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Aberrant activity and connectivity of the posterior superior
temporal sulcus during social cognition in schizophrenia
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Abstract Schizophrenia is associated with significant
impairments in social cognition. These impairments have
been shown to go along with altered activation of the posterior superior temporal sulcus (pSTS). However, studies
that investigate connectivity of pSTS during social cognition in schizophrenia are sparse. Twenty-two patients with
schizophrenia and 22 matched healthy controls completed
a social-cognitive task for functional magnetic resonance
imaging that allows the investigation of affective Theory
of Mind (ToM), emotion recognition and the processing of
neutral facial expressions. Moreover, a resting-state measurement was taken. Patients with schizophrenia performed
worse in the social-cognitive task (main effect of group). In
addition, a group by social-cognitive processing interaction
was revealed for activity, as well as for connectivity during the social-cognitive task, i.e., patients with schizophrenia showed hyperactivity of right pSTS during neutral face
processing, but hypoactivity during emotion recognition
and affective ToM. In addition, hypoconnectivity between
right and left pSTS was revealed for affective ToM, but
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not for neutral face processing or emotion recognition. No
group differences in connectivity from right to left pSTS
occurred during resting state. This pattern of aberrant activity and connectivity of the right pSTS during social cognition might form the basis of false-positive perceptions of
emotions and intentions and could contribute to the emergence and sustainment of delusions.
Keywords Schizophrenia · Social cognition · Posterior
superior temporal sulcus · Functional magnetic resonance
imaging · Psychophysiological interactions · Resting-state
connectivity

Introduction
Schizophrenia is a severe psychiatric disorder associated
with significant deficits in social functioning that have been
related to impaired social-cognitive functions [1, 2]. While
several studies investigated the neural bases of altered
social cognition in schizophrenia in terms of activity, little is known about the connectivity of core social-cognitive
regions. In this context, a brain region that is currently getting into the focus is the posterior superior temporal sulcus
(pSTS). Until now, however, it is unclear whether deficient
functioning of the pSTS presents a global marker of schizophrenia, or is specific for the social-cognitive deficits.
Deficits in social cognition (the processing of information that leads to the recognition of emotions and intentions of others; [3]) have been consistently reported in
schizophrenia. These deficits range from alterations in
face processing [4, 5], over emotion recognition [6], up to
deficits in complex social cognitions [7], such as in Theory of Mind (ToM; the ability to recognize mental states,
such as wishes, desires and intentions; [8]). Importantly,
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patients with schizophrenia are impaired in both, cognitive (the ability to understand mental states without relying on emotional information) and affective (the ability to
recognize affective mental states) ToM, while the group
around Shamay-Tsoory [9] even showed pronounced
deficits in affective ToM in schizophrenia. Since deficits
in social cognition can even be found in remitted schizophrenia patients [10], as well as in people with an at-riskmental state for schizophrenia [11], and in relatives of
schizophrenia patients [12], social-cognitive impairments
can be assumed to present an intermediate phenotype [13,
14] and trait marker of the disease [15]. In agreement
with this assumption, several studies found evidence for
alterations in the neural processing of social stimuli in
schizophrenia.
Meta-analyses suggest alterations in amygdala activation in schizophrenia during face processing and emotion
recognition [16]. Interestingly, current studies [17, 18]
as well as a recent meta-analysis [19] revealed relative
hyperactivity of the amygdala in response to neutral facial
expressions in schizophrenia and a relative hypoactivity
in response to emotional facial expressions. Hence, the
amygdala might be one of the major candidates to explain
deficient social cognition, as well as deficient social functioning in schizophrenia [20]. The pSTS, another core area
for social cognition [21], presents a comparable pattern of
activation differences in schizophrenia: Again, there is evidence for hyperactivity in response to neutral facial expressions, respectively, in non-explicitly emotional control conditions of social-cognitive tasks and relative hypoactivity in
response to emotional facial expressions [4, 22, 23]. For the
amygdala, activity and connectivity during emotional face
processing in schizophrenia were shown to be dependent of
the state of disease and could not be revealed for relatives
of schizophrenia patients [24]. In contrast, there is some
evidence for a state independence with regard to pSTS activation, because also carriers of schizophrenia risk alleles
show altered STS activation during social-cognitive tasks
[25]. Thus, aberrations in STS activation might constitute
the intermediate phenotype of social-cognitive deficits of
schizophrenia and could contribute to the emergence of different schizophrenia symptoms [26].
The pSTS, however, is not only involved in social cognition, but also in the processing of biological movement,
has a central functioning in attentional control and serves
as a brain region for multisensory integration [21]. In consequence, social-cognitive deficits in schizophrenia might
not necessarily constitute an inherent deficit of social cognition alone, but also deficits in attentional or cognitive
processes might negatively influence social-cognitive processes via aberrant pSTS functioning. In this case, not only
the activity of the pSTS would be important, but also its

connectivity to brain regions of the social-cognitive, as well
as other networks, such as the executive control network
[27, 28].
Altered STS-frontal connectivity can be detected in subjects with at-risk mental states for schizophrenia already
[29]. In addition, in some of the few studies that investigated connectivity during social-cognitive tasks in schizophrenia, aberrant pSTS [30, 31] as well as aberrant amygdala connectivity was found [32, 33]. Interestingly, in
both studies that revealed aberrant pSTS connectivity, the
hyperconnectivity of the pSTS only occurred while patients
solved the control condition of the social-cognitive paradigm. This finding has at least two possible explanations:
First, it might be that high pSTS connectivity presents the
default state in schizophrenia, but does not increase with
task demands. In this case, it would only be detectable in
tasks without a social-cognitive (or a general cognitive)
demand and is not revealed in tasks that require an active
engagement of the social brain network (i.e., superior temporal sulcus, amygdala, medial prefrontal cortex, insula,
inferior prefrontal cortex/premotor cortex [3, 34, 35]) in
healthy participants, too. Second, the pSTS hyperactivity as
well as hyperconnectivity reflects the schizophrenia brain’s
basis for hypermentalizing. Frith and Corcoran [36] as well
as others assumed that patients with paranoid schizophrenia
tend to hypermentalize. Since the pSTS is constantly found
to be of relevance in studies investigating intention recognition [37, 38], hyperengagement of the pSTS in schizophrenia might lead to false-positive perceptions of intentions,
i.e., to hypermentalizing.
In summary, people with schizophrenia show profound
deficits in social cognition. These deficits are reflected in
altered amygdala and pSTS activation as well as altered
connectivity of these areas. What is not clear, however, is
whether the altered pSTS activity and connectivity present
a default state of the schizophrenia brain, or might specifically reflect the neural basis for hypermentalizing. To
address this question, patients with schizophrenia and a
healthy control group underwent resting-state functional
magnetic resonance imaging (fMRI), as well as a socialcognitive paradigm. The applied social-cognitive paradigm
allows the investigation of affective ToM, emotion recognition and neutral face processing, and has already revealed
hyperactivity of amygdala and pSTS during the processing
of neutral facial expression and emotion recognition, but not
during affective ToM in schizophrenia outpatients [4]. The
aim of the present study was replicating these findings in
an independent sample of patients with schizophrenia and
healthy controls. In addition, the study design allowed us to
address the following additional questions: If we replicate
the findings of Mier et al. [4], does the aberrant activation
go along with altered connectivity during social-cognitive
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Methods and materials

or dependence except for nicotine, as well as contraindications for magnetic resonance imaging. All participants gave
written informed consent before being enrolled in the study.
Characteristics of both groups, medication, as well as clinical ratings are reported in Table 1.

Sample

Social-cognitive testing

The present study is part of a larger investigation of metacognitive deficits in schizophrenia (for details see [39, 40])
and was approved by the local ethics board of the Medical
Faculty Mannheim, University of Heidelberg (AZ 2009296N-MA). Twenty-two patients with schizophrenia and 22
healthy control subjects participated in the study. Patients
with schizophrenia were recruited via the wards of the
Central Institute of Mental Health, Mannheim, Germany.
Patients with schizophrenia were included when having a
diagnosis of schizophrenia according to the Diagnostical
and Statistical Manual of Mental Disorders-IV (DSM-IV;
[41]) which was confirmed by the attending physician and an
experienced clinical rater (psychologists as well as psychiatrists with formal training). A number of patients were diagnosed with comorbid disorders. Psychiatric comorbidities
included obsessive compulsive disorder (n = 1), pathological
gambling (n = 1), adjustment disorder (n = 1), and depression (n = 1). Five patients were diagnosed with substance
abuse disorders (multiple substances: n = 2, analgesics:
n = 1, alcohol: n = 1, cannabis: n = 1). Two patients had a
history of substance abuse and one patient of benzodiazepine
dependence, but these patients did not fulfill this diagnosis at
present. All patients were abstinent at the time of testing. In
addition, patients were interviewed by the experienced clinical raters with the Positive and Negative Syndrome Scale
(PANSS [42]) and the Scale for the Assessment of Negative
Symptoms (SANS [43]) to assess current positive and negative, as well as general psychopathology. Social functioning was assessed with the Personal and Social Performance
Scale (PSP [44]). All patients received antipsychotic medication with no changes in substances and no changes in dosage larger than 25 % within the last 2 weeks. Healthy controls were recruited via announcements in local newspapers,
the homepage of the Central Institute of Mental Health, as
well as via flyers. Healthy controls were screened with the
Mini International Neuropsychiatric Interview (MINI [45])
to exclude past or present psychiatric disorders. Moreover,
healthy controls were only included when reporting not
having a first degree relative with schizophrenia or bipolar
disorder. Healthy controls were matched to the schizophrenia patients by age, gender, education and estimated verbal
intelligence (as assessed with the Multiple-word-choice-test,
Mehrfachwahl-Wortschatz-Test; MWTB [46]). Exclusion
criteria for both groups were neurological diseases, current
(for the healthy control group also past) substance abuse

Participants were tested with the Meyer–Salovey–Caruso
emotional intelligence test (MSCEIT) to assess social and
emotional managing skills [47, 48]. The MSCEIT is a
widely used test to investigate social cognition in schizophrenia (e.g., [47]). The subtest managing emotions that
was used in the present study can be divided into two tasks,
namely emotion management (regulation of one’s own
emotions) and emotional relations (managing emotions
to achieve an outcome involving other people). Eight scenarios are read out loud to the participant, each followed
by three to four possible reactions of the protagonist. Each
reaction has to be evaluated according to its effectiveness
of solving the situation by regulating emotions. The individual scores are weighed according to normative data to
reach a total t value. Additional assessments of social cognition were completed with a computerized version of the
reading the mind in the eyes test (RMET; [49]) to investigate ToM, as well as with the e-scale to investigate empathy [50]. In the RMET, excerpts of eyes (equal number of
male and female) are shown to participants on a computer
screen. Beneath, four adverbs are presented. Participants
are asked to decide by a click on the word which of the
adverbs best described what the person on the picture (by
means of his/her eyes) thinks, feels or expresses. The total
number of correct and incorrect decisions is calculated. In
sum, 37 pictures must be evaluated, of which the first one
is a practice trial which is not evaluated. Using this version
of the RMET, several studies have already revealed significant differences between patients with schizophrenia and
healthy controls [51, 52]. The e-scale is a questionnaire to
assess empathy, consisting of 25 items. On 5-point scales,
participants are asked to rate in how far the statements
apply to them personally (0 = not applicable to 5 = totally
applicable). A sumscore is calculated. While the different
factors of the e-scale could not be reliably replicated, the
e-scale seems to represent a general empathy factor [50].

processing in schizophrenia? Do we find comparable or different aberrations in connectivity during rest?

Experimental paradigm
The experimental paradigm for fMRI allows the investigation of three functions of social cognition: face processing, emotion recognition and affective ToM [4, 53]. For
this purpose, participants are presented with statements
that are immediately followed by facial expressions [38].
These statements refer to either a physical feature (gender,
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Table 1 Characteristics of
both groups, as well as clinical
data for the patient group,
reported in means and standard
deviations (SD) in brackets

Schizophrenia patients

Healthy controls

Statistics

Gender

18 f, 4 m

16 f, 6 m

Chi, p = 0.72, n.s.

Age (years)

38.05 (9.19)

37.50 (10.82)

p = 0.86, n.s.

School education (years)

10.36 (1.65)

10.95 (1.57)

p = 1.00, n.s.

Verbal intelligence (IQ)

97.23 (10.83)

101.68 (10.06)

p = 0.17, n.s.

Age of onset
Duration of illness (years)

28.0 (8.80)
10.50 (6.84)

Antipsychotic medication

Amisulpride: n = 2
Aripiprazole: n = 2
Clozapine: n = 5
Olanzapine: n = 2
Paliperidone: n = 1
Quetiapine: n = 4
Risperidone: n = 5
Study medication: n = 1

Benzodiazepines
Duration of antipsychotic dosage
CPZ equivalent (µg/ml)

Lorazepam: n = 7
Median: 6 days
452.52 (176.02)

PANSS global
PANSS positive
SANS

32.59 (7.14)
14.32 (3.87)
23.05 (19.08)

PSP

54.50 (12.47)

PANSS Positive and Negative Syndrome Scale, SANS Scale for the Assessment of Negative Symptoms,
PSP Personal and Social Performance Scale, CPZ chlorpromazine

hair color, age) of the person whose facial expression is
displayed (face processing), an emotional state (fear, happiness, anger) (emotion recognition), or an intention (running away, cheering, blustering) of the displayed person
(affective ToM). The type of facial expression depends on
the task condition: A neutral facial stimulus is presented for
face processing, whereas an emotional one is displayed for
emotion recognition and affective ToM. Participants were
instructed to indicate by button press whether the statement
matches the displayed person. For each of the social-cognitive functions, half of the facial stimuli were female, half
male. Further, in affective ToM and emotion recognition the
emotions fear, anger and happiness were shown and were
equally distributed within the conditions. In the neutral face
processing condition, only neutral facial expressions were
shown. Statements, as well as facial stimuli, were presented
for 2 s. Trials were separated by a fixation cross with a variable presentation time of 2 s on average (with a jitter of
1–3 s). A total of 30 trials were presented for each socialcognitive function, resulting in an experimental time of
9.5 min (experimental design is presented in Fig. 1). Analyses of emotion recognition and affective ToM were accomplished across emotions. The experiment was presented
with the software Presentation (Neurobehavioral Systems,
Albany, CA). Participants responded with a current design
response device (Current Designs, Inc., Philadelphia, PA)

and watched the experiment via VisuaStim video goggles
(Resonance Technology Inc, Northridge, USA).
Data acquisition
FMRI data were acquired with a 3-Tesla Siemens Tim
TRIO (Siemens, Erlangen). Prior to the experiment, a
magnetization-prepared rapid gradient-echo (MPRAGE)
anatomical scan was acquired to investigate potential gross
brain abnormalities (slices: 192; repetition time (TR):
2300 ms; voxel size: 1 × 1 × 1 mm). For the experimental design, an echo planar imaging sequence was applied
(slices: 32; TR: 2000 ms; echo time (TE): 30 ms; flip angle:
80°; voxel size: 3 × 3 × 3 mm (with 1-mm gap); matrix:
64 × 64 mm) with 275 scans (duration 9.2 min). An additional echo planar image (EPI) was taken without any
task to analyze resting-state connectivity (slices: 28; TR:
2000 ms; TE: 30 ms; flip angle: 80°; voxel size: 3 × 3 × 4
(with 1-mm gap); matrix: 64 × 64 mm). Two hundred and
four scans were collected for the resting state (duration
6.8 min). During the resting-state measure, participants
were lying still in the scanner with their eyes open, focusing on a fixation cross, while letting their mind wander. The
resting-state measurement was taken after the experimental
task. To allow physiological artifact correction of the resting-state data, heart rate and respiration rate were sampled
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Fig. 1 Experimental design
exemplarily depicted for faces
showing the emotion fear

at 50 Hz with the scanner built-in equipment. For the EPIs,
the first four scans were discarded to account for T1 saturation effects.
Data analysis
Functional magnetic resonance imaging data were analyzed with SPM8 (Wellcome Trust Centre for Neuroimaging, University College London, United Kingdom). Data
were preprocessed with slice time correction, realignment,
normalization and smoothing (9-mm isotropic kernel).
Only participants with translation <3 mm and rotation <3°
were included for further analyses. Movement parameters
did not differ significantly between groups (all ps > .163).
First-level analyses to model brain activation in response to
the experiment were applied with three regressors for the
social-cognitive functions, as well as six regressors derived
from realignment to account for possible residual movement-related variance. Data were filtered with a 128-s highpass filter. For the connectivity analyses, we used a datadriven approach, applying a functional mask of the right
pSTS cluster that showed a significant group by social-cognitive function interaction (see below in the results section)
as seed region. Connectivity of this right pSTS cluster was
investigated with generalized psychophysiological interactions (gPPI [54]) ran in the gPPI toolbox (http://www.nitrc.
org/projects/gppi). Here, we were interested in the group

by social-cognitive function interaction, too, i.e., changes
in connectivity during affective ToM in comparison with
emotion recognition and neutral face processing, depending on the group status. To this end, the first eigenvariate
of the cluster that showed a significant social-cognitive
function by group interaction of the right pSTS activation
was extracted for each person (eigenvariate extraction was
achieved without applying a significance threshold), deconvolved by the canonical hemodynamic response function
(HRF) and multiplied with the time series of affective ToM,
emotion recognition and face processing, respectively, to
represent condition-specific interactions. These interaction regressors were subsequently convolved again with the
HRF. Next, a gPPI first-level analysis was set up, containing the interaction regressors, the task regressors and the
(unmultiplied) first eigenvariate of pSTS activation.
Complete sets of resting-state data including the physiological measures were available for 13 patients with schizophrenia (3 females) and 19 healthy controls (5 females).
For the analysis of the resting-state data, first physiological artifacts were corrected using the Aztec software tool
[55], including a high-pass filter of 512 s. Preprocessing
included realignment, slice time correction, normalization and smoothing with a 9-mm Gaussian kernel. For the
functional connectivity analysis of the resting-state data,
first eigenvariate was extracted from the time course of the
same pSTS mask that was used for the gPPI-analysis, as
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Table 2 Performance in the
social-cognitive tasks for both
groups, reported in means and
standard deviations (SD) in
brackets

Schizophrenia patients

Healthy controls

Statistics

Affective ToM (%)

64.70 (9.79)

71.81 (7.95)

p = 0.011, d = .77

Emotion recognition (%)

66.06 (9.85)

73.79 (8.38)

p = 0.008, d = .64

Neutral (%)

57.72 (11.01)

60.76 (7.42)

p = 0.289, n.s., d = .33.

Affective ToM (RTs)

1234.49 (154.12)

1174.80 (175.31)

p = 0.237, n.s., d = .36

Emotion recognition (RTs)

1264.19 (184.29)

1255.46 (166.49)

p = 0.870, n.s., d = .05

Neutral (RTs)

1105.87 (162.84)

1022.64 (182.20)

p = 0.118, n.s., d = .48

MSCEIT emotion

89.36 (10.10)

90.91 (7.90)

p = 0.575, n.s., d = .17

MSCEIT social

84.41 (9.86)

89.82 (10.65)

p = 0.088, n.s., d = .53

RMET

23.00 (3.56)

23.18 (6.69)

p = 0.869, n.s., d = .03

Empathy

78.64 (14.85)

81.59 (14.41)

p = 0.507, n.s., d = .20

Statistics were conducted with t tests
Affective ToM affective Theory of Mind, Neutral neutral face processing, RTs reaction times, MSCEIT
emotion emotional management scale of the Meyer–Salovey–Caruso emotional intelligence test, MSCEIT
social social management scale of the Meyer–Salovey–Caruso emotional intelligence test, RMET reading
the mind in the eyes test, Empathy e-scale

well as from white matter and cerebrospinal fluid (CSF)
masks. The individual pSTS, white matter and CSF first
eigenvariates together with the six movement regressors
were entered into first-level regression analyses in SPM8
to investigate the covariation between pSTS activity and
activity in all other brain regions.
Second-level analysis consisted of the application of a
flexible-factorial design with the factors subject, socialcognitive function and group for task-related activity and
connectivity. Resting-state connectivity was compared
between groups by t tests. To achieve the balance between
false-positive and false-negative findings, significance
threshold for whole brain analyses was set to p < 0.005,
cluster size (k) = 20 [56]. Post hoc tests for the analysis
of the group by social-cognitive function interaction in
right pSTS (activity) and in left pSTS (connectivity) were
achieved by extracting the first eigenvariate of the interaction clusters for each social-cognitive function (affective
ToM, emotion recognition and neutral face processing)
for each participant and by subjecting the extracted eigenvariates to t tests in SPSS (version 20). The eigenvariate of
the left pSTS interaction cluster was also extracted for the
resting-state measure to compare connectivity differences
between task and rest (see supplementary text). No significance threshold was used for eigenvariate extraction.
Behavioral data were analyzed with SPSS, too. Performance data as well as reaction times were analyzed with
repeated measures analyses of variance (ANOVAs) and
according post hoc t tests. RMET was analyzed between
groups with a t test. The same was true for the MSCEIT
and the e-scale. Correlations between measures of socialcognitive performance, psychopathology, age of onset
and duration of illness, as well as with chlorpromazine

equivalents (i.e., potency of the antipsychotic medication
[57]) were assessed with Pearson correlation coefficients.
Significance threshold was set to p < 0.05.

Results
Social-cognitive tasks
No significant differences between groups occurred for
the RMET task, as well as for the e-scale. In the MSCEIT,
patients were found to perform equally to healthy controls
in the emotional managing scale, but performed trendwise worse in the social managing scale (see Table 2). For
the social-cognitive fMRI task, a significant main effect
of group occurred with the schizophrenia group, having
a significantly lower performance than the healthy control group [F (df 42,1) = 9.57, p = 0.004, ȵ2 = .19]. The
group × social-cognitive function interaction was not significant. Patients did not differ significantly from the control group in reaction times. Across all participants, the
affective ToM performance was significantly correlated
with the RMET performance (r = .47, p < 0.001) and the
MSCEIT social managing scale (r = .44, p = 0.003), while
the emotion recognition performance correlated only with
the RMET performance (r = .42, p = 0.004). Analysis of
the association of chlorpromazine equivalents and behavior showed no significant association with performance.
There was a negative correlation of RMET performance
and SANS (r = −.43, p = 0.044), and of the PANSS negative scale and emotional managing (r = −.46, p = 0.033).
Further, there was a negative correlation of age of onsets
and MSCEIT emotional managing (r = −.45, p = 0.035),
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Table 3 Functional brain
imaging results for the effect of
ToM (p < 0.005 uncorrected,
k = 20) and the group by
condition interaction (p < 0.005
uncorrected, k = 20)

Area

BA

Cluster

MNI
x

t value
y

p value

z

ToM > Emo > neutral
Inferior frontal gyrus

45

311

56

32

6

7.29

p < 0.001

Inferior frontal gyrus

47

506

−48

30

−4

5.72

p < 0.001

−52

26

6

4.99

p < 0.001
p < 0.001
0.002
0.005

Inferior frontal gyrus

45

Superior temporal gyrus

22

Middle temporal gyrus
Middle temporal gyrus
Middle temporal gyrus

39
21
21

781

−58

−54

6

5.34

1.510

−40
−46
52

−60
−34
−16

18
−6
−12

3.05
2.66
5.14

Middle temporal gyrus

p < 0.001

22

50

−42

2

4.96

p < 0.001

Middle temporal gyrus

21

52

−2

−22

4.91

p < 0.001

Superior temporal gyrus

38

Middle temporal gyrus

21

Middle temporal gyrus
Fusiform gyrus
Fusiform gyrus

452

21
37

102

37

Amygdala

63

−48

14

−30

4.98

p < 0.001

−54

−4

−20

4.93

p < 0.001

−52

−12

−16

4.73

p < 0.001

44

−50

−18

4.50

p < 0.001

46

−40

−18

3.57

p < 0.001

20

−8

−16

4.11

p < 0.001

Group × condition interaction
Superior temporal gyrus

22

88

46

−38

4

4.10

p < 0.001

Inferior frontal gyrus

46

62

58

34

8

3.77

54

34

−4

3.35

p < 0.001
0.001

48

−58

14

2.97

0.002

Inferior frontal gyrus

47

Superior temporal gyrus

22

31

ToM affective Theory of Mind, Emo emotion recognition, Neutral neutral face processing. Subcluster peaks
are inserted

as well as between age of onset and performance in affective ToM (r = −.58, p = 0.005), and emotion recognition
(r = −.54, p = 0.009).
Functional brain imaging results
A main effect of task with increasing activation from neutral face processing over emotion recognition to affective
ToM was found in regions of the “social brain”, namely in
clusters of the middle and superior temporal gyri, covering
the pSTS region bilaterally, in the inferior prefrontal gyrus
bilaterally and in the right amygdala (Table 3). In addition,
a significant group by social-cognitive function interaction
occurred in a cluster in right temporal gyrus, covering the
pSTS region and right inferior prefrontal cortex (Table 3;
Fig. 2) that was caused by schizophrenia patients having
increased activation in the neutral face processing condition and by lacking an increase in activation from neutral
face processing over emotion recognition to affective ToM
that was evident in the healthy control group. This cluster
of the group by social-cognitive function interaction, covering the right pSTS, was used for further post hoc tests
and as seed region for the connectivity analyses. Post hoc

t tests with the first eigenvariate of right pSTS activation
revealed a significant hyperactivation during neutral face
processing [t (df 42) = 3.18, p = 0.003, d = .94], as well
as a significant hypoactivation for emotion recognition [t
(df 42) = −2.28, p = 0.028, d = .71] and affective ToM [t
(df 42) = 2.46, p = 0.017, −d = .75] in the schizophrenia
group in comparison with the healthy control group. There
neither was a significant correlation between pSTS activation and medication, as assessed by chlorpromazine equivalents, nor between pSTS activation and psychopathology,
or duration of illness or age of onset. In the patient group,
there was an association between activity during neutral
face processing and reaction times for neutral face processing (r = −.439, p = 0.041), and emotion recognition
(r = −.502, p = 0.017). In the healthy control group, the
MSCEIT emotions scale was associated with activity during neutral face processing (r = .498, p = 0.018). However,
none of these correlations survived correction for multiple
testing.
The gPPI-analysis showed a significant interaction of
group and social-cognitive function, too. In comparison with
the healthy control group, patients with schizophrenia showed
less increase in connectivity from neutral face processing
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Fig. 2 Significant social-cognitive function by group interaction in activity. a Display of activity differences in right posterior superior temporal
sulcus (p < 0.005, uncorrected) and b mean signal change (with respect to the fixation cross baseline) within the right posterior superior temporal sulcus

Fig. 3 Significant social-cognitive function by group interaction in
connectivity of the right posterior superior temporal sulcus. a Display of connectivity differences from right to left posterior superior
temporal sulcus (p < 0.005, uncorrected), b mean signal change (with
respect to the fixation cross baseline) of connectivity of right to left

posterior superior temporal sulcus, c display of the social-cognitive
function by group interaction in cortical brain regions (p < 0.005,
uncorrected) and d display of the social-cognitive function by group
interaction in the medial frontal cortex (p < 0.005, uncorrected)

over emotion recognition to affective ToM between right and
left pSTS (Fig. 3), as well as between right pSTS and right
medial prefrontal cortex, premotor cortex bilaterally, visual
cortex, putamen and somatosensory cortex (Table 4). Post hoc

t tests were performed with the first eigenvariate of left pSTS,
showing a significant hypoconnectivity for the patient group
for affective ToM [t (df 42) = 2.76, p = 0.009, d = .83],
but not for emotion recognition or neutral faces. There was
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Table 4 Group by condition
interaction, as revealed by the
generalized psychophysiological
interactions (p < 0.005
uncorrected, k = 20)

Group × condition interaction

BA

Cluster

Area

MNI
x

Middle temporal gyrus

22

Middle temporal gyrus
Medial frontal gyrus

21
9

Medial frontal gyrus
Anterior cingulate

9
25

Superior frontal gyrus

6

y

t value

p value

p < 0.001
0.002

z

40

52

−40

0

3.87

79

62
10

−38
46

0
32

3.01
3.75

31

16
6

46
14

22
−10

3.20
3.59

113

−10

30

64

3.51

−6
−34

22
18

68
60

3.30
3.18

p < 0.001
0.001
0.001

p < 0.001
0.001
p < 0.001

Superior frontal gyrus
Middle frontal gyrus

6
6

Superior temporal gyrus

39

47

−38

−56

24

3.44

p < 0.001

Postcentral gyrus

3

23

−44

−26

62

3.43

Precuneus
Superior frontal gyrus
Middle frontal gyrus
Middle frontal gyrus

19
6
6
6

35
88

44
26
40
32

−74
12
10
18

44
68
60
62

3.34
3.31
3.22
3.03

p < 0.001
0.001
0.001
0.001
0.002

Fusiform gyrus

20

25

−60

−6

−28

3.24

0.001

25

24

10

12

3.13

0.001

Putamen
Subcluster peaks are inserted

a significant negative correlation between pSTS–pSTS connectivity during affective ToM and medication (r = −.442,
p = 0.045), as assessed by chlorpromazine equivalents. There
were several significant associations between performance
and pSTS–pSTS connectivity in the patient group: pSTS–
pSTS connectivity for neutral face processing was associated
with performance in affective ToM (r = .436, p = 0.043). In
addition, emotion recognition performance correlated with
pSTS–pSTS connectivity in all three social-cognitive functions (affective ToM: r = .448, p = 0.036, emotion recognition: r = .497, p = 0.019, neutral face processing: r = .565,
p = 0.006). PANSS positive pathology was linked to pSTS–
pSTS connectivity during emotion recognition in the patient
group (r = .512, p = 0.015). There were no significant associations between pSTS–pSTS connectivity and duration of
illness, or age of onset. In the healthy control group, selfreported empathy was associated with pSTS–pSTS connectivity during affective ToM (r = .473, p = 0.026). Reaction
times for affective ToM in the healthy control group were
correlated with pSTS activity during emotion recognition
(r = −.529, p = 0.011). However, none of these correlations
survived correction for multiple testing.
Resting-state connectivity analyses showed a significantly reduced connectivity of the right pSTS to the postcentral gyrus bilaterally, the cerebellum, the thalamus, as
well as the left inferior frontal gyrus in the schizophrenia group in comparison with the healthy control group
(Table 5). However, no altered connectivity from right
pSTS to left pSTS was evident.

Results from additional analyses (affective ToM > emotion recognition, affective ToM > neutral face processing, emotion recognition > neutral face processing; affective ToM > emotion recognition > neutral face processing
separately for the groups; group comparisons for affective
ToM, emotion recognition and neutral face processing;
differences between groups for right pSTS to left pSTS
connectivity depending on task vs. rest) are given in the
supplementary materials (supplementary figures 1 and 2,
supplementary tables 1–10 and supplementary text).

Discussion
The present investigation aimed at examining pSTS activity
and connectivity in schizophrenia. We applied a social-cognitive task and a resting-state measurement to a group of
patients with schizophrenia, as well as to a matched healthy
control group. We replicated previous findings of aberrant
pSTS activation in schizophrenia during social cognition
and extended these findings by showing aberrant connectivity changes of the right to the left pSTS in task conditions, but not during rest.
First of all, we replicated previous findings of deficient
social cognition with our current schizophrenia sample
[4, 6, 58]. Regarding the number of correct responses, the
patient group performed significantly inferior to the healthy
control group in the fMRI task, investigating emotion recognition and affective ToM. Patients, however, showed
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Table 5 Reduced connectivity
of the right posterior
superior temporal sulcus in
schizophrenia patients under
rest (p < 0.005 uncorrected,
k = 20)

HC > SZ

BA

Cluster

Area

MNI
x

Thalamus

y

t value

p value

z

45

6

−22

7

4.04

p < 0.001

89

66

−19

28

3.90

−28
−73

37
−50

2.94
3.82

p < 0.001
0.003

36

48
−27

27
63

−18
−36
−33

−76
41
−37

−38
7
55

3.04
3.58
3.47

p < 0.001
0.002
0.001
0.001

38

−33
9

−31
−22

40
−38

3.26
3.26

0.001
0.001

Cerebellum

12

−37

−41

3.24

0.001

Cerebellum

18

−40

−50

3.08

0.002

Postcentral gyrus

3

Postcentral gyrus
Cerebellum

2

Cerebellum
Inferior frontal gyrus
Postcentral gyrus
Postcentral gyrus
Cerebellum

46
40
2

The reverse contrast revealed no significance under the given significance threshold. Subcluster peaks are
inserted
SZ patients with schizophrenia, HC healthy control subjects

no significant aberrations in self-reported empathy, in the
RMET, as well as in the MSCEIT.
In the fMRI data, a group by social-cognitive function
interaction occurred with patients in comparison with the
healthy controls showing hypoactivation of right pSTS
and right inferior prefrontal gyrus during affective ToM
and emotion recognition, and hyperactivation for neutral
face processing, partially replicating our previous finding
from a group of schizophrenia outpatients [4], as well as
findings from other groups indicating pSTS hypoactivity
in response to emotionally relevant social stimuli, but not
for emotionally irrelevant ones [23]. Moreover, we found
decreased connectivity between right and left pSTS for
affective ToM, but not for emotion recognition and neutral
face processing in the schizophrenia group. The pSTS/temporo-parietal junction is directly involved in mental-state
reasoning [59, 60] and is one of the main structures consistently reported in fMRI studies investigating ToM [61].
Analysis of the contrast estimates shows that the aberrant
connectivity of the pSTS was due to a linear decrease of
connectivity from neutral face processing to affective ToM
in the schizophrenia group, but an increase in the healthy
control group. A comparable pattern was found in the
study by Straube and colleagues (2013, 2014). The authors
reported reduced activity for the processing of metaphoric
gestures in left pSTS and left inferior prefrontal gyrus in
schizophrenia patients [62]. In a follow-up analysis, the
authors found that this pattern of activation went along
with reduced connectivity of the left pSTS with the inferior frontal gyrus [31]. These results could be explained by
enhanced activity, respectively, and connectivity, of the left
pSTS for iconic gestures. In agreement with the findings
of Straube and colleagues, Ciaramidaro found increased
pSTS activity, as well as increased pSTS connectivity in

the control condition of a ToM-task [30]. Our findings,
together with the findings of Straube and colleagues as
well as those of Ciaramidaro and colleagues, could have
at least two major implications. First of all, albeit there
were only few significant correlations between activation
and performance in our current sample, the reduced activity and reduced connectivity in the conditions that require
enhanced activity/connectivity in areas of the social-cognitive network might be associated with deficits (i.e., patients
perform worse in emotion recognition and affective ToM
and show reduced activity in amygdala and pSTS, as well
as reduced pSTS–pSTS connectivity). Second, the hyperactivity in the pSTS region in the tasks that do not need
enhanced activity might make patients prone to false positives, i.e., the faulty perception of emotions and intentions.
This pattern of false positives in social-cognitive tasks does
not seem to be a new finding in the schizophrenia literature.
However, it gets more attention since fMRI reveals congruent results. In 2003, Blakemore and colleagues already
showed that patients with schizophrenia do not differentiate
in their ratings of intentionality between animate random
sequences and animate interactive sequences [63]. In line
with this finding, Frith proposed that patients with schizophrenia may suffer from hypo- or hyper-ToM, depending
on current psychopathology [64]. Hence, the hypoactivity,
as well as hypoconnectivity might be causal to hypo-ToM,
while the hyperactivity might result in hyper-ToM. In her
review from 2012, Wible suggests an association between
an overactive pSTS/temporo-parietal junction region and
schizophrenia. In accordance, especially hyperactivity in
response to neutral facial expressions can be assumed to
facilitate the emergence of delusions. While we found some
correlations in our data that might support this assumption,
none of the correlations survived correction for multiple
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testing. Hence, future studies with larger samples sizes are
warranted to investigate the link between social-cognitive
performance and pSTS activity and connectivity.
To follow up on the assumption that aberrations in connectivity of the pSTS might reflect an intrinsic network
property of the schizophrenia brain, we additionally analyzed resting-state connectivity of the right pSTS. Here, in
comparison with the connectivity analysis for the socialcognitive task, we found no evidence for aberrant interhemispheric pSTS connectivity in schizophrenia. However, we
found reduced connectivity to several other brain regions,
including the MPFC that is thought to be the core region
of the mentalizing network [65]. Importantly, this finding
is in agreement with two recent studies by Schilbach and
colleagues, showing reduced connectivity during rest in
schizophrenia [66, 67]. In these studies, the authors report
reduced connectivity within the default mode network, as
well as within the mentalizing and the mirror neuron system in schizophrenia. These results suggest that reduced
connectivity of the pSTS is the default state in schizophrenia and does not occur while processing neutral facial
expressions (and maybe social stimuli without an emotional or intentional significance in general). Hence, there
is clear evidence for a relatively enhanced engagement
of social brain structures for neutral facial expressions in
schizophrenia [4, 23], but not during rest [66, 67]. In particular, the enhanced activity of the pSTS in response to the
neutral facial expressions could result in the faulty perception of intentions (i.e., hypermentalizing), as has been suggested earlier [36].
The present study has several limitations. Our sample for the resting-state analyses was smaller than for the
social-cognitive task, resulting in lower reliability than
for the task-dependent connectivity analysis. Thus, these
results have to be considered as preliminary. The smaller
sample might also result in reduced power to find comparable aberrations in connectivity as detected in the taskdependent connectivity analysis. This, however, seems not
to be the case, because the interaction pattern of socialcognitive function and group could also be revealed when
only including the participants from the resting-state analysis. Moreover, connectivity differenced significantly in this
sample between groups for affective ToM, but not for rest
(see supplementary text). In addition, newer approaches to
the analysis of the resting-state data that provide better control of movement influences (e.g., [68]) should be applied
in future studies.
In the last years, the finding of amygdala hyperactivation in response to neutral facial expressions in schizophrenia has gathered growing attention [19]. It was assumed
that this hyperactivation results in a negative bias in facial
emotion perception [18]. However, we could not replicate
our earlier finding of enhanced amygdala activation for

emotion recognition and neutral facial expressions in schizophrenia, as well as for pSTS hyperactivation for emotion
recognition [4]. In our earlier study, all patients were outpatients and were remitted from positive symptoms. The
patients in the present study had higher variance in psychopathology, possibly reducing the power to detect more
subtle group differences. In addition, although all patients
were on a antipsychotic monotherapy, medication, as well
as recent changes in dosage of medication, might have
superimposed group differences. Importantly, while our
finding of aberrant pSTS activity adds to studies suggesting social-cognitive deficits and alterations in pSTS functioning as an intermediate phenotype for schizophrenia, our
lack of replication of aberrant amygdala activity, however,
supports the finding that aberrations in amygdala activation are dependent on the state of disease, or psychopathology, cannot be observed during remission and therefore do
not represent an intermediate phenotype of schizophrenia
[24]. Hence, an investigation of drug-naïve, first-episode
patients with a more homogeneous clinical pattern seems
warranted. Moreover, acquiring larger patient samples that
allow a comparison of subgroups, depending on their psychopathology, would help shedding light on the impact
of amygdala functioning on social-cognitive deficits in
schizophrenia.
Interestingly, we neither found a significant deficit in
self-reported empathy in our schizophrenia patients, nor in
the RMET, or in the MSCEIT. Performance in the MSCEIT
has been shown to be linked to age of onset [69], as well as
to cognitive abilities [70]. This link between performance
in the MSCEIT and age of onset was revealed in our schizophrenia sample, too. Moreover, there is evidence that the
RMET taps a social-cognitive ability in schizophrenia that
is less severely impaired [71, 72], and recent studies indicate that patients with schizophrenia are only impaired in
specific, but not all aspects of empathy [73]. These findings
again add to the necessity to collect larger patient samples
in future studies and to take current state of psychopathology into account to disentangle the social-cognitive deficit
in schizophrenia. In addition, larger sample sizes would
be important to address gender effects on social-cognitive
abilities in schizophrenia.
Finally, it has to be kept in mind that our reported statistics are not corrected for multiple comparisons and that
the selected significance threshold was chosen to be sensitive for group differences, but might have the risk of typeI errors, suggesting the need for replication (especially of
the connectivity and correlational findings). In addition, it
would be important for future studies to investigate social
cognition across disorders. There is plenty of evidence
that not only patients with schizophrenia, but also patients
with other mental disorders, such as autism, or social phobia show aberrations in social cognition [15] and social
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interaction [74]. Hence, it can be assumed that deficits
in social cognition present a transdiagnostic marker [15,
74]. Direct comparisons of different mental disorders are
needed to disentangle common and distinct deficits.
The present study gives further evidence for a central
role of the pSTS for the social-cognitive deficit in schizophrenia, supporting the assumption of altered pSTS functionality during social cognition as an intermediate phenotype for schizophrenia. We could show enhanced right
pSTS activation during neutral face processing and reduced
right pSTS activation during emotion recognition and affective ToM. Moreover, our data suggest that aberrant right to
left pSTS connectivity in schizophrenia does not merely
reflect an intrinsic network property in schizophrenia, but
specifically occurs during task. In agreement with earlier
studies, it can be assumed that an enhanced engagement of
the pSTS in response to social stimuli without an affective
meaning makes patients prone to hypermentalizing and in
turn might present a vulnerability factor for the emergence
of delusions. Future studies with drug-naïve patients with
an at-risk-mental state for psychosis or during first manifestation can add to our understanding of the role of social
cognition in the development of psychosis.
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