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Racial stereotypes exert pernicious effects on decision-making and behavior, yet little is known about how
stereotypes disrupt people’s ability to learn new associations. The current research interrogates a fundamen-
tal question about the boundary conditions of probabilistic learning by examining whether and how learning
is influenced by preexisting associations. Across three experiments, participants learned the probabilistic
outcomes of different card combinations based on feedback in either a social (e.g., forecasting crime) or non-
social (e.g., forecasting weather) learning context. During learning, participants were presented with either
task-irrelevant social (i.e., Black or White faces) or nonsocial (i.e., darker or lighter clouds) stimuli that were
stereotypically congruent or incongruent with the learning context. Participants exhibited learning disrup-
tions in the social compared to nonsocial learning context, despite repeated instructions that the stimuli
were unrelated to the outcome (Studies 1 and 2). We also found no differences in learning disruptions
when participants learned in the presence of negatively (Black and criminal) or positively valenced stereo-
types (Black and athletic; Study 3). Finally, we tested whether learning decrements were due to “first-order”
stereotype application or inhibition at the trial level, or due to “second-order” cognitive load disruptions that
accumulate across trials due to fears of appearing prejudiced (aggregated analysis). We found no evidence of
first-order disruptions and instead found evidence for second-order disruptions: participants who were more
internally motivated to respond without prejudice, and thus more likely to self-monitor their responses,
learned less accurately over time. We discuss the implications of the influence of stereotypes on learning
and memory.

Keywords: stereotyping and prejudice, learning and memory, social cognition, internal motivation to
respond without prejudice
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Humans’ ability to learn probabilistic associations through trial
and error is key to survival. Consider the proverbial hot stove
effect: A child might be told countless times to be careful playing
around a stove without learning, but getting burned once can

produce a lifelong association. Indeed, there exist numerous mod-
els of learning that account for how efficiently humans learn and
update probabilities from subjective “hands-on” experiences
(e.g., Cleeremans & McClelland, 1991; Gobet et al., 2001;
Kumaran et al., 2016; Lee et al., 2012). One important unanswered
question is how the cognitive system handles different salient con-
textual cues during learning, such as preexisting associations that
are irrelevant to the learning context but may nonetheless impede
new learning. For instance, police officers that deploy search and
stop practices are tasked to learn objective indicators of suspicious
behavior. However, research finds that officers often rely on preex-
isting negative stereotypes to inform suspicions when conducting
stops and searches (Minhas &Walsh, 2021). Thus, negative preex-
isting associations between Black men as criminal seem to interfere
with police officers’ ability to learn objective indicators of suspi-
cion. Actively ignoring such disruptive preexisting associations
is an important challenge to the learning process (Niv et al.,
2015). Here, we interrogate a fundamental question about the
boundary conditions of probabilistic category learning: When are
we able to ignore preexisting associations that may interfere with
learning and when can we not?

There are countless different kinds of preexisting associations that
people use daily that could influence learning, including both social
and nonsocial features of their environments. For instance, many
people have strong associations between cloudy skies and rain and
thus carry an umbrella or put on a raincoat when they see cloudy
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skies. As highlighted in the example above, people also have strong
preexisting associations about other people based on their demo-
graphics (e.g., race and gender), which may likewise influence learn-
ing and behavior (e.g., Allidina & Cunningham, 2021; Brewer,
2001; Brewer & Pierce, 2005; Hogg et al., 1995; Onorato &
Turner, 2004; Willer et al., 1989). For example, past work finds
that individuals are faster to learn the association between a cue
and a face when the face is associated with outgroup threat
(Lindström et al., 2014), and more readily associate aversive experi-
ences (e.g., electric shocks) with Black compared to White individ-
uals (Olsson et al., 2005). Moreover, recent work finds that exposure
to social stereotypes shapes how people learn about new groupmem-
bers and can also shape people’s own, personal group-based prefer-
ences (Stillerman et al., 2020). Together, this body of work suggests
that social stereotypes may play a critical role in probabilistic learn-
ing. Importantly, this past work has not yet examined the influence
of preexisting associations on new categorical learning, or whether
social and nonsocial associations differentially influence new learn-
ing. One factor that may influence people’s ability to ignore
task-irrelevant associations is how “sticky” the association is. We
use the term “stickiness” to describe associations that are resistant
to change, difficult to inhibit, and may thus be more difficult to
ignore (e.g., Arrow 1998; Blind & Lottani von Mandash, 2021).
There is good reason to believe that one class of social associa-

tions that people hold, namely racial stereotypes, may be particularly
sticky and difficult to ignore, which may disrupt learning. Decades
of research on stereotyping and prejudice show that racial associa-
tions powerfully influence decisions and behavior (e.g., Devine,
1989; Eberhardt et al., 2004; Simon, 1956; Welch, 2007; also see,
Kirsch et al., 2004; Staddon & Cerutti, 2003), such that the mere
presence of an individual can instantaneously conjure up rich and
affectively laden mental representations based on their social cate-
gory (Barnett et al., 2021; Fiske & Neuberg, 1990; Schiller et al.,
2009; Stephan & Stephan, 1985). One such association that has gar-
nered a great deal of attention in the United States is the stereotype
that Black men are aggressive and dangerous (Bodenhausen &
Wyer, 1985; Eberhardt et al., 2004; Welch, 2007). For instance,
research finds that people are more likely to misjudge a tool as a
weapon when they are held by Black compared to White men
(Correll et al., 2015), are quicker to shoot an armed target if they
are Black compared to White (Correll et al., 2002; Payne, 2001),
and assign harsher sentences to inmates with more Afrocentric fea-
tures (I. Blair et al., 2004). Together, this body of work suggests that
this class of social associations may be particularly sticky and may
thus impinge on learning.
At the same time, changes in the social milieu have reduced

the social desirability and acceptability of expressing stereotypes,
which has reduced explicit racial prejudice (Blinder et al., 2013).
Consequently, people face personal pressures—due to internal egali-
tarian values and external social pressures to comply with social
norms—to self-monitor and regulate the expression of stereotypes
and prejudice (Plant & Devine, 1998). This act of self-regulation to
avoid appearing prejudiced has been shown to deplete subsequent
cognitive functioning (Richeson et al., 2003; Richeson & Shelton,
2003; Richeson & Trawalter, 2005; Rubien-Thomas et al., 2021;
Shelton & Richeson, 2005). For instance, one study found that after
an interaction with a Black confederate, White participants performed
worse on a subsequent decision-making task (i.e., Stroop task), pre-
sumably due to depleted cognitive resources from self-regulation

during the preceding interracial interaction (Richeson & Shelton,
2003). Notably, this work focused on the effects of cognitive deple-
tion from interracial interactions on subsequent task performance,
rather than examining whether the preexisting racial associations
that people hold (e.g., stereotypes) disrupt new learning, in real
time. As these two processes—learning on the one hand and decision-
making on the other hand—are categorically distinct, we do not yet
know how such preexisting associations disrupt the cognitive pro-
cesses involved in learning.

The current work aims to fill this important gap by testingwhether
and how task-irrelevant social associations, such as racial stereo-
types about Black men as threatening, disrupt probabilistic category
learning and directly compare whether the effects of social associa-
tions are stronger than task-irrelevant nonsocial associations, such as
associations between clouds and rain. Consistent with a host of
research demonstrating that stereotypes influence cognition and
behavior, we predict that racial associations will disrupt the acquisi-
tion of new associations more than nonsocial associations.
Regarding how social associations may prove disruptive, past
research suggests at least two possible mechanisms.

First, stereotypes may exert “first-order” effects that disrupt learn-
ing on a trial-by-trial basis due to stereotype application or inhibi-
tion. For instance, stereotypes that are irrelevant to a learning
context may disrupt learning by increasing people’s propensity to
learn stereotypes congruent over incongruent outcomes (i.e., stereo-
type application). That is, if people apply a stereotype (e.g., a person
predicts that an individual has a characteristic [“is a criminal”] sim-
ply because they belong to a racial group [e.g., “is Black”]), then this
will lead to suboptimal learning, as race is orthogonal to predictions
about crime. Likewise, stereotypes may disrupt learning on a
trial-by-trial basis by increasing people’s propensity to inhibit ster-
eotypically congruent responses. That is, if people inhibit
stereotype-congruent responses (e.g., a person is reluctant to predict
that an individual has a characteristic [“is a criminal”] simply
because they belong to a racial group [e.g., “is Black”]), then this
will also lead to suboptimal learning, as race is orthogonal to predic-
tions about crime. An optimal learner should instead ignore
task-irrelevant features of the learning environment.

In contrast to first-order stereotype application or inhibition, the
presence of stereotypes may also disrupt learning via “second-
order” effects due to taxed cognitive functioning. Support for this
hypothesis comes from past work showing that self-monitoring
during interracial interactions can be cognitively taxing and thus
diminish performance on subsequent cognitive control tasks
(Richeson et al., 2003; Richeson & Shelton, 2003). This hypothesis
is also consistent with work demonstrating that extraneous cogni-
tive load manipulations (e.g., divided attention) disrupt perfor-
mance on cognitive tasks (Sweller, 2011). Thus, the act of
self-monitoring one’s behavior while also performing a learning
task may disrupt learning. Moreover, if taxed cognitive functioning
underpins the learning disruptions, then participants who are more
internally motivated to respond without prejudice should perform
worse than participants with lower internal motivations (IMS), as
these individuals are more burdened by the additional cognitive
effort of monitoring their responses (Johns et al., 2008).
Individual differences are important predictors of a variety of real-
world outcomes (Ozer & Benet-Martínez, 2006), and may thus
help to elucidate key mechanisms underlying probabilistic learning
and their disruptions.
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The Current Studies: Experimental Paradigm and
Predictions

To examine whether and how preexisting task-irrelevant associa-
tions disrupt probabilistic learning, we created a modified version of
the weather prediction task (WPT; Knowlton et al., 1994). The WPT
is a probabilistic learning task where participants learn to classify 14
different combinations of 4 cues (cards that depict geometric symbols)
into categories (sun or rain). Each card or card combinationmaintains a
different probability of predicting sun or rain, which participants learn
over time based on feedback. Our motivation for using the WPT is
two-fold. First, the WPT emulates multidimensional statistical features
commonly found in real-world learning, where people update learned
associations over time based on discrete cues that are partially valid
indicators of categorical outcomes (Kruschke & Johansen, 1999).
Second, while learning during the WPT has traditionally been embed-
ded within a nonsocial context (e.g., predicting rain or sun absent any
social cues), the learning context can be adapted to include social cues
(e.g., predicting crime in the presence of human faces). In doing so, we
can directly test the extent to which contexts that elicit task-irrelevant
social and nonsocial associations interfere with the learning process.
Importantly, while there are many other kinds of social and nonsocial
associations, here we focus on specific race-based social associations
and weather-based nonsocial associations.
Across experiments, task-irrelevant social stimuli consisting of

Black and White images of male faces, and task-irrelevant nonsocial
stimuli consisting of darker and lighter images of clouds, were intro-
duced into a social learning context (predicting “steal” vs. “no steal”)
and nonsocial learning context (predicting “sun” vs. “rain”). By ran-
domly presenting these images on a trial-by-trial basis, we introduced
task-irrelevant stimuli that are either congruent or incongruent with
one of the two possible predicted outcomes. For instance, the presence
of a Blackmale face is stereotypically congruent with the prediction of
“steal,” just as the presence of darker rain clouds is congruent with the
prediction of “rain.” Conversely, the presence of a White male face is
stereotypically incongruent with the prediction of “steal,” just as the
presence of lighter clouds is incongruent with the prediction of
“rain.” Thus, by introducing stimuli that are either congruent or incon-
gruent with prior associations, we can examine the degree to which
social and nonsocial associations interfere with learning. Critically,
participants were repeatedly told that the social and nonsocial stimuli
were distractors and should therefore be ignored. That is, the design
created an expectation for participants to ignore these irrelevant dis-
tractors, and the empirical question is whether social associations
are more difficult to ignore than nonsocial associations, and therefore
disrupt learning.
Study 1 tests whether people learn differently in a social (i.e., fore-

casting crime) versus a nonsocial context (i.e., forecasting weather).
Study 2 further tests whether learning disruptions in the social con-
texts is merely due to attention directed to distracting human faces
or due to the unique combination of faces that were embedded within
stereotype-eliciting contexts. Study 3 manipulates the valence of the
learning context to examine whether stereotypes interfere with learn-
ing for both negatively valenced and positively valenced stereotypes.
Next, we conduct an aggregated analysis that examines how social
contexts disrupt learning. The aggregated analysis tests competing
hypotheses regarding whether learning decrements are attributable
to first-order disruptions at the trial level due to stereotype application
or inhibition, or to second-order disruptions that accumulate over time

due to taxed cognitive functioning. Study 2 was preregistered (see
https://aspredicted.org/blind.php?x=n22299).

Study 1: Do Racial Versus Weather Associations
Differentially Disrupt Learning?

Study 1 was designed to test whether one class of social associa-
tions, namely stereotypes about race and crime, disrupts learning
more than one class of nonsocial associations, namely associations
between clouds and rain.

Method

Participants

Participants (N= 114) were recruited from Amazon’s Mechanical
Turk (MTurk). They received a $2.00 payment for completing
the roughly 20-min study. Only MTurk workers with a history of pro-
viding good-quality responses were allowed to participate in the study
(i.e., an acceptance rate of.98%). The sample sizewas based on prior
research using the same task design (Gluck, 2002).1 Participants were
excluded if they failed to achieve an average accuracy of 52%, which
indicated that they were randomly guessing.2 After applying these
exclusion criteria, N= 100 participants remained.3 The sample had
a mean age of 37.30, SD= 11.07 (56% self-identified male and
44% self-identified female), and was 73% White, 10% Black, 10%
Asian, 4% Latino, and 3% Other.

Task Design

The task was built using JavaScript and was hosted on biz.nf—a
third-party website (see https://osf.io/fxkh7/?view_only=a24caf3656
6b418480560925a9e65f5c for script and page 2 of the online supple-
mental materials for a description of how the taskwas built). Across all
studies, participants were asked to learn the probabilities of four cards
(i.e., square, diamond, circle, and triangle), which were independently
associated with each possible outcome (weather: sun or rain; crime:
steal or no steal) at a fixed probability (Knowlton et al., 1994). In
each trial, participants were presented with a particular combination
of one, two, or three of the four cards (never all four or none).
There was a total of 14 possible card combinations used to generate
300 trials with different frequencies, in which the two outcomes
occurred equally often (see Supplemental Table 1 in the online supple-
mental materials). The card or card patterns were pseudo-randomized
across trials to ensure they did not appear twice in succession.

1 Gluck (2002) employed a repeated measures analysis of variance
(ANOVA) to examine learning across four blocks of 50 trials, using a sample
size of 30 participants. Given the large differences in our design (between vs.
within subjects) and analyses (logistic mixed model vs. repeated measures
ANOVA), we were unable to use the effect size observed in Gluck (2002).
We instead relied on a judgement call (see e.g., Lakens, 2022) ultimately
deciding to roughly double the sample size for our initial study.

2 The exclusion criterion for accuracy was chosen during a group discus-
sion with the idea that 52% was just enough above 50% to constitute some
learning. This value refers to the mean accuracy across all trials, rather than
a running average. Importantly, the results do not meaningfully change
when we apply a 50% accuracy threshold (see Supplemental Table 9 in the
online supplemental materials).

3 See Supplemental Tables 6–8 in the online supplemental materials for
frequency tables of participants excluded by condition for Studies 1–3
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The task-irrelevant race or sky images were displayed below each
card or card combination. These imageswere also pseudo-randomized
to ensure the same image did not appear more than twice in succes-
sion, but that each image had an equal probability of being displayed
across all trials. The nonsocial stimuli consisted of four images of
clouds that were gathered from free internet sources. These images
were piloted and chosen based on the following criteria: (a) they
could not be rendered in any way, (b) they could not contain rain or
sun (i.e., only darker or lighter clouds), (c) they could not contain
any land elements (i.e., only sky), and (d) they were roughly matched
on how cloudy the sky images were. The social stimuli consisted of
two White and two Black male faces selected from the Chicago
Face Database (Ma et al., 2015), and were equated across various fea-
tures (e.g., perceived attractiveness, aggressiveness, and age; see
Supplemental Tables 2 and 3 in the online supplemental materials).

Training

Participants received extensive instructions prior to the task (see p. 3
in the online supplemental materials for the cover story). The cover
story included an explanation as towhy the stimuli were present during
each trial, and that the social and nonsocial images presented below the
card combinations were completely orthogonal to the task and non-
diagnostic of the outcome, and therefore should not influence their
choices. Importantly, participants were repeatedly told that the stimuli
should be ignored and that they should instead focus on the cards.

Participants were also informed that their choices early in the task
would feel like random guesses, but that their performance through
trial-by-trial feedback would increase over time. In addition, partici-
pants completed a total of six practice trials (Figure 1). Thus, partici-
pants did have some exposure to card probabilities prior to the start
of the task, which helps to explain why it appears that they are
above chance at trial 1. Participants were also required to correctly
answer multiple choice comprehension check questions that repeated
until a correct response was made (see pp. 3–4 in the online supple-
mental materials for a list of questions). These questions covered
important features of the task to ensure validity and comprehension
of the nature of the feedback (i.e., optimal choice vs. actual outcome
[see below for more detail]), as well as the stimuli and learning context.

Procedure

After accepting the HIT on mTurk, participants were provided a
link to the task. Once entered, they were given informed consent
detailing the risks and benefits of the study. Following the training
phase, participants were instructed to predict whether the card or
card combination would forecast “sun” or “rain” the next day
(weather condition) or “steal” or “no steal” the next day (Crime
Face condition). Participants made their prediction by using their
cursor to click on one of the two options (participants were ineligible
to participate in the study if they were using a tablet or phone), which
were displayed below the stimuli (the side of the screen where the

Figure 1
Schematic of the Learning Task in the Crime Face (A) and Weather Cloud (B) Conditions

Note. Participants learned the probabilities of the card patterns by selecting their choice and receiving feedback as
to if they were correct or incorrect (right side of stimuli) as well as what the actual outcomewas on that trial (left side
of stimuli). *That the stimuli in this diagram were the same stimuli shown to participants during the practice trials.
See the online article for the color version of this figure.
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buttons were presented were counterbalanced across participants;
see Figure 1). In each trial, one card or card combination was pre-
sented on the top of the screen and participants had up to 7 s to
make their prediction. Failing to respond within this 7 s timewindow
would automatically start the next trial, and participants were not
provided any feedback. Three failed responses in a row would trig-
ger a notification that asked participants if they were still paying
attention. Clicking “yes” would resume the task where it left off.
If participants did respond within 7 s, they were provided feedback
regarding whether they made the optimal choice or not (based on the
cumulative probability of that card or card pattern) and what the
actual outcome of that trial happened to be (based on the predeter-
mined frequency of that pattern and the cumulative probability;
see Supplemental Table 1 in the online supplemental materials).
An optimal choice represents any prediction where the card or
card patterns are . 50% of the predicted outcome. If participants
made the optimal choice, they were shown a green check mark (cor-
rect) on the right side of the stimuli, whereas if participants made the
suboptimal choice, they were shown a red× (incorrect).
To monitor overall performance on the task, each correct response

corresponded with a one-unit increase in a green bar on the right side
of the screen, whereas each incorrect response corresponded with a
one-unit increase in a red bar. In addition to seeing feedback about
whether or not the optimal choice was made, participants were
also provided feedback about the actual outcome of that trial. This
feedback was presented in text (weather: sun vs. rain; crime: steal
vs. no steal) on the left of the stimuli. Finally, participants were
also provided with a progress bar at the bottom of the screen.

Analysis Plan

To test whether racial associations disrupt learning more than
weather associations, we fit a logistic mixed model regressing accu-
racy (0= incorrect; 1= correct) onto a dummy coded factor repre-
senting the fixed effect of condition (0=Crime Face [reference
group]; 1=weather cloud), and a variable representing time (i.e.,
trial). The time variable was scaled and estimated with random slopes
for trials within subjects. To examine whether learning trajectories
changed over time as a function of the learning environment, we
included a time by condition interaction. In addition, to ensure the
generalizability of our stimuli, we modeled stimuli and participants
as random factors. The full model included four fixed effects (inter-
cept, main effect of trial, main effect of condition, and trial by condi-
tion interaction) and three random effects (stimuli, participant, and
trial). This mixed model was estimated using the lme4 package in R
(Bates et al., 2015), with p values generated with Satterthwaite
approximation using the lmerTest package (Kuznetsova et al., 2017).

Results

This model revealed two significant main effects. First, we observed
amain effect of the trial (b= 0.45, 95%CI [0.35, 0.55], SE= 0.05, z=
8.63, OR= 1.5, p, .0001), demonstrating that participants became
more accurate as the task progressed. Second, we observed a significant
main effect of condition (b= 0.35, [0.038, 0.67], SE= 0.13, z= 2.21,
OR= 1.42, p= .026), demonstrating that participants in the Crime
Face conditioned performedworse relative to participants in theweather
condition (see Figure 2). We did not observe a significant Trial ×
Condition interaction (b= 0.09, SE= 0.08, z= 1.18, p= .23).

Discussion

Study 1 provides preliminary evidence that social associations
about race and crime disrupt learning more than nonsocial associa-
tions about the weather. This is an intriguing finding considering
that people maintain associations between clouds and weather out-
comes just as they maintain racial associations. These findings
also raise the question of whether learning decrements are attribut-
able to the mere presence of faces, or whether it was the combination
of faces within a context that elicits stereotypical associations that
influences learning. People are highly attuned to human faces from
the first days of life (Barnett et al., 2021; Frank et al., 2009), and
racial outgroup faces in particular have been shown to inadvertently
garner greater attention and eye-gaze relative to ingroup faces
(Trawalter et al., 2008). Across time, divided attention may contrib-
ute to suboptimal learning.

The interpretation of Study 1 results was also limited by a poten-
tial confound in the weather stimuli, due to the images of clouds
being more strongly associated with the sun than rain (see
Supplemental Table 4 in the online supplemental materials). That
is, the weather stimuli were not balanced in terms of their associa-
tions with the outcomes of sun and rain. In contrast, the race stimuli
were balanced in that half the images depicted a Black male face and
the other half a White male face. In addition, it is unclear whether
learning decrements are attributable to the forecasting context,
whereby one kind of prediction (e.g., crime) is simply stranger
than another (e.g., weather). Thus, we designed Study 2 to address
these confounds and alternative explanations.

Study 2: Separating the Influence of Human Faces From
Stereotypes on Learning

Prior research shows that people are highly attuned to human faces
and that their presence inadvertently captures attention (Theeuwes &

Figure 2
Learning Rates (Loess) as a Function of Condition
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Note. The light blue line (light) denotes participants in theWeather Cloud
condition, whereas the brown line (dark) denotes participants in the Crime
Face condition. *That the error bars denote the standard error of the mean.
See the online article for the color version of this figure.
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Van der Stigchel, 2006). Thus, the mere presence of faces may inad-
vertently garner attention and thereby disrupt optimal learning.
This effect is stronger when people are presented with faces of
racial outgroups compared to racial ingroups (Trawalter et al.,
2008). Study 2 was designed to replicate and extend Study 1 by dis-
sociating learning decrements that may be due to the presence
of human faces from stereotypical associations, in addition to
addressing potential confounds in the cloud stimuli used in Study
1. To that end, Study 2 included two additional conditions that
crossed the stimuli and learning context. If learning decrements
are due to the presence of faces alone, then we would expect no dif-
ference in learning for participants presented with faces in the con-
text of crime compared to participants presented with faces in the
context of weather.

Method

Participants

Participants (N= 393) were recruited from the University of
California SONA pool and received course credit for completing
the study. Participants were once again excluded based on a priori
exclusion criterion of 52% accuracy. After applying these exclusion
criteria, N= 373 participants remained. The sample had a mean age
of 20.01 (SD= 3.32; 63% self-identified female and 37% self-
identified male) and was 43% Asian, 28% Latino, 11% White, 8%
Other, and 6% Black.
We conducted a post hoc sensitivity analysis using the Simr pack-

age (Green & Macleod, 2016) in R which revealed an observed
power of 0.91, 95% CI [0.87, 0.93] to detect the main effect of
Condition in Study 2, demonstrating sufficient power.

Task Design

The configuration of the paradigm, including the placement of the
card or card patterns, the race and weather stimuli, feedback, and the
progress bar were all identical to Study 1. The script was once again
hosted on biz.nf. One notable change is that Study 2 reduced the total
number of trials from 300 to 200 to reduce participant fatigue given
the length of the task.
One limitation of Study 1 was that the weather stimuli were, on

average, more strongly associated with sun. Study 2 included a
new and larger set of weather stimuli that were balanced in terms
of their associations with sun and rain. Specifically, 30 images of
clouds were piloted in a separate sample (N= 22), and eight images
were selected for Study 2, four of which were more strongly associ-
ated with rain and four that were more strongly associated with the
sun (see Supplemental Tables 4 and 5 in the online supplemental
materials). The race stimuli were once again selected from the
Chicago Face Database, but included the addition of four new
faces images from the database to increase our sample of stimuli
(see Supplemental Table 3 in the online supplemental materials).

Training

Participants once again received extensive instructions prior to the
task to ensure validity and received the same comprehension checks
as participants in Study 1.

Procedure

The procedure was similar to Study 1 but included two additional
conditions that were designed to control for context and stimulus-
driven effects. Specifically, participants were also randomly
assigned into a condition where they were asked to (a) predict
“sun” or “rain,” while seeing images of Black and White faces
(Weather Face), or (b) predict “steal” or “no steal,” while seeing
images of clouds (Crime Clouds). In all, participants were subject
to a 2 (context: crime vs. weather) by 2 (stimuli: faces vs. clouds)
design.

Analysis Plan

To examine differences in learning across the four conditions, we
estimated a logistic mixed model regressing accuracy onto a dummy
coded factor for condition (Weather Face condition= 0 [as reference
group]), as well as a continuous variable for time. The time variable
was scaled and estimated as a random slope for trial within subjects.
To further test whether learning decrements varied as a function of
time and if the effect of time depended on the learning environment
(i.e., condition), the full model included a Time × Condition inter-
action term. Both stimuli and participants were once again estimated
as random factors to increase generalizability.

To test the unique influence of faces from faces embedded within
contexts that elicit stereotypical associations, we further conducted
pairwise simple contrasts between the crime condition and all
other conditions.

Finally, to test whether participant race moderated learning, we
also report mixed models that test the interaction of Race ×
Condition. Given that our sample in Study 2 contained a relatively
small proportion of self-identified “White”, “Black,” and “Other”
participants, we report one model where each race category is
coded as a separate factor (effects coded with “Other” coded as
−1), as well as a second model where “White”, “Black,” and
“Other” are collapsed into a single “Other” factor.4

Results

Replicating Study 1 and in line with our preregistered hypothesis,
we observed one significant main effect of the condition (Figure 3),
demonstrating that participants in the Crime Face condition (M =
0.77, SD= 0.42) were significantly less accurate relative to partici-
pants in the Weather Cloud condition (M = 0.82, SD= 0.38;
b=−0.36, 95% CI [−0.57, −0.15], SE= 0.11, z=−3.36, OR=
69, p= .0007). Notably, we did not observe a significant difference
between participants in the Weather Face and Weather Cloud condi-
tion (b=−0.10, SE= 0.107, z=−0.94, p= .34), or between par-
ticipants in the Crime Cloud and Weather Cloud condition (b=−
0.15, SE= 0.105, z=−1.46, p= .14).

Simple contrasts revealed that participants who made a prediction
about crime in the presence of faces learned significantly worse
than participants who made predictions about crime in the presence
of clouds (b=−0.25, OR= 0.77, SE= 0.108, z=−2.40, p= .01),
and learned marginally worse than participants who made predictions

4 Individual differences (e.g., motivation to respond without prejudice,
social dominance orientation) were also collected in Studies 2 and 3, and
these datawill be reported in an aggregated analysis later in the current article.
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about weather in the presence of faces (b=−0.20, OR= 0.81, SE=
0.10, z= 1.93, p= .053). To quantify the practical implication of the
latter effect size, we calculated the percent accuracy change between
participants in the Crime Face andWeather Face conditions. To do so,
we set the Crime Face condition as the base rate for learning perfor-
mance (4,286 [incorrect]/(14,028 [correct] + 4,286 [incorrect]=
0.23), and then used the odds ratio representing the difference in learn-
ing between the Crime Face and Weather Face (0.81) to calculate the
relative difference in error rates between these two conditions (see
page 13 in the online supplemental materials for formula). Doing so
revealed an incorrect rate of 14.69% in the Weather Face condition
compared to 23.40% in the Crime Face condition. In practical
terms, the error rate increases more than 50% when participants
learn in an environment where faces are stereotypically associated
with predicted outcomes relative to when they are not. These results
suggest that while the presence of faces does impede new learning,
the combination of faces in a context that elicits racial associations
with crime leads to larger learning disruptions.
Finally, we tested whether participant race moderated learning

and found no significant difference in accuracy across conditions
as a function of self-identified race (all ps. .18; see Supplemental
Table 10 in the online supplemental materials for full model output).
These effects did not meaningfully change when race was collapsed
into a three-level factor compared to a five-level factor (all ps. .185;
see Supplemental Table 11 in the online supplemental materials for
full model output).

Discussion

Study 2 replicated results from Study 1 and found that learning in
the presence of racial associations disrupted learning more than
learning in the presence of weather associations. By crossing the
stimuli and the learning context, Study 2 also dissociated the unique
effect of faces on learning. Doing so revealed that error rates in the
Crime Face condition increased by over 50% compared to error rates

in the Weather Face condition, suggesting that the presence of racial
stereotypes in the learning context may additionally disrupt learning
over the mere presence of faces. These results highlight the impact of
stereotypes on probabilistic category learning and updating and sug-
gest that even when people are explicitly told that the racial stimuli
have no association with the outcome, they still negatively impact
learning.

One notable difference between Studies 1 and 2 pertains to the sam-
ple demographics. Study 1 was conducted with a majorityWhite sam-
ple (73% White), whilst Study 2 was conducted with a majority
minority sample (11% White). Importantly, participant race did not
moderate learning in Study 2, which is consistent with past work
showing that stereotypes are culturally shared and influence cognition
across myriad racial and ethnic groups (Axt et al., 2014).

Study 3: Do Learning Decrements Extend to Positively
Valenced Stereotypes?

Study 2 provided converging evidence that social contexts that
elicit negative racial associations disrupt learning more than nonso-
cial contexts that elicit weather associations. Notably, learning in the
Crime Face condition involves one of the most salient and harmful
stereotypes in the United States of Black men as criminal (Welch,
2007). Thus, learning may be uniquely disrupted in this and other
contexts related to intergroup threat (Chang et al., 2016), relative
to contexts that elicit stereotypes that people perceive to be more
innocuous. This begs the question of whether similar learning dec-
rements would arise in contexts that elicit positively valenced stereo-
typical associations, for instance, stereotypes about Black men as
athletic.

It is important to note that we refer to positively valenced stereo-
types as those that are subjectively perceived to be favorable charac-
teristics of a group, rather than those that are experienced as positive
by members of the stereotyped group, or that lead to positive out-
comes for the stereotyped group. Indeed, research finds that targets
of positive stereotypes experience similar emotional responses—dis-
like, resentment, and negativity—as targets of negative stereotypes
(Czopp, 2008; Siy & Cheryan, 2016). Moreover, people who tend
to endorse negative stereotypes about Black Americans also tend
to exhibit stronger stereotypes endorsing Black as athletic (Kurdi
et al, 2019; see also Kay et al., 2013), suggesting that these two clas-
ses of stereotypes may similarly influence intrapersonal and interper-
sonal psychological processes. Due to their “complementary”
nature, positive stereotypes are often treated as innocuous or even
flattering (Bergsieker et al., 2012), but they have been shown to be
as harmful as negative stereotypes, especially due to their pervasive-
ness and general acceptance in the social milieu (Czopp et al., 2015;
Devine & Elliot, 1995). As such, people are more likely to endorse
positive relative to negative stereotypes, and people who publicly
endorse positive stereotypes are seen as less prejudiced than people
who publicly endorse negative stereotypes (Mae & Carlston, 2005).

Given that people may be less concerned about appearing preju-
diced in the context of positive stereotypes, one possibility is that
they may exert less of an influence on learning. On the other hand,
any stereotypical association may continue to disrupt learning
because of its salience, and because people may want to avoid
endorsing any kind of race-based stereotype. Study 3 thus sought
to extend Study 2 and test whether learning decrements extend to
contexts that elicit positive stereotypes about Black men as athletic.

Figure 3
Learning Rates (Loess) as a Function of Condition
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Note. The light blue line (light) denotes participants in theWeather Cloud
condition, the brown line (dark) denotes participants in the Crime Face con-
dition, the purple line (gray) denotes participants in the Crime Cloud con-
dition, and the dark blue line (dark grey) denotes participants in theWeather
Face condition. Error bars denote the standard error of the mean. See the
online article for the color version of this figure.
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Method

Participants

Participants (N= 220) were recruited from the University of
California SONA pool and received course credit for completing
the study. Participants were once again excluded based on a priori
exclusion criterion of 52% accuracy. After applying these exclusion
criteria, N= 206 participants remained. The sample had a mean age
of 19.43 (SD= 1.86; 62% self-identified female and 38% self-
identified male) and was 45% Asian, 32% Latino, 10% White, 7%
Other, and 3% Black.

Task Design

The structure of the paradigm, including the placement of the card
or card patterns, stimuli, feedback, and progress bar were all identical
to Study 2, and the script was once again hosted on biz.nf. The social
stimuli were also identical to Study 2 in both conditions and partic-
ipants received extensive instructions prior to the task and received
the same comprehension checks.

Procedure

The procedure was similar to Study 2, however, this time partici-
pants were either randomly assigned to a condition that elicited a
positive stereotypical association (i.e., Black and athletic) or a con-
text that elicited negative stereotypical associations (i.e., Black and
criminal). Specifically, participants were either randomly assigned
to a condition where they were asked to predict a “steal” or “no
steal” outcome from card combinations, or a condition where they
were asked to predict a “touchdown” or “no touchdown” outcome
from card combinations. In the positive stereotype condition, opti-
mal feedback was once again presented via a green check mark
for correct prediction and a red × for incorrect predictions. The
actual outcome was presented in text (“touchdown” vs. “no touch-
down”). The negative stereotype condition was identical to Study
2. After the learning task, participants responded to the same indi-
vidual differences measures as participants in Study 2. The stimuli
(Black and White male faces) were identical to that in Study 2.

Analysis Plan

To test whether positively or negatively valenced stereotypes dif-
ferentially disrupt learning, we fit a logistic mixed model similar to
that in Study 1. Specifically, we regressed accuracy (0= incorrect;
1= correct) onto a dummy coded factor representing the fixed effect
of condition (0=Crime Face [as reference group]; 1= Athletic),
and a variable representing time (i.e., trial). The time variable was
once again scaled and estimated with random slopes for trials within
subjects. The full model included four fixed effects (intercept, main
effect of trial, condition, and a Trial × Condition interaction term)
and three random factors (stimuli, participants, and trial within sub-
jects). To test whether participant race moderated learning, we also
report a model that includes an interaction between self-identified
race and condition. Each race category was coded as a separate factor
(effects coded with “Other” coded as −1).
Finally, to test the likelihood that the observed null effect of the con-

dition was true, we estimated a multilevel Bayesian logistic model
using the brms package in R (Bürkner, 2017) with uninformative

priors. One benefit of this approach is that it provides a more appropri-
ate test for the probability of obtaining a null effect based on the pro-
portion of the posterior distribution of the parameter estimate that falls
within a range that would be considered negligible (i.e., the region of
practical equivalence; see Kruschke, 2010, 2018). This model con-
tained the exact same fixed and random effects as before.

Results

In the first model, we examined differences in learning across con-
ditions and found no significant difference in learning between par-
ticipants in the Crime Face and Athletic condition (b= 0.048, SE=
0.11, z= 0.44, p = .66; see Figure 4). Likewise, we found no evi-
dence that accuracy differed across the condition as a function of par-
ticipant race (all ps. .14; see Supplemental Table 12 in the online
supplemental materials for full model output).

In the second model, we tested the likelihood that the null was true
and demonstrated that participants in the Athletic condition had a
54.57% probability of being less accurate than participants in the
Crime Face condition (median of the parameter estimate=−0.01,
89%CI [−0.23, 0.19]). More importantly, 100% of the posterior dis-
tribution fell inside the region of practical equivalence (see
Supplemental Figure 2 in the online supplemental materials for cred-
ible intervals), demonstrating a high likelihood of the null effect of
the condition. This null effect is intriguing because it suggests that
although people are often less concerned about expressing positively
valenced stereotypes, their presence may still impact learning similar
to negatively valenced stereotypes.

Discussion

Study 3 examined whether learning decrements extend to social
contexts that elicit positively valenced stereotypes about Black
men as athletic. Interestingly, we found no difference in learning
rates between the positive and negative stereotype conditions.

Figure 4
Learning Rates (Loess) as a Function of Condition

Note. The brown line (dark) denotes participants in the Crime condition,
whereas the pink line (light) denostes participants in the Athletic condition.
Error bars denote the standard error of themean. See the online article for the
color version of this figure.

STEREOTYPES DISRUPT LEARNING 1629

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.

https://doi.org/10.1037/xge0001335.supp
https://doi.org/10.1037/xge0001335.supp
https://doi.org/10.1037/xge0001335.supp


One possible explanation for why we do not find a difference in
learning between the Athletic and Crime condition may be that the
saliency of both stereotypes leads people to inadvertently incorpo-
rate them into their predictions, thereby disrupting learning on a
trial-by-trial basis by weighting predictions toward stereotypically
congruent outcomes. Alternatively, the mere presence of a stereo-
type, and the added cognitive effort of monitoring one’s responses
to avoid appearing prejudiced, may increase cognitive load and dis-
rupt learning on a more cumulative basis.

Aggregated Analysis: Testing Competing Mechanisms
Underlying Learning Decrements

We find converging evidence that task-irrelevant racial associa-
tions disrupt probabilistic learning above and beyond weather asso-
ciations (Studies 1 and 2). Notably, we found no difference in
learning between the positively (Black and athletic) and negatively
(Black and criminal) valenced conditions (Study 3). Next, we inter-
rogate two plausible underlying mechanisms based on past research.
First, stereotypes may disrupt learning via first-order stereotype

application or inhibition, which occurs at the trial level. Consistent
with research demonstrating that people often automatically apply
stereotypes during decision-making tasks (Eberhardt et al., 2004),
stereotypes may similarly disrupt learning by increasing people’s
propensity to respond in a stereotype-congruent manner (i.e., stereo-
type application). For instance, participants may be more likely to
predict “steal” when a Black face is present compared to when a
White face is present. Conversely, stereotypes may disrupt learning
if people actively try to suppress their influence over predictions (i.e.,
stereotype inhibition). For instance, in an attempt to appear unprej-
udiced, participants may try to control their responses and actively
suppress “steal” predictions when a Black face is present. Given
that the faces are orthogonal to the cumulative probability of the
card patterns, any choice that is influenced by faces should lead to
suboptimal predictions on a trial-by-trial basis.
Second, stereotypes may disrupt learning via second-order effects

that accumulate over time due to the cognitive effort elicited by the
presence of a salient stereotype. This hypothesis is motivated by
research suggesting that regulating the expression of prejudice dur-
ing interracial interactions (Richeson et al., 2003) and processing
task-irrelevant race information is cognitively taxing (Rubien-
Thomas et al., 2021). Moreover, given that the stereotypes presented
in the current experiments relate to racial inequities, we speculate
that the influence of stereotypes on learning may be greatest for indi-
viduals who are more motivated by egalitarian values (e.g., racial
equity). Racial stereotypes may be particularly salient for individuals
who are more conscious of their negative effects (Johns et al., 2008),
and who actively work to reduce their own racial biases (Devine et
al., 2002). If stereotypes disrupt probabilistic learning by increasing
the cognitive effort needed to monitor responses, then individuals
higher (vs. lower) in internal motivations to respond without preju-
dice should perform worse on the current task. Such individuals are
more burdened by the cognitive effort required to monitor their
responses.5

Motivations to respond without prejudice are composed of sepa-
rable and largely independent underlying components: internal
(IMS) and external motivations (EMS; Devine et al., 2002; Plant
& Devine, 1998). IMS reflect the implications of appearing preju-
diced to one’s sense of self (e.g., “I attempt to act in nonprejudiced

ways toward Black people because it is personally important to
me”), and thus assess personal motivations that are not encumbered
by external environmental factors. EMS focus on external social
pressures that arise from normative pressures to not appear preju-
diced (e.g., “I attempt to appear not prejudiced toward Black people
in order to avoid disapproval from others”). Importantly, both IMS
and EMS may moderate learning via different mechanisms, yet
research has yet to examine if and how IMS and EMS influence
learning. To ensure sufficient power and generalizability, we aggre-
gated data across conditions and conducted an aggregated analysis
(Eisenhauer, 2021; Goh et al., 2016).

Method

Participants

We selected all participants in the Crime Face (N= 204) and ath-
letic conditions (N = 93) across Studies 2 and 3.6 Study 1 was not
included in this analysis because we did not collect individual differ-
ences for participants in that sample. This subsample had a mean age
of 19.43 (SD= 1.86; 62% self-identified female and 38% self-
identified male), and was 45% Asian, 32% Latino, 10% White,
7% Other, and 3% Black.

Self-Report Measures7

IMS to Respond Without Prejudice

A five-item questionnaire that asses a person’s IMS to respond
without prejudice (Plant & Devine, 1998). The scale demonstrated
strong reliability in the current sample (ω= 0.85).

EMS to Respond Without Prejudice

A five-item questionnaire that asses a person’s EMS to respond
without prejudice (Plant & Devine, 1998). The scale demonstrated
moderate to strong reliability in the current sample (ω= 0.79).

Social Dominance Orientation

A 16-item questionnaire that asses a person’s preference for
inequality among social groups (Pratto et al., 1994). The scale dem-
onstrated strong reliability in the current sample (ω= 0.81).

5We preregistered a series of reinforcement learning (RL) models to test
competing mechanisms underlying learning. These RL models were consis-
tent with our behavioral findings, such that we found no evidence for “first-
order” effects on learning, and instead found evidence for “second-order”
effects in the RL models. We felt that these analyses do not provide greater
nuance to the behavioral evidence and therefore they are reported in the
online supplemental materials (pp. 19–25).

6 Note that the Athletic condition only applies to Study 3.
7 Several other individual difference measures were collected for explor-

atory purposes. These include the extraversion facet from the Big Five
Inventory (Soto & John, 2017), the honesty-humility facet from the
HEXACO model of personality (Ashton & Lee, 2007; Ashton et al.,
2014), intergroup anxiety (Stephan & Stephan, 1985), and the General
Intergroup Contact and Quantity and Quality scale (Islam & Hewstone,
1993). See pages 7 and 8 as well as Supplemental Figure 1 in the online sup-
plemental materials for more details.
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Analysis Plan

First-Order Effects: Stereotype Application Versus
Stereotype Inhibition

To test whether learning decrements are due to stereotype application
or inhibition, we fit a series of mixedmodels interrogating the influence
of various trial-level features on responses separately for participants in
the Crime Face (N = 204) and Touchdown (N = 93) conditions. This
included regressing accuracy onto a fixed effect of stimuli representing
the race of the face present on a given trial (dummy coded with Black
faces as the reference group), which would help to determine whether
accuracy was systematically influenced by the race of the face present
(see Model 1 in Supplemental Tables 13 and 14 in the online supple-
mental materials). We also regressed a congruency variable onto reac-
tion time and accuracy (see Models 2 and 3 in Supplemental Tables 13
and 14 in the online supplemental materials). The congruency variable
was set to 1 when a participant’s prediction was stereotypically congru-
ent (e.g., Black and steal), and 0 (reference group) when a participant’s
prediction was stereotypically incongruent (e.g., White and steal). This
model would determine whether participants’ predictions were system-
atically influenced by stereotype congruent compared to stereotype
incongruent trials, for instance via less accurate or more rapid responses
on stereotypically congruent trials. We also regressed the congruency
variable onto the fixed effect of the predictive weight of the card pat-
terns. Predictive weight was modeled both as a categorical factor
(effects coded with 0.5 as reference), which would indicate differences
based on high vs. low predictive trials (see Model 4 in Supplemental
Tables 13 and 14 in the online supplemental materials), and as an abso-
lute deviation from 0.5, providing a continuous measure of ambiguity
(see Model 5 in Supplemental Tables 13 and 14 in the online supple-
mental materials). This model would determine whether participants
were more likely to rely on the stereotype when the cards were less
determinant of the outcome. Finally, we regressed the congruency var-
iable onto individual differences that may moderate stereotype applica-
tion or inhibition (e.g., Social Dominance Orientation; Pratto et al.,
1994; IMS; see Models 6 and 7 in Supplemental Tables 13 and 14
in the online supplemental materials). All models included a random
factor for stimuli, as well as a time (trial) variable that was scaled
and estimated as a random slope for trial within subjects. This time var-
iablewas first estimated as a covariate, and then subsequently as a mod-
erator. Each model was tested both for participants in the Crime Face
(Supplemental Table 13 in the online supplemental materials) and
Athletic conditions (Supplemental Table 14 in the online supplemental
materials). All models examining behavior in the Crime condition
included a dummy coded covariate to control for the study.

Second-Order Effects: Cumulative Learning Decrements
Over Time

If learning is not disrupted on a trial-by-trial basis, but instead accu-
mulates over the course of the task due to tax cognitive functioning,
then participants who are higher on IMS to respond without prejudice
should performworse relative to those lower.Moreover, this added cog-
nitive effort may result in longer response times for thosewho score the
highest on motivations to respond without prejudice.8 To test these
questions, we first estimated separate mixedmodels regressing accuracy
onto a measure of IMS and EMS to respond without prejudice (see
Models 1 and 2 in Supplemental Tables 15 and 16 in the online

supplemental materials). We also tested a model that included both
IMS and EMS to examine the unique effects of IMS above and beyond
EMS, as well as the interactive effects of the two (see Model 3 in
Supplemental Tables 15 and 16 in the online supplemental materials).
Further, to test whether IMS to respond without prejudice were associ-
ated with longer response times, we estimated a model that regressed
log(reaction time) onto IMS, while controlling for EMS (see Model 4
in Supplemental Tables 15 and 16 in the online supplemental materi-
als).9 Finally, we also tested whether response times differed as a func-
tion of the race of the stimuli present on each trial by regressing log
(reaction time) onto a dummy coded factor for stimuli (Black= 0 [ref-
erence group]; White= 1: see Model 5 in Supplemental Tables 15 and
16 in the online supplemental materials). All continuous variables were
scaled, and each model tested the interaction of the fixed effects with
time. Once again, all models included random factors for stimuli, par-
ticipants, and trials within participants. Each model was tested both in
the Crime Face condition (Supplemental Table 15 in the online supple-
mental materials) and Athletic condition (Supplemental Table 16 in the
online supplemental materials).

Results

First-Order Effects in the Crime Face Condition

Across all models, we found no evidence that learning was dis-
rupted on a trial-by-trial basis for participants in the Crime Face con-
dition. For instance, there was no difference in accuracy as a function
of the race of the stimuli (b=−0.002, SE= 0.03, z=−0.071, p
= .94), no difference in accuracy or reaction time for stereotype-
congruent versus incongruent trials (b= 0.037, SE= 0.02, z=
1.13, p = .16, and b=−0.003, SE= 0.004, t= 0.064, p = .94,
respectively), nor were there any differences in the predictive
weights of the card patterns for stereotype-congruent versus incon-
gruent trials, regardless of whether (ps. .11) or as an absolute dif-
ference from 0.5 (b= 0.013, SE= 0.01, z= 0.1.27, p = .20).
Moreover, individual differences associated with increased stereo-
type application (i.e., Social Dominance Orientation [SDO]) and
inhibition (i.e., IMS) did not predict stereotype-congruent respond-
ing (β=−0.011, SE= 0.01, z=−1.02, p = .30, and β =−0.006,
SE= 0.011, z =−0.55, p = .54, respectively). Taken together,
these results suggest that learning decrements are not attributable
to first-order stereotype application or inhibition occurring at the
trial level (see Supplemental Table 13 in the online supplemental
materials for all model outputs).

First-Order Effects in the Athletic Condition

Across all models, we likewise found no evidence that learning
was disrupted on a trial-by-trial basis for participants in the

8We attempted to collect a measure of stereotype misperception
(Krieglmeyer & Sherman, 2012) but due to a coding error this data was
sadly unusable and therefore not analyzed. As such, our preregistered hypoth-
esis for IMS (H2) could not be directly tested. Instead, we test the effects of
IMS on learning over time, which is consistent with the preregistered
hypothesis.

9 We also estimated a model for participants in Study 2 to examinewhether
the effect of IMS was specific to the Crime Face condition, or whether it
extended to any context with faces (e.g., Weather Face). This model demon-
strated that the effect of IMS on learning was unique to the Crime Face con-
dition (Supplemental Figure 4 in the online supplemental materials).
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Athletic condition. For instance, there was no difference in accuracy
as a function of the race of the stimuli (b= 0.01, SE= 0.04, z=
0.33, p = .73), no difference in accuracy or reaction time for
stereotype-congruent versus incongruent trials (b= 0.02, SE=
0.04, z= 0.51, p = .607, and b=−0.001, SE= 0.006, t=−0.24,
p = .80, respectively), nor were there any differences in the predic-
tive weights of the card patterns for stereotype-congruent versus
incongruent trials, regardless of whether card pattern weight was
modeled as categorical (all ps. .25) or as an absolute difference
from 0.5 (b=−0.01, SE= 0.01, z=−0.709, p = .47). Moreover,
individual differences associated with increased stereotype applica-
tion (i.e., SDO) and inhibition (i.e., IMS) did not predict stereotype-
congruent responding (β=−0.02, SE= 0.01, z= 1.47, p = .14, and
β= 0.01, SE= 0.01, z = 0.78, p = .43, respectively). Taken together,
these results suggest that learning decrements are also not attribut-
able to first-order stereotype application or inhibition occurring at
the trial level in the Athletic condition (see Supplemental Table 14
in the online supplemental materials for all model outputs).

Second-Order Effects in the Crime Face Condition

If the presence of stereotypes does not disrupt learning on a
trial-by-trial basis, an alternative explanation is that the presence
of stereotypes is cognitively demanding which accumulates to dis-
rupt learning. To test this, we examined whether IMS or EMS
respond without prejudice moderated (a) task performance and (b)
response times. Regarding performance, the first model revealed a
significant main effect of IMS, and a significant Trial × IMS inter-
action (β=−0.13, 95% CI [−0.24, −0.01], SE= 0.06, z=−2.23,
OR= 0.87, p = .024, and β=−0.06, [−0.12, −0.01], SE= 0.027,
z=−2.40, OR= 0.93, p = .016, respectively), demonstrating that
participants higher on IMS performed worse compared to those
lower on IMS over time (see Figure 5).
Regarding EMS, we observed a marginal Trial× EMS interaction

on accuracy (β =−0.05, [−0.10, 0.002], SE= 0.02, z=−1.87,

OR= 0.95, p = .061), note however, the 95% CI for the interaction
overlaps with 0, and therefore this effect should be interpreted
with caution.

Importantly, both the main effect of IMS and the IMS× Trial inter-
action remained significant after controlling for EMS (β=−0.14,
95% CI [−0.25, −0.027], SE= 0.05, z=−2.44, OR= 0.86, p
= .014, and β=−0.06, [−0.122, −0.01], SE= 0.02, z=−2.49,
OR= 0.93, p = .012, respectively), whereas EMS was no longer sig-
nificant after controlling for IMS (β= 0.001, SE= 0.009, z= 0.121,
p = .90). We did not observe a significant IMS × EMS interaction
(β=−0.02, SE= 0.048, z=−0.62, p = .53), nor a significant three-
way interaction between trial, IMS, and EMS (β =−0.009, SE=
0.023, z=−0.41, p = .68).

Finally, examining the relationship between IMS and response
times, as well as stimuli and response times for participants in
the Crime Face condition revealed: (a) a significant Trial × IMS
interaction (β = 0.02, 95% CI [0.006, 0.0034], SE= 0.007, t= 2.86,
p = .004), suggesting that participants higher on IMS were slower
to respond over time, and (b) a significant main effect of stimuli
(β =−0.009, [−0.018, −0.0001], SE= 0.004, t=−1.99, p = .045),
suggesting that participants tended to respond slower on trials when
Black faces were present compared towhenWhite faces were present.
Together, these findings help to bolster the claim that increased cog-
nitive load for participants higher on IMS accumulates over the course
of the task to disrupt learning (Supplemental Table 15 in the online
supplemental materials).

Second-Order Effects in the Athletic Condition

We did not find any evidence for second-order effects in the
Athletic condition. For instance, both IMS and EMS were not asso-
ciated with accuracy (β= 0.03, SE= 0.08, z= 0.43, p = .662, and
β= 0.03, SE= 0.08, z = 0.43, p = .66, respectively). Likewise, both
IMS and the race of the stimuli were not associated with response
times (β= 0.02, SE= 0.02, t= 1.02, p = .31, and β=−0.01,
SE= 0.006, t =−0.227, p = .11, respectively: Supplemental
Table 16 in the online supplemental materials).

Taken together, these findings suggest that individuals who are
more internallymotivated to respond without prejudice learn signif-
icantly worse when learning in the presence of negatively valenced
stereotypes, even when controlling for EMS, whereas we found no
such evidence for participants in the positively valenced stereotype
condition.

Discussion

These aggregated analyses tested competing hypotheses regard-
ing whether learning decrements in the social conditions were attrib-
utable to first-order effects due to stereotype application or
inhibition, or whether learning was disrupted by second-order
effects due to increased cognitive load. Notably, although disrup-
tions may occur via first- or second-order effects, these are not mutu-
ally exclusive. For instance, individuals high on IMS to respond
without prejudice may suffer learning decrements due to increased
cognitive load, but may also suffer learning decrements due to ste-
reotype inhibition, as these motivations may manifest in increased
cognitive load due to self-monitoring of responses and/or increase
stereotype inhibition.

Figure 5
Learning Rates (Loess) as a Function of Internal Motivation to
Respond Without Prejudice
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Note. IMS were median split for visual purposes only. Red line (dark)
denotes low IMS, whereas yellow line (light) denotes high IMS. Error
bars denote the standard error of the mean. See the online article for the
color version of this figure.
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A series of analyses that regressed both accuracy and choices onto
different trial-level features (e.g., race of the face present, weights of
the cards, etc.) failed to provide evidence for first-order stereotype
application or inhibition in either the Crime Face or Athletic condi-
tions. That is, participants were no more or less likely to make
trial-by-trial predictions that aligned or misaligned with the present
stereotype. Instead, we find that individuals higher on IMS to
respond without prejudice suffered significantly worse learning dec-
rements relative to those lower in the Crime Face condition. These
results suggest that the presence of negative stereotypes is more
salient for individuals with higher IMS to respond without prejudice
as they activate egalitarian values and associated thoughts (Johns et
al., 2008). As such, the presence of negative stereotypes may disrupt
learning due to second-order effects via increased cognitive load
extraneous to the learning task. This is consistent with the assump-
tion that the bottleneck for acquiring new knowledge is limited by
working memory, and that cognitive effort extraneous to a learning
task can disrupt optimal learning (Sweller et al., 2019).
Notably, IMS only moderated task performance for participants in

the Crime Face condition but had no influence on learning in the
Athletic condition, despite both environments leading to similar
learning rates. This raises new questions about how preexisting ste-
reotypes disrupt learning, and whether positive and negative stereo-
types disrupt learning via unique or parallel mechanisms. For
instance, learning disruptions in the Athletic condition may also
be attributable to cognitive load due to the presence of a sticky asso-
ciation. However, in this context where people are often less con-
cerned about appearing prejudiced, the disruption may instead be
due to the attention required to follow task instructions and ignore
the presence of a salient stereotype.

General Discussion

The current work extends decades of research on the destructive
role of stereotypes on decision-making by examining whether and
how they disrupt processes that precede decision-making, such as
how people learn probabilistic associations in the first place.
Across experiments, participants who were presented with
task-irrelevant social associations (i.e., predicting crime in the pres-
ence of Black and White male faces) learned card pattern probabil-
ities worse than participants whowere presented with task-irrelevant
nonsocial associations (i.e., predicting weather in the presence of
darker and lighter cloud formations), despite the fact that participants
in both contexts were repeatedly told that the stimuli were irrelevant
to the learning context and should therefore be ignored. This is
remarkable considering that people maintain strong nonsocial asso-
ciations throughout their life, such as associations between clouds
and rain, just as they maintain strong social associations, such as ste-
reotypes that connect race and crime.
These findings bear several important theoretical implications.

First, probabilistic category learning is integral to how people
learn about the world through trial and error (Dayan & Niv, 2008;
Gobet et al., 2001; Lee et al., 2012), yet extant research has not
yet examined how preexisting associations interfere with learning
new associations. The current research interrogates a fundamental
question about the boundary conditions of probabilistic category
learning, demonstrating that preexisting associations can interfere
with new learning. As such, the current work expands models of
human learning by beginning to describe the cognitive processes

by which preexisting associations get in the way of new learning.
These findings open up new avenues for future research on the dif-
ferent classes of preexisting associations and their associated mech-
anisms that constrain learning, which we describe in the discussion
below.

Second, different classes of preexisting associations that people
hold may impact new learning. For instance, people maintain both
social (e.g., Black and criminal) and nonsocial (e.g., dark clouds
with rain) preexisting associations, but do they exert a similar influ-
ence over how people learn new associations? Our results suggest
that there is something unique about preexisting social associations
about race that disrupt learning, as these contexts led to significantly
worse learning rates compared to a nonsocial context. Throughout
daily life, people encounter many situations in which they must
learn to predict discrete outcomes that are imperfectly correlated
with predictive cues. Moreover, these situations are often embedded
within contexts where task-irrelevant social and nonsocial cues com-
pete for attention. These findings are the first to compare the effects
of social versus nonsocial associations on new learning and high-
light the insidious nature of racial stereotypes by demonstrating
that they disrupt the basic processes that people use to understand
and make predictions about the world.

A third important implication of this work pertains to how stereo-
types disrupt new category learning. The influence of stereotypes
may be underpinned by at least two plausible mechanisms: first-
order stereotype application or inhibition at the trial level, and
second-order cognitive load disruptions that accumulate across tri-
als. We tested these competing hypotheses in a number of ways
and failed to find any evidence for any first-order disruption effects.
In other words, we found no evidence that task-irrelevant stereotypes
increased or decreased the propensity for any particular stereotypi-
cally congruent or incongruent response in either the Crime Face
or Athletic conditions. Instead, we find evidence that learning decre-
ments in the Crime Face context were attributable to second-order
effects, as people higher in IMS performed significantly worse
than those lower in IMS. These results extend past research that
finds that interracial interactions deplete cognitive resources that
then disrupt performance on subsequent cognitive control tasks
(Richeson et al., 2003). Specifically, we demonstrate that the cogni-
tive demands of regulating responses that may appear prejudiced can
disrupt learning as it unfolds in real time.

One potential explanation for why social associations disrupt
learning via second-order effects is that they are generally more
affect-laden (Gawronski & Bodenhausen, 2006; Stephan &
Stephan, 1985; Zelazo & Cunningham, 2007), and are therefore
more salient during decision-making (Finucane et al., 2000; Todd
et al., 2012). For instance, the presence of racial associations may
elicit anticipated negative affect based on expected outcomes, such
as people’s fear of appearing prejudiced (Mellers et al., 1997).
Notably, it is plausible that fear of appearing prejudiced may disrupt
learning even in the absence of racial stereotypes. For instance, peo-
ple who are led to believe that their behavior on a probabilistic learn-
ing task will reveal racial bias may still suffer learning decrements as
they are burdened by the excess cognitive load of monitoring their
responses. One way to interrogate a purely affective mechanism is
to examine whether learning decrements extend to nonsocial affec-
tive associations. For instance, people have prepared fear responses
to certain classes of nonsocial stimuli (e.g., snakes, spiders; Öhman
& Soares, 1994), much like aversive learning that is facilitated by
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certain kinds of social stimuli that are perceived as threatening (e.g.,
Black faces; Olsson et al., 2005). If affect contributes to learning
decrements, then people should also learn cue-outcome associations
more poorly when they are paired with irrelevant affectively laden
nonsocial associations (e.g., predicting “bite” when spiders are pre-
sent). Another way to test affect as a mechanism may be to measure
arousal via indirect measures (e.g., eye-tracking and galvanic skin
response; Proudfoot et al., 2016; Shi et al., 2007) during learning.
In contrast to behavioral responses that people can monitor and con-
trol, people rarely have access to or the ability to control their own
physiological responses (Goff et al., 2008). Thus, indirect methods
that measure arousal on a moment-to-moment basis may help to elu-
cidate the conditions under which affective associations disrupt
learning.
Consistent with the hypothesis that affect may moderate learning

via second-order effects due to anticipated negative affective
responses, we find that participants with higher internal motivations
to respond without prejudice (IMS) suffered learning decrements
more than those with lower internal motivations. Prior research
has found that individuals higher on IMS are often more successful
at regulating prejudicial responses (Plant & Devine, 1998; Schlauch
et al., 2009), and are less likely to show implicit forms of racial bias
(e.g., associating negative words with Black faces and positive
words with White faces; Devine et al., 2002). Conversely, people
higher on external motivations to respond without prejudice
(EMS) can successfully disguise prejudice on self-report measures
(Plant &Devine, 1998), but often fail to inhibit more difficult to con-
trol racial bias (Butz & Plant, 2009). One explanation for this dis-
crepancy is that, whereas EMS tracks societal norms and
obligations, IMS tracks personal values and goals which facilitate
responses that are consistent with that values (Devine et al., 2002;
Ryan & Connell, 1989). The success of IMS in regulating bias is
often driven by the negative feelings elicited when people violate
their personal values (Plant & Devine, 1998). Thus, despite explicit
instructions that faces are not predictive of outcomes, participants
higher on IMS may nevertheless experience negative arousal in
anticipation that their responses may signal prejudice. As a result,
individuals higher on IMS may monitor their responses, which
increases extraneous cognitive effort and impedes learning.
The current findings also raise new questions about the influence

of IMS on active versus passive learning contexts. The current find-
ings suggest that participants higher on IMS are more sensitive to
stereotypical cues when actively learning new probabilistic associa-
tions. At first blush, these findings diverge from research showing
that participants higher on IMS are less sensitive to race during
impression formation (Li et al., 2016). One reason that our findings
may diverge is that the tasks used in these studies are asking different
things of participants. Specifically, the current work employs an
active learning task in which participants make predictions and
receive feedback in the presence of stereotype-eliciting faces that
likely elicit conflict monitoring between task demands and internal
goals to respond without prejudice (Dignath et al., 2020).
Impression formation tasks differ from active learning tasks in that
participants passively learn face/word pairs in the absence of predic-
tions and feedback, and as such do not typically evoke the same
responses (Mende-Siedlecki et al., 2013). Greater conflict monitor-
ing for higher IMS individuals may tax cognitive functioning and
disrupt learning in active versus passive learning tasks. These find-
ings highlight a unique outcome of IMS previously not reported in

the literature by demonstrating that IMS may inadvertently “get in
the way” of optimal active learning as people attempt to monitor
behaviors that may signal prejudice even when they are unrelated
to the learning context.

A parallel explanation for learning decrements may be that social
associations simply capture more attention and are therefore stickier
and harder to ignore than nonsocial associations. For instance, we
find no difference in learning between participants presented with
positive stereotypes (e.g., Black and athletic) relative to participants
presented with negative stereotypes (e.g., Black and criminal).
Although motivations to respond without prejudice did not moderate
learning rates in the positive stereotype condition, both positive and
negative learning contexts led to similar task performance. This sug-
gests that stereotypes might simply be stickier in general, regardless
of affect. Indeed, research demonstrates that people are more likely
to endorse stereotypes that they experience as less affectively
laden, such as stereotypes about gender and age (Czopp et al.,
2015; Devine & Elliot, 1995; Mae & Carlston, 2005). This raises
new questions about the role of affect and attention elicited by pre-
existing associations in probabilistic learning, and whether they are
context-dependent and dissociable based on the nature of the preex-
isting associations. For instance, learning decrements caused by
task-irrelevant positive associations may likewise be attributable to
the greater cognitive effort required to follow task instructions and
ignore a salient association, regardless of whether it is affect-laden.
One potential route to test whether such disruptions are due to the
stickiness of social associations is to test whether this phenomenon
generalizes to less affectively charged social associations (e.g., sta-
tus, gender, and age). Doing so may shed light on whether specific
learning mechanisms are context-dependent, such as anticipated
negative affect for fear of social repercussion in one context versus
the cognitive demand needed to ignore stereotypical associations
in another.

The current findings also contribute to a growing body of research
on the role of multiple memory systems in social cognition (Amodio,
2019). Converging evidence shows that humans have several types
of memory systems (e.g., procedural, habitual, semantic, and declar-
ative) that are independently mediated by different brain systems, but
that often work in parallel (Cabeza &Moscovitch, 2013). The extent
to which one system (e.g., declarative) is privileged over another
(e.g., procedural) during learning can fluctuate and compete across
time based on cognitive load (Foerde et al., 2006). For instance,
prior research finds that participants employ different learning strat-
egies when performing the WPT under stress (cold pressor) com-
pared to control (Schwabe & Wolf, 2013). The stress manipulation
modulated the engagement of different memory systems, such that
stressed participants used less declarative (i.e., hippocampus-based)
and more procedural (i.e., striatum-based) learning systems com-
pared to control. This shift toward procedural learning under stress
also rescued task performance, but disrupted task performance
when participants tried to engage in declarative learning (i.e., explic-
itly learning the card probabilities). The notion that multiple mem-
ory systems simultaneously mediate learning may help to explain
how second-order effects disrupt learning. For instance, analogous
to the influence of stress on learning, the presence of stereotypes
may engage more procedural learning mechanisms. However, the
deliberate act of self-monitoring responses may engage declarative
learning, thereby suppressing optimal learning (aggregated analy-
sis). While participants may overcome this competition later in the
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task, the suppressed learning rates early on may accumulate to dis-
rupt overall learning. Future research should explicitly test whether
social versus nonsocial learning contexts engage different learning
mechanisms and associated memory systems.

Limitations

The current findings and their implications should be considered
within the limitations of each study. For instance, we did not include
a pure control condition where participants learned in the absence of
any additional stimuli. Future research that includes a pure control
condition would help to rule out alternative explanations, such as
whether the presence of clouds improved performance or the pres-
ence of faces reduced it. However, it is highly unlikely that perfor-
mance would be improved in the presence of clouds given that the
stimuli were orthogonal to the learning task and thus could not
improve performance. Moreover, Study 2 was designed to rule out
a number of alternative explanations by employing a fully crossed
design that controlled for context and stimulus-driven effects. For
instance, if the effects are driven by the forecasting context, whereby
one kind of prediction (e.g., crime) is stranger than the other (e.g.,
weather), then wewould expect a significant difference between par-
ticipants predicting crime in the presence of clouds from participants
predicting weather in the presence of faces, which we did not find.
Likewise, if the effects are driven by the stimuli (i.e., the presence
of faces or clouds) then we would expect a significant difference
between the Weather Cloud and Weather Face conditions, which
we also did not find. Our goal in the current research was to directly
compare the influence of social to nonsocial preexisting associations
on new learning to determine which exerts a stronger influence on
the learning context. A pure control condition would help to shed
further light on whether learning in the presence of nonsocial preex-
isting associations disrupts performance compared to learning in the
absence of any preexisting associations.
Relatedly, the current findings are limited to contexts involving

preexisting associations about weather and race, and as such, we can-
not generalize across all social and nonsocial learning contexts. An
alternative explanation is that learning decrements are attributable to
social learning environments where faces are present, even when
they are devoid of stereotypical associations. For instance, it may
be that social associations are simply more sticky than nonsocial
associations about weather and that these learning decrements
would persist in a context where participants make social forecasts
(e.g., “fired” or “not fired” from a job) in the presence of White
and Black faces. The goal of the current work was to test whether
one class of distractors—such as racial associations—are more dis-
ruptive than other distractors, rather than to demonstrate all different
contexts under which these effects occur. We believe that the current
findings are generative and invite future research to examine the
interplay between different preexisting associations and new learn-
ing contexts.
Another potential limitation of the current research is that it is

unclear whether preexisting associations disrupt the acquisition of
new learning or rather people’s performance on the task. In other
words, because learning takes place gradually over time, it is unclear
if taxed cognitive functioning impairs people’s ability to learn the
new associations or merely their ability to produce the learned
skill and make the correct response. Past work suggests that perfor-
mance—rather than learning—may be disrupted during a

probabilistic task when accompanied by a secondary cognitive
task (Foerde et al., 2007). However, in this past work, participants
were asked to optimize performance on both cognitive tasks simul-
taneously, whereas participants in the current work were explicitly
told to ignore any distractors and instead focus on the card or card
patterns. More research is needed to test the extent to which
task-irrelevant associations interfere with the acquisition or expres-
sion of newly learned probabilistic associations.

Conclusions

People constantly learn new associations by making iterative pre-
dictions and observing feedback in order to navigate their environ-
ments successfully. An important challenge to the learning process
is learning when to ignore task-irrelevant prior associations that
may “get in the way” of optimal learning. The current findings high-
light the insidious and sticky nature of stereotypes on learning: Even
when stereotypic associations are explicitly task-irrelevant, they
influence how people learn, think, and behave. In order to achieve
sustainable social progress, we need to better understand how stereo-
types affect the basic processes we use for understanding and mak-
ing predictions about the world, to pinpoint the exact mechanisms
and contexts in which they operate. The current work is a step in
this direction.

Context of the Research

Our research group with members from San Francisco State
University and the University of California, Riverside investigated
whether associations of a social nature may be particularly difficult
to ignore, and thus impinge on learning more than nonsocial associ-
ations. Building on decades of research on stereotyping and preju-
dice, we provide evidence that the mere presence of stereotypes
disrupts probabilistic learning and updating even when they are
orthogonal to task demands. In future work, we aim to generalize
these findings across different learning environments.
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