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Objective: The study of social cognition
in schizophrenia has received growing at-
tention in recent years. At the same time,
a large body of work has explored the
neural basis of social cognition in both
nonclinical and clinical groups, other
than those with schizophrenia. The gap
between these two literatures is consider-
able and may slow progress in creating a
comprehensive social cognitive model of
schizophrenia. This article attempts to
bridge this gap by discussing how the
neural basis of social cognition may

for the Study of Schizophrenia

Method: PsycINFO and MEDLINE were
systematically searched for articles per-
taining to the neural basis of social cogni-
tion and social cognition in schizophre-
nia. Relevant studies were obtained and
synthesized into a comprehensive review
and integrative formulation.

Results: Striking parallels between these
two areas of research were found.

Conclusions: These parallels might help
to better elucidate the underlying mecha-
nisms for social cognitive and social be-
havioral impairments in schizophrenia as

inform future clinical research in schizo-  well as provide potential targets for treat-

phrenia.

ment and drug development.

(Am J Psychiatry 2003; 160:815-824)

Impairments in social functioning are among the hall-
mark characteristics of schizophrenia (DSM-1V), and
these impairments, although present in other clinical dis-
orders (e.g., bipolar disorder), are most pronounced in
persons with schizophrenia (1). Deficits in social function-
ing are present throughout the course of the disorder. For
instance, they are frequently present in patients having a
first episode, may persist despite antipsychotic treatment,
and tend to remain stable in severity or even worsen in
subsequent phases of the illness (2). Deficits in social
functioning are also present before the onset of psychosis
(3) and are evident in individuals with a biological parent
who has schizophrenia (4), suggesting that these deficits
are premorbid features of—and may be a vulnerability fac-
tor for—schizophrenia. In addition to being implicated in
the development of schizophrenia, impairments of social
functioning contribute to the rate of relapse (5). Therefore,
it appears that impairments in social functioning repre-
sent a core behavioral feature of schizophrenia. These
findings not only underscore the importance of social dys-
function in the course of schizophrenia but also suggest
that any interventions, psychosocial or pharmacological,
that can affect social functioning may have crucial impli-
cations for long-term outcome.

In an effort to better understand the processes underly-
ing social dysfunction in schizophrenia, great attention
has been given to the role of neurocognitive skills (e.g., at-
tention) in supporting social behavior. The logic of this
approach is that adequate neurocognitive skills either
support functionality or facilitate the acquisition of inter-
personal skills (6). And, in fact, reviews of the literature
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support the association, both cross-sectional and longitu-
dinal, between neurocognition and psychosocial dysfunc-
tion in schizophrenia (7-10). Despite these findings, it is
important to remember that the relationship between
neurocognition and psychosocial functioning is modest
(9, 10). Because of these modest associations, investiga-
tors have more recently sought to examine specific and
unique aspects of cognition that underlie social function
that may be functionally distinct from traditional neu-
rocognitive domains. The term “social cognition” thus in-
dicates other aspects of cognition that are not typically
assessed by traditional neurocognitive tasks but that po-
tentially have an independent link to social behavior and
social function.

In this article, we present an overview of social cognition
in schizophrenia. Unlike an earlier article that focused
predominantly on the psychological aspects of social cog-
nition in schizophrenia (9), this article will emphasize the
neural basis of social cognition and its potential relevance
to the understanding of psychosocial dysfunction in
schizophrenia. We begin by reviewing the concept of so-
cial cognition and what distinguishes it from traditional
neurocognition (or nonsocial cognition). We will then dis-
cuss the relevance of social cognition in schizophrenia,
with an emphasis on the functional significance of social
cognitive biases and deficits. This will be followed by a re-
view of the neural structures that have been implicated in
social cognition in both nonclinical and clinical groups,
with an eye toward applying these findings to the neurobi-
ology of schizophrenia. This article will conclude with
suggestions for future research in this area.
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Definition of Social Cognition

Definitions of social cognition range from the basic
(e.g., “Social cognition is simply thinking about people,”)
(11) to the more complex (e.g., “the ability to construct
representations of the relations between oneself and oth-
ers, and to use those representations flexibly to guide so-
cial behavior”) (12). For the purposes of this review, social
cognition will refer to “the mental operations underlying
social interactions, which include the human ability to
perceive the intentions and dispositions of others” (13)
and “the processes that subserve behavior in response to
conspecifics (other individuals of the same species), and,
in particular, to those higher cognitive processes subserv-
ing the extremely diverse and flexible social behaviors that
are seen in primates” (14). These definitions firmly link so-
cial cognition to social behavior and include such pro-
cesses as “theory-of-mind” skills, social perception, and
attributional style.

There is evidence from clinical groups for the relative in-
dependence of social cognition from other aspects of cog-
nition. For example, individuals with either frontal or pre-
frontal cortex damage show impaired social behavior and
functioning, despite the retention of intact cognitive skills
such as memory and language (15-17). The fact that social
cognition can become selectively impaired after such an
injury while sparing nonsocial cognition suggests that
unique neural circuits subserve social cognition. A similar
dissociation between social cognition and nonsocial cog-
nitive skills is often observed in persons with prosopagno-
sia, who show selective impairments in the perceptions of
faces but preserved perception for nonsocial stimuli (18).
Such findings have led Kanwisher (18) to conclude that fa-
cial processing is a result of domain-specific, rather than
general, neural mechanisms.

Even more compelling evidence for the autonomy of so-
cial cognition is gleaned from studies of persons with Wil-
liams’s syndrome and persons with autism. Individuals
with Williams’s syndrome tend to be outgoing and social,
despite having below-normal intelligence (19). These in-
dividuals appear to have relatively preserved basic social
cognitive skills (i.e., facial processing and simple abilities
regarding the theory of mind [20, 21]), despite having def-
icits in spatial cognition (22, 23). This partial preservation
of social cognition is in direct contrast to persons with
high-functioning autism and Asperger’s syndrome, who
show specific impairments in social cognition and social
behavior that are not related to general cognitive abilities
(24, 25). These findings lend support for the hypothesis
that specific neural modules exist that are devoted to the
processing of social information, a hypothesis that has
also been maintained in the areas of evolutionary biology
and primatology (9, 12, 26, 27).
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Why Study Social Cognition
in Schizophrenia?

Deficits and Biases in Social Cognitive
Performance

The study of social cognition in schizophrenia has gen-
erally focused on theory-of-mind skills, social perception,
and attributional style. Theory-of-mind skills refers to the
ability to represent the mental states of others and/or to
make inferences about another’s intentions. Relative to
nonclinical comparison and clinical control participants,
individuals with schizophrenia perform poorly on tasks
that measure theory-of-mind abilities (28-34) (see refer-
ence 35 for a review), although the evidence is mixed re-
garding whether impairments in theory-of-mind skills are
independent of a general cognitive deficit (36) (however,
see references 29, 31, and 37). Additionally, impairments
of theory-of-mind skills are most profound among indi-
viduals with negative features, passivity symptoms, be-
havioral signs, and paranoid symptoms (28, 30, 38). This
suggests that theory-of-mind skills are sensitive to the het-
erogeneity of schizophrenia. Finally, evidence also sug-
gests that impairments of theory-of-mind skills are most
pronounced during acute psychotic episodes and that
performance on theory-of-mind tasks may improve dur-
ing remission (29, 30).

Studies of social perception in schizophrenia can be
broken down into two general areas: facial affect recogni-
tion and social cue perception. Reviews of the literature on
facial affect recognition (i.e., references 9 and 39-42) sug-
gest the following. First, individuals with schizophrenia
have deficits in facial affect perception compared to non-
clinical comparison participants. Second, these deficits
are present relative to other psychiatric disorders, such as
depressive disorder; however, results are inconsistent
when compared to disorders that include psychotic fea-
tures, such as bipolar disorder. Third, greater impairment
is evident for the perception of negative emotional dis-
plays compared to positive displays, with perhaps the
greatest impairment for the perception of fear (43, 44).
Fourth, longitudinal studies support a stable deficit in
emotion perception (45, 46), although there is some evi-
dence that individuals whose symptoms are in remission
may perform better on tasks that measure affect percep-
tion than individuals who are in an acute phase of the dis-
order (47, 48). Fifth, there is some evidence that individu-
als with paranoid schizophrenia are better at facial affect
perception than individuals with nonparanoid subtypes of
the disorder (49-51) (see reference 52 for an exception).
And, finally, the jury is still out regarding whether deficits
in facial affect perception are part of a generalized perfor-
mance deficit (53-56) or whether they are specific to de-
coding only facial emotions (e.g., references 57 and 58).

Unlike recognition stimuli for facial affect, tasks that as-
sess perception of social cues use more dynamic stimuli
that require multiple sensory modalities. Persons with
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schizophrenia show consistent impairments in social cue
perception (59-62); these impairments are most pro-
nounced for abstract relative to concrete social cues (63).
Specifically, when presented with videotapes of persons
interacting, individuals with schizophrenia have more dif-
ficulty discerning the goals and intentions of target people
than what they are wearing or saying—a finding consis-
tent with what we expect from individuals who have diffi-
culties in discerning the intentions of others (i.e., theory-
of-mind skills).

Most of the work on attributions in schizophrenia has
focused on investigating the role of attributional style in
hallucinations and delusions (i.e., how one explains posi-
tive and negative outcomes). Bentall (64) has argued that
individuals who experience hallucinations are biased to-
ward making external attributions for their perceptions,
that is, that they attribute internal perceptual events to an
external source (65). Individuals with persecutory delu-
sions tend to show an exaggerated self-serving bias (i.e.,
attributing negative outcomes to others and positive out-
comes to one’s own actions) (see references 66 and 67 for
reviews; for partial failures to replicate this finding, see ref-
erences 68 and 69), although this effect may be stronger
for attributing negative outcomes to others rather than for
taking credit for success (70). Finally, it appears that for
negative interpersonal events, persons with paranoia and/
or persecutory delusions are more likely to blame others
rather than the situation or circumstances than persons
without paranoia and/or persecutory delusions (66, 71).

Functional Significance of Social Cognition
in Schizophrenia

There is growing evidence that social cognition is related
to social impairments in schizophrenia, even after control
for performance on neurocognitive tasks (72). In a series of
studies, facial affect perception was shown to have a mod-
erate association with social functioning among both inpa-
tients (55, 73) and outpatients with schizophrenia (74).
Furthermore, Thnen et al. (74) found that the best predictor
of social skill was the participants’ perceptions of their own
social performance or self-perception. This finding was
strengthened in a reanalysis of the Thnen et al. data, which
found that persons with schizophrenia who had high self-
monitoring skills (i.e., awareness of the impact of their be-
havior on other people) had better social skills than per-
sons with schizophrenia who had low self-monitoring
skills (75). This difference in social skills could not be ac-
counted for by group differences in verbal IQ or education.

There is also evidence that social knowledge and gen-
eral social perception are related to social functioning
among persons with schizophrenia. Specifically, the abil-
ity to identify the sequence of behavioral steps used in so-
cial situations and to place them in the correct order is
related to behavior in the treatment setting among chron-
icallyill inpatients (73, 76) and persons recovering from an
acute psychotic episode (77). Furthermore, social cue per-
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ception has shown a relationship with in vivo social skills
(78-80), although in the study by Bellack et al. (78), this re-
lationship held only in situations involving negative affect.
Finally, Hooker et al. (81) found that, relative to a nonclin-
ical comparison group, individuals with schizophrenia
showed impairments in counterfactual thinking (i.e., the
ability to think about the alternative ways in which one
would have handled a problem situation); this perfor-
mance difference could not be accounted for by group dif-
ferences in 1Q. Furthermore, better counterfactual think-
ing was associated with higher functioning (based on the
score on the Global Assessment of Functioning scale)
among the patients with schizophrenia.

The foregoing provides strong evidence for the func-
tional significance of social cognition in schizophrenia.
Perhaps most impressive is that in a few studies (73, 75, 79,
81), the association between social cognition and social
functioning could not be accounted for by cognitive defi-
cits. These findings lend support to the hypothesis that so-
cial cognition contributes independent variance to func-
tional outcomes beyond nonsocial cognition alone.

The Neurobiology of Social Cognition

In 1990, Brothers (13) proposed a neural system of social
cognition that was composed of the orbitofrontal cortex,
the superior temporal sulcus, and the amygdala. This sem-
inal article led to numerous studies that have generally
confirmed the role of these neural structures in social in-
formation processing (12, 82-85) as well as several others
that may play secondary roles (i.e., the right parietal cortex,
the insular cortex, the basal ganglia [82], the temporal-
parietal junction at the top of the superior temporal gyrus,
and the temporal poles [86]). Although these neural struc-
tures also subserve other cognitive functions (e.g., problem
solving and conceptual reasoning), they and not other
neural structures tend to be most consistently activated in
response to social stimuli, thus underscoring their role in
neural models of social cognition. In what follows, we de-
scribe the major neural structures and mechanisms that
have consistently shown a role in social cognition, particu-
larly those found to be impaired in schizophrenia. An in-
depth treatment of each brain region would far exceed the
scope of this article; thus, we limit our discussion to the
specific areas proposed by Brothers (13) and others (12, 14,
82) as subserving social cognition: the medial prefrontal
cortex, the superior temporal sulcus, the fusiform gyrus,
the amygdala, and the ventromedial prefrontal cortex. We
begin with a discussion of the medial prefrontal cortex and
its role in theory-of-mind skills.

The Frontal Cortices and the Theory of Mind
There is growing evidence that performance on theory-
of-mind tasks is associated with activation of specific
frontal cortical regions, in particular, the medial frontal
cortex and the medial prefrontal cortex. A limited number
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of studies also support the role of the orbitofrontal cortex
in theory-of-mind tasks. Early studies that attempted to
localize theory-of-mind skills in the brain examined re-
gions that were activated in healthy participants during a
theory-of-mind task. Fletcher et al. (87) used positron
emission tomography (PET) to examine neural activation
while healthy participants read passages and answered
questions about each passage. The passages were either a
story that required the attribution of mental states (a the-
ory-of-mind story), a story that did not require the attribu-
tion of mental states (a non-theory-of-mind story), or a se-
ries of unlinked sentences. Comparisons of brain activity
during each type of passage revealed a unique activation
of Brodmann’s areas 8 and 9 in the left medial frontal cor-
tex for the theory-of-mind stories. Similarly, Goel et al. (88)
found selective activation of the left medial frontal cortex
(Brodmann’s area 9) throughout a theory-of-mind task in
which normal participants were asked to infer the
thoughts of a contemporary of Christopher Columbus.
Thus, results from these early studies indicated that the-
ory-of-mind skills were specific to the medial frontal cor-
tex (see also reference 89 for more recent support of the
role of the medial frontal cortex in theory-of-mind tasks).

More recent studies have used both verbal and non-
verbal tasks in their experimental designs and have sup-
ported the role of the prefrontal cortex (90, 91), specifically
the medial prefrontal cortex, including portions of Brod-
mann’s areas 8 and 9, in theory-of-mind skills. Gallagher
and colleagues (92) used functional magnetic resonance
imaging (fMRI) to assess brain activity while participants
read and answered theory-of-mind questions about a ver-
bal passage and interpreted and explained the meaning of
cartoons that required theory-of-mind skills. Relative to
control conditions, there was unique activation of the me-
dial prefrontal cortex during the theory-of-mind tasks.
Similar results were found when using only a cartoon task
(93); the cartoons that required the attribution of inten-
tions to others invoked a selective activation of the medial
prefrontal cortex while the cartoons that reflected only
physical logic did not. Additionally, the medial prefrontal
cortex has also been implicated in theory-of-mind tasks
that use nonhuman stimuli. Castelli and colleagues (94)
found that the medial prefrontal cortex was selectively ac-
tivated when the movement patterns of geometric shapes
evoked mental state attribution but not during simple ac-
tion description.

As mentioned earlier, individuals with autism and
Asperger’s syndrome display significant deficits in theory-
of-mind skills. Therefore, a second approach to identify
the neural structures involved in theory-of-mind skills has
been to compare the patterns of brain activation in
healthy individuals to that of individuals with autism or
Asperger’s syndrome. Happe et al. (95) compared PET
scans taken during a theory-of-mind task of five individu-
als with Asperger’s syndrome to those of normal volun-
teers; the patterns of activation were identical except for a
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portion of Brodmann’s areas 8 and 9 in the medial prefron-
tal cortex, which was activated in the healthy participants
but not in the individuals with Asperger’s syndrome.

Additional studies have also implicated the orbitofron-
tal cortex in theory-of-mind skills. Baron-Cohen et al. (83)
used single photon emission computerized tomography
to identify areas of activation during performance on a
mental-state terms task (a theory-of-mind task). They
found greater cerebral blood flow (CBF) in the right orb-
itofrontal cortex of healthy participants during a theory-
of-mind task but not during a control task. Lesion studies
also lend support to this pattern of findings. Stone et al.
(84) found that individuals with bilateral orbitofrontal le-
sions performed similarly to individuals with Asperger’s
syndrome on a task requiring the recognition of a faux pas,
a task that requires social reasoning as well as theory-of-
mind skills.

The foregoing suggests that activation of the medial pre-
frontal cortex and, to some extent, the orbitofrontal cortex
is critical to being able to infer the mental states of others
(see reference 86 for two additional brain regions that are
activated during theory-of-mind tasks but that are not
within the scope of this article). This finding is consistent
with the structural and activation deficits found in schizo-
phrenia. Persons with schizophrenia appear to have a
smaller brain volume and larger ventricles than individu-
als without schizophrenia (96). A meta-analysis of 58 stud-
ies (97) concluded that the mean cerebral volume of indi-
viduals with schizophrenia was 98%, assuming 100% in
nonclinical comparison subjects, and that the mean ven-
tricular volume was 126%. More specifically, neuroimag-
ing studies have consistently found alterations in the fron-
tal cortex, including the medial and orbitofrontal cortex,
in individuals with schizophrenia (98, 99). This smaller
brain volume is shown in both smaller gray and white
matter volumes in the frontal and temporal lobes (100-
102) and remains, even when compared to healthy sib-
lings (103). However, there is some evidence that the se-
verity of negative symptoms is found to be associated with
specifically smaller prefrontal white matter volumes (104).

Consistent with overall smaller cerebral volumes, the
prefrontal cortex of individuals with schizophrenia is
characterized by smaller neuronal size (105); men with
early-onset schizophrenia display smaller gray matter vol-
umes in the medial frontal gyrus, Brodmann’s area 9 (102).
Along with smaller volumes, functional imaging has re-
vealed decreased regional (r)CBF in the left medial frontal
gyrus (Brodmann’s area 9) during a cognitively nonde-
manding visual fixation task (106), in the left medial pre-
frontal cortex during the Wisconsin Card Sorting Test, and
in both the left and right medial prefrontal cortex during
test and rest conditions among persons with schizophre-
nia (107). Finally, persons with schizophrenia show evi-
dence of hypoactivity of the right medial prefrontal cortex
during cognitive tasks such as time estimation and fre-
quency discrimination (108).
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Overall, the evidence for decreased rCBF during cogni-
tive tasks is compelling, and research has extended this
finding to social cognitive tasks. Specifically, Russell et al.
(109) found that in relation to comparison participants,
individuals with schizophrenia made more errors in men-
tal state attribution and showed less activation of the mid-
dle frontal cortex, which includes part of Brodmann’s area
9, during a theory-of-mind task. This finding is particu-
larly important since it provides a link between activation
deficits in schizophrenia and impaired performance on a
theory-of-mind task.

Facial and Emotion Processing

Several reviews have established that specific regions of
the brain are associated with facial and emotional percep-
tion. Among these are the lateral fusiform gyrus, the supe-
rior temporal sulcus, and the amygdala (12, 82, 85). The
lateral fusiform gyrus subserves selective activation to
faces (110, 111), and because of this area’s specificity and
the consistency with which it has been linked to facial rec-
ognition, it has been dubbed the “fusiform face area.” In
some ways, facial perception is a basic building block of
social cognition since it is a likely first step in the social
communication process. And, in fact, Brothers (13) re-
ferred to facial recognition as a “lower-level subprocess of
social cognition.”

Once a given social target is identified, the next step in
the social communication process is to determine if that
target is willing to interact, is approachable, etc. This type
of social information is gleaned from changeable aspects
of the face, such as the eyes and mouth. Changes in the di-
rection of gaze indicate the focus of one’s attention, and
changes in the shape of the eyes and mouth facilitate emo-
tional expression and indicate emotions such as hap-
piness and aggression. This distinction between simple
identification and complex emotional recognition
suggests that the processing of static and dynamic facial
features may have physically distinct loci in the brain.
Indeed, findings indicate that this is the case since the su-
perior temporal sulcus is more strongly activated during
tasks focusing on visual gaze, while the lateral fusiform gy-
rus tends to be more strongly activated during tasks focus-
ing on identity (112). Thus, it appears that the region of the
superior temporal sulcus is involved in processing the
changeable aspects of the face, while the lateral fusiform
gyrus processes nonchangeable aspects of the face (112).

The third neural structure implicated in facial and emo-
tional processing is the amygdala. Both lesion and imag-
ing studies have consistently supported the role of the
amygdala in recognizing faces and emotions (113). Specif-
ically, individuals with damage to the amygdala are noted
to have difficulty recognizing faces and judging the emo-
tional expressions of others, particularly when that ex-
pression is fear (114-116). The amygdala has also been im-
plicated in threat detection. Adolphs et al. (117) asked
three individuals with complete bilateral amygdalar dam-
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age and seven individuals with unilateral amygdalar dam-
age to rate faces for approachability and trustworthiness.
All three bilateral participants judged the faces to be more
approachable and trustworthy than comparison partici-
pants, and this was most notable for faces that the com-
parison participants rated the least approachable and
trustworthy. This finding, in conjunction with the fact that
persons with amygdalar damage have the most difficulty
recognizing fear, suggests that the amygdala may be more
closely linked to the recognition of negative emotions
than those of a positive nature. Imaging studies in healthy
volunteers support this conclusion. Using PET, Morris et
al. (118) found a differential response in the amygdala to
fear and happiness. Amygdalar activation was much more
pronounced when participants viewed photographs of
fearful faces, and there appeared to be an interaction be-
tween the level of activation and the intensity of emotion
such that the more fearful a face looked, the greater the
level of activation. Whalen et al. (119) also explored the
differential amygdalar response to fear and happiness.
Photographs of happy and fearful expressions were pre-
sented in a backward-masking procedure that resulted in
a majority of the participants being unaware of seeing
fearful and happy expressions, and despite a lack of con-
scious awareness, significantly greater amygdalar activa-
tion was noted in response to fearful faces. A similar study
that did not use backward masking used fMRI to compare
amygdalar activation in response to fear and disgust. The
results indicated that the amygdala was only activated
when viewing fearful faces and not when viewing dis-
gusted or neutral faces (120). Overall, findings from lesion
and imaging studies clearly indicate that the amygdala is
important for emotional recognition and suggest that the
amygdala may play a disproportionate role in the process-
ing of negative or threatening stimuli (121).

Although, to our knowledge, no studies have examined
abnormalities in the superior temporal sulcus in individu-
als with schizophrenia, there is convincing evidence for
the potential role of the fusiform gyrus and amygdala in
schizophrenia. Like the medial prefrontal cortex, the fusi-
form gyrus shows abnormal volume and blood flow in per-
sons with schizophrenia. Both McDonald et al. (122) and
Paillere-Martinot et al. (102) found smaller regional gray
matter in the left fusiform gyrus of individuals with schizo-
phrenia in relation to healthy comparison subjects, and
Malaspina and colleagues (106) reported increased rCBF
in the right fusiform gyrus during a visual fixation task.
Although the latter finding may initially seem counterin-
tuitive, one must consider that increased rCBF was not
present in healthy comparison participants and, in this re-
spect, may indicate an abnormality in individuals with
schizophrenia. It should be noted, however, that it is un-
known whether the noted increase in rCBF would occur
during a comparable social cognitive task.

The amygdala in individuals with schizophrenia appears
to be smaller than in individuals without schizophrenia.
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Although initial reports could not agree on a smaller unilat-
eral or bilateral volume (see, e.g., references 123 and 124),
more recent studies have confirmed a smaller bilateral vol-
ume (125). The meta-analysis by Wright et al. (97) supports
this conclusion by reporting that the average volume of the
amygdala in an individual with schizophrenia is only 94%
of that in a healthy individual. There is also evidence that
amygdalar activation is abnormal in individuals with
schizophrenia, particularly when negative affect is in-
volved. Schneider and colleagues (126) used mood in-
duction in both persons with schizophrenia and normal
comparison subjects and showed that persons with schizo-
phrenia had reduced amygdalar activation during sadness,
despite self-ratings of sadness that were comparable to
that of comparison subjects. In addition, a functional im-
aging study of individuals with schizophrenia during an
emotion recognition task showed that relative to healthy
comparison participants, individuals with schizophrenia
were not only less accurate in identifying emotions, but
they also displayed no amygdalar activation to fearful ex-
pressions (127). Thus, it appears that the neural structures
involved with facial and emotional perception are not only
smaller in individuals with schizophrenia but also show
abnormal patterns of activation that are associated with
performance on emotional recognition tasks.

The Ventromedial Prefrontal Cortex,
Social Knowledge, and Behavior

Work linking the ventromedial prefrontal cortex to so-
cial knowledge and behavior has primarily involved le-
sion/brain injury studies in both primates and humans
(see references 14 and 113 for reviews). In nonhuman
primates, lesions of the frontal cortices have been associ-
ated with abnormal social behavior such as isolation and
avoidance. In humans, ventromedial prefrontal lesions
have been associated with the inability to incorporate
emotional knowledge into cognitive processes (e.g., using
emotional hunches to discriminate between choices), as
well as a lack of normal emotional responses, and diffi-
culty with social reasoning and decision making (128,
129). Adolphs (14) has reported that participants with
ventromedial lesions were more accurate than compari-
son participants when reasoning about nonsocial scenar-
ios but less accurate than comparison subjects when rea-
soning about social situations. In addition, observations
of individuals with prefrontal cortex lesions have revealed
an inability to generate appropriate responses to social
situations and to reason through social dilemmas, despite
normal intellectual functioning (15). Thus, it appears that
the ventromedial prefrontal cortex plays a role in social
behavior and reasoning.

To our knowledge, no research has directly examined
the ventromedial prefrontal cortex in schizophrenia, so it
is not possible to draw any firm conclusions at this time.
However, we do know that individuals with schizophrenia
are less skillful than nonpatient comparison subjects in
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understanding the sequence of actions that comprise so-
cial situations (80, 130) and score significantly lower on
tasks that measure knowledge of social situations (131).
Thus, given the pattern that has emerged with the other
brain areas, we can speculate that individuals with schizo-
phrenia may also demonstrate abnormalities of the ven-
tromedial prefrontal cortex, which may influence their
performance on tasks requiring social reasoning or social
knowledge.

Conclusions and Future Directions

In this article, we reviewed the neurophysiology under-
lying social cognition and provided support for the impor-
tance of social cognition as an aspect of cognition rela-
tively independent of nonsocial cognition. Furthermore,
we presented a growing body of evidence that social cog-
nition has functional significance in schizophrenia, add-
ing variance independent of nonsocial cognition to social
performance. Finally, we pointed out that the neurobiol-
ogy of social cognition, mainly in the areas of the pre-
frontal cortex and amygdala, is consistent with the neural
deficits found in schizophrenia, suggesting a common bi-
ological mechanism underlying social cognitive impair-
ments and psychosis.

There is still a great deal of work ahead in the study of
social cognition and schizophrenia. Despite the fact that
high-risk and follow-back studies indicate that impair-
ments in social functioning predate the onset of schizo-
phrenia (3, 132-140), there has been little work on the role
of social cognition in the development of psychosis. The
most notable exception is the finding that an external
locus of control in adolescence, which is similar to attri-
butional style, was predictive of poor mental health in
adulthood in an Israeli high-risk study (141). Additionally,
Cornblatt and colleagues (142) have long hypothesized
that deficits in social information processing might medi-
ate the relationship between nascent cognitive deficits in
childhood and subsequent behavioral difficulties in ado-
lescence and adulthood in persons with schizophrenia.
Unfortunately, this provocative hypothesis has gone un-
tested.

As mentioned, there is growing evidence for the func-
tional significance of social cognition in schizophrenia.
However, studies that have examined the role of social cog-
nition in the social functioning of persons with schizophre-
nia have used primarily cross-sectional designs, thus limit-
ing their applicability to understanding the course of the
disorder. Furthermore, research in this area has examined
only the role of emotion and social perception on social be-
havior, giving almost no attention to the potential func-
tional significance of the theory of mind and attributional
style. Attention has focused exclusively on their role in pos-
itive symptoms (see references 35 and 66 for reviews).

Finally, there has been little direct work on examining
the neural processes underlying social cognition in schizo-

Am | Psychiatry 160:5, May 2003



phrenia. Most of the emphasis in this area has been on un-
derstanding the biological mechanisms underlying neu-
rocognition, which is consistent with the interest in the
cognitive factors underlying social functioning (8) and
treatment (e.g., cognitive remediation) (143).

Future studies on the neurobiology of social cognition
may shed light on resolving the heterogeneity of schizo-
phrenia, particularly with respect to the variety of impair-
ments in social functioning found in this disorder. For ex-
ample, as stated earlier, the amygdala has been implicated
in threat detection. This leads to the question of whether
amygdalar activation varies as a function of schizophrenia
subtype; individuals with persecutory delusions may
show overactivation, which results in a long-term bias to-
ward processing (or seeking) threatening information,
while those of another subtype (or predominantly nega-
tive symptoms) may demonstrate amygdalar underactiva-
tion (resulting in the oft-cited emotional perception defi-
cits of schizophrenia). Such activation characteristics may
subsequently relate to the actual behavior of persons with
schizophrenia; overactivation of the amygdala could be
associated with a personalizing attributional style (i.e.,
blaming others, rather than situations, for negative out-
comes) and subsequent paranoid-type behaviors (e.g.,
acting in a hostile manner toward another person, per-
ceiving someone in a negative manner, desiring greater
social distance from another person) (144). It is only when
alink between neurobiology, neurocognitive/social cogni-
tive mechanisms, and behavior/symptoms is established
that a truly comprehensive model of schizophrenia can be
formulated.
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