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Abstract
We examined the social brain hypothesis in schizophrenia using a 

comprehensive battery of measures of intelligence, personality, and symptoms 
in a large sample of medicated, long-term, chronic patients.  A smaller subset 
also had available MRI studies of superior temporal gyrus (STG) and fusiform 
gyrus (FG), regions that have been linked to social cognition in both healthy and 
clinical samples.  Results indicated that patients divided into high- and low-IQ 
groups differed significantly on proxy measures of social cognition, specifically 
symptom ratings and personality test scores. That is, high-and low-IQ groups had 
similar levels of negative and positive symptoms, but showed opposite patterns 
for personality traits of neuroticism and openness, with the former reduced and 
the latter elevated in the high-IQ group. Likewise, for the entire sample, reduced 
neuroticism and elevated openness corresponded with higher ratings on the 
positive symptom of formal thought disturbance. MRI data also revealed evidence 
of distinct symptom-personality relationships marked by decreased gray matter 
volumes in the: (a) STG with increased positive symptoms of hallucinations 
and lower agreeableness and (b) FG with increased negative symptoms of social 
anhedonia and lower openness. Together, these behavioral and MRI data may 
help to define the nature of social cognitive disturbance in schizophrenia.
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Introduction
Schizophrenia is well known for the heterogeneity of its phenotype 

expression. Indeed, cognitive deficits, as central to the disease as to be described as 
the “primary expression of the schizophrenic brain” [1], do not occur in isolation, 
but rather are accompanied by marked changes in sociality that often lead to 
significant difficulties in daily interactions with others. Kraepelin [2, 3], and 
Kretschmer [4] each emphasized these changes as important in the course of the 
illness. But not until some 40 years later did P. E. Meehl [5] provide, perhaps, 
the seminal contribution towards understanding the critical role of sociality in 
the development of schizophrenia. Meehl introduced as a latent genetic liability 
for schizophrenia, the construct of schizotypy, a personality syndrome defined by 
a particular set of cognitive and social traits that were hypothesized to represent 
the behavioral expression of disease vulnerability originating from an inherited 
central nervous system integrative defect identified as “schizotaxia” [6, 7]. Over 
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cognitive disturbance in schizophrenia. Hoffman [29], for 
example, proposed that positive and negative schizophrenic 
symptoms can be traced to deafferentation of key structures 
and functions of the social brain.  That is, he theorized 
that a loss of social inputs, as reflected in severe negative 
symptoms of emotional withdrawal and isolation in high-risk 
individuals, disrupts neural and perceptual processes that, in 
turn, lead to the emergence of positive symptoms of delusions 
and hallucinations. In Hoffman’s conceptualization, just as 
sensory deafferentation following sensory loss is known to 
lead to massive cortical reorganization, so too might extreme 
social withdrawal during critical developmental periods 
induce deafferentation-like processes in neural circuitry and 
perceptual process of the social brain of persons at-risk for 
schizophrenia. These disruptions in the social brain, Hoffman 
hypothesized, would reflect “spurious social meanings in the 
form of complex, emotionally compelling hallucinations and 
delusions representing other persons or agents.” (p. 1066).  

Other empirical studies have examined the relationship 
of symptoms and social role function in at-risk samples. For 
example, Valmaggia et al. [30] provided evidence derived 
from cluster analysis suggesting that the severest risk type for 
schizophrenia may be characterized by negative symptoms 
of alogia, avolition/apathy, anhedonia, and social isolation, 
which were accompanied by impaired role functioning. Other 
findings have linked heightened clinical risk for schizophrenia 
to hypersensitivity to interpersonal interactions as well as to 
positive symptoms of psychosis [31]. These data from risk 
studies suggest potential important interactions of symptoms 
and social functioning in the development of the illness. 
But whether evidence of these relationships also holds in 
the full expression of the illness is unclear. Thus, to explore 
these relationships in schizophrenia, we used the Scale for 
the Assessment of Negative Symptoms (SANS) and the 
Scale for Assessment of Positive Symptoms (SAPS), each 
of which provides a rather detailed assessment of specific 
clusters of negative and positive symptoms [32, 33]. As such, 
these comprehensive rating scales provide yet another tool to 
test relationships among specific symptoms with personality 
and intelligence within the same sample of patients with 
schizophrenia, which in turn may offer critical data towards 
elucidating the nature of social cognition disturbance in 
schizophrenia.  

A second aim of the current study focused on exploring 
the neural underpinnings of these individual differences 
in cognition, personality, and symptoms. To do so, we re-
analyzed data from a subset of participants in the current 
investigation who had also undergone previous MRI studies of 
the fusiform gyrus (FG) and superior temporal gyrus (STG) 
[34]. Our question here is thus post hoc and asks how might 
variation in these neural structures that have been linked to 
social communication mapped onto personality and symptom 
expression in schizophrenia. That is, in our prior MRI studies 
in schizophrenia, we examined the relationship of symptoms 
with MRI gray matter volumes in these [34] and other related 
areas of the social brain, such as the orbital and prefrontal 
regions [35, 36], but we have yet to examine the intersection 
of symptoms, personality, and gray matter volumes within 

the next several decades and through to the present, Meehl’s 
formulation would remain a dominant influence in the ever-
burgeoning studies of risk factors in schizophrenia.

More recently, disease-related changes in sociality 
and cognition have been examined through the lens of 
evolutionary neuroscience [8-13]. From this perspective, 
cognitive and social processes are tightly linked, co-evolving 
to favor a host of vital specialized functional adaptations that 
advanced fitness by promoting effective human transactions 
[14]. These processes entail a complex set of representations 
of internal bodily states, knowledge of self, perceptions of 
others, and interpersonal motivations, all of which endow the 
primate brain with its remarkable facility for social cognition  
[15-17]. These social cognitive abilities are, in turn, supported 
by a widely-distributed network of diverse brain regions, 
including the temporoparietal junction, the temporal sulcus 
and the temporal poles as well as medial prefrontal cortex, 
especially orbital frontal sections [12, 18]. These abilities and 
their underlying neural structures are hypothesized to form 
the social brain. This in turn is often described as the social 
brain hypothesis of evolutionary neuroscience, which posits 
that primates’ exceptionally large brains and the massive 
expansion of their neocortex volumes are the products of the 
cognitive demands of living in complexly bonded social groups 
[8]. Notable empirical support for this hypothesis includes 
neuroimaging studies that have correlated increased gray 
matter volume with larger social networks in macaques [19] 
as well as experimental behavioral evidence showing that tasks 
of social (e.g., observational learning) but not physical (e.g., 
spatial memory) cognition distinguished 2.5-year old human 
children from their nearest primate relatives, chimpanzees and 
orangutans [20-22]. 

Accordingly, we combined multiple measures of 
cognition, personality, and symptoms to examine dynamics 
of social cognition in schizophrenia. To address the well-
known problem of heterogeneity in illness expression, we 
used neuropsychological tests of intelligence that offer reliable 
and valid comprehensive assessment of cognitive abilities 
that are frequently disrupted by the disease [23] and that 
may also represent key risk factors for schizophrenia [24].  
These measures provided a rather simple and straightforward 
objective tool (median split) to divide patients into high- 
and low-IQ groups. This in turn allowed us to examine these 
subgroups in terms of individual differences in personality 
using the influential Costa and McCrae [25] five-factor 
model of personality (neuroticism, extraversion, openness, 
agreeableness, and conscientiousness). The underlying social 
cognitive processes of these normal, presumably universal 
personality traits have become an increasingly rich area 
of research as have studies of their neural correlates [17, 
26]. However little is known as to how personality may 
intersect with intelligence and symptomatology in the 
social cognitive disturbance of schizophrenia. This is despite 
evidence suggesting that the personality trait of neuroticism, 
characterized by emotional instability and anxiety proneness, 
as a moderating factor, potentiates clinical outcomes among 
both schizotypic [7, 27] and non-clinical [28] samples. 

Symptoms represent yet another component of social 
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the same group of patients. Here we now present re-analyzed 
data that examines  the relationship of individual variation in 
FG and STG gray matter volume with individual variation in 
symptom ratings as well as neuropsychological and personality 
tests within the same group of patients diagnosed with chronic 
schizophrenia.

Material and Methods
Participants 

All research participants (N = 111) were between the ages 
of 17 and 55 years, with a mean age of 39.53 (SD = 9.78), 
right-handed, native speakers of English, without histories of 
ECT, neurological illness, or alcohol or drug abuse in the past 
5 years.  All research participants gave informed consent prior 
to their participation in the study. Diagnoses for patients were 
ascertained by the Structured Clinical Interview for DSM-IV 
Axis I Disorders-Patient Edition (SCID-P), along with chart 
review. All patients were part of an ongoing comprehensive, 
longitudinal study of schizophrenia, and all were receiving 
neuroleptic medication; the mean chlorpromazine (CPZ) 
equivalent daily dose was 483.75 mg (SD = 365.93). The mean 
duration of illness was 17.33 years (SD = 10.96) and mean 
level of education was 13.53 years (SD = 2.21). The sample 
consisted of 111 patients who completed the Wechsler Adult 
Intelligence-Scale-Third Edition (WAIS-III), 98 of these 
patients also completed the Revised NEO Personality Test 
(NEO-PI-R) and 89 also had available SANS and SAPS 
ratings.

Measures
The Wechsler Adult Intelligence-Scale-Third Edition 

(WAIS-III) yielded composite measures of intelligence (Full-
Scale IQ, Verbal IQ, Performance IQ) and index scores of 
verbal comprehension, perceptual organization, working 
memory, and processing speed [37]. The Revised NEO 
Personality Test (NEO-PI-R) is an objective, self-report 
measure of five distinct and presumably universal personality 
traits: neuroticism, extraversion, openness, agreeableness, and 
conscientiousness [25]. DeYoung et al. [26] reported alpha 
reliabilities of internal consistency for the five NEO trait scales 
as .92 for Neuroticism; .87 for Extraversion; .89 for Openness; 
.91 for Agreeableness; and .91 for Conscientiousness. The 
Scale for the Assessment of Negative Symptoms (SANS) [32] 
and the Scale for Assessment of Positive Symptoms (SAPS) 
[33] are clinical assessment instruments that are widely used 
to rate negative and positive symptoms in schizophrenia. The 
SANS consists of 19 items representing five rationally-derived 
subscales: Affective Flattening or Blunting, Alogia, Avolition-
Apathy, Anhedonia-Asociality, and Inattention. The SAPS 
consists of 30 items representing four rationally-derived 
subscales: Hallucinations, Delusions, Bizarre Behavior, and 
Positive Formal Thought Disorder. Each subscale yields a 
score, a Likert rating of severity ranging from 0 = none, 1 = 
questionable, 2 = mild, 3 = moderate, 4 = marked, and 5 = 
severe.  Empirical studies have shown that negative symptoms 
can be reliably distinguished from positive symptoms [38]. 
However, studies using factor analysis have pointed to a much 

more complex, multidimensional symptom structure, with 
three-or five-factor models marshalling the most empirical 
support [38, 39]. Accordingly, we used the five SANS scores 
and the four SAPS scores to rate symptoms in schizophrenia.  

MRI processing
MRI data were available for 22 right-handed, participants 

who served in prior studies of schizophrenia [40, 41]. The 
MRI protocol, described in detail in other published studies 
[40, 41], acquired MR images with a 1.5-Tesla General 
Electric scanner (GE Medical Systems, Milwaukee) at the 
Brigham and Women’s Hospital in Boston (see Figure 3). 
Manual drawings of the FG were performed on the coronal 
plane, blind to diagnoses. The anterior landmark was reliably 
defined by one slice posterior to the mammillary body, and the 
posterior landmark was determined by the anterior tip of the 
parietal-occipital sulcus in the mid-sagittal plane. The last slice 
including the crux of the fornix provided the boundary for 
subdivision of FG into anterior and posterior. The collateral 
sulcus was used as the medial border. The occipital-temporal 
sulcus was used to determine the lateral border. Inter-
rater reliability was computed for the FG by 3 independent 
raters who were blind to group membership. The intra-class 
correlations were: 0.94 for left anterior FG, 0.94 for the right 
anterior, 0.95 for the left posterior, 0.95 for the right posterior. 
For the STG, the anterior boundary was defined as the first 
slice containing the intact temporal stem. The posterior 
landmark was determined by the last slice including the crux 
of the fornix. Superior temporal sulcus was used as the inferior 
border. Inter-rater reliability was computed for the STG by 
3 independent raters, blind to group membership. The intra-
class correlations for inter-rater reliability were: 0.97 for left 
STG, 0.98 for right STG.

Results
We used the median WAIS-IV Full-Scale IQ score 

(median = 93.00) to divide the patients into low-IQ (n = 53) 
and high-IQ (n = 58) groups. The two groups did not differ 
significantly in age: Low IQ (M = 40.84 years, SD = 9.51), High 
IQ (M = 41.40 years, SD = 10.51), duration of illness: Low IQ 
(M = 16.74 years, S.D. = 10.71), High IQ (M = 17.84 years, 
S.D. = 11.24), or chlorpromazine dosage equivalents: Low IQ 
(M = 450.74 mg, S.D. = 291.66), High IQ (M = 516.00 mg, 
S.D. = 427.33). However, the low-IQ group had significantly 
fewer years of education (M = 12.42, S.D. = 1.88) than did the 
high-IQ group (M = 14.52, S.D. =2.03), t(108) = -5.60, p < 
.001. Table 1 presents personality test scores as well as positive 
and negative symptoms ratings for the two groups. As shown 
in Table 1, low-IQ and high-IQ groups showed similar levels 
of positive and negative symptoms. However, low-IQ and 
high-IQ groups showed different NEO personality patterns 
as reflected in the highly statistically significant group x 
personality traits interaction, F(4,328) = 5.09, p = .001, Partial 
Eta Squared = .058. In comparison to the high-IQ group, the 
low-IQ group had elevated neuroticism, t(82) = -3.02, p = .013 
and reduced levels of openness, t(82) = -3.02, p = .003 (see 
Figure 1). Personality-symptoms correlations indicated that 
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among the five NEO personality traits, only formal thought 
disturbance  correlated with NEO personality traits of lower 
neuroticism (r = -.223, p =.037) and higher openness (r = .242, 
p = .023).

We next tested the interaction of these differences in 
personality traits with symptoms in high- and low-IQ groups. 
In a mixed-model ANOVA with one between-subjects 
factor of group (low-IQ, high-IQ) and two within-subjects 
factors of personality (neuroticism, openness) and symptoms 
(positive, negative), the three-way interaction of intelligence 

x personality x symptoms provided a direct statistic test 
of our hypothesis that  high-IQ and low-IQ groups would 
show different patterns of both symptoms and personality 
traits. Specifically, a mixed-model ANOVA revealed a 
highly statistically significant three-way interaction of group 
(high-IQ, low-IQ) x personality (Neuroticism, Openness) 
x symptoms (positive, negative), F(1, 77) = 11.95, p = .001, 
Partial Eta Squared = .134. Planned follow-up comparisons 
suggested that this three-way interaction was driven primarily 
by personality differences especially in markedly reduced 
openness, t(77) = -3.68, p < .001 and to a lesser extent but 
still statistically significant higher level of neuroticism, t(77) = 
2.12, p = .037 for the low-IQ group.  

In addition, ANOVA revealed a highly significant two-
way interaction of personality x symptoms, F(1, 77) = 30.29 p 
<.001, Partial Eta Squared = .282, due largely to the differential 
effects the positive symptom of formal thought disturbance 
had on personality traits of neuroticism and openness. For 
example, a mixed-model ANOVA with one between-subject 
factor of thought disturbance (low-thought disturbance, 
high-thought disturbance, based on median split) and one 
within-subjects factor of personality traits (neuroticism, 
openness) revealed a statistically significant interaction of 
thought disturbance x personality traits, F(1,86)  =  7.27, p 
= .008, Partial Eta Squared = .101.  As shown in Figure 2, in 
comparison to the high-thought disturbance group, the low-
thought disturbance group had higher neuroticism and lower 
openness.  

MRI correlations 
We next examined MRI gray matter correlation 

coefficients with personality and symptoms that met statistical 
significance at a level adjusted using Bonferroni correction 
for multiple comparisons [42]. Left posterior STG gray 
matter volume correlated with both the personality trait of 
agreeableness (r = .658, p = .002) and the positive symptom 
ratings of hallucinations (r = -720, p < .001). These correlations 
indicated that smaller left posterior STG gray matter volume 
was associated with both lower agreeableness and more severe 

Figure 1: Neuroticism and openness scores for high-and low IQ 
patients with schizophrenia.

Figure 2: Neuroticism and openness scores of high and low thought 
disordered patients with schizophrenia.

Table 1: NEO personality test scores and SAPS/SANS ratings for low-
IQ and high-IQ patients with schizophrenia.

                                                              Schizophrenia

Measures Low IQ High IQ

NEO-PI-R

Neuroticism 23.08  (±9.57) 16.64  (±10.43)*

Extraversion 25.25  (±6.68) 28.18  (±8.18)

Openness 24.23  (±5.25) 27.82  (±6.57)**

Agreeableness 31.44  (±6.35) 33.74  (±6.34)

Conscientiousness 30.19  (±7.21) 33.96  (±7.20)

SAPS

Hallucinations 2.8095  (±1.91) 2.398  (±1.74)

Delusions 3.0952  (±1.66) 3.4286  (±1.35)

Bizarre Behavior 1.5000  (±1.36) 1.1633  (±1.29)

Formal Thought Disorder 1.6667  (±1.58) 1.7959  (±1.63)

SANS

Affective Flattening 2.2889  (±1.72) 2.3068  (±1.55)

Alogia 1.9333  (±1.51) 1.9091  (±1.59)

Avolition-Apathy 2.6667  (±1.59) 2.7273  (±1.46)

Anhedonia-Asociality 2.9111  (±1.56) 3.1818  (±1.28)

Attention 2.1444  (±1.67) 2.0682  (±1.63)

*p < .05, **p < .01
Note: Values are means plus or minus standard deviations 
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hallucinations. By comparison, left posterior FG gray mater 
correlated with both openness (r = .725, p < .001) and negative 
symptom ratings of social anhedonia (r = -.568, p = .006).  
These correlations indicated that reduced left posterior FG 
was associated with both lower openness and more severe 
social anhedonia. Figure 3 presents scatter plots of these 
significant correlations of brain regions with personality traits 
and symptom ratings. 

Finally, we used hierarchical regression to examine 
the unique and joint contributions of personality traits 
and symptoms to MRI gray matter volumes. Hierarchical 
regression results indicated that agreeableness (B = .361, p = 
.048) and positive symptoms of hallucinations (B = -.600, p = 
.003) each accounted for a significant portion of variance in left 
posterior STG volume.  Agreeableness accounted for 9.92% 
to 25.10% of the variance in left posterior STG gray matter 
volume, as reflected by a semi-partial correlation value of .315 
and a partial correlation value of .501, and positive symptoms 
related to hallucinations accounted for an additional 27.46% 
to 48.02% of the variance in left posterior STG gray matter 
volume, as reflected by a semi-partial correlation value of -.524 
and a partial correlation value of -.693. For left posterior FG, 
joint contributions of openness and social anhedonia reached 
statistical significance, F (2, 17) = 6.01, p = .012, but each alone 
did not.

Discussion
The current study combined neuropsychological and 

personality measures, along with symptoms ratings in order 

to examine the nature of social cognitive disturbance in 
schizophrenia.  In addition, a subset of patients had available 
prior structural brain MRI studies of the FG and STG, two 
key regions that play important roles in social cognition [13].  
Behaviorally, the results provided strong statistical evidence 
of the interacting influences of intelligence, personality and 
symptoms in social cognitive disturbance in schizophrenia. The 
MRI results, although limited by the small size of the sample 
subset, extended these behavioral findings by demonstrating 
gray matter volumes for the STG and FG were each associated 
with specific personality-symptoms relationships. These 
behavioral and MRI findings are discussed below.

  First, with respect to the behavioral data, the current 
findings offered evidence of a particularly strong relationship 
between intelligence and personality in this sample of patients 
with chronic schizophrenia. While intelligence has long 
been known to be deleteriously affected by schizophrenia, its 
relationship to other important facets of the illness has not 
been as well studied. In this regard, the current study revealed 
a highly statistically significant interaction of intelligence, 
personality, and symptoms. This interaction was largely if not 
exclusively attributed to different patterns of personality traits 
for high- and low-IQ groups of patients with schizophrenia. 
The differences were most pronounced for personality traits 
of neuroticism and openness where low-IQ patients showed 
elevated neuroticism and reduced openness in comparison 
with high-IQ patients. 

Each of these personality traits may be linked to the 
clinical phenotype of schizophrenia, but in different ways. For 
example, Jones et al. [43] recently noted that genetic risk for 
schizophrenia in adolescence is often expressed as anxiety and 
negative symptoms. These researchers called for a greater focus 
on these emotional processes rather than psychotic experiences 
as candidate disease endophenotypes. In a similar vein, Holt 
et al. [44] suggested that emotional activation and regulation 
may play a critical role in the development of schizophrenia. 
In line with this reasoning, the current findings of heightened 
neuroticism and lower intelligence may be understood as 
reflecting the emotional burden of full-blown, clinically 
diagnosable schizophrenia, perhaps indicative of the endpoint 
of a disease-related developmental trajectory first identified 
by these risk studies. This emotional burden, suggested by 
the current findings, may be expressed by a combination of 
intellectual decline, anxiety-related personality facets of 
neuroticism, as well as motivation-based deficits of negative 
symptoms.  

On the other hand, the strong link of intelligence and 
openness, observed by the current findings, may capture a 
distinct dimension of the illness that is very different from, yet 
equally as important as that of anxiety-related neuroticism and 
negative symptoms. Consider, for example, that the current 
data revealed statistically significant relationships between 
positive symptoms of formal thought disorder and personality 
traits marked by high openness and low neuroticism.  Consider 
also that in healthy samples, openness has been linked to both 
intelligence and creativity [45, 46]. Consider, too, clinical 
studies of personality disorders that have associated high 

Figure 3: Scatter plots of left posterior superior temporal gyrus 
(LPSTG) and left posterior fusiform gyrus (LPFG) with personality 
traits and symptom ratings.
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openness with eccentric thinking, fantasy, and daydreaming 
as well as with tenuous reality testing, susceptibility to 
altered states of consciousness and hallucinatory experiences, 
in contrast to low openness that has been associated with 
emotional blandness, cognitive inflexibility, and limited 
initiative and motivation [47]. 

To our knowledge, the current findings represent one of 
the first studies to link individual differences in personality and 
symptoms in schizophrenia, specifically increased severity of 
thought disturbance with high openness and low neuroticism. 
In so doing, these findings may also have implications for 
studies that have long sought to understand the relationship of 
psychiatric disorders with increased creativity [48, 49]. To this 
end, our data suggest that the personality trait of openness, 
a well-established correlate of creativity, is accompanied by 
heightened thought disorder which was measured by the SAPS 
and is defined, in part, by a fluidity of loosely connected ideas. 
This leads, in turn, to the intriguing possibility that creativity 
and psychiatric disorders, in general, and thought disturbance 
in schizophrenia, in particular, might be associated through a 
common variation in the personality trait of openness. 

With respect to the MRI data, results point to dissociable 
personality-symptoms relationships for FG versus STG in 
schizophrenia. As such, these data represent one of the first 
to show how variation in both personality and symptoms may 
be differentially related to variation in structural anatomy of 
the FG and STG. That is, left posterior gray mater volumes 
of the left posterior FG, but not the left posterior STG, were 
associated with both heightened SANS ratings of social 
anhedonia and low scores on NEO trait of openness, whereas 
left posterior STG but not left posterior FG left posterior gray 
matter volumes, correlated with both increased SAPS ratings 
of hallucinations and low score for the NEO personality trait 
of agreeableness. Unlike the larger sample, these relationships 
were not influenced by intelligence in this smaller subset of 
patients. 

These MRI data thus suggest that FG and STG may 
each make distinct contributions to disease-related changes in 
social cognition. For example, the FG has long been associated 
with face perception, considered a basic building block of 
social cognition that is important for reading emotions and 
social signals in the environment [18, 50]. In addition, fMRI 
studies have linked social anhedonia with neural abnormalities 
in face emotion processing regions of the brain in both 
healthy participants living in the community [51] and in 
patients with schizophrenia [52]. The FG contribution may 
be seen primarily in terms of disease-related deficits in social 
motivation --- desire and pleasure of social connection – as 
well as in intellectual curiosity. In the current study, these 
FG-linked deficits were reflected, respectively, by heightened 
negative symptoms related to social anhedonia and low NEO 
scores on the personality trait of openness to experience.   

 By comparison, studies of patients with schizophrenia 
have linked STG to various positive symptoms, including 
auditory hallucinations, paranoid delusions, and formal 
thought disorder [34, 53-56]. The current data extend these 
findings by linking left posterior STG volume to not only 

heightened hallucinations but also to the personality trait of 
agreeableness as measured by the NEO. Of the five NEO 
personality traits, agreeableness is considered to be the 
most salient index of human sociality, and it is presumed to 
capture underlying psychological mechanisms that facilitate 
the understanding and appreciation of others’ emotions, 
mental states, and motivations related to empathy, theory of 
mind, and other expressions of social information processing 
[26, 57, 58]. In this regard, then, the current findings extend 
those of prior studies linking STG with positive symptoms 
and raise the intriguing question that positive symptoms 
and personality processes related to agreeableness may share 
common neural sources in STG circuitry. Indeed, our results 
show that agreeableness and positive symptoms account for 
an exceptionally large portion of the variance, ranging from 
44.61% to 66.71%, in left posterior STG gray matter volume.  

In summary, there are several limitations in this current 
study that aimed to examine the social brain hypothesis using a 
comprehensive battery of measures of intelligence, personality, 
and symptoms in a sample of medicated patients with long 
term, chronic schizophrenia. First, while serving as highly 
and reliable indexes of key characteristics of the illness, these 
standardized assessment tools provide proxy rather than direct 
measures of social cognition. In this regard, experimental 
probes of particular perceptual and affective operations would 
have complemented these psychometric measures, thereby 
offering a more precise understanding of social cognitive 
processes in schizophrenia. In a similar vein, the MRI data 
came from a very small subset of participants who had available 
prior studies of the STG and the FG, and thus these data are 
viewed as offering only post hoc analyses of variations in these 
neural structures with personality and symptom expression 
in schizophrenia. Likewise, while the results revealed several 
significant findings, the generalizability of these data is limited 
to persons with chronic schizophrenia with long histories of 
neuroleptic treatment similar to the research participants in 
this study. In addition, the study focused on social cognition 
within schizophrenia and divided the sample into high- and 
low-IQ groups as a means to address the well-known problem 
of heterogeneity of illness expression. However, the study 
did not include a control group of healthy participants that 
would allow for comparisons with the patient sample. This 
too represented a limitation in the research design of the 
study.   And, finally an additional limitation of this study 
relates to the difficulty in attributing the observed findings 
to the consequences of the illness per se versus confounding 
factors such as those related to treatment, nutrition, health, etc.  
Nonetheless, the current findings offer a novel approach to 
the study of social cognition in schizophrenia. Moreover, the 
observed findings may help to define a testable model of social 
cognition that can be applied in prospective studies ranging 
the spectrum of at-risk, prodromal, and first episode subjects.   
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