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Abstract 

Intergroup bias is a pervasive feature of human life, borne of our reliance on group living, which 

represents the interplay of social structures, group dynamics, and the minds and behaviors of 

individuals. This complexity is reflected in its neural basis: the social neuroscience of intergroup 

bias examines how multiple neural systems operate in concert to support high-level social 

responses and the ability to coordinate with groups and societies. This chapter describes what we 

have learned so far about the neural basis of how intergroup bias is represented in the mind, 

integrated into a memory systems model of intergroup bias. We discuss the implications of this 

model for how intergroup bias is expressed in behavior and how it may be reduced, as well as 

how this approach may begin to illuminate the interface between systemic elements of bias 

individual minds. 
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How can neuroscience—the study of neural processes—help us to understand the 

complex social phenomenon of intergroup bias? Historically, group-based biases have been 

understood in terms of systemic- and individual-level factors. At the system level, intergroup 

bias is instantiated in social hierarchies and power structures that promote and maintain group 

disparities. At the individual level, intergroup bias may manifest in a person’s stereotypic beliefs, 

negative attitudes and affective responses, and discriminative actions, and may be expressed 

collectively in large-scale patterns of discrimination and campaigns of oppression. Moreover, 

these two aspects of intergroup bias—systemic and individual—can interact in a cyclical 

manner, whereby systemic disparities are mediated by individual biases, which in turn guide 

discriminatory actions that reinforce existing disparities. 

Although intergroup bias is typically understood in terms of these psychological and 

sociological processes, research on the neural underpinnings of intergroup bias has begun to shed 

light on their underlying cognitive and affective processes, offering insight into the specific ways 

that intergroup bias is experienced and expressed among individuals (Amodio, 2014; 

Molenberghs, 2013). Recent advances in social neuroscience have also begun to address how 

individual minds interact with broader elements of their social system, suggesting that social 

neuroscience can also offer insight into broader psychosocial mechanisms of intergroup bias.  

In this chapter, we present a social neuroscience model of the processes through which 

intergroup bias is learned, mentally represented, and expressed in behavior. We begin by 

describing the memory systems model of intergroup bias (Amodio & Ratner, 2011; see also 

Amodio, 2019), which applies research on learning and memory established in cognitive 

neuroscience to the social phenomenon of intergroup bias, and discuss its implications for how 
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intergroup bias operates in the individual level, as well as how individual-level biases may 

interface with social systems.  

 

A memory systems model of intergroup bias  

Psychological models of intergroup bias and social cognition have traditionally assumed 

that we learn about people and groups in one particular way: through the formation of conceptual 

knowledge associations that are represented in a single, broad semantic network. This 

assumption underlies influential dual-process models of prejudice and stereotyping, and it 

continues to guide much thinking on how intergroup bias is formed, expressed, and potentially 

reduced via intervention (see Amodio, 2019, for a review). However, this view is quite different 

from models developed in cognitive neuroscience, which identify multiple forms of learning and 

memory. These memory systems are distinguished by their neural substrates, the kinds of 

information encoded (e.g., conceptual or reward-based), their mode of updating, and their 

expression in judgment and behavior (Poldrack & Foerde, 2008; Squire & Zola, 1996).  

We have argued that a consideration of memory systems is crucial to our understanding 

of intergroup bias because it suggests that multiple kinds of information are encoded, beyond 

semantic knowledge, and that these different kinds of information are expressed in different 

channels of intergroup social behavior (Amodio, 2019; Amodio & Berg, 2018; Amodio & 

Ratner, 2011). These systems include memory processes addressed in traditional stereotyping 

and 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. A sample of these learning and memory systems is shown 

in Figure 1, along with their respective neural substrates and putative channels of expression. In 
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this section, we describe advances in our understanding of how intergroup bias is learned and 

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

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

 

 

Figure 1. A model of the learning and memory systems through which different forms of 

intergroup bias are acquired and represented, illustrating their putative neural substrates and 

examples of their respective intergroup outcomes. Adapted from Amodio (2019).  

 

Stereotypes and conceptual evaluations: The role of semantic memory  

Stereotypes represent the conceptual attributes linked to a group, including 

characterizations of a group’s social status and economic standing (e.g., wealthy or poor) and the 

traits of its members (e.g., smart or hostile). The particular content of a group stereotype may 

vary between cultures or societies, but what they share in common is a basis in conceptual, or 

semantic, memory. As such, the process of stereotyping involves the encoding and storage of 
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group-based concepts, the selection and activation of these concepts into working memory, and 

their application in judgments and behaviors (Fiske, 1998).  

In the brain, the process of stereotyping is assumed to involve the same cortical structures 

that support general forms of semantic memory, including object memory, retrieval, and 

conceptual activation, such as the temporal lobes and inferior frontal regions (Ralph et al., 2017). 

Social knowledge, about both people and groups, has been specifically linked to anterior 

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

Hence, stereotypes and evaluative (i.e., good/bad) conceptual associations—to the extent they 

represent a social form of semantic processing—should also be associated with activity in these 

regions.  

To date, fMRI studies of stereotyping have largely supported this view. Research by 

Gilbert et al. (2012) examined neural activity while participants judged Black and White faces 

according to either a stereotype (athleticism) or an evaluation (potential friendship). To probe 

stored representations of stereotypes and evaluations, the authors employed multi-voxel pattern 

analysis (MVPA), which detects spatial patterns of neural activity in fMRI data that differentiate 

between experimental conditions. Using MVPA, the authors looked for patterns of neural 

activity during racial judgments of stereotype traits, as opposed to evaluations, that corresponded 

with participants’ scores on separate implicit association tests (IATs) of racial stereotyping and 

evaluation, respectively. The authors found one region in which activity corresponded to both 

implicitly-measured stereotyping and implicitly-measured evaluation and correlated, 

respectively, with the strength of participants’ stereotyping and evaluative associations: the ATL. 

That is, when subjects made trait judgements, stereotyping IAT scores were associated with a 

pattern of ATL activity that predicted racial differences in stereotype use; when participants 
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made evaluative judgements, evaluative IAT scores were associated with a different pattern of 

ATL activity that predicted racial differences in friendship judgments. These findings identified 

a semantic memory basis for stereotyping, as well as for conceptual evaluative associations, in 

the ATL. 

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 gender stereotype associations on an implicit task (Gallate 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 

(Bartholow & Amodio, 2009). 

Whereas semantic information about groups, including stereotypes and conceptual 

evaluations, are stored in the ATL, research suggests that this information is activated and 

represented in the mPFC when making relevant social judgments (Amodio, 2014). This effect is 

supported by anatomical connectivity between the ATL and mPFC (de Schotten et al., 2012), 

and further consistent with the role of the mPFC in representing trait information about 

individuals during social judgment tasks (Amodio & Frith, 2006; Mitchell et al., 2002) and in 

stereotypic judgments of gender (Contreras et al., 2012; Quadflieg et al., 2009). In line with this 

model, Gilbert et al. (2012) found that the application of stereotypes to Black, as opposed to 

White, target individuals was predicted by patterns of neural activity in the mPFC.  By contrast, 

evaluative judgments of Black, compared with White, target individuals were predicted by neural 
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patterns in the OFC, a region that also receives strong input from the ATL but is typically 

involved in evaluative decision-making (O’Doherty et al., 2017). 

In summary, the neural basis of stereotyping remains understudied relative to work on 

prejudiced attitudes and emotion, yet existing research consistently identifies the ATL as 

supporting the representation of group stereotypes and conceptual evaluative associations. Both 

kinds of associations may reflect semantic knowledge, and their basis in the ATL is consistent 

with the broader role of this region in supporting semantic memory. During the process of 

intergroup decision-making, stereotype knowledge in the ATL is activated and represented in the 

mPFC, where it guides social judgments. 

 

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

Prejudice is often experienced as an affective state, characterized by feelings of fear, 

threat, or disgust, and this response may occur independently of the semantic associations that 

characterize stereotypes or conceptual evaluations. Social neuroscience research on prejudiced 

affect has examined the role of the amygdala as a potential substrate of intergroup threat and fear 

responses, as well as neural correlates of other emotions such as disgust, linked to the insula 

(Amodio, 2014). However, the amygdala has received special attention because of its rapid 

response to a threat and its role in Pavlovian aversive conditioning (LeDoux & Hoffman, 2018), 

features that may plausibly support an automatic form of prejudice that is affective in nature and 

that may be learned and expressed independently of semantic processes like stereotypes and 

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

automatic prejudice (Amodio & Devine, 2005; Amodio et al., 2003). Like most other animals, 

human acquire fear-conditioned responses to stimuli (Delgado et al., 2006), including human 

faces (Öhman & Dimberg, 1978), and thus, in theory, this mechanism could also support learned 

aversions to groups. Although a conditioning basis for prejudice has been suggested by some 

research showing facilitated association of aversive stimuli with racial outgroup members (e.g., 

Olsson et al., 2005), to our knowledge, the hypothesis that social prejudice can be formed 

through Pavlovian aversive conditioning has not yet been tested directly.  

Second, aversive conditioning is expressed in a characteristic pattern of behavior that 

involves freezing, vigilance, and avoidance. Thus, if a form of prejudice were based in aversive 

conditioning, it would predict a similar pattern of behavior in human intergroup interactions, 

marked by anxiety and social distancing. Indeed, such 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). An aversive conditioning basis of 

prejudice may also explain why intergroup anxiety amplifies negative racial evaluations but not 

stereotyping prior to an interracial interaction (Amodio & Hamilton, 2012). These patterns of 

intergroup behavior may reflect an aversive conditioning form of prejudice, presumably rooted 

in amygdala function, that may function differently than judgments and behaviors based in 

semantic memory processes.  
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It is notable, however, that despite the existence of Pavlovian aversive conditioning in 

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

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

(Chekroud et al., 2014). Indeed, many fMRI studies of race perception do not report a difference 

in amygdala response to viewing racial outgroup compared with ingroup members (see Amodio 

& Cikara, 2021; Mattan et al., 2018). Of those that did, race effects were observed only under 

specific conditions: for example, following very brief face presentations (Cunningham et al., 

2004), when participants made superficial rather than individuating judgments (Wheeler & 

Fiske, 2005), or in response to direct but not averted gaze (Richeson et al., 2008). However, such 

studies, like many other early fMRI studies, used very small samples and analytical methods that 

are no longer considered best practice (Button et al., 2013), and thus such findings should be 

interpreted with caution. 

Other research suggests a more complex role of the amygdala in intergroup responses, 

such that it primarily guides attention to race, based on its motivational relevance, perhaps 

especially in situations of threat or anxiety, rather than simply serving to alert threat (Amodio, 

2014; Amodio & Cikara, 2021). This perspective reflects findings from studies using alternative 

measures of amygdala activity, such as the emotion-modulated startle eyeblink response, which 

historically focused on attentional and motivational aspects of aversive conditioning (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 also associated with participants’ anxiety about appearing prejudiced to 

others (i.e., their external motivation to respond without prejudice), even among people with 
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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 (e.g., Brown et al., 2006; 

Vanman et al., 2013; Van Bavel et al., 2008). This nuanced set of findings suggest that the 

amygdala response to racial outgroup members may reflect attention driven by social goals and 

concerns, rather than a simple threat-related affective response to an outgroup member.  

In summary, Pavlovian learning may contribute to a specific aspect of prejudice—one 

that can operate automatically, is associated with negative affect, and is expressed in nonverbal 

behaviors such as freezing and social distancing. Although reliable fMRI evidence for the 

amygdala response to race is lacking, the amygdala as a basis for prejudice formation remains 

plausible, though its specific role in the manifestation of intergroup bias may reflect attentional 

and motivation processes in addition to affect. 

 

Intergroup bias through social interaction: The role of instrumental learning  

Most psychological studies of intergroup bias formation have examined indirect 

experiences with others, in which we learn about group members by reading descriptions of them 

or observing their behaviors. Yet much of real-life social behavior involves direct interaction, 

through actions and feedback between people in a social exchange. Recent social neuroscience 

findings suggest that this kind of social impression formation 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).  
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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. 

In the context of intergroup bias, 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, 2011). 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 intergroup bias may 

help to understand aspects of more automatic forms of bias—particularly those expressed via 

action, or discriminatory behavior, as opposed to those observed in word associations. Finally, 

instrumental associations are malleable, fluctuating according to the reward history of a social 
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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 intergroup bias. Predictions such as these, based on 

the emerging literature on instrumental learning in social cognition, in combination with new 

methods borrowed from behavioral economics (Tyler & Amodio, 2015), are currently guiding a 

new wave of research on the social neuroscience of intergroup bias.  

 

 Habits: A basis for automatic intergroup bias?  

Automatic forms of intergroup bias are often likened to habits: they appear to emerge 

from repeated negative experiences with outgroup members, unfold without intention, and resist 

change (Devine, 1989). Although the concept of “habit” provides an intuitive analogy, what is 

the evidence that intergroup bias can actually operate like a habit?  

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

directed reward-driven actions and, over time and repetitions, become routinized as automatic 

responses that persist irrespective of reward (Robbins & Costa, 2017; Wood & Neal, 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 intergroup bias, 

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; Wood, 

2017). 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. Nonetheless, a 
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consideration of this learning mechanism promises to inform our understanding of how implicit 

bias is expressed and potentially reduced.  

 

Interactive neural system effects in intergroup responses  

 So far, we have described distinct neurocognitive processes posited to underlie different 

aspects of intergroup bias, emphasizing their unique neural substrates and psychological 

characteristics. However, normal human social behavior is complex, and intergroup responses 

may often involve a combination of multiple memory systems working together. In a social 

interaction, for example, we may rapidly generate initial trait impressions of a person based on 

their appearance, learn from their reactions to our own actions, respond affectively to their 

behavior, and encode the entire experience in semantic and episodic memory—multimodal 

sources of information recorded in separate but interacting systems. Information from these 

unique memory systems may then converge, in higher-order representations in the mPFC or 

OFC, for example, to produce intricate social judgments and behavior. Indeed, neural systems of 

learning and memory are assumed to operate in concert to support complex cognition and 

behavior in humans and non-human animals (Packard & Goodman, 2013; Poldrack & Foerde, 

2008; Squire, 2004). A consideration of these interactions promises new mechanistic accounts 

for how different types of intergroup bias may be learned, influence each other, and influence 

judgments and behaviors.  

 Recent studies have begun to demonstrate the utility of interactive memory system 

accounts. For example, research by Hackel and colleagues (Hackel et al., 2015, 2020) 

demonstrated that humans simultaneously make inferences of both trait concepts and reward 

value during instrumental social interactions, and that while these complementary streams of 
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information support different cognitive functions, they are integrated in the OFC to guide 

decision making. Moreover, a large body of evidence has documented interactions between 

Pavlovian and instrumental learning systems, both in humans and non-human animals, in which 

associations learned through Pavlovian conditioning influence otherwise independent 

instrumental responses (Dickinson & Balleine, 1992; Talmi et al., 2008). A similar phenomenon 

has been demonstrated in intergroup decision-making, in which racial outgroup-based social 

threats encoded by a Pavlovian system influence downstream instrumental social responses 

(Lindström et al., 2015; see also Lindström et al., 2014). By identifying the interactions between 

systems supporting separable components of intergroup bias, a memory systems approach—

rooted in cognitive and social neuroscience—promises to address a broader range of complex 

intergroup responses than existing sociocognitive accounts. 

The interface between individual and systemic bias 

An important new direction for intergroup researchers concerns the interplay between 

systemic bias and individual-level social cognition and behavior. Social psychologists and 

neuroscientists have focused nearly exclusively on individual-level bias, despite the multi-level 

nature of discrimination (Trawalter et al., 2020). Yet individual minds are indelibly shaped by 

the systems in which they operate. Recent research has begun to demonstrate how neural systems 

can mediate the link between intergroup bias and systemic features, such as scarcity in the 

economy (Krosch & Amodio, 2019) and socioeconomic disparities (Mattan et al., 2018). To 

more fully capture the neuroscience of intergroup bias, this field must strive to understand how 

individual minds contribute to disparities in the context of historical and structural forces. 

Conclusion 
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The memory systems model of intergroup bias represents an integration of social 

neuroscience research on how individual-level intergroup biases are learned, represented in the 

mind, and expressed in behavior. This neuroscience framework advances our understanding of 

traditional intergroup concepts, such as stereotypical beliefs, negative affect, and discriminatory 

actions, moving beyond prior single- and dual-system sociocognitive accounts, while providing 

new information about their functions and interactive effects and inspiring new approaches to 

bias reduction.  
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