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Hurnans are exceadingly sodal animals, but the neural underpinnings of social
cognition and behavier are not well understood. Studies in huiaans and other priraates
have pﬁiﬁt&d to several strictures that play a key role in guiding social hahavwrs' the
armygidala, ventromedial frontal cortices, and right somatasensery-related cortex,
among others. These structures appear to mediate batween perceptual mpremntatmm
of socially retevant stimuli, such as the sight of conspecifics, and retvieval of knowledge
{or elicitation of behaviors) that sueh stimuli can trigger. Current debates cancm_ the

extm %o whidh social cognition draws upon processing specialized for sodal
inf&matinn and the relative contributions made to secial cognition hy innate ami
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Soﬁisl cognition refers co the progesses thar subserve behav.
ior in responst fo conspecifics (other individuals of the same
species), and, in particudar, w those higher cognitive processes
subsesving the extremely diverse and fexible social behaviors
tha are seen in primaces. [t evolution arase outof a complex
and dynamic interplay between two oppasing factors: on the
one band, groups can provide better secusity from predators,
better mats choice, and more reliable fords on the other
liand, mates and food are availshle alss to comperitors from,
within the group. An evelutionary approach w social sogni-
tion therefore predicss mechanisms for cooperativity, altiiss,
ased other aspers of prosocial behavior, as well as mechanisms
for coercion, deceprion and marspulation of conspecifics.
The former are exemplified in che siallese groups, ip the
bong berween mother and infant; the Jarer i the largest
geoups by the creation of complex dominance hierarchies,
Hris clear that primates are excecdingly adepr at negotiating
the social environment, This ability is most ssrikieg in the
most social primate, Homo saplens, suggesting the hypathesis
that our exceptional cognitive skills may be traced back to
evelution in an envisonment in which there was a premivm
on soeial skills, Tn sapport of this idea, there is 3 correlation
between mean group size among various primate specics
and thelr neocortex volume (specifically, the mtio of neo-
cortex volueme to the rest of the brain®). Such a correlution
Yias been found alsa for severat other reammuals that all feature
a complex sociaf serucrure {e.g, bats, carnivores snd roothed
whales) — the larger the social graups, the larger the brains
(tefative o body size}, Although it has been proposed that
bain size correlazes with a nuraber of ether factors, including
dietary foraging strategy, tool use and longeviy™, it might
be that large brain size iz at feast a partial consequence of the
fact chat primates have a complex ecological niche with re-
spect ta social structure (including s effect on food and
mate availability). This hypochesis, variously dubbed the
“Machiaveltian Intelligence Hypothesis or the ‘Social Brain

Hypothesis”, depending on what theorists talee e be its most
salient fearures, supgests that the complexity of primate social
structure, eopecher with certain of its unique Featuses, such as
cooperativity and deceprion, led to an advantage for larger
brains,

Aside from sheer brain volume, one would of course like
1o know more about the specific neusal systams that sub-
setve various aspects of socil cognition, A seminal review”
argued for the importance of the following set of strucsures:
amygdala, remporal cortex, anterior dngulate conex, and
othitofrontal cortex®, The neurobiological underpinvings of
social cognition in humans, the topic of this review, are
being investigated using various methods, including lesion
studies and funetionsl imaging, and can be situared in the
context of what we know abour social cognition from
anthropological, comparative and developmental studies.

An overview of tie neurohiology of social cognition

in primates

Non-human primates

"Two sets of Hndings, sne at 2 macroscopic level, the other at
a micsoscopie level, first suggested thac che primare brain
might contain neural systems spechalized for processing
souially sefevant information, In the 19305, Kluver and Bucy
made lasge bilateral lestons jn monkey beains, encorapassing
amydala, teraposal neocortex, and sarroanding structuses”,
The animals subsequently appeared able 1o perceive and
respond e objects in their environment, but they behaved
inappropriately with respect to the emotional sigmificance
that objects would noemally signal. This incladed & com-
pulsive examination of ebjects, especially with the mowsh,
hypetsexuat behavior, unusual tameness, and a complete lack
of awareness of the emoticenal significance of stimuli {('psychic
blindness’; e.g. handling of snakes). Sefective neurotoxic {esions
of the monkey amygdata result in mose subtle impairments;
however they do stifl appear to impair dispropordonately
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Fig. 1. 5
In soisl sognliion. Thete renderings of & normal human
brain, reconstrocted fiom sersl magnatic resonanee (MR} im-
ages, show the neur feat structures highlighted T this
vevlew., The same brain is shewn in diferent views and with dif-
fering amoynts of ftansparatcy, 1o perealt visualization of inte-
rior structures, Tha images ware geresated by fiedt tracing the
structures on 20 MA images, and then corendering these re-
gians of interest In varlous colors together with the rest of the
brain, Highlighted are ventr lial prefrontal corvex {green),
amygdaia {red) right somatosensory cortax (blue) and insula
tpueple), alt of which play key roles In various aspects of sockl
cogpition discussed heve, Addiionally, other structures (Aot col-
ared), such a8 the cngulate cortiees, visuat assodation cortioes
in temporat lebe, and strugtures in hypothatamus, thelamus,
antt brainstem coptribute tG sodial function, All of these struc-
tures alsa play varied roles in regulating emetion, (Floure indly
pravided by [eema Fattal and Manna Damasio, Human
Neurcanatomy and Meurpimaging Laboratory, Department of
Heurclogy, Uriversity of lawa,)

,nf Feal strusetuies Euned
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those hehaviors normally elicied by social cues™", Although
the: amypdala is 3 heterogenseus collection of niuclei thae pag-
ticipate in several different fancrional systeins’, at least some
of its components thus appeas 1o contribute disproportionately
£ social behavior.

Tlie ather set of findings that fisst sparked interest in the
neweal basis of social cognition pestains o the level of single
seurons, Neurophysiological snudies in non-human primares
have shown that single neurons in the monkey infemtempom]
cartex respond relatively selectively to the sight of faces®?,
Moereoves, specific nenrons madulate their response prefer-
entially with specific information abou faces, such as their
ideniry, social status or emotional expression %, There ase
alses newrons whese responses are modulared by viewing
comples scenes of sockal interaction™"7, as well as by specilic
features of Faves thar can signal social information, such as
gaze direation’™. A neural code in which the tesponses of
individual neurons are tuned relatively selectively to highly
specific feanire conjunctions may permit a newsonad ensemble
to distaguish ameng complex, simifar mernbers of a Jarge
class of stimuli, such s the faces of conspecifics. Currens
information-theorctical approaches are providing more
detaif on how such socially relevant information might be
encoded in & neurcnal populaton®?.

Humans

Furan gocial cognition has received extensive atention from
cognitive, developmental and social psychelogists. Sorae
important currens ssues that tigh be informed by findings
from cognitive nenroscience cottcern how social cognitive
abilities develop in infants, and to whas extent genetic factoes
might influence such abilities. Cleady, the emotional and
social development of humans is exuaordinasily complex,
invelving a multi-factocial interplay beeween genes, parental
behavier, 2nd the influence of culruxe.

Thete have been two major sets of studies thas fiest argued
for weursh systems critical vo recial cognition in humans:
social apairments following damage w@ the froncd lobe, and,
more recendy, sockal frmpairments in subjects with auiism-
The observation that the frontal Jobes ean contribure refatively
specifically to behavior in the social domain was first made on
the basis of a rather horrible accident: the injury of the rail-
road worker Phingas Gage™. Gage received # large bilateral
Tesion of his franeat lobe, mcluding the ventromedial prefrontal
cortax, from an accidental exploston chat shot 2 meta] rod
through his head (see Fig. 1 for neuroanaramical stracrures
highlighted in this review). Whereas Gage had been a diligenr,
reliable, polite and socially adept person befose bis accident,
he subsequently became uncaring, profane, and socially in-
appropriate in his conduet. This change in his personalicy
remained 2 mystery until it could be inferpreted in che light
of simifar patients in todern tismes: like Gage. other subjects
with bilateral damage to the ventromedial frantad tobes show
a severely impaired abilicy 1o function in seciery, despize an
entirely normal profile on standurd revropsychological meas-
ures, such as 1Q, language, perception and memory, Recent
theoterical explanations propose thar the ventromedial frontal
cortices play an imporeant role in associating emotionat exper-
ence with decision making in complex sitmations, expecially
perhaps siuations in the secial domain (sex below),
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Box 1. Social cognition, modularity and innaleness

Focal hrain damage can rasult in impaised processing that is
limited r highly specific categories. For Instance, patients bve
been reporied who are specifically unable b recagnize, or o name.
tools, animals, peophe, or @ variety of otler selective categaries.
There is this very stronjs evidence that categories are, la some
sense, mapped in the brain (hue in 2 way that diffess from as-
pects of abjects that are @ dicect consequence of topography at
the sensory epithefinm). While inivially surprising, the findiag
s in face predicied feom the assumption of 2 few, very simple,
tocal rules thar specify how braing repesens stinnl (Ref. a). In
essence, tocal rules for organizing nenal tissue o 2 funcdon of

activity suffice te g 1oy sepre jons of abstract
stimulus cascgoties. The cavegorics that are abseracted emerge
nararally out of the cavariances of our interactions with certain
chasses of stimuli in the envic Thus, we typically imer
art with rembers of the class of animals in 4 simifar vay; Gt
i, the similarity is greater among animals than it is v how we

typically intecact with sembers of the dlass of tools, oF memtsers

of the class of people, Stmilariy in sensorimeror interaction can
thus translase inte functional 2nd anatemical dmilarity in che
hesin (Refs b,

The above view suggests 4 sirong component of expesienes
and leatning in such sclf-organized topographic maps. A different
explanation cores from the view that there ate innately speci-
fed modutes in the hrain for processing specific caregarizs of
tnowledgs. The evidence for this latter view is strongest fronm:
domains such as fanguage, and it is the view that has historicatly
been associared with the notion of ‘modularity” (Ref. d).

. As with many dicharomies, it is likely chat both the shave
i, views asc righ, in the proper context, and recent ingerprecations
¥ suggest a softer version of ‘modularity” dhat does not require 4
rigid set of criteria (Ref, ¢, Ir may well b thiaz rhere are domain-
specific modules for processitig cemtain Kinds of informaion that
ate ecologically hiphly relevant and thae would benefic from
pardeular, idlogyncraiic processing seeategy chat does naf apply
v nther kinds of information, That is, one wauld axpeet the
brain o provide problem-specific srnctures for processing
infarmation fram those domains in which there is a premium
on speed and survival. Within, and beyond, such a module
there might afso be topagraphic mapping of the same doraain,

A secand line of evidence that has been used to argue for
the fnconat modulasity of social cognirion {sse Box 1) cornes
frora a developmenial disorder, childhood aurism. Interest in
the sacial cognitive sbilities of subjects with autism was fueted
by the srgument that autism features a dispropostionate in-
pairment in one specific aspect of social cognition: the abi-
ity to attribute mental states, such as beliefs, to others™ 2,
While there is debate an the basic bypothesis, and while the
link herween autism and brain spsiems s alsa not welt
understoad, the dara point towards neural components that
appear to have a high degree of domaia-specific function. Yhis
idea Is strengthened by comparison with another psychintric
disordes, entiraly genesic in esiology: Willisms syndsome.
Subjects with Williams syndrome exhibit tocil lehavier that
comes close to being the opposite of that seen i autism — they
ase hypersacial, and their unusual soctal skdlls in the face of
impairments in non-social domains have been taken as further
evidence for the modularity of social cognirien’, Of particular
interest will be compatisons ameng subjeces with Wiltiams

Adolphs - Human seeia! cognritien

1t is likely thar domaiu-specific processing draws upon innasely
speeified modules, a5 well as wpon self-osganized maps that
emergad a a cotsequence of cxperience with tw warld.

s sucial cogrition module? And if 5o, is it mnate, or s it &
consoquence of learning? Itis ikely that both are siue, and that
whether of nat soeial cogaition is modular will depend both on
one’s notion of moduletity and on the aspeats of sociul cognition.
under consideratian. Some rather basic aneributes of stimufki,
such a3 self-directed mation, bitateral symetey, presence of eyes,
and 5o forth, might be pracessed similarly by diffcrent primate
species, by mechanisms shat are hirgely innarely specificd. But
there also seems litda doube that che cass of social srimuli needs
to be cxplored dusing development in srder to b able w make
inore fine-grained distincrions - a devefopmmental process thay is
likely (o include pasental behavior and pretend play as critical
aspects. Fhe maost plausible scenarbe, then, would view socital cop-
wition as telying on 2 newal architeccure In which therc is tnter-
action between companents that ace innatedy specified and others
whase operation emerges throvgh experience in the contex of 2
specific culrore.

A similar answer would presumably abtain in regoed o the
braader question of cognition, nat only with respect ta the zocial
world, bur the animate world in general {sex Refl £ for mare
extensive discussions of this topich. Furure goals will be 10 pro-
vide 2 more detailed account of the relative contributions that

inaate and culturally acquired cnmponents make 10 sonial cog-
nition, snd 10 explore haw such fanctionsl camparents might
be subservad by specific neuroapatemical stractuves,
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syndsame, autism, and focal brain lesions, same of which are
now underway. For axample, a recent study found that sub-
jects with Witliaros syndrome showed selective sparing in
their abiity to recognize uther people’s mental staees from
photagraphs of their eyes™, a task chae high-fumctioning
subjects with autism il®, and which in normal individuals,
but not in subjects with autism, has been shown to activate
the aygdala in functional imaging studies™. Subjects with
Williams syndrome also show abnormally positive judgrments
of approachability when shown unfariliar people’s faces,
one component of impaired social judgment that smight
share commonalities with impaired social judgment seen in
paticnts wich bilateral amypdals damage™.

Fhe amygdala; social judgment of faces

We glean considerable social informartion from faces, and
there is evidence 1o suggest that faces are processed in a refa-
rively domain-specific fashion by neoenttical sectors af the
wmporat lobe. For instance, visual processing in regions of
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50 mest negative Approachability

50 most positive -

hean approachabifity rating >

Difference from controd maan fao}

0 20 4 & 8 W
Face stimuius {rank ordered)

ifean trustworthiness rating
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Fig. 3. Aean judgmants of approachability and rihinase of 1048 unfamiliar taces. (A) Means and i for data from 48 nor.
mal controls are gives at the left of each panet UN'). indhvidual means are shown for each of three subjects whih bilatersl amygdata dam-
age B, Tour subjecls with unilateral right ') and three with unilateral teft (L") amygdals damage. Group means and sl are showh
for seven brain-damaged controls with no damage to anyygdala (C), The data, broken down into those obtained from the 50 faces that
received the most negetive mean ratings from normal controls [feft) and the mest pesitive {right) on sach attribute, show that subjects
with bilateral amygdala damage gave abnormally positive ratings to that hatf of the stimuli that normally recelve the most negativa rat-
ings. (B} Standard deviations from the control mean are shawn for one of the thres subjects with hilatezal dafa d. {subjedt
€M), Each face was Judged on a scale of —~3 (very unapproachable or untrustworthy) to +3 (vary approachable arifustworthy} The data

. C

shewy that SM rated nearly afl faces as positive. {Data redraven feom Ref, 433

the human Gusiform gysus appears 1 contribute dispropor-
tionately to the perception of fages®, and viewing dynamic
information from faces dhar convey sacially relevant infos-
mation (such as eye or mouth movements) activates regions
iz the superior semporal suleus™. Recent data suggest that it
is a particular property of how we interact with faces that feads
w0 the specific meurosnatomical processing seen, namely, that
we need 1o become expers at distinguishing many exemplars
that are visually extremely similar and yes socially highly
distinctive™.

High-level visual cortices in the temporal lobe project o
the amygdala™, which has also received historical ad recent
incerest in regard to s role in processing emotionally and
socially salient informarion from faces. A small propostion of
neurans withio the amygdala show cesponses that are rela-
tively selectively modulated by the sight of faces, compared
with other visual stimuli®*. Stmdies that have used fonctonal
newroimaging in normal subjects™%, and studizs that have
sxamined patients with damage to the amygdala®-*, have
provided evidence: that the amygdala s critical re recognize
emotions from facial expressions, specifically cerain negative
emotinns, such as fear. The findings have been broadly con-
sonant with the amygdala’s congribution o sorial behavior
thar was suggested by earlier Jesion studies i animals, a5 well
as with the Jarge number of animal stadies thar have inves-
tigated the amygdala’s role in fear conditioning™*", While
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thesc threads of tesearch have pointed to 2 dispropottionately
imporran rofe for the amygdala in processing stimuli relared
to danger and threae, there m¢ also findings, pdmarily from
studies in animals, that suggest 2 more general role for dhe
arnygdala in processing emotionally arousing stirouli that are
either pleassnt ar aversive, One recent theoretical view sug-
gests thar the amygdala, in both humans and animals, might
subserve o more generat role in dllocating processing resources
to biotogically salient stirsuli that are ambiguous, and about
which additional infermation needs to be acquired, regardless
of the valence of those stimaliit,

Given the above findings, one might expect thar the
amygdala would make imporiant consibutions also zo higher:
fevel sacial cognition, especially ro those aspects of it that rely
an recognizing social information from faces. This prediceion
it indeed barne out by recent studies, One imporant cue,
direction of eye gaze in a face, has heen shown to be processed
by the amygedala in both some tesion™ and funcdonal imaging
studies®?, Other studies have examined the amygdala’s role
in mare global social judgments, We in ed subjects’
ahility 1o judye how trustworthy or how approachabls othet
peupte tooked, from perceiving their faces, Such an ability
wanthd be expected 1o draw on aspects of social recogaition
a5 well as on social decision making. In our ssudy, we found
that three subjects who had bifateral amygdals demage 2l
shared the same pattern of impairment: they judped to be

Bacember §¥99%



Adolphs - Human social cognition

Box 2. Attribution of social meaning from visual motion

Subjects were shown a shore mavie of simple geomerric shapes
in motion G seill [rom the mavie is shown in Fig. 1}, Aftet sceing
the moviz, they wore asked o doscribe what they saw. While
normal subjects immediately ascribe social meaning 10 what they
see, 2 subject with developmenal amypdala daage {subject Si)
fatled 1o dlo 5o, interproting the stimulig in puredy geometrle rerms,
The findings suggest that the amygdala may be oritical in order
1o acquice the social knowledge by which normal individuals
auromarically assign social meaning o stimuli.

"

frands it Cogriive Soiences
Fig, I, A st fram the movle of simple geometric shapas in

rotion that was shown ta the subjects {see text for de-
soription], (Radrawn from Ref. a)

ahnormally trastwarthy and approachable the faces of those
penple who are nosmally judged 1o look the most untrust-
wasthy of most unapproachable®® (Fig. 2A). While the sub-
jects with smygdala damage showed o general pasitive bias in
judging all Faces, they showed a disproportionate bmpaisment
when judging those faces notially given the most negative
ratings (Fig. 2B). The amygdala’s role in processing stimuli
related eo potential threar or danger thus appears 1o extend
10 the comples judgments on the basis of which we regulace
aur social behavior. Clearly, the cues that we normally use
to myake such judgments will be complex, and chere will be
multiple strategics available to utitize them, 2 topic deserving
further swudy.

There are two issues of additionaf interest: the specificity
of the above impairmens ta faces, and irs consequences for
social behavior in the real wodd. In segard 1o specificity,
Foltow-up studies sevealed chat bilarerat amygdala damage also
impaired judgments for the peeferences of non-sacial visyal
stimuli, such a3 color pateeras or bandscapes, althoughs the effert
was not 45 large. In ene such study, subjects with amygdala
damage liked pierares of non-social stimuli more chan did
congrals®, Thus, the amygdala’s contribution doss not appear
1o be entirely restricied 1o processing stimuli in the social
domnain, but may encorpass a more general funcrion which
is of diggoportionate importance 1o social copaitien. A further
expetiment assessed social judgments thar were made about
other peaple on the basic of wrirten descriptions of ther,
Judgments sbout peaple from such lexical stimuli were not
impaired by amygdata damage™, perhaps because the stimuli
provided sufficient explicit information such thar aormal
task pecformance could resule from reasoning srrategies thae
did not necessarily tequire the amygrdala, However, vwo ather
recent studies have suggested thas the amygdala is involved in
processing lexical simuli, when such stimuli signal porential

threas o dangeet™s0,
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Normat control mbject

' saw 2 box, like a roow, shat had ast opening re ir. Therawas a
karge triangle chasing around a snralfer eriangle, 2nd circle,..gat
into the box, or the roota, and hid. And then the big wriangle
chased the Bt rlangle arewnd. Finally he wentin, gov inside the
box to go afier 1he cirde, and the circle was scared of hin.buc
maneeivred its way around and was able to get ot the opening,
and they shus icon him. And the de Gircle and the firede sriangle
were happy that thep gov that, the big ene, caught. And they
weat off on chelr way, and vhe big tiangle got upser and searved
beaking the box apen.’

Subject SM

*O, 3¢ a recrangle, two triangles. and a small cirele, Lors see. the
triange andt the circle wene inside the rectangle, and then the
olier triangle weat T, accl thea the triangle and she circle wene
out and ook off. Ieft one wiangle there. And then the swe parts
of the rectangle made likc an upside-down V. and that was it

Rafarsnco
a Haberlein, AS. et ab (1998) impalred attribution of sedat

Feanings to abstract dynemic visual pat ] ge o
the aniygdals Sac. Newsesc), Absir. 24, 1176

The second question, concerning the social impalrments
foflowing amygdala damage in real life, i more diffieult w
investigate. However, obscrvation of patients with complete
bilatera! amygdata damage suggests & common aspec to their
social behavior: they tand 1o be unusually friendly towards
others, consistent with the idea that they lack the sormal
mechanisms for derecting individuals dhat should be avoided.
Similar changes in behavior age seen in non-human primates
with selective hifateral amygdala darmage®”. On the other hand,
the human patients do not appear to be s severcly impaired
in their social behavior as do monkeys with sirailar brain
damage. It may be thas humans with amygdala damage, un-
like othar animals, possess addicional mechanisms foe social
rexsoning and decision making, and are able also 1o draw sub-
stangially on declarative knowledge encaded in kinguage,
resulting in partial compensarion for their impaisment®.

One would also like ro extend the above line of Tnvest-
gations to addirional types of stimuli, and to additionat types
of socia} informarion that can be gleanied from such stimuli,
We have begun such an investigation, using visual motion cues
to provide information sbout biolagical and psychological
categories, Inn one experimen, subjects were shown a short
video that depicts three geometric shapes moving on 2 plain,
whire hackground™. Although visual metion is the only
available cue in this experiment, normat subjecrs have no
difficalty interpreding the motion of the shapes in wrms of
sovial caregoties: the shapes are arributad psychological stes,
such as goals, beliefs, desines and emotions, on the basis of
their relative snorion, By conseast, 4 subject with selective
bilateral amygdalz damage did not spontanecusly make
such surihutions™. When shown the same stimulus, she
described ix in purely geometric terms, lacking the normal,
antomatic sockal intespretation {Box 2).

A final important consideration concerns the amygdala’s
tole heyond recopmidon and Judgment, to encompass such
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provesses as aeention asd memory. ftis deat fromn stodles in
animals that the amygdals contribures importantly o these
processes™, and that its role extends well beyond a funciion
sestricted to recognizing potential theeat o dangers but such
2 possible role in humans is just beginning w be explared.
For instance, emotionally™ er socially™ salient stimali are
remembered hewer by sormat individuals, an effect that corre-
lates with activation of the amygdala in funciiona imaging
studies®™* and one whose funccion is impaired in patienss
with amygdala lesions™,

Taken together, all the above findings ampue thar the
amygdala is one component of the neural systems by which
stimuli trigger emotional reactions, broadly construed. Such
emotional reacdons would include autonomic, endocrine
and somaromotar changes in the body, as welt as neuro-
physiolagical and neuromadulatory changes in brain func-
tion. Such multi-dimensional smotional responses would
serve to modufate and to bias cognition and behavier in
imporcant ways, as a functon of the emotional and secial
significance of the sdmulus thar is perceived. This role
for the wmygdala may be of special importance for rela-
tively fast, auromatic evalisation of bislogically Imporant
stiznub, and will no doube function in paraflel with other
systems.

An active program of reseasch has explored why it might
be adaptive to make certain social judgments about faces
with certain propenties. For instance, average fsces ace per-
ceived to be highly atractive™, but very slight deviations
from the average may be considered even more attractive’”.
A possible evolutibnary explanation of this effect proposes
that averageness, symmetry, of slight deviations fram i, are
correlated with fitness; consequently; ane would predict that
such features could have signal value, and one would predice
the evolation of perceptual mechanisms for their decection,
However, these inrecprerations arg very cobrentious (see
Ref. 58 for a review). Conerazy o prediction, some recent
dara suggest thar people with ateractive faces are not more
healthy™, and thac at least some aspects of artractiveness also
de not coreelase with sucial dominance™, but may be a more
complex function of weighing multiple short-teren versus
{ong-term benefits®, Notwithsnding the current debates, it
will be essential in future studies to actempt to link specific
physical features thar plausibly index fitness, with specific
neutobiological adaprations for their detection, hopefully
subserved by nemroanttomically and nevrofancrionally
identifiable structuzes,

While the studies reviewed above strangly implicate the
amygdalz in several of the processes that ase impartan for
normal social cognition, they ate problematic from an ana-
tomical point of view: they are both oo macrascopic and wo
migroscopic, They are tan macroscopie hecause it is clear that
different nuckei within the amygdaka subserve different func-
tionst!, an issue that is addsessed in animal studics by lesion-
ing specific nucli rather than the entire amygdala. Functional
imaging studies using VR with high fickd steengrhs, as well
as sare studies of human patients with chronically srmplanced
depth elestrodes for monitoring sefzares™, will provide
some furcher nevroanaromical resolution in chis regard.

Of equal importance, fesion srudies of the amygdala are
to0 miceescopic tn thar iz is important te consider the amyg-
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dala as one componen: of & distribured neural systeig for
social cognition. I particular, 2mygdala and prefrontal cop
tex appear 1o function together in processing the rewarding
contingencies of emotionally safient stimuli™**, and i js Hkely
that they function 25 two components of a system, alsg jp
sucial cognition, 2 ropic I address next.

The Veatromedial (VM) prefronial corex:

social rezsoning and decision making

Devisian making: the somasic marker bypothesis

The frontal lobes have a long bistary in social hehavior, going
back 1o the story of Phingss Gage discassed above. More
vecently, it has becorne clear thar the fronsal lobes, specif-
cally their ventroraedial sectors, are critical in tinking per-
ceprual representations of stimuli with representations of their
emotional and social significance’. This function bears
some resemblance to that of the amygdals cutlined above,
but with two importane differences. First, it s clear thae the
ventromedial froncal cortices play an equally imporean: role
in processing stimuli with either rewarding ar aversive con-
tingencies; whereas the amygdala’s role, at least in humans,
is clearest for aversive consingencies, Second, reward-related
representations in the ventromedial frontal correx are less
stipnulng-driven than in the anygifala, 2od can be the sub-
sirate of more flexible compurations, playing a general
monituring role in regard to both punishing and rewarding
cansingencies®.

The impaired social behavior in buraans with ventro-
medial frontal lobe injury is notable for an inabifity to organ-
ize and plan future activity, » diminished capacity to respond
to punishment, stercoryped and sometimes inapprapriate
social manness, and an apparenr Jack of eoncern for ather
indivicuals, alf in the face of orhegwise normal inellecrual
functioning®® ¥, Pagteulardy striking are the patients’ often
gross lack of concern for the wellbeing of others and remark-
able kick of empathy, While the demis of impaired emo-
tional and social funcion following damage 1o the ventro-
nzeetial froneal lobes can be comples, and can vary from case 10
case, the impairments share a cors dysfuncrional mechanism
that no longer permits cognitive processes to ncorpoerate
certain types of emotional knowledge.

The role of the human ventromedial prefronral cortex
in decision making has been explored in a seres of snadies
that used a task in which subjects had to gamble in order o
win monay. As with gambling in real life, the eask involved -
prebabilistic contingencies that reguired subjeces to make
choices based on incomplete informarion. Normal subjects
learn o maxitoize their profits on the task by building « repre-
sentation of the steistical contingencics gleaned from prier
expetiences: cermain choives tend to pay off betws than orhers,
in the Jong run. The key ingredient that distinguishes this
task From other tasks of probabilistic reasoning is that subjects
diseriminate cheices by feelings they develop hunches that
certain choices are better than others, and these hunches can
be measured both by asking subjects verbally, and by measur-
ing antonomic correlares of emorional arousal, such as skini
conductnce response. Subjects with damage to the venmo-
medial fronzal cartex fail this wsk™, and they fiil it precisely
Deeatise they are unable to represens choice hias in the form
of an emotional hunch™, Not only do subjects with VM
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frontal damage make poor choices on the task, shey also
acquire neither any subjective fecing segarding their choices™,
sor any antdipatory austonemic changes™,

These findings are consorant with prior reports that sub-
jects with VM Frantat lobe damage do siot erigper 2 normal
ematienal response to stimuli, including sacially refevant
stimudi™, and support a specific hypothesis that has been puy
foeth to cxplala the data: the somatic marker hypothesis™™,
According to this hypothesis, the VM fronzal cortex pareici-
pates in implementing a pardcular mechanism by which we
acquire, sepresent, and retrieve the values of sug actions, This
mechanism relies on generating somatic STates, OF represen-
attons of somatie states, that correspond to the anricipated
future ouccome of decisions. The fanetion of these somatie
states s to steer the decision making process toward these
outcores that are advantageous for the individual, based an
the individuals past expetience with similar situations, Such
a mechanism may be of special imporzance in the social
domain, where the enosmous complexity of the decision
space precludes an exhaustive analysis.

Reasoning: the Wason Selection Tack

The ventromedial frontal correx appears 1o play a key rolein
a sccond domain of high relevance 1o social cognition: secial
stasoning. Human seasoniag strategles have been intensively
investigated uiing the Wason seleceion tasl, the moss popular
experimental design for probing deductive teasoning’”, The
Wason selection task consists of 2 conditional starement (i P
then ), often presented in some context (e.g. ‘If you are
drinking beex, then you st be over the age of 18, and sub-
jects musst use deducrive reasoning i order to decide its truth.
Typically, the propousion of logically correct chioices made
by nofmal subjects on this task is facilitated by conditionals
abous social rules, threars, and proinises {sec Ref, 76 for a
review), Cosmides and her cofleaghes have argued thas these
data provide evidence for evolved mechanisms for reasoning
about socisl exchange. Specifically, the findings from the
Wason selection task support the hypothesis of an evolved
skill 1o detzcr deception in the context of social contracts
{cheating), because an ability 1o rapidly sad reliably detect
such dereption would have been adaptive” {although there
is cansiderable debare regarding the interpretation of the
dara, and alternative models have been proposed).

We investigared the role of the VM frontal coseex in stch
deductive reasoning, using threc groups of subjects: patients
with darage centered on the VM frontaf cortex, patients with
damage centered on the dorsolateral frontat cortex {specifically
excluding the VM frontal cortex), and patients with damage
omside the frontal cortex. Subjects with bilaveral damage 10
the VM froncl cortex wese dispropardonately impaieed in
normal ressoning about socil and familiar scenatios, whereas
they showed no abnormalicy when reasoning sbout more
abstract material’™ (Fig. 3). These findings are consonant
with those presented above, and support 2 role for the VM
frontal cortex in guiding reasoning and decision making by
the eliciearion of emotional states that serve 1o bias cognition.
While the ventomedial frontal cortices, together wirls ¢he
amygdala, would participase in & rore gencral fanetion of
finking stimuli so emotionatly vahsed respenses, they may be
notably indispensable when reasoning und making decisions

Adalphs - Human secial cogpition
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Fig. 3, Ing on the W Selecticn Task. (A} Sublects with ventromadial /M)
frontal lesions {drclest gave the logically correct answwer more oftan than did cantrof subjects
{squares} when reasoning about scenarios where the subject matter was logical and abstract
{e.g. if a student got an ‘A grade, then his card must be srarked with the numeral “3'Y how-
ever, they gave the loglzally correct answer less often than corttenls when the subject matter
concernid familiar sorfal situations, specifically social laws (e, If you are deinking beet,
than you must aver the sge of 187 {result significant ot p=0.00% level), FThese findings suppart
theidea that Ia nommal subjects, the VM frontal cortices may be part of a system that facilitates
carrect reasoning about social matters, The resutis ware wsgecially steiking, as the scenarfos
on which subljects with W frontal dantage falled are In fact the ones that are normally the
easiest, and the mast familiar, to raasan about, When sublects ware asked to indicate how
famillar they found each of the scenarios, both VM frontal aned aormst control subjects
judged the sockal faws to be much more famillar than the absiract scenarins {botiom,
grouped data}, (8} Volumetric overlap image of the tesions of all subjacts with Vi frontal
tohe darmage, Colar des the numbar of subjects {indicated bedow} whe have a lesion ata
given anatorical location, rendered anto & ventrat view of the hurman brairs, The snatomical
<ites shared in common by all subjects in the group wers in the vigntromedial frantal cortex,
bitaterally. {Data redraws from Reds 78,92

about socizl puacrers. Additional furare studies that artempy
to dissect the broad collection of processes that comprise
social cognition will help 1o shed light on the question of the
specificity and modularity of ventromedial frontal cortex
function, The evolusionary knplicacions that can be drawn
from such a dispropordonate importance wo social eognition
remain 2 diffieulc and open question (Box 13,

The above findings from humins can be related ro a age
pusnber of szudics From pon-human primarey™ !, which have
shown sbrormal social behavior, expeciafly social isolation and
avoidance™ following damage ro the orbital frontat corsices.
The role of the orbitofrontat cortex in social affiliative be-
haviars is ako of interest fom a pharmacological point of
view: the density of cereain subtypes of serotonin receptors in
thse orbisofrontal cortex of monkeys correlates with the ani-
mal's social seatas. Pharmacological nwnipulation of sero-
tonergic neusotransimission targeted at these receptots infju-
enves social affiliative behavior, and results in changes in
social statws™. These findings from monkeys may offer some
explanation of the changes in sotial behavioss that can alse
be obseeved in humans following scrotonergic manipu-
fation fe.g. with deugs such as Prozac {fluoxetine) or ecstasy
(MIIMAY]. A fitrther specification of neurotrnsritter and
aeuromodulator systems will clearly be imparcant in ous
understanding of the newral basis of social cognirien; 4 more
derailed discussion efthis wopic falls ourside the scape of this
review, OF special interest is the newrotcansmitrer serotoain
{acting on specific subtypes of serotouin receprar), and rhe
neurapepride axytocin, both of whicl: appear o play a role
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| Smx 3. How do we reprasent the minds of others?

Primates appeat o be highly skilled as prodicting other individuals’ behavier,
bust there js vigorous debite abou how w interpres such an ahiligy. The mecha-
nisms by which we represent and prediet other people’s behavior have been
viewed from owa differen theoretical pespectives. The twa imain camps argue
cither for 2 ‘theory of mind’, or for a st of provesses thae permits sieshtion” of
othee minds. The ‘theory-theory has been flosted For some time in philosophy
Wy calked ‘Folk psychology’s

of mind a8 a possible expl

understanding of other people’s hohaviar in terms of inter-

jon of whas is cor

out
vening mental states, such as beliefi, desives and inweations, on the basis of

which people ace. The other camp, however, views our ability te recognize and
reasom aboit sther prople’s states of mind as an example of experience pro-
jection; in essence, we know other minds by empathy, or by simulation. Tt is
fikely that Bath these views have some truth to ther, depending on the die-
cumstances {see Ref, a for examples of bodh sides of the debite). The theory-
view might alford greater economy and generalizabitivy of prediction, or might
be particularly suited o information thas can be fexically encoded; bur sim-
larion may be the erly option in cases that are sufficiendy idiosyncraric, or
cases where the information is pot easily encoded into Bingusge. Tn the latter
situation, it could be that the only way ta predicr whae another person will do
is 10 ran in one’s own braln rhe processes that the other peesen is running in
theirs. 1f this pessibility is raken seriowsly, it suggess a role for conscious ex-
f ther persan’s ifi-
teenal mental state, it may be necessasy wo imagine whar it would be like ca be
the other person vin direct simulation. Simulstion might find ity develop-
scrital origins in infants’ ability ta mimic bicial expressions spontaneousty
{Ref. b, and it has found same recent nenrophysickogicat support from the
finding of so-calicd ‘mirrar newrons’, which appear to paveicipate in simulasing
the acrions of orher individuals {Ref. o),
Research inte how we sepeesent ather minds began with 2 question about
hed panzess might possess 2 theory of mind (Ref. d), 2 question
that i stil unanswered {Ref. £, Fo huridans, the cheory-oF-mind question was
posed coneretely In corms of che ability 1o attibute belicts, specificatly false
belichs, 1 other individuals, 3t has been shown that this shifity hegins w emarge
around age four or possibly earlier {Refs £p). The ahiicies thar constitue 4

pericnce in secisl cogridon: 1o obwin § shouog

o e chi

theory of smind have been fractionared imto several distinet corsponents, such
a5 the shilicy o auribute desires, ro recogrize oljects of shared ateention, and
0 menitor others” dicestion of gaze. All these different components appear at
1 | scages in | and there Is evidence that some af
them may be sclecrively impaircd in subjects with audism, a disorder thar
axhibits marked difficufties in social behavior (Ref. h}.

Several lesion and functional imaging { the neyral
suuctiees by which subjects generate knowladge about uther people’s mental
states, I addition to 2 large literante demnonstrating the invalvernent of amyg-
dala, erbitofrontal cortices, and right hemisphere cortices in mote genesal pro-
cessing of emotion, including recognition of emotian i orhers. some stidies
have explicidy investigated artribution of higher-order mental states, such as
beliefs and intentions, A recent study by Stone eraf. found thar subjects with
hilaeeral damage to the orbitofrontat cortex wese specifically impaired i their
abifity to actribute higher-order mental stawes to other peaple from svories

dispinet &

Fios have investd

of

in neurochemical systems refagvely specialized for social

hehaviors {see Ref. 84 for a review).

{Ref. i}, [n paeiculsr, ey were unable o devece a_fame pos, somerhing thae
stbjects with high-functioning autism (Asperger syndrome) also fail. A fune.
tianal imagiog study that compared brain acrivation during theoty-of-mind

i o

rasks betwern normal and high-functinning autistic subjects found cdidence
tha sevtors of left medial prefronial coreex were alen imyporeant vo veason abor
other people’s mionral staces (Ref. hoa finding cansisrent with eardicr studies thar
showed thar processing words for mental seates (Bef. k), or reasoning shour the
heliefs snd intentions of athers {Ref, [}, normally acrivates repinns iy medial
prefroniad cartcx. In regard © the amypehale, an MR1 study demonstmced
amypala activation when novmal subjects had to arrbute mental states and
intentions o other people from [ooking av picwees of their eyes {(Ref. m),
Interestingly, this is a sk that high-funcrioning subjects with autism fit
hehaviorally (Ref. 1), and alio in which, unike nornal individuals, the amyg-
dalz dowes not sppear to be acrivated (Ref. ). As fac o5 right hemisphers somato-
sensory-rolated cortex is concerred, in addition £o a Targe literatare implicating
this region it mose general emotional processing, 4 recont fesian study showed
that damage 1o this area can impait the ability 0o ateribuee mental stases, sich
as (alse belicfs, 1o uther fndividuaks {Ref. o).
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Somatosensory cortices: iy and sirnudai
T have mentioned severa) cxamples of processes duat alf appear

Ultimately, onc would like to see comparative investi-
gations that examine fronzal lobe serucrure and fancrion in
humans and other primaces, but such studies are exceedingly
difficalr. While it is clear thur primate species vary wemen-
dously in terms of their sacial bebiaviors, it is not atall cleay
ta what extene this variation might resale from jnnase or
from acquired Facrors™, 2nd it is also far from clear that
there is any correlation between aspects of sochal behavior
and comparative anatomy of the frontal lobes™.
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to operate in & eelatively damain-specific fashion on sociaily
relevant inforearion. The exaraples range from specialized
percepeuz] processing of eyes and faces 1o reasoning abour
social exchange. To qualify muly as high-level cognition, social
coghition muse rely on parioudar eypes of sepresentations.
Specifically, 2 socfal organism must be abl co represent nat
only its awn body states in response 1o conspeific stirouf,
but must alse passess mechanisms for constructing desiled
representations of the conspecific stioudi themselves, Social
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cogpition should permiz the constenction of a mental model,

a comprehensive representation, of other individuals, and of Dutstanding questions

what it is about thuse tndividuals thar is imporant to know « Most of the neveal structures known to be important to sociat cognition

are also important 1o emotion, and to associating stimuli with reward and
punishient. What is the refation hetween social behavior, emoiion, and
reward/punishenent? Can social cognition be thought of as an elaboration
on reward meatchanisms?

« What aspecis of social cognition are truly anique to humans?

a What aspects of suciat behavior are innately specifiad, and what aspects
are acquired through experience? Related to that, what aspects of social
behavior are invariant across different cultures?

» How ¢ritical is language to social cognition? 151t possible that language
evolved primarily to subserve social behavior?

« if the evelution of the human mind was driven in large part hy the need
for cagnitive mechanisms that are socially adaptive, then it hecames
interesting to consider the constraints that our sedal cognition might
have on cognition in general. Are we limited in what we can think about,
and in how we can think, by a design that has optimized hurman cognition

abous them as social agenes whe Tuwve the possibility of
ineeracting with us.

T order to answer the question of how we tepresent other
individuals, it is useful 16 consider how we represent owe-
sedves, In fact, one line of deinking has assued b we rep-
sesent the minds of others by arterapting o simuhite another
person’s state fn our aws brain {see Box 3). Our abslivy 10
judge other people’s cmotions. behavioral dispasitions.
beliefs and desires mighe draw substantially o our abilisy to
empathize with them: that is, 1o Creste s nodel in our own
minds of what the nther person is feeling, To would seem
that such an abiliy wonld be cssential b order o adopt

another person’s point of view in 2 comprehensive masner,
and that it would sid in the ability to predict other people’s
behaviar.

This idea might help 1o explain why emation and social
copaition stz closely selated, nor anly in rernss of shired pro-
cxssing strategios, hut in face in erme of their neural substyates:
most suuctures importaat © socisl cagnition are alio im-
portane to normal emotional fuctioning, The common
ingredient may be what we commonly call "feching’: the repre-
sentation of emetional body stares, gither in regard to one’s
awn emotional reagtion, or in regard 1o the empathy for, or
simulation of, anather person’s internal stare.

In aidditinn to the amypdala and ventromediat froned cor-
tices, which can oigger wmotional fesponses to socially rel-
evant stiuli, cheee is evidence for a thied imporaat senuctare
¢hat coneibutes directly to our abiliey to cotstrucr repre-
sengations of other individuals. Ti 2 stady of subjeers with
focal beain lesions, we Found that recognition of emotions
from other people’s facial expressinns critically refied on the
inegrity of somatasensory-related corrices in the right hemi-
spheee (includiag S-1, S-IL and insula™). In oor study,
somatosensary structures wese pasticufarly impoertant in arder
to judge complex blends of multiple emotions in a single
face. The finding may be explained as follows. When asked
t0 judge the emotian shown in 3 face, there are ag least rwo
different steacegies thar could conceivably contsibute to per-
formance. Subjects might reason about the other persont’s
emation fram knowledge regarding the faciat canfigurations
normally associated with certain emotions {e.g, reasoning that
a smille signals happinessh. A second strategy would be 1o
generate sematosensoty fnages that corzeapond to the way
one would feel if one were maldng the fackal expression shown
in the stimulus: such a pracedate might work hest in cases
where o prior Facwsl knowledge is readily avaifable (eg.
asking difficulc questions concerning how much anger there
is i 2 sad face, or an afraid face, as we did in our tesk). This
second idea proposes that subjects judge another pemon’s
emational state from the facial expression by reotstructing
in their own brains a simulation of whar she other persan
snight be feeling, That is, subjects who are looking at picrures
of facial expressions ask themselves how they would feel if
they were making the facial expression shown in the stirulus
(cither overdy or covertly), The finding from our study is
consistent with many other studies thar have found socil
and emotional impairments following sight hemsisphare
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far sacial bahavior?

damage™ ™, including an impaired ability to st higher-
order mental seates ta other people in theary-of-mind tasks™

{Box 3).

Conclusions

Social cognision draws upon a vast set of shilities. Some of
these are quite specific to the social domain, and others may he
mote general int theix application. Same classes of emotions,
suich as goilr, shame, embateassment and jeslousy, only male
sense in 4 sociaf conwext and rray have evolved 1o subserve
very specific roles In social communication. Other social sig-
nals, and other types of sockal judgments, draw upon systems
that subserve emotional processing in geneeal, systems that
permit us w0 build models of other individuals through simit-
[ation, and 4 vast neswork of structures that contribute to
reasoning. inference and language.

Three serucreres have been highlighted in this review:
amygdala, ventromedial fronwal cortex, and right somaro-
sensory-relazed cortes. Normally, in 2 gypical, complex, emo-
tlonally salient situation in real life, all dheee component
struerures will operate in parallel: cthe amygdals wilk provide a
quick 2o auromatic bias with respect to those aspetts of the
responst that pertain 1o evaluating the potentially threatening
mature of the situation, or with respect 1o allocating process-
ing resoierces (o those stisuli that are petencialy imporrant
but smbiguous; veperamedial Frontal cortex will associace
elements of the situation with eferments of previously encoun-
tered sitaations, and wigger & re-onactment of the corre-
sponding emotional state; and right somarosensory-rekued
cortices will be called upon to the exrent that a derailed, com-
prehensive representation of she body state assoeiated with
emarional ar social behavior neads to be made available. AH of
thess companents would be important o guide social be-
havior in a typieal siruation in scaf life, and all of them em-
phasize the close link beeween emotion aad socil cogniton.

There is no douby that humans differ from other animals
in their social skills, in that they are able to form higher-oxder
representations of the sackal environment, and to manipulare
those represesacions i reasaning that can be quite flexible,
i the orher hand, there is adso good evidenee thar out tea-
sonity is biased in domain-specific ways, and thas ous judg-
ment of other individuals, and our behaviosa] responses
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rowards them, ure strongly influenced by mechanisms that we
share in comraan with other animals. The challenge for che
fuscare will be 1o offer 2 more precise account of the interplay
berween all these different provesses as & funceion of the de-
tailed specification of the performance demands required by
a given expedimental sk, or by 4 given situation in weal e,
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