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STEREOTYPE THREAT ENHANCES ENCODING

Stereotype Threatening Contexts Enhance
Encoding of Negative Feedback to Engender
Underperformance and Anxiety
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In a recent meta-analysis, women exhibit varied performances on mathematic aptitude tests yet report more negative math perceptions compared
to men. One explanation for this is that stereotype threatening (ST) contexts, that is, stressful contexts that engender negative emotions, arousal,
and error vigilance, facilitate encoding of stereotype confirming information. Two studies tested this hypothesis. Study 1 found that ST women encoded error feedback better than correct feedback received on a math task
compared to non-threatened women and men. Study 2 extended this effect
to neutral information presented in conjunction with negative feedback.
Furthermore, ST-based negative memory encoding mediated underperformance on a future difficult math test, which in turn engendered post-task
anxiety. Findings indicate ST fosters negative math affect via biased memories even when women’s initial performance is comparable to men.
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According to a recent meta-analytic study that included an international sample
of over 493,000 students, women exhibited varied performances on tests of mathematic aptitude compared to men (i.e., either comparable or worse; Else-Quest,
Hyde, & Linn, 2010). Despite this, women systematically reported more negative
math attitudes and less math confidence compared to men. To date, explanations
for why these attitudinal discrepancies between men and women exist remain unclear. The studies described here provide a mechanistic account for this paradox
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by testing the hypothesis that women process negative performance-related feedback differently in stereotype threatening contexts compared to their male counterparts. We provide evidence that stereotype threatening contexts enhance encoding and recall of negative, stereotype confirming performance feedback compared
to positive, stereotype disconfirming feedback to undermine performance on future math tests and exacerbate general domain anxiety accordingly. Such findings
help inform a potential vicious cycle that prompts women to leave math testing
situations with feelings that are orthogonal to the performance itself.

Stereotype Threat Engenders Arousal
and a Negative Affective State
Stereotype threat is a stressful, physiologically arousing response that stigmatized
individuals, particularly those most identified with the stigmatized domain, experience when they fear that their actions may confirm a negative group stereotype (Schmader, Johns, & Forbes, 2008; Spencer, Steele, & Quinn, 1999; Steele &
Aronson, 1995). For instance, stereotype threat has been shown to elicit increases
in blood pressure (Blascovich, Spencer, Quinn, & Steele, 2001) and skin conductance (Osborne, 2006, 2007), as well as neurological indices of emotion regulation
(Wraga, Helt, Jacobs, & Sullivan, 2007) and conflict detection (Forbes, Schmader,
& Allen, 2008).
Coupled with this arousal, stereotype threat also evokes a negative affective
state. For example, when stigmatized individuals are placed under stereotype
threat, they sometimes report heightened levels of explicit anxiety (Spencer et al.,
1999), self-doubt (Steele & Aronson, 1995), negative expectations (Stangor, Carr,
& Kiang, 1998), feelings of dejection (Keller & Dauenheimer, 2003), and task-related worries (Beilock, Rydell, & McConnell, 2007; Cadinu, Maass, Rosabianca,
& Kiesner, 2005). More implicit, nonverbal indicators of anxiety have also been
observed in both performance and non-performance related domains, including
dot probe measures typically used in clinical settings to detect abnormal anxiety
responses to stimuli (Johns, Inzlicht, & Schmader, 2008; Bosson, Haymovitz, &
Pinel, 2004).
Thus, it is clear that stereotype threat increases both physiological arousal and
negative appraisals associated with that arousal, which in turn can undermine
performance on high stakes tests like the SAT, GRE, and Advanced Placement exams (e.g., Forbes & Schmader, 2010; Good, Aronson, & Harder, 2008; Walton &
Spencer, 2009). What isn’t clear is why stigmatized individuals may leave a performance situation with more negative feelings and performance perceptions. One
answer could lie in how stereotype threat-induced arousal and anxiety may bias
what stigmatized individuals actually encode and recall about stereotype threatening situations.
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Stereotype Threat may Facilitate Better Encoding
of Negative Information
As a negatively arousing experience, stereotype threat may recruit the same biological mechanisms that underlie the well-documented effect of enhanced encoding
of emotionally evocative information. Indeed, extant literature indicates that negative, emotionally arousing information receives privileged attention compared to
positive and neutral information, and as such, is better encoded (Hamann, 2001),
consolidated (LaBar & Phelps, 1998), and retrieved (Ochsner, 2000) in negatively
arousing, stressful contexts (e.g., Levine & Burgess, 1997; Payne, Jackson, Ryan,
Hoscheidt, Jacobs, & Nadel, 2006; for a review see LaBar & Cabeza, 2006). The effects of emotional memory encoding are long lasting as well (Canli, Zhao, Brewer,
Gabrieli, & Cahill, 2000; Hamann, Ely, Grafton, & Kilts, 1999).
Past research suggests that stereotype threatening contexts engender an attentional bias toward negative, but not positive, feedback very early in the information
processing stream. For instance, Forbes and Leitner (2014) had women complete
math problems in stereotype threatening or neutral environments while continuous electroencephalography (EEG) activity was recorded. Feedback was provided
after each problem indicating whether participants solved the problem correctly
or not. Results revealed that as early as 75 ms, stereotype threatened women exhibited better communication between neural regions integral for attention and
working memory, and more activity in a region integral for visual word processing in response to wrong, that is, stereotype confirming, feedback but not correct
feedback. Women in stereotype neutral contexts exhibited the opposite pattern.
In fact, increased activity in the visual word processing area in response to the
negative feedback predicted decreased performance among stereotype threatened
women only, suggesting increased processing of the wrong feedback may have
compromised or taxed cognitive resources otherwise needed for optimal performance. What remains unknown, however, is whether this attentional bias, in turn,
prompts more efficacious encoding of the negative, stereotype confirming feedback and what role said encoding bias may play in performance and stigmatized
individuals’ affective experience.
Previous research supports the possibility that stereotype threat augments encoding of negative information. Evidence from social-evaluative threat studies,
which have been likened to stereotype threatening contexts (Schmader et al., 2008),
indicates that situations that engender increased motivation to perform well and
a fear of receiving negative evaluation correspond with increased cortisol levels
(Dickerson & Kemeny, 2004; see Matheson & Cole, 2004, for suggestive evidence).
Importantly, stress-induced increases in cortisol prior to memory encoding predicts enhanced long-term memory for emotional episodes and decreased memory
for neutral episodes (Payne, Jackson, Hoscheidt, Ryan, Jacobs, & Nadel, 2007).
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Such findings might explain why women who are math, science, and engineering
(MSE) majors exhibit greater physiological arousal and superior recall for details
specific to a male dominated (compared to gender neutral) video and their context
in social identity threatening situations (Murphy, Steele, & Gross, 2007). Whether
these mechanisms affect the stigmatized in a performance situation and biases
memory processes toward stereotype confirming evidence is a critical question
that remains unanswered.
Thus, to the extent that stereotype threat is a stressful, negative emotional experience, it should initiate the same neural and hormonal stress response that is typically seen in other emotionally evocative situations. As such, stereotype threatening situations should ultimately facilitate encoding of negative, stereotype confirming information compared to positive information largely because this type of
information would be congruent with the threatened individual’s affective state.

Overview of Studies and Hypotheses
The present studies examined the hypothesis that stereotype threat facilitates
encoding of negative, compared to positive, feedback. Studies 1 and 2 examined
whether participants under stereotype threat, relative to their non-threatened
counterparts, exhibited enhanced encoding of negative feedback compared to
positive feedback (Study 1) and neutral information presented in conjunction with
feedback (Study 2). To study these questions, men and women received positive
and negative feedback on a math task that was described as either diagnostic of
their math intelligence (Studies 1 and 2) or as a problem-solving task (Study 1). We
varied the font of the feedback during the math task, and subsequently administered a surprise memory test to examine participants’ ability to recognize previously seen feedback written in the different fonts. We hypothesized that women
under stereotype threat would encode negative feedback better than positive feedback, thus exhibiting better recall for the fonts associated with wrong feedback, but
that positive and negative feedback would be encoded equally in the absence of
stereotype threat. Additionally, we expected that women under stereotype threat
would encode negative feedback better than non-threatened women. Finally, we
conducted more exploratory analyses that examined whether enhanced memory
encoding of negative feedback ultimately undermined performance on future difficult math tests to promote general feelings of post-test anxiety among stereotype threatened women. Such findings could help explain why women may leave
performance situations with more negative domain perceptions and decreased
confidence that may be orthogonal to their actual performance, suggesting biased
memory encoding could be just as deleterious for perceptions of math ability as
underperforming on a math test itself.
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Study 1
Methods
Participants. One hundred and eleven participants (54 males) participated for
course credit. To optimize our stereotype threat manipulation, we recruited participants who had knowledge of the negative female math stereotype. Specifically,
participants responded with a 3 or lower to the following question during a pretesting session: “Regardless of what you think, what is the stereotype that people
have about women and men’s math ability” (1 = Men are better than women; 7 =
Women are better than men). Grubbs’ test (also known as the extreme studentized
deviate method) on positive and negative feedback memory scores identified one
woman and man in the stereotype threat condition and one man in the control
condition as being significant outliers, that is, having Z scores greater than 3.5
(namely, standard deviations) from the grand mean (p < .05). This left a final sample of 108 participants for analyses. The goal for data collection across all studies
was to obtain a sample of at least 25 participants per cell. This number was derived
in light of previous stereotype threat studies conducted in the primary author’s
laboratory.
Procedure. Participants were seated at a computer and read instructions that
were also read to them through headphones by either a male experimenter (stereotype threat condition) or a female experimenter (control condition). Participants
were randomly assigned to either a diagnostic math test/stereotype threat (DMT)
condition or problem-solving task/control (PST) condition. Following procedures
previously shown to manipulate stereotype threat (e.g., Steele & Aronson, 1995),
participants in the DMT condition were informed that they would be completing
tasks that were diagnostic of their math intelligence. Participants in the PST condition were told that they would be completing an experimental problem-solving
task that was diagnostic of the type of problem-solving strategies they prefer. To
prime stereotype threat, participants completed demographic questions and indicated their gender in the DMT condition, and DMT sessions were always conducted with at least one male participant present. In contrast, PST sessions always
contained either all male or all female participants. Once participants read through
the instructions they completed the math feedback task (described below). For the
purposes of providing a filler and manipulation check for stereotype threat effects, participants then completed a standardized, difficult math test for 5 minutes.
Variations of this test have been used to demonstrate stereotype threat effects in
the past (Schmader & Johns, 2003). Next, participants received a surprise memory
test to assess the extent to which they encoded fonts associated with wrong or
correct feedback (described below). Finally, participants reported levels of anxiety
and math identification and were debriefed.
Math Feedback Task. In an attempt to create a math task that allowed for the presentation of many math problems in a timely manner, but were also novel and thus
more cognitively demanding to participants, the math task consisted of problems
that contained an operator term referred to as sharp (#; Paynter, Reder, & Kieffaber,
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2009). In sharp problems, for example, 19 # 46 =, individuals are told to solve the
problem by taking the sum of the tens place digits for the two operands, multiplying this number by the sum of the ones place digits, and multiplying this product
by three (in the problem above this would equal (1 + 4) × (9 + 6) × 3, which equals
225). Participants were provided with three answer choices below each problem.
The location of the correct answer was randomly presented in the three answer
positions. There were two blocks of 25 problems each for a total of 50 problems.
Each trial began with the presentation of a crosshair in the middle of the screen,
followed by the problem. Participants were instructed to select their answer by
clicking on the desired option on the screen. Following each response, participants
were presented with feedback on a white background for 2 seconds that indicated
whether their answer was correct (written in blue) or wrong (written in red). Critically, we varied the font of the feedback that appeared after each answer choice.
That is, once participants selected an answer, they could see the words “Wrong”
or “Correct,” dependent on the accuracy of the participant’s answer, written with
an Arial font, Papyrus font, Graffiti font, etc., for example, Wrong or Correct.
Two-hundred different fonts were collected for use in the study, as either feedback
during the math feedback task or lures for the memory test. All fonts were equated
for size. To ensure that a given font would never be uniquely associated with a
given feedback type, all fonts had an equal likelihood of being presented as either
wrong or correct feedback and all participants had an equal likelihood of seeing a
given font type as wrong or correct feedback. Participants were given 16 seconds
to solve each problem. Failure to respond within that time frame prompted wrong
feedback. Participants took 10.69 seconds on average to answer problems. Participants did not have scratch paper.
Standard Filler Math Task. The filler math task contained 15 difficult math word
problems taken from the GRE (Forbes & Schmader, 2010; Study 4). Participants
were provided with scratch paper and were given 5 minutes to solve as many
problems as they could. No feedback was provided to participants. A math test accuracy percentage was created by dividing the number of problems answered correctly by the number of problems attempted and multiplying the outcome by 100.
Memory Test. After the filler math task, participants received a surprise memory
test containing 100 trials, 50 of which contained feedback fonts that participants
may have seen during the first block of the math feedback task (25 possible wrong
fonts and 25 possible correct fonts) and 50 of which were lures (25 wrong lures
and 25 correct lures). In an effort to optimize the length of the memory test while
also accounting for the fact that the memory test was dependent on participants’
performance (e.g., any given individual could perform quite well or poorly and
would see more correct or wrong feedback respectively), participants’ memory
for fonts was only tested from the first block of the math feedback task. Thus, the
memory test likely consisted of a smaller amount of targets (feedback fonts participants actually saw) and a greater amount of lures because whatever wrong or
correct font participants didn’t see on a given trial invariably became a lure in the
memory test. This actually results in a more conservative assessment of memory
for target fonts as there were likely to be many more lures than targets. This isn’t a
concern with regard to memory assessment, however, as the d’ memory measure
accounts for unequal numbers of lures and targets by standardizing hits, misses,
false alarms, and correct rejections.
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Each trial of the memory test began with randomly presenting participants with
the words “Wrong” or “Correct” written in one of the 100 different fonts in the
middle of the computer screen. For example, using the examples provided above,
if a person answered a problem incorrectly and saw wrong feedback written in
this font, Wrong, then they saw Wrong during the memory test. Likewise, if they
saw correct feedback presented as Correct during the feedback task then they
saw Correct in the memory test. A scale was presented below each font/feedback
combination and participants were asked to rate whether they thought they had
seen the font/feedback during the math feedback task using a 6-point scale with
labels on 1 (I know I didn’t see it), 4 (I think I saw it), and 6 (I know I saw it). If participants had been exposed to the font during the math feedback task, responses of
4–6 were classified as a hit, and responses of 1–3 were classified as a miss. Regarding novel fonts, responses of 4–6 were classified as a false alarm, and responses
of 1–3 were classified as correct rejections. To examine participants’ ability to accurately discriminate seen from unseen fonts we calculated d’, a measure argued
to be a more sensitive assessment of memory effects that accounts for potential
guessing (Wickens, 2002). To calculate d’, z scores for false alarm rates are subtracted from z scores for hit rates. Thus larger d’ values indicate a better ability to
discriminate seen from unseen fonts. Because z scores for 0 or 1 cannot be calculated, participants without hits were given hit scores of 0.1 and participants with
perfect hit rates had 0.1 subtracted from their hit score.
Post-Task Anxiety. Participants were asked to rate on a scale of 1 (strongly disagree)
to 7 (strongly agree) the extent to which they felt agitated, anxious, nervous, uneasy,
and worried. We calculated the mean of these responses, and higher numbers represented more anxiety (α = .87).

Results
Difficult Math Test Performance and Post-Task Anxiety. An initial 2 (Gender: Men
or Women) × 2 (Condition: DMT or PST) factorial ANOVA was conducted on participants’ performance on the difficult math test (i.e., the filler task). This analysis
yielded no main effects or interactions, ps > .15. However, given the well-documented effects of stereotype threat on performance and engendering negative affective states (for a review see Schmader, Johns, & Forbes, 2008), planned contrasts
were also conducted to compare stereotype threatened women’s performance on
the difficult math test to the other three conditions. As expected, women under
stereotype threat (M = 37.69, SD = 23.67) performed worse on the math test compared to women (M = 53.06, SD = 33.73) and men (M = 47.77, SD = 31.92) in the
PST condition, and men (M = 48.76, SD = 29.60) in the DMT condition, t = -2.0, p
< .05, d = .39.
An initial ANOVA on participants’ post-task anxiety scores also did not yield
any main effects or interactions, ps > .12. However, a planned contrast analysis indicated that women under stereotype threat (M = 3.23, SD = 1.29) reported higher
levels of anxiety compared to women (M = 2.63, SD = 1.11) and men (M = 2.72, SD
= 1.08) in the PST condition, and men (M = 2.61, SD = 1.07) in the DMT condition,
t = 2.38, p < .02, d = .47. These findings suggest the manipulation was at least par-

612	FORBES ET AL.

tially successful in engendering both a stereotype threatening context and heightened levels of anxiety among stereotype threatened women.
Math Feedback Task. The math feedback task was designed to be only moderately difficult in an effort to avoid discrepant presentations of feedback type in
either condition. As stereotype threat effects typically emerge on more difficult
math tasks (Leitner, Jones, & Hehman, 2013; Spencer et al., 1999), we did not expect scores to differ as a function of stereotype threat. Analyses were constrained
to the first block of the feedback task to provide insight into the number of target
font types presented in the memory test. A 2 (Gender: Men, Women) × 2 (Task Description: DMT, PST) ANOVA conducted on the number of problems participants
got wrong on the first block of the math feedback task revealed a main effect for
condition, F(1, 104) = 25.68, p < .001, η2 = .20, indicating that men and women in
the PST condition (MMen = 12.32, SDMen = 2.84; MWomen = 12.82, SDWomen = 4.38) answered more sharp problems incorrectly than men and women in the DMT condition (MMen = 7.83, SDMen = 4.31; MWomen = 9.53, SDWomen = 3.82). No other effects were
significant (ps > .15). Given that d’ scores standardize hits, misses, false alarms,
and correct rejections this was not expected to impact assessments of memory for
feedback in any way.
Memory Performance. All descriptive statistics for variables associated with memory performance across the two studies are provided in Table 1. A 2 (Gender: Men,
Women) × 2 (Task Description: DMT, PST) × 2 (Feedback Type: Wrong, Correct)
mixed factors ANOVA with repeated measures on the latter variable was then
conducted on participants’ memory scores for fonts. There was no main effect for
feedback type (p = .42) nor an interaction between feedback type and task description (p = .32). There was, however, an interaction between feedback type and gender, F(1, 103) = 4.56, p < .04, η2 = .04, that was qualified by a three-way interaction
between feedback type, condition, and gender, F(1, 103) = 4.76, p < .04, η2 = .04
(Figure 1).
Simple effect analyses revealed that these interactions were largely the result of
women in the DMT condition exhibiting enhanced encoding of wrong feedback
fonts. Specifically, whereas women in the DMT condition showed greater encoding of wrong feedback compared to correct feedback, F(1, 103) = 11.93, p < .01, η2 =
.10, 95% CI [.21, .78], women in the PST condition exhibited inefficacious encoding
of both correct and wrong feedback. Men in both conditions exhibited similar patterns to women in the PST condition, as there were no differences in the extent to
which they encoded correct or wrong feedback.
Between conditions, women in the DMT condition encoded wrong feedback
better than women in the PST condition, F(1, 103) = 3.85, p = .05, η2 = .04, η2 = .04,
95% CI [-.004, .76], and men in the DMT condition, F(1, 103) = 12.47, p < .01, η2 =
.11, 95% CI [.27, .97]. No other comparisons were significant, ps > .10. To determine whether performance on the math feedback task had any undue influence on
memory for feedback, an identical analysis was conducted including participants’
math feedback task performance (total incorrect) as a covariate. These analyses
yielded nearly identical results to those described above (three-way interaction:
F[1, 103] = 4.43, p < .04, η2 = .04), indicating performance did not affect participants’ memory for feedback in any way.
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FIGURE 1. Men and women’s d' memory scores as a function of feedback type and condition.
(DMT = Diagnostic Math Test; PST = Problem Solving Task.)

Exploratory Analyses on Link Between Stereotype Threat, Negative Memories, Performance, and Post-Test Anxiety. To ascertain whether there was a link between stereotype threat, enhanced encoding of negative feedback on the math feedback task,
future performance on difficult math tests, and general post-test anxiety, serial
mediation analyses were conducted on data from Study 1. We tested for serial mediation by deriving unstandardized regression coefficients and 95% bias-corrected
confidence intervals (CIs) from 10,000 bootstrap estimates (Hayes, 2013). 95% CIs
are considered significant if the interval (e.g., [.5, .9]) does not contain zero (Cumming, 2008). In separate models for threat and control participants, we entered
variables in a manner that most closely represented the temporal nature in which
the variables were collected. Thus, gender was utilized as a predictor, d’ for wrong
feedback served as an initial mediator, performance was a secondary mediator,
and anxiety was the outcome variable.
These analyses revealed that under threat, the indirect pathway was not significant, b = .04, 95% CI [-.0122, .2274], indicating that the relationship between gender
and anxiety was not fully mediated by memory for wrong feedback and test performance. However, patterns suggested a potential connection between memory
encoding and post-task feelings of anxiety among stereotype threatened women.
Under threat, women compared to men showed greater memory for wrong feedback seen during the math feedback task, b = .62, 95% CI [.2566, .9753], which in
turn predicted worse performance on the subsequent difficult math test, b = -9.95,
95% CI [-19.1171, -.7775]. Only gender, however, was a moderate predictor of anxiety, b = .62, 95% CI [-.0538, 1.2913]. Neither the indirect effect nor any of the direct
paths were significant for participants in the control condition (indirect b = .005,
95% CI [-.0042, .0862]). There were also no relationships among these variables and
memory for correct feedback (all CIs contained zero).
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Discussion
Findings from this study provide initial evidence that stereotype threat engenders
enhanced encoding of negative feedback. When women were placed under stereotype threat they exhibited enhanced encoding of negative feedback compared
to positive feedback, their male counterparts, and women not under stereotype
threat. This effect was not evident in any of the other conditions, suggesting enhanced encoding of negative performance-based feedback is unique to stereotype
threatening contexts. Given that women under stereotype threat tended to report
higher levels of anxiety (although this pattern only emerged in the planned contrast), these findings are also consistent with the interpretation that enhanced encoding of negative feedback may have been associated with emotional/mood congruent memory encoding processes. Furthermore, mediational analyses provide
at least some initial evidence that post-task feelings of anxiety may be influenced
by the effects that biased memory encoding processes have on undermining performance on math tasks orthogonal to the task where the initial memories were
formed.
An important additional question revolves around what stereotyped threatened
individuals encode when negative feedback is presented amongst other information. Past research indicates that the experience of arousal directs attention toward
the central arousing stimulus in the environment. Specifically, arousal increases
encoding of information that is most relevant to the current motivational state engendered by the emotion (Levine & Pizarro, 2004; Oatley & Johnson-Laird, 1987).
With respect to Study 1 findings, this suggests that wrong feedback may be encoded more efficaciously to the extent this negative stereotype confirming evidence is
perceived as the centrally threatening stimulus in stereotype threatening contexts.
With that said, other research suggests that social identity threatening contexts,
that is, broader identity threatening situations not tied to performance in a stigmatized domain per se (but which stereotype threatening contexts are an example
of), could also facilitate attention to irrelevant information (Inzlicht & Kang, 2010)
and perhaps even encoding of neutral information. For instance, Murphy and colleagues (2007) had male and female math, science, and engineering (MSE) majors
watch a supposed MSE conference video that was either gender balanced or unbalanced (more men) while electrodermal and cardiovascular activity was recorded.
A surprise memory test was then given to assess memory for both details specific
to the video and details specific to the experimental room. Results revealed that
compared to both men in either condition and women who watched the gender
balanced video, women MSE majors who watched the gender unbalanced video
demonstrated greater physiological arousal while watching the video and superior recall for both details specific to the video and experimental room. However,
these findings do little to inform our understanding of how valenced, stereotypeconfirming or disconfirming information specific to performance situations in
stigmatized domains is processed, nor did the authors include a rigorous test of
memory encoding (e.g., provide a memory test with adequate lures to account for
participants’ potential for guessing answers). Nevertheless, these findings suggest

STEREOTYPE THREAT ENHANCES ENCODING

615

that any information presented in stereotype threatening contexts in conjunction
with a centrally threatening stimulus could be encoded more efficaciously.
The goal of Study 2 was to examine the competing hypotheses that stereotype
threat facilitates encoding of (a) only centrally arousing, negative feedback, or (b)
both centrally arousing feedback and neutral information presented in conjunction with the negative feedback.

Study 2
Study 2 examined the extent to which stereotype confirming feedback is encoded
with respect to stereotype-neutral information presented in conjunction with feedback in stereotype threatening contexts. Men and women completed the same math
task described in Study 1 with one primary exception: Feedback was presented in
different fonts and was embedded within neutral information (city and nature
scenes). Consistent with Study 1, we hypothesized that compared to men, women
under stereotype threat would encode negative feedback more efficaciously than
positive feedback. Conversely, how negative feedback would be encoded in relation to information presented in the background of the feedback was less clear
given the competing hypotheses described above. Thus, findings should provide
insight into the extent to which negative feedback represents the centrally threatening stimulus or an arousing cue that facilitates encoding processes in general.

Methods
Participants. Eighty-five participants (45 male) participated for course credit.
All participants had knowledge of the negative stereotype pertaining to women’s
math ability (i.e., they responded with a 3 or lower on the stereotype knowledge
question administered at the beginning of the semester, described above). Two
women and one man were excluded from final analyses for either erroneously using scratch paper or a calculator on the math feedback task. Grubbs’ test on positive and negative feedback and picture memory scores identified an additional
four men as being significant outliers, that is, having Z scores less than or greater
than 3.5 from the grand mean (p < .05). This left a final sample of 78 participants
for analyses.
Procedure. Procedures were identical to Study 1 with modifications only being
made to feedback stimuli on the math task and memory test. All participants were
assigned to a diagnostic math test/stereotype threat (DMT) condition and instructed that they would complete tasks that were diagnostic of math intelligence.
Participants were again asked to indicate their gender and sessions were always
conducted with at least one male participant present. Participants then completed
a math feedback task, math filler task, and memory test. Once these measures were
completed participants completed anxiety questions and were debriefed.
Math Feedback Task. Participants completed the same math task described in
Study 1 except that following the participants’ response on each trial, wrong and
correct feedback (written in different fonts) was superimposed on city and nature
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scenes. To avoid confounding feedback valence with font color, both wrong and
correct feedback was presented in green. To ensure that a given font would never
be uniquely associated with a given feedback type or city/nature scene, all fonts
had an equal likelihood of being presented as either wrong or correct feedback
with a given city or nature scene, and all participants had an equal likelihood of
seeing a given font type as wrong or correct feedback with either a background
city or nature scene.
Math Filler Task. Participants were given the same math filler task as in Study 1
and the same math test accuracy percentage was created.
Memory Test. A surprise memory test was given to participants after completion of the math filler task. The memory test contained 200 trials. Fifty of these
trials contained different feedback fonts that participants may have seen during
the math feedback task (25 possible wrong fonts and 25 possible correct fonts),
50 contained city or nature pictures that participants may have seen during the
task (25 possible city scenes and 25 possible nature scenes), 50 contained wrong
and correct font lures (25 wrong lures and 25 correct lures), and 50 contained city
and nature scene lures (25 city scenes and 25 nature scenes). The memory test
otherwise was similar to the test described in Study 1 in that each trial began with
randomly presenting participants with different “Wrong” or “Correct” fonts on
white backgrounds or different city and nature scenes and participants were asked
to rate whether they thought they had seen the font or picture during the math
feedback task using a 6-point scale with labels on 1 (I know I didn’t see it), 4 (I think
I saw it), and 6 (I know I saw it). Participants’ responses were converted to binary
responses of hits, misses, false alarms, or correct rejections and these responses
were transformed in to d’ scores. Again participants with no hits were given a hit
score of 0.1 and participants with a perfect hit rate had 0.1 subtracted from their
hit score.
Post-Task Anxiety. Participants were given the same questionnaire as in Study 1
and mean composites were created such that higher numbers represented more
anxiety (α = .87).

Results
Difficult Math Test Performance and Post-Task Anxiety. An initial independent samples t-test was conducted on participants’ accuracy scores on the difficult math test
filler task. Similar to Study 1, these analyses revealed that men (M = 54.95, SD =
31.72) performed better on the difficult math test than did women (M = 33.37, SD
= 26.52), t(75) = 3.23, p < .01, d = .75.1 A comparable analysis conducted on participants’ post-task anxiety composites indicated that women (M = 3.10, SD = 1.18)
experienced more anxiety than men (M = 2.53, SD = 1.06), t(69) = -2.17, p < .04, d
= .52.2 Together, these findings suggest that our manipulation was successful at
engendering a stereotype threatening situation among women.
Math Feedback Task. An independent samples t-test conducted on the number of
sharp problems answered incorrectly on the first block of the math feedback task
1. Six participants did not complete this portion of the questionnaire.
2. Seven participants did not complete this portion of the questionnaire.
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FIGURE 2. Men and women’s d' memory scores as a function of feedback type and information
presented in the background of feedback type. (Wrong/Correct font = recall for feedback;
Wrong/Correct picture = recall for information presented with feedback type.)

indicated there were no differences between women (M = 9.24, SD = 4.04) and
men (M = 7.65, SD = 4.25), t(76) = -1.69, p = .10; gender did not affect the amount
of wrong and correct feedback participants received.
Memory Performance. To test our primary hypothesis, a 2(Gender: Men, Women)
× 2(Feedback type: Wrong, Correct) × 2(Stimulus Type: Font, Picture) mixed factors ANOVA with repeated measures on the latter two variables was conducted
on participants’ memory scores for fonts and pictures. There were no effects for
feedback type (p = .20), stimulus type (p = .11), stimulus type by gender (p = .72),
feedback type by stimulus type (p = .53), or the three-way interaction (p = .31).
There was, however, a main effect for gender F(1, 76) = 6.57, p < .02, η2 = .08, that
was qualified by a feedback type by gender interaction, F(1, 76) = 7.67, p < .01, η2 =
.09 (Figure 2; Table 1). Simple effects analyses indicated that women encoded both
wrong fonts better than correct fonts, F(1, 76) = 3.79, p = .055, η2 = .05, 95% CI [-.006,
.49], and pictures associated with wrong feedback compared to pictures associated
with correct feedback, F(1, 76) = 3.83, p = .05, η2 = .05, 95% CI [-.005, .61]. These patterns were not evident among men (ps > .14). Women also encoded wrong fonts,
F(1, 76) = 3.90, p = .05, η2 = .05, 95% CI [-.002, .61], and pictures associated with
wrong feedback, F(1, 76) = 4.98, p < .03, η2 = .06, 95% CI [.04, .75], better than men.
Gender did not affect the extent to which correct feedback or pictures associated
with correct feedback were encoded (ps > .25). There were also no differences in
either men or women in the extent to which they encoded wrong or correct fonts
compared to pictures (ps > .09).
Exploratory Analyses on Link Between Stereotype Threat, Negative Memories, Performance, and Post-Test Anxiety. Serial mediational analyses comparable to Study 1
were conducted again to ascertain whether there was a link between stereotype
threat, enhanced encoding of negative feedback on the math feedback task, future
performance on difficult math tests, and general post-test anxiety. Unstandard-
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Table 1. Mean Memory Scores (Standard Deviations in Parentheses), Total Hits, False Alarms and
Standardized Hits and False Alarms for Women and Men Across Studies
Study 1
Wrong Font

Correct Font

Wrong Font

Correct Font

Wrong Picture

Correct Picture

D’
Raw Hits
Raw FAs
Standard Hits
Standard FAs
D’
Raw Hits
Raw FAs
Standard Hits
Standard FAs

DMT Women
DMT Men
.42 (.74)
-.20 (.66)
5.00 (3.29)
4.43 (2.25)
27.09 (10.30)
24.73 (11.47)
.22 (1.05)
.04 (.72)
-.03 (.86)
-.22 (.96)
-.08 (.45)
.00 (.51)
6.44 (3.0)
6.20 (3.44)
32.62 (12.21)
27.70 (10.33)
-.20 (.78)
-.26 (.91)
.08 (1.05)
-.34 (.88)
Study 2

D’
Raw Hits
Raw FAs
Standard Hits
Standard FAs
D’
Raw Hits
Raw FAs
Standard Hits
Standard FAs
D’
Raw Hits
Raw FAs
Standard Hits
Standard FAs
D’
Raw Hits
Raw FAs
Standard Hits
Standard FAs

.26 (.55)
3.38 (2.36)
9.45 (6.13)
.09 (.86)
-.16 (1.01)
.02 (.45)
5.93 (3.68)
14.21 (7.51)
-.23 (.93)
-.21 (.98)
.14 (.78)
3.51 (3.00)
17.37 (12.91)
.16 (1.08)
-.24 (1.00)
-.16 (.56)
4.19 (3.11)
17.37 (12.91)
-.37 (.83)
-.24 (1.00)

PST Women
.04 (.58)
3.36 (1.87)
30.00 (9.72)
-.31 (.60)
.21 (.81)
.06 (.49)
7.95 (3.98)
34.86 (9.91)
.20 (1.05)
.27 (.85)

PST Men
.11 (.79)
3.45 (3.25)
26.77 (12.35)
-.28 (1.03)
-.05 (1.03)
.13 (.28)
7.68 (3.21)
31.27 (9.74)
.13 (.85)
-.03 (.83)

-.04 (.77)
2.92 (3.06)
11.30 (5.88)
-.08 (1.12)
.15 (.97)
-.06 (.38)
7.70 (4.07)
17.40 (7.58)
.22 (1.03)
.20 (.99)
-.25 (.78)
2.64 (2.47)
23.47 (12.46)
-.15 (.90)
.23 (.96)
-.03 (.37)
6.88 (3.88)
23.47 (12.46)
.35 (1.03)
.23 (.96)

Note. DMT = Diagnostic math test, PST = Problem solving task, FAs= False alarms, Standard = Standardized. False
alarms are much higher because participants were exposed to markedly more lures compared to previously seen targets
due to the nature of the study designs.

ized regression coefficients and 95% bias-corrected confidence intervals (CIs) from
10,000 bootstrap estimates (Hayes, 2013) were derived for men and women. Again,
gender was utilized as a predictor, d’ for wrong feedback served as an initial mediator, performance was a secondary mediator, and anxiety was the outcome variable. These analyses revealed that the indirect pathway was significant, b = .03, 95%
CI [.0003, .1584], indicating that the relationship between gender and anxiety was
mediated by memory for wrong feedback and test performance. Specifically, under threat, women compared to men showed greater memory for wrong feedback
seen during the math feedback task, which in turn predicted worse performance
on the subsequent difficult math test, which in turn predicted greater anxiety. The
indirect pathways including memory for correct fonts, memory for pictures as-
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FIGURE 3. Serial mediation pathways showing that, under threat, women exhibited more
efficacious encoding of wrong feedback than men, which predicted worse test performance
on the future difficult math test, and increased anxiety. Solid paths are significant (95% CIs
do not contain zero), whereas dashed paths are not significant (95% CIs contain zero). Values
are unstandardized regression coefficients. Values in parentheses represent coefficients before
mediators are entered in the model.

sociated with wrong feedback, and memory for pictures associated with correct
feedback were all nonsignificant (i.e., the CIs contained 0).
To determine whether these patterns held in the aggregate across studies, serial
mediation analyses were conducted on data from both Studies 1 and 2. In separate
models for threat and control participants, gender was utilized as a predictor, d’
for wrong feedback served as an initial mediator, performance was a secondary
mediator, and anxiety was the outcome variable.
These analyses revealed that the indirect pathway indicating that better memory for stereotype confirming evidence was associated with underperformance on
the difficult math test and greater anxiety held for women only, b = -.02, 95% CI
[-.0936, -.0001] (Figure 3). There were also no relationships among these variables
and memory for correct feedback.
Finally, because stereotype threatening situations also are known to elicit anxiety in general that has been linked to underperformance, we tested a model that
utilized gender as a predictor, d’ for wrong feedback served as an initial mediator,
anxiety was a secondary mediator, and performance was the outcome variable.
The indirect pathway for this analysis was not significant b = -.09, 95% CI [-.9483,
.3431], suggesting that under stereotype threat women report more general posttest anxiety to the extent they encode negative performance related feedback, that
is, stereotype-confirming evidence, and subsequently underperform on future difficult math tests.

Discussion
Results from Study 2 demonstrated that stereotype threat augments encoding of
negative feedback as well as information presented in conjunction with negative
feedback. Consistent with Study 1, women under stereotype threat showed enhanced memory for negative feedback compared to positive feedback and men.
Extending on these findings, women under stereotype threat demonstrated enhanced encoding of stereotype-neutral information (i.e., city and nature scenes)

620	FORBES ET AL.

associated with wrong feedback compared to stereotype-neutral information associated with correct feedback. Conversely, males did not show this asymmetry
in memory encoding. Also consistent with Study 1, stereotype threatened women
reported more anxiety compared to men, suggesting that enhanced encoding of
negative information may have been associated with emotional/mood congruent memory encoding processes. This anxiety was also in part augmented by the
relationship between memory for stereotype-confirming evidence and subsequent
underperformance on a future math test. Stereotype threatened women reported
greater anxiety to the extent they exhibited enhanced recall of negative feedback
and underperformed on a difficult follow-up math test. These results are consistent with findings from Murphy et al. (2007), which indicated that in viscerally
arousing situations both information specific to an identity threat (stimuli presented in a gender unbalanced STEM video) and stimuli in the immediate surroundings are encoded more efficaciously by women compared to men and identity
neutral contexts. We extend upon these findings by systematically demonstrating
that stereotype-consistent performance feedback and stereotype-neutral information presented in conjunction with said feedback is more efficaciously encoded
during performance situations in stigmatized domains.

General Discussion
Results from two studies provide converging evidence that stereotype threatening
contexts facilitate encoding of negative performance-related feedback compared
to positive performance-related feedback. Study 1 provided evidence that stereotype threat facilitates encoding of negative feedback; women under threat exhibited greater memory sensitivity for fonts associated with wrong feedback compared
to correct feedback, men, and women taking a supposed problem-solving task.
Study 2 demonstrated that both stereotype-confirming, negative feedback and
stereotype-neutral information presented in conjunction with negative feedback
is encoded more efficaciously; women under stereotype threat again exhibited
enhanced memory sensitivity for fonts associated with wrong feedback but also
stereotype-neutral information presented in conjunction with wrong feedback.
Importantly, when examining studies independently (Study 2 specifically) and
combining data from the two studies, enhanced encoding of negative feedback on
an initial math test predicted underperformance on a subsequent difficult math
test, which in turn engendered greater post-test anxiety among stereotype threatened women only. These findings highlight both the deleterious consequences of
biased negative feedback encoding on performance, and may provide insight in to
why women may systematically report more negative affect in the math domain
compared to men (Else-Quest et al., 2010).
Findings from both studies are consistent with recent work suggesting that stereotype threat biases attention toward negative feedback at a fundamental level
and at the expense of performance on math tests similar to the math feedback
task used in these studies (Forbes & Leitner, 2014). We extend upon these findings
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by providing evidence that this bias toward negative feedback engenders more
efficacious encoding of negative feedback. Yet, enhanced encoding of either feedback type did not relate to performance on the math feedback task itself. This
provides provocative evidence that stereotype threat can bias perceptions of one’s
performance that is orthogonal to their actual performance. That is, stigmatized
individuals may perform comparable to their non-stigmatized counterparts, but if
they are encoding negative, stereotype-consistent information at disproportionate
levels, they may still leave a stereotype threatening situation with the perception
that they performed poorly. This notion is supported by recent work indicating
that despite stereotype threatened minorities learning implicit relationships on
a supposed intelligence test at comparable rates compared to whites, they still
believed they underperformed to the extent they exhibited decreased connectivity between brain regions integral for self-oriented processing and coping at rest
(Forbes et al., 2015).
Relevant to this point, findings from Study 2 indicate that stigmatized individuals are likely to encode both stereotype-consistent and stereotype-neutral information presented in conjunction with the stereotype-consistent stimulus in stereotype threatening contexts. Such findings are consistent with evidence suggesting
women attend to irrelevant information in stereotype threatening contexts (Inzlicht & Kang, 2010) and possibly encode irrelevant information presented in social identity threatening situations (Murphy et al., 2007). Our results extend upon
these findings by suggesting that specific negative performance relevant feedback,
that is, negative feedback written in a specific font, received while stigmatized
individuals performed (a) was more efficaciously encoded compared to positive
feedback and was not a product of guessing, (b) was not evident in stereotypeneutral contexts, (c) was only recalled to the extent the information was consistent
with the negative stereotype, and (d) undermined performance on a future difficult math test to engender general post-test anxiety.
Furthermore, in Study 2 the centrally arousing stimulus was provided to individuals in the form of stereotype confirming feedback. But what form does this
centrally arousing stimulus take in other stereotype threatening contexts? In real
world settings, while individuals are likely to get feedback in classroom settings,
they do not typically receive feedback while they complete GRE or math AP exams;
thus it is possible that negative thoughts associated with the exam and perceived
performance become the centrally arousing stimulus. Past research implicates a
prominent role for negative thoughts, doubt, and anxiety-oriented thoughts experienced while individuals perform under stereotype threat (e.g., Cadinu et al.,
2004; Schmader et al., 2008). Thus, in the absence of direct feedback, it’s quite possible negative thoughts associated with perceived performance, task difficulty, or
even manifestations or interpretations of the stress-oriented visceral arousal engendered by threatening contexts (e.g., “why can’t I stop sweating?” or “why is
it so hot in here?”) are better encoded as well. Ultimately, the centrally arousing
stimulus is identified as that stimulus that prevents the actualization of a primed
goal state (Levine & Burgess, 1997; Levine & Pizarro, 2004; Oatley & JohnsonLaird, 1987) and therefore can take myriad forms, including overt feedback, or a
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thought or feeling that is perceived by the stigmatized person to interfere with his
or her performance and ultimate success. With that said, future research would be
necessary to determine how neutral information is encoded when it is presented
in competition with the centrally arousing stimulus. That is, in this study neutral
information was presented in conjunction with negative feedback which could
have confounded the neutral information with the threatening stimulus (i.e., the
neutral information was perceived to be a component of the threatening stimulus).
We would hypothesize that when a centrally threatening stimulus is presented
in competition with the neutral information that only the threatening stimulus
would be encoded more efficaciously.
Both in Study 2 and when the data from the two studies were combined, the deleterious consequences of enhanced encoding of negative feedback on performance
and anxiety emerged. While it is always difficult to make definitive conclusions
regarding directionality and causation in mediation analyses, our serial mediation
analyses suggested that stereotype threatened women underperformed on a difficult math test to the extent they encoded negative feedback more efficaciously on
a previous math task (in which there were no performance differences, only biased
encoding responses). Underperformance on the difficult math test, in turn, fostered
greater post-test anxiety. How and why this happened is a more difficult question
to answer, but one possibility is that exposure to a second math test prompted
the spontaneous recall of negative feedback that in turn interfered with cognitive
resources necessary to perform optimally. One could also argue, however, that
underperformance was due to negative memory recall decreasing confidence or
engendering more negative expectations for performance which then prompted
stereotype threatened individuals to perform in line with these new negative expectations. Another possibility is that biased, exacerbated attention and encoding
of negative information is cognitively taxing in and of itself, which would deplete
cognitive resources at disproportionate levels among stereotype threatened individuals, and compromise performance on difficult downstream tasks accordingly.
Finally, it is also possible that anxiety had a more general effect on performance
(i.e., anxiety engendered underperformance), as previous research has suggested
(e.g., Eysenck & Calvo, 1992; Eysenck & Derakshan, 2011). However, this path was
not significant when tested, nor is it consistent with the temporal nature in which
memory, performance, and anxiety measures were collected across studies rendering this conceptualization of the model outside the scope of the present studies.
Thus future research would be necessary to determine which of these possibilities
is the more adequate explanation for why negative feedback encoding decreased
performance under stereotype threat but it’s possible that all routes play some role
in undermining performance overall.
Regardless of the precise mechanism, these findings are particularly provocative because of their implications for stigmatized individuals’ performance and
domain perceptions. Recall that memory measures were obtained from the moderately difficult math feedback task where performance differences between men
and women were not evident. This suggests then that even if women perform
comparably to men on a math test they might not only be more likely to encode
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negative feedback relative to their performance, but this enhanced encoding may
ultimately undermine their performance on future difficult math tests. This underperformance, in turn, culminates in fostering general feelings of anxiety toward
the domain that the stigmatized individual leaves the testing situation with. This
process is bound to have ramifications for individuals’ identification with a stigmatized domain over time. Indeed, given that stereotype threat, or social identity
threat more broadly, can be triggered in various, oftentimes innocuous ways (e.g.,
via solo status or even posters on the wall), one manifestation of this process could
be more negative perceptions and reduced confidence in the stigmatized domain
not unlike those found among girls in Else-Quest et al.’s (2010) cross-cultural study.
These studies also raised some interesting questions. For instance, it is unclear
why men in the DMT condition in both studies exhibited poor encoding of either
type of feedback. It could be that the feedback is not deemed important or motivationally relevant in situations where one is expected to excel, and thus men in
the DMT condition simply did not attend to the feedback. Such an interpretation
would be consistent with the fact that while men performed poorly on the memory
test they outperformed women in the DMT condition and performed comparably
to everyone else on the difficult math test. The disconnect between performance
on the memory test compared to the math test was found among all participants,
however, and speaks to the possibility that regardless of performance, men may
not leave diagnostic math testing situations with the same negative memories as
women.
The studies presented here lay an important foundation for the deleterious effects of stereotype threat on memory encoding. Future research should directly
examine whether enhanced encoding of negative feedback that women demonstrated under stereotype threat is a product of the same stress-oriented responses
driven by the HPA-glucocorticoid system. To the extent stereotype threat engenders feelings of stress in stigmatized individuals, it is possible that cortisol-dependent long-term potentiation of associations between negative information and
stereotype threatening contexts is the precise mechanism that underlies these findings. Past research has provided indirect evidence for the presence of cortisol in
stereotype threatening situations (Matheson & Cole, 2004), but more research is
needed to provide causal evidence for the role of cortisol, as well as the amygdala
and hippocampus, in facilitating encoding of negative information received in stereotype threatening situations.
In sum, findings from two studies provide converging evidence that stereotype
threat enhances encoding of negative feedback to undermine performance and
engender anxiety. This suggests that the stereotype threat experience may endure
in the mind of the stigmatized after the test and not necessarily reflect the reality of
their performance. Rather, these situations lay the foundation for encoding negative aspects about an event that may persist through time. These findings not only
provide more evidence that stereotype threat is a highly pervasive problem that
can undermine performance, they highlight a new threat suggesting that stigmatized individuals’ failures may be unforgettable.
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