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Abstract

Prior research has supported some aspects of a theorized prejudice self-regulation model. We provide the first test of the full model-
based process of bias regulation as it unfolds in real time. Event-related potentials (ERPs) were recorded from White undergraduates
at two large American universities (N =130; 40% female) during a racial stereotype priming task. Attention to Black male face primes,
indexed by the P2 ERP, increased following self-regulation failures. In turn, within-person, trial-to-trial variability in attention to Black
male faces predicted variability in bias expression. The latter effect was moderated by individual differences in internal motivation
to respond without prejudice (IMS). Specifically, among lower-IMS individuals, trials in which Black faces elicited relatively larger P2
amplitudes (relative to an individual’s own average P2 amplitude) were associated with increased behavioral race bias. In contrast, and
consistent with theory, among higher-IMS individuals trials in which Black faces elicited larger relative P2 amplitudes were associated
with decreased bias. Findings provide direct evidence supporting the temporal sequencing of race-bias regulation and identify within-

person variability in attention to race as a potential mechanism for determining when and in whom bias will be regulated.
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Introduction

Race bias arises when a person is categorized as a member of a
stigmatized racial group, thereby activating stereotypes that bias
judgement and behavior (see Wheeler and Petty 2001). Variability
in bias regulation often is ascribed to between-person differences
in perceivers’ ability (e.g. [to et al. 2015; Payne, 2005) or motivation
(e.g. Devine et al. 1991, 2002) to exert control. Yet, bias regula-
tion also varies within persons (e.g. Plant and Devine 2003, 2009),
a fact few models consider (see Connor and Evers, 2020). Here,
we propose and test a dynamic extension of the Self-regulation
of Prejudice (SRP) model (Monteith 1993, Monteith et al. 2002) in
which anti-Black bias is predicted to vary as a function of both
between-person differences in internal motivation to respond
without prejudice and within-person fluctuations in attention to
race-related cues.

Motivational conflict and attention to race

According to the SRP model (Monteith 1993), unintentional
expression of race bias elicits an aversive state of motivational
conflict among individuals who value nonprejudiced behavior,
prompting them to be vigilant for cues, such as race, signal-
ing that bias could surface (Monteith et al. 2002). Consistent
with this idea, failure to regulate bias in laboratory tasks elic-
its a pronounced error-related negativity (ERN; see Amodio et al.
2004, 2008), a component of the event-related brain potential
(ERP) reflecting the degree and aversiveness of conflict between
intended and actual responses (Hajcak and Foti, 2008; Inzlicht,
et al., 2015). This posited sequence is analogous to the post-error
(e.g. Egner and Hirsch 2005; Laming 1979) and postconflict (e.g.
Gratton et al. 1992; Larson, et al.,, 2012) attention enhancement
proposed in domain-general models of self-regulation. Whether a
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failure to regulate bias in one instance enhances attention to race
in the next has never been directly examined. The present study
provides the first real-time test of this idea.

Attention to race as antecedent to bias (and its
regulation)

A vast literature indicates that attending to race induces racial
categorization and/or stereotype activation, thereby facilitating
bias (e.g. Kunda and Spencer 2003). Supporting this perspective,
enhanced processing of Black (vs. White) faces prompts greater
reliance on stereotypes (e.g. Correll et al. 2006; Ofan, et al., 2011),
whereas drawing attention away from social categories reduces
stereotyping (e.g. Ito and Tomelleri, 2017; Macrae, et al., 1997,
Wheeler and Fiske 2005). By contrast, the SRP model posits that,
among people with low-prejudice personal standards, race can
provide a strategic cue to inhibit bias (Monteith 1993, Monteith
et al. 2002, 2009). Thus, among such individuals, greater attention
to race in a given instance should reduce bias.

No prior studies have directly linked attention to race with in-
the-moment regulation of race bias. Testing this idea requires a
conceptual framework that acknowledges the temporally varying
nature of visual attention (see Esterman and Rothlein 2019) and
a method capable of capturing its moment-to-moment variabil-
ity. Measuring ERPs as individuals attempt to regulate race bias
provides such a method. The face-elicited P2 ERP is highly sen-
sitive to race. In particular, Black faces typically elicit larger P2s
than White faces (see Ito and Senholzi 2013, Amodio and Cikara
2021), a pattern observed in both White and Black perceivers in the
USA (Volpert-Esmond and Bartholow, 2019, Volpert-Esmond and
Bartholow 2021; but see Dickter and Bartholow 2007), in Chinese
perceivers (Zhou et al. 2020), and in White European and North
American perceivers living in China (Zhang et al. 2023). Several
lines of work suggest face-elicited P2 amplitude reflects the extent
to which attention is allocated for distinguishing racial categories.
Racially ambiguous faces elicit smaller P2s than faces that more
clearly represent racial outgroups (Willadsen-Jensen and Ito 2006,
2008, Ito et al. 2015). Visual fixation between the eyes elicits larger
P2 than does fixation on the forehead (Volpert-Esmond et al. 2017,
Volpert-Esmond and Bartholow, 2019), an area of the face that
conveys less racial category information (Bilthoff, et al., 2021,
Hills and Lewis 2006). Finally, P2 amplitude elicited by a given face
predicts the speed with which that face can be racially categorized
(Volpert-Esmond and Bartholow 2021).

Given the often-tight coupling between race categorization
and bias (see Kawakami et al. 2017; Macrae and Bodenhausen,
2000), these findings suggest that within-person variability in

Previous trial

face-elicited P2 amplitude could predict within-person variability
in bias. In-principle support for this idea is provided by studies
reporting that average (between-person) face-elicited P2 ampli-
tude corresponds with averaged bias (Correll et al. 2006, Amodio
2010, Amodio and Swencionis 2018). Existing studies are lim-
ited by an implicit assumption that both bias and attention to
race are stable within individuals, making only between-person
(or between-condition) variability of interest. Multilevel model-
ing of ERP data (see Volpert-Esmond et al. 2018, 2021) allows
testing associations at the level of individual trials, shifting
the focus from between-person averages to within-person, trial-
by-trial variability (see Vaughan and Birney 2023). We applied
this approach to interrogate whether within-person variability
in attention to race predicts when bias is likely to be regulated,
and whether the form of this association varies according to
between-person differences in low-prejudice personal standards.

The present research

This study provides the first real-time test of the SRP model’s
predictions concerning effects of motivational conflict on atten-
tion to race and effects of attention to race on bias expression
(also see Volpert-Esmond et al. 2025). Bias was indexed by perfor-
mance during the Weapons Identification Task (WIT; Payne 2001),
which characterizes bias as faster and more accurate classifica-
tion of guns relative to tools following exposure to Black male (vs.
White male) faces (see Payne and Correll 2020). Between-person
differences in low-prejudice personal standards were indexed by
responses on the internal motivation to respond without preju-
dice scale (IMS; Plant and Devine 1998). IMS is more theoretically
relevant than external motivation (EMS) in this context given the
SRP model’s focus on White perceivers’ personal standards.

We advanced the following predictions (see Fig. 1). First, we
expected the P2 elicited by Black (but not White) male faces to
increase following errors versus correct responses (H1a). Extend-
ing this prediction to a continuous index of motivational conflict,
we hypothesized that a larger (within-person) ERN on a given error
trial, relative to an individual’s average ERN, would predict a larger
Black face-elicited P2 on the next trial (H2a). We expected these
effects to be larger among higher-relative to lower-IMS individuals
(H1b & H2b). Finally, we predicted that face-elicited P2 amplitude
on a given Black-face trial would be associated with the degree of
biasinresponse time (RT; H3a) and accuracy (H4a) to classify guns
relative to tools, and critically, that these effects would be positive
(i.e. larger P2 leading to more bias) among lower-IMS individuals
and negative (i.e. larger P2 leading to less bias) among higher-IMS

Current trial
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Bias rggulation + (H1a) (H3a) + Bias in
failure response time
(H1b) + Face-elicited
P2
Response- ~ + Bias in
locked ERN | (H2a) |+ (H2b) (H4b)=| (H4a) accuracy
IMS
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Figure 1. Conceptual model depicting predicted associations among key study variables.
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Figure 2. Timeline of a hypothetical two-trial sequence depicting the relative timing of the response-locked ERN on one trial and the face-elicited P2
on the following trial. (a) Note. For simplicity, the timeline does not include the pre- and post-stimuli visual pattern masks that were included on every
trial. Vertical lines bisecting the reaction time (RT) timelines mark the mean error RT (Trial N-1) and correct RT (Trial N) time-locked to target onset.

individuals. Figure 2 provides a schematic of a hypothetical two-
trial sequence depicting the temporal relationships among events
of interest.

Method
Participants

Undergraduates (N =485) were recruited from the University of
Colorado Boulder and the University of Missouri to participate in
a study on cognitive abilities. Individuals were excluded if they
reported history of neurological disorder/disease, learning disabil-
ity, or head trauma resulting in loss of consciousness for > 2 min.
A subset of participants (n=139) completed the WIT while the
electroencephalogram (EEG) was recorded. The present report
includes data from White participants (n=130) in this EEG sub-
sample (60% male; Mg, =19.84years). Three participants were
excluded due to missing EEG data or trigger codes and four others
were excluded due to excessive EEG artifact, leaving a sample of
123 for data analysis. Behavioral data from the task used here for
the full sample were reported in Ito et al. (2015). Response-locked
ERPs were previously reported in Volpert-Esmond et al. (2018).

Materials

Weapons identification task

The weapons identification task (WIT; Payne 2001) is a speeded
classification task in which cropped images of faces (of young
White and Black men) precede presentation of target objects
(tools and handguns) to be classified via button press. On each
trial, a pattern mask (500ms) preceded one of eight randomly
selected face primes (grayscale; 16 total) (200 ms), followed imme-
diately by a grayscale gun or tool target image (4 of each object;
200ms), and finally, another visual pattern mask (300ms). A
500 ms response deadline encompassed the duration of the target
and post-target visual mask. Responses made after the deadline
elicited a “Too Slow!” message (but were still recorded). Trials were
separated by a 1s ITL.

Motivation to respond without prejudice

Individual differences in motivations to respond without preju-
dice toward Black people were measured with the Internal and
External Motivation to Respond Without Prejudice scales (Plant
and Devine 1998). The 5-item internal motivation scale (IMS)
assesses the degree to which people respond without prejudice

because it is personally important to them (e.g. “I am person-
ally motivated by my beliefs to be nonprejudiced toward Black
people”). The S-item external motivation scale (EMS) assesses
the degree to which people respond without prejudice to avoid
social disapproval (e.g. “I try to act nonprejudiced toward Black
people because of pressure from others”). Item scores were
summed to create IMS (M =34.95,s.d. =7.49) and EMS (M =24.73,
s.d. =8.14) scores, which were modestly correlated, r(121)=0.21,
P=.018. Internal consistencies for the total scale (a=0.81), the
IMS («=0.81), and the EMS (a«=0.78), were acceptable.

EEG recording and ERP quantification

EEG was recorded from 32 tin electrodes in standard locations
(10-10 system; Acharya et al. 2016), referenced to the right mas-
toid and re-referenced offline to an average of the mastoids. The
EEG was sampled at 1000 Hz, filtered online at 0.10-40Hz, and
amplified with Neuroscan Synamps2 amplifiers (Compumedics,
Charlotte, NC, USA). Impedances were kept below 10 KQ. Eye
movements were recorded and utilized offline for ocular artifact
removal (Gratton et al. 1983). Epochs included 200ms baseline
periods and were derived prior to removing artifact-contaminated
epochs (voltage deflections + 75 uV) and to deriving individual trial
responses and participant averages. For the ERN, response-locked
data were down-sampled to 500 Hz, baseline correction was per-
formed -600 to —-400ms pre-response, and epochs were further
filtered at 1-15Hz (96 db roll-off). Based on visual inspection of
grand averages (Fig. 3) and on prior research (e.g. Volpert-Esmond
etal. 2017), the face-elicited P2 was quantified as the mean ampli-
tude 130-280ms following face onset at central-parietal elec-
trodes. ERN amplitude was quantified from the response-locked
waveforms as the mean amplitude -25 to 130 ms post-response
at frontal-central electrodes.

Analytic approach

Given our theoretical and methodological emphasis on White
individuals’ anti-Black bias, outcome measures for most models
were derived only from Black-prime trials (i.e. trials on which anti-
Black bias is possible). (Results of models using data from White-
prime trials, reported in Supplementary Material, indicated no
associations among constructs of interest.) This approach was
informed by three main considerations. First, the WIT is designed
to assess the stereotypical associations between young Black
men and danger (Payne and Correll 2020); the task provides
no analogous stereotypical association with young White men
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Figure 3. Grand average ERP waveforms and scalp topographies highlighting the face-elicited P2 and response-locked ERN responses. (a) Note. Shaded
areas indicate the quantification windows for the P2 under electrode cites C3, C4, Cz, CPz, Pz, CP3, and CP4 (panel a) and ERN under electrodes F3, Fz,
F4, FC3, FCz, and FC4 (b); scalp topography maps reflect voltage distributions during relevant quantification windows. Dashed vertical lines at 0ms

indicate the onset time of faces (a) and button press responses (b).

(Scherer and Lambert 2009). Second, the IMS and EMS focus
exclusively on regulating responses toward Black people. Finally,
dropping prime race as a predictor reduces the number of terms
in the models, thereby simplifying statistical tests and focus-
ing power—and control for Type I error—on hypothesis-relevant
comparisons (Amodio et al. 2006).

Analyses used data from individual trials in the context of
multilevel models (MLMs). MLMs permit derivation of model-
estimated levels of a dependent variable on individual trials at
levels of one or more predictors. Here, for example, the trial-
level influence of P2 amplitude on accuracy bias was opera-
tionalized as the likelihood of accurately classifying a tool on
a trial in which a (Black) face elicits P2 amplitude =x, relative
to a trial in which the target is a gun and P2 amplitude=x.
This approach permits testing whether within-person, trial-to-
trial variability in a Level-1 predictor is meaningfully associ-
ated with variability in the outcome. Model specification for
the random effects structure followed a data-driven approach
by first specifying all possible random slopes for Level-1 predic-
tors (i.e. the maximal model; Barr et al. 2013) and then sys-
tematically reducing random effects until (i) models converged

and (ii) AIC values indicated the best-fitting model. Continuous
between-person predictors were grand-mean centered prior to
analyses. Model-estimated slopes were generated for visualiza-
tion and follow-up comparisons. Trials with RTs+3 s.d’s from
an individual’s mean (~1.4% of trials) were removed prior to
analyses.

Testing hypotheses regarding within-person, trial-level rela-
tionships between continuous predictor variables and relevant
outcomes requires separating within-person and between-person
contributions to predictors’ variability. We applied a regression
disaggregation procedure (Curran and Bauer, 2011) to separate
ERP components into two predictors. The first predictor—each
participant’s mean P2 or ERN amplitude—was entered as a Level-
2 (person-level) predictor and represents the between-person
effect. The second predictor—P2 or ERN amplitude on each trial,
centered around the participant’s mean amplitude—was entered
as a Level-1 (trial-level) predictor and represents the within-
person effect. Including both predictors in the model permits
interpretation of within-person effects on the dependent variable
while holding constant any between-person differences in P2 or
ERN amplitude.
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According to Plant and Devine (1998), a White American’s
responses toward Black Americans may be guided primarily by
internal motivation, by external motivation, by a combination of
both, or by neither. This proposed configuration has been sup-
ported by latent profile analysis (Bamberg and Verkuyten 2022).
Thus, although our predictions focused on differences related to
internal motivation, EMS scores also were included in all primary
models.

Transparency and openness

We report how we determined all data exclusions and all mea-
sures in the study. This article reports secondary analyses of
existing data; hence, sample size was limited by the design of that
prior study and was not based on any a priori power analysis. All
data and analysis code and a description of the WIT stimuli and
procedure are available at https://osf.io/dm5cw/. Other materials
are available upon request. Data were analyzed using R, v.4.2.1 (R
Core Team, 2022). Models were fitin the R packages Ime4 v.1.1-35.3
(Bates et al. 2015) and ImerTest v.3.1-3 (Kuznetsova et al. 2017). To
derive model-estimated slopes, we used the emmeans package,
v.1.10.1 (Length et al. 2022) and plotted them using ggplot2, v.3.5.1
(Wickham 2016). Estimates of effect size (Semipartial R?) were
computed with r2glmm, v.0.1.2 (Jaeger et al. 2017). This study’s
design and analyses were not preregistered. We acknowledge this
as a limitation of this study that should temper the interpretation
of results and encourage future researchers working in this area
to preregister their analyses and/or study designs.

Results

Preliminary analyses (see Supplementary Materials) confirmed
that the patterns evident in the ERPs (Fig. 3) conformed with previ-
ous findings: Black faces elicited larger P2s than White faces, and
the ERN was larger during errors indicative of race bias (Black-tool
errors). Analyses of RT and accuracy data confirmed patterns of
bias consistently observed in the WIT: classification of guns was
faster and more accurate following Black face primes, whereas
classification of tools was faster and more accurate following
White face primes (see Payne and Correll 2020). Henceforth, we
define bias as the discrepancy in the speed and accuracy with
which tools are classified relative to guns on Black-prime trials
(De Houwer 2019).

Primary analyses

Sequential trial models predicting attention to race (H1 and
H2)

The first set of models tested whether attention to race (P2 ampli-
tude) varies according to the accuracy of the response on the
previous trial (H1a) and IMS levels (H1b). Face-elicited P2 ampli-
tudes were submitted to a MLM including random slopes for race
(Black, White). (Wilkinson notation: Current-trial P2 ~ Current-
trial prime race*Previous-trial response*IMS*EMS+(1+ Current-
trial prime race|Participant)). The model differed significantly
from the random-intercept-only model, x? (2) =63.62, P<.001.
Models including a random slope for previous response (correct,
error) failed to converge and were not considered. Fixed effects
are given in Table 1. (Significant effects from all primary analyses
that are not directly relevant to our hypotheses are discussed in
the Supplementary Material).

Main effects of race and previous response emerged, indicating
that the P2 was larger when elicited by Black faces (EMM =2.12 pV,
SE=0.23) compared to White faces (EMM =0.54uV, SE=0.24) and
following errors (EMM=1.49uV, SE=0.23) compared to correct

Table 1. Fixed effects predicting face-elicited P2 amplitude from
previous-trial response accuracy.

Fixed effect b SE t-test P Semipartial R?
Race 0.7964 0.066 12.0 <.001 0.00605
Previous response -0.1326  0.048 -2.74 .006 0.00017
(PR)

IMS 0.0012  0.031 0.04 970  <0.00001
EMS -0.0034 0.029 -0.12 .907 0.00001
Race x PR -0.0791 0.048 -1.65 .099  0.00006
Race x IMS 0.0081  0.009 0.91 .366 0.00003
PR x IMS 0.0076  0.007 1.16 .245 0.00003
Race x EMS 0.0017  0.008 0.21 .834  <0.00001
PR x EMS 0.0135  0.006 2.29 .023 0.00012
IMS x EMS -0.0031 0.003 -0.91 .365 0.00047
Race x PR x IMS -0.0023 0.006 -0.35 .723  <0.00001
Race x PR x EMS 0.0035  0.006 0.59 .555 0.00001
Race x IMS x EMS -0.0011 0.001 -1.12 .267 0.00006
PR x IMS x EMS -0.0016  0.001 -2.39 .017 0.00013
Race x PR x IMS x 0.0003  0.001 0.43 .700  <0.00001

EMS

Note: Model terms pertinent to hypotheses are presented in italicized boldface
type. Race =race of the face eliciting the P2 (coded 1=Black, -1 =White).

PR =accuracy of the response on the previous trial (coded Correct=1,
Incorrect =-1). EMS = External motivation to respond without prejudice scale
score; IMS = Internal motivation to respond without prejudice scale score.

Black face prime ” White face prime

3.0
*

25

Prior trial accuracy

|| Correct
A Incorrect

N

-
(5

ns

Current-tiral P2 amplitude (pV)

\

0.5 7/

0.0 /

Figure 4. Face-elicited P2 amplitude as a function of target race and
response accuracy on the previous trial.

responses (EMM=1.24uV, SE=0.24). Hla is represented by the
Race x Previous response interaction, which was not significant.
However, given our directional, a priori prediction, we conducted
follow-up simple effect contrasts to probe this effect (Fig. 4).
Consistent with Hla, these contrasts indicated that whereas
the P2 elicited by White faces was unaffected by previous-trial
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Table 2. Fixed effects predicting face-elicited P2 amplitude from
previous-trial ERN amplitude.

Table 3. Fixed effects predicting trial-level reaction time from P2
amplitude.

Fixed effect b SE t-test P Semipartial R?
ERN (between) -0.1456  0.0591 -2.47 .015 0.00585
ERN (within) —-0.0237 0.0094 -2.52 .012 0.00109
Race 0.9327  0.0996 936 <.001  0.01457
IMS —-0.0006 0.0318 -0.02 985  <0.00001
EMS -0.0064 0.0296 -0.22 .830 0.00005
ERN x Race 0.0006 0.0093 0.06 .950 <0.00001
ERN x IMS 0.0001  0.0013 0.08 940 <0.00001
Race x IMS —-0.0037 0.0137 -0.27 .786 0.00001
ERN x EMS 0.0003  0.0012 0.23 .815 0.00001
Race x EMS -0.0046 0.0121 -0.38 707 0.00002
IMS x EMS —0.0002 0.0035 -0.06 948  <0.00001
ERN x Race x IMS -0.0013 0.0013 -1.02 .306 0.00018
ERN x Race x EMS 0.0003  0.0012 0.26 793 0.00001
ERN x IMS x EMS 0.0001  0.0001 0.92 .355 0.00015
Race x IMS x EMS —-0.0003 0.0014 -0.21 .833 0.00001
ERN x Race x IMS x  -0.0001 0.0001 -0.51 .607 0.00004

EMS

Fixed effects b SE t-test P Semipartial R?
P2 (between) -2.0621 3.691 -1.63 116 0.00392198
P2 (within) -0.0279 1266 -0.34 .677  0.00000686
IMS 0.2371  0.083 0.53 619 0.00042359
EMS -0.0967 0.450 -0.23 813 0.00007723
Target 179994 0419 1670 <.001 0.04363304
P2 x IMS -0.0040 1.078 -0.36 .667  0.00000760
P2 x EMS 0.0067  0.011 0.60 .567  0.00002133
IMS x EMS 0.0596 0.011 1.19 225 0.00200074
P2 x Target -0.0010 0.050 -0.01 .967  0.00000001
IMS x Target -0.0534 0.083 -0.36 763 0.00002150
EMS x Target 0.2670 0.147 1.99 .049  0.00058872
P2 x IMS x EMS 0.0003  0.138 0.22 .830  0.00000301
P2 x IMS x Target -0.0268 0.001 -2.40 .017 0.00034491
P2 x EMS x Target 0.0138 0.011 1.23 204 0.00009089
IMS x EMS x Target 0.0214 0.011 1.30 225 0.00026088
P2 x IMS x EMS x 0.0016  0.017 1.19 241 0.00008436
Target

Note: Model terms pertinent to hypotheses are presented in italicized
boldface type. Race =race of the face eliciting the P2 (coded as 1=Black,
—-1=White). ERN (between) = between-person variance in (average) ERN
amplitude; ERN (within) = within-person (trial-by-trial) variance in ERN
amplitude. EMS = External motivation to respond without prejudice scale;
IMS = Internal motivation to respond without prejudice scale.

accuracy (b=-0.09, SE=0.14, 95% CI [-0.36, 0.18], z=-0.68,
P=.494), the P2 elicited by Black faces was larger on trials fol-
lowing errors versus correct responses (b=-0.41, SE=0.14, 95%
CI [-0.68, -0.14], z=-3.01, P=.003). Support for Hla should
be considered weak, however, given the nonsignificant P-value
associated with the omnibus interaction. H1b posits that this
interaction should be more pronounced for higher-IMS individ-
uals; however, the Previous response x Race x IMS interac-
tion was very small and not significant. Hence, Hlb was not
supported.

H2a predicts that the size of the ERN elicited by a given error
will predict the magnitude of the P2 elicited by Black faces—but
not White faces—on the next trial. To test this hypothesis, P2
amplitudes were submitted to a MLM with random intercepts by
participant. (Current-trial P2 ~Between-person ERN + Previous-
trial within-person ERN*Prime*IMS*EMS-+(1|Participant)). An alter-
native model including a random slope for race did not differ from
the random-intercept-only model, x? (2)=1.114, P=.573. Fixed
effects are given in Table 2. The model produced a main effect
of within-person ERN amplitude, indicating that the ERN elicited
on a given error trial predicted the magnitude of the face-elicited
P2 on the following trial. However, this effect was not qualified by
the predicted ERN x Race interaction (i.e. was not specific to Black
faces; H2a), and the predicted ERN (within) x Prime race x IMS
interaction (H2b) was not significant. Thus, H2a and H2b were not
supported. Results of an alternative, more complex exploratory
model examining the effects of the ERN elicited on specific trial
types (e.g. previous-trial Black-tool ERN vs. White-tool ERN pre-
dicting current-trial P2) were largely null (see Supplementary
Materials).

Within-trial models predicting bias (H3 and H4)

H3a states that larger P2 amplitude on a given Black-prime
trial should correspond with greater bias in RT; H3b states that
this pattern should be reversed among higher-IMS individuals
(i.e. larger P2 facilitating greater bias control). To test this
prediction, RT data were submitted to a MLM with random

Note: Model terms pertinent to hypotheses are presented in italicized
boldface type. Target was coded 1 =tool, -1 =gun. P2 (within) = within-person
(trial-by-trial) variance in P2 amplitude; P2 (between) = between-person
variance in P2 amplitude; IMS = internal motivation to respond without
prejudice; EMS = external motivation to respond without prejudice. “P2” in all
interaction terms refers to P2 (within). Black-prime trials only were included
in this model.

intercepts by participant and random slopes of target type, (RT
~P2 between-person+P2 within-person*Target IMS*EMS+(1 +
Target|Participant)) which differed significantly from the random-
intercept-only model, x? (2) =90.49, P<.001. The maximal model
failed to converge and was not considered. Fixed effects are given
in Table 3.

The primary test of H3a is represented by the P2 (within) x
Target interaction, which was very small and not significant. How-
ever, the P2 (within) x Target x IMS interaction—the primary test
of H3b—was significant. To visualize this interaction, we derived
model-estimated slopes of RT across the full range of P2 ampli-
tudes present in the data (-40 to 48 V), (Results did not change
when the range of P2 amplitude values was restricted (e.g. —-30
to 30pV). Hence, we opted to retain the full range of P2 values
present in the data) then plotted these values as a function of
target type, separately for model-estimated “low-IMS” (-15) and
“high-IMS” (+10) scores (+2 SD from the mean) (see Fig. 5). None
of the simple slopes differed from zero (b’s<0.43, z’s < 1.50), but
the slope contrasts were significant for both low-IMS (b=0.077,
SE=0.38, z=2.01, P=.044, 95% CI [0.02, 1.52]) and high-IMS
(b=-0.56,SE=0.27,z=-2.10, P=.036, 95% CI [-1.09, —0.04]). Cru-
cially, the slope patterns were consistent with the predictions
under H3b. Among low-IMS individuals, relative increases in Black
face-elicited P2 amplitude predicted RT differences indicative of
increasing bias (faster classification of guns than tools). The pat-
tern was reversed among higher-IMS individuals, such that RT
differences indicative of bias decreased as a function of relative
increases in Black face-elicited P2 amplitude.

H4a holds that a larger P2 on a given Black-prime trial should
predict greater bias in accuracy (i.e. higher likelihood of cor-
rectly identifying a gun relative to a tool); H4b predicts the
opposite pattern among higher-IMS individuals. To test these pre-
dictions, response accuracy on individual trials (0=incorrect,
1=correct) was submitted to a series of binomial generalized
linear mixed-effects models. Probabilities were estimated and
back-transformed from log odds using the emmeans package. The
best-fitting model contained random intercepts by participant
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Figure 5. Latency to classify guns and tools as a function of (Black) face-elicited P2 amplitude and internal motivation to respond without prejudice.

Table 4. Fixed effects predicting trial-level probability of a correct
response from P2 amplitude.

Fixed Effect b SE z P Semipartial R?
P2 (between) -0.03688 0.02051 -1.80 .072 0.00130679
P2 (within) -0.00005 0.00221 -0.02  .981 0.00000002
IMS 0.01122 0.00704 157 117 0.00104362
EMS -0.00135 0.00667 -0.20 .84  0.00001765
Target -0.27415 0.03117 -8.80 <.001 0.01142687
P2 xx IMS 0.00047 0.00029 1.60 .111 0.00011514
P2 x EMS 0.00003 0.00028  0.11  .913 0.00000048
IMS x EMS 0.00040 0.00070 -0.06  .957 0.00000141
P2 x Target 0.00392 0.00221 1.80 .072 0.00015056
Target x IMS -0.00535 0.00421 -1.04 .205 0.00023719
Target x EMS -0.01448 0.00391 -3.70 <.001 0.00196778
P2 x IMS x EMS 0.0000001 0.00001 -0.31 .760 0.00000396
P2 x IMS x 0.00061 0.00029 2.08 .038 0.00019666
Target

P2 x EMS x -0.00044 0.00028 -1.57 .116 0.00010793
Target

IMS x EMS x -0.00016 0.00046  0.35 .729 0.00001704
Target

P2 x IMS x EMS ~ -0.00006 0.00003 -1.81 .070 0.000013647
x Target

Note: Model terms pertinent to hypotheses are presented in italicized
boldface type. Responses were coded as correct =1, incorrect =0. Target was
coded as 1=gun, -1 =tool. P2 (within) = within-person variability in P2
amplitude; P2 (between) =between-person variability in (average) P2
amplitude. IMS =internal motivation to respond without prejudice scale;
EMS = external motivation to respond without prejudice scale. “P2” in all
interaction terms refers to P2 (within). Black-prime trials only were included
in this model. Unstandardized regression coefficients (b) represent log odds.

and random slopes of target, x? (2)=141.43, P<.001. (Accu-
racy ~ P2 between-person + P2 within-person*Target'IMS'EMS +
(1 + Target|Participant)). Fixed effects are in Table 4.

The primary test of H4a is represented by the P2 (within) x
Target interaction, which did not reach conventional statistical

significance. However, the P2 (within) x Target x IMS interaction—
the test of H4b—was significant. To visualize this interaction,
response accuracy was plotted as the (model-derived) probability
of a correct response to tool targets and gun targets as a func-
tion of within-person P2 amplitudes, separately for model-derived
“low-IMS” and “high-IMS” groups (see Fig. 6). Tukey-adjusted sim-
ple slope analyses indicated that, at lower levels of IMS, neither
the slope for tool targets nor the slope for gun targets differed
from zero (b’s<0.018, zs< 1.64, P’s >.10) and the slopes did not dif-
fer from each another, b=-0.008, SE=0.010, z=-0.815, P = 415,
95% CI [-0.03, 0.01]. At higher levels of IMS, however, the prob-
ability of correctly classifying a tool on a given Black-prime trial
increased as a function of increasing face-elicited P2 amplitude,
b=0.014, SE=0.005, z=2.80, P=.005, 95% CI [0.004, 0.02]. Correct
classification of guns was unrelated to face-elicited P2 amplitude
(b=-0.005, SE=0.01, z=-0.89, P=.376, 95% CI [-0.02, 0.01], but
the slope contrast was significant, b=0.018, SE=0.01, z=2.54,
P=.011, 95% CI [0.004, 0.03]. Moreover, the slopes for tool tar-
gets differed significantly across the model-derived low-IMS and
high-IMS groups, b=-0.025, SE=0.001, z=-2.478, P=.013, 95% CI
[-0.044, -0.005]. These patterns conform to the predictions under
H4b.

Discussion

Despite decades of research identifying racial categorization as
a key determinant of race bias (Hamilton 2015), and despite
theory positing attention to race as a key to bias regulation (Mon-
teith 1993), the present study is among the first to directly test
the temporal dynamics of these factors as they unfold during
attempts to regulate bias (also see Volpert-Esmond et al. 2025).
Findings provided little support for the idea that control failure
in one moment enhances attention to cues signaling the poten-
tial for bias in the next among individuals with low-prejudice
personal standards. Post-hoc analyses revealed the P2 was larger
on trials following errors, especially when accompanied by larger
ERNs, but evidence for the specificity of this effect to Black
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Figure 6. Model-estimated probability of correctly classifying tools and guns as a function of (Black) face-elicited P2 amplitude and internal

motivation to respond without prejduce.

faces was weak (Fig. 4) and not limited to higher-IMS individ-
uals. These findings are consistent with the idea that control
failures prompt a largely nonspecific phasic increase in atten-
tion to task-related stimuli (Egner and Hirsch 2005, Walsh et al.
2011).

However, the data supported the prediction that variability in
attention to race cues differentially affects bias depending upon
perceivers’ prejudice-related personal standards. Among lower-
IMS individuals, within-person relative increases in P2 amplitude
elicited by Black faces were accompanied by relative increases in
bias (Figs 5 and 6). Critically, the opposite pattern emerged among
higher-IMS participants, who expressed less bias during trials for
which Black male faces elicited larger P2s. (Note the slopes in
Figs 5 and 6 represent patterns in the model-estimated means
in relative terms. That is, the data indicate that bias expression
is more likely among high-IMS individuals when P2s elicited by
Black faces are much smaller than an individual’s own average,
not when P2s are small or absent in absolute terms.) This finding,
along with another recent report from our lab (Volpert-Esmond
et al. 2025), provides the first direct support for the SRP model’s
prediction (Monteith 1993, Monteith et al. 2002) that individuals
holding low-prejudice personal standards benefit from relative
increases in attention to Black faces in terms of engaging con-
trol over bias. Using a different sample and a different bias task,
one permitting a much longer decision window (4s) than was
used here, Volpert-Esmond et al. (2025) similarly found that the

magnitude of the P2 elicited by White men’s and Black men’s faces
predicted race bias (in financial investments), and that the form
of this association differed as a function of internalized motiva-
tion to respond without prejudice. These findings lend confidence
that the pattern observed here is generalizable beyond the specific
sample, task parameters, and index of bias used here.

Broader implications

These findings have implications beyond the SRP model. First,
they contribute to models of “mental chronometry,” the temporal
dynamics of mental events (Coles et al. 1995), as applied to race
categorization and its consequences (see Freeman and Ambady
2011). According to the continuous flow model of information pro-
cessing (Eriksen and Schultz, 1979), stimulus evaluation unfolds
over time as information about the stimulus is extracted and
elaborated upon. Initial, partial information about the stimulus
informs subsequent stages, including response output (Coles, et
al.,, 1985). The more evaluative information is extracted early
in processing, the stronger its influence on subsequent stages.
This idea accords with Volpert-Esmond and Bartholow’s (2021)
finding that faces eliciting a larger relative P2 are categorized
by race more quickly, and with Rees et al’s (2020) finding that
the strength of stereotype activation—and the difficulty control-
ling stereotype-based responding—depends on how deeply race-
related information is processed. The present data extend this
prior work, showing that the degree to which early attention is
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directed to processing race during brief exposures to race-related
information has consequences for regulating race bias.

The present findings also contribute to understanding the
forms of control by which bias is regulated. Dual Mechanisms
of Control theory (see Braver 2012) posits two forms of cognitive
control that support goal-directed behavior. Proactive control pre-
emptively supports intended responding via active maintenance
of goal-relevant information in working memory; reactive control is
recruited in-the-moment as a “late correction” mechanism when
performance goals are threatened. The latter contributes to bias
regulation when errors (Amodio et al. 2004; Bartholow, et al., 2012)
or conflict (Bartholow et al. 2006) energize efforts to re-establish
control. A role for tonic proactive control was demonstrated by
Amodio and Swencionis (2018), who reported that increasing the
proportion of stereotype-incongruent (i.e. Black-tool) trials in the
WIT reduced both (average) face-elicited P2 amplitude and (aver-
age) behavioral bias. This approach mimics the idea first proposed
by Gratton et al. (1992) that people use contextual information
(i.e. the global level of interference in a situation) to strategi-
cally control their attention. But, when task conditions (e.g. equal
proportions of high- and low-conflict trials) do not support use
of such a strategy, self-regulation must depend on alternative
mechanisms.

Amodio and Swencionis (2018) speculated that individuals
with egalitarian beliefs (i.e. high-IMS) would rely on an inter-
play between what they dubbed chronic proactive control—trait-like
vigilance for a situation or response rooted in chronic goals or
beliefs—and cued proactive control—use of environmental cues sig-
naling the potential for goal conflict to trigger retrieval of inten-
tions from long-term memory (Ball and Brewer 2018, Bugg et al.
2013; Bugg and Smallwood, 2016). The present results are in-
line with this idea. For high-IMS individuals, race cues appear to
function as this kind of goal-relevant stimulus, helping to ener-
gize chronic intentions to be unbiased and/or to engage inhibitory
control over stereotype-based responses. Future research could
further these ideas by combining a manipulation of interference
levels in the WIT (as in Amodio and Swencionis) with measure-
ment of IMS, which could reveal strategic flexibility in preferred
forms of control. We predict that, in low-interference blocks (i.e.
when context does not trigger tonic proactive control), attention
to race cues and their influence on behavioral bias will depend
on levels of IMS, as in the present study. But, in high-interference
blocks, all participants, regardless of IMS levels, should adopt a
tonic proactive control strategy, evident in reduced attention to
race cues.

Conclusions

In the USA, split-second decisions have too often determined
whether young Black men are subjected to a form of bias that
threatens their lives. Yet, the temporal dynamics of factors con-
tributing to bias regulation remain little understood. While keep-
ing in mind the study’s limitations, including a predetermined
sample size that constrained statistical power for testing inter-
actions, the present findings advance understanding in this area
by demonstrating, first and foremost, that mechanisms of bias
are not stable within individuals but vary across time and inter-
actions. Of greater importance, the findings show that a given
individual is more likely to express bias when their early visual
attention is allocated to distinguishing racial categories—unless
that individual is motivated by nonprejudiced personal standards
to control their bias. For those people, more strongly attending to
race can mitigate bias. Thus, perhaps efforts should be directed

at bolstering internally guided motivations to control prejudiced
responding, possibly through perspective-taking exercises (e.g.
Lindsey et al. 2015).

Supplementary data
Supplementary data is available at SCAN online.
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