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An irony of human nature is that while our survival depends on group living, the mere 

existence of group categories creates prejudice—a preference for one’s own group or animus 

toward another and its members—which leads to discrimination, conflict, and the undermining 

of society itself (Dovidio & Gaertner, 2010). How do humans learn to favor some groups over 

others? Why does merely knowing a person’s ethnicity or nationality affect how we see them, 

the emotions we feel toward them, and the way we treat them? Answers to such questions are 

crucial to our understanding of human social behavior. Although the origins of human prejudices 

are extraordinarily complex—a multilevel mix of history, geopolitics, social structures, 

intergroup relations, and social identities—our understanding of how prejudice operates in an 

individual’s mind and behavior has been advanced considerably by the contributions of social 

neuroscience (Amodio, 2014; Kubota et al., 2012).  

Social neuroscience is a field of research that probes the connection between the brain 

and social behavior. It typically does so from two complementary angles. One angle seeks to 

understand neural functions as they relate to various social processes, with a focus on the 

operations of specific neural structures, neurotransmitters, or genes. The other seeks to 

understand psychological processes by applying knowledge about neural function and the tools 

of cognitive neuroscience. Research on the psychology of prejudice has benefited most from this 

second approach; by incorporating models and methods of neuroscience, social neuroscientists 

have made important new discoveries about how humans perceive groups, form and express 

prejudice, and regulate their intergroup behaviors.  

In this article, we present what has been learned so far from the social neuroscience of 

prejudice. In the following sections, we describe research on how people perceive groups and 

categorize their members, how prejudice is learned and represented in the mind, how it relates to 
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judgment, perception, emotion, and behavior, and how its effects may be regulated. Rather than 

provide an exhaustive list of findings, we take a step back and ask: what has the neuroscience 

approach revealed, so far, about the psychology of prejudice? In each section, we discuss key 

social neuroscience findings, consider interpretational challenges and connections with the 

behavioral literature, and highlight how they advance psychological theories of prejudice.   

 

Social Categorization: The Antecedent of Prejudice 

Social interactions are often thought to begin with the perception of a person’s face; yet 

even the first few milliseconds of this perception can be influenced by targets’ social categories 

and the categorization goals of the perceiver. By investigating the processes involved in social 

categorization with neural assessments, social neuroscience has produced new evidence for top-

down effects of group membership on visual processing while detailing the mechanisms through 

which social categories influence perception. Here, we describe findings from social 

neuroscience on how we categorize individuals based on visual cues, and how categorization 

may arise even in the absence of visual cues to group membership. 

 The Timecourse of Social Categorization. An essential precursor to prejudice is social 

categorization (Allport, 1954). Although existing behavioral studies suggest that social 

categorization occurs quickly (Macrae & Bodenhausen, 2000), social neuroscience research has 

helped illuminate the precise timecourse of social categorization processes (Ito & Bartholow, 

2009). In particular, research using event-related potentials (ERPs)—patterns of 

electroencephalographic (EEG) activity linked to a stimulus (e.g., a face) or action, measured 

with millisecond resolution—has revealed that social categorization involves multiple distinct 

processes that unfold rapidly (Amodio et al., 2014).  
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In an early ERP study of intergroup categorization, Ito and Urland (2003) recorded White 

participants’ EEG signals while they viewed pictures of White and Black male and female faces. 

Although the participants’ task was to classify faces by either their gender or race, ERPs revealed 

that regardless of the task, neural activity at approximately 120 ms indicated stronger early 

neural responses to Black than White faces (see also Kubota & Ito, 2007). This initial effect was 

indicated by the N100 (or N1) ERP component, which reflects early orienting and attention 

processing in the occipito-parietal and occipito-temporal regions (Clark, Fan, & Hillyard, 1995), 

perhaps in response to the coarse visual cue of skin tone.  

 

Figure 1. ERP waveforms in response to Black and White faces, viewed by White American 

participants. Zero (‘0’) on the x-axis (msec) indicates stimulus onset time. The positive and 

negative deflections in the waveform represent typical ERP components, named here according 

to their polarity (‘P’ for positive deflections and ‘N’ for negative deflections) and the 

approximate post-stimulus time (in milliseconds) of their peaks. The N100 and P200 represent 

early attentional processing of race and are typically larger in response to outgroup members. 

The N200 is associated with conflict in categorization processing and response formation and is 

typically larger to racial ingroup members. Negative voltages are plotted above zero on the Y-

axis, following electrophysiological convention, although ERP waveforms are sometimes plotted 

with negative voltages displayed below zero. Adapted from Ito and Urland (2003). 
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A similar pattern is observed with the P200 (or P2) component, which reflects goal-

directed attention and perceptual matching, and peaks at approximately 180-200 ms. The P200 

has been shown to differentiate both race, as well as gender. Among White participant 

perceivers, it is typically larger to Black than White faces (Ito & Urland, 2003). Research with 

Black participants, in addition to White participants, has replicated this pattern and clarified that 

it is typically larger to racial outgroup faces rather than Black faces per se (Dickter & Bartholow, 

2007; Willadsen-Jensen & Ito, 2008; Volpert-Esmond & Bartholow, 2019). This effect has been 

observed even when participants are instructed to attend to a target person’s gender (Ito & 

Urland, 2003), to a non-social feature of a face image (Ito & Tomelleri, 2017), or to 

individuating information (Kubota & Ito, 2017), indicating that the P200 is sensitive to race 

independent of explicit task instructions. In a study assessing frontal EEG in addition to ERPs in 

a race priming task, greater left frontal cortical activity—associated with approach motivation 

and goal activation—predicted larger P200 responses to Black relative to White faces, consistent 

with the interpretation of the P200 as reflecting goal-directed social categorization (Amodio, 

2010). Furthermore, the magnitude of this race-P200 effect has been linked to behavioral 

expressions of implicit prejudice (Amodio & Swencionis, 2018) and racial bias in a first-person 

shooter game (Correll et al., 2006).  

Depending on the task, these activations may be followed by the N200 (or N2; ~260 ms), 

such that White American participants typically exhibit larger N200 responses to White than 

Black faces (Ito & Urland, 2003; Ito & Tomelleri, 2017). Although the psychological 

significance of this effect is not well understood, the N200 has been associated in other work 

with response selection and conflict processes because it originates in dorsal anterior cingulate 

cortex (dACC; Folstein & van Petten, 2008). The typical finding of larger N200 response to 
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ingroup targets in race categorization tasks may reflect response conflict associated with making 

an ingroup classification (given the initial tendency to orient to outgroup faces).  

Finally, in some tasks (e.g., the classic oddball task), a P300 (or P3; ~450-600 ms) is 

observed. The P300 has been associated with response evaluation, expectancy violation, and 

endogenous attention (Bartholow et al., 2001; Ito & Bartholow, 2009) and, in the brain, a 

distributed set of noradrenergic activations (Nieuwenhuis et al., 2005). Given the late timing of 

the P300—often following the delivery of a categorization decision in behavior—it may reflect 

an evaluation of one’s response and the updating of task expectations.   

Together, ERP studies have begun to characterize the rapid sequence of social 

categorization processes, beginning as early as 100 ms following face onset and involving stages 

of category detection, goal-directed attention, classification response selection, and response 

evaluation (Figure 2).  

 

Figure 2. ERP component responses to a face and their putative functions in race categorization 
tasks, showing the typical timing and interpretation of each component, in addition to the timing 
of a behavioral categorization response. 
 

Further support for the early detection and categorization of race is suggested by race 

effects in primary visual cortex (V1), observed in functional magnetic resonance imaging (fMRI) 
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studies. Using multi-voxel pattern analysis (MVPA), an analytic technique that uses patterns of 

brain activity to differentiate between mental states or representations, these studies found that 

patterns of activity in this region could decode the race of a face (Brosch et al., 2013; Gilbert et 

al., 2012). In another study, MVPA revealed that an individual’s arbitrary group membership, 

independent of race, was also able to be decoded in V1 (Ratner et al., 2013). These fMRI results 

corroborate the early categorization effects seen in ERPs by showing race and arbitrary group 

detection in V1—the anatomical starting point of the cortical visual stream.  

 In some cases, a person may be perceived according to multiple social categories (e.g., 

race and gender). In this context, fMRI research has begun to reveal the complex and dynamic 

interplay of top-down and bottom-processes involved in social perception (Freeman & Johnson, 

2016). For example, this research has shown that overlap in a perceiver’s mental representation 

of two social categories (e.g., race and gender) correlates with the degree to which neural 

patterns linked to each category are activated in the fusiform cortex when viewing a face (Stolier 

& Freeman, 2016). These data suggest that as a face is being encoded, preexisting cognitive 

representations of social categories in the anterior temporal lobe and orbital frontal cortex 

converge with visual inputs in the fusiform cortex through a rapid iterative process to shape the 

perception of social category membership. When a single-category decision is required, 

ambiguity in these representations is resolved with input from the dACC (Stolier & Freeman, 

2017), which is broadly involved in the detection of conflict and allocation of control (Shenhav 

et al., 2013). Other research has linked individual differences in neural patterns associated with 

racial categorization to prejudice (e.g., biased altruism intentions; Zhou et al., 2020). Together, 

these findings begin to elucidate the neural and psychological processes involved in the initial 

perception and social categorization of a person’s face.  
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Categorization in the absence of visual cues to group membership. In everyday life, 

social categorization is highly context dependent (Turner et al., 1994), with particular category 

distinctions emerging over the course of a perceiver’s experience as their goals and situations 

change. How do people distinguish ingroup from outgroup members in dynamic environments 

with other agents and their respective, intersecting group memberships? By some accounts, 

categorizing people by specific social categories is a byproduct of adaptations that evolved for 

detecting more general coalitions (Sidanius & Pratto, 2012; Pietraszewski, Cosmides, & Tooby, 

2014). Such accounts suggest that humans need a flexible, common neural code for learning 

about and representing ‘ingroup’ and ‘outgroup’ targets, invariant to the particular social 

category or features along which group boundaries are drawn (for review, see Cikara & Van 

Bavel, 2014). On what brain regions would a common neural code rely? And, more importantly, 

what would be the primary structure of the code (e.g., ingroup vs. everyone else, threatening 

outgroup vs. everyone else, distinct codes for ingroup, neutral outgroups, and threatening 

outgroups)?  

To adjudicate among these competing categorization structures, one fMRI study used 

MVPA to test whether participants’ neural responses associated with thinking about political 

partisans (Democrats v. Republicans) could be used to successfully decode whether they were 

thinking about teammates as opposed to competitors created in the lab (Rattlers v. Eagles; Cikara 

et al., 2017). Only two regions were associated with representing the higher-order concepts of 

“us” vs. “them” across both political and lab-based groups: the dorsal ACC/middle cingulate 

cortex and the anterior insula (AI). The dACC (referenced above) and AI have been posited as 

hubs in a ‘salience network,’ which focuses attention on the most relevant internal and external 

stimuli (both social and nonsocial) in service of selecting the most sensible behavioral response 
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(e.g., freeze, fight, flight; Menon & Uddin, 2010). This pattern of neural representation 

associated with the ingroup is consistent with the hypothesis that salience—specifically 

functional significance or evaluation (e.g., will this person help me or not?)—is the primary 

dimension distinguishing representations of us and them (Fiske, 2018; see however, Koch et al., 

2016). Furthermore, this analysis revealed the structure of this neural code: classification 

accuracy across categories was driven predominantly by the correct categorization of ingroup 

targets, consistent with theories indicating ingroup identity and preference are more central than 

outgroup processing in group perception and cognition (Balliet et al., 2014; Brewer, 1999). 

But how do people resolve the challenge of categorization in the absence of labels or 

visual cues to group membership? One possibility is that they simply substitute judgments of 

similarity to one’s self on relevant features (e.g., how did you vote in the last election?). In line 

with this proposition, neuroimaging studies report that a ventral region of medial prefrontal 

cortex (vmPFC)—which has been associated with thinking about one’s own, as well as similar 

others’ traits, mental states, and characteristics (Denny et al., 2012; Jenkins & Mitchell, 2011)—

is also more engaged when people categorize ingroup relative to outgroup members 

(Molenberghs & Morrison, 2012; Morrison et al., 2012). 

 However, in addition to relying on similarity as an input, people’s inferences about social 

group dynamics may be further improved by integrating information both about how agents 

relate to oneself as well as how they relate to one another (e.g., “How do I get along with Susan? 

With Doug? How do they get along?”). This approach allows perceivers to infer social group 

structure (i.e., clusters over individuals; Gershman & Cikara, 2020). 

In a series of behavioral experiments framed as learning about strangers’ political issue 

positions, the degree to which participants were willing to align with one of two agents was 
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affected by the presence of a third agent, who formed a cluster that either did or did not include 

the participant. Specifically, participants favored Agent B over A when C’s placement created a 

cluster that put the participant in the same group as Agent B, despite the fact that Agents A and B 

were equally similar to the participant (see Figure 3; Lau et al., 2018). In a companion fMRI 

study (Lau, Gershman, & Cikara, 2020), trial-by-trial estimates of similarity between participants 

and each individual agent recruited vmPFC and pregenual anterior cingulate, in line with 

previous work. By contrast, latent social group structure-based estimates recruited right AI 

(which overlapped with a region identified by a non-social structure learning task; Tomov et al., 

2018), suggesting that rAI supports domain-general structure representation. Most interesting, 

however, was that ‘social group structure’ neural signals further explained ally-choice behavior 

whereas ‘inter-agent similarity’ signals did not. This suggests that people base their identification 

of their ingroup more on the structure of the group as a whole than on our own similarity with 

individual group members. 

 

Figure 3. Left: Schematic representation of different social structures as a function of Agent C 
(Lau et al., 2018). Distance is a proxy for similarity. In both panels A and B are equally similar 
to you, but in the left panel C’s placement creates a group that includes both you and B (which 
increases preference for B relative to A), whereas in the right panel C’s placement puts B in a 
group that does not include you. Right: Results from whole-brain contrast (FWE-corrected p < 
0.05) of latent structure learning parametric modulators: right anterior insula (x = 30). 
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Summary: Social Categorization. Social neuroscience research has significantly advanced our 

understanding of the social categorization process by delineating its timing and sub-processes in 

ERP studies and, in recent fMRI research, by addressing the neural and psychological processes 

through which categorization unfolds in more complex, intersectional social environments. In 

line with theorizing of intergroup relations on the basis of functional relations (Fiske, 2018; 

Koch et al., 2016), these results suggest that generalized group concepts rely on domain-general 

circuitry associated with latent structure learning and the encoding of stimuli’s functional 

significance.  

 

How is prejudice learned, represented, and activated?  

One of the most intriguing findings in intergroup psychology is that prejudiced responses 

are activated automatically upon encountering a group-based cue—an effect that connects the 

perception of a group member to the activation of the perceiver’s prejudice (Devine, 1989; Fazio 

et al., 1995). Although this effect has been widely replicated, many questions remain; for 

example, how are these automatic associations learned? How are they represented in the mind? 

And how do they affect behavior? Social neuroscience research has shed considerable new light 

on these issues by integrating theory and methods from neuroscience, particularly as they relate 

to learning and memory, to address questions about prejudice.     

Although the traditional view in social cognition assumes that intergroup associations are 

formed and represented in a single semantic network, we now know that human learning and 

memory involves multiple interacting neurocognitive systems (Squire & Zola, 1996; Poldrack & 

Foerde, 2008). A consideration of multiple memory systems is important because it suggests that 

multiple kinds of information are encoded, beyond semantic knowledge, and that these different 
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kinds of information are expressed in particular channels of behavior. These systems include 

memory processes addressed in traditional prejudice research, such as semantic (or conceptual) 

knowledge and associations, as well as others that have only recently been applied to human 

social cognition and prejudice, such as Pavlovian and instrumental learning (Amodio, 2019; 

Amodio & Ratner, 2011a). A sample of these learning and memory systems is shown in Figure 

4, along with their respective neural substrates and putative channels of expression. In this 

section, we describe advances in our understanding of how intergroup bias is learned and 

represented in the mind, based on contemporary neuroscience models of learning and memory, 

and discuss their implications for how biases may be activated and expressed in behavior.   

 

 

Figure 4. A model of the learning and memory systems through which forms of intergroup bias 
are acquired and represented, with illustrations of their putative neural substrates and examples 
of their respective intergroup outcomes. Adapted from Amodio (2019).  
 

An affective basis of implicit prejudice? The role of Pavlovian aversive conditioning. 

An enduring, yet complicated, idea in the social neuroscience of prejudice is that the amygdala 
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underlies implicit prejudice. This idea is complicated because evidence for the amygdala’s role 

in prejudice is mixed, yet the notion that Pavlovian aversive conditioning—learning to fear a 

neutral stimulus—could contribute to bias formation remains plausible. The amygdala is a small 

structure located bilaterally within the temporal poles. Given its critical role in Pavlovian 

aversive conditioning, it was initially regarded as the neural center of learned fear in both 

animals and humans (LeDoux & Hoffman, 2018). Although this “fear center” interpretation has 

since been revised and elaborated (e.g., Holland & Gallagher, 1999; LeDoux, 2012), the idea that 

the amygdala, and its role in Pavlovian aversive conditioning, could underlie implicit bias 

remains intuitive and intriguing to prejudice researchers.  

Consider the amygdala’s neural circuitry: Signal of a learned threat can travel from its 

initial sensation, in the retina or cochlea, to the amygdala via a single synapse, such that the 

amygdala can initiate a defensive response within approximately 100 ms (LeDoux & Hoffman, 

2018). Perceptual information enters the amygdala via the lateral nucleus and, if associated with 

a learned threat, activates the central nucleus, which in turn initiates freezing and heightened 

vigilance (e.g., potentiated startle) in preparation for fight or flight. This rapid response occurs 

while more elaborative processing continues in other neural regions—a pattern resembling dual-

process accounts of prejudice in which an automatic response proceeds before a more 

deliberative response can take over (e.g., Devine, 1989). These characteristics have several 

implications for theories of prejudice. 

First, research on the amygdala and aversive conditioning suggests a distinct affective 

basis for acquiring prejudice, as well as a plausible mechanism to explain the rapid, 

nonconscious, and unintentional negative responses to racial outgroup members that characterize 

automatic prejudice. Like most other animals, human acquire fear-conditioned responses to 
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stimuli (Delgado, Olsson, & Phelps, 2006), including humans faces (Öhman & Dimberg, 1978), 

and thus, in theory, this mechanism could also support learned aversions to groups. Some 

research has attempted to demonstrate a Pavlovian basis of prejudice using prepared fear or 

reversal learning paradigms (Dunsmoor et al., 2016; Olsson et al., 2005), but these results have 

been inconclusive regarding a prepared fear to Black faces (among White Participants) or have 

failed to replicate (Mallan et al., 2009; Molapour et al., 2015; Navarrete et al., 2009; Navarette et 

al., 2012). To our knowledge, research has not yet directly tested the hypothesis that social 

prejudice can be formed through Pavlovian aversive conditioning.  

Second, an aversive conditioning model of prejudice is useful because it predicts a 

particular pattern of behavior in human intergroup interactions—that of freezing, anxiety, 

vigilance, and avoidance. Similar behaviors have been observed in social psychological studies 

of intergroup interactions; for example, anti-Black prejudice in White participants has been 

associated with adopting greater physical distance from Black partners (Amodio & Devine, 

2006; McConnell & Liebold, 2001), heightened vigilance (Richeson & Trawalter, 2008), 

nonverbal signs of anxiety (Dovidio et al., 2002; Fazio et al., 1995), and physiological arousal 

(Amodio, 2009; Trawalter et al., 2012). It further explains why intergroup anxiety amplifies 

implicit prejudice but not implicit stereotyping (Amodio & Hamilton, 2012). Hence, an aversive 

conditioning mechanism of bias, while novel to psychological theories of prejudice, helps to 

explain a broader range of prejudiced behaviors.   

Third, and more broadly, social neuroscience research positing an aversive conditioning 

component of prejudice sparked a paradigm shift in social cognitive models of prejudice. 

Whereas prior theories assumed that prejudice emerges from a single cognitive network of 

semantic concepts (i.e., stereotype knowledge), conditioned fear (a) involves threat associations, 
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formed through highly-arousing aversive experiences and (b) is expressed primarily in behavior 

and autonomic arousal. Hence, this research revealed a second mechanism for social learning 

and prejudice and, by linking the study of prejudice to broader models of learning and memory, 

pointed to additional mechanisms of social learning and prejudice that had yet to be studied 

(Amodio & Ratner, 2011a; March et al., 2018).   

It is notable, however, that despite the existence of Pavlovian aversive conditioning in 

humans and its likely role in nonverbal and affective expressions of prejudice, neuroimaging 

evidence for a stronger amygdala response to racial outgroup members has been mixed, at best 

(Checkroud et al., 2014). Indeed, most fMRI studies of race perception have not observed a 

difference in amygdala response to viewing racial outgroup compared with ingroup members 

(e.g., Beer et al., 2008; Gilbert et al., 2012; Golby et al., 2001; Knutson et al., 2007; Mattan et 

al., 2018; Phelps et al., 2000; Richeson et al., 2003; Ronquillo et al., 2005; Stanley et al., 2012; 

Telzer et al., 2013; Van Bavel et al., 2008, 2011). Of those that did, race effects were observed 

under specific conditions: for example, when Black and White faces were presented very briefly 

(Cunningham et al., 2004), when participants made superficial rather than individuating 

judgments (Wheeler & Fiske, 2005), or when the target face’s gaze was direct but not averted 

(Richeson et al., 2008). Other research found that the amygdala effect—greater to Black than 

White faces—was stronger among African American participants than White participants 

(Lieberman et al., 2005). Notwithstanding limitations common to early fMRI studies (e.g., small 

samples, less stringent corrections for multiple comparisons), these instances of positive 

findings, in which amygdala effects were observed under some conditions but not others, suggest 

a more complex account of the amygdala’s role in race perception.  



Amodio & Cikara 16 

 

Research using the startle eyeblink method to assess the amygdala response to racial 

outgroups has added to our understanding of its role in prejudice. These studies suggest that the 

amygdala primarily guides attention to race, based on its motivational relevance, especially in 

situations of threat or anxiety. This perspective stems from the method’s amenability to larger 

sample sizes and more varied experimental designs, compared with fMRI, as well as its historical 

roots in research on attention and motivation (Filion et al., 1998). For example, an early study of 

White participants found greater startle response to Black faces than to both White and Asian 

faces (Amodio et al., 2003). Although this finding was initially interpreted as revealing an 

amygdala substrate for prejudice, further analysis suggested that this effect was primarily 

associated with participants’ anxiety about appearing prejudiced to others (i.e., their external 

motivation to respond without prejudice), even among people with egalitarian attitudes. 

Subsequent startle eyeblink and fMRI studies similarly found that amygdala responds not to race 

per se, but to social goals and task strategies (Brown et al., 2006; Mattan et al., 2018; Vanman et 

al., 2013; Van Bavel et al., 2008; Wheeler & Fiske, 2005). That is, these findings suggest that the 

amygdala response to racial outgroup members often reflects attention driven by social goals and 

concerns, rather than the direct threat of an outgroup member (Amodio, 2014; Checkroud et al., 

2014). Moreover, social concerns about appearing prejudiced have been linked to implicit 

prejudice (Devine et al., 2002); this link may explain why the amygdala response to race has 

been found to correlate with implicit prejudice in some work (e.g., Phelps et al., 2000).  

In summary, Pavlovian aversive conditioning likely contributes to a specific aspect of 

prejudice—one that operates automatically, is associated with negative affect, and is expressed in 

nonverbal behaviors such as freezing and social distancing. However, despite early excitement 

about the possibility that the amygdala underlies implicit prejudice, this idea has not been 
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supported by the fMRI literature. Instead, amygdala activations in intergroup contexts appear to 

reflect attention to relevant group cues, as determined by one’s social motivations and goals, or 

one’s anxiety about appearing prejudiced. Nevertheless, the role of the amygdala in prejudice 

formation remains plausible and ripe for study, as a Pavlovian learning process provides the best 

account of some forms of intergroup behavior.  

Stereotypes and conceptual evaluations: The role of semantic memory. Stereotypes 

represent the conceptual attributes linked to a particular group, as defined within a particular 

culture or society. Stereotyping involves the encoding and storage of group-based concepts, the 

selection and activation of these concepts into working memory, and their application in 

judgments and behaviors (Fiske, 1998). As such, stereotyping involves cortical structures that 

support more general forms of semantic memory, object memory, retrieval, and conceptual 

activation, such as the temporal lobes and inferior frontal gyrus (IFG; Martin, 2007), as well as 

regions involved in impression formation, such as the medial prefrontal cortex (mPFC; Amodio 

& Frith, 2006). Social knowledge—about people and groups—has been specifically linked to 

anterior temporal lobe (ATL), including the temporal pole (Olson et al., 2013; Zahn et al., 2007). 

Hence, stereotypes and conceptual evaluations—to the extent they represent a social form of 

semantic processing—should also be associated with activity in these regions.  

In an fMRI study of racial stereotypes, Gilbert et al. (2012) used MVPA to dissociate 

neural activity representing judgments of Black and White individuals on the basis of either 

stereotype-associated traits (athleticism) or evaluations (potential friendship). Race-based 

differences in stereotype trait judgments were represented in the mPFC, similar to observations 

of gender stereotype judgments (Contreras et al., 2012; Quadflieg et al., 2009), whereas 

evaluative judgments were represented in OFC (Gilbert et al., 2012). To probe stored 
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representations of stereotypes and evaluations, the authors looked for regions in which multi-

voxel patterns could reliably predict participants’ scores on independent implicit association test 

(IAT) measures of racial stereotyping and evaluation, respectively. They found one region that 

accurately represented both implicit stereotyping and implicit evaluation: the ATL. That is, when 

subjects made trait judgements, stereotyping IAT scores were associated with one pattern of 

ATL activity; when they made evaluative judgements, evaluative IAT scores were associated 

with a different pattern within the same region. These findings support a semantic memory basis 

for implicit bias rooted in conceptual associations, including both stereotypes and evaluations. 

Consistent with an ATL substrate of stereotype representation, Spiers et al. (2017) 

observed that the formation of racial stereotypes, acquired as participants read descriptions of 

outgroup members’ negative behaviors, was tracked uniquely by activity in the temporal poles. 

In other research, disruption of ATL activity via transcranial magnetic stimulation (TMS) 

attenuated the behavioral expression of implicit gender stereotype associations (Gallete et al., 

2011). Furthermore, ERP studies have linked stereotype processing to the N400 ERP component 

(e.g., White et al., 2009), a neural signal originating from the temporal lobe that is associated 

with language and semantic memory processes and occurs ~400 milliseconds following word 

presentation (Kutas & Federmeier, 2011). When judging a novel group member, group 

stereotypes represented in the ATL may influence one’s impression via signals to the mPFC 

(Amodio, 2014), consistent with anatomical connections between these regions (Olson et al., 

2013). Hence, while the neural basis of stereotyping remains understudied, existing research 

consistently identifies the ATL as supporting the representation of social stereotypes and, 

through connectivity with the mPFC, the application of stereotypes in impression formation.  
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Prejudice formation through social interaction: The role of instrumental learning. 

Ironically, most psychological research on impression formation concerns indirect experiences of 

others—in lab studies we learn about others by reading descriptions, observing behaviors, or 

applying stereotypes. Yet much of real-life social behavior involves direct interaction, and thus a 

current major goal of social cognition research is to understand how we form impressions of 

people and their groups through social exchange. Recent social neuroscience findings suggest 

this form of direct interaction-based social cognition may be rooted in instrumental learning—a 

mode of feedback-based reward reinforcement associated with activity of the striatum (Hackel et 

al., 2015). The striatum, which comprises the caudate, nucleus accumbens, and putamen, 

supports the learning and representation of reward value and, through its connectivity with the 

PFC and motor cortex, guides choice and goal-directed action (O’Doherty et al., 2017).  

Although social psychologists have long hypothesized a role for instrumental learning in 

attitudes and social behavior (e.g., Breckler, 1984), this idea has only recently been tested using 

contemporary reinforcement learning paradigms and computational modeling (Behrens et al., 

2009; Hackel & Amodio, 2018). Behavioral studies confirm that people incrementally update 

their attitudes about both persons (Hackel et al., 2019) and groups (Kurdi et al., 2019) in a 

manner predicted by reinforcement models. Convergent fMRI research has linked this process to 

the striatum (Hackel et al., 2015). Human learners can similarly form and update trait-like 

inferences in response to feedback (Hackel et al., 2015, 2020)—a process supported by the 

striatum in combination with regions often implicated in social cognition (e.g., rTPJ, precuneus, 

intraparietal lobule). These findings suggest that instrumental learning may support both an 

action-based form of social attitude as well as the formation of conceptual trait impressions. 
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In the context of prejudice, instrumental learning represents the formation of reward 

associations through repeated action and feedback, for example, through the process of 

approaching an ingroup or outgroup member and encoding their response. Instrumental 

associations should be more directly linked to action, given their learning mode and underlying 

neural circuitry, relative to semantic or Pavlovian associations, and thus instrumental forms of 

prejudice may be most strongly expressed in behavior (Amodio & Ratner, 2011a). Unlike 

semantic learning, which pertains to specific conceptual associations, instrumental learning 

represents probabilistic reward associations and does not require awareness for its learning or 

expression (Knowlton et al., 1996). For this reason, a model of instrumental prejudice may help 

to understand aspects of implicit prejudice—particularly those expressed via action, as opposed 

to those observed in word associations. Finally, instrumental associations are malleable, 

fluctuating according to the reward history of a social target, in contrast to Pavlovian 

associations, which are difficult to alter (LeDoux & Hofmann, 2018). Thus, manipulations 

known to change instrumental reward associations may inform new interventions for how to 

reduce this aspect of prejudice. Predictions such as these, based on the emerging literature on 

instrumental learning in social cognition, are currently guiding a new wave of research on the 

social neuroscience on prejudice.  

  Habits: A basis for automatic prejudice? Automatic prejudices are often likened to 

habits; they appear to emerge from repeated negative experiences with outgroup members, 

unfold without intention, and resist change (Devine, 1989). While an intuitive analogy, is there 

evidence that prejudice can operate like a habit?  

Habits typically emerge from instrumental learning—responses that begin as a goal-

directed reward-driven actions which, over time and repetitions, become routinized as automatic 
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responses that persist irrespective of reward (Wood & Neal, 2017; Robbins & Costa, 2017). 

Whereas goal-directed instrumental learning is primarily associated with the ventral striatum, 

habit-driven responses have been linked to the dorsal striatum (Foerde, 2018).  

Although social neuroscience has yet to investigate the role of habit in prejudice, 

behavioral research suggests that a habit-like process, such as model-free learning, can underlie 

social attitudes toward both persons and groups (Hackel et al., 2019; Kurdi et al., 2019). These 

findings suggest that habits may indeed play a role in prejudice. However, unlike the “habit” 

analogy for automatic stereotyping, a habit component of prejudice would most likely be 

expressed in action and choice, given its roots in instrumental learning. While further research is 

needed, a consideration of habits as a mechanism for prejudice promises to inform our 

understanding of how implicit bias is expressed and potentially reduced.  

Summary: The social neuroscience of prejudice formation and representation. A 

major contribution of social neuroscience research on prejudice has been to link different aspects 

of prejudice—stereotypes, affective bias, and discriminatory actions—to neurocognitive models 

of learning and memory. It reveals that intergroup bias, and implicit bias in particular, is not one 

phenomenon, but a set of different processes that may be formed, represented in the mind, 

expressed in behavior, and potentially changed via distinct interventions. 

 

Effects of prejudice on perception, emotion, and decision-making 

Once categorization has occurred and prejudice is activated, it modulates other 

psychological processes—what we see, how we feel, and how we form judgments—all of which 

can influence behavior. In this section, we review discoveries from social neuroscience on the 

effects of prejudice on face perception, intergroup emotion, and decision-making. 
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Face perception. Since the “New Look” proposal that motivation influences object 

perception, prejudice researchers have considered the possibility that prejudice shapes how we 

see ingroup and outgroup members (Kawakami et al., 2017). Social neuroscience has advanced 

this line of inquiry by introducing methods from vision neuroscience to complement behavioral 

methods that, on their own, cannot easily discern changes in perception from changes in a 

person’s judgment of their perception. In doing so, this approach has produced new and more 

rigorous evidence for the effects of prejudice on early face processing while elucidating the 

mechanisms through which top-down social factors influence social perception. In contrast to the 

categorization research we discussed above, what follows is a review of work that seeks to 

understand more specifically how prejudice-biased perception gives rise to discriminatory 

phenomena (e.g., race-based misidentification in line-ups).   

Humans are expert face perceivers, and the capacity to identify a human face, encode its 

features, track its orientation, and recognize its identity is supported by an extensive network of 

neural regions that include the fusiform, occipital cortex, and temporal lobe (Duchaine & Yovel, 

2015). An initial stage of face perception is the configural encoding of a stimulus as a face—that 

is, determining that the arrangement of an object’s features matches the canonical configuration 

of a human face: two eyes above a nose, above a mouth. Simultaneously, the brain encodes 

specific facial features, although configural processing is typically prioritized. Configural face 

processing is associated primarily with the fusiform gyrus, whereas featural processing occurs in 

temporo-occipital cortex (Duchaine & Yovel, 2015).  

In an early fMRI study of the own-race bias effect, whereby ingroup faces are recognized 

better than outgroup faces, Golby et al. (2001) observed greater activity in the fusiform gyrus 

when White participants’ viewed ingroup than outgroup faces, and this neural pattern predicted 
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better memory for ingroup faces. This finding revealed greater configural encoding of ingroup 

than outgroup faces—a difference in the early perceptual encoding of an image as a human face. 

More recent work, which examined the effect of race on a phenomenon called “repetition 

suppression,” suggests that prioritized ingroup processing in the fusiform contributes to the 

outgroup homogeneity effect, which, similar to the own-race bias effect, refers to people’s 

tendency to view outgroup members as less distinguishable than ingroup members (Hughes et 

al., 2019; Reggev et al., 2020).  

Most studies examining race effects on face perception have used an ERP approach, with 

a focus on the face selective N170 component—a neural signal associated with the initial 

configural encoding of a face, which is generated in the fusiform and temporo-occipital cortices 

and occurs at just ~170 ms after face onset. Early effects of race on the N170 appeared mixed—

some found larger responses to racial ingroups (Ito & Urland, 2005; Feng et al., 2011), others to 

racial outgroups (Walker et al., 2008), and many others found no differences (e.g., He et al., 

2009; Wiese et al., 2009; Caldara et al., 2003). However, more recent research has clarified that 

group effects on face encoding depend on a perceiver’s task goals and social motivations (Ofan 

et al., 2011; Senholzi & Ito, 2013). When race is relevant to one’s goal, configural processing of 

goal-relevant group members is enhanced; when race is not relevant, faces of both groups are 

processed similarly. For example, when a Black face represents a threat cue (e.g., because a 

participants’ group dominance motives were activated, or because the participant was worried 

about appearing prejudiced to others; Ofan et al., 2014; Schmid & Amodio, 2017), the N170 may 

be larger to Black than White faces. By contrast, when a White participant is motivated to 

discount or stereotype outgroup members, their N170 response may be smaller to Black than 

White faces (Schmid & Amodio, 2017).   
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Several factors have now been shown to influence the effect of race on configural face 

encoding, such as categorization goals (Ito & Urland, 2005), social power (Schmid & Amodio, 

2017), economic scarcity (Krosch & Amodio, 2019), implicit prejudice (Ofan et al., 2011), 

intergroup anxiety (Ofan et al., 2014), perceiver race (Vizioli et al., 2010), group identity 

(Scheepers et al., 2013), and intergroup contact (Walker et al., 2008). Such effects have been 

found among people of many different nationalities, including Canadian, Chilean, Chinese, 

Israeli, Japanese, Korean, and Swiss, and their relevant ethnic outgroups (e.g., Caldara et al., 

2003; Ibanez et al., 2010). Increased configural processing, as indicated by the N170 or fMRI 

measures of fusiform activity, has also been observed for novel (Van Bavel et al., 2011) and 

minimal (Ratner & Amodio, 2013) ingroup members, university ingroup members (Cassidy et 

al., 2014), and sex-typical faces relative to sex-atypical faces (Freeman et al., 2010). In some 

studies, the N170 to racial outgroups was also delayed (Ofan et al., 2011; Stahl et al., 2008; 

Weise et al, 2008; Zheng & Segalowitz, 2014)—a pattern is consistent with a shift to feature-

based processing as a result of impaired configural processing (Rossion et al., 2000). 

Collectively, this research demonstrates an effect of intergroup bias on the earliest stages of face 

processing that, under certain conditions, may impede a perceivers’ ability to process outgroup 

faces the same way as ingroup faces—an effect that has been dubbed perceptual dehumanization 

(Fincher & Tetlock, 2016; Kawakami et al., 2017) and linked to outgroup homogeneity effects 

(Hughes et al., 2019).   

Most important, these race effects on configural encoding may function to justify and 

promote discriminatory behavior (Krosch & Amodio, 2019). In complementary ERP and fMRI 

studies, White participants determined how much money each of a set of White and Black 

individuals deserved. Participants exhibited a selective delay in the N170 (using EEG) and 
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reduction in fusiform activity (using fMRI) to Black, compared with White, faces that emerged 

only under conditions of perceived economic scarcity (Figure 5). Moreover, in both studies, the 

magnitude of this encoding deficit was associated with the degree of anti-Black disparity in 

participants’ money allocations. These findings are consistent with the idea that intergroup 

prejudice (e.g., induced by scarcity) can lead perceivers to view outgroup members in a way that 

facilitates harmful behavior (Fincher & Tetlock, 2016; Rai et al., 2017; Zhou et al., 2020).   

 

Figure 5. Face-selective activity in the fusiform cortex (panel A) was reduced among White 
participants when they viewed Black faces, relative to White faces, in a condition of perceived 
scarcity (panel B)—a pattern associated with racial bias in participants monetary allocations to 
Black and White recipients. Adapted from Krosch and Amodio (2019). 
 
 

Together, these studies reveal that prejudice and intergroup dynamics can indeed shape 

the earliest stages of face processing, and that they do so flexibly and in a goal-consistent 

manner. Moreover, by identifying specific factors that affect early social perception (e.g., 

prejudice, power, scarcity), this work suggests contexts in which the effects of prejudice on 

perception may be modulated, and thus potentially reduced.  

Emotion. A central goal of prejudice research is to inform our understanding of 

discrimination and intergroup behavior. Although prejudice is typically measured in terms of an 

attitude—that is, on a single dimension of valence, ranging from negative to positive—attitudes 

are often not fine-grained enough to predict specific behaviors; for example, when do negative 
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attitudes predict neglect, as opposed to fear or attack (Fiske, 2018)? To understand the specific 

behaviors associated with prejudice, a more nuanced analysis of discrete intergroup emotions is 

needed (Neuberg & Schaller, 2016; Mackie & Smith, 2018).  

A distinctive feature of intergroup emotions is that they may conflict with the emotional 

responses people feel in interpersonal contexts. In other words, in intergroup contexts, people’s 

emotional responses may shift to reflect the priorities and interests of the group instead of the 

individual (Mackie & Smith, 2018). Nowhere is this pattern better characterized than in the 

domain of how we feel in response to ingroup versus outgroup members’ suffering. The social 

neuroscience of intergroup empathy has illuminated that there are distinct pathways that 

contribute to ingroup help/outgroup neglect versus outgroup harm (Vollberg & Cikara, 2018).  

Empathy is a multi-faceted construct, comprising both cognitive and affective 

components that reflect our reactions to others’ experiences and feelings. Understanding a 

target’s experience in the absence of any concomitant affect has been associated with a 

distributed set of brain regions including mPFC, temporoparietal junction, temporal pole, and 

precuneus—regions involved in the representation of trait impressions, perspective-taking, 

person knowledge, and self-awareness, respectively (Amodio & Frith, 2006; Saxe, 2010; Olson 

et al., 2013). Experiencing an emotion in reaction to someone else’s emotion, on the other hand, 

is typically associated with engagement of dACC and AI (Zaki & Ochsner, 2012; Lamm et al., 

2019). Because the AI and dACC are associated with both the first-hand experience of pain and 

empathy for others, early theories posited that the affective components of empathy were the 

product of simulating others’ pain (Hein & Singer, 2008). However, both regions are involved in 

a range of functions, including the detection of cognitive conflict, tracking of value, and salience 

(see also section on categorization above). Therefore, more recent formulations posit dACC and 
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AI consistently correlate with empathy due to their general function of encoding salient cues and 

value (Decety, 2011). 

While there remains ambiguity surrounding the precise functions of these regions in the 

experience of empathy, there is relatively greater consensus surrounding the phenomenon of 

intergroup empathy bias. Dozens of physiological, fMRI, and EEG studies indicate that people 

are less likely to empathize with others when they are socially distant, such as when they belong 

to different racial or national groups (Cikara et al, 2011; Cikara & Van Bavel, 2014; Han, 2018). 

For example, participants in an fMRI study exhibited greater dACC engagement when watching 

members of their racial ingroup (Caucasian or Chinese) relative to the outgroup being pricked by 

a needle (Xu et al., 2009). This dACC and AI bias pattern has replicated across cultures, 

including Chinese (Sheng et al., 2014), Australian (Contreras-Huertas et al., 2013), and European 

(Azevedo et al,. 2013) participants, and across group contexts, including sports fans (Cikara et 

al., 2011; Hein et al., 2010). 

 It is notable, however, that findings from at least two studies diverged from this pattern. 

In the first case, participants who viewed images of same-race and other-race targets suffering in 

the aftermath of Hurricane Katrina exhibited similar degrees of dACC and AI activation across 

both conditions (Mathur et al., 2010). Similarly, Arabs and Israelis exhibited equivalent dACC 

and AI responses to stories of ingroup and outgroup pain (Bruneau et al., 2012). These patterns 

may also be moderated by the majority/minority status or power of the groups under inquiry 

(e.g., Black vs. White participants in South Africa viewing Black and White targets’ suffering; 

Fourie et al., 2017). Future work is tasked with determining whether these discrepancies are due 

to differences in samples, stimulus sets, or statistical power. 
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Similar patterns have been documented via reduced motor resonance—activation of an 

observer's motor system, attuned to the perceived movement of another—with outgroup relative 

to ingroup targets (Avenanti et al., 2010; Fini et al., 2013; Gutsell & Inzlicht, 2012). For 

example, watching ingroup members as opposed to outgroup members receive an injection 

resulted in increased event-related desynchronization of beta rhythms in sensorimotor cortex, 

which the authors interpreted as greater resonance with ingroup pain (Riečanský et al., 2015; see 

also Levy et al., 2016). 

However, lapses in empathy alone cannot explain overt intergroup conflict. After all, the 

absence of empathy is merely apathy, which is generally not a strong predictor of aggressive 

behavior. Thus, a growing body of work has focused on understanding the conditions under 

which people experience the exact opposite of empathy—specifically, pleasure in response to 

others’ misfortunes (Schadenfreude). People are least likely to experience empathy and most 

likely to experience Schadenfreude in intergroup contexts when they see outgroups as both 

competitive with their own interests and high-status: not only are “their” goals at odds with 

“ours;” they also pose a legitimate threat (Cikara, 2015; Harris et al., 2008). In an fMRI study 

testing the link between Schadenfreude and harm (Cikara et al., 2011), Red Sox and Yankees 

fans reported how much they felt pleasure, anger, and pain after watching baseball plays in 

which their team and their rival scored or failed. Not surprisingly, participants reported feeling 

pleasure when players on their own team succeeded and a rival team failed, even against the 

Orioles (a relatively less competitive team in the same league). Pleasurable baseball plays, 

including rivals failing to score against the Orioles (the pure Schadenfreude condition), activated 

responses in the ventral striatum (VS), a region associated with learning from rewarding events. 

Weeks later, those participants who exhibited greater VS activation in response to watching their 
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rivals fail also reported an increased likelihood of aggressing against rival team fans (relative to 

Orioles fans). Note also that no such correlation emerged with dACC or AI (mirroring the 

absence of a relationship between reduced empathy and aggression; Vachon, Lynam, & Johnson, 

2014). In a related fMRI study, soccer fans exhibited VS activity when watching a rival team’s 

fan—someone who is merely affiliated with the rival team—receive a painful electric shock. 

Increased VS in this context was correlated with a decreased willingness to help the rival fan 

(Hein et al., 2010). 

The unique association of outgroup harm with activity in the VS is notable because there 

are several regions in the brain associated with the registration of pleasure (including AI, vmPFC 

and medial orbitofrontal cortex). VS, however, is associated with reward prediction errors for the 

purposes of planning future behavior. According to one model, the capacity for intergroup 

aggression may have developed, in part, by appropriating basic reinforcement-learning processes 

and associated neural circuitry—including VS—to overcome harm aversion (Cikara, 2015). As 

such, the repeated experience of Schadenfreude in response to outgroup suffering may be the 

slippery slope that slowly transforms unthinkable actions to acceptable ones. 

As we have emphasized throughout this article, these emotional responses are malleable 

and context-dependent. If the nature of one’s relationship with an outgroup member changes, 

their degree of empathy follows. For example, participants expressed greater empathy toward an 

outgroup member who volunteered to receive electric shocks in order to spare the participant, in 

comparison to an ingroup member who did the same. Specifically, greater responses in AI 

associated with receiving help from an outgroup member predicted significantly greater AI 

activation in response to seeing other outgroup members in pain (relative to a baseline, before 

they received help; Hein et al., 2016).  



Amodio & Cikara 30 

 

Social neuroscience research has also expanded our understanding of guilt, which, in 

response to one’s intergroup transgression, is a powerful elicitor of self-regulation and prosocial 

behavior (Allport, 1954). This research has linked guilt to a two-stage regulatory response: the 

initial experience of guilt is associated with dACC activation and a reduction in left prefrontal 

cortex (PFC)—a pattern associated with self-directed attention and behavioral inhibition, 

presumably to process one’s misdeed and plan for reparation (Amodio et al., 2007; Fourie et al., 

2014). This response then transforms into a state of readiness when an opportunity for reparation 

emerges, at which point one’s initial feelings of guilt are associated with increased left PFC 

activity and the engagement of prejudice-reducing behaviors (Amodio et al., 2007). Several other 

emotions central to intergroup prejudice and behavior, such as disgust, hope, anger, pity, to name 

just a few, are ripe for further investigation.  

Decision-making. Intergroup attitudes and emotions interact with other processes (e.g., 

valuation, stereotypes, social goals) to inform our social choices: whom to learn from, how to 

allocate our resources, how much to punish, and what norms to follow in social settings. A 

rapidly growing area of research in intergroup decision-making has begun to leverage knowledge 

acquired in the cognitive neuroscience of non-social learning and decision-making (see Ruff & 

Fehr, 2014 for review) to better understand how group contexts moderate these processes. 

Conformity. We have already reviewed evidence that people exhibit greater sensorimotor 

resonance with ingroup relative to outgroup members experiencing pain, but it is crucial to 

understand whether other behaviors that rely on ‘matching’ a target’s experience are sensitive to 

target group membership. For example, even chimps yawn more after watching video clips of 

familiar relative to unfamiliar conspecifics yawning (Campbell & DeWaal, 2011). To the extent 

that imitation is a rudimentary form of learning, such results suggest that people learn more from 



Amodio & Cikara 31 

 

ingroup than outgroup members. Recent findings comport with this prediction. In one study, 

participants rated a series of images on their valence, from negative to positive (Lin et al., 2018). 

Then, during an fMRI scan, American participants observed ratings of those same images 

ostensibly from other American and Chinese participants. Participants not only shifted their 

evaluations to conform more with ingroup relative to outgroup members’ ratings, but this 

conformity behavior correlated with increased mPFC, left amygdala, left VS, bilateral AI, and 

bilateral ventrolateral prefrontal cortex responses—regions associated with positive valuation 

and value integration. Based on these results, the authors argued that rather than reflecting mere 

signaling strategy, conformity with the ingroup (or, distinguishing oneself from the outgroup; 

Huang et al., 2019) carries intrinsic value.          

Moral judgments and punishment. Not all victims and perpetrators are equivalent; our 

judgments of wrongdoing are often modulated by targets’ group memberships. Although there is 

a wealth of literature examining the neural substrates of moral decision-making, this work has 

only recently integrated considerations of group membership. For example, participants in an 

fMRI study reported being more upset when the victim of physical harm was a fellow university 

student (relative to a student from a rival university), but only when the perpetrator of harm was 

an outgroup member (i.e., a student from the rival university; Molenberghs et al., 2014). Only 

one region was associated with this moral response—left orbitofrontal cortex—which the authors 

speculated may support increased moral sensitivity by upregulating AI and amygdala responses 

to this special class of scenarios. 

And what of lesser transgressions? Violators of social norms are often (though not 

always) punished more severely if they are outgroup relative to ingroup members. Using 

transcranial magnetic stimulation, one study found it was possible to eliminate this group bias 
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among soccer fans by disrupting activity in right (but not left) temporo-parietal junction, a region 

associated with mentalizing. More specifically, they found that disrupting right temporo-parietal 

junction reduced retaliation intentions, suggesting a link between mentalizing and punishment 

motives (Baumgartner et al., 2013). 

Resource allocation. Finally, harkening back to some of the early work on intergroup 

relations in social psychology, which examined effects of group membership on resource 

distribution (Tajfel & Turner, 1977), recent social neuroscience studies have begun to examine 

the neural systems that generate biased resource allocations between ingroup and outgroup 

members. In Krosch and Amodio’s (2019) fMRI study, described above, the degree of anti-Black 

disparities in White participants’ monetary allocations were associated with activity in a 

fusiform-striatum pathway; that is, smaller resource allocations to Black recipients were 

predicted by reduced activity in the fusiform face area while viewing those recipients, coupled 

with reduced activity in the striatum. The authors speculated, based on this pattern, that scarcity 

may induce a form of perceptual dehumanization of racial outgroup members, which then signals 

their devaluation during allocation decisions.  

In the context of the refugee crisis, one study tested the relative effects of peer-driven 

norms of altruism and oxytocin administration on resource allocations to refugees (Marsh et al., 

2017). Their results were moderated by participants’ xenophobia: low xenophobia participants 

were more inclined to help refugees than natives, and oxytocin to these participants increased 

donations for both groups. High xenophobia participants, by contrast, gave more to refugees than 

natives only when oxytocin was combined with the activation of altruism norms. However, we 

would be remiss if we did not note the large related literature examining the role of oxytocin in 

ethnocentrism (De Dreu et al., 2011), in-group defense (De Dreu et al., 2010), and even outgroup 
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attack (Zhang et al., 2019), indicating oxytocin’s nuanced and complex influence on intergroup 

processes. Findings such as these begin to describe the neural processes associated with 

intergroup resource allocation decisions and, by doing so, shed new light on the psychological 

processes involved.  

Summary: Intergroup Perception, Emotion, and Decision Making. Social 

neuroscience research has refined our understanding of how prejudice influences the visual 

processing of faces, intergroup emotion, and decision-making processes, particularly as each 

type of response pertains to behavior. These findings set the stage for important work to come on 

how these processes drive the impact of prejudice on critical everyday outcomes such as hiring, 

housing, voting, medical recommendations and care, and conflict resolution.  

 

Self-regulation of prejudice 

Despite the ease with which prejudice forms and springs to mind, many people 

consciously object to prejudice and strive to respond in an egalitarian manner (Devine, 1989). 

This conflict—between biased impulses and egalitarian intentions—has long been recognized in 

social psychology (Allport, 1954), and interventions to enhance control are an effective short-

term strategy for reducing prejudice (Burns et al., 2017). However, while behavioral research has 

identified many factors that promote control, it has not addressed some crucial questions about 

the prejudice control process: for example, how is control initiated? Does control involve more 

than one process? On which psychological and behavioral processes does control operate? And 

why are some people better at controlling prejudice than others? Our ability to develop effective 

interventions to reduce prejudice depends on answers to questions such as these.   
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Social neuroscience studies have shown that prejudice control involves multiple 

processes, and that a consideration of these processes provides a more comprehensive account of 

intergroup behavior (Figure 6). Early neuroscience research on the regulation of prejudice 

adapted a cognitive neuroscience model of control, whereby control comprises (a) a monitoring 

process, supported by dACC, which detects the activation of bias, and (b) a regulatory process, 

supported by lateral PFC, which implements an intended response (Botvinick et al., 2001). When 

the monitoring process registers conflict, it signals the regulatory system to initiate control. 

According to this model, prejudice control is initiated when a conflict is detected between an 

activated bias (e.g., a stereotype-driven response) and an intended alternative response (Amodio 

et al., 2004; Richeson et al., 2003). Moreover, this conflict monitoring process has been shown to 

operate without awareness, suggesting that prejudice control may be initiated rapidly, without 

conscious deliberation (Nieuwenhuis et al., 2001).  

 

Figure 6. A model of prejudice control suggested by social neuroscience research, with 
descriptions of putative neural functions as they pertain specifically to the process of prejudice 
control. Medial regions (dACC, rACC, mPFC) support the detection of bias from both internal 
and external cues, whereas lateral regions (left dlPFC, right IFG) support the implementation of 
control via the selection or inhibition of responses. Adapted from Amodio (2014). 
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The conflict-detection component of prejudice control was tested in a study that assessed 

dACC activity in participants performing a task that required them to inhibit the automatic 

expression of racial stereotypes on some trials but not others (Amodio et al., 2004). Here, dACC 

was indexed by the error-related negativity (ERN) component of the ERP. ERN amplitudes were 

greater on trials requiring stereotype inhibition, and the magnitude of this neural signal predicted 

participants’ success at controlling stereotype application in their behavior. Moreover, by 

demonstrating stereotype-related dACC activity on trials leading to both successful and 

unsuccessful control, this experiment dissociated the process of bias detection from the process 

of implementing a controlled response. Finally, by using an ERP index of dACC activity, which 

assesses changes in neural activity on the order of milliseconds, this work revealed that a neural 

signal to initiate control occurs rapidly (within about 300 ms) and thus likely without conscious 

deliberation.  

This finding has been replicated and extended in several studies of prejudice control, 

using a variety of tasks and multiple ERP indices of dACC activity (Amodio et al., 2006; 2008; 

Amodio & Swencionis, 2018; Bartholow et al., 2006; Beer et al., 2008; Correll et al., 2006; 

Hughes et al., 2017). For instance, to address a prior finding that some people with egalitarian 

beliefs struggle to control automatic stereotypes more than others, one study showed that this 

individual difference in control could be explained by individuals’ sensitivity to stereotype-based 

conflict, as indicated by dACC activity (Amodio et al., 2008). Other research has shown that 

personal and normative impetuses to control prejudice may rely on different mechanisms of 

conflict detection—a dACC process for detecting internal cues for control and an mPFC/rostral 

ACC process for monitoring external (e.g., social) cues—to explain why control based on 

external cues is often less effective than control based on internal cues (Amodio et al., 2006). 
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Hence, by distinguishing the conflict detection process as separate from the implementation of 

control, these studies provided novel accounts for enduring questions about prejudice control.    

Similar effects have been observed using fMRI. In a study examining the neural 

correlates of the racial prejudice IAT—a task that requires controlled processing to complete 

bias-incompatible trials—dACC activity was associated with the ability to detect the correct, 

unbiased response amid biased automatic tendencies (Beer et al., 2008; see also Knutson et al., 

2007). The role of dACC in the detection of potential bias was shown in an fMRI study by 

Norton et al. (2013), in which participants were asked to assign a stereotypic trait to one of a pair 

of target individuals. When targets in a pair differed in their race (one Black and one White), 

thereby creating the potential for stereotyping, participants slowed their response—a 

phenomenon the authors dubbed “racial paralysis.” This reaction was associated with heightened 

dACC activity. dACC activity has even been observed during the passive viewing of racial 

outgroup faces, suggesting that the mere appearance of racial cues may engage a readiness for 

control (e.g., Cunningham et al., 2004; Richeson et al., 2003). Together, these studies 

demonstrate the involvement of the dACC in the detection of bias and the initiation of prejudice 

control, advancing our understanding of how control fails or succeeds. 

Social neuroscience research has also shed new light on how control is implemented; that 

is, on what is being “controlled” during prejudice control. In several fMRI studies with White 

American participants, participants exhibited greater right IFG activity in response to 

presentations of Black faces compared with White faces (e.g., Beer et al., 2008; Cunningham et 

al., 2004; Mitchell et al., 2009; Richeson et al., 2003; Lieberman et al., 2005). Given research 

indicating that right IFG supports response inhibition (Aron et al., 2014), these findings suggest 

that exposure to Black faces elicited a form of behavioral inhibition. A similar pattern of right 
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IFG activity was observed when participants were asked to evaluate members of widely-

stigmatized groups—a question that presumably requires the inhibition of a biased response 

(Krendl et al., 2009). Together, these findings suggest IFG supports an inhibitory form of 

prejudice control. 

Whereas right IFG is associated with the inhibition of action, activity in the left lateral 

PFC has been associated with the production of goal-directed action. In the context of prejudice, 

this region has been linked to the successful implementation of an intended response over an 

automatic stereotype. In an EEG study designed to assess this process as it unfolded in real time 

(Amodio, 2010), brain activity was recorded in subjects as they completed stereotype priming 

task that, on some trials, required participants to replace an automatic stereotype response with a 

correct, unbiased response. Greater left dorsolateral prefrontal cortex (dlPFC) activity was 

associated with more success in overriding an automatic stereotype with an unbiased response. 

Furthermore, an analysis of ERPs during this process revealed that the effect of left dlPFC 

activity on stereotype control was mediated by rapid attentional orienting to racial outgroup cues, 

as indexed by the P2 component of the ERP. This pattern suggested that dlPFC activity tuned 

perceptual attention to relevant stimuli, in the manner of proactive control (e.g., Amodio & 

Swencionis, 2018), in order to promote the control of action. In another EEG study, noted above, 

greater left dlPFC activity was associated with participants’ choice to engage in prejudice-

reducing activities following a manipulation that made them feel guilty about their personal 

biases (Amodio et al., 2007).  

These PFC findings suggest that, depending on the task, prejudice control may operate by 

inhibiting an unwanted behavioral response or by promoting goal-directed action to override an 

unwanted bias, or both, consistent with cognitive neuroscience models of PFC function (Miller 
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& Cohen, 2001). These expressions of control clarify and advance prior models of prejudice 

control that focused on correction, suppression, and inhibition (Amodio & Devine, 2010), or 

which assumed that control processes operated on internal mental representations rather than 

behavior. This model of control also updates an early view of prejudice control, whereby control 

was thought to operate via lateral PFC downregulation of the amygdala. Although this idea was 

suggested by some correlational findings, it is inconsistent with primate anatomical studies, 

which found sparse, if any, direct connections between these regions (Amodio & Ratner, 2011b; 

Gashghaei et al., 2007). 

The new model of prejudice control suggested by social neuroscience has important 

implications for interventions to reduce prejudice. This model suggests that a prejudiced 

response may occur for multiple reasons, each associated with a different underlying process 

(Amodio, 2014). For example, a person may fail to detect the conflict between their biased 

response tendency and either their egalitarian goals or normative anti-prejudice social cues—

processes that depends on the dACC or mPFC/rACC, respectively. Alternatively, they may have 

trouble inhibiting a biased response, despite having detected it—a process linked to right IFG. 

Or, they may have trouble identifying and implementing a desired egalitarian response—a 

processed supported by left dlPFC. As such, this model suggests that an intervention could target 

one or more of these specific processes. Moreover, different individuals may fail for different 

reasons and thus require different interventions. A consideration of these control processes and 

their relevance to subgroups of individuals promises a more refined and effective approach to 

prejudice reduction. 

Summary: Self-Regulation of Prejudice. Considered together, social neuroscience 

research on prejudice control has significantly expanded psychological theory by identifying and 
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distinguishing multiple mechanisms of control (Figure 6). These include the detection of bias and 

initiation of control, in dACC—a process that can operate rapidly and in the absence of 

deliberation, and which can explain individual differences in prejudice control failures. This 

work has also elucidated mechanisms of control implementation, distinguishing between 

response inhibition, associated with right IFG, and the selection and application of intentional 

behavior, in left dlPFC. Together, these findings have advanced our understanding of the 

psychology of prejudice control and suggest new opportunities for prejudice reduction 

interventions.  

 

 

Next questions and new challenges 

  When we consider the real-world effects of prejudice in society, it becomes obvious that 

social neuroscience research on prejudice still has much to do. To date, research from this field 

has focused on the psychological building blocks of prejudice—for example, processes of social 

categorization, prejudice formation, intergroup emotion and perception and, more recently, the 

neurocomputational basis of these processes. However, as this field continues to develop, it must 

make connections to the real life forms of prejudice that persist in society, from expressions of 

bias in real dyadic intergroup social interactions and the spread of prejudice across members of a 

community, to institutional discrimination, systematic forms of oppression such as voter 

suppression, and even ethnic conflict and genocide. These goals will require new methods, 

greater ecological validity, and increased collaboration with scientists and scholars from other 

disciplines.  
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  Ambulatory (i.e., “wearable”) neuroimaging technologies now make it possible to record 

participants’ neural and physiological activity during direct social interaction, potentially 

increasing ecological validity and permitting real dyadic analysis. For instance, methods such as 

ambulatory EEG and functional near-infrared spectroscopy (fNIRs), in which participants wear a 

sensor cap but can otherwise move naturally, offer the possibility of examining neural activity 

during more naturalistic intergroup interaction. Furthermore, the enhanced study of dyadic 

interactions will elucidate the effects of an actor’s prejudice on a target’s response to being 

stigmatized (e.g., Welborn et al., in press). As these technologies develop, they will increasingly 

inform questions about the neural basis of real-world prejudice.  

  Questions about how information spreads across a social group and influences its 

members’ behaviors have recently been examined using network analysis (Weaverdyck & 

Parkinson, 2018). Such methods examine similarities in patterns of brain activity across 

members of a group and compare them with patterns of judgments toward other group members. 

Similar methods can address the spread of prejudice and stereotypes within a community, 

potentially informing the connection between individual-level neural activations and group-level 

processes (Parkinson & Du, 2020).  

  Finally, researchers have begun to examine the neural processes involved in real-world 

intergroup conflict. One fMRI study examined neural activity of White and Black South Africans 

viewing testimony from the Truth and Reconciliation Commission on their experiences under 

Apartheid—an extremely emotional event that elicited outwardly egalitarian behaviors among 

White participants despite their pro-ingroup patterns of neural activity (Fourie et al., 2017). 

Other research has begun to examine the neural roots of dehumanization as it relates to real-

world national and ethnic conflict (Bruneau et al., 2018). The broader goal of this work is to 
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identify ways to apply knowledge of the neuroscience of prejudice to interventions to reduce 

intergroup animus and conflict. Hence, in our view, the most critical questions and challenges 

facing this field in the next decade concern its ability to connect basic neurocognitive process to 

a broader array of intergroup contexts, factors, and outcomes. 

 

Conclusions 

 The social neuroscience of prejudice is a rich and thriving area of research that addresses 

questions about the psychology of prejudice with the tools of cognitive neuroscience and 

psychophysiology. Here, we have highlighted major theoretical advances produced by this 

literature to date: from the way in which we perceive groups, to how prejudice is learned and 

represented in the mind, how it influences our perceptions, emotions, and decisions, and how it 

can be regulated. By applying theories and tools of neuroscience to this complex social 

phenomenon, this work has produced a more refined understanding of the psychological 

processes involved in prejudice, along with new insights and theoretical connections that might 

not have emerged from traditional behavioral approaches. Nevertheless, this area of research is 

still relatively new; as the fields of cognitive neuroscience and intergroup psychology continue to 

evolve and advance, so too will the social neuroscience of prejudice. In this field marked by 

innovation, we look forward to the new discoveries that will further our understanding of 

prejudice and its role in social behavior.     
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Glossary  

 

Prejudice: negative evaluation of a social group and its generalization to group members 

 

Social cognition: Field of psychology concerned with the cognitive processes through which we 

perceive, think about, judge, and act toward people and in response to social contexts. 

 

Social Neuroscience: field of research that probes the connection between the brain and social behavior 

 

Event-related potential (ERP): pattern of neural activity, measured using electroencephalography, that 

are time-locked to a specific event (e.g., stimulus or response). 

 
Multi-voxel pattern analysis (MVPA): unlike traditional univariate analysis, MVPA allows 

investigators to examine patterns of voxel-level neural activation within a brain region (which may go 

undetected by traditional univariate analysis) and use them to differentiate cognitive representations. 

 

Transcranial magnetic stimulation (TMS): non-invasive form of brain stimulation; uses 

electromagnetic fields to manipulate neural activity in a circumscribed brain region. 

 

 

Acronyms  

 

ATL: anterior temporal lobe  

 

dACC: dorsal anterior cingulate cortex  

 

dlPFC: dorsolateral prefrontal cortex 
 

ERN: error-related negativity ERP component 

 

FFA: fusiform face area 

 

IFG: inferior frontal gyrus  

 

mPFC: medial prefrontal cortex 
 

MTL: medial temporal lobe 

 

VS: ventral striatum 

 

vmPFC: ventral medial prefrontal cortex  

 


