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Abstract
Background—Although previous behavioral studies have shown that schizophrenia patients
have impaired theory of mind (ToM), the neural mechanisms associated with this impairment are
poorly understood. This study aimed to identify the neural mechanisms of ToM in schizophrenia
using functional magnetic resonance imaging (fMRI) with a Belief Attribution Task.

Methods—In the scanner, 12 schizophrenia patients and 13 healthy control subjects performed
the Belief Attribution Task with 3 conditions: a false belief condition, a false photograph
condition, and a simple reading condition.

Results—For the false belief vs. simple reading conditions, schizophrenia patients showed
reduced neural activation in areas including the temporo-parietal junction (TPJ) and medial
prefrontal cortex (MPFC) compared with controls. Further, during the false belief vs. false
photograph conditions we observed increased activations in the TPJ and the MPFC in healthy
controls, but not in schizophrenia patients. For the false photograph vs. simple reading condition,
both groups showed comparable neural activations.

Conclusions—Schizophrenia patients showed reduced task-related activation in the TPJ and the
MPFC during the false belief condition compared with controls, but not for the false photograph
condition. This pattern suggests that reduced activation in these regions is associated with, and
specific to, impaired ToM in schizophrenia.
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INTRODUCTION
Schizophrenia is a complex and severe mental disorder that affects approximately 1% of the
population worldwide. It is associated with poor functioning that is observed in the form of
poor family relationships, difficulty in maintaining employment, and social withdrawal.
Impaired functioning in daily life is present before the onset of psychosis (Davidson et al.,
1999) and tends to persist throughout the course of illness (Murray & Lopez, 1997; WHO,
2008). Psychotic symptoms are not generally strongly associated with functional outcome,
but other factors, such as cognition and negative symptoms (e.g. lack of drive, flat affect),
appear to be consistent determinants (M. F. Green, 1996; M. F. Green, Kern, Braff, &
Mintz, 2000; Milev, Ho, Arndt, & Andreasen, 2005). Within the general area of cognition,
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social cognition has been shown to be a key determinant of poor functioning in
schizophrenia (Kerr & Neale, 1993; Penn, Corrigan, Bentall, Racenstein, & Newman, 1997;
Penn, Ritchie, Francis, Combs, & Martin, 2002). This study aims to investigate the neural
mechanisms in schizophrenia of one area of social cognition, theory of mind, using
functional magnetic resonance imaging (fMRI).

Theory of mind (ToM; also called mental state attribution) is a social cognitive construct
that refers to the ability to make high-level inferences about one’s own and other persons’
mental states such as thoughts, beliefs, desires and feelings (Premack & Woodruff, 1978).
Such an ability starts at a very early stage of development (around ages 3–4) (Dennett, 1978;
Leslie, 1987). From an operational perspective, ToM makes it possible to assess or
understand someone else’s mental states in specific situations, and thus to interpret and
anticipate their behaviors (e.g. He is missing his wallet. He is going back to his office
because he thinks he left his wallet there). The ability to understand and predict others’
behavior has obvious relevance for successful social interactions.

Previous studies using a variety of behavioral paradigms have found that schizophrenia
patients show impairment in their ability to attribute mental states to others. Schizophrenia
patients showed poor performance on picture-sequencing tasks (Sarfati, Hardy-Bayle,
Besche, & Widlocher, 1997), on tasks detecting irony or sarcasm (Kern et al., 2009;
Mitchley, Barber, Gray, Brooks, & Livingston, 1998), on tasks attributing spontaneous
mental states to non-human objects (Horan et al., 2009), and on tasks of false-belief stories
(Frith & Corcoran, 1996; Pickup & Frith, 2001). A recent meta-analysis (Bora, Yucel, &
Pantelis, 2009) found a large effect size (1.10) for the patient - control difference and the
effect size remained large when the comparison was focused on remitted patients only (.80).
Further, the patient-group difference appears to be similar across all phases of the illness. A
recent study from our group (M.F. Green et al., in press) compared the patient-group
differences in ToM among individuals considered to be in a prodromal phase, first-episode
schizophrenia patients and chronic schizophrenia patients and found that the group
differences were relatively constant across all phases of illness, indicating good stability of
the social cognitive impairment.

One might wonder whether impaired ToM in schizophrenia is due to general cognitive
impairments; however, studies have shown that impaired ToM in schizophrenia cannot be
explained by non-social cognitive impairments (Langdon, Coltheart, Ward, & Catts, 2001;
Mazza, De Risio, Surian, Roncone, & Casacchia, 2001; Schenkel, Spaulding, & Silverstein,
2005). For example, one study (Schenkel, et al., 2005) showed that ToM in schizophrenia
was not significantly related to verbal fluency or verbal intelligence. Another study (2001)
failed to find a significant correlation between ToM and executive function (measured by
Wisconsin Card Soring Test) or general intelligence. In addition, Langdon et al. (2001)
showed that schizophrenia patients had performance comparable to controls when making
inferences about non-social cause-and-effect relations or social knowledge in general
(without ToM component), but they showed impaired ToM performance. These findings
suggest that, even though schizophrenia patients have impaired cognitive functions,
impaired ToM in schizophrenia cannot be fully explained by deficits in other cognitive
processes.

Most of the studies of neural mechanisms associated with ToM in healthy individuals
employed either a false belief task or a cartoon task. Commonly activated areas include the
medial prefrontal cortex, the temporal-parietal junction (TPJ), and the precuneus/posterior
cingulate cortex (Frith & Frith, 2006; Gallagher & Frith, 2003; Saxe & Kanwisher, 2003;
Saxe & Powell, 2006; Siegal & Varley, 2002), known as ToM network. A general question
is whether activation of these areas is due to the general reasoning demands of the task or is
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specific to attributing mental states to other people. Kanwisher, Saxe and colleagues
attempted to address this issue by conducting a series of fMRI studies that compared
regional brain activation during stories that involved belief attribution with stories that
required similar reasoning ability, but without belief attribution (Saxe & Kanwisher, 2003;
Saxe & Powell, 2006). For example, they compared the neural activations of belief
attribution with non-social reasoning ability. To measure belief attribution, false belief
stories were used in which subjects were asked to make inferences about the belief of
another person that differs from the current state. To measure non-social reasoning ability, a
false photograph task was used that required subjects to make inferences about the physical
world that differs from the current state of the world. In other words, both the false belief
task and the false photograph task asked subjects to inhibit the current or “true”
representation and make a decision based on the “false” representation of the belief state (as
in the false belief task) or the physical world (as in the false photograph task). While both
the false belief task and the false photograph task requires inhibitory control process, only
the false belief condition involves belief attribution, one component of ToM. They found
that subjects showed greater activation in the medial prefrontal cortex, the bilateral TPJ and
the posterior cingulate cortex when they read stories about belief attribution than when they
read the false photograph stories. In a subsequent study, Kanwisher and Saxe added a human
non-belief condition and showed that activation in those brain regions was not due to the
fact that stories involved human beings; instead, were specific to the belief attribution
component (Saxe & Kanwisher, 2003; Saxe & Powell, 2006). It is possible that these brain
regions are only related to the belief attribution component of ToM but not to ToM in
general (e.g. attributing emotion, desire, or other mental states). Several studies showed that
the bilateral TPJ and the posterior cingulate cortex were activated only during the belief
attribution, whereas the medial prefrontal cortex was activated for belief attribution and also
other mental state attributions (Saxe & Powell, 2006** other refs). These findings suggest
that the TPJ and posterior cingulate cortex may be specifically involved in belief attribution
but the medial prefrontal cortex is related to ToM more broadly.

Only a few studies have examined ToM in schizophrenia with functional neuroimaging. One
fMRI study (Russell et al., 2000) reported reduced activation in the left prefrontal cortex
when schizophrenia patients were asked to describe the mental state reflected in photographs
of eyes. Another study used a cartoon task to evaluate how people infer social intention and
found decreased activations in the TPJ and the medial prefrontal cortex in schizophrenia
patients (Walter et al., 2009). In contrast, another study that used a similar cartoon task
found increased activations in the medial prefrontal cortex and TPJ in schizophrenia patients
(Brune et al., 2008). Although these studies suggest that abnormal brain activation is
associated with impaired ToM in schizophrenia, the directions of the findings are
inconsistent across studies. Further, the methods are limited to visual assessment of ToM,
and they did not fully control for the extent to which non-specific task-related demands.

In this study we investigated the neural mechanisms of ToM in schizophrenia using a well-
validated fMRI paradigm in social neuroscience: the Belief Attribution Task (Saxe &
Kanwisher, 2003). This task, as adapted for use in schizophrenia, consists of 3 conditions: a
false belief condition, a false photograph condition and a simple reading condition. In the
false belief condition, a character’s belief is false; that is, it is different from the actual
situation (Dennett, 1978). To perform this condition well, subjects must predict the
character’s behavior based on the character’s (inaccurate) belief, not based on the actual
situation. The false photograph condition was intended to control for the general problem-
solving structure of the false belief vignette (Zaitchik, 1990). These vignettes have the same
story structure but differ in that the false photograph condition requires the similar general
reasoning ability without the belief attribution. To adapt this task for use in schizophrenia,
we added a reading condition as a control for the reading ability and associated regional
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activity required by the false belief condition. Thus, having three conditions allowed us to
determine neural substrates of ToM deficits in schizophrenia while controlling for other
non-specific task-related demands (i.e. general reasoning ability, ability to read simple
vignettes). With the Belief Attribution Task, we hypothesized that schizophrenia patients
would show reduced task-related activations in brain regions associated with ToM during
the false belief condition, but not during the false photograph condition, compared to healthy
controls.

METHODS
Participants

Fourteen (3 female) patients with schizophrenia and 14 (3 female) healthy controls
participated in this study. Schizophrenia patients were recruited from outpatient clinics at the
Veterans Affairs Greater Los Angeles Healthcare System (VAGLAHS) and from local
board and care facilities. Patients met diagnostic criteria for schizophrenia according to the
Structured Clinical Interview for DSM-IV Axis I Disorders (SCID) (First, Spitzer, Gibbon,
& Williams, 1997). Exclusion criteria for patients included: 1) substance abuse or
dependence in the last six months, 2) mental retardation based on review of medical records,
3) history of loss of consciousness for more than one hour, 4) an identifiable neurological
disorder, or 5) insufficient fluency in English to understand testing procedures. All patients
were medicated and clinically stable at the time of testing.

Healthy control participants were recruited through flyers distributed in the local community
and website postings. Exclusion criteria for control participants included: 1) history of
schizophrenia or other psychotic disorder, bipolar disorder, recurrent depression, history of
substance dependence, or any substance abuse in the last 6 months based on the SCID (First,
et al., 1997), 2) any of the following Axis II disorders: avoidant, paranoid, schizoid, or
schizotypal, based on the SCID for Axis II disorders (First, Gibbon, Spitzer, Williams, &
Benjamin, 1996), 3) schizophrenia or other psychotic disorder in a first-degree relative, 4)
any significant neurological disorder or head injury of loss of consciousness for more than
one hour, or 5) insufficient fluency in English to understand testing procedures.

All SCID interviewers were trained to a minimum kappa of 0.75 for key psychotic and
mood items through the Treatment Unit of the VA VISN 22 Mental Illness Research,
Education, and Clinical Center (MIRECC). All participants were evaluated for the capacity
to give informed consent and provided written informed consent after all procedures were
fully explained, according to procedures approved by the Institutional Review Boards at
UCLA and the VAGLAHS.

Design and Procedure
The Belief Attribution Task was modeled after Saxe and Kanwisher (2003) and was
composed of three conditions: a false belief condition, a false photograph condition, and a
simple reading condition (see examples in Table 1). In the false belief condition, subjects
were presented with vignettes in which they needed to infer the beliefs of a character, even
when these beliefs were different from the actual state of affairs. The false photograph
vignettes had the same story structure and required the same level of complex reasoning as
the false belief condition, but lacked the belief attribution component. The simple reading
condition controlled for the process of reading the false belief condition required, and
consisted of stories describing non-human objects.

All subjects were presented with 12 vignettes (average number of words = 32) for each
condition, and each vignette was accompanied by a single two-alternative forced choice
“fill-in-the-blank” question. The fill-in-the-blank question consisted of a single sentence
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with a word missing, presented above two alternative completions. For the false belief and
false photograph conditions, 50% of the questions asked about the content of false
representation; the other 50% asked about the actual outcome of the story. For the reading
condition, all of the questions were related to description of non-human objects.

At the onset of each trial, a vignette was presented for 12 seconds; next a fill-in-the-blank
question was presented for 10 seconds while the vignette was still visible. After the vignette
and question disappeared, a probe was presented for 3 s, prompting the subject’s response.
Subjects responded by pressing the corresponding button with their dominant hand. Then, an
intertrial interval (ITI) that was jittered between 12 and 18 seconds ensued. The Belief
Attribution Task consisted of 6 runs, each lasting 4 minutes and 28 seconds, with 6 trials per
run (2 trials of each condition). All tasks were presented through MR-compatible LCD
goggles (Resonance Technology, Northridge, CA). A schematic diagram of the procedure is
shown in Figure 1.

fMRI data acquisition
All scanning was conducted on a 3T scanner (Siemens Trio, Erlangen, Germany) located in
the UCLA Ahmanson Lovelace Brain Mapping Center. For anatomical reference, a high-
resolution echo planar axial T2-weighted series was obtained for each subject prior to
functional scanning (TR = 5000 ms, TE = 30 ms, flip angle = 90 degrees, 33 slices, FOV 22
cm). A T2*-weighted gradient-echo sequence was used to detect blood-oxygen level-
dependent (BOLD) signal (TR=2000 ms, TE=30 ms, flip angle=75 degrees, voxel size of
3.4 × 3.4 × 4.00 mm), acquiring 33 slices parallel to the AC-PC plane.

fMRI data analysis
Imaging data were analyzed using the FEAT (FMRI Expert Analysis Tool) version 5.98,
part of FMRIB Software Library (FSL, Smith et al., 2004). The pre-statistics processing
included motion correction using MCFLIRT (Motion Correction using FMRIB’s Linear
Imaging Registration Tool) (M. Jenkinson, Bannister, Brady, & Smith, 2002), non-brain
removal using BET (Brain Extraction Tool) (Smith, 2002) spatial smoothing using a
Gaussian kernel of the full width at half maximum (FWMH) 5 mm, grand-mean intensity
normalization by a single multiplicative factor, and high pass temporal filtering (Gaussian
weighted LSF straight line fitting with sigma = 50.0 s). To facilitate multi-subject analyses,
statistical images created for each subject were normalized into a standard space from the
Montreal Neurological Institute (MNI) using affine transformation with FLIRT (FMRIB’s
Linear Image Registration Tool) (M. Jenkinson & Smith, 2001)(Jenkinson and Smith, 2001).

Functional images were analyzed using FLIM (FMRIB’s Improved Linear Model) with
local autocorrelation correction (Woolrich, Ripley, Brady, & Smith, 2001). First, for each
run and each subject, data from all 3 conditions were modeled by convolving them with a
canonical hemodynamic response function and temporal derivatives were included as
covariates of no interest to increase statistical sensitivity. We computed 3 main contrasts of
interest for each run and each subject: false belief vs. simple reading, false photograph vs.
simple reading, and false belief vs. false photograph. Second, to average across the 6 runs,
we completed a second-level analysis using a fixed-effects model, by forcing the random
effect variance to zero in FLAME (FMRIB’s Local Analysis of Mixed Effects) (Beckmann,
Jenkinson, & Smith, 2003; Woolrich, Behrens, Beckmann, Jenkinson, & Smith, 2004).
Third, to characterize functional activations in each group separately and to directly compare
activations of patients to those of controls for each contrast of interest, a mixed-effects
model (FLAME stage 1+2) (Beckmann, et al., 2003; Woolrich, et al., 2004) was performed
and the resulting statistical images were thresholded using a z value > 2.3 and a cluster
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probability of p = 0.05, corrected for whole-brain multiple comparisons using Gaussian
random field theory (Worsley, 2001) unless otherwise noted.

RESULTS
Two patients were excluded from analyses due to below-chance level performance during
the Belief Attribution Task (below 50% accuracy across the 3 conditions), and one control
was excluded due to technical problems during scanning. Therefore, 12 schizophrenia
patients (2 female) and 13 Healthy controls (3 females) were included in the following
analyses.

Demographic Information and Behavioral Performance
Table 2 presents demographic information and behavioral performance during the Belief
Attribution Task. Schizophrenia patients and healthy controls were comparable in terms of
age, parental education, and gender (age, t23=−1.1, p=0.27; parental education, t23=−1.09,
p=0.28; gender, χ2=1.60, p=0.68), but not in their own education levels (t23=−2.19, p <0.05).

Behavioral performance of both groups during the Belief Attribution Task was examined
using a 3 (condition) by 2 (group) repeated measures ANOVA with condition as a within-
subject factor and group as a between-subject factor. We found a significant main effect of
condition (F2,46 = 24.32, p<0.001), and a significant main effect of group (F1,23 = 16.31, p
<.01). The condition by group interaction was not significant. Schizophrenia patients
performed worse than controls across all conditions. Across groups, performance was best
on the simple reading condition, intermediate on the false belief condition, and worst on the
false photograph condition. Each condition was significantly different (p’s < .05) from the
other after correction for multiple comparisons.

fMRI activations during the Belief Attribution Task
Table 3 lists brain areas (local maxima of the clusters) that exhibited above-threshold
activations for each contrast of interest in the healthy control and schizophrenia patient
groups. For the false belief vs. simple reading contrast (see Figure 2), healthy controls
showed increased activations in several areas, including the bilateral TPJ, bilateral middle
temporal gyri, bilateral angular gyri, precuneus, right middle frontal gyrus, and medial
prefrontal cortex. Schizophrenia patients showed increased activations in the right TPJ,
precuneus and right supramarginal gyrus. When the groups were compared directly to each
other, controls showed significantly more activation relative to patients on the bilateral TPJ,
left middle temporal gyri, right medial prefrontal cortex, putamen, globus pallidus, and right
amygdala.

For the contrast of the false photograph versus simple reading conditions, controls showed
activations in the bilateral TPJ, right supramarginal gyrus and left middle temporal gyrus;
but patients only activated the anterior portion of superior frontal gyrus and middle frontal
gyrus. However, a direct group comparison did not reveal any brain regions significantly
different between groups above the threshold.

Finally, we examined the contrast between the false belief and false photograph conditions
(Figure 3). Healthy controls activated the bilateral TPJ, bilateral angular gyri, middle
temporal gyrus, medial prefrontal cortex, posterior cingulate gyrus, and precuneus.
Schizophrenia patients, on the other hand, only showed increased activations in the
precuneus and posterior cingulate cortex. Direct group comparison revealed that relative to
patients, controls showed significantly increased activations in several brain regions,
including the medial prefrontal cortex, posterior cingulate cortex, precuneus, and
parahippocampus.
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DISCUSSION
This study examined neural correlates of ToM in schizophrenia. Using three conditions from
the Belief Attribution Task (false belief, false photograph, and simple reading) we evaluated
neural activation that was specific to belief attribution while controlling for neural processes
associated with general reasoning or reading ability. For the contrast between the false belief
and simple reading conditions, schizophrenia patients exhibited significantly less activation
compared to controls in several brain regions including the bilateral TPJ and right medial
prefrontal cortex. However, both schizophrenia patients and healthy controls showed
comparable patterns of neural activations for the contrast between the false photograph,
which required reasoning similar to the false belief condition but without mental state
attribution, and the simple reading conditions. Finally, when comparing the false belief and
false photograph conditions, we observed significantly less activation of schizophrenia
patients relative to controls in several regions, including the medial prefrontal cortex,
anterior cingulate cortex and precuneus. Our findings show reduced task-related neural
activations in schizophrenia in several brain regions that have been associated with ToM
tasks in healthy controls.

The patients showed lower accuracy than controls on the false belief condition. This
performance difference, however, is unlikely to explain the differential patterns of neural
activation schizophrenia patients exhibited during the false belief condition. Performance
differences were seen across all conditions and the group by condition interaction was not
significant. In addition, both groups performed less accurately during the false photograph
condition than during the false belief condition (i.e. both patients and controls found the
former more difficult than the latter.) In spite of such behavioral findings, we observed
greater fMRI activation differences between groups in the false belief condition than in the
false photograph condition. Hence, reduced task-related neural activation in schizophrenia
appears to be a specific abnormality in belief attribution as opposed to a result of other non-
specific task-related factors. The current findings suggest that reduced neural activations in
key regions of ToM network is associated with impaired ToM in schizophrenia.

We observed that healthy controls showed increased activations in the TPJ bilaterally,
medial prefrontal cortex and precuneus when belief attribution was compared with general
reading ability, as well as when it was compared with non-social reasoning. Previous studies
in healthy individuals showed the critical role of the right TPJ – and to a lesser extent left
TPJ, medial prefrontal cortex and precuneus in belief attribution (Saxe & Powell, 2006;
Saxe & Wexler, 2005). The current finding provides further supports to the critical role of
these areas in ToM processes (Frith & Frith, 2006; Gallagher & Frith, 2003; Saxe &
Kanwisher, 2003; Saxe & Powell, 2006; Siegal & Varley, 2002). Among these areas,
schizophrenia patients showed increased activations in the right TPJ and precuneus when
belief attribution was compared with reading ability. However, when belief attribution was
compared with non-social reasoning, schizophrenia patients showed increased activation in
precuneus only. The current findings of schizophrenia patients suggest that patients may not
have a fully functionally specialized neural network for inferring mental state as controls do.

In the few previous reports of TPJ activity during ToM tasks between schizophrenia patients
and controls findings have been inconsistent, including reports of hypoactivations of patients
in bilateral TPJ (Walter, et al., 2009)(Walter et al, 2009), hyperactivations of patients in left
TPJ (Brune, et al., 2008), and no group differences (Brunet, Sarfati, Hardy-Bayle, & Decety,
2003). It is possible that these inconsistent findings of TPJ activation in schizophrenia may
arise because the ToM tasks that were used varied in the extent to which they were focused
on belief as opposed to other types of mental states (e.g., intention, affective state,
preference). Among the ToM network, the TPJ and precuneus have been associated more
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narrowly with belief attribution (Saxe, Moran, Scholz, & Gabrieli, 2006; Saxe & Wexler,
2005). Hence, studies using ToM tasks focusing on belief attribution, such as ours, are likely
to probe the ToM-related neural activations in the TPJ. Our findings suggest that the
hypoactivation in the TPJ may underlie impaired belief attribution in schizophrenia.

It is also noteworthy that schizophrenia patients failed to show increased activations in the
medial prefrontal cortex during the belief attribution, in contrast to controls. The medial
prefrontal cortex has been associated with theory of mind beyond belief attribution (e.g.,
intent, affective states, preference, ambiguous mental state) (A. C. Jenkinson & Mitchell,
2010; van Overwalle, 2009). In addition, the medial prefrontal cortex has been also involved
in other areas of social cognition in which schizophrenia patients showed impairments
(Harvey, Lee, Horan, Ochsner, & Green, under revision; Sergi & Green, 2003), such as self-
related information processing and integration of diverse social cues (Kelley et al., 2002;
Mitchell, Macrae, & Banaji, 2006). It might be possible that the medial prefrontal cortex
would also be dysfunctional during these social cognitive processes in schizophrenia. It will
be of great importance to carefully examine the extent to which dysfunctional medial
prefrontal cortex underlie social cognitive impairments in schizophrenia.

Recently there is growing debate on whether some areas of ToM network, especially the
medial prefrontal cortex and TPJ, are exclusively involved with ToM or also involved with
other cognitive processing such as attentional process or inhibitory control that are often
necessary for ToM. For example, Mitchell (2008) showed overlapping activation in the right
TPJ between ToM task and a selective attention task. A recent study by Rothmayr and
colleagues (2011) also found that the medial prefrontal cortex and the right TPJ showed
increased activation for both a ToM task and an inhibitory control task, whereas the left TPJ
exclusively activated for a ToM task. In contrast, two recent studies (Scholz et al. 2009;
Decety & Lamm, 2007) showed that, despite a small overlap between ToM and attentional
activation tasks in the right TPJ, each task also activated neighboring, but separate, regions
in the right TPJ. Finally, studies with brain damaged patients showed that patients with
damage to the left TPJ showed impaired performance during the ToM task but not during a
control task requiring general reasoning ability TPJ (Samson, Apperly, Chiavarino, &
Humphreys, 2004). It appears that the so-call ToM network is indeed involved with ToM
ability and it may be distinct from neighboring regions that are associated with attentional
processing. Further studies with high-resolution functional neuroimaging techniques may be
able to clarify the specific roles of sub-regions within ToM network.

In summary, we found that schizophrenia patients showed aberrant activation in the brain
network associated with ToM when they inferred belief of another person, but not when they
preformed tasks that required similar reasoning demands but did not involve belief
attribution component. Complementing a large number of other studies of ToM in
schizophrenia that used performance task, this study demonstrates abnormal neural
activations related to ToM processing in schizophrenia. Finally, the findings of the current
study also open several promising avenues for future exploration. First, we did not assess
cognitive abilities that may be related to performance on the false belief task in
schizophrenia (e.g., executive function, inhibitory control, verbal intelligence). Although we
included the false-photograph condition and a simple reading condition to control for non-
social general reasoning ability and a basic reading ability, it would be helpful to include a
wide range of neuropsychological assessments in future studies to elucidate the extent to
which these abilities are related to belief attribution in schizophrenia. Second, this study
focused on a specific component of ToM in schizophrenia, namely belief attribution. Third,
we did not assess negative symptoms or community functioning of schizophrenia patients in
this study. Deficits in ToM performance have been associated with poor community
functioning of schizophrenia (Couture, Penn, & Roberts, 2006; Fett et al., 2011; Pijnenborg
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et al., 2009; Roncone et al., 2002). Abnormal patterns of neural activation reported here
provide a clearer view of the neural basis for social cognitive processes that are related to
community functioning in schizophrenia. With larger subject samples, fMRI indices could
be entered into statistical model to test their role as physiological determinants of impaired
community functioning.
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Figure 1.
A schematic diagram of the Belief Attribution Task showing the temporal sequence of a
single event. At the beginning of each trial, a vignette was presented for 12 seconds. A fill-
in-the-blank question was presented for 10 seconds while the vignette was still visible. After
the vignette and question disappeared, a response probe was presented for 3 seconds. The
inter-trial interval (ITI) was jittered between 12 and 18 seconds.
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Figure 2.
Brain activations for the contrast of false belief versus simple reading conditions. Sections
of brain templates with overlaid group analysis results of significant increase in signal
intensity during false belief versus simple reading conditions in (A) controls, (B)
schizophrenia patients, and (C) controls versus schizophrenia patients.
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Figure 3.
Brain activations for the contrast of false belief versus false photograph conditions. Sections
of brain templates with overlaid group analysis results of significant increase in signal
intensity during false belief versus false photograph conditions in (A) controls, (B)
schizophrenia patients, and (C) controls versus schizophrenia patients.
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Table 1

Examples of vignettes

Condition Vignette Question

False Belief David knows that Ethan is very scared of spiders. Ethan, alone in the attic,
sees a shadow move and thinks it is a burglar. David hears Ethan cry for help.

David assumes that Ethan thinks he has
seen _____.

a spider a burglar

False Photograph Amy made a drawing of a tree house three years ago. That was before the
storm. We build a new tree house last summer, but we painted it red instead
of blue.

The tree house in Amy’s drawing is
_____.

red blue

Simple Reading A lemon tree can grow up to 20 ft, but they are usually smaller. The branches
are thorny, and the leaves are green and shiny. Flowers are white on the
outside with a violet streaked interior.

The flower of a lemon tree is _____ on
the outside.

white violet
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Table 2

Demographic information and Behavioral performance

Schizophrenia patients (N=12) Healthy controls (N=13)

Age 38.3 (10.7) 42.5 (7.7)

Gender (female / male) 2 / 10 3 / 10

Personal Education 12.5 (2.3) 14.2 (1.3)

Parental Education 13.1 (2.9) 14.3 (2.9)

Belief Attribution Task*

 False belief 8.5 (1.3) 10.5 (1.3)

 False photograph 7.6 (1.8) 9.4 (1.1)

 Simple reading 9.9 (1.5) 11.2 (0.7)

†
 Values are given as mean (standard deviation).

*
accuracy = number of correct responses out of 12
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