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Abstract
Considerable research has focused on how people derive information about others’ social category memberships from
their faces. Theoretical models posit that early extraction of task-relevant information from a face should determine the
efficiency with which that face is categorized, but evidence supporting this idea has been elusive. Here, we used a novel
trial-level data analytic approach to examine the relationship between two event-related potential components—the P2,
indexing early attention to category-relevant information, and the P3, indexing stimulus evaluation—and the speed of overt
categorization judgments. As predicted, a larger face-elicited P2 on a particular trial was associated with faster overt race or
gender categorization of that face. Moreover, this association was mediated by P3 latency, indicating that extraction of more
category-relevant information early in processing facilitated stimulus evaluation. These findings support continuous flow
models of information processing and the long-theorized functional significance of face-elicited neurophysiological responses
for social categorization.
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Person construal—the process of placing people into meaningful social categories such as race and gender—is a fundamental component of human cognition (Bodenhausen et al.,
2012; Macrae & Bodenhausen, 2000). Face processing plays
an enormous role in person construal (Adolphs, 2001; Kramer
et al., 2017; Macrae et al., 2005; Mason & Macrae, 2004).
From their faces, people’s social category memberships are
determined within mere hundreds of milliseconds (Freeman
et al., 2010; Ito & Bartholow, 2009; Rule & Ambady, 2010).
A prominent theory of person construal known as the dynamic
interactive (DI) model (Freeman & Ambady, 2011, 2014;
Freeman & Johnson, 2016) posits that person construal is the
outcome of a dynamic integration of “bottom-up” visual processing of facial features (e.g., physiognomy, skin tone) with
higher order, “top-down” information-processing operations
(e.g., prior knowledge, current goals). This integration is posited to unfold over iterative cycles until a stable representation of a target’s social category is achieved. In theory,
processes contributing to these iterations should be reflected
in face-elicited neurophysiological responses (Freeman &
Johnson, 2016; Stolier & Freeman, 2017) and variability in
those responses should contribute to variability in overt categorization judgments. The very rapid time course over which
these posited iterations are thought to cycle—on the order of
tens of milliseconds (Freeman & Johnson, 2016)—makes

them very difficult to observe with temporally sluggish hemodynamic functional brain imaging (i.e., functional magnetic
resonance imaging [fMRI]). Here, we used event-related
(brain) potentials (ERPs), which can capture face-elicited
neural responses with millisecond-level temporal precision
(Amodio et al., 2014; Levsen et al., 2018), to track the rapidly
occurring neural responses elicited by faces and assess their
functional significance for race and gender categorization
judgments.

Information Processing and Person
Construal
According to the DI model, initial perception of a face simultaneously activates multiple possible social category representations. A dynamic competition among these possible
representations then ensues in which bottom-up cues gleaned
from the face—many of which are consistent with multiple
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possible categories—are integrated with top-down knowledge and the perceiver’s goals. This model is grounded in
recurrent connectionist network models of information processing (McClelland, 1991; McClelland & Rumelhart,
1981), which emphasize the importance of context and existing knowledge for determining how visual percepts are
understood (also see Bruner, 1957). Evidence supporting the
idea of parallel activation of multiple categories during person construal comes from studies showing that competing
categorizations (e.g., male vs. female) elicit conflicting
motor output, as reflected in measures of computer mouse
tracking (Freeman, Penner et al., 2011; Freeman et al., 2016;
Hehman et al., 2014) and motor cortex activation (Freeman,
Ambady, et al., 2011), which, in turn, affects the time needed
to make an overt categorization response.
The DI model bears a number of striking similarities to
earlier continuous flow (CF) models of information processing, not specific to faces (Coles et al., 1985, 1995; Eriksen &
Schultz, 1979; Requin et al., 1988). According to the CF
hypothesis, initial information extracted from a stimulus is
consistent with multiple possible identifications, particularly
when features of the context create ambiguity. As information about stimulus identity accumulates, activation potential
simultaneously accumulates in viable response channels; an
overt response is evoked when activation in a given channel
exceeds some criteria. Some of the first direct support for
this conception was provided by Coles and colleagues
(1985), who used ERPs to show that partial activation of
multiple behavioral responses is evident in motor cortex several hundred milliseconds before stimulus evaluation has
been completed—as reflected in the latency of the P3 component of the ERP—and before an overt response is emitted
(also see Gratton et al., 1988). Such findings support the CF
model’s assumption that stimuli are evaluated gradually, and
that stimulus evaluation and response preparation unfold in
parallel (Coles et al., 1995).
Of particular relevance to the current research, both the
CF and DI models assume that information about the stimulus accumulates dynamically over time. Accordingly, the
amount of task-relevant information extracted early in processing should determine the efficiency of stimulus evaluation and overt classification (Coles et al., 1995). Research on
the processing of priming or warning stimuli provides an
example (see Gratton et al., 1990; Hackley, 2009). As
reported by Gratton et al. (1990), relative to priming stimuli
that did not predict the subsequent target’s identity, priming
stimuli that predicted the identity of an upcoming target
stimulus elicited larger amplitude of the P3 ERP component
(also see Bartholow et al., 2009), reflecting the extraction of
more evaluative, decision-relevant information from the
primes (Duncan-Johnson & Donchin, 1982; Polich et al.,
1996; Nieuwenhuis et al., 2005). Moreover, larger primeelicited P3 amplitudes predicted faster correct target classifications, consistent with voluminous research showing that
extracting information about the identity of a stimulus early
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in processing facilitates stimulus evaluation and identification (Bargh, 2014; Hackley, 2009; Woodworth, 1938).
This same principle should apply to social categorization
from faces: Extraction of more category-relevant information early in processing should facilitate evaluation and overt
identification of the social category or categories that the
face represents. Researchers have identified an early-latency
(~180 ms following face onset) deflection in the ERP waveform known as the P2 that appears to reflect processes associated with the attempt to extract information about a target
person’s social category memberships. The face-elicited P2
is highly sensitive to social categories, such as race and gender (Amodio, 2009; Correll et al., 2006; Dickter & Bartholow,
2007; Dickter & Kittel, 2012; He et al., 2009; Ito &
Bartholow, 2009; Ito & Tomelleri, 2017; Ito & Urland, 2003,
2005; Kubota & Ito, 2007, 2017; Simon & Gutsell, 2019;
Volpert-Esmond & Bartholow, 2019; Volpert-Esmond et al.,
2017; Willadsen-Jensen & Ito, 2006, 2008, 2015). In the
broader information-processing literature, P2 amplitude has
been associated with allocation of visual selective attention
to goal-relevant stimuli (Hillyard & Münte, 1984; Luck &
Hillyard, 1994; Wijers et al., 1989), which improves perception and performance by modifying sensory inputs early in
processing (Mangun, 1995). Thus, it stands to reason that the
face-elicited P2 reflects allocation of attention to features of
faces that enhance perception and facilitate identification of
social categories. Supporting this idea, recent findings show
that top-down categorization goals enhance the influence of
goal-relevant features and suppress the influence of goalirrelevant features on face-elicited P2 amplitude (VolpertEsmond & Bartholow, 2019).

Associating Brain and Behavioral
Responses in Person Construal
Despite the apparent relevance of the P2 for early extraction
of social category information during person construal,
research to date has failed to demonstrate any functional
association between face-elicited P2 amplitude and the efficiency of social categorization. Two previous studies have
tested the hypothesis that a larger P2 will be associated with
faster categorization reaction times (RTs; Dickter &
Bartholow, 2007; Kubota & Ito, 2007); neither found support
for this hypothesis. Critically, however, in both of these studies, the traditional signal-averaging approach was used
(Woodman, 2010), wherein the ERP signal is averaged
across all trials within each experimental condition, producing a single observation per condition for each participant.
Although signal averaging increases the otherwise low signal-to-noise ratio inherent in neurophysiological responses
(Dawson, 1954; Logothetis & Wandell, 2004; Luck, 2014),
this approach severely limits the extent to which ERPs can
provide information on the processing of a given stimulus or
event in a particular instance, as opposed to the average trend
across the task (see Coles & Rugg, 1995). Moreover, the
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signal averaging approach rests on a number of assumptions
that, on their face, are implausible. First, use of signal averaging assumes that the neurophysiological signal of interest
is stable over repeated assessments, such that the average
across trials accurately represents any particular response.
Previous work (Volpert-Esmond et al., 2017, 2018; Von
Gunten et al., 2018) has demonstrated the inadequacy of this
assumption, showing that the amplitude of a number of wellstudied ERPs, including the face-elicited P2, changes over
the course of a laboratory task (also see Berry et al., 2019;
Brush et al., 2018; Regtvoort et al., 2006).
A second assumption of the signal-averaging approach is
that the only meaningful variability in the ERP response of
interest occurs between rather than within persons. With signal averaging, any within-person variability in the response
across trials is assumed to be noise and therefore is disregarded. Previous research points to the inadequacy of this
assumption too. For example, trial-to-trial variation in the
latency of the P3 component, known to reflect the speed of
stimulus evaluation (Kutas et al., 1977), predicts RT to
overtly classify the eliciting stimulus (e.g., Coles et al., 1985;
McCarthy & Donchin, 1981; Sassenhagen et al., 2014).
Examining within-person relationships between brain and
behavior requires modeling responses at the level of individual trials, rather than averaging across trials (Pernet et al.,
2011). Recently, multilevel modeling (MLM) has been proposed as a useful approach for this purpose (e.g., Tibon &
Levy, 2015; Volpert-Esmond et al., 2018; Vossen et al.,
2011). Through the use of nesting and modeling of random
effects, MLM can account for a number of unique sources of
error variability, including individual participants and electrode channels, thereby partitioning more sources of variance
from the error term and increasing power to detect fixed
effects (Gelman & Hill, 2007; Vossen et al., 2011). These
features allow researchers to utilize trial-level data without
first reducing noise through signal averaging.
Of particular importance for our purposes, MLM additionally can be used to separate between- and within-person
sources of variability in trial-level relationships among variables—something that has not been possible using alternative trial-level ERP approaches (Coles et al., 1985; Debener
et al., 2005; Philiastides et al., 2006; Ratcliff et al., 2009;
Sassenhagen et al., 2014). Dissociating these sources of variability has proven important in previous work examining
processes that, in theory, should be expected to vary more
within than between individuals. In one example, Von
Gunten et al. (2018) tested the between- and within-person
relationships between ERPs reflecting cognitive control and
RTs during a response conflict task. Their results showed
that, on a given trial, control-related ERP responses that were
relatively large (compared with an individual’s mean ERP
response) predicted faster correct responses to targets on the
next trial. However, no between-person relationships were
observed; that is, a person’s average control-related neurophysiological response did not predict that person’s response
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behavior relative to other people. This could reflect the fact
that associations within individuals can vanish or even
reverse when individuals’ data are combined (i.e., Simpson’s
Paradox; Simpson, 1951; Wagner, 1982). Thus, the ability to
appropriately disaggregate within- and between-person
sources of variability appears critical to any effort to associate neural responses with behavior.

The Current Research
A primary aim of the current research was to demonstrate the
functional significance of the face-elicited P2 for person construal by testing whether within-person variability in P2 amplitude across trials predicts RT for overt categorization decisions.
Based on the notion that face-elicited P2 amplitude reflects
allocation of attention to features that facilitate social category
distinctions (Amodio, 2009; Correll et al., 2006; Ito &
Bartholow, 2009; Kubota & Ito, 2007), and the idea that greater
extraction of information early in processing should facilitate
overt categorization judgments (Freeman & Ambady, 2014),
we predicted that larger P2 amplitudes would facilitate overt
classification of faces. In addition, we examined how top-down
task goals influence early extraction of information by separately examining the relationship between P2 amplitude and
RT when participants categorized faces by race or by gender.
To further test the idea that P2 amplitude reflects extraction of information helpful for evaluating social categories,
we also tested whether P2 amplitude is negatively associated
with P3 latency on individual trials. Nearly a half-century of
research supports the conclusion that the latency of the P3
reflects the time required to evaluate the eliciting stimulus
(see Coles et al., 1990; Donchin, 1979; Donchin & Coles,
1988; Polich, 2012). Specifically, the latency of the P3 places
an upper limit on stimulus evaluation time, meaning that by
the time the P3 peaks in amplitude, the processes required to
categorize the stimulus must have occurred. This conclusion
is supported by the observation that as stimulus categorization becomes more difficult, P3 latency increases (Kutas
et al., 1977; McCarthy & Donchin, 1981). Moreover, whereas
overt responses are the product of numerous psychological
(e.g., stimulus evaluation, response competition) and kinesiological (e.g., motor speed) processes, P3 latency is considered a purer measure of the duration of stimulus evaluation
that is not confounded by those other factors (Coles et al.,
1995). Here, we predicted that trials in which the P2 is relatively large would also elicit a relatively fast P3 latency (i.e.,
P2 amplitude would negatively predict P3 latency).
Furthermore, we predicted that P3 latency would mediate the
predicted association between P2 amplitude and categorization RT on individual trials—further supporting the idea that
extraction of more category-relevant information early in
processing will facilitate evaluation of a face, thereby speeding overt classification. These predicted associations were
expected to manifest in within-person effects but not
between-person effects.
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General Method
Studies 1 and 2 report new data from samples previously
reported in Volpert-Esmond et al. (2017) and VolpertEsmond and Bartholow (2019), respectively. Here, we report
only data from the face-categorization tasks administered in
each study. Methodological details for additional tasks and
questionnaires administered in those first two studies can be
found in those previous reports. Study 3 reports data from a
novel sample. Samples from all three studies were collected
at a predominantly White institution in the Midwest.

Measures
In all studies, participants completed a race-categorization
task in which they viewed Black and White faces with neutral expressions. In Studies 2 and 3, participants also completed a gender-categorization task where they viewed the
same faces and categorized them by gender. The order of the
race- and-gender categorization tasks in Studies 2 and 3
were randomized across participants. Electroencephalogram
(EEG) was recorded during all tasks, and stimulus presentation and behavioral response recording was controlled
using E-Prime (Psychology Software Tools, Inc.,
Sharpsburg, PA). Face stimuli were taken from the Chicago
Face Database (Ma et al., 2015) and were converted to
gray scale to reduce differences in low-level perceptual
features across faces. In addition, the brightness and contrast of the images were adjusted to be equivalent across
stimulus conditions, using the SHINEd toolkit in MATLAB
(Willenbockel et al., 2010). There were slight methodological differences across studies, which were a function of the
primary theoretical purposes of each original study.
Specifically, Studies 1 and 2 incorporated a fixation manipulation, such that faces were presented in one of two locations. In one location, the fixation cross preceded the
middle of the forehead (i.e., forehead fixation) and in the
other location, the fixation cross preceded the nasion
(between the eyes, that is, eye fixation).1 In Study 3, participants fixated only between the eyes. Due to the inclusion of
the fixation manipulation and/or female faces, the number
of times each unique face stimulus was presented varied
across studies to maintain similar numbers of total trials
and reduce participant fatigue. In Study 1, 32 faces of each
race (32 Black male faces, 32 White male faces) were presented 4 times each, resulting in 128 trials in each race category and 256 trials total in the race-categorization task. In
Study 2, 32 faces of each race and gender (32 Black male
faces, 32 Black female faces, 32 White male faces, and 32
White female faces) were presented 2 times each in each
task, resulting in 64 trials in each race/gender category and
256 trials total in each task. Study 3 used the same stimuli
as Study 2, but faces were presented only once in each task,
resulting in 32 trials in each race/gender category and 128
total trials in each task.
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Trial structure was the same in all studies and tasks. On
each trial, a fixation cross was presented (jittered: 500, 700,
or 900 ms in Study 1; 500, 650, or 800 ms in Studies 2 and
3), followed by a face (270 ms), which was then followed by
a visual mask (530 ms). Participants were instructed to categorize the face by race (race-categorization task) or gender
(gender-categorization task) as quickly and accurately as
possible, using one of two buttons on a game controller.
Failure to respond within 800 ms following face onset elicited a “TOO SLOW” warning displayed for 1,000 ms. The
ITI was 600 ms.

Electrophysiological Recording and Data
Processing
In all studies, the EEG was recorded using tin electrodes
embedded in a stretch-Lycra cap (Electro-Cap International,
Eaton, OH) although the number of electrodes varied across
studies (20 in Study 1, 35 in Study 2, and 33 in Study 3).2
Scalp electrodes were referenced online to the right mastoid;
an average mastoid reference was derived offline. Signals
were amplified with a Neuroscan SynAmps amplifier
(Compumedics, Inc., Charlotte, NC). Online filtering and
sampling parameters varied slightly across studies (Study 1:
0.10–30 Hz3 bandpass at a sampling rate of 1000 Hz; Studies
2 and 3: 0.05–40 Hz4 bandpass at a sampling rate of 500 Hz).
Impedances were kept below 10 KΩ. Ocular artifacts (i.e.,
blinks) were corrected from the EEG signal offline, using a
regression-based procedure (Semlitsch et al., 1986). Trials
containing voltage deflections greater than ±75 microvolts
(µV) were discarded.
P2 quantification (amplitude). In all studies, visual inspection
of the face-elicited waveforms (see Figure 1) showed a positive-going deflection prominent over central and centro-parietal scalp locations and peaking roughly 160 ms after face
onset, consistent with previous characterizations of the P2
during face processing (Dickter & Bartholow, 2007; Ito &
Urland, 2005). In all studies, the P2 was quantified in each
trial as the mean amplitude from 130 to 190 ms post-face
onset at seven central and centro-parietal locations (Cz, C3,
C4, CPz, CP3, CP4, and Pz). Coverage was extended in
Study 2 to include C1, C2, CP1, and CP2, and in Study 3 to
include C1 and C2. In Study 1, the median number of trials
included for each type of stimulus (Black men/White men)
for each participant was 114 (min 66, max 126). In Study 2,
the median number of trials included for each type of stimulus (Black/White men/women) for each participant in the
race- and gender-categorization tasks was 54 (min 26, max
64) and 51.5 (min 25, max 64), respectively. In Study 3, the
median number of trials included for each type of stimulus
(Black/White men/women) for each participant in the raceand gender-categorization tasks was 28 (min 11, max 32) and
29 (min 13, max 32), respectively.
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Figure 1. Grand average waveforms recorded at electrode CPz (Study 1 in Panel A, Study 2 in Panel B, and Study 3 in Panel C).

Note. In Study 1, all faces presented were male (Black/White). In Study 2, male and female faces were presented (Black/White). To increase visibility,
only waveforms where faces were presented in the eye fixation condition are presented (Studies 1 and 2). However, all data (including forehead fixation
trials) were included in the analyses. Dashed vertical lines depict the time window during which mean P2 amplitude was quantified (130–190 ms post-face
onset).

P3 quantification (latency). Visual inspection of the face-elicited waveforms (see Figure 1) showed a positive-going
deflection, peaking roughly 500 ms after face onset and most
prominent over central and parietal scalp locations. Because
of the large variability in the latency of the P3 across participants, each individual’s average P3 peak latency was first
determined from an individual grand-averaged waveform,
including all trials and conditions. In Studies 2 and 3, each
individual’s average P3 peak latency was assessed separately
in the race-categorization task and gender-categorization
task. Thereafter, the peak latency of the P3 component in

each trial for each individual was determined as the peak
latency within a 250 ms window surrounding that individual’s average peak latency. P3 latency was quantified at the
same electrodes as P2 amplitude in each study.

Statistical Approach
We used the R package lme4 (Bates et al., 2015) to fit multilevel models for data analysis. We were primarily interested
in the trial-level relationship between the P2 amplitude elicited by a face and the speed with which participants made
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relevant categorization responses. Thus, we used RT on each
trial as the dependent outcome. To separately estimate the
contribution of between-person and within-person variability in P2 amplitude to RTs, we used the disaggregation
approach described by Curran and Bauer (2011). In the current context, this involved separating the P2 amplitude variable into two separate predictors. The first predictor—each
participants’ mean P2 amplitude—was entered as a Level-2
(person level) predictor and represents the between-person
effect. The second predictor—the P2 amplitude for each
trial, centered around the participant mean—was entered as a
Level-1 (trial level) predictor and represents the within-person effect. Creating the participant mean and centering triallevel data around that mean was done separately for each
electrode, resulting in an intercept of 0 for each electrode.
Therefore, electrode was not included as a random effect in
the models.5
In addition, we tested P3 latency as a mediator of the relationship between P2 amplitude and RT. To test for the presence of mediation in each study, we fit two separate multilevel
models, using the multilevel mediation approach reviewed in
Preacher (2015). The first model estimates the effect of P2
amplitude (X) on P3 latency (M): the a path.6 The second
model estimates the joint effect of P2 amplitude (X) and P3
latency (M) on RT (Y): the b and c’ paths.7 Thereafter, we
calculated the indirect effect by multiplying the a and b paths
and used the R package RMediation (Tofighi & MacKinnon,
2011) to produce 95% confidence intervals (CIs) for the indirect effect. Specifically, we used the asymmetric confidence
limits approach with modified critical values from the empirical-M method (MacKinnon et al., 2004), which has been
advocated as the most appropriate approach to produce CIs
for the indirect effect in multilevel mediation (Pituch et al.,
2005; Pituch & Stapleton, 2008; Preacher, 2015).
Importantly, as the X, M, and Y variables are measured at
Level 1 (described as a 1-1-1 mediation model), these models—as typically specified—confound between- and withinperson relationships. Thus, we applied the same disaggregation
approach (Curran & Bauer, 2011) to the mediation models,
termed the unconflated multilevel model approach to mediation (Preacher et al., 2010; Zhang et al., 2009). In the two
models testing the a path and the b path, separate predictors
capturing the between- and within-person variability in X and
M were included in the models. By separately estimating the
between- and within-person effects in each path, we can separately estimate the within-person and between-person indirect
effect. Creating the participant mean and centering trial-level
data around that mean was done separately for P2 amplitude
and P3 latency at each electrode within arrays used for analyses, resulting in an intercept of 0 for each electrode. Therefore,
electrode was not included as a random effect in the models.
For all models, Satterthwaite approximations were used
to estimate degrees of freedom and to obtain two-tailed p
values; in situations where degrees of freedom were >200,
we report the results as z statistics. For models testing the
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Figure 2. Mean RTs and mean P2 amplitude by stimulus
condition in Study 1 (race-categorization task).

Note. White and gray bars correspond with y-axis on the left (RT) and
blue points correspond with y-axis on the right (P2 amplitude). Error
bars represent 95% CIs. N = 62, roughly 53% women, 90% White/nonHispanic. RT = reaction time; CI = confidence interval.

relationships between P2 amplitude, P3 latency, and RT, the
intercept was allowed to vary by participant but no random
slopes were included. Data and all code used for analysis can
be found at https://github.com/hivolpertes/WithinSubP2.

Study 1
Participants
Sixty-five individuals (34 women, 31 men) participated in
exchange for credit toward a research requirement in an
introductory psychology course or for monetary compensation. Participants ranged in age from 18 to 48 years (M =
20.4). Sixty self-identified as White, two identified as Asian,
and three identified as more than one race. None identified as
African American. Because multilevel models can accommodate low numbers of trials per condition, participants
were not excluded based on number of trials per condition, as
is often done (Luck, 2014). However, due to concerns about
data quality, participants were excluded if fewer than 50% of
trials were accepted in a particular task. This included three
participants (one White woman, one White man, and one
multiracial man), resulting in a final sample of 62 participants who contributed data to the analyses. Accuracy in the
race-categorization task was high (M = 92.2%, SD = 6.2%).

Results
Mean RTs and P2 amplitudes separated by stimulus type are
shown in Figure 2. Analyses of the means can be found in the
supplementary material. First, we present analyses regarding
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Table 1. Between- and Within-Person Effects of P2 Amplitude on Reaction Time for Categorization Decisions (Male/Female or Black/
White) in Each Study.
Study 1

Intercept
Between-person effect
Within-person effect

Study 2

Study 3

Race task

Race task

Gender task

Race task

Gender task

n = 62

n = 63

n = 63

n = 65

n = 64

b

p

b

p

b

p

b

P

b

p

457.4
−0.03
−0.44

<.001
.926
<.001

435.3
−0.01
−0.33

<.001
.943
<.001

457.6
−0.02
−0.32

<.001
.947
<.001

437.5
−0.03
−0.19

<.001
.923
<.001

450.3
0.00
−0.18

<.001
.989
<.001

Note. Bold items signify a significant p value (<.05).

the total effect of P2 amplitude on RT, partitioning betweenand within-person effects, followed by analyses examining
P3 latency as a mediator of this relationship.
Total effect of P2 amplitude on RT. As seen in Table 1, the
within-person effect of P2 amplitude on RT was negative and
significant, b = −0.44, z = −14.01, p < .001, such that a
larger P2 amplitude on a particular trial (relative to a person’s
mean P2 amplitude) predicted a faster Black/White categorization response on that trial. The between-person effect was
not significant (p = .926).
P3 latency as a mediator. When examining within-person
effects, the a path (the effect of P2 amplitude on P3 latency)
was significant, b = −0.31, z = −12.17, p < .001, as was the
b path (the effect of P3 latency on RT, accounting for P2
amplitude), b = 0.29, z = 73.5, p < .001. The indirect effect
was also significant, ab = −0.088 [−0.103, −0.074]. This
relationship suggests that larger P2 amplitudes (relative to a
person’s average P2 amplitude) facilitate faster P3 latencies,
and that faster P3 latencies (relative to a person’s average P3
latency) facilitate faster RTs. However, the direct effect (the
effect of P2 amplitude on RT, accounting for P3 latency) was
still significant, b = −0.35, z = −11.46, p < .001, suggesting
that P3 latency only partially mediates the within-person
relationship between P2 amplitude and RT.
In contrast, when examining between-person effects, P2
amplitude did not predict P3 latency, b = 0.02, z = 0.06, p =
.954, and P3 latency did not predict RT (controlling for P2
amplitude), b = 0.03, z = 0.79, p = .433. The between-person indirect effect was also not significant, ab = 0.000
[−0.022, 0.024].

Study 2
Participants
Sixty-six men participated in exchange for credit toward a
course requirement or for monetary compensation. They
ranged in age from 18 to 28 years (M = 19.8). Thirty-two
participants self-identified as White and 34 self-identified as
African American or Black. None self-identified as Hispanic.

Three participants’ data (two Black and one White) were
excluded in the gender-categorization task and three participants’ data (one Black and two White) were excluded in the
race-categorization task for data quality concerns because
more than 50% of trials were excluded. This left final samples of 63 participants each, contributing data to the analyses
in each task. Accuracy was high in both the race-categorization task (M = 91.8%, SD = 5.3%) and the gender-categorization task (M = 89.1%, SD = 5.5%).

Results
Mean RTs and P2 amplitudes separated by stimulus type and
participant race are shown in Figure 3. Detailed analyses
regarding the means can be found in the supplementary
material.
Total effect of P2 amplitude on RT. As in Study 1, the withinperson effect of P2 amplitude on RT was large and significant both when categorizing faces by race, b = −0.33, z =
−13.16, p < .001, and when categorizing faces by gender, b
= −0.32, z = −11.57, p < .001 (see Table 1). The relationship was negative, such that a larger P2 amplitude to a face
predicted a faster RT for both the Black/White categorization
response and the male/female categorization response. The
between-person effect was not significant in either task (ps
= .943 and .947, respectively).
P3 latency as a mediator. Overall, patterns replicated the patterns seen in Study 1. When examining within-person effects
in the race-categorization task, the a path (the effect of P2
amplitude on P3 latency) was significant, b = −0.15, z =
−6.82, p < .001, as was the b path (the effect of P3 latency
on RT, accounting for P2 amplitude), b = 0.24, z = 80.40, p
< .001, and the indirect effect, ab = −0.036 [−0.047,
−0.026]. The direct effect (the effect of P2 amplitude on RT,
accounting for P3 latency) was still significant, b = −0.29, z
= −11.74, p < .001, suggesting that P3 latency is only a
partial mediator of the within-person relationship between
P2 amplitude and RT in the race-categorization task. In the
gender-categorization task, as in the race-categorization task,
both the a path, b = −0.12, z = −5.45, p < .001, and the
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Figure 3. Mean RTs and mean P2 amplitude by stimulus condition in Study 2.

Note. Black and gray bars correspond to the y-axis on the left (reaction time) and blue points correspond to the y-axis on the right (P2 amplitude).
Error bars represent 95% CIs. N = 63. Participants were White (race-categorization task: n = 30; gender-categorization task: n = 31) or Black (racecategorization task: n = 33; gender-categorization task: n = 32). All participants were men. RT = reaction time; CI = confidence interval.

b path, b = 0.26, z = 77.85, p < .001, were significant, as
well as the indirect effect, ab = −0.032 [−0.043, −0.020].
The direct effect was still significant, b = −0.29, z = −10.62,
p < .001.
When examining between-person effects, results differed slightly from Study 1. Unlike Study 1, P2 amplitude
significantly predicted P3 latency in both the race-categorization task, b = −1.35, z = −7.58, p < .001, and the gender-categorization task, b = −1.38, z = −7.80, p < .001.
However, P3 latency did not significantly predict RT (controlling for P2 amplitude) in either the race-categorization
task, b = 0.03, z = 0.92, p = .357, or the gender-categorization task, b = 0.04, z = 1.22, p = .224. Thus, as in Study
1, the between-person indirect effect was not significant in
either task (race: −0.038 [−0.122, 0.043]; gender: −0.053
[−0.143, 0.032]).

Study 3
Participants
Sixty-eight individuals (43 women, 21 men, three transgender/nonbinary people, and one did not report) completed the
race- and gender-categorization tasks while EEG was
recorded as a portion of a larger study. They received monetary compensation for their participation and ranged in age
from 18 to 45 years (M = 20.6). All self-identified as African
American or Black. One participant (male) did not complete
the gender-categorization task because of technical malfunction. Three additional participants (all women) were excluded
from analysis due to low data quality (>50% of trials
excluded). As a result, 65 participants contributed data to
analyses of the race-categorization task and 64 participants
contributed data to analyses of the gender-categorization
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b = 0.25, z = 50.84, p < .001, were significant, as well as
both the indirect effect, ab = −0.029 [−0.046, −0.011], and
the direct effect, b = −0.15, z = −3.55, p < .001.
When examining between-person effects, P2 amplitude
predicted P3 latency in both race-categorization task, b =
−1.41, z = −6.15, p < .001, and the gender-categorization
task, b = −1.66, z = −7.22, p < .001, as in Study 2. In addition, P3 latency significantly predicted RT (controlling for
P2 amplitude) in the race-categorization task, b = 0.07, z =
2.34, p = .020, but not the gender-categorization task, b =
0.06, z = 1.38, p = .169. The between-person indirect effect
was significant in the race-categorization task, ab = −0.105
[−0.206, −0.016] but not the gender-categorization task, ab
= −0.091 [−0.229, 0.038].

Discussion
Figure 4. Mean RTs and mean P2 amplitude by stimulus
condition in Study 3.

Note. White and gray bars correspond with y-axis on the left (reaction
time) and blue points correspond with y-axis on the right (P2 amplitude).
Error bars represent 95% CIs. All participants were Black (N = 65 in
race-categorization task; N = 64 in gender-categorization task); women
comprised the majority of the sample. RT = reaction time; CI =
confidence interval.

task. Accuracy was high in both the race-categorization task
(M = 92.8%, SD = 6.1%) and the gender-categorization task
(M = 90.6%, SD = 6.4%).

Results
Mean RTs separated by stimulus type are shown in Figure 4.
Detailed analyses regarding the means can be found in the
supplementary material.
Total effect of P2 amplitude on RT. As in Studies 1 and 2, the
within-person effect of P2 amplitude on RT was significant
in both the race-categorization task, b = −0.19, z = −4.73, p
< .001, and the gender-categorization task, b = −0.18, z =
−4.12, p < .001 (see Table 1). The larger a P2 amplitude
elicited by a particular face (relative to a person’s average P2
amplitude), the faster the RT when making a Black/White
categorization or a male/female categorization of that face.
There was no between-person effect in either task (ps = .923
and .989, respectively).
P3 latency as a mediator. As in Studies 1 and 2, when examining within-person effects in the race-categorization task,
the a path was significant, b = −0.25, z = −7.26, p < .001,
as was the b path, b = 0.26, z = 54.59, p < .001, and the
indirect effect, ab = −0.063 [−0.080, −0.046]. As in Studies
1 and 2, the direct effect was still significant, b = −0.13, z =
−3.24, p = .001, suggesting partial mediation. In the gendercategorization task, the same pattern emerged. Both the
a path, b = −0.11, z = −3.26, p = .001, and the b path,

The manner in which people derive information about others’ social category memberships from their faces has long
been of interest to social and cognitive psychologists
(Bodenhausen et al., 2012; Cloutier et al., 2005; Macrae &
Bodenhausen, 2000). These categorization decisions have
profound implications for downstream evaluations, activation of stereotypes, and motivation of interpersonal responses
(Eberhardt et al., 2006; Kawakami et al., 2017; Quinn &
Rosenthal, 2012; Zebrowitz, 2006). Both the DI model of
person construal and CF models of information processing
suggest that information about a stimulus accumulates over
time, and that the amount of task-relevant information
extracted early on should determine the efficiency of stimulus evaluation (Coles et al., 1985; Freeman & Ambady, 2011;
Freeman & Johnson, 2016; Gratton et al., 1988). In the current studies, we provide novel evidence using ERPs of the
relationship between early extraction of category-relevant
information and subsequent facilitation of goal-relevant
stimulus evaluation under two task goals (i.e., the categorization of faces by race and by gender).
Specifically, we reasoned that the face-elicited P2, long
known to be associated with early allocation of selective
attention (Hillyard & Münte, 1984; Luck & Hillyard, 1994;
Mangun, 1995; Wijers et al., 1989) and highly sensitive to
social category distinctions (e.g., Correll et al., 2006; He
et al., 2009; Ito & Urland, 2003, 2005; Volpert-Esmond &
Bartholow, 2019), should reflect early extraction of goalrelevant information during person construal, thereby facilitating overt assignment of a face to a relevant category. To
date, evidence in support of this functional relationship has
been elusive (Dickter & Bartholow, 2007; Kubota & Ito,
2007), which we argue reflects the reliance on signal averaging and tests of between-person associations in previous
studies. By testing for associations at the level of individual
trials and disaggregating between- and within-person
sources of variability (Curran & Bauer, 2011), the current
studies provided the first test of whether within-person variability in P2 amplitude predicts the speed with which social
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categories are evaluated (P3 latency) and overt responses
are made (RT).
Consistent with previous work (Dickter & Bartholow,
2007; Kubota & Ito, 2007), no between-person effect of P2
amplitude on RT was observed. In other words, having a
larger-than-average P2 amplitude, relative to other people,
did not facilitate stimulus evaluation or categorization
responses. This may reflect the contribution of nonpsychological physiological factors, such as skull thickness
(Chauveau et al., 2004; Hagemann et al., 2008), to betweenperson variance, increasing the power needed to detect a
functional between-person relationship.
Critically, despite differences across studies in the samples (Study 1: roughly half men and women, mostly White;
Study 2: all men, roughly 50% Black; Study 3: roughly twothirds women, all Black), stimuli (some sets of only male
faces; some sets of male and female faces), and experimental
manipulations (varying top-down categorization goals),
within-person, trial-to-trial variation in face-elicited P2
amplitude meaningfully predicted subsequent categorization
RTs in all three studies. In other words, a larger-than-average
P2 amplitude on a particular trial, relative to an individual’s
mean P2 amplitude, facilitated a faster categorization judgment on that trial. Interestingly, this within-person relationship was evident regardless of whether participants
categorized faces by race or by gender, suggesting that P2
amplitude is sensitive to task-relevant goals and facilitates
the categorization response across multiple types of categorization. This is consistent with previous research (e.g.,
Volpert-Esmond & Bartholow, 2019) showing that the P2 is
subject to top-down task goals and thus may reflect early
extraction of whatever information is goal-relevant.
Moreover, the within-person relationship between P2
amplitude and categorization RT was mediated by the latency
of the P3. We hypothesized that extraction of more categoryrelevant information early in the processing stream (i.e.,
larger P2 amplitude) would facilitate the accumulation of
information, resulting in more efficient stimulus evaluation
(i.e., P3 latency), which then would facilitate faster generation of overt categorization responses. Consistent with this
prediction, P3 latency significantly mediated the within-person relationship between P2 amplitude and RT across studies
and tasks. This finding further supports the hypothesis that
extraction of more category-relevant information early in
processing facilitates the evaluation of a face into task-relevant social categories on a given trial, thereby enhancing
person construal.
Thus far, consistent with numerous other face-perception
studies (for a review, see Ito & Bartholow, 2009), we have
referred to this early component as the P2, conceptualizing it
as very similar to the attention-related P2 component
described in studies investigating early allocation of selective attention (Hillyard & Münte, 1984; Luck & Hillyard,
1994; Mangun, 1995; Wijers et al., 1989). However, there
are similarities between this P2 and the vertex positive
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potential (VPP), which is the inversion of the face-elicited
N170 ERP component (Joyce & Rossion, 2005). The N170/
VPP is larger to face stimuli compared with non-face stimuli
and has been proposed to index structural encoding of faces
(Eimer, 2000). Given that the latency of the early component
we report in these studies (measured 130–190 ms post-face
onset) is similar both in latency to the N170/VPP (generally
within 140–180 ms post-face onset) and scalp location
(fronto-centro-parietal sites), it is reasonable to wonder
whether the component traditionally called the face-elicited
P2 is in fact the N170/VPP.
However, we believe that the face-elicited P2 described in
our studies is distinct from the N170/VPP for two primary
reasons. First, whereas the face-elicited P2 is consistently
larger to racial outgroup faces compared with racial ingroup
faces across dozens of studies, regardless of task (e.g., Ito &
Tomelleri, 2017; for a review see Ito & Bartholow, 2009), the
literature is more mixed regarding the effect of racial group
membership on the N170/VPP. Some studies report no difference in N170/VPP amplitude based on racial group membership (e.g., Caldara et al., 2003, 2004; Chen et al., 2013;
Ito et al., 2004; Ofan et al., 2011), others report larger N170/
VPP amplitude to outgroup faces compared with ingroup
faces (He et al., 2009; Herrmann et al., 2007; Stahl et al.,
2008, 2010; Volpert-Esmond et al., 2018; Walker et al., 2008;
Wiese et al., 2014), and still others report opposing patterns
of N170/VPP amplitude to ingroup/outgroup faces depending on task parameters (e.g., categorization vs. identification,
Senholzi & Ito, 2013). In addition, one study examined the
N170 and P2 concurrently and showed separate patterns in
the effect of skin color and facial physiognomy on the two
components (Brebner et al., 2011). Thus, the face-elicited P2
and the N170/VPP appear to be somewhat functionally different with regard to social categorization.
Second, whereas principal component analysis (PCA) has
shown that the face-elicited P2 reflects two functionally separate underlying components (Volpert-Esmond & Bartholow,
2019; Volpert-Esmond et al., 2017), research applying PCA
to the N170/VPP has shown that it reflects a single underlying component (Ito et al., 2004), reflecting activity in a single
neural generator (Deffke et al., 2007; Rossion et al., 2003).
For these reasons, we believe that the face-elicited P2 is
functionally distinct from the N170/VPP. It would be valuable for future research to specify similarities and differences
between the face-elicited P2 and the N170/VPP to determine
whether the P2 elicited in social categorization studies and
the VPP typically observed in face processing studies are, in
fact, the same component and reflect similar underlying neurophysiological activity.
Thus, we assume that the P2 reflects variation in the
extent to which attention is allocated, facilitating extraction
of category-relevant information early in the processing
stream, which then affects the duration of stimulus evaluation and, ultimately, the speed of overt categorization. A
naturally following question is why attention and early
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extraction of category-relevant information (i.e., P2 amplitude) varied across trials. One possibility is that differences
in conditions, such as where a perceiver fixates on a given
face, allow for more or less extraction of category-relevant
information from the face. Studies suggest that different
facial features convey category-relevant information to different degrees (Hills & Lewis, 2006, 2011), and previous
studies have shown both an increase in P2 amplitude and
speeding of categorization RT when participants fixate
between the eyes compared with on the forehead of a face
(Volpert-Esmond et al., 2017, 2019; more information
regarding the effect of fixation in the current studies can be
found in the supplementary material). Thus, future research
should examine the possibility that the availability of social
category information in the features attended to influences
variation in P2 amplitude across trials.
In addition, properties of the face stimuli themselves may
contribute to variation in P2 amplitude. One interpretation of
the well-known pattern of larger P2 amplitudes to Black
faces than White faces among White participants is that
Black faces are more salient to White participants (e.g., Ito &
Bartholow, 2009). Additional research has shown mean differences in P2 amplitude as function of emotional expression, such that both angry and happy faces elicited larger P2
amplitudes (Kubota & Ito, 2007). These studies suggest that
P2 amplitude may differ as a function of the salience of a
particular face, which then facilitates extraction of social
category–relevant information. Other properties of the faces
themselves may additionally contribute to variation in P2
amplitude, including how prototypical a face is, or other
variability in facial features. Future research should examine
how qualities present in the faces contribute to early attention and resulting category decisions.
Finally, our analyses suggest that a given participant’s P2
responses to the same face—let alone to different faces—
vary across trials, and that this variability is functionally
important. A likely contributor to this variability is that task
engagement and control of attention simply vary over the
course of the experiment. It has long been known that intertrial variation in RT is attributable to fluctuations in sustained
attention (Flehmig et al., 2007; Jensen, 1992; Sanders, 1998).
Research has identified the neural bases for these fluctuations in both pre-stimulus decreases in prefrontal regions
involved in controlling attention and in reduced stimuluselicited sensory activation (Weissman et al., 2006). Given
the P2’s sensitivity to top-down task demands and perceiver
characteristics (Correll et al., 2006; He et al., 2009; VolpertEsmond & Bartholow, 2019), future research could manipulate factors known to influence sustained attention and test
their influence on the P2 and subsequent stimulus evaluation
and response output measures.
One unexpected finding is in regard to the pattern in RT to
racial ingroup and outgroup faces. Previous literature has
reported an “other-race advantage” in classifying faces by
race (Caldara et al., 2004; Feng et al., 2011; Levin, 1996). A
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number of theoretical accounts have been proposed, including that recognition or individuation processes conflict with
categorization processes, resulting in enhanced individuation
(e.g., Meissner & Brigham, 2001) and detriments to categorization (Levin, 1996; Valentine & Endo, 1992) for racial
ingroup faces. However, across all three studies, we did not
observe a consistent response time facilitation for racial outgroup relative to ingroup faces. White participants showed
the typical other-race advantage in categorization speed
when categorizing male faces in Studies 1 and 2, but not
female faces in Study 2. Black participants showed the typical other-race advantage only when categorizing female
faces in Study 2 but not in any other case (see the supplementary material, for detailed analyses regarding RT). Because
of the novelty of these results, it is unclear why we do not see
a consistent pattern.
One possibility is that the current studies differ with
regard to the context and familiarity that participants have
with the racial outgroup. Previous studies demonstrating the
other-race advantage in categorization speed have primarily
relied on participants with little to no experience or contact
with individuals from the racial outgroup (Caharel et al.,
2011; Caldara et al., 2004; Feng et al., 2011; Ge et al., 2009;
Zhao & Bentin, 2008). In the current research, Black participants attended a predominantly White institution in the
United States where they presumably had extensive experience seeing and interacting with White individuals. White
participants also likely had at least some experience seeing
and interacting with Black individuals although previous
experience with the racial outgroup was not measured in
these studies. It is becoming increasingly clear that the interplay between categorization and individuation likely depends
on sociocultural factors (Hugenberg et al., 2010) and that
racial categorization depends on characteristics of the perceiver (Kawakami et al., 2017). Thus, the racial dynamics
the participants are embedded in and the experience they
have with racial outgroup members may contribute to the
pattern of results seen in this study. Future research should
investigate how racial environments and previous experience
with racial outgroups impact how quickly participants classify racial ingroup and outgroup faces, and investigate the
possibility that the other-race advantage in categorization is
not as universal as previously thought.
In conclusion, this is the first demonstration of the faceelicited P2’s functional significance for social categorization.
Although we focus on the social categorization of faces, we
believe that similar effects may be found when categorizing
other types of objects into meaningful groups, as is evident in
other studies testing the CF model. This demonstration was
made possible by the novel use of single-trial ERPs and multilevel models that allowed for disaggregation of within- and
between-person effects in the relationship between P2 amplitude, stimulus evaluation, and categorization RTs. Mapping
out functional relationships between brain and behavior has
the potential to contribute to understanding of the real-life
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consequences of categorization, including when police officers are influenced by race when making split-second decisions to shoot (Correll et al., 2002, 2006, 2007) or when other
evaluative or stereotypic biases related to social category
affect interpersonal interactions. Future research may examine how top-down perceiver goals or contextual influences
moderate the relationship between brain and behavior.
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Notes
1. More information about the fixation manipulation can be found
in Volpert-Esmond et al. (2017) and Volpert-Esmond and
Bartholow (2019).
2. Study 1: FP1, FP2, Fz, FCz, FC3, FC4, Cz, C3, C4, CPz, CP3,
CP4, Pz, P3, P4, Oz, TP7, TP8, P7/T5, and P8/T6. Study 2: FP1,
FP2, Fz, F1, F2, F3, F4, FCz, FC3, FC4, Cz, C1, C2, C3, C4,
CPz, CP1, CP2, CP3, CP4, Pz, P3, P4, POz, PO3, PO4, PO5,
PO6, Oz, O1, O2, TP7, TP8, T5/P7, and T6/P8. Study 3: FP1,
FP2, Fz, F1, F2, F3, F4, FCz, FC3, FC4, Cz, C1, C2, C3, C4,
CPz, CP3, CP4, Pz, P1, P2, P3, P4, POz, PO5, PO6, PO7, PO8,
Oz, TP7, TP8, T5/P7, and T6/P8. Additional electrodes were
placed on the tip of the nose (Study 2 only), above and below
the left eye and on the outer canthus of each eye (to record blinks
and saccades) and over each mastoid.
3. This was reported incorrectly in Volpert-Esmond et al. (2017) as
10 to 40 Hz.
4. For Study 2, this was reported incorrectly in Volpert-Esmond
and Bartholow (2019) as .10 to .40 Hz.
5. Wilkinson notation: RT ~ P2.within + P2.between + (1|Subject).
6. Wilkinson notation: P3 ~ P2.within + P2.between + (1|Subject).
7. Wilkinson notation: RT ~ P2.within + P2.between + P3.within
+ P3.between + (1|Subject).
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