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Social categorization is known to be an important part of social cognition. The categorizations we use, despite their multitude, frequently take the form
of the general ingroup/outgroup distinction. A meta-analysis of 33 fMRI studies, reporting selective activations to various social groups, was used to
identify common neural structures responsible for relational representation of social structure. Activation Likelihood Estimation (ALE) analysis revealed
areas in bilateral amygdala, cingulate gyrus, fusiform gyrus, right TPJ and right insula as implementing various aspects of social categorization.
Activation of amygdala can be associated with modulation of behavioral response to subjectively significant stimuli. A more ventral part of anterior
cingulate cortex (ACC) can be associated with self-referential reasoning about ingroup members while a more dorsal part of ACC is involved in the
regulation of emotions toward outgroup members. Right insula can be engaged in the modulation of outgroup avoidance behavior. Fusiform gyrus (FG)
appears to be directly involved in social categorization process via top-down modulation of social perception. Yet it is difficult to associate any of the
revealed clusters with the relational ingroup/outgroup structure.
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INTRODUCTION

Social categorization is considered an important part of social cogni-

tion (Macrae and Bodenhausen, 2000). Differentiating social world

into more or less stable categories helps coping with it by making it

graspable and predictable. While psychological interest in social cat-

egorization is typically restricted to individual behavior and intergroup

relations (Brown and Gaertner, 2003), other fields such as sociology

treat it as part of a more complex process of societies’ functioning,

when the objective social structure, defined by unequal distribution of

resources, the division of labor and other macro-level processes, inter-

acts with micro-level representations of social structure and individual

choice of strategies to produce and transform this social world

(Bourdieau, 1980; Giddens, 1984). Understanding the mechanisms of

social categorization is thus important for understanding societies, as

well as individuals and groups.

The basic ingroup/outgroup opposition is the most typical way to

represent group differences. Since the pioneering works of Lèvi-Strauss

(1967), binary opposition is supposed to be the simplest and the basic

form of human social cognition underlying many complex social phe-

nomena. The hypothesis of ingroup/outgroup opposition, as the basic

relational egocentric form of representing social structure, is fully com-

patible with this anthropological view. The social differentiations we

use, despite their multitude, frequently (although not necessarily) take

the form of ‘us and them’. This distinction is universally applicable to

different social categories and has been intensively studied within

social psychology (e.g. Taifel et al., 1971; Brewer, 2007; Bernstein

et al., 2007; Krueger and DiDonato, 2008; Dovidio et al., 2009;

Miller et al., 2010). These studies reveal the common features of the

ingroup/outgroup opposition, such as ingroup favoritism, biases or

better memory for various types of social categories: race, age, political

affiliation. These effects took place even for contextually defined

groups within the so-called ‘minimal group paradigm’ (Bernstein

et al., 2007; Van Bavel and Cunningham, 2009). The existence of

such a general form of categorization is plausible from evolutionary

perspective as well. An ability to make, maintain and recognize alli-

ances is crucial to survival of collectively living kinds. Categorization is

a cognitive basis for dealing with alliances. As a multitude of categor-

izations are possible, they can use the same mechanism for performing

the same function. This hypothesis was partially developed by Kurzban

et al. (2001), who treated race as the by-product of a more general

system evolved for the fast detection of alliances (see also Cosmides

et al., 2003). Although this coalition–detection mechanism seems to be

less applicable to categorizations based on different biological func-

tions (age, sex), even more general and simple systems can encompass

them as well.

This study is an attempt to identify brain structures responsible for

this form of social categorization�a relational egocentric binary struc-

ture differentiating social world into two universally applicable cate-

gories, traditionally labeled ‘ingroup’ and ‘outgroup’.

METHOD

Data selection

Data search was performed in Google Scholar and PubMed using

search term ‘fMRI’ with one of the following terms: ‘social categoriza-

tion’, ‘social status’, ‘social group’, ‘ingroup’, ‘outgroup’. Additional

texts were found through citation analysis. Inclusion criteria for the

data set (314 foci from 33 experiments) were the following:

� a study should use fMRI technique;

� subjects are healthy adults;

� experimentation design should include implicit or explicit social

categorization (differentiation of targets into social groups or cate-

gories) that could be distinguished as ingroup/outgroup; and

� coordinates of activations for the contrasts of interest should be

reported in MNI or Talairach and Tournoux space.

Direct comparisons of both ingroup and outgroup members

(e.g. Black vs White faces), and correlations between brain ac-

tivations and behavioral measures (e.g. IAT) were included.

Studies exploring the differences in social stratification (high

vs low status) were intentionally excluded to avoid messing of
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two distinct mechanisms (Fiske, 1992). Studies in which a par-

ticular social category was contrasted with the non-social base-

line, without further comparisons, were excluded as well.
Coordinates from both whole-brain and ROI analyses were

included. Several studies investigating predetermined regions-of-

interests were included when corresponding coordinates were avail-

able. The rationale for inclusion of ROI-based activations is that,

although this approach may result in the loss of relevant data, it

should not add to noise data. If a ROI-based study reports effects of

interest, it produces relevant input data that can be included in the

meta-analysis. When both ROI-based and whole-brain analyses were

available, only the latter were included.

Coordinates reported in MNI space were transformed to Talairach

space using Lancaster transform implemented in GingerALE 2.1

(UTHSCSA, www.brainmap.org). For every study, information in re-

spect of the following elements was extracted: coordinates of peaks,

corresponding relational status of target (ingroup or outgroup), social

category involved in experimentation situation (race, age, political

affiliation, etc), experimentation task and stimuli (see Appendix

Table A1 for details).

The main interest of this meta-analysis is to understand how the

brain processes representation of relational social differences. This

raises the important methodological question of classifying activations

as ‘ingroup-sensitive’ or ‘outgroup-sensitive’. If a study reports differ-

ential neural responses for the faces of Black and White targets, it does

not point to social categorization as such. Social categorization implies

that objects in classes are expected to be different in their mental states

and behaviors. Such categorization process is not a priory given in any

fMRI experimental setting. Differential response to various types of

targets with one of which participants can be reasonably associated

is, however, a good reason to hypothesize categorization process. This

may explain the logic of data inclusion.

Take for example a study reporting selective neural response to

children and adults in adult participants. It might seem strange to

treat ‘children’ targets as ‘outgroup’ (as if they were ‘enemies’!). In

this meta-analysis, however, the In/Out-group distinction is used in

a broader sense. If children are expected to be socially different from

adults and to have different interests, goals and behaviors, then they

can be treated as an outgroup.

Not all possible social oppositions were however included. In studies

dealing with gender differences, those that investigated the effects of

attractiveness (e.g. Aharon et al., 2001; O’Doherty et al., 2003) were

excluded to decrease the amount of noise data generated from certain

aspects of sexual behavior. For the same reasons, I excluded contrasts

in which mothers differentially responded to their own and unfamiliar

children (Leibenluft et al., 2004; Nitschke et al., 2004). Although view-

ing one’s own relatives is expected to trigger kinship-based ingroup

conception, it can be blurred by reward processing and other emotion-

ally laden processes irrelevant to the goal of this study. I thus left only

those kinship-related studies which did not include maternal behavior.

Effects of exclusion of these kinship-related contrasts were also

investigated.

Data analysis

The meta-analysis was based on activation likelihood estimation (ALE)

method (Laird et al., 2005). A revised algorithm developed by Eickhoff

et al. (2009) and implemented in GingerALE 2.1 software was used to

find clusters most typically and robustly involved in the representation

of social differences. This method’s great advantage is that it produces

information about each voxel in the brain and can control for sample

size and the number of activations reported in each particular study.

False discovery rate threshold was set to q¼ 0.01. Brain images were

produced in Mango 2.5 (Research Imaging Center, UTHSCSA).

RESULTS

ALE-based analysis revealed several clusters most commonly involved

in social categorization: bilateral amygdala and adjacent regions,

cingulate gyrus, including anterior cingulate cortex (ACC), left fusi-

form gyrus and right TPJ (see Table 1 and Supplementary data for

figures and clusters found with a more liberal threshold). Ingroup and

outgroup activations were also analyzed separately. For the ingroup

condition, the largest clusters include ACC, left amygdaloid region,

including globus pallidus and putamen, and the posterior part of cin-

gulate gyrus. The outgroup condition revealed left amygdala and right

insula as the largest clusters. Smaller clusters were also found in medial

frontal gyrus and occipital lobe/precuneus in the ingroup condition.

To test the possible effect of ROI-based activations, they were

excluded from the data set. This resulted in only minor changes: clus-

ters in the left FG, right TPJ (ingroupþ outgroup condition), as well as

three smaller clusters in different conditions, were found when a

slightly more liberal statistical threshold q¼ 0.02 was adopted.

To test the possible effect of personal relationship and familiarity

with the kinship-based ingroup, activations corresponding to the con-

trasts in which one’s relatives were among targets, were also excluded.

This resulted in decreased significance of activations in the cingulate

gyrus and ACC in the combined and ingroup conditions. Partially, the

main cluster in cingulate gyrus (0, 14, 33) in the main data set, as well

as the corresponding cluster in the ingroup condition, was found when

statistical threshold was set to q¼ 0.02; the size of this cluster was

significantly smaller. A cluster in rostral ACC with coordinates (�12,

43, 1) from the combined condition of the main data set was found

when the threshold was set to q¼ 0.05 in the combined condition, and

to q¼ 0.02 in the ingroup condition. No changes in the outgroup

conditions were found.

Exclusion of ‘children vs adults’ and the opposite contrasts did not

significantly change the results.

DISCUSSION

Many aspects of how people represent social relations and structure

their social world fit well into one simple and general form of ‘us and

them’ distinction. This opposition and the related effects, such as

group preferences and differing evaluations, look very similar for dif-

ferent social categorizations and contexts. This universality leads to a

hypothesis of underlying cognitive structure or the set of common

mechanisms. It seems plausible, evolutionarily, cognitively and socio-

logically, that a universal relational structure operating with a general

form of ingroup/outgroup distinction exists in human mind/brain.

Although it is difficult to associate any of the revealed clusters with

such a universal relational structure, several conclusions can be drawn

in this regard to their possible functions in social categorization.

Amygdala

Activations in the left, and less significantly right amygdala and adja-

cent regions, are the most typically involved in selective response to

various social targets. Amygdala has long been considered crucial to

implicit processing and fast evaluation of socially relevant information

(Lieberman, 2007; Stanley et al., 2008; Adolphs, 2009). Activation of

the amygdala is more frequent, but not exclusive, in the outgroup

condition. The question, however, is whether the amygdala discrimin-

ates by itself between targets or receives categorization input from

other systems. Cunningham et al. (2004) report that amygdala is se-

lective for racial outgroup in the subliminal presentation of faces. This

might indicate that amygdala performs categorization function, at least
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for racial category, but the mechanism of this intellectual operation is

not clear. How can it determine to what stimuli one must respond to?

Fast response is possible via relatively simple and strict learned asso-

ciations between particular cues and emotional reaction. This, how-

ever, is at best a content-based categorization, not a relational one.

The fact that the amygdala may be inhibited or habituated to par-

ticular types of targets (e.g. Hart et al., 2000; Cunningham et al., 2004;

Wheeler and Fiske, 2005; Westen et al., 2006) indicates that other brain

regions step in deliberately to take decisions about appropriate alert-

ness level and regulate the amygdala activity (Heatherton, 2011).

The idea that the amygdala is especially important for fast processing

of visual stimuli, as compared to cortical regions, has been questioned

by Pessoa and Adolphs (2010) who proposed its major role is coord-

ination and integration of biologically significant information and

modulation of response (see also Sander et al., 2003). This function

is too broad to implement social categorization as such but is com-

patible with the fact that amygdala activation is found both in ingroup

and outgroup conditions, for various tasks and stimuli. Amygdala

seems to be an important mediating structure but hardly implement-

ing social categorization. Still, it can be partially responsible for

content-based categorization via selective response to particular

social targets strongly associated with ‘salience markers’, along with

other routs for social categorization.

ACC/cingulate gyrus

Several clusters in ACC and other parts of cingulate gyrus were found

for various conditions. ACC has often been considered as composed of

two functionally distinct areas, dorsal and rostral/ventral, implement-

ing either automatic and controlled processes or, in an alternative view,

appraisal and regulative functions (Lieberman, 2007; Etkin et al.,

2011). Among the revealed clusters, a more dorsal one centered at

(0, 14, 33) is generally compatible with this distinction. This area is

activated primarily in the outgroup condition. Several studies

reporting activations in this region treat it as performing

self-regulatory functions, including monitoring the need for control

and suppression of negative emotions toward outgroup members

(Richeson et al., 2003; Cunningham et al., 2004; Kaplan et al., 2007;

Knutson et al., 2007). The same region, however, was reported as re-

sponding to familiar faces, including kinship ingroup and was linked

to personal knowledge (Taylor et al., 2009). Besides, the exclusion of

kinship-related activations from the data set resulted in its diminished

significance in the combined condition, but has not changed the situ-

ation in the outgroup condition. Considering that other studies, inves-

tigating the effects of familiarity, have not pointed to this particular

region of cingulate gyrus (Gobbini et al., 2004; Leibenluft et al., 2004;

Harada et al., 2010), its monitoring/regulatory function seems more

stable. Probably, viewing familiar faces activated this region owing to

necessity of emotion regulation in response to emotionally salient

stimuli.

Other, more ventral portions of ACC extending into ventromedial

PFC are activated in the ingroup condition. Activity in these areas were

associated with positive emotions during social comparison (Volz

et al., 2009; see also Zink et al., 2008), the application of stereotypes

(Knutson et al., 2007), mentalizing similar others (Gobbini et al., 2004;

Freeman et al., 2010b) and representation of self-relevant information

(Northoff et al., 2006; Harada et al., 2010; Ng et al., 2010; Heatherton,

2011). Further, activations in all these clusters, almost exclusively,

appear in tasks using semantic stimuli (Rilling et al., 2008; Freeman

et al., 2010b; Harada et al., 2010; Ng et al., 2010; Contreras et al., 2012).

Taken together, these facts point to a possible mechanism of the

ingroup/outgroup distinction processing, based on the similarity

assessment and self-referential thinking.

It would be plausible to suppose that the ingroup/outgroup distinc-

tion is based on similarity assessment in such a way that similar others

are treated as more predictable and understandable, thus enabling

them to be included in the ‘ingroup’ category. This inclusion may

Table 1 Extrema values and coordinates for ALE-based clusters, q¼ 0.01

Cluster No weighted center size, mm3 Extrema value Extrema coordinates Label

x y z x y z

Ingroupþ Outgroup
1 �20 �5 �13 2976 0.04 �20 �6 �12 L Amygdala
2 0 14 33 472 0.02 �2 12 34 Cingulate Gyrus, BA 24
3 3 37 16 424 0.02 2 36 16 Anterior Cingulate, BA 32
4 15 �7 �8 408 0.02 16 �6 �8 Medial Globus Pallidus
5 �45 �59 �16 248 0.02 �46 �58 �16 L Fusiform Gyrus, BA 37
6 50 �54 33 208 0.02 54 �54 32 R Supramarginal Gyrus, BA 40

0.02 48 �54 32 R Superior Temporal Gyrus, BA 39
7 39 8 9 192 0.02 40 8 10 R Insula, BA 13
8 �4 �27 34 152 0.02 �4 �28 34 Cingulate Gyrus, BA 31
9 �12 43 1 128 0.02 �12 44 2 Anterior Cingulate, BA 32
10 �20 14 �8 112 0.02 �20 14 �8 L Putamen
11 33 �72 20 104 0.02 34 �72 20 R Occipital Gyrus/Precuneus

Ingroup
1 3 37 16 592 0.02 2 36 16 Anterior Cingulate, BA 32
2 �21 �5 �8 520 0.02 �20 �4 �8 L Globus Pallidus
3 �3 �27 34 328 0.02 �4 �28 34 Cingulate Gyrus, BA 31
4 �20 14 �8 208 0.02 �20 14 �8 L Putamen
5 �1 26 43 168 0.01 �2 28 42 Medial Frontal Gyrus, BA 8
6 �11 43 0 160 0.01 �12 42 0 Anterior Cingulate
7 28 �28 �17 128 0.01 28 �28 �16 R Parahippocampal Gyrus, BA 36

Outgroup
1 �19 �4 �14 1816 0.03 �20 �4 �14 L Amygdala
2 39 8 10 504 0.02 40 8 10 R Insula, BA 13
3 �3 10 35 160 0.01 �2 10 34 Cingulate Gyrus, BA 24
4 55 �55 32 152 0.01 56 �54 32 R Supramarginal Gyrus, BA 40
5 �43 �37 �8 136 0.01 �42 �38 �8 L Parahippocampal Gyrus, BA 36
6 15 �7 �8 112 0.01 16 �6 �8 Medial Globus Pallidus
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result in the application of knowledge about self to ingroup members,

up to including them in the self-concept (Volz et al., 2009; Ng et al.,

2010) and, consequently, in self-preferential evaluations and reasoning

thus implementing ingroup favoritism strongly associated with rACC

in the study of Volz et al. (2009).

In this interpretation, the causal relations are however not clear.

Does the perceived similarity lead to identification of a target as an

ingroup member? Or is it a categorization process that turns on rea-

soning ‘by analogy’? Ingroup members may then be considered more

similar and mentalizable by reference to one’s own position, as is

probably the case in the study of Rilling et al. (2008). This however

does not explain why some targets are represented as ingroups and

others as outgroups.

Finally, a cluster in the posterior part of the cingulate gyrus was

activated primarily in the ingroup condition. It is reported for various

types of targets and tasks (Harada et al., 2010; Hoehl et al., 2010; Falk

et al., 2012). A nearby cluster in cingulate gyrus was associated with the

application of stereotypes (Mitchell et al., 2008) and with autobio-

graphical memory (Spreng et al., 2008), but the rules controlling acti-

vation of this area in social categorization remain unclear.

Fusiform gyrus

Fusiform gyrus is typically associated with visual expertise and, par-

tially, with remarkable sensitivity to human faces (Kanwisher and

Yovel, 2006). That it is often activated in social cognition experiments

is no surprise considering that human faces are the most typical type of

stimuli in the imaging studies of social categorization. But why should

FG appear in this meta-analysis, in which every activation included is

especially sensitive to various types of social targets all of which are

represented as faces? Although more familiar ingroup faces can lead to

increased activation of the face-sensitive area (Golby et al., 2001), for

the minimal ingroup members, who were not more familiar than out-

group members, the same effect was revealed (Van Bavel et al., 2011).

Authors of the latter study considered that this region is more ingroup

sensitive owing to motivational factors influencing activity in this

region. The results of this meta-analysis support the idea of top-down

modulation of the cluster revealed in the FG/inferior temporal gyrus

(ITG), but not the idea of its ingroup bias. Indeed, several studies

report outgroup sensitivity of this area as well (e.g. Ronquillo, 2010;

Vrtička et al., 2009). Moreover, several studies relating to investigating

social cognition report selective activation in this area of the FG/ITG or

nearby region in the cerebellum to socially meaningful, but non-facial

stimuli (Rilling et al., 2008; Marsh et al., 2009; Hein et al., 2010).

Almost exactly the same region was associated with visual word per-

ception (McCandliss et al., 2003), and an impressive meta-analysis of

Binder et al. (2009) reveals a nearby cluster of FG/ITG that is con-

stantly engaged in semantic processing.

A possible explanation can be given if experimental situations in

which the FG/ITG is activated are to be compared. In the studies of

social categorization, the cluster revealed in FG and adjacent regions in

the left, and sometimes in the right hemisphere, is often activated when

participant’s attention is explicitly directed toward social differences or

the changing social context. First, it was often activated in the social

categorization tasks, i.e. experimental settings in which participants

had to discriminate between social targets: males and females, Black

and White, etc. (O’Doherty et al., 2003; Singer et al., 2004; Van Bavel

et al., 2008, 2011; Marsh et al., 2009; Farrow et al., 2011). In several

other studies, differential activation of FG was found in tasks in which

participants had to dynamically update their own and/or the targets’

social position (Rilling et al., 2008; Zink et al., 2008; Ronquillo, 2010).

In other studies, participants had to explicitly rate the pain experienced

by one’s own and rivals’ football team fans (Hein et al., 2010),

explicitly (but not implicilly!) rated attractiveness of faces (Iaria

et al., 2008), or explicitly evaluated and classified social targets

(Krendl et al., 2006).

Although such tasks can be orthogonal to the process of interest, the

fact that FG area is repeatedly involved in explicit social categorization

may point to its role in the top-down modulation of social perception,

rather than specific visual sensitivity. The preferential engagement of

the revealed cluster, centered in the FG in explicit social categorization

and in response to the changing social context, may reflect its role in

the initial predisposition to social discrimination and indexing of

socially significant perceptual input according to pre-existing expec-

tancies and attention to particular aspects of social milieu. This func-

tion is compatible with the results of Bollinger et al. (2010), who

reported that activation in the visual association cortex, including

fusiform face area, is dependent on stimuli expectancies. Expected

stimulus would affect activity and functional connectivity of these

regions before the presentation of the stimulus (see also Righart

et al., 2010). The particular sensitivity of this area to some types of

social targets may reflect the interaction between the expectancies and

the actual stimulus presentation. It is worth noting that, in experimen-

tal studies of social cognition, participants perform tens and hundreds

of trials, so that they can easily produce their own ‘theory of an

experiment’ and their own expectancies and predispositions, probably

contributing to the amount of effort invested in social indexing.

The top-down modulation function of this area is also compatible

with a recent study of Contreras et al. (2012) in which non-social

semantic knowledge was compared with that of social categories.

The study shows that social categorical information is processed in a

different way in comparison with the seemingly equivalent non-social

categorical information. This study reports, inter alia, activations in the

left FG. Further research may focus on this area as being involved in

interactive and bidirectional processing of social stimuli (Amodio and

Ratner, in press): a more linear and monotonous bottom-up percep-

tion of visual input (Freeman et al., 2010a; Ramon et al., 2010), and

more categorical top-down, ‘theory-laden’ perception and interpret-

ation of social stimuli.

Right temporoparietal junction

This region is known to be crucial to several high- and low-level cog-

nitive processes, including attention modulation and Theory of Mind

construction (Decety and Lamm, 2007; Van Overwalle, 2009). No sur-

prise that activation of this region was found in experiments in which

mentalizing was necessary or plausible (Rilling et al., 2008; Adams et al.,

2010; Cheon et al., 2011; Falk et al., 2012). More interesting is the fact

that mentalizing functions are recruited differentially for ingroup and

outgroup members in various social contexts. Given that differential

mentalizing abilities for ingroup and outgroup members are associated

with two radically distinct areas in the ACC/medial prefrontal cortex

(mPFC) and right temporoparietal junction, the former being probably

based on self-referential reasoning and the latter on simulation; it would

be interesting to compare their roles in social inferences (Adolphs, 2009;

Van Overwalle, 2009). However, there are no reasons to suppose that the

right TPJ plays a role in social categorization as such or that it can

discriminate between social targets.

Right insula

Right insula is the only region that demonstrates strong outgroup bias.

Several studies dealing with various social categories and tasks report

activation of this region in response to racial and political outgroups

(Phelps et al., 2000; Richeson et al., 2003, 2008; Kaplan et al., 2007;

Falk et al., 2012), unfamiliar faces (Gobbini et al., 2004) and dominant

faces (Chiao et al., 2008a), and correlation with discriminating
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behavior toward minimal outgroup (Rilling et al., 2008). Given that

insula damage is associated with difficulties in risky decisions (Weller

et al., 2009), and the left insula is associated with response to disgust-

ing stimuli (Harris and Fiske, 2006), it is plausible to suppose the role

of this region in modulating avoidance behavior in social context with

uncertainty or danger.

Turning back to the main goal of this meta-analysis, namely search-

ing for the brain systems that implement putative relational structure

which differentiates social targets into two opposite social categories, it

should be mentioned that no union mechanism was found.

In the changing social context found by several studies, the fusiform

gyrus is a promising line of further research, especially in the light of its

involvement in re-categorization process. It is, however, difficult to say

that this structure functions as simple binary relational mechanism of

social differentiation and that it associates targets with specific rela-

tional social category. Instead, its role is more important for under-

standing the content-based categorization.

There are several reasons to explain why the neural basis of social

categorization remains still unidentified. One is that the studies under

question reflect brain activations pointing to different cognitive and

affective effects associated with social categorization, but not the cat-

egorization itself. In neuroscience experiments, the researcher typically

introduces categorization from without, leaving aside mechanisms of

categorization as such. Social meaning of group differentiation is in its

related evaluations, behaviors and expectations that can be very spe-

cific to various contexts. Although many studies declare their findings

as dealing with social categorization, reporting differential activations

to targets from different social groups or categories, their experimental

designs do not often allow distinguishing the representation of social

differences from related effects, such as ‘preferential choice to reward

ingroup member’ or ‘increasing caution toward other-race person’.

While most clusters revealed by ALE analysis are important for various

categorization-related effects, such as stereotype suppression, modulat-

ing appraisal or avoidance behavior, etc., it is only FG cluster that

seems to deal with categorization process as such. The possible role

of self-referential region in the rACC/vmPFC, in the production of

ingroup/outgroup distinction, is also possible and can be investigated

in further research. It would be extremely useful to perform fMRI

experiments for studying one sample in various categorization-related

tasks and comparing different social classification systems. Till now, to

my knowledge, only one fMRI study performed a direct comparison of

different social categories, race and gender (Knutson et al., 2007).

Another side of the problem is the interaction of abstract binary

classifications with content-based social categorizations. Most social

categories we use deal with specific contents associated with them,

from the skin color to the expected behaviors. The ingroup/outgroup

distinction is, on the contrary, content-free because it is applicable to

different social categories. At the same time, being egocentric, it is

expected to produce specific effects such as ingroup favoritism or out-

group avoidance. In real life, these relational and substantial,

content-based aspects of categorization are interwoven. Relative failure

of the search for the ingroup/outgroup distinction in this meta-analysis

can partially be explained by the involvement of content-based

categorizations.

Several fMRI studies, indeed, found activations that were sensitive to

a particular social group (category) in substantial rather than relational

manner. This effect was found in the study of Lieberman et al. (2005)

in which both African-Americans and Caucasian-Americans showed

specific brain response to only African-American faces; an even stron-

ger effect was found in a study of Losin et al. (2012), in which

European-Americans imitated gestures of three racial groups

(European, African and Chinese). Two of these outgroups have been

processed differently, probably because of the difference in their

content.

It is thus possible that a combination of different cognitive mech-

anisms, or modules, is involved in the processing of information on

different social categories (Cosmides et al., 2003; Gil-White, 2006). It is

also possible that relational forms, so obviously engaged in the min-

imal group experiments, interact in real life with other, content-based

categorizations.

CONCLUSION

Simple rules and operations can produce complex effects. In the field

of societies’ functioning such rules can include cognitive mechanisms

representing social structure. One such simple mechanism is represen-

tation of social differences via ingroup/outgroup opposition. The re-

sults of this meta-analysis point to amygdala, ACC, fusiform gyrus and

right insula as being most typically involved in differential response to

social targets. Most of these brain areas, however, reflect various

categorization-related effects, rather than categorization as such.

Clusters in the ventral part of ACC appear to be sensitive to the

ingroup members, probably indicating dispositional preference

toward the ingroup and involvement of self-referential thinking

about similar others. A more dorsal part of ACC can be involved in

monitoring and/or regulation of emotional tensions raised by obser-

ving outgroup members. Right insula is strongly associated with out-

group targets probably modulating avoidance behavior. The fusiform

gyrus is sensitive to social categorization tasks and to changing social

context urging for re-classification of social objects probably reflecting

expectancy-driven bias in category application to visual social stimuli.

Further research could focus on direct comparison of neural systems

involved in the processing of various social classification systems.

SUPPLEMENTARY DATA

Supplementary data are available at SCAN online.

REFERENCES

Adams, R.B.Jr., Rule, N.O., Franklin, R.G.Jr., et al. (2010). Cross-cultural reading the mind

in the eyes: an fMRI investigation. Journal of Cognitive Neuroscience, 22, 97–108.

Adolphs, R. (2009). The social brain: neural basis of social knowledge. Annual Review of

Psychology, 60, 693–716.

Aharon, I., Etcoff, N., Ariely, D., Chabris, C.F., O’Connor, E., Breiter, H.C. (2001).

Beautiful faces have variable reward value: fMRI and behavioral evidence. Neuron, 32,

537–51.

Amodio, D.M., Ratner, K.G. (in press). The neuroscience of social cognition.

In: Carlston, D., editor. Handbook of Social Cognition. NewYork, NY: Oxford

University Press, http://www.psych.nyu.edu/amodiolab/Publications_files/Amodio_

Ratner_chapter_inpress.pdf.

Bernstein, M.J., Young, S.G., Hugenberg, K. (2007). The cross-category effect: mere social

categorization is sufficient to elicit an own-group bias in face recognition. Psychological

Science, 18, 706–12.

Binder, J.R., Desai, R.H., Graves, W.W., Conant, L.L. (2009). Where is the semantic system?

A critical review and meta-analysis of 120 functional neuroimaging studies. Cerebral

Cortex, 19, 2767–96.

Bollinger, J., Rubens, M.T., Zanto, T.P., Gazzaley, A. (2010). Expectation-driven changes in

cortical functional connectivity influence working memory and long-term memory per-

formance. Journal of Neuroscience, 30, 14399–410.

Bourdieau, P. (1980). Le Sens Pratique. Paris: Les Editions des Minuit.

Brewer, M.B. (2007). The importance of being We: human nature and intergroup relations.

American Psychologist, 62, 728–38.

Brown, R., Gaertner, S.L., editors. (2003) Blackwell Handbook of Social Psychology:

Intergroup Processes. Malden: Blackwell.

Bruneau, E.G., Saxe, R. (2010). Attitudes towards the outgroup are predicted by activity in

the precuneus in Arabs and Israelis. NeuroImage, 52, 1704–11.

Cheon, B.K., Im, D.M., Harada, T., et al. (2011). Cultural influences on neural basis of

intergroup empathy. NeuroImage, 57, 642–50.

Chiao, J.Y., Adams, R.B., Tse, P.U., Lowenthal, L., Richeson, J.A., Ambady, N. (2008a).

Knowing who’s boss: fMRI and ERP investigations of social dominance perception.

Group Processes & Intergroup Relations, 11, 201–14.

874 SCAN (2013) A.V. Shkurko

http://scan.oxfordjournals.org/cgi/content/full/nss085/DC1
http://www.psych.nyu.edu/amodiolab/Publications_files/Amodio_Ratner_chapter_inpress.pdf
http://www.psych.nyu.edu/amodiolab/Publications_files/Amodio_Ratner_chapter_inpress.pdf


Chiao, J.Y., Iidaka, T., Gordon, H.L., et al. (2008b). Cultural specificity in amygdala re-

sponse to fear faces. Journal of Cognitive Neuroscience, 20, 2167–74.

Contreras, J.M., Banaji, M.R., Mitchell, J.P. (2012). Dissociable neural correlates of stereo-

types and other forms of semantic knowledge. Social Cognitive and Affective

Neuroscience, 7(7), 764–70.

Cosmides, L., Tooby, L., Kurzban, R. (2003). Perceptions of race. Trends in Cognitive

Science, 7, 173–9.

Cunningham, W.A., Johnson, M.K., Raye, C.L., Gatenby, J.C., Gore, J.C., Banaji, M.R.

(2004). Separable neural components in the processing of Black and White faces.

Psychological Science, 15, 806–13.

Decety, J., Lamm, C. (2007). The role of the right temporoparietal junction in social

interaction: how low-level computational processes contribute to meta-cognition.

Neuroscientist, 13, 580–93.

O’Doherty, J., Winston, J., Critchley, H., Perrett, D., Burt, D.M., Dolan, R.J. (2003). Beauty

in a smile: the role of medial orbitofrontal cortex in facial attractiveness.

Neuropsychologia, 41, 147–55.

Dovidio, J.F., Gaertner, S.L., Saguy, T. (2009). Commonality and the complexity of "We":

Social attitudes and social change. Personality and Social Psychology Review, 13, 3–20.

Eickhoff, S.B., Laird, A.R., Grefkes, C., Wang, L.E., Zilles, K., Fox, P.T. (2009). Coordinate-

based activation likelihood estimation meta-analysis of neuroimaging data: a random-

effects approach based on empirical estimates of spatial uncertainty. Human Brain

Mapping, 30, 2907–26.

Etkin, A., Egner, T., Kalisch, R. (2011). Emotional processing in anterior cingulate and

medial prefrontal cortex. Trends in Cognitive Sciences, 15, 85–93.

Falk, E.B., Spunt, R.P., Lieberman, M.D. (2012). Ascribing beliefs to ingroup and outgroup

political candidates: neural correlates of perspective-taking, issue importance and days

until the election. Philosophical Transactions of the Royal Society B, 367, 731–743.

Farrow, T.F.D., Jones, S.C., Kaylor-Hughes, C.J., et al. (2011). Higher or lower? The func-

tional anatomy of perceived allocentric social hierarchies. NeuroImage, 57, 1552–60.

Fischer, H., Sandblom, J., Herlitz, A., Fransson, P., Wright, C.I., Bäckman, L. (2004).
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Ingroup/outgroup distinction in the brain SCAN (2013) 877


