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ARTICLE INFO ABSTRACT

This research tests how experiencing stereotype threat before a dyadic interaction affects women’s engagement
with peers during a dyadic math task. In a pilot study (N = 167; M,g. = 20.1 years), women who completed a
manipulation of stereotype threat (a socially evaluative math task in front of male evaluators) experienced
greater subjective threat than did men. In Studies 1A and 1B, math-identified female undergraduates completed
the stereotype threat or control (doing math alone) manipulation and then completed a collaborative math task
with another female or male student (who completed the control task). Sympathetic nervous system responses
were collected to measure physiological linkage—the effect of participants’ physiological states on their part-
ners’ subsequent physiological states—as an indicator of attention to the partner. We also measured the number
of math-related questions participants asked their partners and task performance. In Study 1A (female-female
dyads; N = 104; M,¢. = 19.9 years), threatened women asked more questions than controls did and became
physiologically linked to their partners when those partners were speaking about math. Threatened women
performed comparably to controls. In Study 1B (female-male dyads; N = 140; M,g. = 20.0 years), threatened
women did not ask more questions of their male partners than controls did, nor did they show physiological
linkage to their male partners. Women performed worse than men did, regardless of condition. When working
with a female, experiencing stereotype threat outside of a working interaction leads women to engage more; this
effect does not occur when with a male.
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material in general; Drane et al., 2005; Springer, Stanne, & Donovan,
1999) when students are able to work together. The ability to work

1. Introduction

Despite efforts to improve women and girls’ participation in Science,
Technology, Engineering, and Math (STEM), the gender gap remains
high across education and employment levels (National Science
Foundation, 2017; U.S. Department of Commerce, 2013). Many psy-
chological processes have been implicated in producing gender dis-
parities in STEM, and the study of these processes has historically fo-
cused on people’s experiences as they work and perform alone (e.g.,
Schmader, 2002; Schmader & Johns, 2003; Spencer, Steele, & Quinn,
1999). Recently, however, dyadic and group learning has been on the
rise, and, thus, understanding what processes contribute to gender
disparities in these interactions is imperative. Numerous studies of
collaborative learning in STEM at the undergraduate level have shown
enhanced exam and grade performance (e.g., in chemistry and biology;
Drane, Smith, Light, Pinto, & Swarat, 2005; Tien, Roth, & Kampmeier,
2002), increased retention, better peer relationships, and improved
attitudes toward STEM (e.g., attitudes towards mathematics and STEM
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effectively with others is now a requirement for undergraduate ac-
creditation in many STEM fields, such as engineering (Board, 2017), as
jobs in science and engineering focus heavily on group work (Wuchty,
Jones, & Uzzi, 2007).

Although promising, there are still many challenges involved in
facilitating productive social interactions between peers at the under-
graduate level, and educational psychologists have been debating how
and when collaborative learning is most effective (for a review, see
Micari, Pazos, Streitwieser, & Light, 2010). One critical process im-
plicated in creating successful collaborative learning is social engage-
ment (Capraro, Capraro, & Morgan, 2013; Ceci, Williams, & Barnett,
2009; Freeman et al., 2014; Jones, Howe, & Rua, 2000). Social en-
gagement refers to students’ interactions with others that are directly
focused on STEM content and includes direct engagement with others
(such as seeking help and asking clarification questions; Fredricks,
Blumenfeld, & Paris, 2004; Stout, Dasgupta, Hunsinger, & McManus,
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2011), as well as attending to people who are useful sources of in-
formation. Attention includes processes such as listening carefully to a
lecture given by a professor or a lesson by a teammate, looking at the
blackboard during instruction, and listening to a peer respond to a
question (Birch & Ladd, 1997; E.S. Shapiro, 2011).

The present research examines social engagement between uni-
versity students who are highly identified with math while they work
together in pairs to solve math problems. We specifically focus on how
the experience of stereotype threat for women prior to working with an
assigned female or male partner influences how engaged both partners
are with each other during the dyadic task and how attentive they are to
them. Utilizing a multi-method approach, we operationalize engage-
ment in two ways. First, we measure the extent to which partners ask
each other math-related questions during the task (Fredricks et al.,
2004; Gasiewski, Eagan, Garcia, Hurtado, & Chang, 2012), which is an
overt behavior. Two, we measure the extent to which partners show
physiological linkage to each other on sympathetic nervous system
(SNS) reactivity during the task. Linkage on SNS responses can indicate
the extent to which individuals “track” the fluxes and flows of the in-
tensity of their partners’ affective state and can provide online, mo-
ment-to-moment information regarding how attentive people are to
their partners (see more details in Section 5; Kraus & Mendes, 2014;
Thorson, West, & Mendes, 2018; West, Koslov, Page-Gould, Major, &
Mendes, 2017). We also examine the differential effects of stereotype
threat on math performance of the person who experienced stereotype
threat and the partner of that person.

2. Social engagement in STEM interactions

As noted above, social engagement can facilitate collaborative
learning in STEM. For undergraduate women, who are often less en-
gaged with their peers in male-dominated STEM settings, such as in
engineering and math (Dasgupta, Scircle, & Hunsinger, 2015; Grover,
Ito, & Park, 2017), increasing engagement with peers may be a critical
step in closing the gender gap. For example, undergraduate women who
are engaged with their peers in engineering experience greater feelings
of social belonging, which in turn buffer them from failures and set-
backs associated with STEM drop-out (Dennehy & Dasgupta, 2017;
Solder, Rowan-Kenyon, Inkelas, Garvey, & Robbins, 2012; Walton,
Logel, Peach, Spencer, & Zanna, 2015).

To date, however, there is little empirical work that directly ex-
amines social engagement in STEM by assessing behaviors in inter-
personal working contexts as they naturally unfold over time (see
Appleton, Christenson, & Furlong, 2008; Fredricks et al., 2004;
Gasiewski et al., 2012 for theoretical reviews). The only research in this
domain of which we are aware assesses how trained undergraduate
female experts contribute to a group math task (e.g., whether they
correctly explain how to compute the answer to a math problem) as a
function of the group’s gender composition (Grover et al., 2017). Here,
we focus on social engagement between peers, as peers can be either
barriers or bridges to success in STEM settings. In the best case, peers
help each other problem-solve and fulfill social inclusion goals, and in
the worst case, peers distract or hinder problem-solving and have the
power to socially isolate people.

3. The effect of stereotype threat on social engagement in STEM
interactions

How might the experience of stereotype threat affect interactions
between peers during a dyadic math task? For undergraduate women
who are motivated to perform well in STEM fields, such as math, ste-
reotype threat occurs when they are concerned that they will confirm
the negative stereotype that women are not as competent as men within
STEM (Logel, Peach, & Spencer, 2012; Spencer et al., 1999). Scholars
have theorized that there are several important components to a ste-
reotype-threatening experience, which we briefly review here. One,
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stereotype threat is relevant to members of groups who are aware that
there is an existing stereotype that members of their group are not as
competent as members of other groups in a particular domain (e.g.,
women are not as competent as men on math tasks; Schmader, Johns, &
Forbes, 2008; Spencer et al., 1999). Two, members from the negatively
stereotyped group need to perform on a task that is relevant to the
stereotype in a context where they are being evaluated (e.g., they need
to perform math in front of evaluators). Three, the stereotype needs to
be “salient” to group members when they are performing, which can be
accomplished in a number of ways, including being directly evaluated
by members of the group who are stereotyped as performing better than
members of one’s own group (in this case men), or, as some scholars
have shown, simply performing alongside members of the other group.
For example, undergraduate women can experience stereotype threat
when they are outnumbered by men when solving math problems
(Inzlicht & Ben-Zeev, 2000) or when they take a test that measures
quantitative capacity and are told that men outperform women
(Schmader & Johns, 2003; Spencer et al., 1999).

Within stereotype threat research, the focus has historically been on
how manipulations of threat affect performance (see recent meta-ana-
lyses by Flore & Wicherts, 2015; Nguyen & Ryan, 2008; Pennington,
Heim, Levy, & Larkin, 2016), and performance differences (or lack
thereof) have been used as evidence that stereotype threat occurred
(e.g., Spencer et al., 1999). However, it is important to distinguish
between the psychological experience of stereotype threat—which
often manifest as physiological and psychological threat (e.g., feeling
like the demands of the situation outweigh one’s resources)—from the
outcomes of this experience (Schmader, Forbes, Zhang, & Mendes,
2009). Beyond performance, numerous studies have examined the im-
pact of stereotype threat on women’s interest in math at the under-
graduate level (e.g., Davies, Spencer, Quinn, & Gerhardstein, 2002;
Murphy, Steele, & Gross, 2007; Shapiro, Williams, & Hambarchyan,
2013). Critically, scholars have theorized that the chronic experience of
stereotype threat may lead women to opt out of STEM fields—for ex-
ample, to major in English over physics or to work as a science jour-
nalist instead of a lab technician (Steele, Spencer, & Aronson, 2002).
Thus, stereotype threat might also lead women to be less engaged with
their peers during a dyadic math task—a possibility we examine in the
present research.

In considering how stereotype threat regarding math will affect
engagement when women are working with others, research on stress
and coping within dyadic interactions provides a useful framework for
forming hypotheses. According to a stress and coping approach, not all
experiences of stress are created equal; stress can either be appraised as
threat (i.e., people feel like their demands outweigh their resources) or
challenge (i.e., people feel like their resources match or outweigh their
demands; Blascovich & Mendes, 2010; Lazarus & Folkman, 1991). Ac-
cordingly, stressors associated with the experience of stereotype threat
can be experienced as threats or as challenges (Pennington et al., 2016).
For example, one study showed that first-year female undergraduates in
engineering who were outnumbered by men were more likely to report
feeling greater threat relative to challenge (Dasgupta et al., 2015). For
women in math, when stressors are experienced as threats, they lead to
poorer psychological and performance outcomes than when they are
experienced as challenges (Ben-Zeev, Fein, & Inzlicht, 2005; Johns,
Inzlicht, & Schmader, 2008; Vick, Seery, Blascovich, & Weisbuch,
2008). For example, among female undergraduates who showed high
SNS arousal while taking a practice version of the math Graduate Re-
cord Examination, those who were able to appraise their physiological
state as a challenge scored higher on the GRE than those who did not
(Schmader et al., 2009; see also Jamieson, Nock, & Mendes, 2012).
Relevant to the present research, how people appraise stressors can
affect how they behave towards their partners, and specifically, how
much they engage with their partners. Whether people experience a
stressor as a challenge or threat can affect whether they engage with
their partners or “freeze” (Blascovich & Mendes, 2010; Trawalter,
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OR

Same engagement as
women who did not
experience ST

Fig. 1. Model for how stereotype threat might affect women’s engagement when interacting with a female partner or a male partner.

Richeson, & Shelton, 2009). If they appraise stressors as a challenge,
they are likely to engage fully with their partners; in the present re-
search, this would mean asking their partners more questions and at-
tending closely to them. However, if they appraise the psychological
stressor as a threat, they are likely to freeze with their partners—failing
to engage at all.

Following a stress and coping framework, we propose that women
will experience a stereotype threat manipulation regarding their gender
and math as subjectively threatening (which we demonstrate in the
pilot study), but they may not continue to experience threat during the
dyadic interaction. As such, the degree to which they engage with their
partners will vary depending on the gender of their partner. In the next
section, we utilize a stress and coping framework to theorize about how
women who have experienced stereotype threat will engage with fe-
male and male working partners.

3.1. Stereotype threat during female-female interactions

In Fig. 1, we present a guide of how we propose stereotype threat
will affect interactions that women have with female and male partners.
We propose that following a threat experience in which women are
evaluated by men while performing math, in female-female pairs,
women will demonstrate a behavioral pattern consistent with a chal-
lenge state, engaging more with their female partners relative to those
who have not undergone stereotype threat. We base this hypothesis on
research showing that (a) women at the undergraduate level often feel
more comfortable engaging with female peers than male peers, even in
socially evaluative settings within STEM fields, such as engineering and
math (Dasgupta et al., 2015; Grover et al., 2017). This suggests that
female partners do not invoke a threat response in women and (b) the
presence of other females in undergraduate STEM fields, such as en-
gineering and math, can buffer against stereotype threat effects, as
women serve to protect threatened women from the aversive effects of
stereotype threat on perceptions of one’s own math ability and feelings
of self-efficacy (Dennehy & Dasgupta, 2017; Inzlicht & Ben-Zeev, 2000;
Marx & Roman, 2002). To the extent that women who experience ste-
reotype threat are able to “harness” their arousal during the dyadic
interaction to their benefit, then they may show even stronger en-
gagement with their partners than women who do not experience ste-
reotype threat.

3.2. Stereotype threat during female-male interactions

In the present research, we also examine whether male interaction
partners serve as a stressor during the interaction for women. Although
the presence of men can evoke stereotype threat effects (Dennehy &
Dasgupta, 2017; Inzlicht & Ben-Zeev, 2000; Sekaquaptewa &

Thompson, 2003), it remains to be seen whether male peer partners
heighten existing stereotype threat experiences for women after they
have undergone a threat manipulation. We theorize that if male part-
ners do serve as stressors, there are two possible outcomes for women
who interact with men.

The first possible outcome, as illustrated in Fig. 1, is that women
who have undergone a threat manipulation will be less engaged with
their male partners than women who have not; even though they are
not the source of the threat themselves, male partners may operate as a
“chronic reminder” of the stereotype threat experience and exacerbate
the effects women experienced going into the encounter. Indeed, prior
research has demonstrated that individuals can carry over stress from
one interaction to another (Waters, West, & Mendes, 2014), particularly
when people are interacting under conditions that are also stressful
(Liu, Rovine, Cousino Klein, & Almeida, 2013; Saxbe & Repetti, 2010).
If this is the case, then within male-female dyads, we would expect
women who have undergone the threat experience prior to the inter-
action to be less engaged (ask fewer questions; exhibit weaker physio-
logical linkage) than those who have not undergone the threat experi-
ence (tested in Study 1B). In addition, we would also expect that
women under threat would be less engaged with male partners than
women under threat would be with female partners because male
partners are exacerbating the threat experience (a possibility we test for
in the cross-study comparisons).

The second possibility is that male interaction partners can evoke a
threat response for all women. To this end, having a male partner may
“level the playing field” between women who entered the dyadic en-
counter under threat and those who did not. Indeed, women sub-
jectively feel and appear less engaged when interacting in STEM con-
texts with men, regardless of level of acquaintance (e.g., in academic
STEM fields and in undergraduate and professional engineering), than
with women even without explicit manipulations of stereotype threat
(Dasgupta et al., 2015; Hall, Schmader, & Croft, 2015; Holleran,
Whitehead, Schmader, & Mehl, 2011). These results suggest that the
mere presence of a male partner is sufficient to invoke the psychological
experience of stereotype threat.

If this is the case, then within male-female dyads, we would expect
women who have undergone the threat experience prior to the inter-
action to be equally engaged with their partners (i.e., exhibit similar
physiological linkage, ask similar amount of questions) as those who
have not undergone the threat experience (tested in Study 1B). In ad-
dition, if men lead to threat for all women, then we would also expect
all women paired with men to be less engaged with their male partners
than women paired with women. We test this possibility in the cross-
study comparisons.

We note that in both of these cases, women will be less engaged
with their male partners than their female partners, but in the former,
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stereotype threatened women who are paired with men are the least
engaged among all types of women because men exacerbate the threat
experience.

4. The effect of stereotype threat on performance in STEM
interactions

Lastly, we examine the question: How does the experience of ste-
reotype threat affect performance in STEM interactions? As noted
above, historically, the predominant outcome in studies on stereotype
threat has been performance. Recent attempts to replicate the effect of
stereotype threat on math performance when working alone have been
mixed; some research has found no effects of stereotype threat on wo-
men’s performance (relative to women who did not experience stereo-
type threat; among adults: Finnigan & Corker, 2016; among 4th through
12th graders: Ganley et al., 2013; among undergraduates: Gibson,
Losee, & Vitiello, 2014), and some has found negative effects (i.e.,
stereotype threat hinders performance; among undergraduates:
Schmader, 2002; Schmader & Johns, 2003; Spencer et al., 1999). In
addition, a recent meta-analysis that focuses on the effects of stereotype
threat for children on math performance found some evidence of an
effect (Flore & Wicherts, 2015), which they interpret with caution given
evidence of a strong file drawer effect. A second recent meta-analysis,
which focuses on performance for adults, finds a mixed pattern of re-
sults and strong evidence that performance differences depend on
contextual factors (Pennington et al., 2016).

These findings are consistent with literature indicating that there
are several potential moderating factors that explain when and how
stereotype threat affects performance (such as how much women
identify with math and whether they are aware of the gender-math
stereotype; Gibson et al., 2014; Nguyen & Ryan, 2008). Among these,
the psychological appraisal of one’s resources compared to one’s de-
mands—in other words, whether one is threatened (as opposed to
challenged)—is critical. Threat can deplete cognitive resources, such as
working memory capacity, which can then impair performance (Johns
et al., 2008; Schmader & Johns, 2003). Thus, similar to the effects of
challenge and threat on social engagement, challenge and threat can
also affect performance, such that greater threat leads to worse per-
formance (Ben-Zeev et al., 2005; Jamieson, Mendes, Blackstock, &
Schmader, 2010; Schmader et al., 2009).

In the present research, we explore whether women who work with
women will demonstrate better performance, as well as engage more
with their partner, when under threat. In addition, we explore whether
women who work with men perform worse when under threat than
those who are not under threat, which, if found, would be consistent
with classic findings of stereotype threat (Inzlicht & Ben-Zeev, 2000;
Spencer et al., 1999).

To test the idea that men serve to elicit stereotype threat in women,
we not only compare the performance of men to women; but also, we
compare control condition women who have interacted with men to
control condition women who have interacted with women. This latter
comparison is critical for testing the idea that male peers serve as
stressors for women, leading them to perform worse than women who
have not interacted with male partners.

Finally, we examined changes over time in performance. We did not
have specific hypotheses about trajectories in performance over time as
a function of gender and stereotype threat. However, prior work on
threat and stress has shown that the effects of stressors generally
weaken over time, with people adapting and returning to physiological
baselines over time (McEwen, 2007; Selye, 1946). Therefore, any ef-
fects we observe on performance may be the strongest at the beginning
of the interaction, when the stereotype threat manipulation is closest in
time to the dyadic interaction.
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5. Research overview

The present studies are the first to our knowledge to provide a
comprehensive investigation of how experiencing stereotype threat
prior to a novel interaction (and without one’s interaction partner
knowing about the stereotype threat manipulation) influences two
processes related to engagement and performance. In both partner-
s—undergraduate students highly identified with math—we measure
behaviors and physiology over the course of the interaction to directly
capture social engagement as it naturally unfolds. To manipulate ste-
reotype threat, women who were highly identified with math per-
formed a math test, framed as diagnostic of math intelligence, in front
of male evaluators. We reasoned that these types of threatening ex-
periences—being evaluated by others on one’s domain-specific aptitu-
de—are particularly common in STEM (e.g., students giving class pre-
sentations, and students performing lab technique in front of others).
Furthermore, these experiences are critical for understanding social
engagement because they are often followed by learning- and work-
based interactions with others (Capraro et al., 2013; Wuchty et al.,
2007). Moreover, we argue that it is important to capture the psycho-
logical and physiological experience of threat prior to measuring key
outcomes of interest. To ensure that the manipulation induces threat,
we apply well-replicated research on how social evaluation can evoke
the psychological experience of threat (Dickerson & Kemeny, 2004) by
measuring a combination of physiological and self-reported measures
immediately following the stereotype threat manipulation (Pilot
Study). Our goal is to demonstrate that the threat manipulation un-
iquely leads women to subjectively interpret their experience as threat.
Only after establishing this do we then test how the manipulation affects
our outcomes of interest (Studies 1A and 1B).

In Study 1A, we test whether women engage more with women
when they are under stereotype threat (versus not) by comparing fe-
male-female dyads in which one woman experienced stereotype threat
and the other did not to dyads in which neither woman experienced
stereotype threat. In Study 1B, we tested whether women who experi-
enced stereotype threat prior to an interaction with a male partner
would be less or similarly engaged compared to women who did not
experience stereotype threat prior to an interaction with a male partner.
Given the critical importance of performance outcomes in educational
domains, we also examined the performance of women who experi-
enced stereotype threat (relative to those who did not experience ste-
reotype threat) in both studies.

5.1. Measuring social engagement

We measured women’s social engagement while working on a math
task with a female or male peer in two ways—(1) by directly assessing
an overt behavior and (2) by assessing a dyadic, physiological measure
of behavioral engagement that represents a more automatic process.

5.1.1. Question asking about math

First, we measured the number of questions women asked their
partners about the math task. Asking questions provides opportunities
to gain information and certainty and is a direct measure of social en-
gagement within learning and performance settings (Fredricks et al.,
2004; Gasiewski et al., 2012). Because we were interested directly in
STEM-relevant social engagement, we measured not just the number of
questions that partners asked each other during the math task (which
might also be about the classes they were taking or where they were
living, for example) but specifically the number of questions asked
about the math task.

5.1.2. Physiological linkage

As a second measure of social engagement, we measured the extent
to which women became physiologically linked to their partners during
the math task—that is, how much one woman’s physiological state was
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Fig. 2. Model of physiological linkage. The solid lines represent stability or
autoregressive paths, where a dyad member’s physiology at one time point
predicts their own physiology at a later time point. The dashed lines represent
the influence or cross-lagged paths, where a dyad member’s physiology at one
time point predicts the other dyad member’s physiology at a later time point.
When dyad member 2’s physiology at time t-1 predicts dyad member 1’s phy-
siology at time t, dyad member 1 is said to be physiologically linked to dyad
member 2.

predicted by her partner’s physiological state at a prior time point (see
Fig. 2). Physiological linkage between partners can be used as a dy-
namic measure of the degree to which partners are attuned to each
other during interactions (Kraus & Mendes, 2014; Palumbo et al., 2016;
Thorson et al., 2018; West et al., 2017) and is related to interpersonal
accuracy (Levenson & Ruef, 1992).

Using linkage to understand attention has several benefits: linkage
can be captured within naturalistic learning contexts, it does not rely on
outside observers to make subjective judgments about how attentive
students appear to be (e.g., E.S. Shapiro, 2011), and it can be assessed
dynamically throughout an interaction. In this study, we measured
physiological linkage of students’ sympathetic nervous system (SNS)
responses, assessed with non-invasive cardiovascular measures. Sym-
pathetic nervous system activity can be interpreted broadly as a mea-
sure of affective intensity (Mendes, 2016), and thus, linkage on SNS
responses indicates the extent to which individuals “track” the fluxes
and flows of the intensity of their partners’ affective state. Psycholo-
gically, linkage occurs when the physiological response of one dyad
member is associated with signals that the other dyad member notices;
the second dyad member “picks up on” these cues and then experiences
a similar physiological state (Thorson et al., 2018).

In Thorson et al. (2018), we theorize that linkage is conditional—-
people are most strongly linked to partners when those partners are
engaging in behaviors that are motivationally relevant. For example, in
cross-race interactions between African Americans and European
Americans, African Americans show physiological linkage to European
American partners, when those partners are leaking cues of anxiety
(e.g., appear tense and uncomfortable)—behaviors that are associated
with being prejudiced (West et al., 2017). For African Americans, de-
tecting prejudice in a partner is motivationally relevant (Dovidio,
2001). In Kraus and Mendes (2014), lower-status individuals show
linkage to higher status people who have influence over their outcomes.

Measures of physiological linkage can also provide insight into
when people are paying the most attention to their partners because
linkage tends to be stronger when people’s partners engage in behaviors
that they are motivated to care about (Thorson, Dumitru, Mendes, &
West, in preparation; West et al., 2017). Thus, to study STEM-relevant
social engagement, we examined whether women were particularly
attentive to their peers when those peers were engaging in motiva-
tionally-relevant social behaviors—that is, behaviors related to the task
of solving math problems together. One motivationally-relevant social
behavior in this working STEM context is actively talking about the
math problems (as opposed to looking at one’s computer screen and
working in silence). Therefore, as a second measure of STEM-relevant
social engagement, we tested whether female students were more
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physiologically linked to partners when those partners were talking
about math.

6. Pilot study

The present threat manipulation involves social evaluation, which
can elicit robust responses for both men and women (Dickerson &
Kemeny, 2004). Thus, we first sought to demonstrate that only women
interpreted stress during the stereotype threat manipulation as threat.
Stereotype threat for women in STEM occurs when women are con-
cerned they will confirm the gender-STEM stereotype that women are
not as competent as men within STEM (Spencer et al., 1999). Therefore,
to manipulate experiences of stereotype threat, women must be con-
cerned about their STEM aptitude (as opposed to aptitude in another
field, for example) and concerned about their gender—in other words,
their gender needs to be salient to them. To manipulate concern about
STEM aptitude, our manipulation of stereotype threat involved a task
that was framed as diagnostic of students’ math intelligence. To ma-
nipulate concern about their gender, the task was completed in front of
male evaluators, with a male experimenter (see Forbes, Duran, Leitner,
& Magerman, 2015; Johns et al., 2008; Sekaquaptewa & Thompson,
2003 for manipulations of math stereotype threat among female un-
dergraduates with a male experimenter). This task framing and the
presence of males have been used both separately and in combination
to elicit math stereotype threat effects among female undergraduates in
past research (Grover et al., 2017; Inzlicht & Ben-Zeev, 2000; Marx &
Roman, 2002). Recently, scholars have argued that both components
are needed (task framing and the presence of males), as both pieces
fully capture the theoretical basis for math stereotype threat effects
(Forbes et al., 2015; Johns et al., 2008; Sekaquaptewa & Thompson,
2003).

Participants were asked to complete a diagnostic mental math test
in front of two male evaluators using a 2 (gender: male or female) by 2
(threat condition: threat or control) between-subjects design. We
measured self-reported perceptions of task demands and resources,
where a psychological state of “threat” is characterized as perceiving
fewer resources than demands. We based this approach on theorizing
by Blascovich and Mendes (2010) indicating that neither resources nor
demands alone can indicate where people fall on the challenge vs.
threat continuum because threat occurs when the appraisal of demands
is greater than the appraisal of resources. For example, two people
could both perceive a task as highly demanding, but if one person
perceives having greater resources, he/she will experience psycholo-
gical challenge. If the other person does not perceive greater resources
than demands, he/she will experience threat. Thus, the “demands”
perceptions might be the same for the two people, but the experience of
challenge vs. threat is quite different. To the extent that our stereotype
threat (ST) manipulation evokes gender-specific threat, we hypothe-
sized that only women would report greater demands relative to con-
trols; men would not report greater demands relative to controls.
Moreover, women in the threat condition would report greater de-
mands relative to men in the threat condition.

6.1. Method

Additional methodological and analytic details for all three studies
are provided in the Supplemental Materials (SM); a video of the pro-
cedure is provided at https://youtu.be/_glakg0D85Q; measures, data-
sets, and syntax are available on the Open Science Framework (OSF) at
https://osf.io/gpw4j/. All three studies received research ethics com-
mittee approval.

6.1.1. Design and participants

Participants were math-identified college students who had
knowledge of the stereotype that men are better at math than women
(see Section 6.1.3 below for how we determined this; 167 participants;
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69 Asian or Pacific Islander, 43 White, 7 Black, 22 Hispanic, 22 mul-
tiracial, and 4 “other”; M,g. = 20.12, SD,g. = 1.30; ns per cell: 41 ST
females, 42 control females, 42 ST males, 42 control males); seven
participants who are not included in the numbers above were excluded
a priori (three because of experimenter error and four because of par-
ticipant non-compliance). Given the focus on stereotypes and social
categories in this work, we recognize that the terms women/men might
be more appropriate than female/male. However, for ease of clarity, we
often use the terms female/male as adjectives that describe other nouns
(e.g., “female partner” or “male control”). Because these conditions can
affect cardiovascular responding, participants in all three studies re-
ported in this paper (Pilot Study, Study 1A, and Study 1B) were pre-
screened to ensure that they had a body mass index lower than 30, were
not taking cardiac medications, were not pregnant, and did not have a
pacemaker or a doctor’s diagnosis of a heart arrhythmia or hyperten-
sion (Blascovich, Vanman, Mendes, & Dickerson, 2011). Because we did
not wish to put already vulnerable populations through the stress of the
stereotype threat manipulation, we also screened participants to ensure
they did not have a history or diagnosis of a psychiatric illness. Parti-
cipants in all three studies in this paper completed the research in ex-
change for partial course credit, $15, or $20 (depending on semester)
and attended the same university in the Northeastern region of the
United States. None of the participants in any of the three studies was
allowed to participate in more than one of the studies (i.e., there was no
overlap in participants across the three studies).

6.1.2. Procedure

After arrival at the lab, participants in the ST condition were in-
structed to count backwards from 2023 to zero in 17-step sequences as
quickly and correctly as possible (similar to the Trier Social Stress Test;
Kirschbaum, Pirke, & Hellhammer, 1993). The task was framed as an
experimental math test diagnostic of math intelligence. Two White
male evaluators were present and monitored participants for mistakes
and instructed participants to start over after a mistake. In the control
condition, participants completed the same task, framed as an experi-
mental problem-solving exercise, on the computer with no evaluators
present. The computer forced them to start over after a mistake. Both
the ST and control tasks lasted for five minutes. After the manipulation,
participants were told they would be completing either a standardized,
diagnostic math test (ST condition) or a standardized problem solving
exercise (control condition) with a partner.’ They then completed a
measure of demands and resources regarding the upcoming test/task. In
all studies, participants who completed the ST manipulation had a
White male experimenter; participants who completed the control
manipulation had a White female experimenter.

6.1.3. Measures

6.1.3.1. Knowledge of gender-math stereotype. Based on prior math
stereotype threat research (Aronson et al.,, 1999; Johns et al., 2008;
Spencer et al., 1999), we pre-screened participants to ensure that each
participant had knowledge of the stereotype that men are better at math
than women (i.e., that each participant responded 3 or lower to the
following question: “Regardless of what you think, what is the
stereotype that people have about women and men’s math ability, in
general?” where 1 = men are much better than women, 4 = men and
women are the same, and 7 = women are much better than men; M = 1.84,
SD = 0.68).

6.1.3.2. Math identification. Prior stereotype threat work (Aronson

! We also manipulated and revealed the gender of the presumed upcoming
interaction partner prior to participants completing the resource/demands
index. We did not include partner gender as a factor in the analyses for the
resource/demands index as it did not affect the direction or significance of the
results.
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et al., 1999; Keller, 2007; Steele, 1997) has demonstrated that people
highly identified with a domain are the most susceptible to stereotype
threat effects within that domain. Therefore, we pre-screened
participants to ensure that they identified with math by scoring an
average of 5 or higher on a 9-question measure assessing identification
with math (a = 0.72; M = 5.81, SD = 0.57; borrowing items from
Crocker, Luhtanen, Cooper, & Bouvrette, 2003; Forbes & Schmader,
2010; and Major & Schmader, 1998). All questions were answered on a
1 (strongly disagree) to 7 (strongly agree) scale, and an example item is as
follows: “It is important for me to be good at tasks that require the use
of math.”

6.1.3.3. Appraisals of demands and resources. We measured perceived
demands (6 items, e.g., “I think this task/test represents a threat to me,”
a = 0.73) and resources (5 items, e.g., “I view this task/test as a
positive challenge,” a = 0.74; see Jamieson, Peters, Greenwood, &
Altose, 2016). Consistent with prior research (Mendes, Gray, Mendoza-
Denton, Major, & Epel, 2007), we averaged items across the demands
and resources subscales and computed a demand/resource ratio. Higher
values indicate greater demands relative to resources (i.e., a
psychological state of “threat”).

6.2. Results

For all analyses in the paper, we use an alpha of 0.05 to determine
statistical significance (Frick, 1996; Knapp, 2015). To control for Type I
error in post-hoc pairwise comparisons, we have applied a Bonferroni
correction (Abdi, 2007). Applying a Bonferroni correction is a common
approach to controlling for Type I errors. To do this, we took the p-
values obtained from each pairwise comparison and multiplied each
one by the number of comparisons that were done. As is convention, we
then reported this adjusted p-value and compared it to an alpha of 0.05
to determine significance.

6.2.1. Demand/resource index

A main effect of condition, F(1, 155)=12.16, p = .001,
npz = 0.073, indicates that participants in the ST condition perceived
greater demands relative to resources than those in the control condi-
tion perceived. There was no main effect of gender, F(1, 155) = 2.89,
p =.091, n,® = 0.018, but a significant Condition X Gender interac-
tion, F(1, 155) = 3.92, p = .049, 1, = 0.025. As shown in Table 1,
women in the ST condition experienced greater demands (relative to
resources) than did men in the ST condition (p = .010), but there was
no difference between males and females in the control condition
(p = .84). Women in the ST condition also experienced greater de-
mands relative to resources than did those in the control condition
(p < .001). For men, there was no effect of condition (p = .28). Al-
though the effect size for the Condition x Gender interaction is small,
these findings nevertheless provide evidence that the manipulation
evoked threat for females but not males.>

2 Upon the request of reviewers, we estimated a multivariate model in which
we predicted the demand and resource appraisals from gender, condition, type
of appraisal (demand vs. resource) and all two- and three-way interactions. We
found a marginal Type x Gender X Condition interaction, indicating that there
was only weak evidence that the Gender X Condition varied as a function of the
type of appraisal, F(1, 156) = 3.74, p = .055. Follow-up analyses showed that
the Gender X Condition interaction was marginally significant for demands, t
(274.91) = —1.81, p - .071, and nonsignificant for resources, t(274.91) =
1.38, p = .17. The means for both scales followed similar patterns (the greatest
demands were shown by women in the threat condition and the fewest re-
sources were shown by women in the threat condition). Thus, these results do
not provide strong evidence that the demand vs. resource appraisals were af-
fected differently by participant’s gender and condition.
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Table 1
Pilot study: Descriptive statistics for the demand/resources index.

ST condition Control condition

Females Males Females Males
Mean 0.97 0.80 0.71 0.72
Standard deviation 0.36 0.38 0.20 0.21
95% CI: Lower bound 0.87 0.70 0.62 0.63
95% CI: Upper bound 1.07 0.89 0.80 0.82
Note. Higher values indicate greater demands relative to resources.

CI = confidence interval.
7. Study 1A

In Study 1A (Ngyads = 52, Nparticipants = 104), we examined how ste-
reotype threat, experienced prior to a dyadic interaction, affects how
STEM-identified women work with other STEM-identified women.

7.1. Method

7.1.1. Design

Dyads either had one woman who received the ST manipulation
(“ST targets”; n = 35) and one participant who received the control
manipulation (“ST non-targets”; n = 35; see Fig. 3), which we call
“stereotype threat dyads”, or two women who both received the control
manipulation (“controls”; n = 34), which we call “control dyads”. A
video of the procedure is provided at https://youtu.be/mFakTnx5vuY.

7.1.2. Participants

Participants were math-identified college students who had
knowledge of the stereotype that men are better at math than women
(104 participants; 49 Asian or Pacific Islander, 32 White, 8 Black, 6
Hispanic, 5 multiracial, and 4 “other”; Myge = 19.91, SDyge = 1.21);
nine dyads who are not included in the numbers above were excluded a
priori (seven for experimenter error and two for participant non-com-
pliance). Dyads were not matched on race.

We conducted power analyses for the ability to detect physiological
linkage within dyadic interactions, given that linkage effects tend to be
very small, and thus, this method provides a conservative power esti-
mate (based on our prior research; e.g., West et al., 2017). To do so, we
utilized a simulation method that is illustrated in Bolger, Stadler, and
Laurenceau (2011), Lane and Hennes (2018) and Thorson et al. (2018).
We first provided estimates for a typical range of linkage estimates and
used these estimates to simulate data for 1000 hypothetical studies with
50-70 dyads each. Once the data were simulated, we analyzed each of
the 1000 samples individually and output the number of times the ef-
fect of interest was significant (at the p < .05 threshold). Across all
analyses, we had between 50 and 94% statistical power to detect
physiological linkage for sample sizes ranging from 50 to 70 dyads

Stereotype
threat dyads

5
ST target: Baseline J—[ ST task
J Dyadic
Y/ math task
ST non-target: | Baseline ]{ Control
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(Study 1A has 52 dyads and Study 1B has 70 dyads). Given these sample
sizes, we had between 75 and 99% statistical power to detect a small to
medium effect of the stereotype threat manipulation on performance.

7.1.3. Procedure

Participants arrived separately and recorded a 5-minute physiolo-
gical baseline in separate rooms (see Fig. 3). Next, ST targets completed
the ST task, and ST non-targets and controls completed the control task
(both same as the pilot study). Immediately after the ST or control task
was completed, dyad members were moved to the same room. As soon
as they were moved, the experimenters provided instructions for com-
pleting the next task, where dyad members worked to solve 27 math
problems. In total, about five minutes passed from the time the ST/
control task was completed and the dyadic math task began. The pro-
blems were framed as a standardized, diagnostic math test for ST tar-
gets, in keeping with the intelligence-diagnostic framing of the ST
manipulation, and as a standardized problem solving exercise for ST
non-targets and controls, in keeping with the non-diagnostic framing of
the control manipulation. The math problems were presented on a
computer screen, and participants were given 30s to answer each
question while working alone, 30s to discuss the problem with their
partner, and 5 s to provide a final answer. They were informed of these
time limits before the task began; however, there was no timer on the
computer screen. Participants rotated between easy, medium, and hard
questions. If participants did not respond within the allotted time, the
computer automatically moved on to the next question, and the item
was marked as unanswered (treated as incorrect). Participants had to
solve the problems mentally; they were not allowed pencil, paper, or
calculators to help solve the problems.

7.1.4. Measures

7.1.4.1. Knowledge of gender-math stereotype. We used the same item as
in the pilot study to ensure that all participants were aware of the
stereotype that men are better at math than women (M = 1.69,
SD = 0.74).

7.1.4.2. Math identification. We used the same measure as in the pilot
study to ensure that participants were highly identified with math
(a =0.73; M = 5.79, SD = 0.57).

7.1.4.3. Physiological measures. We measured sympathetic nervous
system activity (SNS; the branch of the autonomic nervous system
which mobilizes the body for action; Fox, 2006) via pre-ejection period
(PEP; one of the purest measures of SNS; Schachinger, Weinbacher,
Kiss, Ritz, & Langewitz, 2001), which is the amount of time during a
cardiac cycle between the left ventricle of the heart contracting and the
aortic valve opening. PEP is associated with momentary changes in
intensity of affective states and is responsive to changes in a short time
frame (Mendes, 2016). We employed electrocardiography (ECG) and
impedance cardiography (ICG) to obtain measurements of PEP. We
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Fig. 3. Overview of the procedures in Studies 1a and 1b for each dyad member in both types of dyads (stereotype threat and control). Bold outlines indicate that dyad
members were together; at all other times, dyad members were in separate rooms.
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Fig. 4. A two-level crossed model where each dyad member has provided
physiological ‘data at the same time points.

recorded ICG and ECG responses using an integrated system (Biopac
MP150, Biopac Systems, Goleta, CA) with amplifiers for ECG
(ECG100C) and ICG (NICO100C). We used band electrodes in a
standard tetrapolar configuration for the recording of ICG responses,
and two snap electrodes in a modified Lead II configuration (near the
right clavicle, below the ribcage on the left side of the torso) for the
recording of ECG responses. A 400 pA current was passed through the
outer band electrodes, and Z0 and its first derivative, Az/At, were
recorded from the inner bands.

After the study, physiological data were analyzed in 30-s intervals
using Mindware’s impedance cardiography software (IMP 3.0.25,
Mindware Technologies, Gahanna, OH), and PEP measurements were
calculated as the amount of time between the Q point on the ECG wave
(when the left ventricle contracts) and the B point on the Az/At wave
(when the aortic valve opens). We visually inspected all intervals and
manually selected the Q and B points when they were incorrectly
identified by the software. Several papers have been written about how
to detect the Q and B points, as well as the pros and cons of different
detection methods (see Berntson, Lozano, Chen, & Cacioppo, 2004;
Lozano et al., 2007; Sherwood et al., 1990); however, manual detection
of the points by trained researchers is considered to be the most accu-
rate method for Q and B point detection (Blascovich et al., 2011). We
selected the B point as the notch at the beginning of the longest up-
stroke before the Z point (Lozano et al., 2007). We computed reactivity
scores by subtracting baseline PEP responses (the last 30-s interval of
baseline) from PEP responses in 30-s intervals throughout the dyadic
task (see Waters, West, Karnilowicz, & Mendes, 2017, & West et al.,
2017 for the same procedures).

7.1.4.4. Math questions involved the addition of fractions, multiplication of
whole numbers, and division of whole numbers. The math questions were
drawn from a pilot test of questions that ranged in difficulty. In the pilot
test, which was completed by undergraduates, easy questions were
solved accurately 78.70% of the time, medium questions 49.27% of the
time, and hard questions 38.86% of the time (the pilot test of these
items is reported in Forbes, Amey, Magerman, Duran, and Liu (2018),
and the items are listed on this paper’s OSF page).

7.1.4.5. Questions asked and talk time. Videos of participants during the
dyadic math task were coded by trained research assistants blind to the
study hypotheses. After training, one coder overlapped with each
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additional coder for 10% of the videos. Interrater reliability was
assessed using a one-way random effects single-measures ICC
(McGraw & Wong, 1996). The resulting ICCs were in the excellent
range (ICC for questions asked = 0.75; ICC for talk time = 0.90;
Cicchetti, 1994) indicating that questions asked and talk time were
coded similarly across coders. The number of questions participants
asked that were specifically related to the math task and the amount of
time participants spent talking about math (i.e., talk time in the 30-s
intervals they were exclusively talking about math) were each summed
across 3-question (easy, medium, hard) segments, resulting in 9 data
points per participant (Heyman, Lorber, Eddy, & West, 2013). Values
for talk time represent percentages. We recorded each dyad member in
Studies 1A and 1B using separate video cameras.

7.1.5. Analytic strategy for dyadic analyses

Because data are dyadic and measured over time, we estimated two-
level crossed models to account for non-independence in participants’
responses. Dyad members are nested within dyads, and because the
level of repeated measure is the same for both members of the dyad,
repeated measure and dyad member are crossed (not nested; see this
paper’s OSF page for all syntax; also see Chapter 13 of Kenny, Kashy, &
Cook, 2006, and West, 2013, for more details on two-level crossed
models). Two-level crossed models are appropriate because dyad
members have provided physiological data at the same time points so
one can estimate the correlation of errors within each time point for the
two dyad members (see Fig. 4). For example, person A’s time 1 error is
correlated with person B’s time 1 error.

Given that partners in the control dyads cannot be distinguished
from one another based on a meaningful theoretical factor that is di-
chotomous (i.e., they are both in the control condition), we treated all
dyads as indistinguishable in terms of the random effects (see Kenny
et al., 2006). This means that the random effects in the physiological
linkage models were constrained to be the same across both members of
the dyad (see the SM for more information on the random effects). A
three-level condition variable compares ST targets, ST non-targets, and
participants in control dyads. We use the term “respondent” to denote
predictor variables for one person that affect the same person’s outcome
variable. We use the term “partner” to denote predictor variables from a
partner. The structuring of the data (as a person period pairwise file, see
West, 2013) allows us to estimate partner effects for both interaction
partners in the model.

7.1.5.1. Questions asked and performance. Generalized Estimating
Equations (GEE) were used to analyze questions asked about math
(specifying a Poisson distribution with a log function because the
dependent variable is count data) and performance (specifying a
binomial distribution for wrong/correct with a logit function because
the dependent variable is binary). GEE models allow us to adjust for
non-independence over time and between dyad members (Ballinger,
2004; Liang & Zeger, 1986; Zeger & Liang, 1986). Because they can
model outcomes that are exponentially distributed (e.g., count or
binary), they are ideal for analyzing the number of questions asked (a
count outcome) and performance (a binary outcome). Test statistics
allow researchers to test hypotheses regarding parameter estimates in
GEE that are analogous to those used in testing coefficients in
regression and repeated measures ANOVA (Rotnitzky & Jewell, 1990).

7.1.5.2. Physiological linkage. To examine whether ST targets showed
physiological linkage from one 30 s interval to the next to partners who
talked more about math, we estimated a stability and influence model
(Thorson et al., 2018; West, Shelton, & Trail, 2009) with PROC MIXED
in SAS (West et al., 2017). Participants’ PEP reactivity at one point was
treated as a function of their own reactivity at the prior time point (30 s
prior, the stability path) and their partner’s reactivity at that prior time
point (the linkage path). Degrees of freedom are estimated using the
Satterthwaite method, which involves a weighted average of the
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between-subjects and within-subjects degrees of freedom (see
Fitzmaurice, Laird, & Ware, 2011; Kenny et al., 2006). Degrees of
freedom in this method, which can be fractional, are based on the total
number of data points and adjusted for the nonindependence of
observations. Because the nonindependence of observations is taken
into account, the degrees of freedom in these analyses vary across
different tests.

To examine whether ST targets attuned to partners who talked
about math more, we ran a model in which the stability and linkage
paths were moderated both by condition and talk time about math.
Following the recommendations of Ledermann and colleagues
(Ledermann, Macho, & Kenny, 2011), this model was fully saturated in
that it contained both respondent and partner behavior as moderators
of both stability and linkage; this strategy allowed us to isolate the ef-
fects of partner behavior on linkage while adjusting for any empirical
overlap between respondent and partner behavior, and to look at
linkage while adjusting for stability, which provides a conservative
estimate of linkage. The interaction of theoretical interest is the three-
way partner prior PEP by partner talk time by condition interaction.
This interaction tests whether the strength of the linkage path varies by
condition and as a function of how much time the partner talks about
math.

7.2. Results

7.2.1. Social engagement with female peers

Recall that we predicted that women who were threatened prior to
the interaction would show more social engagement—that is, asking
more questions about the math task and showing stronger physiological
linkage to her partner when that partner was talking about math—than
women who were not threatened in these dyads (ST non-targets) and
women in dyads in which neither partner was threatened (controls).

7.2.1.1. Questions asked about math task. A main effect of condition,
Wald X2(2) = 36.31, p < .001, indicated that ST targets (M = 1.77,
SD = 1.50) asked significantly more questions about math (per 3-
question segment) than ST non-targets did (M = 1.14, SD = 1.29),
Wald x%(1) = 32.62, p < .001, and controls (M = 1.30, SD = 1.27),
Wald (1) = 18.16, p < .001. Controls and ST non-targets did not
significantly differ from one another, Wald x2(2) =242, p=.36.

7.2.1.2. Physiological linkage. Participants were stable from one
moment to the next, as indicated by a main effect of respondent prior
PEP on respondent current PEP, b = 0.36, SE = 0.03, t(34.20) = 13.83,

Contemporary Educational Psychology 58 (2019) 243-259

0.14
0.12 b= .01*
D
%‘J 01 seseernnnceccnnnansieceeeen Lo o 00001
M - - =U.
k=
= 008
<
2
20 0.06
I <
2. 004
=
a
0.02
Sseo b= -0.002
0
Low High
Partner Talk Time
= ST targets  eeeee* ST non-targets === Controls

Fig. 5. Study 1A: Physiological linkage as a function of condition and partner
talk time about math. Predicted values are presented at + 1 standard deviation
from the mean for partner talk time about math. 'p < .05. The Y value is the
unstandardized effect of the partner’s prior PEP score on the respondent’s
current PEP score.

p < .001, 95% CI: 0.31-0.41 (see Table 2 for all main effects and
interactions in the model). The main effect of partner prior PEP on
respondent current PEP was also significant, indicating that
participants experienced physiological linkage to their partners
overall, b = 0.06, SE = 0.02, #(57.40) = 3.27, p = .002, 95% CI: 0.02
to 0.10. This effect was qualified by a Partner Prior
PEP x Condition X Partner Talk Time interaction, F(2, 1830) = 3.13,
p = .044, indicating that the strength of the linkage paths were
different by condition, and further differed by how much one’s
partner talked about math. ST targets did not show linkage to their
partners overall, b = 0.06, SE = 0.03, t(57.60) = 1.84, p = .07, 95%
CI: —0.01 to 0.12. However, a significant two-way Partner Prior
PEP X Partner Talk Time interaction was found for ST targets: ST
targets were more physiologically linked to their partners (ST non-
targets) during times when ST non-targets were talking more about
math, b= 0.01, SE=0.003, t(1855) =2.07, p =.039, 95% CIL
0.0003-0.01 (see Fig. 5).

ST non-targets showed significant linkage to their partners (ST
targets) overall, b = 0.10, SE = 0.03, t(56.1) = 3.03, p = .004, 95% CI:
0.03-0.17, but this effect was not moderated by partner talk time,

Table 2
All main effects and interactions from the stability and influence model used for physiological linkage in Study 1A.
Numerator df Denominator df F P

Respondent prior PEP 1 34.20 191.39 <.001
Partner prior PEP 1 57.40 10.72 .002
Condition 2 52.90 0.89 42
Respondent prior PEP X Condition 2 51.40 0.42 .66
Partner prior PEP x Condition 2 59.80 1.15 .33
Respondent talk time 1 2875 11.31 .001
Partner talk time 1 2801 6.75 .01
Respondent talk time x Condition 2 2691 0.82 .44
Partner talk time x Condition 2 2715 0.05 .95
Respondent prior PEP X Respondent talk time 1 2461 3.12 .08
Respondent prior PEP X Partner talk time 1 2089 0.12 .73
Respondent prior PEP x Respondent talk time x Condition 2 2592 0.17 .84
Respondent prior PEP X Partner talk time X Condition 2 2105 2.59 .07
Partner prior PEP x Respondent talk time 1 1517 0.16 .69
Partner prior PEP x Partner talk time 1 1832 0.83 .36
Partner prior PEP X Respondent talk time x Condition® 2 1371 5.43 .005
Partner prior PEP X Partner talk time X Condition 2 1830 3.13 .04

Note. The dependent variable is respondent current PEP. df = degrees of freedom.

2 We describe this effect in the SM.
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b= —0.0001, SE = 0.002, t(1248) = —0.04, p = .97, 95% CI: —0.004
to 0.004. Controls did not show significant linkage to their partners

(other control participants) overall, b= 0.03, SE=0.03, ¢t
(63.3) = 0.80, p = .43, 95% CI: —0.04 to 0.10, nor was the linkage
path for controls moderated by partner talk time, b = —0.002,

SE = 0.002, t(2695) = —1.42, p = .16, 95% CI: —0.01 to 0.001. Thus,
only ST targets showed physiological linkage to their partners (ST non-
targets) when those partners talked more about math.

7.2.2. Performance

As a reminder, we proposed that when women work with women,
women who had undergone a stereotype threat experience would not
perform worse than those who had not undergone the stereotype threat
manipulation, given our theorizing that these women would not be in a
threat state when doing the math task. There was no main effect of
condition, Wald X2(2) = 0.11, p = .95, nor a significant main effect for
time, b = 0.01, SE = 0.002, Wald (1) = 3.77, p = .052, 95% CI:
—0.00005 to 0.01. In addition, we did not find a significant two-way
Condition X Time interaction, Wald X2(2) = 5.11, p = .078. For inter-
ested readers, we report the individual effects of time for ST targets, ST
non-targets, and controls in the SM. In brief, ST targets and controls
improved over time, but ST non-targets did not. However, we caution
interpreting these effects given that the overall interaction between
Condition and Time was not significant.

7.2.3. Summary

Consistent with hypotheses from a challenge and threat perspective,
ST targets who interacted with women displayed a behavioral pattern
consistent with challenge by exhibiting the most social en-
gagement—they asked the most questions about math and showed the
strongest physiological linkage when their partners were talking about
math. They also performed comparably to controls and ST non-targets.
The fact that ST non-targets showed consistently high linkage to ST
targets (i.e., linkage that was not conditional on the amount of time the
ST targets spend talking about math) suggests that ST targets were
consistently capturing the attention of their partners (the ST non-tar-
gets). This may have occurred, at least in part, because the ST targets
were asking a lot of questions, which successfully drew their partners in
to an interaction with them. Indeed, recent work has shown that when
people capture the attention of others during group decision-making,
other people show linkage to them (Thorson et al., 2018). Although
these ST non-targets may have given a lot of attention to the ST targets,
this attention did not seem to be directly focused on STEM content (i.e.,
it was not conditional on ST target talk time about math). For this
reason, we do not interpret this finding as one showing that ST non-
targets were either more or equally engaged in STEM-based discussions.
Instead, they seemed generally attentive to their partners, but not in a
way that was focused on STEM.

8. Study 1B

Study 1B (Ngyads = 70, Mparticipanis = 140) employed the same design
as Study 1A, except women always engaged with a male partner. This
study was not combined into a single study with Study 1A because the
only way to analyze the data from a combined study, while taking into
account all of the dimensions on which participants differ (respondent
gender, partner gender, respondent condition, and partner condition),
is with a 7-level condition variable. This approach would make it dif-
ficult to see trends that occur within groups that share some char-
acteristics in common (e.g., what happens among stereotype threat
dyads vs. control dyads or what happens only among people who had
female partners). However, following the presentation of results from
Study 1B (in Section 9), we analyze the data from only the stereotype
threat dyads across both studies to examine the experiences of women
who underwent the stereotype threat manipulation when they were
paired with females versus males. We also do the same using the data
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from the control dyads to examine the experiences of women in the
control condition when they were paired with females versus males.

8.1. Method

8.1.1. Design

Dyads either had one woman who received the ST manipulation
(“ST targets”; n = 40) and one male participant who received the
control manipulation (“ST non-targets”; n = 40; see Fig. 3), which we
call “stereotype threat dyads”, or one women and one man who both
received the control manipulation (“female controls”; n = 30; “male
controls”; n = 30), which we call “control dyads.”

8.1.2. Participants

Participants were math-identified college students who each had
knowledge of the stereotype that men are better at math than women
(140 participants; 56 Asian or Pacific Islander, 49 White, 19 Hispanic, 4
Black, 8 multiracial, 3 “other” and 1 “unknown”; M,g. = 19.97,
SD,ge = 1.43); seventeen dyads who are not included in the dyads
above were excluded a priori (thirteen for experimenter error and four
for participant non-compliance).

8.1.3. Procedure and measures

The procedure and measures of Study 1B were the same as in Study
1A. Participants were pre-screened to make sure they were each 1)
aware of the stereotype that men are better at math than women
(M = 1.88, SD = 0.66) and 2) highly identified with math (a = 0.68;
M = 5.85, SD = 0.55). As in Study 1A, after training, one coder over-
lapped with each additional coder for 10% of the videos. Interrater
reliability was assessed using a one-way random effects single-measures
ICC (McGraw & Wong, 1996). The resulting ICCs were in the excellent
range (ICC for questions asked = 0.87; ICC for talk time = 0.95;
Cicchetti, 1994), indicating that questions asked and talk time were
coded similarly across coders.

8.1.4. Analytic strategy

We used the same analytic strategy as in Study 1A. We examined the
main effect of gender (male vs. female), condition of the dyads (ST dyad
vs. control dyad), and a gender by condition interaction term in all
models.

8.2. Results

8.2.1. Social engagement with male peers

When women who have undergone a stereotype threat experience
work with men, recall that we proposed they would show similar or less
social engagement compared to those who have not undergone the
stereotype threat experience, depending on whether men serve to ex-
acerbate the threat experience or lead to threat for all women.

8.2.1.1. Questions asked about math task. There was no main effect of
gender, Wald xz(l) = 1.77, p = .18, condition, Wald X2(1) = 2.01,
p =.16, nor a Condition X Gender interaction, Wald %%(1) = 0.02,
p = .89; ST targets: M = 1.50, SD = 1.56; ST non-targets: M = 1.38,
SD = 1.52; female controls: M = 1.62, SD = 1.44; male controls:
M = 1.51, SD = 1.43.

8.2.1.2. Physiological linkage. Participants were stable from one
moment to the next, as indicated by a main effect of respondent prior
PEP on respondent current PEP, b = 0.37, SE = 0.02, t(48.8) = 16.83,
p < .001, 95% CI: 0.33-0.42 (see Table 3 for all main effects and
interactions in the model). The main effect of partner prior PEP on
respondent current PEP was not significant, indicating that participants
did not experience physiological linkage to their partners overall,
b = 0.02, SE = 0.02, t(87.7) = 1.21, p = .23, 95% CL: —0.01 to 0.05.
The two-way Partner Prior PEP X Partner Talk Time interaction was
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Table 3
All main effects and interactions from the stability and influence model used for physiological linkage in Study 1B.
Numerator df Denominator df F p
1. Respondent prior PEP 1 48.8 283.16 <.001
2. Partner prior PEP 1 87.7 1.48 .23
3. Gender 1 50.4 0.94 .34
4. Condition 1 50.5 0.80 .38
5. Gender X Condition 1 50.4 4.99 .03
6. Respondent prior PEP X Gender 1 48.8 14.05 <.001
7. Respondent prior PEP X Condition 1 48.8 3.78 .06
8. Respondent prior PEP X Gender X Condition 1 48.8 0.38 .54
9. Partner prior PEP X Gender 1 86.2 5.42 .02
10. Partner prior PEP X Condition 1 87.7 0.07 .79
11. Partner prior PEP X Gender x Condition 1 86.2 1.06 31
12. Respondent talk time 1 3629 0.21 .65
13. Partner talk time 1 3552 1.73 .19
14. Respondent talk time X Gender 1 3609 0.02 .88
15. Respondent talk time x Condition 1 3629 0.35 .56
16. Respondent talk time X Gender X Condition 1 3609 0.02 .89
17. Partner talk time X Gender 1 3542 0.72 .40
18. Partner talk time x Condition 1 3552 1.08 .30
19. Partner talk time x Gender x Condition 1 3542 < 0.01 .99
20. Respondent prior PEP x Respondent talk time 1 1753 1.73 .19
21. Respondent prior PEP X Partner talk time 1 1494 0.39 .53
22. Respondent prior PEP X Respondent talk time x Gender 1 1599 < 0.01 .95
23. Respondent prior PEP x Respondent talk time X Condition 1 1753 1.64 .20
24. Respondent prior PEP x Respondent talk time X Gender x Condition 1 1599 5.97 .01
25. Respondent prior PEP x Partner talk time x Gender 1 1327 0.27 .60
26. Respondent prior PEP X Partner talk time x Condition 1 1494 0.87 .35
27. Respondent prior PEP x Partner talk time X Gender X Condition 1 1327 0.20 .65
28. Partner prior PEP x Respondent talk time 1 564 < 0.01 .96
29. Partner prior PEP X Partner talk time 1 788 1.63 .20
30. Partner prior PEP X Respondent talk time X Gender 1 569 1.19 .28
31. Partner prior PEP x Respondent talk time x Condition 1 564 0.82 .37
32. Partner prior PEP x Respondent talk time X Gender x Condition 1 569 0.02 .90
33. Partner prior PEP X Partner talk time X Gender 1 794 0.19 .66
34. Partner prior PEP X Partner talk time X Condition 1 788 0.07 .79
35. Partner prior PEP x Partner talk time X Gender x Condition 1 794 < 0.01 .99
Note. The dependent variable is respondent current PEP. df = degrees of freedom.
not significant, F(1, 788) = 1.63, p = .20, indicating that the strength
of the linkage path did not differ by partner talk time about math. This
interaction was not moderated by condition, gender, or an interaction B gurs b=-0.001
of the two (ps > 0.66). Unlike in Study 1A, in which ST targets linked 2
more strongly to female partners when they were talking about math, 5
we did not find that they linked more strongly to male partners when e
they were talking about math. 5
A R b=0.01%
< 065
Yt
8.2.2. Performance °
As a reminder, we proposed that if male partners exacerbate the _§
threat experience for women who have undergone stereotype threat, =
then women under stereotype threat would perform worse than (a) i
women who were not put under stereotype threat and (b) men. 5153
However, if all women experience threat when working with men, re- 1 7 13 19 25 31 37 43 49
gardless of their stereotype threat condition, we proposed that all Trial Number
women would perform worse than men performed.
Males -+++--- Females

We found a significant main effect of gender, Wald ¥%(1) = 41.39,
p < .001, such that females performed worse than males performed
overall (see Fig. 6). In addition, there was a two-way Gender X Time
interaction, Wald x2(1) = 7.85, p = .005, such that females improved
over time, b = 0.01, SE = 0.003, Wald %*(1) = 5.18, p = .02, 95% CIL:
0.001-0.011, but males did not, b = —0.001, SE = 0.003, Wald
x3(1) = 0.30, p = .58, 95% CI: —0.01 to 0.004. At the beginning of the
task, males performed significantly better than females did, Wald
x2(1) = 27.7,p < .001, but there was no effect of gender at the end of
the task, Wald x2(1) = 0.49, p = .48. There was no main effect of
condition, no Condition X Time interaction, and no Condi-
tion X Gender X Time interaction (ps > 0.15).

Fig. 6. Study 1B: Likelihood of answering a question correctly as a function of
gender across time. p < .05.

8.2.3. Summary

When working with male partners, stereotype threatened women
did not engage more with their male partners than control women did:
they did not ask more questions and they were not linked to their
partners on the basis of how much they talked about math. We also
found that women—regardless of stereotype threat con-
dition—performed worse than men performed.
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9. Cross-study comparisons

Because Studies 1A and 1B are identical methodologically except for
the gender of the partner, we combined the results across both studies
to facilitate conclusions about the effect of partner gender on women’s
social engagement in dyadic STEM contexts. Specifically, we examined
how threatened women’s social engagement and performance varied as
a function of their partner’s gender and whether or not similar patterns
for social engagement and performance as a function of partner gender
emerged among women who were not threatened. We note that these
comparisons are not experimental because random assignment to con-
dition did not occur for these comparisons.

9.1. Social engagement

9.1.1. Stereotype threat dyads

First, we analyzed results from the stereotype threat dyads in both
studies, resulting in four types of participants: ST targets who interacted
with female ST non-targets (from Study 1A), female ST non-targets who
interacted with ST targets (from Study 1A), ST targets who interacted
with male ST non-targets (from Study 1B), and male ST non-targets who
interacted with ST targets (from Study 1B).

We examined the impact of a 4-level variable representing the four
types of participants listed above on the number of questions partici-
pants asked their partners about math. We observed a significant effect
of condition, Wald x2(3) = 32.79,p < .001 (see Fig. 7). This effect was
driven by the difference between female ST targets paired with women,
who asked more questions than their partners did (female non-ST tar-
gets; p < .001, as reported in Study 1A) and more questions than male
non-ST targets did (p = .006). In addition, female non-ST targets paired
with female ST targets asked fewer questions than female ST targets
paired with men did (p = .006). The primary comparison of inter-
est—comparing ST targets with female partners to ST targets with male
partners—was not significant, Wald x2(1) = 5.10, p = .14, meaning
that women under threat did not ask more questions of female partners
than male partners did. None of the other pairwise comparisons were
significant (ps > 0.14).

We also examined the impact of a 4-level variable representing the
four types of participants listed above on physiological linkage as a
function of partner talk time about math. We did not observe a sig-
nificant effect of condition on this outcome, F(3, 2063) = 1.06, p = .36.

9.1.2. Control dyads

Next, we analyzed results from the control dyads in both studies,
resulting in three types of participants: female controls who interacted
with female controls (from Study 1A), female controls who interacted
with male controls (from Study 1B), and male controls who interacted
with female controls (from Study 1B).

We examined the impact of a 3-level variable representing the three
types of participants listed above on the number of questions partici-
pants asked their partners about math. We observed a significant effect
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Fig. 7. Number of questions asked per 3-question segment among stereotype
threat dyads only. Error bars represent 95% confidence intervals.
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Fig. 8. Number of questions asked per 3-question segment among control dyads
only. Error bars represent 95% confidence intervals.

of condition, Wald x2(2) = 8.39, p = .015 (see Fig. 8). The pairwise
comparison of interest—comparing female controls who interacted
with female controls to female controls who interacted with male
controls—was significant, Wald Xz(l) = 8.06, p = .014, indicating that
control women asked more questions of male partners than of female
partners. Note that in the hypotheses section (under female-male
dyads), we predicted that if men served as a stressor, then women
should be less engaged with men than with women; this effect is in the
opposite direction of that predicted effect. None of the other pairwise
comparisons were significant (ps > 0.17).

We also examined the impact of a 3-level variable representing the
four types of participants listed above on physiological linkage as a
function of partner talk time about math. There was no effect of con-
dition on this outcome, F(2, 471) = 1.16, p = .32, indicating that none
of the control groups were linked to their partners based on how much
they talked.

9.2. Performance

9.2.1. Stereotype threat dyads

Similar to the analyses for social engagement, we examined the
impact of a 4-level variable representing the four types of participants
listed above on performance. We found a significant effect of condition,
Wald x2(3) = 40.01, p < .001 (see Fig. 9). This effect was driven by
male non-ST targets who performed better than their female partners,
better than female ST targets paired with female non-ST targets, and
better than female non-ST targets paired with female ST targets
(ps < 0.001). The primary comparison of interest, howe-
ver—comparing ST targets with female partners to ST targets with male
partners—was not significant, p = .77, meaning that women under
stereotype threat did not differ in performance with female vs. male
partners. None of the other pairwise comparisons were significant
(ps > .18).

We also found a significant interaction of Condition x Time, Wald
x%(3) = 10.66, p = .014. This effect was driven by the difference in
performance over time between female ST targets paired with males
s ST targets
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Fig. 9. Mean percentage of items answered correctly among stereotype threat
dyads only. Error bars represent 95% confidence intervals.
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Fig. 10. Mean percentage of items answered correctly among control dyads
only. Error bars represent 95% confidence intervals.

(who improved in performance over time) relative to female non-ST
targets paired with females (who did not change in performance over
time, p = .031) and male non-ST targets paired with females (who did
not change in performance over time, p = .008). The pairwise com-
parison of interest, however—comparing ST targets with female part-
ners to ST targets with male partners—was not significant (p = .43),
meaning that the performance over time of women under stereotype
threat did not differ with female vs. male partners. None of the other
pairwise comparisons were significant (ps > .07).

9.2.2. Control dyads

Similar to the analyses for social engagement, we examined the
impact of a 3-level variable representing the three types of participants
listed above on performance. We found a significant effect of condition,
Wald ¥%(2) = 21.13, p < .001 (see Fig. 10). This effect was driven by
male controls paired with female partners, who performed better than
female controls paired with female controls (p = .003) and female
controls paired with male controls (p = .001). The pairwise comparison
of interest, however—comparing female controls who interacted with
female controls to female controls who interacted with male con-
trols—was not significant, Wald y%(1) = 1.06, p = .91.

9.3. Summary

Taken together with the findings of Studies 1A and 1B, the cross-
study comparisons reveal that overall, men did not serve as a stressor
that led to or perpetuated the stereotype threat experience for women.
When comparing across women who underwent the threat manipula-
tion, those who were subsequently paired with men were no less likely
to engage with their partners than those who were paired with women.
In addition, among women who did not undergo threat, those who
interacted with men actually showed some evidence of stronger en-
gagement (question asking) than those who interacted with women.
Overall, then, the biggest difference in how experiencing stereotype
threat prior to a dyadic interaction affected women is within same-
gender (female-female) interactions, where women who experienced
the threat manipulation prior to the interaction engaged more with
their partners than those who did not.

10. Discussion

There are a number of key findings in the present research. First,
consistent with our hypotheses, we found that experiencing stereotype
threat prior to working with a female partner led to more social en-
gagement for women, relative to those who did not experience stereo-
type threat prior to an interaction with a female partner. Specifically,
women under stereotype threat asked female partners more questions
and were more physiologically linked to them when they were dis-
cussing math than women in dyads where neither partner was under
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threat. Second, we found that in female-female dyads, stereotype threat
did not affect performance: those who experienced stereotype threat
performed comparably to those who did not. Third, we did not find
evidence that men served as stressors for women. We found that ex-
periencing stereotype threat prior to working with a male partner lead
neither to more nor less social engagement for women (question asking,
physiological linkage) relative to those who did not experience ste-
reotype threat prior to an interaction with a male partner and relative
to those who experienced threat prior to an interaction with a female
partner. Fourth, in female-male dyads, we found that women performed
worse than men did regardless of whether they had experienced ste-
reotype threat prior to the interaction.

Taken together, the biggest effects we observed regarding how the
experience of stereotype threat affects behavior were within female-
female interactions, comparing women who experienced threat to those
who did not. These findings have important theoretical implications for
how best to address the issue of stereotype threat in collaborative
learning environments. To date, much of the emphasis on the role of
gender in STEM interactions has been on how to structure group-
s—including the ratio of women to men and the frequency of interac-
tion between women to men—with the goal of preventing or dam-
pening the experience of stereotype threat for women. Some scholars
have suggested that the presence of men might fuel the psychological
experience of stereotype threat for women, and one way to combat this
experience is to encourage more frequent interactions between women
in STEM (e.g., increase collaborative learning among women and in-
crease the number of female role models for women; e.g., Dasgupta
et al., 2015; Marx & Roman, 2002). Applications of this approach are
common within STEM-based scholarship programs, which not only
encourage girls and women to form relationships with other female
peers but also to develop relationships with female mentors (e.g., The
Girls’ Network in the United Kingdom). Our research suggests that in
contexts where female-female interactions are taking place, it is critical
to understand what experiences women have prior to these interac-
tions. To the extent that women have experienced stereotype threat
prior to their interactions with women, they might engage with other
women in ways that are quite different than women who have not.

Perhaps one of the most surprising findings is that we found very
little evidence that male interaction partners either operated as ste-
reotype threat “inducers” or exacerbated the experience of threat for
women who had already undergone a threat manipulation. We did find
that women performed worse than men performed overall (in Study
1B), but we are hesitant to interpret these findings as evidence of ste-
reotype threat, given that women who were paired with a male inter-
action partner did not perform worse than women paired with a female
interaction partner did (overall across conditions). Indeed, we found
that women actually performed slightly better when with men (mean
percentage of items answered correctly = 65.4) than when with women
(mean percentage of items answered correctly = 64.9), Wald
x3(1) = 3.49, p = .062. In other words, performance differences be-
tween men and women cannot be attributed to the gender of one’s
interaction partner. Why women performed worse than men overall
remains an open question for future research. It may be the case that
performance differences in a highly evaluative context are due to
chronic experiences of stereotype threat—a hypothesis that future re-
search could test.

Why didn’t male partners serve as stressors for women? One pos-
sibility is that male partners were not stressors because they were not in
an evaluative role when they interacted with women—instead they
were equal-status peers who were also participants in the research
study. It is also possible that male partners were not threatening be-
cause they were a stark contrast to the male evaluators. Future research
should examine engagement for women who undergo a stereotype-
threatening experience and then interact with a higher-status male
(e.g., a professor or a tutor), as well as how back-to-back interactions
with men of different roles affect women’s experiences.
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Our findings highlight the importance of considering social context
in understanding when and how the presence of men will lead women
to experience stereotype threat. They also have implications for the
debate about whether coeducational or single-sex classrooms are better
environments to promote women’s participation in STEM (see Billger,
2009; Cherney & Campbell, 2011; Pahlke & Hyde, 2016). Our results
align with a recent meta-analysis of Grades K-12, showing no difference
in a host of outcomes, including mathematics performance, attitudes
towards mathematics, science performance, and educational aspirations
in coeducational versus single-sex classrooms (Pahlke, Hyde, & Allison,
2014), suggesting that male peers do not universally induce stereotype
threat.

10.1. Educational implications

We have argued that because much of STEM learning and work
occurs in dyads and small groups, the practical implications of our work
extend to those in STEM learning and working contexts. In STEM
contexts where women work with women—such as female-only study
groups or in single-sex classrooms—prior experiences of stereotype
threat may boost social engagement for women. In this sense, our work
reveals an unforeseen beneficial effect of stereotype threat (a phe-
nomenon for which researchers have shown almost exclusively negative
to neutral effects; for a review across domains, see Schmader et al.,
2008): improving social engagement for women around women. Spe-
cifically, we proposed that the heightened arousal brought about by
math stereotype threat (Ben-Zeev et al., 2005; Mendes & Jamieson,
2012; O'Brien & Crandall, 2003; Schmader et al., 2008) can lead to a
behavioral pattern of challenge when women are around other women
that manifests as greater engagement with others. We did not find that
experiencing stereotype threat improved performance for women under
threat who worked with female partners, but this may be because peers
vary in their level of expertise and so attending to peers and asking
them questions is unlikely to lead to better performance for everyone
who engages in these processes. Future research might vary the level of
expertise of the partner and test how engagement with partners who
provide valuable feedback fosters performance (Grover et al., 2017).
For example, in contexts where learning particular strategies for solving
problems is useful (Star, Caronongan, Foegen, Furgeson, Keating,
Larson, & Zbiek, 2015), engagement with expert peers who can teach
those strategies might be more likely to boost performance.

Although we did not find an effect of stereotype threat on women’s
performance with other women, the results we found regarding social
engagement are still relevant to important outcomes, such as keeping
women in STEM. In fact, recent work has shown that better grades
among undergraduate female engineering students are not associated
with retention in engineering majors or with career aspirations in en-
gineering (Dennehy & Dasgupta, 2017). However, feelings of social
belongingness (such as feeling connected to peers) are associated with
retention and career aspirations. In sum, this work suggests that better
performance does not keep students in STEM but feeling accepted and
engaged with other students does. Thus, even though the results found
here do not demonstrate changes in women’s performance, they do
show changes in another critical process for keeping women in STEM:
being socially engaged with others.

There are several implications for being physiologically linked to
other people in educational settings. Research has shown that people
are more likely to be physiologically linked to interaction partners who
are good at capturing their attention, either by engaging in motiva-
tionally relevant behaviors (such as displaying cues of anxiety) or by
being persuasive (Kraus & Mendes, 2014; Thorson et al., 2018; West
et al., 2017). In educational contexts in particular, greater physiological
and neurological linkage is associated with shared attention (e.g., when
a teacher is lecturing; Dikker et al., 2017). Thus, to the extent that
students are paying attention to someone who is helping them or pro-
viding useful information (which we aimed to capture by examining
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physiological linkage while people’s partners were speaking about
math), being physiologically linked to others may have performance
benefits in the long run (a possibility which we discuss in the Future
Directions section below). Second, being physiologically linked to
others when they are discussing STEM-relevant content reflects en-
gagement with others who are engaged with STEM material in parti-
cular (and not social engagement more generally). Because we know
from prior research that engagement with other people in STEM fields,
like engineering, can buffer undergraduates from failures in STEM and
promote STEM career aspirations (Dennehy & Dasgupta, 2017; Solder
et al., 2012; Walton et al., 2015), this type of physiological linkage may
also provide similar benefits in the long run.

Outside of female-only contexts and in the majority of STEM edu-
cation and work settings where women work with men, our research
suggests that experiencing stereotype threat prior to working with a
man has no additional impact on women’s engagement or performance
when compared with not experiencing stereotype threat prior to the
interaction. Therefore, efforts to eliminate or mitigate the psychological
experience of stereotype threat are important in all mixed-gender STEM
contexts and not just ones that feature frequent explicit social evalua-
tion.

The performance patterns that we observed for women who inter-
acted with men may have implications for how STEM classroom ac-
tivities are structured. We found that women improved in performance
over the course of a 30-minute interaction, starting off worse than men
but performing comparably by the end of the task. If these effects are
due to women becoming more comfortable with their male partners
over time, they suggest that women may be best-served by consistent
work with the same male partners (e.g., having the same lab partners
throughout the semester instead of switching every week). We note that
our work was limited to a 30-minute interaction only, and thus, future
work should examine whether these patterns replicate in longer-term
settings (like with lab partners over the course of the semester) and in
other educational settings.

10.2. Limitations and future directions

There are important limitations of the present research and avenues
for future research. One question that remains is the extent to which the
types of engagement we measured are associated with selecting a STEM
education or career. Dyadic social engagement may help women es-
tablish social networks within STEM that buffer them from adversity
(Walton et al., 2015) and ultimately prevent them from dropping out of
STEM. In this research, we measured both an overt form of engagement
(asking questions) and a more automatic, undetectable one (conditional
physiological linkage). Future research might consider which of these
types of engagement is tied to the selection of a STEM education or
career path, as well as how engaging with males versus females affects
whether women stay in STEM. Consistent with research examining
undergraduates in engineering, engaging with other women might be
particularly protective against STEM dropout (Dasgupta et al., 2015).
Furthermore, research could consider whether the difference in the
perceptibility of these behaviors plays a role. For example, a student
who asks her teacher a lot of questions is likely to receive more en-
couragement from her teacher than a student who is silently, but clo-
sely, attending to the teacher’s behaviors. Understanding how dyadic
engagement begets commitment to STEM careers, and the process
through which this association occurs, is a critical step towards pre-
venting STEM drop-out.

It is also important to understand how engagement affects perfor-
mance. We did not predict that asking questions or attending to the
partner when they were talking about math would necessarily lead to
better performance because partners varied in the quality of their an-
swers and the content of their math discussions. Engaging with com-
petent peers or higher-status people, like professors or bosses, should be
beneficial for performance because women can gain useful information
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via engagement and also signal an interest in the field to others, who
may then be more likely to provide support and mentorship. It is also
possible that initially engaging with a new peer can improve perfor-
mance, as engaging with the new peer allows one to figure out whether
the peer is a useful source of information. If they are not useful, stu-
dents may learn to rely on themselves more than their peers, which
could also potentially improve their performance. Future research
should examine how engagement with competent and incompetent
partners affects performance and the time course of these effects.

Given the role that physiological stress reactivity has been shown to
play in math stereotype threat effects (Ben-Zeev et al., 2005; Mendes &
Jamieson, 2012; O'Brien & Crandall, 2003; Schmader et al., 2008) fu-
ture work might address whether physiological threat reactivity to
stereotype threat also plays a role in the dyadic outcomes assessed in
this study. For example, it is possible that women who experience the
most physiological threat in response to experiencing stereotype threat
are those who are the most likely to engage with a female partner.
Assessing physiological threat while women experience the stereotype
threat manipulation and then linking that to dyadic outcomes could
help reveal how stereotype threat affects engagement with a new
partner.

We note that researchers have studied the effects of stereotype
threat by using a range of methods to induce stereotype threat ex-
periences. The method we used here combined the use of a diagnostic
math task and the presence of males to prime concerns about STEM
aptitude and one’s gender within a social evaluation paradigm widely
used in the stress and coping literature—the Trier Social Stress Test
(Kirschbaum et al., 1993). In addition, the gender of experimenters was
varied across conditions—with male experimenters in the stereotype
threat condition and female experimenters in the control condition.
Scholars have theorized that making the stereotype salient is essential
to evoking the experience of threat, and we attempted to do this by
having male evaluators. However, because the present manipulation
involves multiple components, it is not clear which of these components
is essential for evoking the threat responses we observed for women.
For instance, it might be the case that women experience stereotype
threat when they are evaluated by higher-status women, as these
women may evoke concerns about confirming stereotypes (e.g., con-
cerns about “letting other women down”; J.R. Shapiro, 2011). Future
work might tease apart these different components to figure out which
elements, or combination of elements, have the greatest impact on
students’ social engagement within STEM. Such research would have
important implications for how women engage with others in several
social situations, including interactions within female mentoring pro-
grams. In such programs, women entering STEM fields are often di-
rectly evaluated by those who are higher-status (e.g., female professors
for college students, female managers in a pharmaceutical firm).

In this research, we were specifically interested in how stereotype
threat affects the social engagement of female students who were highly
identified with math, as these are the students most likely to pursue
STEM careers (although we did not directly measure whether they were
math or STEM majors or intending to pursue careers in math or STEM)
and are, therefore, good targets for interventions aimed at preventing
STEM disengagement. In addition, we reasoned that women who are
not highly identified with math are unlikely to be affected by negative
stereotypes about women’s math performance (Aronson et al., 1999;
Keller, 2007; Steele, 1997). The patterns observed in this research
might not necessarily extend to students who are less identified with
math, and future research might examine when and how engagement
with STEM might be improved for these students and potentially get
them “back on track” to pursue careers in STEM. All of the participants
in this research were students at the same school (New York Uni-
versity), and it is possible that the patterns in this research might not
extend to students at different types of schools—for example, schools
with large engineering programs where students might commonly ex-
perience unbalanced gender ratios.

257

Contemporary Educational Psychology 58 (2019) 243-259

Finally, Asians are the majority racial group in all of our samples,
and research has shown that stereotypes about math can affect female
Asian students in contrasting ways. When the gender of female Asians is
salient, stereotype threat effects emerge, presumably because women
are associated with worse performance in math; however, stereotype
threat effects do not occur when the race of female Asians is salient,
presumably because Asians are associated with better—and not wor-
se—performance in math (Shih, Pittinsky, & Ambady, 1999). Therefore,
by activating the gender-math stereotype and not the race-math ste-
reotype, our manipulation of stereotype threat likely affected both
Asian and non-Asian women similarly. Because our samples were pri-
marily composed of White and Asian students, future research should
examine how female students who are under-represented minorities
would also be affected.

10.3. Conclusion

Gender gaps within STEM remain a problem. In the present re-
search, we investigated how stereotype threat affects women’s en-
gagement when working with partners during a dyadic math task. We
found that experiencing stereotype threat prior to working with a fe-
male partner led to more social engagement for women (but no dif-
ferences in performance), relative to those who did not experience
stereotype threat prior to an interaction with a female partner. When
working with male partners, we found that women performed worse
than men did regardless of whether they had experienced stereotype
threat prior to the interaction. Our work reveals novel dyadic engage-
ment processes that are a result of experiencing stereotype threat and
provides implications for a variety of working contexts within STEM.
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