>k>1).

Table 3

Normality Statistics for Measured Quantities

Math | Gender| Math PAP+ | PAP-| PAV| M Math| Math
ID ID SE Test | ACT
N 206 206 206 206 206 206 206 206 206
Mean 30.17] 19.17 68.04 13.23 13,64 1209 14.04 4.44.02
Std. Error| .496 444 1.29 .269 250 276 2701 .1%6 .207
of Mean
Median | 32.00| 20.00| 68.13| 13.00 14,00 1200 14.0@0 4.24.00
Std. Dev | 7.11 | 6.34 18.50| 3.85 359 340 3.89 2[25972
Variance | 50.63 40.66| 342.3] 14.85 12|87 1573 153D4 | 8.82
Skewnesy -.74| -59 -.34 -12 -.13 -08 -34 .76 9-3
Kurtosis | -.10 -.24 -.44 -.73 -.55 -.65 - 70 .39 83
Range 33 24 93 15 16 16 16 11 19

Preliminary Statistical Tests

Gender, Threat State and Math Self — Efficacy.An ANOVA was run to

explore differences in mathematical self-efficacy scores negutom differences in

gender, threat state or the interaction between gender and threat dfa¢dficSey
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did not vary significantly based on gender, threat state or the interaction ef ged

threat state.

Math Test Score and Math Self —Efficacy Correlations Math self-efficacy was
correlated with scores on the math test (Pearson Correlation of .274, p < 0.000), but
was not correlated with gender or threat state.

Ultimately it was the female population that was of interest in this study s
analysis (ANOVA) was performed on the female group. For the femalg ghere
was no significant difference in efficacy based on group membership dbbe4l

below).

Table 4.

Math Self Efficacy Scores for Females

THREATST Std.

ATE Mean | Deviation N
Reduced (1) 69.07 18.950 48
Enhanced

68.10 18.885 48

(2

Female Only Threat State Analyses
Scores from the Mathematics and Gender Identification scales weee ptac
“quartiles”. Quartile 1 scores were those in the bottom quarter of the goaléle

two scores were the group between 25% and 50% of the maximum score; quartile 3
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was between 50% and 75% of the maximum and quartile 4 scores were greater than
75% of the maximum score. This allowed for treatment of these scales@wicate
variables for use in Analysis of Variance (see foot- note on p 64, and Appendix C for

further discussion of this choice of methodology).

Math Test Score Differences by Gender Identification.An ANCOVA was
performed wherenath scorevas the DV, threat state was the IV, and gender
identification quartile score, and gender were fixed factors in ordestdor
interaction effects between identification scores and other independent \warfeble
math scores were co-varied to account for differences in mathenadtilcti.

Math score was not significantly different for gender identification deadr any

of the main effects or interactions.

Math Test Score Differences by Math Identification. An ANCOVA similar to
the one above was performed with mathematical identification quartilessogukace
of gender quartile scores. There were no significant differences in coaiehfer the

main effects or interaction terms.

Testing for Gender Based Stereotype Threat Phenomena

Before directly addressing the research questions regarding achieggrakent
mediation of the threat state — math performance relationship it was ngtesstaow
that the stereotype threat effect had been induced. The effect was inditateales

in the higher threat condition scored significantly lower than males while thdke
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lower threat condition showed no significant difference when compared to. males
ANCOVAs were performed with threat state and gender as independentesriabl
(IV’s), ACT score as the covariate, and math score as the dependent @¥ble

For clarity in the following discussion the enhanced threat (for femalespgr
will be referred to as “gender different” and the reduced threat (foldsh@groups
will be referred to as “gender neutral”.

Initially the analysis was performed using only the participants eported ACT
Math Scores. The analysis showed that overall group membership approached
significance, F (3,175) = 2.418 with p =.068. When comparing groups the gender
different females were significantly lower scoring than the genderatengles (p <
.014) and almost so for the gender neutral females (p < .081). Note that the gender
neutral females did not score significantly lower than the males in ditieatt State.

In the presence of the threat females underperformed, but when the @seat w
minimized male and female performance was not significantly differidmtt is the
stereotype threat effecSee Appendix B for more detailed information on this
analysis.

Given the trends in the results above the same analysis was repeated with the value
of 24 included for cases where no ACT or SAT score was reported. Twenty — four
was the average for both males and females in the overall sample who did report
scores. The results showed group membership as significant, F (3, 206) = 2.646 with
p=.05, and significant or near significant differences between specific group
membership (see pairwise comparisons (Table 6, page 63 below)). Once again the

gender neutral males scored significantly higher than the gender wliffengales (p <
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0.013, mean difference of .954). The gender neutral males strongly trended toward
being significantly higher than the gender different males (p <0.052, meamoiitée

of .722). The gender neutral females’ scores were not significantlyedfifféran the
male scores but were nearly significantly higher than the gender differeakes (p <
0.071, mean difference of .724). See tables 5 and 6 on the following pages for

statistical details and pairwise comparisons.

Adjusted Score on Math Test
(ACT Covaried)

— W Females

Males

Reduced Threat Enhanced Threat

Figure 5 Adjusted Scores for Males and Females with Threat States (ACT Math

Scores Covaried)

A third ANCOVA was performed for the same data set where the covariate was
score on the mathematical domain identification instrument since the magnithée of
under-performance response to high threat situations is believed to be a function of
domain identification. Results showed that group membership was significant F (3,

206) = 3.239 with p=.023.

60



As in the other analyses the gender neutral males scored significantly hiayher t
the gender different females (p < 0.08, mean difference of 1.168). The gender neutral
females’ scores were not significantly different than the male scoregebeit
significantly higher than the gender different females (p < 0.012, mean diffexence
1.145). See tables 5 and 6 for statistical details and pairwise comparisons.

Overall then there was strong evidence for the presence of the sterectégpe thr
effect as females in the gender different state underperformed comparatb$oin
the gender neutral state (and to females in that state when math idemnificat
covaried); while the females in the gender neutral state were not sigthyfican
outperformed by any group. This indicated the presence of the stereotgierthre
mathematics for females and the previously seen (Inzlicht & Ben Zeev, 8p68¢cer
et al., 1999; Brown & Josephs, 1999) amelioration of the threat effect when the
performance was framed in a manner that debunked the default assumption of the

stereotype’s presence.
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Table 5.

Descriptive Statistics for Math Test Analyses (24 used for missing AGE)xcor

Raw | Raw Std. | Adj. Means | Std. Error | Adj. Means | Std Error | N
Mean | Deviation | (ACT cov.) | (ACT (Math ID (Math ID
cov.) cov.) cov.)

Group
Females (GN) 4.88 | 2.582 4.68 .281 4.87 .320 48
Males (GN) |4.89 |2.335 491 .257 4.90 .293 57
Females (GD) 3.73 | 1.888 3.95 .281 3.73 .320 48
Males (GD) |4.23 | 1.958 4.19 .266 4.23 .304 53
Total 445 | 2.245 4.43 217 4.43 .309 206

Math ACT evaluated at 24.02. Gender Identity Subscale evaluated at 30.17
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Table 6.

Pairwise Comparisons for Math Test Scores Covariate Analyses (24 used for missing

ACT)

Dependent Variable: Math Test Score

Mean Diff. | Std. Error | Sig. Mean Diff. | Std. Error| Sig.
m J) (1-3) (ACT (ACT | (1-3) (Math (Math
(ACT cov.) | cov.) cov.) (MathID | ID cov.) | ID cov.)
cov.)
Females (GN)  Males (GN) | -.229 .380 547 | -.023 434 .957
Females (GD)| .724 .399 .071 1.145* 452 .012*
Males (GD) 493 .386 .203 .648 441 .143
Males (GN) Females (GN) | .229 .380 547 | .023 434 957
Females (GD) | .954(*) .380 .013* | 1.168* 434 .008*
Males (GD) | .722 .370 052 |.671 423 114

*significant at p < .05

Tests of Research Questions

Having established that the stereotype threat effect was in operationaatiteth
motivation scales were reliable measures for M, PAV, PAP- and PARyses#hat
directly address research questions 1 and 3 could be done meaningfully. At this point
interest in males, who were necessary in the preliminary analysisbligsthe
presence of stereotype threat effects ebbed considefaktgs the differences in

female behavior/performance based on varying threat condition that was of
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fundamental interest in the remaining analyses. Unless noted otherwisalises
below were performed on the female cohort only. There were 48 females in each
threat condition.

A MANOVA was performed with Threat State as an IV and Math Domain
Identification (quartiles) as a fixed factor (IV) (for femalesyyniThe DV’s were
scores on the Mastery (M), Performance Avoidance (PAV), Performance &pproa
Positive (PAP+) and Performance Approach Negative scales (PAP-).

In the analysis the math domain identification scores (which werallgctu
continuous) were re-coded into quartile scores (1, 2, 3 & 4), as described previously,

so that this variable became categorical and could be used in a MANOVA as an IV.

! A multiple regression analysis was also attempted in lieu of the MANOVASs
discussed above (see Appendix C for discussion of the regression analysis). The
results were essentially the same as those discussed below with theoaxbapthe
multiple regression technique did not indicate that there was the possibdity of
interaction between math identification and threat state (which the MASNEDows

for PAP+). This, along with greater error associated with the multialyses run in
the regression technique lead me to use the MANOVA approach even though the
regression analysis preserved more of the variability of the math idatitfi scale
(and hence would have more power). Additionally the quartile approach follows
Aronson et. al. (1999) who similarly divided groups of participants into more broadly
defined aggregates based on their scores on a domain identification instrument

(although they used thirds).
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For the analysis, with all four motivation scales, threat state wasisagrtifor
very nearly so) (Wilks’ Lamda = .055, F = 2.4); as was identification with the
domain of mathematics (Wilks’ Lamda = .000, F= 3.5) and the interaction term

between domain identification and threat state (Wilks’ Lamda = .034, F=1.9).

Question 1: In a situation where performance on a mathematical test islinked to
stereotype threat does threat condition significantly affect the performance
avoidance goal endorsement of female participants?

The mean for the enhanced threat group was 11.12 while that of the reduced threat
group was 11.92. This difference in PAV endorsement between females in the

different threat states was not significant.

Question 2: | s performance avoidance endorsement a mediator in the stereotype
threat effect on performance?
Since there was no statistically significant link between threat stdte a
endorsement of PAV goals, performance avoidance could not have been a mediator of

the threat state — math performance relationship.

Question 3: Does stereotype threat have an influence on endorsement of other
goal types (M, PAP, PAP+, and PAP-)? |If soisthere a mediational effect between
threat level and performance for that goal type?

Examining specific scales, the largest effect (from threat stateseen for the

mastery scale. The effect was significant (F (1,96) = 6.584 with p = .012) with the
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enhanced threat group reporting higher levels of mastery achievement motivation.
The mean for the reduced threat group was 12.81 while the mean for the enhanced
threat group was 14.70. This was the only significant result for motivatiors $oale
different substates. It is of interest to note that the enhanced thoeptrgported a
higher level of mastery endorsement while scoring significantly lower onadtte test
that the low threat group.

Although not specifically mentioned in research question 3, differences in scores
for various motivational states across math identification levels weredeatiin the
MANOVA described on page 64. Results of that portion of the analysis are discussed
below; in part because of a clear interaction effect between mathdrdeid#ication
level and threat state with respect to PAP+ endorsement (see below).

Both the Mastery and PAP+ terms were significantly affected by math
identification, with higher mathematical domain identification scoradtreg in

higher reported levels of M and PAP+ motivation.

Table 7
Tests of Between-Subjects Effects for Threat State and Mathematical Domain

Identification on Motivational Scales (Significant Results)

Mean Partial Eta |Observed
Source Dependent Variablgdf [Square |F Sig. Squared Powef
Threat State Mastery 1 |81.2 6.58 .012* .070 .718
Math ID quartiles Mastery 3 |124.8 10.12 .000* .256 .998
PAP+ 3 |[39.7 3.29 .024* 101 734
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*significant at p < .05

For the mastery scale F (3,96) = 10.119 with p = 0.000 for all female participants.
In fact, endorsement of mastery goals increased significantly asiceatification
guartile increased fdroththe reduced and enhanced threat groups (see Figure 9, page
71). For the reduced threat state F (3,48) = 6.227 with p = .001. For the enhanced
threat state F (3,48) = 3.965 with p = .014.

For the PAP+ scale F (3,96) = 3.288 with p = .024. This significant result was due
almost entirely to changes in the PAP+ score in the enhanced threatestdtey(se 6
below).

Oddly, even though during the MANOVA analysis the interaction term between
Math Identification and Threat State was significant there were hesstat were
specifically significant when examined from a univariate perspective. awe
looking at the motivation means for the cross term possibilities it was found that in
every case, by the fourth quartile of identification the motivation scasdigherin
the high threat state than the reduced threat statditionally it wass clear from
Figure 6 that for PAP+ there was an interaction (mentioned previously) vilgere t
enhanced threat group reacted much differently that the reduced threat groulp as mat

identification increased.

The following graphs show scores for the various motivation scales for both threat
levels, by math identification quartile. The x-axis is the identificaqjoartile, and the

y-axis is the score on the motivation scale.
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Figure 6 PAP+ Scores by Math ID Quartile and Threat State
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Figure 7. PAP- Scores by Math ID Quartile and Threat State

From Figure 6 it appears that there was an interaction effect betwesinlelres
and identification with the domain of mathematics for PAP+. Figure 6 also shows that
the significant result for PAP+ with mathematics identification wasatlnest

entirely to the enhanced threat group; even though the mean scores on PAP+ for the
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two different threat groups were virtually the same. It was the atiteneof threat
state (enhanced) and the level of math identification that led to differienites
performance approach (+) scores.

Specifically then, the low threat group did not show significant differemces i
PAP+ score as math identification varied; but the high threat group did. F (3,48) =
5.693 with p =.002. This was in keeping with stereotype threat literature; which
reports that in the high threat situation people with lower levels of domain
identification are not particularly affected but the more highly identifeatigpants
are (Aronson et al., 1999). In the reduced threat state there was littleligiimbi
PAP+ motivation no matter how identified the person was with the domain.

Scores on PAP+ for first quartile reduced threat vs. first quartile enhaneat thr
were not significantly different (p<.166). The same held for the fourth quartile
(p<.097). With higher numbers of females (more analytical power) it is podsable t
these differences would have reached statistical significance.

Interestingly, although in the high threat state increasing idenidfircetas
associated with higher PAP+ score, the same was not true for the score aththe m
test (see Figure 8 below). In general the math test scores showedificesity
difference over identification quartile (although there was a signfidifference due
to threat state). The patterns of response were intriguing howevertggogdre not
simple (e.g. increasing score with increasing identification) with thHeekigscores
occurring in the third quartile but they were the same for both threat statss. Thi
pattern may be an indication of an effect similar to that found by Aronson et al. (1999)

where moderately identified female participants (second out of three tloailejls
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significantly higher on the math test in the higher threat state. They took s a
indication of the differential effect of stereotype which causes the masifiele to
feel most threatened in the STT situations. It may be that the overtly stdtee of
the experiment (to see why some tests favor males) caused the highiest females

in either state (in the present study) to suffer some performancesieficit

Math Test Scores for Females by Math 1D
Quatrtile
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Figure 8. Math Test Scores by Math ID Quartile and Threat State

Analyses were run to determine if there were any correlations betwelen mat
identification and ACT score, Math Test Score, or Math SE. None of the correlations

were significant, although math identification with Math SE came clogepw .052.
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Figure 9. Mastery Scores by Math ID Quartile and Threat State

For mastery scale scores the plot (Figure 9) shows that the scores staduite
differently for the lower quartile participants (with high threat repgrtimuch higher
scores on mastery motivation) but the difference became smaller andrdoraihe
more highly identified subjects. It seems reasonable to postulate that thaghbs
identified would have reported high levels of mastery motivation no matter what the
threat condition, and since the scale is not open ended (maximum of 20) the scores on

the mastery scale should have approached one another for the more highledlentifi

Therefore generally speaking being in the enhanced threat state induedesfeo
report higher levels of motivation (particularly mastery in the case edtlistate
alone, but also in PAP+ when math identification and threat state are considared)
those in the reduced threat state. These higher levels of motivation weretaighe s

that produced lower math scores.

71



Research question 3 was also concerned with the possible mediationalaffects
threat state manipulation on other dimensions of performance motivation (besides
PAV). Mastery goals and performance approach (positive valence vgera$oth
found to vary significantly with respect to threat state (mastery sant#dr math
domain identification (M score and PAP+ score). Mastery and PAP+ werenexami
for mediation effects (of threat state/ math identification and ndatttification,
respectively).

Following Baron & Kenny (1986) a series of regression analyses wdogrped
to test for mediation by mastery endorsement on the threat state — niatiaece
relationship.

For threat condition and mastery (M) score the following regressions were
performed.

1) Math score with threat condition
2) Math score with mastery score
3) Threat condition with mastery score

4) Math score with threat condition and mastery score entered simultaneously

If math score and threat condition; and math score and mastery score; and threat
condition and mastery score were all significantly related then the condirons
mediation would have been met. If, when math score, threat condition and mastery
score are entered simultaneously in the regression, the relationship bitxeaen
state and math score became non-signifieadtmastery score retained its significant

relationship with math score; then the conclusion is that mastery statenediator
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for stereotype threat and math performance. If the variables wkseysificantly
related, but the effect was significantly less than before the inclusionstémacore
then reported mastery endorsement score would have been a partial mediator of the
effects of threat condition.
Since threat state was categorical, effect coding had to be used. akesl @pve

new variable (since the categorical variable had only two states).

Table 8.

Dummy Coding of Threat State Variable for Regression Analysis

EFF 1
Enhanced State -1
Reduced State +1

This made the enhanced state the base group. This agreed with previous studies tha
have shown that when no information was given individuals susceptible to the effect
operated as if the threat was present (Steele & Aronson, 1995). Comparisons for
significant differences were done with reference to the grand mean. Geomgaare

not reported for the base group.

Regression of threat condition and math score showed that R = .249 and p < .015.
Thus the conclusion is that threat condition accounted for a significant amount of the
variance in math score (6.2%).

Regression of math test and mastery score showed R=.286 with p <.005. The
conclusion here is that mastery motivation accounted for a significant portion (8.2%)

of the variance in math test score.
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Finally a regression of mastery score with threat state was performesd. Thi
analysis showed R=.230 with p <.024. So threat state and mastery score shared a

significant amount of variance.

At this point the effects of threat state and mastery score on math scerested
together. A simultaneous regression, where threat state and mastemyeseore
entered in the same step, and math score was the dependent variable was performed.
The simultaneous regression showed hiatr threat state drops from .248 (p =.015)
when it (threat state) was considered alone to .193 (p = .058) when it was entered
along with mastery scor@ (= .242, p = .018). The reduction in the amount of
variance accounted for by threat state and the fact that the variance at¢oubte
threat state was no longer significant (p = .058) when entered with mastery score
supports the conclusion that mastery motivation was a mediator of the effects of
threat state on math score.

Note that the coding of the effective variable for Threat State madediheeck
threat state positive and the enhanced state negative, which effects thiefsigee
Table 9 below) , making it the opposite of what might be intuitive ( where enhanced >

reduced).
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Table 9.
Standardized Regression Coefficients for Mediation Analyses of Mastery Score on

Threat State and Math Score

Standardized

Regression

Coeff. (3)
Analysis 1 (Math Score with Threat State) .25 (05)*
Analysis 2 (Math Score with Mastery Score) -.2%(®05)*
Analysis 3 (Threat State with Mastery Score) -23(024)*
Analysis 4(Math Score with Threat State and Mastery Score)
Threat State .19 (p =. 058)
Mastery Score -.24 ( p=.018)*

*significant at p < .05

Considering mathematical domain identification as an independent variabbr (rat
than threat state) a similar analysis for mediation of M and PAP+ on therdoma
identification - math test score relationship was attempted. Howeverssean
analyses showed that math identification did not account for a significaninhiof
variance in math score (neither did PAP+). This result ruled out mediatioadigmn

or PAP+ scores between domain identification and math score.

Other Findings
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Although performance avoidance (PAV) scores did not show a significant change
with threat state it may be informative to look at some of the results for PAV laed ot
motivation subscales in more detail.

Clearly there was no real pattern of response (see Figure 10 belowass fa
increasing mathematical domain identification was concerned. Althoughribdi
reach statistical significance (compared to the reduced thregtisiatof interest to
note the sudden increase in PAV score between the third and fourth quartiles (of math

identification) for the enhanced threat state.
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Figure 10. PAV Scores by Math ID Quartile and Threat State\

Since all the motivation subscales had four items and a maximum score of 20 it
might be of some value to compare the strength of response for each scale in each

threat condition.
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Motivation Sub-Scale Scores by Threat State
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Figure 11.Scores for Motivation Subscales for Both Threat States

There were some trends of note here. First, the scores were very smihar (
12-13) range for most of the groups. The exceptions were the mastery saalerscor
the enhanced threat group; the performance approach scale with negative fealence
the enhanced threat group; and the performance avoidance scale for the enhanced
threat group (really scores for PAV under either condition seemed dontfle

A t-test was performed to determine if any of the motivation scores im stdte
were significantly different from the average subscale score (13.01). dilitsrare in

Table 10.
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Table 10.

T-test for Significant Differences in Motivation Sub Scale Means

Mean
t df sig (2-tailed)
Difference
PAP+ (Reduced) |-.23 a7 .821 -11
PAP+ (Enhanced) | .21 47 .837 12
PAP- (Reduced) -.19 47 .851 -11
PAP-(Enhanced) |1.8 a7 .084 .95
M (Reduced) -.01 a7 .994 -.005
M (Enhanced) 3.83 47 .000* 1.85
PAV (Reduced) -1.72 47 .092 -.98
PAV (Enhanced) |-2.94 47 .005* -1.71

*significant at p < .05

The mastery score increase in the enhanced threat case was, in fact, one of the
statistically significant results of the study and the t-test confinasit was
significantly higher than the average motivation subscale score.

The scores in the enhanced threat group for negatively valenced performance
approach were interesting. This was the second highest scoring group, atesthe t
indicates that the difference between the mean for that score and the avenadje
subscale score (.953) might have reached significance with a larger numdreats f

participants.
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The performance avoidance group did not behave at all as expected, and not like
the other groups. The scores for both threat conditions for this group were lower than
the means of the other scales; and this was the only scale in which reported
endorsement of motivation weddwnin the enhanced threat group. In fact the t-test
shows that this difference was significant for the enhanced threat group.

Overall it seems that the enhanced threat group was highly motivated, and in the
many of the “right” ways. They wanted to demonstrate mastery of ttexiatand
were eager to try hard on the test (although it was because they were \@boig
their performance), while being less interested in avoiding looking bad. And yet the
scored lower on the math test.

Of course threat condition was only one of the factors that contributed to

stereotype threat effects. Math domain identification was also of interes

Motivation Scores by Math Quartile
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Figure 12.Scores for Motivation Subscales for Math Identification Quartile
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The significant differences with math identification are clear fosterg and
PAP+ from this figure. Both showed steady increases as math iderrficat
increased.

Figures 13 and 14 (below) combine the data represented in Figure 12 and earlier
line graphs such as Figure 9 to show how the scores on the motivation scales varied
over mathematics identificatiaandthreat state.

Figures 13 and 14, taken together illustrate the previously noted interaction effect
between threat state and mathematics identification on motivation sgartisularly
PAP+, which reaches significance). In the reduced threat state theréleas li
variability in motivation scores from scale to scale (except M) or over math
identification; while in the enhanced state there was considerable véyiabgdcore,

particularly over math identification quartile.

Enhanced Threat Motivation Scores over
Math ID Quartiles
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Figure 13. Scores for Motivation Subscales for Math Identification Quartiles for the

Enhanced Threat State.
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Reduced Threat Motivation Scores over
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Figure 14. Scores for Motivation Subscales for Math Identification Quartiles for the

Reduced Threat State.

Figure 13 is of further interest in that it shows that the threatened femiadte
were less identifiedeported scores that showed less of a tendency toward avoidance

motivation when they knew they would be compared to males.

Males, mentioned parenthetically in question one of this study, have not been
addressed thus far in terms of threat state/domain identity/goal choireeiioes.
Males (particularly since African American males have been exclide®) not been
negatively stigmatized with respect to the academic domain of mathemdiese T
was no real reason to expect that they would react to manipulations of theeat ata
way that would make them useful as control group for females. Their self-image

regarding mathematics (given that they have not had to labor under a stigrear&)r
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would be different than that of females. However as a check, analyses parallel t
those described above were run for males. As expected the two groups hiad little
common in how they reacted to the manipulation of threat state. Males had significant
results where females did not, and vice-versa. In only one circumstance did both
sexes show significant motivational responses for the same threat stetéhor
identification situation. This occurred for PAP+ motivation changes seemlonatin
identification quartile. As with females, the males in the group told that fésnda

as well as males” had higher scores on the PAP+ scale and showed a pattern of
increasing score as math identification increased. Unlike femalesvieothe males
who reported higher levels of PAP+ endorsement scored better on the subsequent
math test than males in the other threat state. See Appendix E for more detailed

results and discussion for males.
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CHAPTER 4

DISCUSSION

Stereotype Threat, Domain Identification and Achievement Motivation
Stereotype Threat research has had difficulty explicating mecharosiing f
reduction or elimination of underperformance of stereotyped groups afteple sim
statement that the behavior in question has not been shown to follow the stereotypical
results. Susceptibility to the inherent threat associated with perfoenmaac
stereotyped domain clearly has three major components. First, the person must belong
to the stereotyped group (whether or not they accept to the stereotype) andsegond t
must be identified with the behavior (or intellectual domain) for which the dias i
present. A stereotype involving women in mathematics does not concern all women.
It does concern women who, to some degree, feel that skill in mathematicstisfa par
their self-image. The magnitude, or even presence of, the effect of aygiergioduld
therefore be dependent on the degree of centrality that “math” holds for a person.
Thirdly, the actual situation in which they find themselves must be challesgitigat
they feel the pressure of possible underperformance.
The present study was concerned with the following research questions:
1) In a situation where performance on a mathematical test is linked to
stereotype threat does threat condition significantly affect the
performance avoidance goal endorsement of female participants (but

not male participants)?
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2) Is performance avoidance endorsement a mediator in the stereotype
threat effect on performance?

3) Does stereotype threat have an influence on endorsement of other goal
types (M, PAP, PAP+, and PAP-)? If so is there a mediational effect

between threat level and performance for that goal type?

Stereotype Threat Condition and Motivation

It has been hypothesized that the stereotype threat effect (lower preréam
among threatened populations that is ameliorated by reducing the threagpist at |
part mediated by changes in the achievement goal structure (motivatiespanse to
the changing perceptions of threat (Smith 2004; Ryan & Ryan 2005). Theory has
focused on the maladaptive behaviors associated with performance avoidance goal
structure (Elliot & Church, 1999; Smith, 2004; Ryan & Ryan, 2005 ). Indeed in recent
studies, Smith (2006), Smith & White (2007), and Chalabaev, et al. (2008) found that
individuals in stereotyped groups who were operating in a threatening sit{iatiba
domains of mathematics and soccer respectively) tended to endorse performance
avoidance goals. In the case of the 2006 Smith experiment PAV mediated tdieat
and math performance for females. Each of these studies however had certain
procedural, practical or theoretical problems that made them less thanealigsolut
convincing (see chapter 1). More germane to the present study is ttiatdgtodish
& Devine, (2009), in an excellent study, found that performance avoidance
endorsement (and worry) mediated the effect of threat state on math scores f

women. The current study was expected to produce similar results, however no such
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mediational relationship was found between threat state, PAV and math test score.
Indeed there is no statistically significant connection between threagsiatPAV
endorsement at all for this group.

The reasoning behind the expected (and in other studies demonstrated)
performance avoidance endorsement in a threatening situation is straightforw
the surface. Those in the high threat state should feel, threatened, and it would be
reasonable to assume that the desire to avoid failure would increase. An increase
PAV motivation should lead to an increase in the maladaptive behaviors (such as poor
self — regulation, lack of effort and increased surface processing)aissioeith
avoidance goals, resulting in decreased performance. The performanitevdsfic
there, but the difference in performance avoidance endorsement betweegrtupat
was not. Why? Performance goals of all types arise from the idea thestiits of
an activity will be compared to the scores of others. This may not be the case for
individuals in a study such as the current one. Participants were told that their
identities and scores were confidential. Even the course instructor wasldnly
whether the participant finished the study or not (and participants were avhi® .of
In this case it might be that there was no real threat of “personal compddson”
others. It is their groups’ score that matters and is reported. Avoidance woittkedo |
to protect the individual and could do real harm to the group score.

The presence of stereotype threat is clearly situational since indivateadble to
key on relatively small differences in environment or instruction that esthtegance or
reduce the level of threat. In the Brodish & Devine (2009) study (mentioned above

and discussed in chapter 1) the threat/no threat conditions varied both in whether
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gender differences were mentioned (yes in the case of high threat, no in tbhé case
low threat) and in what the test itself was purported to measure (“quantitative
capacity in the high threat state and “memory” capacity in the low thréat s@ould
it be that the differences in PAV endorsement reported by Brodish & Devine are due
to the reframing of the nature of the test; or as an interaction effect betveee
reframing of the meaning and the enhanced threat level due to a clear statement
gender significance? In the present study all participants were tokbthatmath
tests showed differences in score based on gender while others did not and the purpose
of the study was to determine why this might be occurring. The manipulation was t
simply tell the participant that the test they were taking had not shown these
differences (reduced threat) or that it had (enhanced threat). The two tirergésre
had the same preparation and the same “meaning” attached to the test.

In this study there was no “avoiding” membership in a group based on gender or
race or some other uncontrolled personal characteristic (like thregtastd the
meaning of the entire exercise was fundamentally the same for alpzarts.
Participants knew that their specific scores would not be revealed, and weremot eve
really in question. It was their group’s score that was important. “Avoidaregbw
no real use to them personally and would have been a detriment to their group. It
seems unlikely that participants would actually “think” these things through, toasg it
been shown that people are very sensitive to the contextual clues in their environment
(Elliot, 1999). So it could be that in this particular experiment the avoidance option
was minimized by the circumstance of the performance and stated mearhiag of t

study. Indeed, for this study it has been shown that the PAV scores were lawer tha
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the other types of motivation scores (see Figure 10 and Figure 12). For the hagh thre
group that difference was significant (p = .005) and for the low threat group the
difference was nearly significant (p = .092) (see Table 10). These were the only
significant (or near significant) results for performance avoidance szent. This
result may have to do with the antecedents to the performance (as sugigegtyda

it may simply be that people were less willing to admit PAV goals. Whatilegerase

may be, it is intriguing that the PAV scores trended downward when the threat was
enhanced, which is the opposite of the predicted result.

Since PAV scores were not significantly linked to threat state the secedates
guestion (involving PAV’s mediational role in linking threat to performance) is moot.
In this study performance avoidance goals did not mediate the effect of\giereot
threat on math performance for females.

This having been said, the study (which included instruments that measured
Mastery (M), Performance Approach with Positive Valence (PAP+) aridrR®nce
Approach with Negative Valence (PAP-)) did produce significant/integestsults
that linked dimensions of motivation to threat state-math performance and/or
identification with the domain of mathematics for females. Additionally, thidys
successfully showed that PAP-could be measured separately from both RAP+, a
PAV. These results will be discussed in the remainder of this chapter beginthing wi

the PAP- result.
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Measuring Performance Approach with Negative and Positive Valences

Elliot & McGregor (2001) hypothesized the existence of two forms of
performance approach achievement goals. However, no known attempt has been
previously made to measure positively valenced and negatively valenced pederma
approach goal structures separately. A positive valence implies apprdaehrtath
items in questions with the intent of showing how good the individual is at the
material (in comparison to others, or to show that the material is easy for the
individual). This (PAP+) is “performance approach” as generally medgsee
Elliot, 1999 for example). A negative valence indicates that the person is concerned
that they may not do well on the material but intend to work hard (approach) to
overcome that possibility.

Factor analysis in this study showed that the two subtypes of performance
approach goal structure are separable from each other and from other goédégpe
Table 2). This is an important and thought provoking result in general and for this
study in particular in that anxiety and other maladaptive responses generally
associated with PAV can reasonably be hypothesized as being present Kaithaug
somewhat lesser extent) in the PAP- goal structure as well. Thg abisblate and
differentiate between PAP- and PAV (or PAP- and PAP+) will give resees more
granularity in their measures and greater understanding of the goalscabdggteople
in performance situations. As discussed in more detail below PAP+, PAP- and PAV

were adopted to different degrees and in different patterns in this study.
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Threat State, Mathematics Domain Identification and Motivation

Threat State and Motivation. This study did show a main effect for mastery goal
endorsement with threat state (F (1,96) = 6.584 with p = .012); with women in the
enhanced threat condition self-reporting significantly more mastenytatien than
those in the reduced threat condition. Indeed, it was shown that mastery goal
endorsement mediated threat state and lower math performance in thisierpésee
pages 70-74). The fact that this higher level of mastery goal endorsensectwpéed
with lower scores on the math test is somewhat counterintuitive; as one migttt expe
higher levels of mastery goals (generally regarded as beneficial istgece and
effort) would result in higher scores.

How could higher levels of mastery goal endorsement lead to poor performance?
If the participant frames learning and performance for “myself andwmy
edification” other goals such as comparisons to others, memberships in a group, and
the “good of the group” are minimized in importance. In essence it appearsithat i
case mastery goals were operating as selfish goals. This ratlaelaptive aspect of
mastery orientation has been hinted at in the literature. Senko & Miles (2008) found
that students’ mastery endorsement was predictive of study habits. Studeet$ studi
material that was personally interesting; which was not necesseribatme as
material that was important for the course. This tendency was predictive of lowe
grades in class. While the Senko study was focused on study habits over dyrelative
long period of time, and the current experiment was focused on immediate goal
endorsement in a very specific performance situation. The idea thatyrgsés can

lead to choices that are not helpful in performance situations is interelstitige case
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of the present study where time was a definite constraint (one minute per privlidem
possible that task persistence associated with mastery endorsement mighsunch
a good thing. In other words spending too much time on one problem before moving
on is not a good strategy for this test (which is modeled after similar ACT aBd GR
tests). High scores on this test are almost certainly due to mathémlaticaand
good, focused, test taking techniques. That is the case for most mathematics tes
however.
Why shouldhigher levels of mastery goal endorsement occur for females in the
enhanced threat state in this experiment? Perhaps if avoidance (the predjptede)
is not a viable option, and yet it is possible that underperformance might happen, the
next best thing (from a self-protection point of view) might actually be “maste
endorsement”; thus minimizing the importance of group membership and results.
There is a pre-supposition here that participants in the enhanced threat group are
consciously or unconsciously anticipating the need to deal with underperformance of
the group they are associated with. It should be recalled that in this esipieti@
participants were exposed to questions that were very similar in nature tahidaose t
they would see on the math test as part of a self-efficacy measure befptetowm
the motivation questionnaire. Could it be that any type of differential goakgte
between enhanced and reduced groups would serve the same “protective” role so that
in one situation there might be a significant increase in performance avoidance
endorsement while in another case some other dimension of motivation might be
triggered? If this is the case the mediating role of some dimension oatrativ

(PAV, M or any other) is a reflection of the deeper, self-protective need. When the
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participant discovers the challenging nature of the material is ifgb@$isat any
enhanced motivation becomes a distraction? This would support the findings of
Schmader & Johns, (2003) that associated enhanced threat conditions with high
cognitive load.

While there was no significant main effect for performance approachawith
negative valence (PAP-) from the MANCOVA calculations there was soaieation
that PAP- is important in the enhanced threat group. As reported in Table 7, there wa
a tendency toward higher PAP- scores for the enhanced threat state (F (1,96) = 1.823
with p =.180). While certainly not significant this might suggest a trend. Eimd t
would be supported by the fact that in a subsequent t-test (see Table 10) the PAP-
score for the enhanced threat state approached a significant differgmes than the
average) (p = .084) compared to the other motivation subscale scores. Neither of thes
results is necessarily scintillating on its own, but taken together they datmd¢hat
participants in the enhanced threat group may be more likely to endorse motivation
goals that stress approach and effort but did so out of a participant’s conteiretha
might not do as well as others. This would seem to be a reasonable response to being
informed that your group (females) has been shown to be outperformed on the math
test you are about to take by another group (males). In fact this mightdre a m
natural response than PAV given the situation. This relationship warrants further
study.

In past studies where “performance approach” has been reported the items on the
instruments used were phrased positively. In essence the PAP+ scaletudthis s

the PAP scale of other studies. Had the PAP- scales not been used in this study there
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would have been no indication that there was any performance goal changeebsociat
with a negative valence with differing threat condition. This seems taatedicat the
PAP- and PAP+ subscales may provide insight into situations that are not availabl

with the generic PAP scale.

Domain Identification and Motivation. There is no uniform agreement
regarding the measurement of domain identification for women in mathematics.
some studies the fact that a person was enrolled in a particular class wasarsed a
indication of identification (c.f. Spencer et al., 1999). In at least one other study
scores on standardized college entrance math tests was used (Brodish & Devine
2009). Others have used specifically developed survey type instrumentatitim (Sm
2006; Aronson et. al., 1999, Brown & Josephs, 2000, Schmader, 2002; the present
study) In at least one case, (Smith et al., 2007) participants were choseseltbey
were early in their college experience and had not yet committed to pursisgges
in math or a related field.

Initially domain identification for this study was intended to be linked to class
enrollment. Women enrolled in a pre-calculus course were assumed to be at least
partially identified with mathematics simply because there were,dédssrrigorous,
mathematics courses that could be used to fulfill the requirements for gpadua
However, in order to more specifically gauge identification with gender and
mathematics, participants also responded to questionnaires regarding their
identification with both their gender and the domain of mathematics. There are no

significant results associated with the gender identification measure. arbere
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however significant results with respect to scores on the domain identification
instrument. Participants were grouped into quartiles according to thesratdine
domain identification instrument. Those in the first quartile could be labeled as
somewhat identified with mathematics while those in the fourth quartildrargly
identified. This basic methodology is also seen in Aronson et al. (1999) where the

group was divided into thirds.

Endorsement of mastery goals increased significantly as math ideittifica
guartile increased for both the reduced and enhanced threat groups (see Figure 9, page
71). As discussed above there was also a significant difference in the ofdia
two threat conditions for mastery score.

Scores on the mastery subscale increased over math identification qéartiles
both threat groups, although the scores converged at a little over 16 on a 20 point scale
(see Figure 9). The big differences (that results in a significatihg) between the
two threat states occur for the lower two quartiles. The convergence of Smoitee
upper two quartiles is most likely a ceiling effect where the most ickhtii either
group were reporting strong mastery endorsement on a limited scale. jbhe ma
difference between how the different levels of identification report thesteny score
for the different threat states is mainly a matter of magnitude, witlketheed threat
group reporting lower scores for each quartile.

Endorsement of performance approach with positive valence (PAP+) was
significantly higher for the enhanced threat group than for the reduceddghvapt

(see Figure 6, page 68)In fact the increase in score on the PAP+ over math
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identification quartile was so large for the enhanced threat group that it@dolseto

a significant result for the entire sample of females for math ideattdic and PAP+.

The mean scores for PAP+ for the two threat conditions are not significafehedtf

(both are 12.9) so analysis by threat state does not reveal any signifitenend# in

the PAP+ score due to threat condition. However it is clear that the sighiesailt

for PAP+ score over math identification grouping is a result of the differeyd iwa

which the threat groups responded as math identification increased. See figures 6 and
7,0r 13 and 14.

This subscale measures the strength of response to the basic proposition that the
goal of performance on this math test is to show that the participant wants to do bette
than others. The endorsement of this goal escalates for the enhanced threat group, as
did for both groups for the mastery subscale. However, the reduced threat group
shows essentially no change for PAP+ by quartile. Being informed thasthete
not showed a gender bias appears to have significantly reduced the competitive
motivation to outperform others in this group’s motivation profile. Significantly
higher scores on the math test resulted. Is the reduction of threat causaggpést
to be less sensitive (or care less about) the type and difficulty of the wibnelases
to their own self-identification with the domain? Their identification whiga domain
is just less important? The attenuation of the salience of this bit of selfydéet

leads to better performance? So it seems.

For the negatively valenced PAP there is no such simple pattern, or stififistic

significant result over math identification, although the sudden increase forathose
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the third quartile of identification who are in the enhanced threat state is ndtgwort
(see figures 6 and 7 or 13 and 14) as it indicates that this group may be more
concerned with working hard to overcome possible difficulties than the other groups.
It is possible that the more identified might have recognized how hard theahateri
was while the less identified did not. The third quartile participants might be more
concerned with this discovery than the most highly identified people in the fourth
guartile of the enhanced threat group. However if this were true the third or fourth
guartile folks in the reduced threat group might be expected to show a similaséncrea
(they did not); unless the reduction in threat ameliorated this concern.

Is the third quartile group in the enhanced threat state a special group?nighe ite
in the PAP- scale are things like:

| will try hard on this math test because | am worried that | might not perform
well.

Items of this sort are, in fact aimed right at the underlying concern thedvtsfged
groups have. If this were so, it is interesting to speculate that they (thgquhitile —
enhanced threat group) are the most vulnerable to outside cues. Are they the group
that is in danger of dis-identifying with the domain? Stereotype threaythesdicts
that at each level of achievement some members of the stigmatized growpitiodp
the domain (Steele, 1997); which then reinforces the stigma for those who continue in
the domain. It might be helpful to identify the group at risk. Is there furtheéemse
that, for this population, it is the third quartile group who is at risk? Figure 8, (math
test scores) also shows some anomalous behavior for the third quartile (andide sec

guartile as well). For both threat states it is the third quartile that dberégyhest,
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and the second quartile that scores the lowest. Unfortunately this does not support the
basic stereotype threat prediction that those who are the most threatenedicukapa
circumstance (équartile) perform least well. At this point the high PAP- motivation
scores for the third quartile — enhanced threat group appears to be a statistical

anomaly, however this group might be interesting as the focus of futurecresear

To summarize; the differences in the enhanced and reduced threat feetales ar

1) Higher mastery endorsement among those in the enhanced threat
condition.

2) Atendency toward greater endorsement of PAP- goals among those in the
enhanced threat condition.

3) A clear pattern of increasing endorsement of PAP+ goals as domain
identification increases for those in the enhanced threat condition. No such
relationship exists for those in the reduced threat. There is no
corresponding increase in math test score as domain identification
increases for either condition.

Other findings include

1) An increase in mastery endorsement (for both threat conditions) as
identification with the domain of mathematics increases.

2) Significantly lower scores (compared to other motivation subscales) for

PAYV for both conditions but particularly for the enhanced threat group.
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Perhaps it might be more informative to think of the reactions (or lack thereof) of
the reduced threat group. These are the people who are operating outside of the
“assumed” presence of the threat, which has been shown to operate even when not
explicitly activated (Steele & Aronson, 1995). Why do they perform better? The
general trend toward less reported motivation is interesting of course, but the mos
striking thing is actually the lack of response for PAP+ across math idatioh
levels for the reduced threat group. They are “steady” in their motivation totshbw
they can perform better than others, even in a situation where they have been told that
the whole purpose of the study was to examine why males sometimes outperform
females. The reported PAP+ motivation level for all identification levelthfsr
group is, in fact, essentially the “background” motivational level for all albés¢see
figures 12 and 13). The reduced threat groups’ reaction to the situation (payticular
when viewed across the range of identification with the domain of mathematics) is
muted. They seem to be “missing something” that the enhanced threat group has. Yet
the reduced threat group outperforms the enhanced threat group on the math test.
Whatever the reduced threat group is missing seems to be an inhibitor of cognition and

performance.

Cognitive Load

Cognitive load theory (CLT) rests on fundamental ideas about the way the brain
acquires, stores, and retrieves information. Working memory (in which all conscious
information processing occurs) is very limited in the number of elemeras it ¢

manage (Paas, Renkl & Sweller, 2003). In complex situations, where many
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interrelated elements must be processed simultaneously, work is poss#isebec
schemata (stored in long term memory) can be retrieved (if they exibidtype of
activity) and used in working memory. Schemata are cognitive structures that
combine multiple elements into a single structure. Algebraic manipulatioulsl lwe

an example. This skill consists of many related bits of knowledge about the fature o
equalities, order of mathematical operations, and the concept of “inversemprati
(e.g. the inverse of multiplication is division). The skill is difficult to leand a

requires close attention at first; but through practice solving an equation for a
particular variable becomes quite easy (to the point of automation). khema that
when activated requires little attention. The activity goes from being migbgnitive
load to being low in load. A person can, eventually, do or think about other things
(like talk, or think about the next part of the problem) while manipulating variables in
an equation. Difficult activities are difficult because they approachaaeeixthe

carrying capacity (cognitive load) of working memory. Schema acmuisand

activation is therefore key to performance of challenging tasks.

CLT posits at least three different kinds of cognitive load (Paas et al. 2003).
Intrinsic load imposes demands on working memory based on the material itself.
Extraneous load occurs when situational circumstances cause a person to devote
cognitive resources to material that is unnecessary for the actuatyacarmane
load is also situational, and may not be directly related to the specific problemisbut i
information that helps in the retrieval and use of relevant schema. The threeform
load are additive; however extraneous and germane load tend to have little effect on

task performance in situations where the intrinsic load is low.
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Situations in which stereotype threat is relevant are by definition high imsiatr
cognitive load in that there must be a high enough level of difficulty associated wit
the task that people highly identified with the field feel challenged. Cagaised
endorsement of any type of motivational goal be considered extraneous load8, That
can increased motivation itself interfere with the retrieval and use ahscheeded to
perform a task (despite any affect or behavior that might ordinarily be coetside
“positive”)? This seems counterintuitive, but when it is recalled that SEUrec
during the actual performance of a task (as opposed to during learning or preparation
for an activity) it seems more reasonablemtistsucceedight now' is often
detrimental to actual performance.

Beilock, Kulp, Holt, and Carr (2004) investigated “choking” in mathematical
problem solving. They found that pressure leads to underperformance in situations
where participants were doing unpracticed problems under circumstancestieat
heavy demands on working memory. They further found that it was the distraction
caused by thoughtbout the situatiorfrather than changes in the way participants
approached the problems) that mediated the underperformance. This finding would
seem to indicate that for stereotype threat situations reduction in satatedr
motivation (via explicit reduction of threat) might reduce cognitive load éntaug
improve performance. It is after all the reduced threat groups’ pericerhat is
“different”. The ubiquitous presence of the threat, and any additional motivation
associated with dealing with the threat, may explain why self-repoysifsil to
show significant results so often. The threat-motivation is just part of the normal

operating condition for the stigmatized person. The extraneous cognitive load due to
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this extra motivation is just taken for granted, and it is the sudden absencel@ddhat

that is strange.

Models of Stereotype Threat and Achievement Motivation

This study was intended to investigate conceptual models where the effect of
stereotype threat on performance is mediated by differing levels ofparioe
avoidance goal endorsement. Figures 15 and 16 (below) represent models proposed
by Smith (2004) and Ryan & Ryan (2005). While the two models differ in structure
with regards to the antecedents of PAV adoption and the exact details and path
structure regarding why PAV adoption would produce poor results, the centra¢featur
of both is PAV adoption. The present study failed to find any differential endorsement
of PAV across threat conditions. In fact (as discussed previously) the onéstirigr
findings that involved performance avoidance were that scores on that subscale were
significantly (or nearly significantly) lower than the scores on othercsildss for both
enhanced and reduced threat women.

There was however a significant difference in mastery (M) endorsenrestac
threat condition, and as shown previously (Figure 9, page 71) M score does mediate
threat state and performance for this group.

These findings, along with the additional result that the threat condition groups’
PAP+ subscale scores have differing functional responses when mathedwatiaal
identification is taken into account, indicate that these models may need the following

revisions.
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Smith’s Task Engagement Process
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Note: Solid paths indicate direct effects; dashed paths indicate moderating or indirect effects.

Figure 15.The Stereotyped Task Engagement Process Model (Smith 2004)
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Ryan and Ryan Model of PAV Mediation of Stereotype Threat on Math

Performance
Math Test
Anxiety
Math -worry
Achievemer emotionality
A

Math Achievement Math Cognitive
Stereotype Goal Orientation Processing »| Math Test
Threat -performance -cognitive Performanc
avoidance disorganization
v
Math Math Self-
Investment Efficacy

Figure 16 Conceptual Model of Psychological Processes Underlying Stereotype

Threat and Standardized Math Test Performance (Ryan & Ryan, 2005)

The mediating effect of changes in achievement goal profile as a result of
enhanced or reduced stereotype threat appears to be broader based than simply PAV
goals alone. Increased motivation of any kind (in the case of this study M (and
suggestive of PAP-), but in the cases of Chalabaev, et al (2008) and Brodish &
Devine, (2009) PAV) seems to negatively impact performance in the threatenged g
The proposed mechanism involves cognitive load, rather than simply the affect and
behaviors associated with various motivational dimensions. This is implied in the
Ryan & Ryan model but is only applied to PAV.

Negative behaviors, affect, phenomenological experiences, anxiety and self

efficacy problems, while possible are not uniform results of the various forguabf

102



adoption. This may explain the varying results of studies that attempted to measure
these constructs in situations in which stereotype threat was importantséxiea
cognitive load can occur with any form of motivation if the need” for motivation
becomes evident.

The importance of domain identification should be explicit in the models since
identification level, threat state and motivation, in this case PAP+, intethobne
another. The Ryan model in effect addresses this through its emphasis on past math
achievement and math investment. The Smith model addresses this more obliquely
through the “Individual Characteristic” reference.

A revised model might look something like Figure 17 below.

While the focus of this model is on stereotype threat and its effects it @las all
for the possibility of poor performance in the absence of a salient threat. Sdkd blac
lines indicate “multiplicative constructs” that is, if box A is connected to box & by
solid black line and A is zero then B is zero. Dashed lines indicate that the constructs
are related, but not multiplicatively. So, if the task is not challenging, there is no
relevant stigma present, or the person is not identified with the field stexabtgat

is not activated and any effect on motivational goals must come from another route.
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Model of Interactions of Stereotype Threat and Affects on Math
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Figure 17. Mediation of Stereotype Threat by Situation Dependent Achievement

Goals

However, if all three (challenge, stigma and domain identification arerpyese
stereotype threat is activated, the situation is seen as threatening aratiomati
goals (or the awareness of “outcome needs”) change. The model really eegphas
domain identification in that the construct is connected to choice and magnitude of
motivational goals by three different interactions. It affects thersadi of any stigma,

perceptions of competence in the field, and underlying performance needs. However
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the effects are not necessarily all bad. High domain identification shouldsece

person’s perception of their task competence...while at the same time imgtbas

negative effects associated with stereotype threat. Thus, when asked, someone who is
highly identified with a field will say they feel good about a performanca adeen

the stigma is present. This is how the model attempts to cope with the

“contradictory” nature of stereotype threat results.

When the antecedents to changes in the magnitudes of any of the various goal
types include stereotype threat those changes produce maladaptive (negzuit®)
either through specific patterns of behavior associated with negatively edlgoals,
or through the effects of cognitive load (as a person becomes “aware’rof thei
motivation). Of course it is also possible for both paths of action to be activated at the
same time.

This model differs from that proposed by Ryan and Ryan (Figure 16) in two ways.
The first is that this model does not rely on the adoption of PAV goals solely. Rather
any change in motivational state has the potential to impact performance stiseneg
way. The second difference is in the role of self-efficacy. In the Ryan neitiel s
efficacy is directly affected by the adoption of PAV goals and plays a dalecin
reducing performance. In the proposed model self — efficacy does not play tHis direc
role. This is due to the fact that self-efficacy has not been shown to suffer in STT
situations (in this and other studies). Additionally, in the proposed model sedfegffic
could actually increase depending on the specific changes in goal structhosit a

corresponding improvement in performance.
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The model also indicates that poor performance will affect perceptions of
competence (for later tasks), and ultimately domain identification.

Not shown are outside influences on the stigma’s relevance such as dwindling
numbers of females (contemporaries, role models) as a person progrebsesind

further into the “profession” of the domain of mathematics (or related fields).

Future Researcindicated by the Results of This Study
A number of different possible research directions are suggested by the oésul

this study.

Adding valenced mastery orientation (mastery approach (MAP) and
mastery avoidance (MAV)) to the analysesThis study only considered M
(operationally the same as MAP). This was primarily due to a focus on performance
endorsement (PAV specifically). This followed the suggestions of the published
models and extant literature and seemed sensible given the overt perforraamiog fr
of the study, and frankly the rather ambiguous nature of MAV. The strong results
showing increased M endorsement coupled with decreased performance lag fiemal
an enhanced stereotype threat state was a surprise. A future study that docihee
valence of goals rather than on the competence measure aspect (oivgakld)e
interesting. How do the negatively valenced goals (PAV, MAP and PAP-) change
group (and individually) compared to the positively valenced goals of MAP and
PAP+? An attempt was made to do such a group analysis with the data in hand,

however nadditionalinformation was gained (primarily due to the already discussed,
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rather overwhelming, increase in positively valenced goal structuresMPAP+)
for the high threat group and as math identification increased). Still, lalduih

study using Elliot’s full 2x2 model (plus PAP-) would likely yield interegtiasults.

A follow up with the group of students who participated in this stidy to see if
they proceeded to, and were successful at, calculu§his would be particularly
interesting if it revealed differential patterns of future successjtetion of course or
sequence) based on either math identification quartile or motivation prodifegte

current study.

An attempt to test the cognitive load hypothesis by manipulating the lelgeof
endorsement for various motivational goals through direct methods and
situational cues to test folincreases in performance associated with increased
motivation of any type (other than PAV). Such a finding would cast into doubt the

ubiquity of cognitive load issues as a result of increases in motivation.

An extension of the present study to simply gather more data (N) to sddhe
tendency to report higher PAP- scores (among the enhanced threat fatas)

becomes significant.

Conclusion
People are creatures of their environments. We are remarkably adeptrag pjki

the subtle hints in a situation that inform us about how to behave; what the possible
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outcomes of that behavior will be; and how (or if) others will judge that behavior.
This is a positive thing much of the time. In social interactions of all kinds ousyabili
to read slight changes in facial expression, tone of voice or body language @adlow
navigate the tricky waters of interpersonal interaction. We chose our respaseds
on the outcomes that we desire at the moment; moving away (or toward) negative
things (or positive things) in the interaction as deemed appropriate at that time. T
interpretation of cues and the choice of response is nearly instantaneousiar famil
situations. Our individual “happiness” is closely tied to this ability as we often ge
immediate feedback when we fail (or succeed) to do this well. Most of usdedon t
this at least adequately if not quite well. The inability to read these caesapr
detriment; and those who lack this skill are regarded as “oblivious” at best and
“obnoxious” (or worse) at worst. The stakes are high and the learning environment,
close to ideal.

This skill can betray us however. In cases where we operate under a known
stigma our knowledge of the stigma (and the corresponding cues that tell us that the
stigma is relevant) can cause us to perform poorly in situations we care abthdse
cases being oblivious may have its benefits. This seems to be the case with t
phenomena of stereotype threat where the knowledge of a relevant stigma, unless
specifically debunked, causes under performance among the afflicted ¢moup.
academic situations the people involved are often very adept at reading and
interpreting cues about their performance and its meaning, and they ageohivaw
they should act and/or think in order to obviate the stigma. They would (as often as

not) prefer not to acknowledge the stereotype, they do not believe it and certainly do
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not believe it applies to them personally. Yet they are aware of the “thréatamt
and devote cognitive resources in determining how to deal with that aspect of the
situation. They do it automatically, as they would with any other aspect of the
situation that might be important.

This study illustrates the conundrum faced by women in mathematics (and others
operating under stigmata). Those that are in an overtly threatening sittecd in a
rather positive way (in this study at least); reporting higher levelssafed® show
mastery of the material and to approach the performance with the intent of dding we
enough to outperform others. They do not, as a group, report increased desire
(compared to those in the reduced threat state) to avoid the situation, nor do they
report changes in self-efficacy with respect to the materigltlyey are significantly
outperformed by those in the reduced threat state. It is tempting to sthodetn
the reduced threat state are “oblivious” to the threat posed by the stigma. Bt that
not so. Both groups have been reminded of the stereotype, and have been told that
some tests have shown that males perform better than females. The “redemtid thr
group has simply been told that this is not so on their particular test. This sdans t
enough however, to dampen the need to direct significant cognitive resources to
dealing with the additional meaning of the performance (doing as well as s .ma
This is evident in the muted responses (as evidenced by the scores on the motivation
scales) of the reduced threat group as their identification with the domain of
mathematics increases. The enhanced threat group’s level of PARasexes
identification increases, with the most identified women reporting the hitgvets of

PAP+. They react as if disproving the stigma rests squarely on them. Tafsdedi
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the increase in motivation that accompanies it, does not lead to better p@derm
Better performance does accompany the reduction of the salience ottieatiat the
lessening of the need for high motivation of any type.

People are not automatons. They are aware of the stimulus in a situation, and of
the range of possible behaviors and consequences implicit in the situation, buéthey a
also aware of how they are supposed to act given who they are and who they want to
be. In situations that challenge their ability any reduction in extraneoudicedoad
could sensibly be hypothesized to increase performance. Such seems to be the case

here if awareness of one’s motivation is viewed as cognitive load.
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Appendix A — Factor Analyses and Motivation Scales

Table A1

Rotated Factor Matrix(a) for Identity Scales

Factor
Math

Gender, Domain
Ident 1 .740
Ident2 |.801
Ident 3 .362
Ident 4 797
Ident5 |.913
Ident 6 .699
Ident 7 767
Ident8 |.851
Ident 9 .670
Ident 10 | .878

Method: Alpha Factoring.

Rotation Method: Varimax with Kaiser Normalization
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Table A2

Rotated Factor Matrix for Motivation Scales

Factor

2

3

Gl
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G114
G15
G16
G17
G18

.687

541

A74

.785

.670

.627

.618

719

.693

531

453
.683

.610

.563

.535

.554

.679

.710

Extraction Method: Alpha Factoring.

Rotation Method: Varimax with Kaiser Normalization.

a Rotation converged in 15 iterations.
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Table A3

Item Statistics for Motivation Sub Scales (Four Factor Model)

Scale Scale | Scale Corrected | Squared | Cronbach’s
(item) Mean if | Variance| Item-Total | Multiple Alpha if
ltem if tem | Correlation| Correlation| Item
Deleted | Deleted Deleted
M
G4 10.21 |9.611 .662 443 .818
G11 10.48 |8.722 .700 493 .802
G13 10.60 |8.517 .708 .505 .798
G17 10.81 | 9.057 .680 466 .810
PAP +
G1 9.47 10.516 |.503 .258 .879
G9 9.98 8.561 .665 462 .821
G12 10.23 | 7.515 .803 712 .758
G15 10.24 | 7.582 .812 724 754
PAV
G3 9.02 10.004 | .498 .253 T74
G6 9.42 9.006 .603 .365 722
G10 8.75 9.077 .643 439 .700
G16 9.08 9.881 .618 418 q17
PAP-
G2 9.90 8.449 576 .359 .769
G8 10.01 | 7.790 575 379 .769
G114 10.60 | 7.559 .618 482 748
G18 10.39 | 7.079 .691 .536 710
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Appendix B— Descriptive Statistics for Math Tesb&x(for analysis
where 24 was not used for missing ACT Math Scores)

Dependent Variable: Math Test Score

Std.

Group Mean | Deviation | N
Reduced

threat Female 4.93 12.726 42
Reduced 4.96 |2.424 50
threat males

Enhanced |5 50 |9 783 41
threat females

Enhanced

429 |1.865 42
threat males
Total 449 |2.289 175
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Appendix C — Notes on Alternative Regressional Asial Method

A multiple regression analysis was also attempted in lieu of the MANOVAS
discussed in the main body of the dissertation.

IV’'s — Threat State and Math Identification

Since threat state is categorical some sort of dummy coding had to be used.
Additionally, a third variable had to be created to account for the interactioricierm
threat state and mathematical domain identification. Effect coding wasrchs the
methodology. This creates one new variable (since my categorical vénaedaly

two states).

EFF 1
Enhanced State -1
Reduced State +1

This will make the enhanced state the base group.

*Comparisons for sig differences are done with reference to the grand mean.
Comparisons are not reported for the base group.

So the output compared the reduced state mean for the DV to the DV mean for the

whole data set.

The interaction term is arrived at by multiplying the two variables so that

would be MATH ID * EFF 1 = INT
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Regressions were done (for each DV (motivation scale)) independently by
entering the variables in “stepwise” (in block one) with the interaction itebiock
two. At each step (or block) | checked to see if a significant amount of n@emca
was explained over and above the previous block.

After performing the regression analyses the results were edyethigasame
as for the MANOVA. The significant result was that for females, the hightttate
had a higher mastery motivation score and a lower math test score than the reduced
threat state. The regression for M showed a significant amount of variancetact
for by math identification, and further, by threat state, but not the interaction. For
PAP+ the only significant variance was accounted for by math idenuincafihis is a
bit different than in the MANOVA output where the interaction between math
identification and state came up as significant or approaching significarieagt for

some scales...which the regression did not identify).

Discussion of regression technique vs. MANOVA:
Regression
a. Disadvantages: More error since an analysis has to be done for
each motivation subscale. This technique forces the choice of a
“reference state” which is not really appropriate for this material.
All participants were manipulated to some extent. Gives math
identification preference of place over threat state, which does not

seem appropriate.

123



b. Advantages: More power in that more information is retained on
the math identification scales.
Since both approaches give the same basic results and the MANOVA
hints at the interaction of math identification and threat state | choose to report

the MANOVA results.
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Appendix D - Informed Consent Form and Instrumeatat

D1 Informed Consent Form

University of Oklahoma
Institutional Review Board
Informed Consent to Participate in a Research Study

Project Title: Investigating Why Some Mathematics Tests Show Diffences in
Scores Based on Sex
Principal Investigator: C. Max Simmons
Department: Educational Psychology

You are being asked to volunteer for this research study. This study is being conducted at
Oklahoma City Community College, and the University of Oklahoma. You were selected as a
possible participant because of your enrollment in trigonometry or a calculus preparatory
algebra course.

Please read this form and ask any questions that you may have before agreeing to take part in
this study.

Pur pose of the Research Study

In the past some standardized mathematics exams have shown a bias toward males while
other tests of the same sort have not. This study looks at items from tests that do and do not
show this bias in an effort to determine what accounts for the difference.

Nunber of Participants

About 600 people will take part in this study.

Procedur es

If you agree to be in this study, you will be asked to fill out a brief survey during class and then
go to a Testing Center where you will fill out a brief demographic questionnaire; respond to a
series of 20 questions taken from standardized mathematics tests such as the ACT, SAT, or
GRE; and take two brief surveys.

Length of Participation

The in-class survey should take 15 minutes or less. The session in the Testing Center should
take less than 40 minutes. Total participation time is 55 minutes or less.

This study has the followi ng risks:

This study has no risks associated with it, however anyone can end their participation in the
study at any time.

Benefits of being in the study are

The benefits to participation are a better general understanding of how to structure and
administer exams such as the ones mentioned above. This type of research can also impact
classroom testing procedures. These benefits are unlikely to apply directly to you but will help
students in the future.

Confidentiality

In published reports, there will be no information included that will make it possible to identify
you without your permission. You will be asked for your Institutional ID humber (see below)
and your name at this time. Your name will be recorded separately so that your instructor can
be notified of your participation in the study. Your Institutional ID will be used to obtain your
ACT or SAT math score. After those scores are obtained the portion of this form that contains
that information will be detached and destroyed. The remaining portion of this form will be filed
securely and will not be linked in any way to published data. After agreeing to participate in
the study you will be given a randomly assigned study ID that will be used on all test and
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survey results (for tracking purposes). Research records will be stored securely and only
approved researchers will have access to the records.

There are organizations that may inspect and/or copy your research records for quality
assurance and data analysis. These organizations include the OCCC Institutional Review
Board and the OU Institutional Review Board.

Conpensat i on

You will be reimbursed for your time and participation in this study through credit assigned to
you in your class. The credit varies from section to section but is in the range of 5 to 10
points. Credit is given at the completion of your participation in the study and is not based on
your score on the mathematics test or any response to any other question during the study.
You must complete both the in-class survey and the portion of the study in theTest Center to
receive credit. Your instructor or the investigator will provide you with the specific details for
your class before you sign this form. If you have questions please contact me at the email
address provided.

Vol untary Nature of the Study

Participation in this study is voluntary. If you withdraw or decline participation, you will not be
penalized or lose benefits or services unrelated to the study. If you decide to participate, you
may decline to answer any question and may choose to withdraw at any time during either the
in class session or the portion of the study that takes place outside of class.

Contacts and Questions

If you have concerns or complaints about the research, the researcher(s) conducting this
study can be contacted at

C. Max Simmons: (405) 650-3992 or cmsimmons@ou.edu

Dr. Raymond Miller (405) 325-1501 or rmiller@ou.edu

Contact the researcher(s) if you have questions or if you have experienced a research-related
injury.

If you have any questions about your rights as a research participant, concerns, or complaints
about the research and wish to talk to someone other than individuals on the research team or
if you cannot reach the research team, you may contact the University of Oklahoma — Norman
Campus Institutional Review Board (OU-NC IRB) at 405-325-8110 or irb@ou.edu.

You will be given a copy of this information to keep for your records. If you are not
given a copy of this consent form, please request one.

St at ement of Consent
| have read the above information. | have asked questions and have received satisfactory
answers. | consent to participate in the study.

Signature Date

| give permission for C. Max Simmons or Dr. Raymond Miller to access my ACT or SAT
scores as part of the study: Investigating Why Some Mathematics Tests Show
Differences in Scores Based on Sex.
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Name (Print Please) Student ID

Signature
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D2 Identification Survey

(Color not seen on participant version)

About Me

For the questions below, indicate the extent to which you agree or disagrwith
each statement by writing a number from the following scale in the blankext to
the questions: Many items on this survey are similar to others so that vean be
sure we understand your perspective.

1---mmmmmee 2--mmmme- 3---ee- T S 6---------- 7
strongly strongly
DISagree agree
*1.___ My math abilities are very important to me.
+2. My gender has a lot to do with how | feel about myself.
*3. If I took an IQ test of my math abilities and | did poorly on this test, | would

be very bothered.

*4.____ Math abilities will probably be very important to me in my future career.
+5. Animportant part of my self-image is my gender.

**6. | enjoy math related activities.

**7.__ lwill be likely to take a job in a math related field.

+8._ My gender is an important reflection of who | am.

**Q.___ Math ability is important to the sense of who | am.

+10. My gender is important to my sense of what kind of person | am.

*Erom Brown’'s MIQ (Math identity)

**Adapted From Smith, Morgan and White (2005) (Math Identity)

+From Schmader (2002)...adapted from Luhtanen and Crocker (1992) (Gender
Identity) Items 2 and 10 have been altered so that they are “positivelgavidte all

the other items.
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D3 Self —Efficacy Instrument

(Adapted from thé&uide for Constructing Self-Efficacy Sca(@andura, 1995))
Appraisal Inventory

The following four items are the same type that you will be asked to solve in the
upcoming math test In the answer space provided please rate how sure you are that
you can solve the problem in one minute or less. Rate your degree of confidence by

recording a number from 0 to 100 in each blank using the scale given below. Please
be sure to hit “submit” for each answer.

0 10 20 30 40 50 60 70 80 90 100
Cannot Moderately Certain
do at all certain can do can do

1. 4/(1/2) + 2/(2/3) + 3/(3/8) =

2. How many positive integers are both multiples of 3 and divisors of 36?

3. For each oh people Sam bought a hamburger and a soda at a
restaurant. For each nfpeople Laura bought 2 hamburgers and a soda

at the same restaurant. If Sam spent a total of $5.40 and Laura spent

a total of $12.60 how much did Sam spend for just hamburgers? (Assume
that all hamburgers cost the same and all sodas cost the same).

4. What is the least integer value of n such that'1¢2ess
than 0.001?
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D4a Achievement Goal Questionnaire — Reduced Threat Version
Mastery — items 4, 7, 11, 13, 17
PAP+ -items 1,5, 9, 12, 15

PAP- - items 2, 8, 14, 18
PAV —items 3, 6, 10, 16

My Goals

Standardized tests evaluate you based on how you perform relative to other
students who took the same exam. The math test that follows this suyvis one
such exam that shows women and men doing equally well.

The following are questions about your goals as you take the math test (with
items like the ones you just saw in the previous survey).

Many items on this survey are similar to others so that we can be sure we
understand your perspective. Please respond on a scale of 1 through 5 where

1 2 3 4 5
NOT AT ALL TRUE SOMEWHAT TRUE VERY TRUE

1. It'simportant to me that my performance is bettan that of other students.

2. | am concerned about performing poorly on this ntasi so | will work really hard at it.
3. One of my goals on this math test is to avoid shgwihave trouble doing the work.

4. It's important to me that | learn something atbimy understanding of mathematics.

5. One of my goals is to perform like this testésy for me.

6. One of my goals is to keep others from thigkim not smart concerning the math on this test.
7. It's important to me that | see evidence of my ioying math skills.

8. My fear of not performing well on this test rivates me to try harder.

9. One of my goals is to demonstrate to othersltmagood at math.

10. It's important to me that | don’t look stupod this test.

11. It's important to me that | learn somethingvrabout math.

12. One of my goals is to perform well so thaidk smart in comparison to other mathematics
students.

13. One of my goals on this math test is to lemmuch as | can.
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14.

15.

16.

17.

18.

I will work hard on this math test becausenl@ncerned that | can’t do the problems.
It's important to me that | do well so thadbdk smart compared to others in math.

It's important to me that people don't thitiat | know less than others in math.

One of my goals is to tackle new challenges ontdss

I will try hard on this math test because haatried that | might not perform well.
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D4b Achievement Goal Questionnaire — Enhanced Threat Version
Mastery — items 4, 7, 11, 13, 17

PAP+ -items 1,5, 9, 12, 15

PAP- - items 2, 8, 14, 18

PAV —items 3, 6, 10, 16

My Goals

Standardized tests evaluate you based on how you perform relative to other
students who took the same exam. The math test that follows this supme one
such exam that shows that men perform better than women.

The following are questions about your goals as you take the math test (with
items like the ones you just saw in the previous survey).

Many items on this survey are similar to others so that we can be sure we
understand your perspective. Please respond on a scale of 1 through 5 where

1 2 3 4 5
NOT AT ALL TRUE SOMEWHAT TRUE VERY TRUE

1. It'simportant to me that my performance is bettan that of other students.

2. | am concerned about performing poorly on this ntasi so | will work really hard at it.
3. One of my goals on this math test is to avoid shgwihave trouble doing the work.

4. It's important to me that | learn something atbimy understanding of mathematics.

5. One of my goals is to perform like this testésy for me.

6. One of my goals is to keep others from thighim not smart concerning the math on this test.
8. It's important to me that | see evidence of my ioying math skills.

8. My fear of not performing well on this test rivates me to try harder.

9. One of my goals is to demonstrate to othersltmagood at math.

10. It's important to me that | don’t look stupd this test.

11. It's important to me that | learn somethingvrabout math.

12. One of my goals is to perform well so thaidk smart in comparison to other mathematics
students.

13. One of my goals on this math test is to le@much as | can.

14. 1 will work hard on this math test becausenl@ncerned that | can’t do the problems.
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15. It's important to me that | do well so thabbk smart compared to others in math.
16. It's important to me that people don't thihlat | know less than others in math.
17. One of my goals is to tackle new challenges ontdgs

18. I will try hard on this math test because lwaarried that | might not perform well.
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D5a

Math Test (from Inzlicht and Ben Zeev, 2003) Reduced Threat Version

The items on this exam have never shown a bias towards males.

Directions: Each of the questions (20) have five answer choices. For eacheof thes

guestions select the best of the answer choices given. You have 20 minutes to
complete this test .

2. 1(L12) + 2/(213) + 3/(3/4) =
a. 1/9 b. 13/12 c. 2912 d. 8 e 9

3. If nis not equal to 0 which of the following must be greater than n?
l.2n UL A Il 4-n

a. noneofthese b. lonly <c. llonly d. landll e. landlll

4. According to the figure below, traveling directly from point A to point B,
rather than form point A to point C and then from point C to point B would
save approximately how many miles?

al b.2 ¢ 2 d 4 e 5

B

10 miles

8 miles

5. 0.50% =
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a. 1/500 b. 1/200 c. 1/50 d. 1/20 e. 1/2

Questions 5-6 refer to the following graphs

Questions 5-6 refer to the following graphs.

HOUSING PRICE AND FAMILY INCOME*

70
” p : - / .
5 RATIO OF HOUSING PRICE TO
g /1 , PER CAPITA INCOME**
« 50 ; 7 )
3 - : 7.4 . :
a 4 § LI 1
5 40 5 s 12
_§ = /’429'& '_ - 20 /New Hom \ %
g 30 P 63 AR \
g Py £ ' 2 66 Y
] , "\Q el ij . & 6.4 / 2 \
£ 20 gﬁr— ; g ) 6'2 / 4 \I/
10 : ~“Family| | 60 Existing s, Y/~ [
- Income 5‘8 Homes | _-7]:
— — 3 . Lot i =
. : ! - 0T l -
1950 1955 1960 1965 1970 1975'198_0 1950 1955 1960 1965 1970 1975 1980
*median sale price and median family income ++Ratjo = Housing Price (median sale price)
Per Capita Income -

. "Note: Graphs drawn to scale.

6. Ifin 1985 the per capita income was $7200 and the ratio of the median sale
price of an existing home to per capita income was the same as in 1980, what
was the median sale price of and existing home in 1985?

a. $50,040 b. $44,640 c. $11,600 d. $5,040 e. $1,160

7. By approximately what percent did the median sale price of a new home
increase from 1955 to 19757

a, 26% b. 37.5% c. 625% d. 167% e. 267%
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8. The distance from point X to point Y is 20 miles and the distance from point X
to point Z ix 12 miles. Ifl is the distance, in miles, between points Y and Z,
then the range of possible valuesdas indicated by

a. 8t020 b. 8t032 <c¢. 12t020 d. 12to32 c. 20t0 32

9. The rectangular solid above is made up of eight cubes of the same size, each of
which has exactly one face painted blue. What is the greatest fraction of the
total surface area of the solid that could be blue?

a. 1/6 b. 3/14 «c. 1/4 d. 2/7 e. 1/3

10.What is the least integer value of n such that'ji&less than 0.01?

a.7 b. 11 ¢ 50 d. 51 e. There is no such least value

11. A distillate flows into an empty 64-gallon drum at spout A and out of the drum
at spout B. If the rate of flow through A is 2 gallons per hour, how many
gallons per hour must flow out at spout B so that the drum is full in exactly 96
hours?

a. 3/8 b. 12 c 2/3 d 4/3 e. 8/3

12.1fa>0,b >0, and c>0then a+ (1/(b +1/c)) =

a. (@a+b)lc b. (ac+bc+1l)/c c. (adz+#c)/bc d. (a+b+c)/(abc +1) e.daba +c)/(bc
+1)

13.IfL=(a-b)—cand R =a- (b-c)thenL-R =

a.2b b.2c c. 0 d -2b e. -2
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14.For each oh people Maggie bought a hamburger and a soda at a restaurant.
For each oh people Paul bought 3 hamburgers and a soda at the same
restaurant. If Maggie spent a total of $5.40 and Paul spent a total of $12.60
how much did Paul spend for just hamburgers? (Assume that all hamburgers
cost the same and all sodas cost the same).

a. $10.80 b. $9.60 «c. $7.20 d. $3.60 e. $2.40

15.The buyer of a certain mechanical toy must choose 2 of 4 optional motions and
4 of 5 optional accessories. How many different combinations of motions and
accessories are available to the buyer?

a.8 b.11 <c 15 d. 20 &e. 30

16.1n the figure below, if the area of the smaller square region is % the afrea of
larger square region, then the diagonal of the larger square is how many inches
longer than the diagonal of the smaller square?

< limch——*

a. sqrt2-1  b. ¥ c. sqrt2/2  d. (sgrt2 +1)/2 e. sqrt2
16. A certain recipe makes enough butter for exactly 8 circular pancakassthi@
inches in diameter. How many circular pancakes, each 5 inches in diametér and
the same thickness as the 10-inch pancakes, should the recipe make?

a. 4 Db. 16 c. 24 d. 32 e. 40
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17. What is the area of the hexagonal region shown in the figure below?
a. 54 (sqrt3) b. 108 c. 108 (sqrt3) d. 216

e. It cannot be determined from the information given

6 Each interior andle is x

6

18. A farmer has two rectangular fields. The larger field has twice the ledjth a
times the width of the smaller field. If the smaller field has area K, tieearea of the
larger field is greater than the area of the smaller field by what amount?

a.2K b. 6K ¢ 7K d. 8K e. 12K

19. A board of length L is cut into two pieces such that the length of one piece is 1
foot more than twice the length of the other piece. Which of the following is the
length, in feet, of the longer piece?

a. (L+2)/)2 b. 2L+% «c. L-1/3 d. 2L+2/3 e. (2L+1)/3
20. How many positive integers are both multiples of 4 and divisors of 647

a. two b. three c. four d. five e. Six
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D5b
Math Test (from Inzlicht and Ben Zeev, 2003) Enhanced Threat Version
In the past, males have been shown to perform better on this test than females.
Directions: Each of the questions (20) have five answer choices. For eacheof thes
guestions select the best of the answer choices given. You have 20 minutes to
complete this test .

1. 1/(1/2) + 2/(2/3) + 3/(3/4) =

a. 1/9 b. 13/12 c¢. 29/22 d. 8 e. 9

2. If nis not equal to 0 which of the following must be greater than n?
l.2n UL A Il 4-n

a. noneofthese b. lonly <c. llonly d. landll e. landlll

3. According to the figure below, traveling directly from point A to point B,
rather than form point A to point C and then from point C to point B would
save approximately how many miles?

al b. 2 ¢ 2 d 4 e 5

B

10 miles

8 miles
4. 0.50% =

a. 1/500 b. 1/200 c. 1/50 d. 1/20 e. v
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Questions 5-6 refer to the following graphs

Questions 5-6 refer to the following graphs.

HOUSING PRICE AND FAMILY INCOME*

Y
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. "Note: Graphs drawn to scale.

5. If in 1985 the per capita income was $7200 and the ratio of the median sale
price of an existing home to per capita income was the same as in 1980, what
was the median sale price of and existing home in 1985?

a. $50,040 b. $44,640 c. $11,600 d. $5,040 e. $1,160

6. By approximately what percent did the median sale price of a new home
increase from 1955 to 19757

a, 26% b. 37.5% c. 625% d. 167% e. 267%

7. The distance from point X to point Y is 20 miles and the distance from point X
to point Z ix 12 miles. Il is the distance, in miles, between points Y and Z,
then the range of possible valuesdas indicated by

a. 8t020 b. 8t032 «c¢. 12t020 d. 12to32 c. 20t0 32
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8. The rectangular solid above is made up of eight cubes of the same size, each of

which has exactly one face painted blue. What is the greatest fraction of the
total surface area of the solid that could be blue?

a. 1/6 b. 3/14 «c. 14 d. 2/7 e. 1/3

9. What is the least integer value of n such that"jifess than 0.01?

a. 7 b.11 ¢ 50 d. 51 e. There is no such least value

10. A distillate flows into an empty 64-gallon drum at spout A and out of the drum
at spout B. If the rate of flow through A is 2 gallons per hour, how many
gallons per hour must flow out at spout B so that the drum is full in exactly 96
hours?

a. 3/8 b. 12 c 2/3 d 4/3 e. 8/3

11.Ifa>0,b>0,and c>0then a+ (1/(b +1/c)) =

a. (a+b)lc b. (ac+bc+1l)/c c. (adz+c)/bc d. (a+b+c)/(abc+1) e.daba+c)/(bc
+1)

12.1f L=(a-b) —cand R =a- (b-c)thenL-R =

a.2b b.2c c¢c.0 d -2b e. -2¢

13.For each ofi people Maggie bought a hamburger and a soda at a restaurant.
For each oh people Paul bought 3 hamburgers and a soda at the same
restaurant. If Maggie spent a total of $5.40 and Paul spent a total of $12.60
how much did Paul spend for just hamburgers? (Assume that all hamburgers
cost the same and all sodas cost the same).
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a. $10.80 b. $9.60 c. $7.20 d. $3.60 e. $2.40

14.The buyer of a certain mechanical toy must choose 2 of 4 optional motions and
4 of 5 optional accessories. How many different combinations of motions and

accessories are available to the buyer?

a.8 Db. 11 c 15 d 20 e 30

15.1n the figure below, if the area of the smaller square region is ¥z the dtea of
larger square region, then the diagonal of the larger square is how many inches

longer than the diagonal of the smaller square?

< 1-m-c-h—>

a. sqrt2-1  b. %2 c. sqrt2/2  d. (sgrt2 +1)/2 e. sqrt2

16. A certain recipe makes enough butter for exactly 8 circular pancakassti@
inches in diameter. How many circular pancakes, each 5 inches in diameter and of
the same thickness as the 10-inch pancakes, should the recipe make?

a.4 b. 16 c 24 d 32 e 40
17. What is the area of the hexagonal region shown in the figure below?

a. 54 (sqrt3) b. 108 c. 108 (sqrt3) d. 216

e. It cannot be determined from the information given
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6 Each interior andle is x

6

18. A farmer has two rectangular fields. The larger field has twice the lemdjth a
times the width of the smaller field. If the smaller field has area K, tieearea of the
larger field is greater than the area of the smaller field by what amount?

a.2K b. 6K ¢ 7K d. 8K e. 12K

19. A board of length L is cut into two pieces such that the length of one piece is 1
foot more than twice the length of the other piece. Which of the following is the
length, in feet, of the longer piece?

a. (L+2)/)2 b. 2L+% c. L-1/3 d. 2L+2/3 e. (2L+1)/3
20. How many positive integers are both multiples of 4 and divisors of 647

a. two b. three c. four d. five e. Six
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D6 Demographics Questionnaire

Investigating Why Some Mathematics Tests Show Diffences in
Scores Based on Sex

Demographics Questionarre

Study ID (on sheet provideed)

Sex

Age (circle the appropriate range) a) under 18 b) 18t0 22 c¢)22to 30 d) 30to 40
e) 40 to 50 f) over 50

Race a) Black b) Asian c) Native American d) White e) other

Major Field of Study

Number of Immediate Family Members (parents, step-parents, siblintgspW
College Degree

High School Graduated From (nhame, city and state)

Last Math Class Taken in High School
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Appendix E — Analysis of Variance Results for Males

As expected, due to the very different experiences males and females have
with negative stigmatization in mathematics the manner in which threatethte
mathematical domain identification affected motivation differed betwedssraad
females. As stated in the main body of this work | do not believe comparisonsmetwee
the two sexes yield much information about the effect of negative stersatype
females since males do not have the same experience with negativeastgriated
with math as do females. However, the following is a brief overview of thegdsult

males (who fully participated in all aspects of the study).

Threat State

The only motivation measure where threat state produced a significant
difference in score was for PAP+. For this scale males under the gendal neut
condition scored higher than the males in the gender different (F (1,110) = 5.281 with
p <.024). So the males who were told that females did as well on the test as males
did were more eager to approach the test with the intent of showing that they could do
better than others.

In contrast it will be recalled that the only motivation measure where
differences in threat state produced a significant result for femalethevazastery
measure. In that case, the gender different females reported higher levalsterdy
motivation than the gender neutral females.

Although it is, in my opinion, dangerous to compare the results between

genders (as stated above) it may be noteworthy that for threat state elgroogl that
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reported higher motivation (PAP+) actually scored highest on the math tésthehi
female group that reported higher motivation (M) scored the lowest on the math tes
For both sexes it was the group that would be considered “threatened” by the
manipulation (i.e. gender different for females and gender neutral for nfaes) t

reported higher levels of some sort of motivation, although the type varied.

Table E1

Descriptive Statistics for Males Only for PAP+

Dependent Variable: PAP+

THREATSTATE mathidquartile Mean Std. Deviation | N
Gender Neutral 1.00 13.4545 3.93354 11
2.00 11.8750 3.53789 16
3.00 15.0000 3.07060 15
4.00 16.6000 3.75690 15
Total 14.2456 3.92010 57
Gender Dfferent  1.00 11.3636 4.05642 11
2.00 11.7059 4.14977 17
3.00 14.2308 2.48843 13
4.00 13.0000 4.63191 12
Total 12.5472 3.96410 53
Total 1.00 12.4091 4.04333 22
2.00 11.7879 3.80590 33
3.00 14.6429 2.79171 28
4.00 15.0000 4.47214 27
Total 13.4273 4.01479 110

Mathematical Domain ldentification
Math identification differences resulted in significant differenceshiare of

the four motivation types measured (M, PAV and PAP+).
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For M, F (3,110) = 8.351; p< .000. The pattern for males is the same as that
for females, namely the higher the math identification quartile the strdmger t
reported mastery goal score. This seems reasonable and is almost an internal

check of the instruments.

Table E2

Descriptive Statistics for Males Only for Mastery

Dependent Variable: mastery

THREATSTATE mathidquartile Mean Std. Deviation | N
Reduced 1.00 12.2727 3.10132 11
2.00 13.1250 2.80179 16
3.00 15.2000 2.65115 15
4.00 15.9333 4.58984 15
Total 14.2456 3.60199 57
Enhanced 1.00 10.6364 3.41388 11
2.00 13.8235 4.00367 17
3.00 15.2308 3.72276 13
4.00 16.0833 2.50303 12
Total 14.0189 3.93451 53
Total 1.00 11.4545 3.29107 22
2.00 13.4848 3.43803 33
3.00 15.2143 3.13117 28
4.00 16.0000 3.74166 27
Total 14.1364 3.75017 110

For PAV (F (3,110) = 2.871; p < .04) the significant result seems to be due to a
large jump between quartiles 2 and 3 for the gender different threat siate Table
E3 below. This seems anomalous. There was no significant result for femaies on t

scale.
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Table E3

Descriptive Statistics for Males only for PAV

Dependent Variable: PAV

THREATSTATE mathidquartile Mean Std. Deviation | N
Reduced 1.00 13.82 2.401 11
2.00 11.94 3.872 16
3.00 13.93 2.939 15
4.00 12.93 4.803 15
Total 13.09 3.695 57
Enhanced 1.00 10.64 4.884 11
2.00 10.35 4.046 17
3.00 14.00 3.055 13
4.00 12.58 3.397 12
Total 11.81 4.067 53
Total 1.00 12.23 4,093 22
2.00 11.12 3.982 33
3.00 13.96 2.937 28
4.00 12.78 4.163 27
Total 12.47 3.914 110

For PAP+ (F (3,110) = 4.788; p < .004) the gender neutral males showed more
variability (increase between quartiles) and higher scores ovemlilT é#e E1). This
is like the gender different condition females’ reaction (which makes sieicge s
reduced threat for females is enhanced threat for males) except thardatched”
males did well on the math test and the “threatened” females did not. For males
motivation is motivation, for females it (motivation) is cognitive load? Pertinegs
different outcomes are based on the novelty of the thing (for males), versus the
reinforcement of old ideas for the females. In fact, it is the "novel" group that does

best on the math test for both genders (the female reduced threat groupyamntple.
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