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Theory of Mind (ToM) refers to the ability to perceive others’ mental states. Lower ToM has often been associated
with poorer functional outcomes in schizophrenia, making it an important treatment target. However, little is
known about the underlying neural mechanisms associated with ToM impairments in early course schizophrenia.
This study aimed to validate the False Belief task to measure ToM in schizophrenia and to identify aberrant brain
activity associated with impairments. 36 individuals with early course schizophrenia and 17 controls were
administered the Hinting Task and performed a functional magnetic resonance imaging (fMRI) False Belief task.
Between-group differences were examined in a priori regions of interest (ROIs) known to be associated with ToM
tasks: medial prefrontal cortex, ventral medial prefrontal cortex, and both the left and right temporal parietal
junction (TPJ). We observed a significant positive association between Hinting Task performance and False Belief
accuracy, validating the False Belief task as a measure of ToM. Compared to controls, individuals with schizo-
phrenia exhibited reduced brain activation in all four ROIs during the fMRI False Belief task. Furthermore, task-
related activations in bilateral TPJs were shown to be positively associated with ToM abilities regardless of
diagnosis. Individuals with schizophrenia with lower performance on the False Belief task showed significant
reductions in task-related activation in the bilateral TPJ compared to controls, while reductions were not sig-
nificant for those with higher performance. Our findings suggest that lower neural activity in the bilateral TPJ
are associated with ToM impairments observed in individuals with early course schizophrenia.

1. Introduction

Social cognitive impairments are considered to be a core feature of
schizophrenia (Green et al., 2015). Theory of Mind (ToM), a social
cognitive domain particularly impaired in schizophrenia, refers to the
ability to infer one’s own and others’ mental states such as thinking,
believing, or pretending (Briine, 2005; Green et al., 2008; Premack and
Woodruff, 1978). ToM is considered to be a mediator between neuro-
cognition and daily functioning (Couture et al., 2011; Schmidt et al.,
2011); thus, lower ToM in schizophrenia is related to poorer social in-
teractions and lower community functioning (Mehl et al., 2010; Mike
et al., 2019; Roncone et al., 2002).

Although ToM impairments have been significantly documented in
schizophrenia, they are not systematically assessed or treated in clinical
settings (Bora et al., 2009). As ToM is an important treatment target to

promote functional recovery in schizophrenia, a greater understanding
of the neural mechanisms of ToM impairments is critical and may guide
the development of more targeted interventions (Couture et al., 2006;
Javed and Charles, 2018).

The neural basis of ToM has been well-characterized in healthy
populations using functional magnetic resonance imaging (fMRI)
studies. Healthy individuals tend to activate both the left and right
temporal parietal junctions (TPJ) and the medial prefrontal cortex
(mPFC) while performing a ToM task (Dodell-Feder et al., 2014; Mehl
et al., 2010; Molenberghs et al., 2016; Schurz et al., 2014; Van Over-
walle, 2009).

Previous studies investigating impaired ToM in schizophrenia have
reported structural abnormalities in the mPFC (Benedetti et al., 2009;
Briine, 2005; Walter et al., 2009; Yamada et al., 2007), specifically in the
ventral mPFC (vimPFC) (Hooker et al., 2011; Shamay-Tsoory et al., 2003,
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2009). Prior reports have also shown reduced functional activity in the
mPFC and bilateral TPJ in schizophrenia compared to controls during
various tasks assessing ToM performance (Das et al., 2012; Jani and
Kasparek, 2018; Kronbichler et al., 2017; Lee et al., 2006, 2011; Russell
et al,, 2000; Walter et al., 2009). Conversely, one study reported
increased activation in the mPFC and TPJ in individuals with schizo-
phrenia in comparison to controls during a belief attribution task (Briine
et al., 2008).

Although these studies suggest that ToM impairments in schizo-
phrenia are associated with aberrant brain activation, findings are
somewhat inconsistent. Small sample sizes (schizophrenia, n = 5-22,
healthy controls, n = 7-26), the diverse range of tasks utilized to mea-
sure ToM, and the lack of construct validity (as relatively few studies
have assessed the psychometric properties of ToM tasks in general), may
all contribute to these varying findings (Kronbichler et al., 2017).
Furthermore, heterogeneous profiles of ToM abilities in schizophrenia
populations represent a challenge for interpreting previous group
comparison findings (Bechi et al., 2018); thus, more studies with larger
sample sizes are needed.

Two recent meta-analyses report that overall, individuals with
schizophrenia tend to show reduced brain activation in the mPFC and
TPJ during tasks requiring ToM processes (Jani and Kasparek, 2018;
Kronbichler et al., 2017). Kronbichler et al. (2017) specifically found
that individuals with schizophrenia show reduced activation in the
posterior TPJ but increased activation in the dorsal portion of the TPJ.
Only two studies included in these meta-analyses have specifically
assessed ToM using an fMRI False Belief task (Dodell-Feder et al., 2014;
Lee et al., 2011). Both studies report that compared to controls, in-
dividuals with schizophrenia show reduced task-related activation in the
mPFC during the False Belief task, but only Lee et al. (2011) consistently
aligned with Jani and Kasparek (2018) and Kronbichler et al. (2017) by
additionally showing reduced task-related activation in the TPJ. How-
ever, Lee et al. (2011) and Dodell-Feder et al. (2014) were both con-
ducted in relatively small sample sizes (schizophrenia, n = 12/20,
healthy controls, n = 13/18) which may contribute to the discrepancies
in results. Furthermore, neither studies assess for individual variability
in ToM performance nor associations between behavioral performance
and brain activation.

The overall objective of this study is to investigate the neural
mechanisms of ToM impairments in 36 individuals within the early
course of schizophrenia during an fMRI False Belief task (Saxe and
Kanwisher, 2003). We aimed to 1) determine the construct validity of
the False Belief task with the well-validated ToM Hinting Task (Corcoran
et al., 1995), 2) investigate whether individuals with schizophrenia
show lower brain activation in regions supporting ToM while perform-
ing the False Belief task (i.e., mPFC and TPJ), 3) assess specific corre-
lations between False Belief task performance and related brain activity,
and 4) explore how individual variability in ToM abilities in schizo-
phrenia affect brain activity. We hypothesized that 1) performance be-
tween the False Belief task and Hinting Task will be positively correlated
to each other, 2) individuals with schizophrenia will display reduced
recruitment of task-related activations in the mPFC and TPJ during the
False Belief task in comparison to controls, 3) activity in the mPFC and
TPJ will be associated with False Belief accuracy, and 4) greater ab-
normalities in brain activity will be seen in individuals with schizo-
phrenia having lower performance during the False Belief task than in
patients with a more normal ToM profile.

2. Materials and methods
2.1. Participants

A total of 48 individuals with a diagnosis of schizophrenia or schiz-
oaffective disorder and 20 controls were recruited through the National
Institute of Mental Health (NIMH) funded study: Brain Imaging,
Cognitive Enhancement and Early Schizophrenia (BICEPS) from the
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Pittsburgh site. Participants were selected as part of a baseline (pre-
treatment) assessment of a randomized-controlled study
(NCT#01561859) investigating the effects of Cognitive Enhancement
Therapy in schizophrenia. Inclusion criteria required participants to be
between 18 and 45 years of age, have an IQ > 80 (using the WASI-II)
(Hays et al., 2002), ability to read at a 6th grade level or higher, and
speak fluent English. Patients were included if they had a diagnosis of
schizophrenia or schizoaffective disorder verified using the Structured
Clinical Interview for the DSM-IV, duration of psychotic symptoms of 10
years or less, symptomatically stable on antipsychotic medication
(assessed via SCID and medical history), and significant cognitive and
social disability was assessed with the Cognitive Styles and Social
Cognition Eligibility Interview (Hogarty et al., 2004). Controls were
required to have no major psychiatric illness or family history of psy-
chosis. Exclusion criteria for all participants consisted of reported his-
tory of significant neurological or medical disorders which may produce
cognitive impairment (e.g., seizure disorder, traumatic brain injury),
persistent suicidal or homicidal behavior, recent history of substance
abuse or dependence (within the past 3 months), magnetic resonance
imaging (MRI) contraindications, and decisional incapacity requiring a
guardian.

This study received ethics committee approval from the University of
Pittsburgh where data were collected and at Beth Israel Deaconess
Medical Center where data were analyzed. The study was carried out in
accordance with the latest version of the Declaration of Helsinki. All
participants provided written, informed consent prior to participation.
After quality control, 36 patients and 17 controls were included in this
analysis.

2.2. Protocol

Clinical measures were first administered to patients to examine
levels of positive and negative symptoms. All participants underwent
cognitive testing in order to evaluate ToM abilities. Subsequently, a
sequence of MRI scans was conducted for each participant, where they
performed the computerized fMRI False Belief task to assess False Belief
accuracy and task-related neural activity.

2.3. Clinical measures

Patients’ negative and positive symptoms were assessed using the
Scale for the Assessment of Negative Symptoms (SANS) (Andreasen,
1984a) and the Scale for the Assessment of Positive Symptoms (SAPS)
(Andreasen, 1984b), respectively. In addition, antipsychotic medication
dosages were converted to chlorpromazine equivalents, calculated using
methods described in detail by Woods (2003; http://www.scottwilliam
woods.com/files/Equivtext.doc).

2.4. Hinting Task

The Hinting Task (Corcoran et al., 1995) is a ToM measure with good
psychometric properties in schizophrenia (Pinkham et al., 2016). During
the Hinting Task, participants listen to a story presented verbally and are
required to determine the intention of one character when the partici-
pant provides a verbal hint to another character. The task includes 10
short passages presenting an interaction between two characters which
end with one of the characters dropping a hint. Afterwards, the partic-
ipant is asked to determine what the character’s intentions are. If the
participant gives a correct response on the first attempt, a score of 2 is
given. If the participant gives the correct response when prompted with
paraphrasing of the hint, a score of 1 is given. If the participant fails to
give a correct response, a score of 0 is given. The scores are then added
for a total score ranging from O to 20.
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2.5. fMRI False Belief task

The False Belief task assesses participants’ ability to predict behavior
based on mental states (Dodell-Feder et al., 2011; Saxe and Kanwisher,
2003). Specifically, the task asks participants to read short stories clas-
sified under one of two conditions; (1) False Belief stories describe a false
belief and actions based on the false belief (e.g., “The morning of the high
school dance, Sarah placed her high heel shoes under her dress and then went
shopping. That afternoon, her sister borrowed the shoes and later put them
under Sarah’s bed.”), and (2) False Photograph stories describe false
physical states in the world through photographs and maps (e.g., “The
traffic camera snapped an image of the black car as it sped through the
stoplight. Soon after, the car was painted red and the license plates were
changed.”). Both False Belief and False Photograph stories require rep-
resentation of false content with the main difference being the type of
false content represented. Thus, the False Photograph condition serves
as a control as it uses reasoning processes similar to the False Belief task,
but does not require inferring another person’s mental representations.
Each condition contains an equal number of questions referring to re-
ality and false representation. Participants then respond to a true/false
question pertaining to either a situation based in reality or false repre-
sentation (e.g., False Belief: “Sarah gets ready assuming her shoes are under
the dress”; False Photograph: “According to the traffic camera, the car is
black”).

During the fMRI task, participants completed two functional runs,
lasting for a total of 5 min and 2 s. Each run included 5 stories from each
condition. Stories were presented for 11 s, followed by a true/false
question for 6 s, and then 12 s of fixation on a center cross.

2.6. MRI acquisition

MRI scans were acquired on a 3.0 T Siemens Magnetom Verio at the
University of Pittsburgh. A T1-weighted 3D MPRAGE anatomical
sequence was collected (voxel size of 1.0 x 1.0 x 1.2 mm, TR = 2300 ms,
T1 =900 ms, TE = 2.89 ms, flip angle = 90°, FOV = 256 mm, 256 x 256
matrix, 160 slices, slice thickness = 1.2 mm). fMRI images were ac-
quired during the False Belief task using a gradient echo T2*-weighted
sequence (voxel size of 3.2 x 3.2 x 3.2 mm, TR = 2000 ms, TE = 30
ms, bandwidth = 2298, flip angle = 79°, FOV = 205 mm (excluded part
of the dorsal somatosensory-motor cortex), 64 x 64 matrix, 36 slices).

2.7. MRI preprocessing

All MRI preprocessing was done using modules from the Statistical
Parametric Mapping 8 (SPM8, Welcome Department of Cognitive
Neurology, London, UK) toolbox. The fMRI time series images were first
realigned to the first volume to correct for interscan movement, and
coregistered to the participants’ own anatomical image. The deforma-
tion field map obtained from the “New Segment” segmentation of the
anatomical image was applied to the fMRI images to normalize them
from anatomical space into standard MNI space (voxel size 2 x 2 x 2
mm). Finally, fMRI images were smoothed with an isotropic 8-mm full
width at half maximum Gaussian kernel. Low frequency drifts were
removed through the application of a high-pass filter with a cut-off of
128 s.

Quality control was conducted by examining realignment measure-
ments for all participants to ensure head motion did not exceed 4 mm in
any direction during the fMRI acquisition. Consequently, 12 patients
and 3 controls were excluded due to excess motion. For included par-
ticipants, maximum absolute motion (in mm) for patients (mean = 1.00
mm, SD = .81) and controls (mean = .84 mm, SD = 1.01) as well as the
mean translational relative motion for patients (mean = .09 mm, SD =
.06) and controls (mean = .08 mm, SD = .05) did not significantly differ
between the groups (all p > .49). All fMRI images were further quality
checked visually to ensure correct transformation to MNI space.
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2.8. fMRI processing

First-level analysis included a general linear model in which indi-
vidual conditions were modeled with the canonical hemodynamic
response function implemented in SPM8. Specifically, a subject-specific
fixed-effects model was used to estimate the effect of each condition (i.
e., Belief and Photograph) with six motion parameters entered as
covariates in the model. Then, mean beta values were extracted using
spheres of 10 mm within a priori regions of interest (ROI) using the
WFU_PickAtlas (Maldjian et al., 2003, 2004). The ROIs were selected
from regions known to be reliably recruited for ToM: mPFC, MNI co-
ordinates: x = 1, y = 58, z = 22; vmPFC, MNI coordinates: x = 2,y = 48,
z = —18; right TPJ (RTPJ), MNI coordinates: x = 52, y = —52, z = 22;
and left TPJ (LTPJ), MNI coordinates: x = —50, y = —58, z = 20
(Dodell-Feder et al., 2014).

2.9. Statistical analysis

All behavioral analyses were conducted using R (version 3.5.1,
https://www.r-project.org/). All p-values were corrected for multiple
comparisons using False Discovery Rate (FDR) with an adjusted signif-
icance threshold of g < .05.

2.9.1. Demographic analysis
Demographic variables were assessed using t-tests (i.e., age and IQ)
and chi-squared tests (i.e., sex and race).

2.9.2. Behavioral analysis

To assess the concurrent validity of the fMRI task, we performed a
Spearman correlation between Hinting Task performance and False
Belief accuracy in all participants. A post hoc linear model was used to
further investigate group differences (i.e., interactions) on this associa-
tion. A t-test was performed to investigate group differences on Hinting
Task performance. Then, a linear model was used to assess for main
group and a group by condition interaction on the False Belief task. A
series of post hoc t-tests were performed to further investigate group
differences on False Belief accuracy and False Photograph accuracy.

2.9.3. fMRI analysis

Linear mixed models (with random intercept) were performed in
each group separately to investigate differences in brain activity be-
tween both conditions of the task (Belief versus Photograph) for each
ROI. Between-group differences were then examined using a linear
mixed model (with random intercept and interaction between condi-
tions (Belief versus Photograph) and groups (schizophrenia versus
control)) for each ROIL In addition, Spearman correlations were per-
formed to investigate associations between changes in brain activity
during the False Belief task (Belief > Photograph) and both False Belief
task accuracy and Hinting Task performance in all participants. A post
hoc linear model was used to further investigate group differences (i.e.,
interactions) on this association. The schizophrenia group was then
divided into a high (n = 18) and low (n = 18) performance group based
on performance above or below the median accuracy score. Interaction
effects between conditions and performance groups (high performance,
low performance, and control) for each ROI were then examined using a
general linear model.

2.9.4. Symptom severity and medication analysis

Post hoc Spearman correlations were carried out to explore potential
associations between clinical measures (SANS total scores, SAPS total
scores, and antipsychotic medication) in patients and ToM performance.
In addition, post hoc Spearman correlations were further conducted to
assess potential associations between clinical measures in patients and
changes in brain activity (Belief > Photograph) in the RTPJ and LTPJ.
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3. Results
3.1. Demographics results

As demonstrated in Table 1, no significant differences between pa-
tients and controls were reported for age, sex, race, and IQ (Table 1).

3.2. Behavioral results

3.2.1. False Belief task and Hinting Task association

Greater accuracy on the False Belief task significantly correlated with
higher Hinting Task scores (Fig. 1, r = .51, p < .001), regardless of
diagnosis (F(3 49) = 8.06, p = .90).

3.2.2. Between-group differences

Individuals with schizophrenia displayed significantly lower per-
formance on the Hinting Task (t5;) = 5.57, p < .001) [(schizophrenia:
mean = 14.1, SD = 3.6), (controls: mean = 18.1, SD = 1.6)] (Fig. 2).
While a main group effect was observed for the False Belief task (F1,104)
= 19.86, p < .001, d = —.938), no significant interaction effect was
observed between groups for False Belief versus False Photograph con-
ditions (F(3,102) = 7.39, p = .202). Individuals with schizophrenia dis-
played significant reductions in both False Photograph (t(3;) = 2.26,p <
.031) [(schizophrenia: mean = .74, SD = .10), (controls: mean = .84, SD
= .10)] and False Belief accuracy (t3g) = 4.33, p < .001) [(schizo-
phrenia: mean = .74, SD = .10), (controls: mean = .91, SD = .10)]
compared to controls.

3.3. fMRI results

3.3.1. Within-group results

For individuals with schizophrenia, significant brain activity differ-
ences were observed between the False Belief condition versus the False
Photograph condition for all ROIs, with the exception of the vmPFC
(mPFC, F(1,35) = 8.30, p = .007, ¢ = .009, d = .360; vmPFC, F(; 35) = .20,
p = .656, g = .656, d = —.073; RTPJ, F(1 35) = 65.46, p < .001, ¢ < .001,
d = .845; LTPJ, F(1,35) = 24.02, p < .001, q < .001, d = .585, see Fig. 3).
For controls, significant brain activity differences were observed be-
tween the False Belief condition versus the False Photograph condition
(mPFC, F1,16) = 41.15, p < .001, ¢ < .001, d = .863; vmPFC, F(1 16) =
13.10, p = .002, g = .002, d = .532; RTPJ, F(1,16) = 77.28, p < .001, ¢ <
.001, d = 1.418; LTPJ, F(,16) = 85.43, p < .001, ¢ < .001, d = 1.007, see
Fig. 3).

Table 1
Demographic characteristics of schizophrenia and healthy control subjects.
Demographics SZ (n = 36) HC (n=17)
N N X2 p-
value
Sex (Male/Female) 20/16 12/5 0.6 0.457
Race (CA/AA/OT) 24/9/3 13/3/1 0.5 0.769
Mean SD Mean SD F p-
value
Age (years) 25.2 5.3 25.5 4.4 37.1 0.797
(0] 106.3 10.5 109.4 14.4 243 0.438
Age of Onset 21.2 4.4 - - - -
Illness Duration 4.0 2.3 - - - -
SANS Total Score 1.3 0.7 - - - -
SAPS Total Score 0.3 0.4 - - - -
Daily CPZ Equivalents (mg/  398.8  329.3 - - - -

day)

Notes: SZ = Schizophrenia; HC = Healthy Controls; SD = Standard Deviation;
CA = Caucasian; AA = African American; OT = Other; IQ = Intelligence Quo-
tient; SANS = Scale for the Assessment of Negative Symptoms; SAPS = Scale for
the Assessment of Positive Symptoms; CPZ = Chlorpromazine.
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False Belief and Hinting Task Association
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Fig. 1. False Belief and Hinting Task Association. False Belief accuracy was
positively correlated with Hinting Task scores. HC = Healthy Controls, SZ =
Schizophrenia.

3.3.2. Group interaction during the False Belief task

Individuals with schizophrenia displayed significant reductions in
brain activity during the False Belief condition versus False Photograph
condition when compared to controls in all 4 ROIs (mPFC, F(;,51) = 6.49,
p =.014, ¢ = .019, d = —.787; vmPFC, F,51) = 10.37, p = .002, ¢ =
.009, d = —.949; RTPJ, F1,51) = 5.03, p = .029, ¢ = .029, d = —.668;
LTPJ, F1,51) = 7.33, p = .009, ¢ = .018, d = —.848, see Fig. 3).

3.3.3. Brain activity and performance association

During the False Belief condition of the False Belief task, only
increased brain activation in the RTPJ (r = .41, p = .002, ¢ = .009) and
LTPJ (r = .32, p = .018, g = .036) were significantly associated with
greater ToM performance (Fig. 4), regardless of group (RTPJ, F349) =
3.44,p = .271, q = .710; LTPJ, F(349) = 3.23, p = .412, ¢ = .710). No
significant associations were observed for ToM performance and brain
activation in the mPFC (r = .22, p =.116, ¢ = .154) and vmPFC (r = .15,
p = .275, q = .275). Furthermore, no significant associations were
observed for Hinting Task performance and brain activation in all ROIs
(p > .146).

3.3.4. Individual differences in schizophrenia group

We further explored individual differences in patients based on high
and low performance groups in the RTPJ and LTPJ. After multiple
comparisons, significant group interactions were only observed between
the low-performance schizophrenia group and control group in the RTPJ
(F2,50)=3.11,p =.016, q =.032,d = —.782) and LTPJ (F(3 509) = 3.71, p
=.013, ¢ = .032, d = —.848) (Fig. 5). No significant group difference
was observed between the high-performance schizophrenia group and
control group in the RTPJ (F(3509) = 3.11,p =.161,q = .161,d = —.538)
and only a trend-related interaction was observed between both groups
for the LTPJ (F(2)50) = 3.71, p = .040, g = .053, d = —.840).

3.4. Symptom severity and medication results

To assess the potential impact of symptom severity and medication
on ToM performance and TPJ neural activity (Belief > Photograph) in
patients, additional post hoc analyses were carried out. For the RTPJ,
increased brain activation was significantly associated with lower scores
for both SAPS total scores (r = —.42, p = .010, q = .032) and SANS total
scores (r = —.42, p = .011, g = .032). For the LTPJ, no significant as-
sociation was observed between increased brain activation and SAPS
total scores (r = —.14, p = .416, ¢ = .500) and a trend-related association
was observed between increased brain activation and lower SANS total
scores (r = —.34, p = .043, q = .086). No significant associations were
observed between antipsychotic medication and neural activity, p > .14.
Finally, no significant associations were observed between clinical
measures and ToM performance, p > .15.
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Assessment of Theory of Mind
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Fig. 2. Assessment of Theory of Mind. Hinting Task [(HC: mean = 18.1, SD = 1.6), (SZ: mean = 14.1, SD = 3.6)]. False Belief accuracy [(HC: mean = .91, SD =
.10), SZ: mean = .74, SD = .10)]. ***(p < .001). HC = Healthy Controls, SZ = Schizophrenia.

Group Differences in Brain Activation During the False Belief and False Photograph Conditions
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Fig. 3. Group Differences in Brain Activation During the False Belief and False Photograph Conditions. Error bars represent standard error of the mean. HC =
Healthy Controls, SZ = Schizophrenia, FP = False Photograph condition, FB = False Belief condition, mPFC = medial prefrontal cortex, vimPFC = ventral medial
prefrontal cortex, RTPJ = right temporal parietal junction, LTPJ = left temporal parietal junction.

4. Discussion

The goal of this study was to investigate the neural mechanisms of

ToM impairments in early course schizophrenia by comparing the per-
formance of patients and controls during an fMRI False Belief task.

240

Specifically, we assessed the validity of the False Belief task as a measure
of ToM, assessed correlations between brain activity and False Belief
accuracy, and further examined the effects of individual variability in
ToM abilities on brain activity.

Our results show that higher accuracy on the False Belief task was
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Changes in Right and Left Temporal Parietal Junction Activation Related to Behavioral Performance
During the False Belief Condition
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Fig. 4. Changes in Right and Left Temporal Parietal Junction Activation Related to Behavioral Performance During the False Belief Condition. Increased
bilateral TPJ activation during the False Belief condition was positively correlated with False Belief accuracy regardless of diagnosis. Displaying FDR corrected p-
values (p < .05). HC = Healthy Controls, SZ = Schizophrenia, FB = False Belief condition, FP = False Photograph condition, RTPJ = right temporal parietal junction,

LTPJ = left temporal parietal junction.

Group Differences in Right and Left Temporal Parietal Junction Activation for Subgroups of
Patients with Low and High Accuracy During the False Belief Condition
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Fig. 5. Group Differences in Right and Left Temporal Parietal Junction
Activation for Subgroups of Patients with Low and High Accuracy During
the False Belief Condition. Error bars represent standard error of the mean.
Displaying FDR corrected p-values (*p < .05). SZ = Schizophrenia, FB = False
Belief condition, FP = False Photograph condition, SZ High = SZ FB high ac-
curacy, SZ Low = SZ FB low accuracy, RTPJ = right temporal parietal junction,
LTPJ = left temporal parietal junction.

significantly correlated with higher scores on the Hinting Task. The
Hinting Task has been shown to be a good psychometric measure of ToM
(Pinkham et al., 2016), but relatively few additional tests have been
considered to be valid measures of ToM abilities (Sprong et al., 2007).
Our finding provides concurrent validity for the False Belief task and
suggests that it can measure ToM in individuals with schizophrenia as
well as in healthy individuals. While the False Belief task has been used
in previous publications (Dodell-Feder et al., 2011, 2014), to the best of
our knowledge, this is the first time that a study establishes its concur-
rent validity with another ToM task.

We also observed significant differences between patients and con-
trols for ToM abilities. As hypothesized, individuals within the early
course of schizophrenia scored significantly lower for both the Hinting
Task and False Belief task in comparison to controls. Our results further
align with prior studies demonstrating lower performance on both the
Hinting Task (Janssen et al., 2003; Lindgren et al., 2018; Raucher-Chéné
et al., 2020) and False Belief task (Lee et al., 2011) for individuals with
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schizophrenia. Together, these findings provide strong evidence that
ToM is impaired in schizophrenia.

In comparison to controls, patients also showed significantly
abnormal task-related brain activation in all four selected ROIs during
the False Belief task when comparing the False Belief and False Photo-
graph conditions. Significant reductions in brain activity were observed
for both the mPFC and vmPFC during the False Belief task for patients
compared to controls. As the mPFC is considered to be a reliable brain
region that healthy individuals significantly recruit during ToM tasks
(Molenberghs et al., 2016; Schurz et al., 2014), our findings align with
prior studies reporting significant reductions in mPFC activity for ToM
in individuals with schizophrenia compared to controls (Dodell-Feder
et al., 2014; Lee et al., 2006, 2011; Walter et al., 2009). Although the
mPFC was implicated in abnormal brain activity during the False Belief
task, this region was not related to ToM performance. Similar to Kron-
bichler et al. (2017), our results suggest that reduced activation in the
mPFC region for patients compared to controls may be related to a
general dysfunction across ToM tasks and may not be specifically asso-
ciated with successful belief attribution abilities for individuals with
schizophrenia.

Furthermore, we observed significant reductions in task-related
brain activation in the TPJ region during the False Belief condition
compared to the False Photograph condition in patients, aligning with
previous ToM studies reporting reduced task-related activation in the
TPJ for individuals with schizophrenia compared to controls (Das et al.,
2012; Lee et al., 2011). Specifically for individuals with schizophrenia,
Lee et al. (2011) similarly reported task-related reductions in the bilat-
eral TPJ during the False Belief condition while Das et al. (2012)
exclusively found task-related reductions in the RTPJ during an
animated ToM task focused on implicit aspects of mentalizing. A recent
meta-analysis by Molenberghs et al. (2016) observed consistent activa-
tion of the bilateral TPJ during several ToM tasks in healthy individuals.
Thus, our results imply that the reduced task-related TPJ activation for
patients compared to controls may be specific to ToM impairments in
schizophrenia.

From all the regions implicated in the fMRI False Belief task, our
results suggest that the bilateral TPJs are most related to successful ToM
abilities, further supporting the crucial role of the TPJ region in ToM
processes (Frith and Frith, 2006; Gallagher and Frith, 2003; Saxe and
Kanwisher, 2003; Saxe and Powell, 2006). We report significant positive
correlations between False Belief task accuracy and both RTPJ and LTPJ
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task-related brain activation in all participants. Amongst the ToM
network, the TPJ region has been associated with belief attribution
(Saxe et al., 2006; Saxe and Wexler, 2005; Van Overwalle, 2009) and has
consistently been found to be active during ToM tasks in healthy control
populations, specifically during the False Belief condition of the False
Belief task (Dohnel et al., 2012; Saxe, 2010). Moreover, the TPJ region is
known to be linked to implicit mentalizing processes (Perner et al.,
2006; Perner and Leekam, 2008). Specifically, the RTPJ is known to be
connected to the representation of beliefs (Saxe and Powell, 2006) and
the LTPJ has been suggested to be responsible for processing perspective
differences during mentalizing tasks (Perner et al., 2006). Although we
found significant associations between task-related brain activation and
the False Belief task, no significant associations between task-related
brain activation and the Hinting Task were observed. Our results sug-
gest that the task-related activity we report from the fMRI False Belief
task may be specific only to False Belief accuracy. However, it is possible
that the Hinting Task is considered to be a more generalized measure of
ToM while the False Belief task is more specific to belief attribution.
Another possibility is that the Hinting Task was not administered on the
same day as the False Belief task, providing more variability and a less
accurate representation of linking brain activity with behavioral
performance.

Although patients demonstrated significantly lower ToM abilities,
performance of several of the individuals with schizophrenia overlapped
with the controls’ performance in regards to False Belief accuracy. In an
attempt to detect subtle differences which may be related to ToM im-
pairments specifically in schizophrenia, individuals with schizophrenia
were separated into a high and low performance group based on their
False Belief accuracy performance. As expected, we specifically
observed significantly greater abnormalities in TPJ neural activation for
the low-performance schizophrenia group in comparison to controls.
While we observed lower brain activity in the bilateral TPJ in the high-
performance schizophrenia group who performed at a similar level to
controls, this reduction was not significant. Similar to Lee et al. (2011),
who report that patients showed lower accuracy on the False Belief
condition, we were further able to associate low performance on the
False Belief condition with neural activity. Our results suggest that
reduced brain activity in the bilateral TPJ are associated with ToM
impairments observed in individuals with schizophrenia. Furthermore,
to our knowledge, this is the first study to report associations between
individual differences in ToM performance and brain activity during a
ToM task.

Although we did have a number of strengths to our study, such as
including a relatively larger, well-characterized early course patient
population, our results must be appreciated in the context of some
limitations. Given the relatively young age of our sample (mean = 25.2
years) and the low average duration of illness (mean = 4 years), our
study population is considered to be in the early course of schizophrenia;
thus, our findings may only address ToM impairments in individuals
within the early stages of schizophrenia and not in other stages of the
illness. Although most patients were clinically stable with little variation
in symptoms, we were unable to further assess the potential impact of
patients’ mood status on ToM performance. In addition, all patients
were on antipsychotic medication, clinically stable, and had relatively
high IQ levels, which further limits the generalization of our findings
from unmedicated and higher symptomatology schizophrenia pop-
ulations, in addition to lower IQ populations. Furthermore, the rela-
tively small sample size of our control group is another potential
limitation which may reduce the prospect of detecting subtle changes in
brain activity between patients and controls. Finally, because we
observed no associations between task-related brain activation and the
Hinting Task, our significant correlations between task-related brain
activation and ToM performance may only be specific to the False Belief
condition of the False Belief task.

In conclusion, the present study reports that aberrant brain activa-
tion in the bilateral TPJ is significantly related to poorer ToM
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performance in schizophrenia. The current study links regional brain
activity with behavioral data during a False Belief task in individuals
within the early course of schizophrenia. To the best of our knowledge, it
is also the first study to further explore individual differences in brain
activity during a ToM task in an early course schizophrenia population.
As ToM abilities correlate with greater neurocognitive capacity and re-
ductions in negative symptom severity (Mike et al., 2019), early detec-
tion of these ToM impairments may help us identify patients who could
benefit from targeted treatment of ToM difficulties; thus, improving
quality of life for individuals with schizophrenia. Furthermore, our
findings suggest that the bilateral TPJ may be proposed as a potential
neural target for therapeutic intervention development aiming to
improve ToM in schizophrenia.
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