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Priors and prejudice: hierarchical
predictive processing in
intergroup perception
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Hierarchical predictive processing provides a framework outlining how prior
expectations shape perception and cognition. Here, we highlight hierarchical
predictive processing as a framework for explaining how social context and
group-based social knowledge can directly shape intergroup perception. More
specifically, we argue that hierarchical predictive processing confers a uniquely
valuable toolset to explain extant findings and generate novel hypotheses for
intergroup perception. We first provide an overview of hierarchical predictive
processing, specifying its primary theoretical assumptions. We then review
evidence showing how prior knowledge influences intergroup perception.
Next, we outline how hierarchical predictive processing can account well
for findings in the intergroup perception literature. We then underscore the
theoretical strengths of hierarchical predictive processing compared to other
frameworks in this space. We finish by outlining future directions and laying out
hypotheses that test the implications of hierarchical predictive processing for
intergroup perception and intergroup cognition more broadly. Taken together,
hierarchical predictive processing provides explanatory value and capacity for
novel hypothesis generation for intergroup perception.
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Introduction

Insights from neuroscientific research have improved understanding of how intergroup
bias is formed, strengthened, and maintained (Cikara and Van Bavel, 2014; Bagnis et al., 2019;
McGovern and Vanman, 2020; Amodio and Cikara, 2021 for reviews). At the same time,
emergent literature suggests computational accounts of social cognition could explain how
intergroup attitudes are encoded and how they impact behavior (Freeman and Ambady, 2011;
Xiao et al., 2016; Hackel and Amodio, 2018; Amodio, 2019). Computational frameworks
provide insight into how prejudice or stereotypes can shape early cognitive processing, such
as intergroup perception. One influential framework combining knowledge from neuroscience
and computational approaches is hierarchical predictive processing (from here on predictive
processing (Friston, 2010; Hohwy, 2013). Here, we suggest that predictive processing provides
a cohesive account of biased intergroup perception. This framework can offer a degree of
theoretical parsimony not offered by competing frameworks and enables novel hypothesis
generation (see Table 1). Adoption of this framework, in turn, may enable an improved
understanding of biased intergroup perception, offering space for the creation of novel
interventions for reducing intergroup bias.
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TABLE 1 Outline of possible experimental setups and predictions arising from a predictive processing framework.

Experiment/Paradigm  Prediction

Drift diffusion modeling

Higher starting point (i.e., prejudice) should be accompanied by higher drift rate toward the prejudiced prior. This would be evidence

for the idea that agents preferentially seek sensory data consistent with priors.

Perceptual decision making

The presentation of a stereotyped context or object should push identification toward stereotype-consistent objects/faces when visually
ambiguous object is subsequently presented. For example, after being in a threatening context, participants could be more likely to
identify a racially ambiguous face as a member of a stereotyped group—particularly the case for most prejudiced participants. This could
also work the other way where the presentation of a stereotyped group member should mean subsequent presentation of a stereotype-
consistent context is more likely to be associated with the stereotyped group. Another way of measuring this could be reaction times—

threatening stimuli could be faster to enter awareness after observing stereotyped group members, and vice versa.

Classical conditioning

Conditioning stimulus (e.g., frightening stimulus) could be paired with an unconditioned stimulus (e.g., in group and outgroup
member) with varying probabilities in the conditioning phase. Subsequent presentation of an unconditioned stimulus should cause
increased fear expression, and thus the psychophysiological alterations could vary as a function of prior probabilities of a conditioned

stimulus with an unconditioned stimulus. Moreover, prejudiced individuals should be slower to extinguish in the extinction phase.

In attentional blindness

Following the presentation of a stereotype-consistent stimulus (e.g., anger in a Black face or threat-connoting context), participants
should be more likely to notice members of stereotyped members of outgroups, when subsequently presented with an emotionally
neutral scene (e.g., seeing a Black face). This would be evidence of tuned attention toward stereotyped priors following the introduction
of motivational or perceptual cues. This could also work the other way where the introduction of a stereotyped group member (e.g.,

Black face) may increase the probability of noticing a fear-connoting stimulus during a subsequent IB task.

Testing prediction errors

be paired with the CS).

Largest prediction errors (e.g., represented by the N170 signal) could vary as a function of attention toward stereotype-inconsistent
information. For example, researchers could pair stereotype-consistent stimulus with a member of a stereotyped group, unexpected
pairing of the US with a member of a non-stereotyped group, and pairing of a stereotyped group with a stereotype-inconsistent US. The
latter two pairings should solicit a prediction error as measured by an P100 or N170 signal. The amplitude of this response should also

increase as a function of the strength of the departure from initial expectations (i.e., how likely did the participant deem the US to

Hierarchical predictive processing

Bayes theorem suggests that in estimating the probability of any
event, one should consider the current evidence for that event but
also the prior knowledge about the event. Predictive processing is a
theory that translates this insight to cognition, specifically focusing
on perception (Joyce, 2019). In this framework, a perceiver has an
internal “model” of the outside world and continuously updates this
model based on new information (Kersten et al., 2004; Knill and
Pouget, 2004; Bar, 2007; Friston and Kiebel, 2009; Friston, 2010;
Clark, 2013; Hohwy, 2013, 2017; Otten et al., 2017; Williams, 2018).

The predictive processing framework assumes that any perceptual
process, where the organism acquires new information about the
outside world in the form of sensory information, results in an
inference about the cause of that sensory data, a so-called posterior.
Each posterior is a combination of the likelihood and prior. The
likelihood is a representation of the data sampled in the sensorium,
which includes both the sensory input and an estimate of the reliability
of that sensory data. The prior is the initial prediction (before any
sensory information is encountered) about the cause of the sensory
data. The prior is often shaped by memory and thus by
previous experiences.

In hierarchical predictive processing—namely, active inference
under deep generative models—there are priors at every level of the
implicit model. Prior beliefs at intermediate levels are known as
‘empirical’ priors because they are updated by evidence from lower
levels. In short, empirical prior beliefs depend upon experience. This
is often reflected in the description of belief updating, which uses
today’s posteriors as tomorrow’s priors.
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Priors can be held with greater or lesser precision. A very precise
conviction or commitment to a prior belief (e.g., innate subpersonal
priors that underwrite homeostasis) is clearly less amenable to
updating. Conversely, prior beliefs at higher levels are generally held
with less precision or confidence and are more amenable to updating,
through perceptual inference, or long-term revision, through learning
and experience-dependent plasticity.

The predictive processing framework has been successfully applied
to understanding visual perception, supported by a wealth of research
in recent years, suggesting that it offers a plausible account for how
visual information is encoded, represented, and predicted in cognitive
systems (Mumford, 1992; Rao and Ballard, 1999; Spratling, 2010, 2017;
Rauss et al., 2011; Bastos et al., 2012; Clark, 2013; Kok and de Lange,
2015; Hindy et al., 2016; Schellekens et al., 2016; Shipp, 2016; Edwards
etal., 2017; Homann et al., 2017; Alexander and Brown, 2018; Friston,
2018; Hogendoorn and Burkitt, 2018; Keller and Mrsic-Flogel, 2018;
Pereira et al., 2019). It is worth noting a recent review that found mixed
support for key tenets of predictive processing (Walsh et al., 2020). In
particular, the review found partial support that the process of
minimizing prediction error occurs via an inferential hierarchy (see
below), moderate support for the notion that expectations attenuate
sensory processing, and modest support for the notion that error
signals should be larger insofar as sensory data departs from
expectation. For what follows, it should thus be noted that predictive
processing still has several empirical hurdles to clear to be considered
a comprehensive approach to brain function, and future work remains
to test and refine key tenets of predictive processing. Acknowledging
these limitations, we nonetheless move forward with the assumption
that predictive processing at least offers a useful framework for
conceptualizing brain functioning and perception.
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Predictive processing departs from classical notions of the brain as
a passive perceiver of information, recasting perception as the brain’s
“best guess” of the hidden causes of data in the sensorium (see Friston,
2010). Predictive processing assumes that the trade-off between priors,
likelihood, and posteriors is all done in the service of minimizing
prediction error—the divergence between expected and sampled
sensory data. In this process, the brain generates a model of the world
in the service of prediction error minimization. The modeling of the
world is thus generative in the sense that it optimizes the inferred causes
of sensory signals based on experience and internally generates a set of
predictions (priors) about what kinds of sensory encounters it is likely
to sample thereafter. Hierarchical predictive processing (or coding) is
also known as active inference and is distinguished from predictive
coding accounts of perceptual synthesis by emphasizing the enactive and
situated aspect of sense-making (e.g., active vision or, more generally,
active inference that involves active sampling of the sensorium).

Predictive processing has been applied to understand a range of
cognitive processes, from psychiatric disorders (Corlett et al., 2019;
McGovern et al., 2022) to emotion perception (Ransom et al., 2020).
A growing body of research suggests that perceptions (even if
incorrect) depend upon prior learning (Gilbert et al., 2001; Knill,
2007; Powers et al., 2017) and local context (Palmer, 1975; Bar, 2004,
2007; Snyder et al., 2015 for an overview). For example, seeing lips
move a certain way makes people likely to hear a word even if there is
no actual audio input (Haarsma et al., 2020). Similarly, hearing a tone
alongside a visual stimulus makes people more likely to report hearing
the tone alongside the visual stimulus even if it no longer remained
(Powers et al., 2017). Samaha et al. (2018) found that verbal cues
increased recognition and discrimination of ambiguous sensory data.
Moreover, improved discrimination was predicted by increased power
of the posterior alpha band, suggesting that the previously learned
knowledge tuned the brain for future perception (via modulation of
alpha-band oscillations), which attenuated early visual attention and
thus perception (Samaha et al., 2018, pp. 1; see also Mayer et al., 2015;
Zhou et al., 2021). This rests upon electrophysiological evidence that
ascending prediction errors are conveyed by fast gamma activity while
descending predictions are mediated at slower frequencies (Bastos
etal., 2015; Michalareas et al., 2016; Pefkou et al., 2017). These spectral
asymmetries are just one facet of the empirical evidence for predictive
coding in the brain that complements other anatomical and
physiological studies (please see Shipp, 2016; Hohwy, 2020; Haarsma
et al., 2022; Hodson et al., 2024 for review).

This leaves us two important implications for what follows. First,
prior expectations can have a large effect on perceptual processing
(Knill and Pouget, 2004; Friston, 2010; Hohwy, 2013, 2017). Perhaps
most importantly, expectations (i.e., priors) can result in perceptions
not afforded by the actual sensory data, meaning people can see or
hear things that are not actually present.

Hierarchical predictive processing in
intergroup perception: review of
evidence

In what follows, we outline evidence of how priors can influence
social and intergroup perception. We assess three lines of evidence.
First, we assess the influence of group-based priors on face perception.
Second, we assess how group-based priors influence emotional
perception. Third, we assess how group-based priors may influence
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object perception. In synthesizing these complementary lines of
evidence, we aim to illustrate the tangible influences that group-based
priors can enact on the perpetual process. Note the intention at this
point is not to say that this evidence points only to hierarchical
predictive processing (this is discussed in the section following the
evidence review where we argue how predictive processing may offer
the most parsimonious explanations of these findings), before offering
predictions and questions for future work (see Table 1 for summary).

Social priors and face perception: early and
late processing

Social knowledge about others can modulate early visual
perception (Galli et al., 2006; Anderson et al., 2011; Otten et al., 2017
for review). Social knowledge can be based on explicit information
about other individuals, such as group membership (Anderson et al.,
2011). Stereotypes and prejudices held toward other groups can alter
even the earliest phases of intergroup perception (Golby et al., 2001;
Hugenberg and Bodenhausen, 2003; Freeman et al., 2011; Freeman
and Ambady, 2011; Van Bavel et al., 2011; Ratner and Amodio, 2013;
Xiao et al,, 2016; Villiger, 2023). In one example, Levin and Banaji
(2006) showed that when a face with Black features or White features
was shown with identical luminance, participants reported the face
with the Black features as darker than the White face. This suggests
that the features of the face activated priors about skin color, which,
in the absence of conclusive sensory data, influenced the posterior
percept representing skin color (see Firestone and Scholl, 2015).

Further evidence of the constraining effect of priors comes from
evidence assessing face perception (Trapp et al.,, 2018; Pereira et al,,
2019; Walsh et al., 2020 for an overview). Neural signals involved in
early processing relate to the visual processing of faces, such as the
N170. The N170 is a neuronal signal with a negative peak occurring
over the occipital lobe around 170ms following stimulus onset
(Rossion and Jacques, 2012; Hinojosa et al., 2015). This component is
increasingly thought to reflect prediction errors, such that an increased
amplitude corresponds to an unexpected stimulus in the visual field
(Johnston et al., 2016, 2017; Robinson et al., 2020; Baker et al., 2022).
Johnston et al. (2016) had participants belonging to a more frequently
presented identity, a less frequently presented identity, and a random
identity. Low frequency and randomly presented identities induced an
N170 response over the occipital lobe. Johnston et al. (2016) suggest
that the visual system detects mismatches (here between the expected
and actual identity of a face or prediction errors) between expected
and sampled visual data, in line with predictive processing.

The N170 component is implicated in social (Johnston et al., 2016;
Walla et al., 2020) and even intergroup perception (Ito et al., 2004;
Galli et al., 2006; Bentin et al., 2007; Ibafiez et al., 2010). If the N170
component indeed (at least partially) represents prediction error, then
stereotype-inconsistent face information should solicit an N170
response. An extensive literature lends support to this notion (Ito and
Urland, 2003; Herrmann et al., 2007; Stahl et al., 2008; Ibanez et al.,
2010; Ofan et al,, 2011). Ibanez et al. (2010), for example, found that
outgroup faces produced an increased N170 response when paired
with positive words but not negative words. The fact that the brain
detects a departure between expectations and sampled data in the
sensorium (a.k.a. prediction error) this early in the visual process
lends support to the idea that group-based priors can shape even the
earliest stages of visual perception.
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Group stereotypes and emotion perception

It is not only person-level knowledge that influences early
perception. Social knowledge about groups, such as stereotypes,
modulates how individuals from that stereotyped group are
subsequently perceived and acted toward (Payne, 2001; Correll et al,
2002; Eberhardt et al., 2004; Unkelbach et al., 2008; Villiger, 2023). The
effect of social knowledge on intergroup perception occurs across
multiple processes, including quicker detection of anger in ambiguous
facial expressions for Black compared to White faces (Hugenberg and
Bodenhausen, 2003; Hutchings and Haddock, 2008), and differential
mental representations of emotions displayed by Black and White
faces (Otten and Banaji, 2012). This is in line with the stereotype-
based association between Black men and aggression (Hugenberg,
2005; Ackerman et al., 2006; Hutchings and Haddock, 2008; Kang and
Chasteen, 2009; Shapiro et al., 2009; Zebrowitz et al., 2010; Neuberg
and Schaller, 2016; Kleider-Offutt et al., 2018; Thiem et al., 2019; Raissi
and Steele, 2021). Stolier and Freeman (2016a) found that brain areas
involved in social category representations, the right fusiform gyrus,
and the occipital frontal lobe were activated most when viewing Black
and Male faces, both of which are linked to the “dangerous” stereotype
(also see Stolier and Freeman, 2016b). The authors suggested this was
due to the fact these groups share similar stereotypes, impacting early
perceptual processes and neural activation.

Related literature shows an increased probability of misperceiving
anger in Black compared to White faces (Hugenberg, 2005; Ackerman
etal., 2006; Hutchings and Haddock, 2008; Kang and Chasteen, 2009;
Shapiro et al., 2009; Zebrowitz et al., 2010; Kleider-Offutt et al., 2018;
Thiem et al., 2019; Raissi and Steele, 2021) particularly for those
higher in safety concern (Cook et al., 2018) and implicit prejudice
(Hutchings and Haddock, 2008). Those with higher safety concerns
and self-protection motivation are also more likely to perceive anger
in Arabian versus White faces (Becker et al., 2011).

The link between stereotypes and emotion perception is not
limited to racial or ethnic stereotypes. Perceived gender also impacts
emotion perception (Craig and Lee, 2020, for review). Female faces
are faster to be perceived as happy (Becker et al., 2007; Aguado et al.,
2009; Tipples, 2019), whereas male faces are faster to be perceived as
angry (Le Gal and Bruce, 2002; Smith et al., 2017; Taylor, 2017; Primbs
et al,, 2022). Craig and Lee (2020) suggest that the tendency to see
happiness in female faces is linked to the (implicit) association
between female and positive words (Bijlstra et al., 2010; Craig and
Lipp, 2018). Similarly, the effects of stereotypes on emotion perception
are not limited to facial expressions; the perception of posture is also
influenced. Faces are not the only source of social information.
Karmali and Kawakami (2023) found that Black targets with an
expansive body posture were perceived as more aggressive than White
targets with the same expansive body posture. Taken together, these
findings suggest that (higher-order) group-level knowledge, such as
racial or sex bears influence on

stereotypes, subsequent

emotion perception.

Group stereotypes influence the
perception of objects and bodies

Group-based social priors do not just alter the perception of faces
or the perception of emotion in those faces; there is also evidence that
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object perception is altered. For example, when shown images of a
Black or White face, followed by an image of a weapon or a tool,
people are quicker to and more often correctly identify targets as
weapons after Black faces are presented compared to when White
faces are presented, and even misperceive tools as weapons (Eberhardt
etal,, 2004; Payne et al., 2005; Payne, 2006; Kidder et al., 2018). These
effects of race primes on object perception extend beyond the
categorization of the object itself (gun vs. not a gun); they are also
visible in decisions to shoot or not shoot in a first-person shooter
game based on the presumed presence of a gun (Correll et al., 2002,
2007; Plant and Peruche, 2005; Sadler et al., 2012; Mange et al., 2015).
In these experiments, participants should only shoot when the person
on the screen carries a gun and not shoot when the person is carrying
a different object, such as a phone. These decisions to shoot differ
depending on the race of the person that is on screen: participants are
faster to shoot a Black gun-carrying target (compared to a White
gun-carrying target) while they are slower to not shoot a Black
unarmed target compared to White unarmed target (see Mekawi and
Bresin, 2015 for a meta-analysis), particularly in participants who are
led to associate Black faces with danger (Correll et al., 2002).

Together with the studies on race-priming on gun identification,
these studies show that group-based priors can shape how people
perceive and respond to objects and that this can confer detrimental
real-world consequences. Of course, this work is not as conclusive on
whether top-down knowledge would exert its effects in the absence of
sensory cues. Future work should continue to disambiguate whether
top-down knowledge exerts effects on weapon awareness (i.e., whether
we are faster to be aware of weapons when primed with a Black but
not White face; see Stein et al., 2023) or whether the effect of race only
matters after initial perceptual processing (Freeman and Ambady,
2011; Firestone and Scholl, 2015).

Advantages of predictive processing

Having discussed evidence of the effect of top-down knowledge
on intergroup perception, we now turn to the discussion of the
advantages of conceptualizing such findings through a predictive
processing lens. We start by comparing predictive processing to
alternative theories of social perception, including grounded cognition
(Barsalou, 2008) and the dynamic interactive theory of person
construal (DIPT) (Freeman and Ambady, 2011). We then outline the
theoretical advantages conferred by predictive processing before
outlining hypotheses and directions for future work.

Hierarchical predictive processing
compared to other models of social
perception

Work dating back to the 1980s (McCauley et al., 1980) has
utilized the Bayesian approach to understanding intergroup
perception (Hinton, 2017; Otten et al.,, 2017; Villiger, 2023), social
cognition (Freeman and Ambady, 2011; Shafto et al., 2012; Gershman
and Cikara, 2020; Vélez and Gweon, 2021), and impression formation
(Kunda and Thagard, 1996; Van Rooy et al., 2003; Willis and Todorov,
2006). The challenge remaining here, then, is to explain why
predictive processing, as a particular implementation of the Bayesian
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Brain Hypothesis, offers explanatory and hypotheses-
generating advantages.

Predictive processing departs from alternate frameworks in
several ways. Alternate frameworks often assume that social
knowledge comes online only after the percept reaches awareness
(Barsalou, 2008). Grounded cognition, for example, posits that social
cognition is an internal simulation of re-enactment and implements
shared knowledge from various modalities during the perceptual
process (Barsalou, 2008). Contrary to predictive processing, grounded
cognition posits that these internal simulations are only influential
following the initial processing of sensory input of some target
stimulus (Barsalou, 2003, 2008; Decety and Grezes, 2006; Goldman,
2006; Meyer and Damasio, 2009). A shortcoming of this framework
becomes apparent when considering binocular rivalry findings. These
experiments show effects of motivation (Balcetis and Dunning, 2006;
Balcetis et al., 2012; Radel and Clément-Guillotin, 2012), affective
state (Jolij and Meurs, 2011), and expectation (Lupyan and Ward,
2013; Pinto et al,, 2015; Seth, 2015) on the eventual percept. These
internally generated priors not only influenced what participants were
likely to report but also whether the stimulus reached consciousness
at all. If it were the case that internal models are important only
following perception, as suggested by grounded cognition, it remains
unclear how internal expectations can influence what is perceived
before the perceiver is even conscious of the percept. Predictive
processing, on the other hand, posits that percepts arise from
internally generated predictions rather than a faithful read out of sense
data (Seth, 2013; Barrett and Simmons, 2015). Resultingly,
expectations based on experience play a crucial role in what
information is searched for and is preferred in visual search space. In
turn, predictive processing suggests that no initial stimulus needs to
be there to generate a percept in line with these expectations. This
would explain why predictions can be generated in the absence of
conscious awareness and do not require sensory stimuli. Indeed, the
phenomena of dreaming—during rapid eye movement sleep—speaks
of the fact that the brain can generate percepts while sequestered from
the sensorium [please see (Hobson, 2009) for treatment of this under
predictive processing].

Another influential theory that has arisen in recent years is
Dynamic Interactive Theory of Personal Construal (from here on
DIPT). DIPT builds on ideas from connectionism (Read and Miller,
1993; Kunda and Thagard, 1996; Read et al, 1997; Smith and
DeCoster, 1998, 1999; Zebrowitz et al., 2003; Van Overwalle, 2007;
Van Overwalle and Labiouse, 2013) and dynamical systems theory
(Rumelhart et al., 1986; Smolensky, 1990; Van Gelder and Port, 1995;
Rogers and McClelland, 2004). In essence, DIPT assumes that
perception of others is gradually built up via cyclical interactions
between “categories, high-level cognitive states, and the low-level
processing of facial, vocal, and bodily cues” (Freeman and Ambady,
2011, pp. 250). Once a perceptual cue is presented, it begins a cascade
of interaction between neural nodes of mutual inhibition and
excitation that encode social categories (i.e., if there is a male visual
cue, then this might excite the angry category and inhibit the happy
category), the net process of which is a percept that integrates
bottom-up social input and top-down social knowledge (Freeman and
Ambady, 2011). However, this is also difficult to reconcile with
research that purposely exposes participants to ambiguous stimuli. In
such cases, participants frequently rely on existing priors and can
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arrive at a percept without clear sensory evidence belonging to a clear
category (Tversky and Kahneman, 1974; Correll et al., 2002, 2014;
Eberhardt et al., 2004; Neth and Gigerenzer, 2015). The fact that
perceptual inferences and judgments can be determined without
categorical cues offers support to a predictive processing framework,
given the fact that the cognitive system (in this circumstance) can
generate a percept without a clear stimulus to kickstart the bottom-up/
top-down integration proposed by DIPT. Predictive processing
suggests that when there is ambiguous sensory data at hand, the brain
reverts to priors in attempting to generate predictions about what is
causing the sensory data. We would thus expect that when there are
unclear perceptual cues (i.e., sensory data that does not clearly belong
to any particular category), resulting percepts would be most likely to
be consistent with the social agents prior (i.e., existing expectations
based on past experience). More precisely, if (under DIPT) there is
highly ambiguous data at hand, it does not offer an explanation of how
the brain then makes inference on what category the sensory data
belongs to (e.g., whether a conspecific whom we cannot see well
belongs to one race over another). In this situation, predictive
processing suggests that the category (e.g., what racial category does
this person belong to) under ambiguous circumstances can be arrived
at purely based on prior experience. As such, prior experience tilts the
perceptual judgement arrived at toward that consistent with
prior experience.

Perhaps a key departure of predictive processing (and why it
carries explanatory advantage) is the emphasis placed on attention
(Friston, 2010). DIPT outlines that once a percept reaches awareness,
it begins a cascading sequence of interactions between excitatory/
inhibitory nodes (Freeman and Ambady, 2011), which enables a
convergence toward an eventual social percept. However, predictive
processing suggests that agentic motives, the social environment, and
social knowledge tune the types of information being attended to or
sought out in the first instance (Hung, 2023). This is particularly
important in explaining how ambiguous stimuli are more likely to
be perceived in line with preexisting stereotypes (Hugenberg and
Bodenhausen, 2003; Rahman and Sommer, 2012).

Why is prejudice hard to undo? Attention,
precision, and prediction errors

As discussed above, environmental cues can influence what
percepts form during social perception, and agents’ stronger priors
can be uniquely difficult to undo. This is a particular problem for
prejudice, as the most strongly prejudiced beliefs could be the most
difficult to undo (Hung, 2023). Indeed, more strongly held beliefs are
less amendable to update than those less strongly held (Kunda and
Sinclair, 1999; Sinclair and Kunda, 1999; Jost et al., 2017), decreasing
the probability of belief update, independent of their accuracy (Kunda
and Sinclair, 1999; Sinclair and Kunda, 1999). Recent research
underscores how motivation can influence early perceptual and
subsequent categorization processes—deemed motivated perception
(Leong et al,, 2019). Participants were instructed to complete a task of
visual categorization. Each participant was presented with a composite
image of a face within a visual scene, and participants were instructed
to say whether the scene consisted of more face, or more background
scene. Subsequently, participants were told that they could win money
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if the next image was of a particular category (i.e., face or scene), to
shift participant motivation to observe a scene or a face. After this,
participants were more likely to label ambiguous images as those with
the reward, and this was the case regardless of whether their
perceptions were incorrect. These results suggest that agentic
motivations heavily influence what visual information is attended to,
but that agentic beliefs can remain rigid even when contradictory
evidence is shown.

What accounts for this inability to update priors even when clear
contradictory information is available? Active inference presumes that
social agents do not come into any social perceptual process as passive
perceivers of information. Motivations, context, and intentions can
bias which priors are being acted upon and tested during the
perceptual process (i.e., what information is sought out and thus
attended to (Otten et al., 2017)). Put simply, prior precision influences
what is being attended to. Moreover, what is being attended to is more
likely to solicit a stronger prediction error signal when there is a
mismatch between prediction and sense data (Friston, 2010).
However, when attention toward a stimulus increases, error signals
will be given more weight, and when attention is decreased, error
signals are given less weight (Friston, 2010; Hung, 2023). This means
that prediction errors not being attended to during perception will
be ascribed less precision and thus be less likely to influence the
posterior belief. In terms of group-based priors, this means that
counter-stereotypical information is down-weighted during the
perceptual process due to the increased attention on stereotype-
consistent information—particularly for stronger (i.e., more precise)
prejudicial priors (Hung, 2023). In a complementary fashion, the
relative imprecision of sensory evidence (e.g., ambiguous stimuli) also
allows priors to dominate. This follows because the relative
contribution of the prior and (likelihood) of sensory evidence rests
upon their relative precision. In the predictive processing literature,
Bayesian belief updating is often described as minimizing precision-
weighted prediction error (Hohwy, 2012). This is important because
the precision per se has to be predicted, leading to a formal notion of
attention as affording a high degree of confidence or precision to
various sources of evidence (i.e., prediction errors). The posterior
belief is therefore more likely to fall in line with the initial group-based
prior (i.e., stereotype-consistent information). Over time, this may
be what renders group-based priors and stereotypes difficult to undo.

In summary, we suggest some strengths of predictive processing,
which are as follows: (1) its ability to explain biased perceptions in
conditions of uncertainty, (2) it can explain how people arrive at
biased perceptions of ambiguous stimuli, (3) it explains well how
contextual conditions push perception towards biased perceptions,
and (4) it provides a comprehensive account of why the most
prejudiced people would be the least likely to revise biased beliefs.
Below, we outline future directions and predictions that could test the
predictive processing account of prejudice.

Future directions

We have thus far outlined evidence for top-down effects of
motivation, environment, and strength of priors for biased social
processing and outlined why predictive processing may be a robust
framework for explaining such findings. Below, we discuss future
research avenues that could test tenets of predictive processing in
intergroup perception.
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Perceptual versus post-perceptual effects

The studies reviewed here show that people report seeing different
emotions or objects or respond differently to different faces or objects,
depending on their existing knowledge about social groups and
individuals. This suggests that stereotypes and prejudice that priors
shape initial precepts in the earliest stages of intergroup perception,
and more so when sense data is ambiguous (see above). Nonetheless,
the observed effects of stereotypes could rely on changes in how the
participants respond to these precepts.

To establish whether behavioral response patterns indicating the
influence of group-based priors are the result of perceptual or
response-related effects, reaction time and accuracy data could
be analyzed using methods that can distinguish between response
biases and perceptual effects. Signal detection theory (Stanislaw and
Todorov, 1999) analyses the patterns of responding (hits, misses,
correct rejections, and false alarms) to determine how easily two
categories of stimuli can be perceptually distinguished from each
other (d’) and how far the responders are biased to respond with one
of the two response options (the criterion). For example, if the
presence of a Black face prime makes it easier to perceptually
distinguish guns from tools, then this should be reflected in a shift in
d’ compared to white face primes (see, for example, Greenwald et al.,
2003). However, if participants are more likely to respond “gun” after
seeing a Black face compared to a white face, this will only shift the
criterion (Payne et al., 2005; Klauer and Voss, 2008). Some research
suggests that, at least with respect to the gun/tool task, there are no
perceptual effects (Klauer and Voss, 2008; Burke, 2015; Payne and
Correll, 2020). Future research, however, could apply this paradigm to
face and emotion perception. For example, to see whether the presence
of a black face makes one more likely to perceive anger, and vice versa.

Drift diffusion modeling (Ratcliff and McKoon, 2008) considers
patterns of responding related to reaction times to estimate perceptual
processing and response biases. From the resulting parameters, the drift
rates and the starting point are particularly relevant to distinguish
perceptual effects from response bias. On the one hand, the drift rate
indicates how quickly sensory evidence is collected toward a specific
response (say, identifying a face as angry). On the other hand, the
starting point shows whether the system is already biased toward one
response option (angry) over the other (happy) before any sensory
information is processed. Again, this could be employed to see whether
a prejudicial starting point pushes people to learn an association more
quickly between some negative feature or emotion for outgroup
members. Because active inference provides a formal (mathematical)
account of sentient responses, it is possible to model empirical choice
behavior or responses under a suitable generative model. By adjusting
the priors of this model, one can estimate the prior beliefs held by a
subject by optimizing the priors in the generative model to maximize
the likelihood of a subject’s responses. This is known as computational
phenotyping (Schwartenbeck and Friston, 2016) and has been used to
phenotype psychiatric cohorts and neurotypical subjects in a variety of
paradigms (Smith et al., 2019, 2020).

Future neuroscientific could also provide insights into the
perceptual effects of group-based priors. Electrophysiology, with its
high temporal resolution, can illuminate whether group-based priors
alter early perceptual or later evaluation and response-related
processing. An example of this approach could be seen whether
people are more likely and quicker to collect evidence for anger in a
Black face than in a White face. If people are put into a fearful or
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anger-inducing context, it could be that a Black face could be more
likely to be inferred from an ambiguous face, an effect which may
be modulated by an enhanced alpha response (Mayer et al., 2015).

Another way to employ neuroscience to pinpoint perceptual effects
is through decoding the representations of sensory stimuli in the brain.
Multivoxel pattern analysis (MVPA; Haxby et al., 2014) identifies
patterns of activation related to specific categories of stimuli, for
example, distinguishing between the patterns of brain activity related to
angry and happy faces. With regard to the effects of group-based priors
on social perception, classifiers could be employed to test whether the
sensory representation of prior-consistent sensory input is sharpened
(Kok et al., 2014) or whether established categories (for example, the
neural patterns associated with angry or happy facial expressions)
generalize to stereotype-induced perceptual categories [for example,
ambiguous white and Black faces that appear more or less angry based
on the race of the face (Hugenberg and Bodenhausen, 2003)].

Testing prior probabilities

In predictive processing, if the top-down signal can account for
the bottom-up prediction error, the prediction error is resolved or
‘explained away’ by inhibitory synaptic mechanisms (Bastos et al.,
2012). If the prediction error cannot be explained away, it propagates
the hierarchy to update posterior beliefs. These updates then furnish
descending predictions that resolve prediction errors until they are
explained away—and there is no further drive for updating.
Alternatively, if the error signal cannot be explained, it propagates all
the way up the perceptual hierarchy, and the internal generative model
is updated to account for this error. This error can also be resolved by
active inference (see above). In more formal terms, this process is
described as Bayesian belief updating, where message passing between
neurons consists of an ongoing reciprocity of matching top-down
predictions with bottom-up prediction errors (Friston et al., 2017).
This ongoing exchange of cascading neural signaling throughout the
cortex is therefore the process of building—i.e., inverting and
learning—a hierarchically generative model of the world. This process
allows the cognitive system to update what it ‘expects’ to sample
during perception and to update its model so that it can minimize
prediction errors in the future (Friston, 2010).

This tenant of hierarchical predictive processing also makes it easy
to see how stereotypes can be used as explanations for otherwise
ambiguous sensory data in intergroup perception. As such, what
follows from this framework is that only when encountering
information highly contradictory to group-based priors do
perceptually implemented stereotypes/prejudices become amendable
to update. Higher-order beliefs drive the process of perception and
belief generation. As such, it is not surprising that (depending on an
agent’s motivations and attentional preferences discussed above)
higher-order priors may not shift and change as rapidly as those lower
on the hierarchy (Iebel et al., 2008; Eil and Rao, 2011; Huntenburg
et al., 2018). For example, when people are asked to guess the
probability they will get cancer, they tend to ignore information that
goes against their existing belief structures (Sharot et al., 2011). This
shows that if information goes against higher order beliefs, and run
contrary to an agent’s motivations or desires, they are less likely to
be updated. The crucial point, then, is that not only does this predictive
process occur in a hierarchical manner, but that higher order priors
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can be less amendable to update if the existing higher order predictions
are positive for the agent and the incoming evidence is negative for the
agent. This could be tested further in experimental settings.
Researchers could alter prior probabilities of stereotypes to groups and
then implement reversal learning paradigms to see how the brain
updates the stereotype-group link under varying degrees of prior
invariance (see Table 1 for more suggestions). This would allow
researchers to assess the degree to which the brain updates the
stereotype-group link and why it may or may not do Bayes optimally.

Summary and conclusion

Here, we proposed that predictive processing can offer a
framework to explain how prejudiced perception unfolds, develops,
and maintains itself over time and why prejudiced priors are difficult
to undo. Here, we outlined how biased priors can prejudice early
intergroup perceptual processes. We then outlined how these findings
fit within a predictive processing framework, applying this framework
to understanding intergroup perception and cognition, and
highlighted its explanatory power when compared with other
prominent theories. We then outlined how future work could test the
predictive processing hypothesis in the context of intergroup
perception, While
neuroscience is still somewhat new (Amodio, 2014; Amodio and

offering specific hypotheses. intergroup
Cikara, 2021), we contend that the adoption of novel frameworks such
as predictive processing will offer substantive contributions to the area
of intergroup perception, providing novel avenues forward for

continued theoretical and empirical advancement.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

HM: Conceptualization, Writing - original draft, Writing - review
& editing. MO: Conceptualization, Supervision, Writing - original
draft, Writing - review & editing.

Funding
The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The first author

was supported by an Australian Government Research Training
Program (RTP) Scholarship.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1386370
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

McGovern and Otten

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Ackerman, J. M., Shapiro, J. R., Neuberg, S. L., Kenrick, D. T., Becker, D. V,
Griskevicius, V., et al. (2006). They all look the same to me (unless they’re angry) from
out-group homogeneity to out-group heterogeneity. Psychol. Sci. 17, 836-840. doi:
10.1111/j.1467-9280.2006.01790.x

Aguado, L., Garcia-Gutierrez, A., and Serrano-Pedraza, I. (2009). Symmetrical
interaction of sex and expression in face classification tasks. Percept. Psychophys. 71,
9-25. doi: 10.3758/APP.71.1.9

Alexander, W. H., and Brown, J. W. (2018). Frontal cortex function as derived from
hierarchical predictive coding. Sci. Rep. 8:3843. doi: 10.1038/541598-018-21407-9

Amodio, D. M. (2014). The neuroscience of prejudice and stereotyping. Nat. Rev.
Neurosci. 15, 670-682. doi: 10.1038/nrn3800

Amodio, D. M. (2019). Social cognition 2.0: an interactive memory systems account.
Trends Cogn. Sci. 23, 21-33. doi: 10.1016/j.tics.2018.10.002

Amodio, D. M., and Cikara, M. (2021). The social neuroscience of prejudice. Annu.
Rev. Psychol. 72, 439-469. doi: 10.1146/annurev-psych-010419-050928

Anderson, E., Siegel, E. H., Bliss-Moreau, E., and Barrett, L. E (2011). The visual
impact of gossip. Science 332, 1446-1448. doi: 10.1126/science.1201574

Bagnis, A., Celeghin, A., Mosso, C. O., and Tamietto, M. (2019). Toward an integrative
science of social vision in intergroup bias. Neurosci. Biobehav. Rev. 102, 318-326. doi:
10.1016/j.neubiorev.2019.04.020

Baker, K. S., Yamamoto, N., Pegna, A. J., and Johnston, P. (2022). Violated expectations
for spatial and feature attributes of visual trajectories modulate event-related potential
amplitudes across the visual processing hierarchy. Biol. Psychol. 174:108422. doi:
10.1016/j.biopsycho.2022.108422

Balcetis, E., and Dunning, D. (2006). See what you want to see: motivational
influences on visual perception. J. Pers. Soc. Psychol. 91, 612-625. doi:
10.1037/0022-3514.91.4.612

Balcetis, E., Dunning, D., and Granot, Y. (2012). Subjective value determines initial
dominance in binocular rivalry. J. Exp. Soc. Psychol. 48, 122-129. doi: 10.1016/j.
jesp.2011.08.009

Bar, M. (2004). Visual objects in context. Nat. Rev. Neurosci. 5, 617-629. doi: 10.1038/
nrnl476

Bar, M. (2007). The proactive brain: using analogies and associations to generate
predictions. Trends Cogn. Sci. 11, 280-289. doi: 10.1016/j.tics.2007.05.005

Barrett, L. E, and Simmons, W. K. (2015). Interoceptive predictions in the brain. Nat.
Rev. Neurosci. 16, 419-429. doi: 10.1038/nrn3950

Barsalou, L. (2003). Situated simulation in the human conceptual system. Lang. Cogn.
Proc. 18, 513-562. doi: 10.1080/01690960344000026

Barsalou, L. W. (2008). Grounded cognition. Ann. Rev. Psychol. 59, 617-645. doi:
10.1146/annurev.psych.59.103006.093639

Bastos, A. M., Usrey, W. M., Adams, R. A., Mangun, G. R,, Fries, P, and Friston, K. J.
(2012). Canonical microcircuits for predictive coding. Neuron 76, 695-711. doi:
10.1016/j.neuron.2012.10.038

Bastos, A. M., Vezoli, ]., Bosman, C. A., Schoffelen, J. M., Oostenveld, R., Dowdall, . R.,
etal. (2015). Visual areas exert feedforward and feedback influences through distinct
frequency channels. Neuron 85, 390-401. doi: 10.1016/j.neuron.2014.12.018

Becker, D. V., Kenrick, D. T., Neuberg, S. L., Blackwell, K. C., and Smith, D. M. (2007).
The confounded nature of angry men and happy women. J. Pers. Soc. Psychol. 92,
179-190. doi: 10.1037/0022-3514.92.2.179

Becker, D. V., Mortensen, C. R., Ackerman, J. M., Shapiro, J. R., Anderson, U. S.,
Sasaki, T., et al. (2011). Signal detection on the battlefield: priming self-protection vs.
revenge-mindedness differentially modulates the detection of enemies and allies. PLoS
One 6:€23929. doi: 10.1371/journal.pone.0023929

Bentin, S., Taylor, M. ], Rousselet, G. A,, Itier, R. ], Caldara, R., Schyns, P. G., et al.
(2007). Controlling interstimulus perceptual variance does not abolish N170 face
sensitivity. Nat. Neurosci. 10, 801-802. doi: 10.1038/nn0707-801

Bijlstra, G., Holland, R. W,, and Wigboldus, D. H. (2010). The social face of emotion
recognition: evaluations versus stereotypes. J. Exp. Soc. Psychol. 46, 657-663. doi:
10.1016/j.jesp.2010.03.006

Burke, C. T. (2015). Process dissociation models in racial bias research: Updating the
analytic method and integrating with signal detection approaches. Group Proc.
Intergroup Relat. 18, 402-434. doi: 10.1177/1368430214567763

Cikara, M., and Van Bavel, J. J. (2014). The neuroscience of intergroup relations: an
integrative review. Perspect. Psychol. Sci. 9, 245-274. doi: 10.1177/1745691614527464

Frontiers in Psychology

10.3389/fpsyg.2024.1386370

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Clark, A. (2013). Whatever next? Predictive brains, situated agents, and the future of
cognitive science. Behav. Brain Sci. 36, 181-204. doi: 10.1017/S0140525X12000477

Cook, C. L., Li, Y. J., Newell, S. M., Cottrell, C. A., and Neel, R. (2018). The world is a
scary place: individual differences in belief in a dangerous world predict specific
intergroup prejudices. Group Process. Intergroup Relat. 21, 584-596. doi:
10.1177/1368430216670024

Corlett, P. R,, Horga, G., Fletcher, P. C., Alderson-Day, B., Schmack, K., and
Powers, A. R. (2019). Hallucinations and strong priors. Trends Cogn. Sci. 23, 114-127.
doi: 10.1016/j.tics.2018.12.001

Correll, J., Hudson, S. M., Guillermo, S., and Ma, D. S. (2014). The police officer's
dilemma: a decade of research on racial bias in the decision to shoot. Soc. Personal.
Psychol. Compass 8, 201-213. doi: 10.1111/spc3.12099

Correll, J., Park, B., Judd, C. M., and Wittenbrink, B. (2002). The police officer's
dilemma: using ethnicity to disambiguate potentially threatening individuals. J. Pers.
Soc. Psychol. 83, 1314-1329. doi: 10.1037/0022-3514.83.6.1314

Correll, J., Park, B., Judd, C. M., and Wittenbrink, B. (2007). The influence of
stereotypes on decisions to shoot. Eur. J. Soc. Psychol. 37, 1102-1117. doi: 10.1002/
€jsp.450

Craig, B. M., and Lee, A. J. (2020). Stereotypes and structure in the interaction
between facial emotional expression and sex characteristics. Adapt. Hum. Behav. Physiol.
6, 212-235. doi: 10.1007/s40750-020-00141-5

Craig, B. M., and Lipp, O. V. (2018). The influence of multiple social categories on
emotion perception. J. Exp. Soc. Psychol. 75, 27-35. doi: 10.1016/j.jesp.2017.11.002

Decety, J., and Grezes, J. (2006). The power of simulation: imagining one's own and
other's behavior. Brain Res. 1079, 4-14. doi: 10.1016/j.brainres.2005.12.115

Eberhardt, J. L., Goff, P. A, Purdie, V. J., and Davies, P. G. (2004). Seeing black: race,
crime, and visual processing. J. Pers. Soc. Psychol. 87, 876-893. doi:
10.1037/0022-3514.87.6.876

Edwards, G., Vetter, P., McGruer, E, Petro, L. S., and Muckli, L. (2017). Predictive
feedback to V1 dynamically updates with sensory input. Sci. Rep. 7:16538. doi: 10.1038/
541598-017-16093-y

Eil, D., and Rao, J. M. (2011). The good news-bad news effect: asymmetric processing
of objective information about yourself. Am. Econ. J. 3, 114-138. doi: 10.1257/
mic.3.2.114

Firestone, C., and Scholl, B. J. (2015). Can you experience ‘top-down’ effects on
perception?: The case of race categories and perceived lightness. Psychon. Bull. Rev. 22,
694-700. doi: 10.3758/s13423-014-0711-5

Freeman, J. B., and Ambady, N. (2011). A dynamic interactive theory of person
construal. Psychol. Rev. 118, 247-279. doi: 10.1037/a0022327

Freeman, J. B., Penner, A. M., Saperstein, A., Scheutz, M., and Ambady, N. (2011).
Looking the part: social status cues shape race perception. PLoS One 6:€25107. doi:
10.1371/journal.pone.0025107

Friston, K. (2010). The free-energy principle: a unified brain theory? Nat. Rev.
Neurosci. 11, 127-138. doi: 10.1038/nrn2787

Friston, K. (2018). Does predictive coding have a future? Nat. Neurosci. 21,1019-1021.
doi: 10.1038/s41593-018-0200-7

Friston, K., and Kiebel, S. (2009). Predictive coding under the free-energy
principle. Philos. Trans. R. Soc. Lond B Biol. Sci. 364, 1211-1221. doi: 10.1098/
rstb.2008.0300

Friston, K. J., Parr, T, and de Vries, B. (2017). The graphical brain: belief
propagation and active inference. Network Neurosci. 1, 381-414. doi: 10.1162/
NETN_a_00018

Galli, G., Feurra, M., and Viggiano, M. P. (2006). “Did you see him in the newspaper?”
electrophysiological correlates of context and valence in face processing. Brain Res. 1119,
190-202. doi: 10.1016/j.brainres.2006.08.076

Gershman, S. J., and Cikara, M. (2020). Social-structure learning. Curr. Direct. Psychol.
Sci. 29, 460-466. doi: 10.1177/0963721420924481

Gilbert, C. D., Sigman, M., and Crist, R. E. (2001). The neural basis of perceptual
learning. Neuron 31, 681-697. doi: 10.1016/S0896-6273(01)00424-X

Golby, A. J., Gabrieli, J. D., Chiao, J. Y., and Eberhardt, J. L. (2001). Differential
responses in the fusiform region to same-race and other-race faces. Nat. Neurosci. 4,
845-850. doi: 10.1038/90565

Goldman, A. I. (2006). Simulating Minds: The Philosophy, Psychology, and Neuroscience
of Mindreading. Oxford: Oxford University Press.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1386370
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1111/j.1467-9280.2006.01790.x
https://doi.org/10.3758/APP.71.1.9
https://doi.org/10.1038/s41598-018-21407-9
https://doi.org/10.1038/nrn3800
https://doi.org/10.1016/j.tics.2018.10.002
https://doi.org/10.1146/annurev-psych-010419-050928
https://doi.org/10.1126/science.1201574
https://doi.org/10.1016/j.neubiorev.2019.04.020
https://doi.org/10.1016/j.biopsycho.2022.108422
https://doi.org/10.1037/0022-3514.91.4.612
https://doi.org/10.1016/j.jesp.2011.08.009
https://doi.org/10.1016/j.jesp.2011.08.009
https://doi.org/10.1038/nrn1476
https://doi.org/10.1038/nrn1476
https://doi.org/10.1016/j.tics.2007.05.005
https://doi.org/10.1038/nrn3950
https://doi.org/10.1080/01690960344000026
https://doi.org/10.1146/annurev.psych.59.103006.093639
https://doi.org/10.1016/j.neuron.2012.10.038
https://doi.org/10.1016/j.neuron.2014.12.018
https://doi.org/10.1037/0022-3514.92.2.179
https://doi.org/10.1371/journal.pone.0023929
https://doi.org/10.1038/nn0707-801
https://doi.org/10.1016/j.jesp.2010.03.006
https://doi.org/10.1177/1368430214567763
https://doi.org/10.1177/1745691614527464
https://doi.org/10.1017/S0140525X12000477
https://doi.org/10.1177/1368430216670024
https://doi.org/10.1016/j.tics.2018.12.001
https://doi.org/10.1111/spc3.12099
https://doi.org/10.1037/0022-3514.83.6.1314
https://doi.org/10.1002/ejsp.450
https://doi.org/10.1002/ejsp.450
https://doi.org/10.1007/s40750-020-00141-5
https://doi.org/10.1016/j.jesp.2017.11.002
https://doi.org/10.1016/j.brainres.2005.12.115
https://doi.org/10.1037/0022-3514.87.6.876
https://doi.org/10.1038/s41598-017-16093-y
https://doi.org/10.1038/s41598-017-16093-y
https://doi.org/10.1257/mic.3.2.114
https://doi.org/10.1257/mic.3.2.114
https://doi.org/10.3758/s13423-014-0711-5
https://doi.org/10.1037/a0022327
https://doi.org/10.1371/journal.pone.0025107
https://doi.org/10.1038/nrn2787
https://doi.org/10.1038/s41593-018-0200-7
https://doi.org/10.1098/rstb.2008.0300
https://doi.org/10.1098/rstb.2008.0300
https://doi.org/10.1162/NETN_a_00018
https://doi.org/10.1162/NETN_a_00018
https://doi.org/10.1016/j.brainres.2006.08.076
https://doi.org/10.1177/0963721420924481
https://doi.org/10.1016/S0896-6273(01)00424-X
https://doi.org/10.1038/90565

McGovern and Otten

Greenwald, A. G., Oakes, M. A., and Hoffman, H. G. (2003). Targets of discrimination:
effects of race on responses to weapons holders. J. Exp. Soc. Psychol. 39, 399-405. doi:
10.1016/S0022-1031(03)00020-9

Haarsma, J., Knolle, E, Griffin, J. D., Taverne, H., Mada, M., Goodyer, I. M., et al.
(2020). Influence of prior beliefs on perception in early psychosis: effects of illness stage
and hierarchical level of belief. J. Abnorm. Psychol. 129, 581-598. doi: 10.1037/
abn0000494

Haarsma, J., Kok, P, and Browning, M. (2022). The promise of layer-specific
neuroimaging for testing predictive coding theories of psychosis. Schizophr. Res. 245,
68-76. doi: 10.1016/j.schres.2020.10.009

Hackel, L. M., and Amodio, D. M. (2018). Computational neuroscience approaches
to social cognition. Curr. Opin. Psychol. 24, 92-97. doi: 10.1016/j.copsyc.2018.09.001

Haxby, J. V., Connolly, A. C.,, and Guntupalli, J. S. (2014). Decoding neural
representational spaces using multivariate pattern analysis. Ann. Rev. Neurosci. 37,
435-456. doi: 10.1146/annurev-neuro-062012-170325

Herrmann, M. J., Schreppel, T., Jager, D., Koehler, S., Ehlis, A. C., and Fallgatter, A. J.
(2007). The other-race effect for face perception: an event-related potential study. J.
Neural Transm. 114, 951-957. doi: 10.1007/s00702-007-0624-9

Hindy, N. C,, Ng, E Y., and Turk-Browne, N. B. (2016). Linking pattern completion in
the hippocampus to predictive coding in visual cortex. Nat. Neurosci. 19, 665-667. doi:
10.1038/nn.4284

Hinojosa, J. A., Mercado, E, and Carretié¢, L. (2015). N170 sensitivity to facial
expression: a meta-analysis. Neurosci. Biobehav. Rev. 55, 498-509. doi: 10.1016/j.
neubiorev.2015.06.002

Hinton, P. (2017). Implicit stereotypes and the predictive brain: cognition and culture
in “biased” person perception. Palgrave Commun. 3, 1-9. doi: 10.1057/palcomms.2017.86

Hobson, J. A. (2009). REM sleep and dreaming: towards a theory of
protoconsciousness. Nat. Rev. Neurosci. 10, 803-813. doi: 10.1038/nrn2716

Hodson, R., Mehta, M., and Smith, R. (2024). The empirical status of predictive coding
and active inference. Neurosci. Biobehav. Rev. 157:105473. doi: 10.1016/j.
neubiorev.2023.105473

Hogendoorn, H., and Burkitt, A. N. (2018). Predictive coding of visual object position
ahead of moving objects revealed by time-resolved EEG decoding. Neurolmage 171,
55-61. doi: 10.1016/j.neuroimage.2017.12.063

Hohwy, J. (2012). Attention and conscious perception in the hypothesis testing brain.
Front. Psychol. 3:96. doi: 10.3389/fpsyg.2012.00096

Hohwy, J. (2013). The Predictive Mind. Oxford: Oxford University Press.

Hohwy, J. (2017). Priors in perception: top-down modulation, Bayesian perceptual
learning rate, and prediction error minimization. Conscious. Cogn. 47, 75-85. doi:
10.1016/j.concog.2016.09.004

Hohwy, J. (2020). New directions in predictive processing. Mind Lang. 35, 209-223.
doi: 10.1111/mila.12281

Homann, J., Koay, S. A., Glidden, A. M., Tank, D. W,, and Berry, M. J. (2017).
Predictive coding of novel versus familiar stimuli in the primary visual cortex.
BioRxiv:197608. doi: 10.1101/197608

Hugenberg, K. (2005). Social categorization and the perception of facial affect: target
race moderates the response latency advantage for happy faces. Emotion 5, 267-276. doi:
10.1037/1528-3542.5.3.267

Hugenberg, K., and Bodenhausen, G. V. (2003). Facing prejudice: implicit prejudice
and the perception of facial threat. Psychol. Sci. 14, 640-643. doi:
10.1046/j.0956-7976.2003.psci_1478.x

Hung, T. W. (2023). Why human prejudice is so persistent: a predictive coding
analysis. Soc. Epistemol. 37,779-797. doi: 10.1080/02691728.2023.2237942

Huntenburg, J. M., Bazin, P. L., and Margulies, D. S. (2018). Large-scale gradients in
human cortical organization. Trends Cogn. Sci. 22,21-31. doi: 10.1016/j.tics.2017.11.002

Hutchings, P. B., and Haddock, G. (2008). Look black in anger: The role of implicit
prejudice in the categorization and perceived emotional intensity of racially ambiguous
faces. J. Exp. Soc. Psychol. 44, 1418-1420. doi: 10.1016/j.jesp.2008.05.002

Ibéfiez, A., Gleichgerrcht, E., Hurtado, E., Gonzilez, R., Haye, A., and Manes, E E
(2010). Early neural markers of implicit attitudes: N170 modulated by intergroup and
evaluative contexts in IAT. Front. Hum. Neurosci. 4:188. doi: 10.3389/fnhum.2010.00188

Ito, T. A., Thompson, E., and Cacioppo, J. T. (2004). Tracking the timecourse of social
perception: The effects of racial cues on event-related brain potentials. Personal. Soc.
Psychol. Bull. 30, 1267-1280. doi: 10.1177/0146167204264335

Ito, T. A., and Urland, G. R. (2003). Race and gender on the brain: electrocortical
measures of attention to the race and gender of multiply categorizable individuals. J.
Pers. Soc. Psychol. 85, 616-626. doi: 10.1037/0022-3514.85.4.616

Johnston, P.,, Overell, A., Kaufman, J., Robinson, J., and Young, A. W. (2016).
Expectations about person identity modulate the face-sensitive N170. Cortex 85, 54-64.
doi: 10.1016/j.cortex.2016.10.002

Johnston, P., Robinson, J., Kokkinakis, A., Ridgeway, S., Simpson, M., Johnson, S., et al.
(2017). Temporal and spatial localization of prediction-error signals in the visual brain.
Biol. Psychol. 125, 45-57. doi: 10.1016/j.biopsycho.2017.02.004

Jolij, J., and Meurs, M. (2011). Music alters visual perception. PLoS One 6:¢18861. doi:
10.1371/journal.pone.0018861

Frontiers in Psychology

10.3389/fpsyg.2024.1386370

Jost, J. T., Becker, J., Osborne, D., and Badaan, V. (2017). Missing in (collective) action:
ideology, system justification, and the motivational antecedents of two types of protest
behavior. Curr. Dir. Psychol. Sci. 26, 99-108. doi: 10.1177/0963721417690633

Joyce, J. (2019). “Bayes’ theorem” in The Stanford Encyclopedia of Philosophy. ed. E. N.
Zalta (Spring). Stanford University.

Kang, S. K, and Chasteen, A. L. (2009). The moderating role of age-group
identification and perceived threat on stereotype threat among older adults. Int. J. Aging
Hum. Dev. 69, 201-220. doi: 10.2190/AG.69.3.c

Karmali, F,, and Kawakami, K. (2023). Posing while black: the impact of race and
expansive poses on trait attributions, professional evaluations, and interpersonal
relations. J. Pers. Soc. Psychol. 124, 49-68. doi: 10.1037/pspa0000313

Keller, G. B., and Mrsic-Flogel, T. D. (2018). Predictive processing: a canonical cortical
computation. Neuron 100, 424-435. doi: 10.1016/j.neuron.2018.10.003

Kersten, D., Mamassian, P,, and Yuille, A. (2004). Object perception as Bayesian
inference. Ann. Rev. Psychol. 55, 271-304. doi: 10.1146/annurev.psych.55.090902.142005

Kidder, C. K., White, K. R., Hinojos, M. R., Sandoval, M., and Crites, S. L. Jr. (2018).
Sequential stereotype priming: a meta-analysis. Personal. Soc. Psychol. Rev. 22, 199-227.
doi: 10.1177/1088868317723532

Kiebel, S. J., Daunizeau, J., and Friston, K. J. (2008). A hierarchy of time-scales and the
brain. PLoS Comput. Biol. 4:¢1000209. doi: 10.1371/journal.pcbi.1000209

Klauer, K. C., and Voss, A. (2008). Effects of race on responses and response latencies
in the weapon identification task: a test of six models. Personal. Soc. Psychol. Bull. 34,
1124-1140. doi: 10.1177/0146167208318603

Kleider-Offutt, H. M., Bond, A. D., Williams, S. E., and Bohil, C. J. (2018). When a
face type is perceived as threatening: using general recognition theory to understand
biased categorization of Afrocentric faces. Mem. Cogn. 46, 716-728. doi: 10.3758/
s13421-018-0801-0

Knill, D. C. (2007). Learning Bayesian priors for depth perception. J. Vision 7:13. doi:
10.1167/7.8.13

Knill, D. C,, and Pouget, A. (2004). The Bayesian brain: the role of uncertainty in
neural coding and computation. Trends Neurosci. 27, 712-719. doi: 10.1016/j.
tins.2004.10.007

Kok, P,, and de Lange, E. P. (2015). Predictive Coding in Sensory Cortex. An Introduction
to Model-Based Cognitive Neuroscience. New York, NY: Springer 221-244.

Kok, P, Failing, M. E, and de Lange, F. P. (2014). Prior expectations evoke stimulus
templates in the primary visual cortex. J. Cogn. Neurosci. 26, 1546-1554. doi: 10.1162/
jocn_a_00562

Kunda, Z., and Sinclair, L. (1999). Motivated reasoning with stereotypes: activation,
application, and inhibition. Psychol. Inq. 10, 12-22. doi: 10.1207/s15327965plil001_2

Kunda, Z., and Thagard, P. (1996). Forming impressions from stereotypes, traits, and
behaviors: a parallel-constraint-satisfaction theory. Psychol. Rev. 103, 284-308. doi:
10.1037/0033-295X.103.2.284

Le Gal, P. M., and Bruce, V. (2002). Evaluating the independence of sex and expression
in judgments of faces. Percept. Psychophys. 64, 230-243. doi: 10.3758/BF03195789

Leong, Y. C., Hughes, B. L., Wang, Y., and Zaki, J. (2019). Neurocomputational
mechanisms underlying motivated seeing. Nat. Hum. Behav. 3, 962-973. doi: 10.1038/
§41562-019-0637-z

Levin, D. T,, and Banaji, M. R. (2006). Distortions in the perceived lightness of faces:
the role of race categories. J. Exp. Psychol. Gen. 135, 501-512. doi:
10.1037/0096-3445.135.4.501

Lupyan, G., and Ward, E. J. (2013). Language can boost otherwise unseen objects
into visual awareness. Proc. Natl Acad. Sci. 110, 14196-14201. doi: 10.1073/
pnas.1303312110

Mange, J., Sharvit, K., Margas, N., and Sénémeaud, C. (2015). Do I shoot faster
because I am thinking about an outgroup or a threatening outgroup? Soc. Psychol. 47,
29-37. doi: 10.1027/1864-9335/a000255

Mayer, A., Schwiedrzik, C. M., Wibral, M., Singer, W,, and Melloni, L. (2015).
Expecting to see a letter: alpha oscillations as carriers of top-down sensory predictions.
Cereb. Cortex 26, 3146-3160. doi: 10.1093/cercor/bhv146

McCauley, C., Stitt, C. L., and Segal, M. (1980). Stereotyping: from prejudice to
prediction. Psychol. Bull. 87, 195-208. doi: 10.1037/0033-2909.87.1.195

McGovern, H. T, De Foe, A., Biddell, H., Leptourgos, P., Corlett, P,, Bandara, K., et al.
(2022). Learned uncertainty: The free energy principle in anxiety. Front. Psychol.
13:943785. doi: 10.3389/fpsyg.2022.943785

McGovern, H. T, and Vanman, E. J. (2020). Pathogens and intergroup relations. How
evolutionary approaches can inform social neuroscience. Evol. Psychol. Sci. 7, 200-210.
doi: 10.1007/s40806-020-00269-3

Mekawi, Y., and Bresin, K. (2015). Is the evidence from racial bias shooting task
studies a smoking gun? Results from a meta-analysis. J. Exp. Soc. Psychol. 61, 120-130.
doi: 10.1016/j.jesp.2015.08.002

Meyer, K., and Damasio, A. (2009). Convergence and divergence in a neural
architecture for recognition and memory. Trends Neurosci. 32, 376-382. doi: 10.1016/j.
tins.2009.04.002

Michalareas, G., Vezoli, J., Van Pelt, S., Schoffelen, J. M., Kennedy, H., and Fries, P.
(2016). Alpha-beta and gamma rhythms subserve feedback and feedforward influences

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1386370
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/S0022-1031(03)00020-9
https://doi.org/10.1037/abn0000494
https://doi.org/10.1037/abn0000494
https://doi.org/10.1016/j.schres.2020.10.009
https://doi.org/10.1016/j.copsyc.2018.09.001
https://doi.org/10.1146/annurev-neuro-062012-170325
https://doi.org/10.1007/s00702-007-0624-9
https://doi.org/10.1038/nn.4284
https://doi.org/10.1016/j.neubiorev.2015.06.002
https://doi.org/10.1016/j.neubiorev.2015.06.002
https://doi.org/10.1057/palcomms.2017.86
https://doi.org/10.1038/nrn2716
https://doi.org/10.1016/j.neubiorev.2023.105473
https://doi.org/10.1016/j.neubiorev.2023.105473
https://doi.org/10.1016/j.neuroimage.2017.12.063
https://doi.org/10.3389/fpsyg.2012.00096
https://doi.org/10.1016/j.concog.2016.09.004
https://doi.org/10.1111/mila.12281
https://doi.org/10.1101/197608
https://doi.org/10.1037/1528-3542.5.3.267
https://doi.org/10.1046/j.0956-7976.2003.psci_1478.x
https://doi.org/10.1080/02691728.2023.2237942
https://doi.org/10.1016/j.tics.2017.11.002
https://doi.org/10.1016/j.jesp.2008.05.002
https://doi.org/10.3389/fnhum.2010.00188
https://doi.org/10.1177/0146167204264335
https://doi.org/10.1037/0022-3514.85.4.616
https://doi.org/10.1016/j.cortex.2016.10.002
https://doi.org/10.1016/j.biopsycho.2017.02.004
https://doi.org/10.1371/journal.pone.0018861
https://doi.org/10.1177/0963721417690633
https://doi.org/10.2190/AG.69.3.c
https://doi.org/10.1037/pspa0000313
https://doi.org/10.1016/j.neuron.2018.10.003
https://doi.org/10.1146/annurev.psych.55.090902.142005
https://doi.org/10.1177/1088868317723532
https://doi.org/10.1371/journal.pcbi.1000209
https://doi.org/10.1177/0146167208318603
https://doi.org/10.3758/s13421-018-0801-0
https://doi.org/10.3758/s13421-018-0801-0
https://doi.org/10.1167/7.8.13
https://doi.org/10.1016/j.tins.2004.10.007
https://doi.org/10.1016/j.tins.2004.10.007
https://doi.org/10.1162/jocn_a_00562
https://doi.org/10.1162/jocn_a_00562
https://doi.org/10.1207/s15327965pli1001_2
https://doi.org/10.1037/0033-295X.103.2.284
https://doi.org/10.3758/BF03195789
https://doi.org/10.1038/s41562-019-0637-z
https://doi.org/10.1038/s41562-019-0637-z
https://doi.org/10.1037/0096-3445.135.4.501
https://doi.org/10.1073/pnas.1303312110
https://doi.org/10.1073/pnas.1303312110
https://doi.org/10.1027/1864-9335/a000255
https://doi.org/10.1093/cercor/bhv146
https://doi.org/10.1037/0033-2909.87.1.195
https://doi.org/10.3389/fpsyg.2022.943785
https://doi.org/10.1007/s40806-020-00269-3
https://doi.org/10.1016/j.jesp.2015.08.002
https://doi.org/10.1016/j.tins.2009.04.002
https://doi.org/10.1016/j.tins.2009.04.002

McGovern and Otten

among human visual cortical areas. Neuron 89, 384-397. doi: 10.1016/j.
neuron.2015.12.018

Mumford, D. (1992). On the computational architecture of the neocortex: II The role
of cortico-cortical loops. Biol. Cybern. 66, 241-251. doi: 10.1007/BF00198477

Neth, H., and Gigerenzer, G. (2015). “Heuristics: tools for an uncertain world” in
Emerging Trends in the Social and Behavioral Sciences. Eds. R. A. Scott and S. M. Kosslyn
(New York, NY: Wiley Online Library), 1-18.

Neuberg, S. L., and Schaller, M. (2016). An evolutionary threat-management approach
to prejudices. Curr. Opin. Psychol. 7, 1-5. doi: 10.1016/j.copsyc.2015.06.004

Ofan, R. H., Rubin, N., and Amodio, D. M. (2011). Seeing race: N170 responses to
race and their relation to automatic racial attitudes and controlled processing. J. Cogn.
Neurosci. 23, 3153-3161. doi: 10.1162/jocn_a_00014

Otten, M., and Banaji, M. R. (2012). Social categories shape the neural representation
of emotion: evidence from a visual face adaptation task. Front. Integr. Neurosci. 6:9. doi:
10.3389/fnint.2012.00009

Otten, M., Seth, A. K., and Pinto, Y. (2017). A social Bayesian brain: how social
knowledge can shape visual perception. Brain Cogn. 112, 69-77. doi: 10.1016/j.
bandc.2016.05.002

Palmer, T. E. (1975). The effects of contextual scenes on the identification of objects.
Mem. Cogn. 3, 519-526. doi: 10.3758/BF03197524

Payne, B. K. (2001). Prejudice and perception: the role of automatic and controlled
processes in misperceiving a weapon. J. Pers. Soc. Psychol. 81, 181-192. doi:
10.1037/0022-3514.81.2.181

Payne, B. K. (2006). Weapon bias: Split-second decisions and unintended
stereotyping. Curr. Dir. Psychol. Sci. 15, 287-291. doi:
10.1111/j.1467-8721.2006.00454.x

Payne, B. K., and Correll, J. (2020). “Race, weapons, and the perception of threat” in
Advances in Experimental Social Psychology, vol. 62 (Academic Press), 1-50.

Payne, B. K., Shimizu, Y., and Jacoby, L. L. (2005). Mental control and visual illusions:
toward explaining race-biased weapon misidentifications. J. Exp. Soc. Psychol. 41, 36-47.
doi: 10.1016/j.jesp.2004.05.001

Pefkou, M., Arnal, L. H., Fontolan, L., and Giraud, A. L. (2017). 6-Band and f-band
neural activity reflects independent syllable tracking and comprehension of time-
compressed  speech. ], Newurosci. 37, 7930-7938. doi:  10.1523/
JNEUROSCI.2882-16.2017

Pereira, M. R., Barbosa, ., de Haan, M., and Ferreira-Santos, F. (2019). Understanding
the development of face and emotion processing under a predictive processing
framework. Dev. Psychol. 55, 1868-1881. doi: 10.1037/dev0000706

Pinto, Y., van Gaal, S., de Lange, E. P, Lamme, V. A, and Seth, A. K. (2015).
Expectations accelerate entry of visual stimuli into awareness. J. Vision 15:13. doi:
10.1167/15.8.13

Plant, E. A,, and Peruche, B. M. (2005). The consequences of race for police officers'
responses to  criminal suspects.  Psychol.  Sci. 16, 180-183. doi:
10.1111/j.0956-7976.2005.00800.x

Powers, A. R., Mathys, C., and Corlett, P. R. (2017). Pavlovian conditioning—induced
hallucinations result from overweighting of perceptual priors. Science 357, 596-600. doi:
10.1126/science.aan3458

Primbs, M. A, Rinck, M., Holland, R., Knol, W,, Nies, A., and Bijlstra, G. (2022). The
effect of face masks on the stereotype effect in emotion perception. J. Exp. Soc. Psychol.
103:104394. doi: 10.1016/j.jesp.2022.104394

Radel, R., and Clément-Guillotin, C. (2012). Evidence of motivational influences in
early visual perception: hunger modulates conscious access. Psychol. Sci. 23, 232-234.
doi: 10.1177/0956797611427920

Rahman, R. A, and Sommer, W. (2012). Knowledge scale effects in face recognition:
an electrophysiological investigation. Cogn. Affect. Behav. Neurosci. 12, 161-174. doi:
10.3758/s13415-011-0063-9

Raissi, A., and Steele, J. R. (2021). Does emotional expression moderate implicit racial
bias? Examining bias following smiling and angry primes. Soc. Cogn. 39, 570-590. doi:
10.1521/50¢0.2021.39.5.570

Ransom, M., Fazelpour, S., Markovic, J., Kryklywy, J., Thompson, E. T., and
Todd, R. M. (2020). Affect-biased attention and predictive processing. Cognition
203:104370. doi: 10.1016/j.cognition.2020.104370

Rao, R. P, and Ballard, D. H. (1999). Predictive coding in the visual cortex: a
functional interpretation of some extra-classical receptive-field effects. Nat. Neurosci. 2,
79-87. doi: 10.1038/4580

Ratcliff, R., and McKoon, G. (2008). The diffusion decision model: theory and data
for two-choice decision tasks. Neural Computation 20, 873-922. doi: 10.1162/
neco.2008.12-06-420

Ratner, K. G., and Amodio, D. M. (2013). Seeing “us vs. them”: minimal group effects
on the neural encoding of faces. J. Exp. Soc. Psychol. 49, 298-301. doi: 10.1016/j.
jesp.2012.10.017

Rauss, K., Schwartz, S., and Pourtois, G. (2011). Top-down effects on early visual
processing in humans: a predictive coding framework. Neurosci. Biobehav. Rev. 35,
1237-1253. doi: 10.1016/j.neubiorev.2010.12.011

Frontiers in Psychology

10.3389/fpsyg.2024.1386370

Read, S.J., and Miller, L. C. (1993). Rapist or" regular guy": Explanatory coherence in
the construction of mental models of others. Pers. Soc. Psychol. Bull. 19, 526-540. doi:
10.1177/0146167293195005

Read, S.J., Vanman, E. J., and Miller, L. C. (1997). Connectionism, parallel constraint
satisfaction processes, and gestalt principles:(Re) introducing cognitive dynamics to
social psychology. Pers. Soc. Psychol. Rev. 1, 26-53. doi: 10.1207/s15327957pspr0101_3

Robinson, J. E., Breakspear, M., Young, A. W., and Johnston, P. J. (2020). Dose-
dependent modulation of the visually evoked N1/N170 by perceptual surprise: a clear
demonstration of prediction-error signalling. Eur. J. Neurosci. 52, 4442-4452. doi:
10.1111/ejn.13920

Rogers, T. T., and McClelland, J. L. (2004). Semantic Cognition: A Parallel Distributed
Processing Approach. (Cambridge, Massechussetts: MIT Press).

Rossion, B., and Jacques, C. (2012). “The N170: understanding the time course of face
perception in the human brain” in The Oxford Handbook of Event-Related Potential
Components. eds. S. J. Luck and E. S. Kappenman (Oxford: Oxford University Press),
115-141.

Rumelhart, D. E., Hinton, G. E., and McClelland, J. L. (1986). A general framework
for parallel distributed processing. Parallel Distrib. Proc. 1:26. doi: 10.7551/
mitpress/5236.001.0001

Sadler, M. S., Correll, J., Park, B., and Judd, C. M. (2012). The world is not black and
white: racial bias in the decision to shoot in a multiethnic context. J. Soc. Issues 68,
286-313. doi: 10.1111/j.1540-4560.2012.01749.x

Samaha, J., Boutonnet, B., Postle, B. R, and Lupyan, G. (2018). Effects of
meaningfulness on perception: Alpha-band oscillations carry perceptual expectations
and influence early visual responses. Sci. Rep. 8:6606. doi: 10.1038/541598-018-25093-5

Schellekens, W., Van Wezel, R. J., Petridou, N., Ramsey, N. E, and Raemaekers, M.
(2016). Predictive coding for motion stimuli in human early visual cortex. Brain Struct.
Funct. 221, 879-890. doi: 10.1007/s00429-014-0942-2

Schwartenbeck, P., and Friston, K. (2016). Computational phenotyping in psychiatry:
a worked example. Eneuro 3, ENEURO.0049-ENEU16.2016. doi: 10.1523/
ENEURO.0049-16.2016

Seth, A. K. (2013). Interoceptive inference, emotion, and the embodied self. Trends
Cognitive Sci. 17, 565-573. doi: 10.1016/j.tics.2013.09.007

Seth, A. K. (2015). Presence, objecthood, and the phenomenology of predictive
perception. Cognitive Neurosci. 6, 111-117. doi: 10.1080/17588928.2015.1026888

Shafto, P,, Eaves, B., Navarro, D. J., and Perfors, A. (2012). Epistemic trust: modeling
children’s reasoning about others knowledge and intent. Dev. Sci. 15, 436-447. doi:
10.1111/j.1467-7687.2012.01135.x

Shapiro, J. R, Ackerman, J. M., Neuberg, S. L., Maner, J. K., Vaughn Becker, D., and
Kenrick, D. T. (2009). Following in the wake of anger: when not discriminating is
discriminating. ~ Personal. ~ Soc.  Psychol. ~ Bull. 35,  1356-1367.  doi:
10.1177/0146167209339627

Sharot, T., Korn, C. W,, and Dolan, R. J. (2011). How unrealistic optimism is
maintained in the face of reality. Nat. Neurosci. 14, 1475-1479. doi: 10.1038/nn.2949

Shipp, S. (2016). Neural elements for predictive coding. Front. Psychol. 7:1792. doi:
10.3389/fpsyg.2016.01792

Sinclair, L., and Kunda, Z. (1999). Reactions to a black professional: motivated
inhibition and activation of conflicting stereotypes. J. Pers. Soc. Psychol. 77, 885-904.
doi: 10.1037/0022-3514.77.5.885

Smith, E. R., and DeCoster, J. (1998). Knowledge acquisition, accessibility, and use in
person perception and stereotyping: Simulation with a recurrent connectionist network.
J. Pers. Soc. Psychol. 74, 21-35.

Smith, E. R., and DeCoster, J. (1999). Associative and rule-based processing: “A
connectionist interpretation of dual-process models” in Dual-Process Theories in
Social Psychology. Eds. R. F. Port and T. Van Gelder. (New York: The Guilford Press).
323-336.

Smith, R., Kuplicki, R., Feinstein, J., Forthman, K. L., Stewart, J. L., Paulus, M. P, et al.
(2020). A Bayesian computational model reveals a failure to adapt interoceptive
precision estimates across depression, anxiety, eating, and substance use disorders. PLoS
Comput. Biol. 16:e1008484. doi: 10.1371/journal.pcbi. 1008484

Smith, J. S., LaFrance, M., and Dovidio, J. F. (2017). Categorising intersectional targets:
an “either/and” approach to race-and gender-emotion congruity. Cognit. Emot. 31,
83-97. doi: 10.1080/02699931.2015.1081875

Smith, R., Lane, R. D., Parr, T,, and Friston, K. J. (2019). Neurocomputational
mechanisms underlying emotional awareness: insights afforded by deep active inference
and their potential clinical relevance. Neurosci. Biobehav. Rev. 107, 473-491. doi:
10.1016/j.neubiorev.2019.09.002

Smolensky, P. (1990). Tensor product variable binding and the representation of
symbolic structures in connectionist systems. Artif. Intell. 46, 159-216.

Snyder, J. S., Schwiedrzik, C. M., Vitela, A. D., and Melloni, L. (2015). How previous
experience shapes perception in different sensory modalities. Front. Hum. Neurosci.
9:594. doi: 10.3389/fnhum.2015.00594

Spratling, M. W. (2010). Predictive coding as a model of response properties in cortical
area V1. J. Neurosci. 30, 3531-3543. doi: 10.1523/J]NEUROSCI.4911-09.2010

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1386370
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.neuron.2015.12.018
https://doi.org/10.1016/j.neuron.2015.12.018
https://doi.org/10.1007/BF00198477
https://doi.org/10.1016/j.copsyc.2015.06.004
https://doi.org/10.1162/jocn_a_00014
https://doi.org/10.3389/fnint.2012.00009
https://doi.org/10.1016/j.bandc.2016.05.002
https://doi.org/10.1016/j.bandc.2016.05.002
https://doi.org/10.3758/BF03197524
https://doi.org/10.1037/0022-3514.81.2.181
https://doi.org/10.1111/j.1467-8721.2006.00454.x
https://doi.org/10.1016/j.jesp.2004.05.001
https://doi.org/10.1523/JNEUROSCI.2882-16.2017
https://doi.org/10.1523/JNEUROSCI.2882-16.2017
https://doi.org/10.1037/dev0000706
https://doi.org/10.1167/15.8.13
https://doi.org/10.1111/j.0956-7976.2005.00800.x
https://doi.org/10.1126/science.aan3458
https://doi.org/10.1016/j.jesp.2022.104394
https://doi.org/10.1177/0956797611427920
https://doi.org/10.3758/s13415-011-0063-9
https://doi.org/10.1521/soco.2021.39.5.570
https://doi.org/10.1016/j.cognition.2020.104370
https://doi.org/10.1038/4580
https://doi.org/10.1162/neco.2008.12-06-420
https://doi.org/10.1162/neco.2008.12-06-420
https://doi.org/10.1016/j.jesp.2012.10.017
https://doi.org/10.1016/j.jesp.2012.10.017
https://doi.org/10.1016/j.neubiorev.2010.12.011
https://doi.org/10.1177/0146167293195005
https://doi.org/10.1207/s15327957pspr0101_3
https://doi.org/10.1111/ejn.13920
https://doi.org/10.7551/mitpress/5236.001.0001
https://doi.org/10.7551/mitpress/5236.001.0001
https://doi.org/10.1111/j.1540-4560.2012.01749.x
https://doi.org/10.1038/s41598-018-25093-5
https://doi.org/10.1007/s00429-014-0942-2
https://doi.org/10.1523/ENEURO.0049-16.2016
https://doi.org/10.1523/ENEURO.0049-16.2016
https://doi.org/10.1016/j.tics.2013.09.007
https://doi.org/10.1080/17588928.2015.1026888
https://doi.org/10.1111/j.1467-7687.2012.01135.x
https://doi.org/10.1177/0146167209339627
https://doi.org/10.1038/nn.2949
https://doi.org/10.3389/fpsyg.2016.01792
https://doi.org/10.1037/0022-3514.77.5.885
https://doi.org/10.1371/journal.pcbi.1008484
https://doi.org/10.1080/02699931.2015.1081875
https://doi.org/10.1016/j.neubiorev.2019.09.002
https://doi.org/10.3389/fnhum.2015.00594
https://doi.org/10.1523/JNEUROSCI.4911-09.2010

McGovern and Otten

Spratling, M. W. (2017). A review of predictive coding algorithms. Brain Cogn. 112,
92-97. doi: 10.1016/j.bandc.2015.11.003

Stahl, J., Wiese, H., and Schweinberger, S. R. (2008). Expertise and own-race bias in
face processing: an event-related potential study. Neuroreport 19, 583-587. doi: 10.1097/
WNR.0b013e3282f97b4d

Stanislaw, H., and Todorov, N. (1999). Calculation of signal detection theory measures.
Behav. Res. Methods Instrum. Comput. 31, 137-149. doi: 10.3758/BF03207704

Stein, T., Ciorli, T., and Otten, M. (2023). Guns are not faster to enter awareness
after seeing a black face: absence of race-priming in a gun/tool task during
continuous flash suppression. Personal. Soc. Psychol. Bull. 49, 405-414. doi:
10.1177/01461672211067068

Stolier, R. M., and Freeman, J. B. (2016a). Neural pattern similarity reveals the inherent
intersection of social categories. Nat. Neurosci. 19, 795-797. doi: 10.1038/nn.4296

Stolier, R. M., and Freeman, J. B. (2016b). Functional and temporal considerations for
top-down influences in social perception. Psychol. Ing. 27, 352-357. doi:
10.1080/1047840X.2016.1216034

Taylor, A. (2017). The role of fixations and face gender in facial expression
categorization. Cogn. Brain Behav. 21, 101-115. doi: 10.24193/cbb.2017.21.07

Thiem, K. C., Neel, R., Simpson, A. J., and Todd, A. R. (2019). Are black women
and girls associated with danger? Implicit racial bias at the intersection of target age
and gender. Personal. Soc. Psychol. Bull. 45, 1427-1439. doi:
10.1177/0146167219829182

Tipples, J. (2019). Recognising and reacting to angry and happy facial expressions:
a diffusion model analysis. Psychol. Res. 83, 37-47. doi: 10.1007/s00426-018-
1092-6

Trapp, S., Schweinberger, S. R., Hayward, W. G., and Kovdcs, G. (2018). Integrating
predictive frameworks and cognitive models of face perception. Psychon. Bull. Rev. 25,
2016-2023. doi: 10.3758/s13423-018-1433-x

Tversky, A., and Kahneman, D. (1974). Judgment under uncertainty: heuristics and
biases: Biases in judgments reveal some heuristics of thinking under uncertainty. Science
185, 1124-1131.

Unkelbach, C., Forgas, J. P., and Denson, T. E. (2008). The turban effect: the influence
of Muslim headgear and induced affect on aggressive responses in the shooter bias
paradigm. J. Exp. Soc. Psychol. 44, 1409-1413. doi: 10.1016/j.jesp.2008.04.003

Van Bavel, J. J., Packer, D. J., and Cunningham, W. A. (2011). Modulation of the
fusiform face area following minimal exposure to motivationally relevant faces: evidence
of in-group enhancement (not out-group disregard). J. Cogn. Neurosci. 23, 3343-3354.
doi: 10.1162/jocn_a_00016

Frontiers in Psychology

11

10.3389/fpsyg.2024.1386370

Van Gelder, T, and Port, R. E. (1995). “It’s about time: an overview of the dynamical
approach to cognition” in Mind as Motion: Explorations in the Dynamics of Cognition.
(Cambridge, Massachusetts: MIT Press). vol. 1, 43.

Van Overwalle, F. (2007). Where is the Self in connectionism? Psychol. Inquiry
London, United Kingdom: 18, 113-116. doi: 10.1080/10478400701416210

Van Overwalle, F,, and Labiouse, C. (2013). Social Connectionism: A Reader and
Handbook for Simulations. Ist ed. (London, United Kingdom: Psychology Press).
190-251. doi: 10.4324/9780203783115

Van Rooy, D., Van Overwalle, E, Vanhoomissen, T., Labiouse, C., and French, R.
(2003). A recurrent connectionist model of group biases. Psychol. Rev. 110, 536-563. doi:
10.1037/0033-295X.110.3.536

Vélez, N., and Gweon, H. (2021). Learning from other minds: an optimistic critique
of reinforcement learning models of social learning. Curr. Opinion Behav. Sci. 38,
110-115. doi: 10.1016/j.cobeha.2021.01.006

Villiger, D. (2023). Stereotypes and self-fulfilling prophecies in the Bayesian brain.
Inquiry, 1-25. doi: 10.1080/0020174X.2023.2166983

Walla, P, Chang, M., Schaefer, K., and Windhager, S. (2020). Social perception of faces:
brain imaging and subjective ratings. Brain Sci. 10:861. doi: 10.3390/brainsci10110861

Walsh, K. S., McGovern, D. P, Clark, A., and O'Connell, R. G. (2020). Evaluating the
neurophysiological evidence for predictive processing as a model of perception. Ann. N.
Y. Acad. Sci. 1464, 242-268. doi: 10.1111/nyas.14321

Williams, D. (2018). Predictive processing and the representation wars. Mind. Mach.
28, 141-172. doi: 10.1007/s11023-017-9441-6

Willis, J., and Todorov, A. (2006). First impressions: making up your mind after a 100-
ms exposure to a face. Psychol. Sci. 17, 592-598. doi: 10.1111/§.1467-9280.2006.01750.x

Xiao, Y. J., Coppin, G., and Van Bavel, J. J. (2016). Perceiving the world through group-
colored glasses: a perceptual model of intergroup relations. Psychol. Inq. 27, 255-274.
doi: 10.1080/1047840X.2016.1199221

Zebrowitz, L. A., Fellous, J. M., Mignault, A., and Andreoletti, C. (2003). Trait
impressions as overgeneralized responses to adaptively significant facial qualities:
evidence from connectionist modeling. Personal. Soc. Psychol. Rev. 7, 194-215. doi:
10.1207/515327957PSPR0703_01

Zebrowitz, L. A., Kikuchi, M., and Fellous, J. M. (2010). Facial resemblance to
emotions: group differences, impression effects, and race stereotypes. J. Pers. Soc.
Psychol. 98, 175-189. doi: 10.1037/a0017990

Zhou, Y. J., Iemi, L., Schoffelen, J. M., de Lange, E. P,, and Haegens, S. (2021). Alpha
oscillations shape sensory representation and perceptual sensitivity. J. Neurosci. 41,
9581-9592. doi: 10.1523/]NEUROSCI.1114-21.2021

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1386370
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.bandc.2015.11.003
https://doi.org/10.1097/WNR.0b013e3282f97b4d
https://doi.org/10.1097/WNR.0b013e3282f97b4d
https://doi.org/10.3758/BF03207704
https://doi.org/10.1177/01461672211067068
https://doi.org/10.1038/nn.4296
https://doi.org/10.1080/1047840X.2016.1216034
https://doi.org/10.24193/cbb.2017.21.07
https://doi.org/10.1177/0146167219829182
https://doi.org/10.1007/s00426-018-1092-6
https://doi.org/10.1007/s00426-018-1092-6
https://doi.org/10.3758/s13423-018-1433-x
https://doi.org/10.1016/j.jesp.2008.04.003
https://doi.org/10.1162/jocn_a_00016
https://doi.org/10.1080/10478400701416210
https://doi.org/10.4324/9780203783115
https://doi.org/10.1037/0033-295X.110.3.536
https://doi.org/10.1016/j.cobeha.2021.01.006
https://doi.org/10.1080/0020174X.2023.2166983
https://doi.org/10.3390/brainsci10110861
https://doi.org/10.1111/nyas.14321
https://doi.org/10.1007/s11023-017-9441-6
https://doi.org/10.1111/j.1467-9280.2006.01750.x
https://doi.org/10.1080/1047840X.2016.1199221
https://doi.org/10.1207/S15327957PSPR0703_01
https://doi.org/10.1037/a0017990
https://doi.org/10.1523/JNEUROSCI.1114-21.2021

	Priors and prejudice: hierarchical predictive processing in intergroup perception
	Introduction
	Hierarchical predictive processing
	Hierarchical predictive processing in intergroup perception: review of evidence
	Social priors and face perception: early and late processing
	Group stereotypes and emotion perception
	Group stereotypes influence the perception of objects and bodies

	Advantages of predictive processing
	Hierarchical predictive processing compared to other models of social perception
	Why is prejudice hard to undo? Attention, precision, and prediction errors

	Future directions
	Perceptual versus post-perceptual effects
	Testing prior probabilities

	Summary and conclusion
	Data availability statement
	Author contributions

	References

