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Background. Schizophrenia out-patients have deficits in affective theory of mind (ToM) but also on more basal levels

of social cognition, such as the processing of neutral and emotional expressions. These deficits are associated with

changes in brain activation in the amygdala and the superior temporal sulcus (STS). However, until now there have

been no studies that examined these different levels of social cognition and their neurobiological underpinnings in

patients within one design.

Method. Sixteen medicated schizophrenia out-patients and 16 matched healthy controls were studied with functional

magnetic resonance imaging (fMRI) during a social cognition task that allows the investigation of affective ToM

(aToM), emotion recognition and the processing of neutral facial expressions.

Results. Patients showed a deficit in emotion recognition and a more prominent deficit in aToM. The performance in

aToM and in emotion recognition was correlated in the control group but not in the schizophrenia group. Region-of-

interest analysis of functional brain imaging data revealed no difference between groups during aToM, but

a hyperactivation in the schizophrenia group in the left amygdala and right STS during emotion recognition and the

processing of neutral facial expressions.

Conclusions. The results indicate that schizophrenia out-patients have deficits at several levels of social cognition

and provide the first evidence that deficits on higher-order social cognitive processes in schizophrenia may be traced

back to an aberrant processing of faces per se.
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Introduction

Schizophrenia is a psychiatric disorder associated

with deficits in different processes of social cognition

on the behavioural and also on the neuronal level

(Pinkham et al. 2003 ; Penn et al. 2008). Social cognitions

comprise all information processes that culminate in

the accurate perception of the dispositions and inten-

tions of others, such as the recognition of identity,

movement and facial expressions (Brothers, 1990).

Theory of mind (ToM) is the ability to infer mental

states to others, such as wishes, desires and intentions

(Premack & Woodruff, 1978). Thus, ToM is a level

of social cognition that is preceded by several infor-

mation processing steps.

In the case of schizophrenia, disturbances in ToM

have been found repeatedly (Corcoran et al. 1997 ;

Doody et al. 1998 ; Kington et al. 2000). However, an

important differentiation in the assessment of ToM

is whether ‘cold’ or ‘hot ’ aspects of ToM are inves-

tigated. ‘Cold’ aspects relate to cognitive aspects and

‘hot ’ aspects to affective aspects (Brothers & Ring,

1992). Affective ToM (aToM) is most often investi-

gated by the understanding of faux pas or irony (e.g.

Shamay-Tsoory et al. 2005), or with the eyes test, where

a mental state is inferred by the expression of the

eyes region (Baron-Cohen et al. 1999). Cognitive ToM

is most often tested by the ability to infer a mental

state from a person (first-order ToM) or to infer what a

person is thinking about the mental state of a third

person (second-order ToM; e.g. Gregory et al. 2002).

Most paradigms for cognitive ToM exclude emotional
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information (e.g. Brüne, 2003 ; Brunet et al. 2003) and

it has been shown that schizophrenia out-patients

have a deficit in cognitive ToM (Janssen et al. 2003 ;

Greig et al. 2004 ; Kelemen et al. 2005 ; Inoue et al. 2006 ;

Horan et al. 2009). Of note, the studies that inves-

tigated both affective and cognitive ToM in schizo-

phrenia out-patients found more evidence for a

specific deficit in aToM than for a global ToM deficit

(Herold et al. 2002 ; Shamay-Tsoory et al. 2007 ; Mo et al.

2008 ; Kern et al. 2009).

However, in schizophrenia deficits were found not

only in ToM but also on more basal levels of social

cognitions, as in the processing of neutral faces (Manor

et al. 1999) and in emotion recognition (ER; for re-

views see Mandal et al. 1998 ; Edwards et al. 2002).

These deficits in the processing of neutral faces and

in ER were also shown to occur in schizophrenia out-

patients (Addington & Addington, 1998 ; Penn et al.

2000 ; Loughland et al. 2002 ; Johnston et al. 2006).

Taken together, the results from these behavioural

studies indicate that schizophrenia out-patients have

deficits on at least three levels of social cognition: the

processing of neutral faces, ER and aToM.

Brothers (1990) found that the amygdala, the

superior temporal sulcus (STS) and the medial orbito-

frontal cortex act as the neuronal network for social

cognition. Functional imaging studies investigating

social cognition in schizophrenia found alterations

in two areas of the social cognition network predomi-

nantly, namely the amygdala and the STS. Studies

investigating the passive viewing of neutral faces

found hyperactivity in the amygdala and hippocam-

pus (Holt et al. 2006 ; Surguladze et al. 2006) and the

STS (López-Ibor et al. 2008) in schizophrenia patients.

By contrast, the results for the processing of emotional

faces are more heterogeneous. Most studies found

amygdala hypoactivation in schizophrenia (Gur et al.

2002 ; Hempel et al. 2003 ; Fakra et al. 2008 ; see Li et al.

2009 for a meta-analysis) whereas others found

hyperactivation in patients (Kosaka et al. 2002 ; Holt

et al. 2006). Functional imaging studies investigating

ToM in schizophrenia showed no difference in the

amygdala activation and mixed results for STS acti-

vation, but all studies found prefrontal hypoactivation

(Russell et al. 2000 ; Brunet et al. 2003 ; Andreasen et al.

2008 ; Brüne et al. 2008). These results from functional

imaging studies together indicate that a pattern of

hyperactivation in areas of the social cognition net-

work occurs during the passive viewing of neutral

facial stimuli. ER tasks lead to heterogeneous results

in areas of the social cognition network and, if the task

gets more complex, as in ToM tasks, hypoactivation

in prefrontal areas also occurs.

The question that arises is whether these deficits

occur independently on each of these levels of social

cognition or whether deficits on a higher level of

social cognition (aToM) can be traced back to deficits

on lower levels of social cognitions, such as the pro-

cessing of faces itself or ER. However, although these

behavioural and brain functional deficits on different

levels of social cognition in schizophrenia are known,

to our knowledge no functional imaging study has

investigated the neuronal correlates within one para-

digm. Thus, the aim of the present study was to

investigate the neuronal correlates of aToM, ER

and processing of faces with neutral expressions in

schizophrenia out-patients with a modified version of

a new aToM task. Using this task in a healthy control

population, we found a close relationship between

ER and ToM in the behavioural data and in terms

of neuronal activation and we have shown that the

task is suited to elicit activation in the amygdala

and the STS (Mier et al., unpublished data). We

hypothesized that schizophrenia out-patients show

a deficit in aToM, ER and processing of neutral

faces. Furthermore, we suggested that, on a neuronal

level, this deficit in aToM can be traced back to

changes in brain activation in the amygdala and the

STS during ER and the processing of neutral facial

expressions.

Method

Sample

Sixteen schizophrenia out-patients and 16 healthy

controls participated in the study. The groups were

matched for gender, age and education, and also fluid

and crystallized intelligence (Table 1). Almost all par-

ticipants were right-handed; only one schizophrenia

out-patient was left-handed. No participant had a

history of neurological disease. To exclude actual or

life-time psychiatric diagnoses, healthy controls were

screened by means of the Mini-DIPS (Diagnostisches

Kurz-Interview bei psychischen Störungen; Margraf,

1994). Controls with first relatives with any history

of psychiatric disorders were excluded. All patients

met criteria for DSM-IV diagnosis of schizophrenia

and were on stable doses of antipsychotic medication.

Some of them were receiving additional medication

(Table 1). Psychopathology of the patients was meas-

ured using the Scale for the Assessment of Positive

Symptoms (SAPS; Andreasen, 1984) and the Scale

for the Assessment of Negative Symptoms (SANS;

Andreasen, 1983). Schizophrenia out-patients showed

only moderate symptom severity (Table 1). Partici-

pants gave their written informed consent prior to par-

ticipating in the study. The study was approved by

the local ethics board of the University of Giessen

School of Medicine.
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Procedure

Data were acquired at two sessions within 1 week.

The interviews and the intelligence measures were

conducted in the first session and the functional mag-

netic resonance imaging (fMRI) study in the second.

Crystallized intelligence was measured by means of

the multiple-choice vocabulary test MWT-B (Mehrfach

Wortschatz-Test Form B; Lehrl, 1977) and fluid intel-

ligence was assessed by means of the KAI (Kurztest

für Allgemeine Intelligenz; Gallwitz et al. 1992). Before

the aToM task, an adaptive ER task was performed,

using the same stimuli (data not presented here).

Stimuli consisted of morphed photographs of four

males and four females with facial expressions of

joy, anger, fear and a neutral expression. The applied

stimuli had been rated previously by 160 undergrad-

uate students and only emotional expressions with a

recognition rate between 70% and 90%were included.

Each trial started with the display of a statement,

followed by a face stimulus. Three different conditions

were implemented by the statements : aToM, ER and

neutral facial processing. Stimuli in the aToM and

the ER condition were identical. The stimuli in the

neutral condition consisted of the same persons, but

only stimuli with neutral facial expressions were used.

Subjects had to judge whether the depicted statement

matched the picture of the person. In the aToM con-

dition the task was to judge whether the shown person

was going to carry out a certain action. In the ER con-

dition subjects had to recognize the emotion. In the

neutral condition the task was to decide whether a

particular physical feature was present in the depicted

person. For both the aToM and the ER condition, to

solve the task the emotional content had to be ex-

plored. Responses were given by a button press on a

response panel with index and middle finger for ‘yes ’

and ‘no’ answers respectively (see Fig. 1 for exper-

imental design).

The statement was displayed for 2 s, followed by

the picture, which was displayed for a maximum of

2 s. If the response was faster than 2 s, the picture was

terminated and a fixation cross was depicted for the

rest of the trial. During the inter-trial interval (ITI)

the fixation cross was also shown. The mean ITI was

2 s (jittered between 0.5 and 3.5 s, resulting in a

stimulus onset asynchrony of 4.5–7.5 s). Each con-

dition was presented 30 times. The conditions and

the categories within the conditions and the stimulus

subjects were presented in a pseudo-randomized

order (no more than two repetitions in succession).

The total duration of the experiment was around

9.5 min.

Data acquisition and data analysis

Functional MRI data were collected with a 1.5-T

General Electrics (USA) whole-body scanner ; 185

volumes were collected with an axial T2*-weighted

echo planar sequence [30 slices, slice thickness 5 mm,

repetition time (TR) 3000 ms, echo time (TE) 50 ms,

alpha 90x, field of view (FoV) 220 mm, 64r64 matrix].

Slices were adjusted to AC-PC.

Behavioural data were analysed by means of SPSS

version 13 (SPSS Inc., USA). Reaction time and per-

formance data were analysed with 2r3 factorial

ANOVAs, with the between-subject factor group and

the repeated-measures factor task condition. Sub-

sequent two-sample t tests were used to identify dif-

ferences between groups within each condition and

dependent t tests to assess differences between the

conditions within the whole sample. Relationships

between performance data in the three conditions

Table 1. Sociodemographic variables for both groups

Schizophrenia

out-patients

Healthy

controls

Significance

p value

Gender, male/female 11/5 11/5 1.0, x, N.S.

Age (years), mean (S.D.) 34.25 (6.95) 37.0 (8.18) 0.31, N.S.

Education (years), mean (S.D.) 11.44 (1.63) 10.88 (1.86) 0.54, N.S.

Crystallized intelligence, mean (S.D.) 110.06 (14.29) 113.38 (14.08) 0.51, N.S.

Fluid intelligence, mean (S.D.) 114.31 (15.86) 118.06 (18.97) 0.55, N.S.

SAPS score 1.5 (1.37)

SANS score 7.94 (2.86)

Chlorpromazine equivalent 901.59 (647.1)

SAPS, Scale for the Assessment of Positive Symptoms ; SANS, Scale for

the Assessment of Negative Symptoms ; S.D., standard deviation ; N.S.,

not significant.
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were analysed by calculating Pearson product-

moment correlations.

Functional imaging data were preprocessed and

analysed using SPM2 (www.fil.ion.ucl.ac.uk/spm/

software/spm2/). Preprocessing consisted of realign-

ment, slice time correction, normalization and smooth-

ing [8 mm full-width at half-maximum (FWHM)].

A study-specific template was used for normalization.

For the statistical analysis, a fixed-effects general

linear model was calculated for each person separ-

ately. The onsets of all trials with correct responses

were used as predictors separately for each condition.

Furthermore, one regressor was defined with all

trials with wrong responses across the three con-

ditions. Regressors were convolved with a haemo-

dynamic response function. Realignment parameters

(translations and rotations) were used as covariates.

A 128-s high-pass filter was applied. After model

estimation, linear contrasts were applied directly

comparing all conditions and testing each condition

against baseline. Those individual linear contrasts

were used in a second-level mixed-effects model.

All comparisons were conducted with t tests. For

group comparisons, region of interest (ROI) analyses

were conducted for the amygdala and the STS using

the small volume correction as implemented in

SPM2. To test for influences of task difficulty and

medication on brain activation in the patient group,

correlations between those measures and brain acti-

vation within each ROI were calculated. To test for

associations between altered brain activation in

schizophrenia patients and deficits on higher levels

of social cognition, correlations between activation

during neutral face processing and ER, and beha-

vioural performance during aToM, and vice versa,

were conducted in those ROIs, where group differ-

ences occurred.

Masks for the ROI analyses were created with

MARINA (Walter et al. 2003). The mask for the amyg-

dala was taken from the Anatomical Automatic

Labelling (AAL) atlas (Tzourio-Mazoyer et al. 2002).

The mask for the STS was taken from the functional

imaging result of the comparison of ToM and ER in 40

undergraduate students in the study by Mier et al.

(unpublished data).

Because SPM2 does not allow factorial designs to

be conducted, we used SPM5 to apply a full factorial

model to the data to test for interaction effects between

group and condition.

The results of the whole-brain analyses for each

group are reported at a significance level of p<0.05

false discovery rate-corrected, and for the group com-

parisons with p<0.001 uncorrected, mean Cluster

size 5 voxels (see Supplementary Tables S1–S3, avail-

able online). The results of the factorial analysis are

reported by a slightly more lenient threshold (p<
0.002). From the ROIs, all voxels with a significance

level of p<0.005 were incorporated into the small

volume correction analysis but from all suprathres-

hold clusters only those with a peak voxel significantly

Statement
2 s

Picture
max 2 s

ITI
0.5–3.5 s

This person is angry

This person is going to run away

This person is female

Yes No

Yes No

Yes No

Emotion

ToM

Neutral

Fig. 1. Experimental conditions and procedure shown for a single trial for each condition : emotion recognition (Emotion),

affective theory of mind (ToM) and neutral facial processing (Neutral).
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activated at p<0.05 family-wise error (FWE) corrected

are reported.

Results

Behavioural data

The MANOVA of the percentage of correct answerers

revealed a significant main effect for condition

[F(2, 29)=28.229, p<0.001]. Post-hoc t tests revealed

significant differences between all of the conditions

(p<0.05). The neutral task was found to be the most

difficult and the ER task the easiest. Regarding group

effects, the MANOVA of the percentage of correct

answers revealed a trend towards significance for the

main effect of group [F(1, 30)=3.4, p=0.075] and also

for the group by condition interaction [F(2, 29)=2.43,

p=0.096]. Post-hoc comparisons revealed a signifi-

cantly impaired performance of the patients in the

aToM task [T(30)=2.17, p=0.038], a trend of worse

performance in the ER task [T(30)=1.96, p=0.060] and

no difference in the performance in the neutral task.

The MANOVA of reaction times also revealed a sig-

nificant main effect for condition [F(2, 29)=21.885,

p<0.001], with longer reaction times during aToM and

ER conditions compared to the neutral condition

(p<0.001). By contrast, the ToM and the ER conditions

did not differ significantly. For reaction times, no sig-

nificant main effect for group but a significant group

by condition interaction [F(2, 29)=3.86, p=0.033] was

found. Post-hoc t tests revealed a significant reaction

time difference between groups for the ER task

[T(29)=2.207, p=0.035] but not for either the aToM or

the neutral task. The results for the MANOVAs are

displayed in Fig. 2.

Correlation analysis for the percentage of correct

responses revealed a significant correlation between

performance in the aToM and the ER tasks for the

healthy controls (r=0.736, p<0.001). By contrast, for

the schizophrenia patients a significant correlation

was only observed between performance in the ER

and the neutral conditions (r=0.599, p=0.014).

Functional brain imaging data

Whole-brain comparisons between groups revealed

significant differences only at an uncorrected sig-

nificance level (p<0.001) for all three tasks (see

Supplementary Tables S1–S4, available online). For the

neutral task ROI analysis revealed higher activation

in the patients compared to the healthy controls in

the left amygdala (peak voxel : x15, x3, x15 ; T=
3.33, pFWE=0.037, k=12; Fig. 3a, upper panel) and

the right STS (peak voxel : 51, x60, 12 ; T=3.07,

pFWE=0.051, k=12; Fig. 3a, lower panel). For ROIs, no

stronger activation was found for controls compared

to patients.

ROI analysis of the ER activation again revealed

hyperactivation in the left amygdala (peak voxel :

x33, x3, x18 ; T=3.52, pFWE=0.028, k=17 ; Fig. 3b,

upper panel) and right STS (peak voxel : 51, x57, 12;

T=5.18, pFWE=0.001, k=41 ; Fig. 3b, lower panel).

Neither whole-brain analysis nor ROI analysis re-

vealed regions with stronger activation in the controls

compared to the patients.

ROI analysis revealed no group differences for the

aToM task, neither for the amygdala nor the STS.

Because the visual inspection of the results from the

ROI analyses implied a different amount of hyper-

activation in patients for the different tasks (see Fig. 4),

we tested for interaction effects between group and

task. We found a significant group by task interaction

for the right STS (peak voxel : 48, x42, 18 ; k=15,

T=3.45, punc<0.001), reflecting a differential relation-

ship between activation between the groups for the

ER and aToM tasks. This interaction was based on the

fact that healthy controls showed an increase in acti-

vation from ER to aToM and schizophrenia patients

a decrease (see Supplementary Table S4). For the left

amygdala we also found a significant interaction (peak

voxel : x24, x12, x12 ; k=5, T=3.09, punc=0.001).
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Fig. 2. Behavioural results : mean (¡ standard error)

percentage of (a) correct answers and (b) reaction times for

the three experimental conditions and for both groups. %,

Schizophrenia patients ; , healthy controls ; ToM, affective

theory of mind ; Emo, emotion recognition ; Neutral, neutral

facial processing. * p < 0.05, + p < 0.1.
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However, the difference between the aToM and

the neutral condition was not significant (punc<0.001)

either in the control group or in the patient group.

Even with our liberal threshold no other voxels

showed a significant group by task interaction.

Correlation analyses between behavioural results

and brain activation revealed a significant association

between percentage of correct answers and brain ac-

tivation in the right STS (peak voxel : 51, x51, 18;

k=8, T=3.91, pFWE=0.035) and left amygdala (peak

voxel : x24, 6, x27 ; k=9, T=5.54, pFWE=0.005) in the

control group during ER. In addition, percentage of

correct answers during ER was at a trend level corre-

lated to brain activation in the right STS during aToM

(peak voxel : 45, x57, 18 ; k=8, T=3.5, pFWE=0.063).

No other significant correlations between brain acti-

vation and both performance and medication were

found within the ROIs using the small volume cor-

rection method.

Discussion

This study was conducted to investigate the neuronal

correlates of three different social cognition processes

in schizophrenia out-patients : aToM, ER and pro-

cessing of neutral faces. It was hypothesized that

schizophrenia patients have deficits in aToM, ER and

the processing of faces itself and that the deficits

in aToM can be traced back to activation changes in

the amygdala and STS during ER and processing of

neutral faces.

On a behavioural level, patients showed deficits

in both ER and aToM. In comparison to the control

subjects, patients recognized the emotions slower but

showed only a trend towards a reduced number of

correctly recognized emotions. During the aToM con-

dition, patients recognized fewer intentions correctly

but showed no difference in reaction time in com-

parison to the healthy controls. An explanation for

this pattern of behavioural differences could be that

schizophrenia patients changed strategy, based on

a profound deficit in aToM, from a slower and more

accurate processing during the ER task to a less accu-

rate but faster response during the more difficult ToM

task. The correlation analyses of performance data

in terms of the number of correct answers are in

line with this interpretation. While healthy controls

showed a significant correlation between the per-

formance during ER and aToM, schizophrenia pa-

tients showed a significant correlation between the

performance during the neutral condition and the ER

condition. This result replicates the finding of Brüne

(2005), who found a correlation between ToM and

ER in healthy controls but not in schizophrenia

(a) (b)
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x = 51 x = 51
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Fig. 3. Significantly increased activation in schizophrenia patients compared to healthy controls in the left amygdala

and the right superior temporal sulcus. (a) Neutral condition. (b) Emotion recognition. Threshold for display :

p<0.005 uncorrected.
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in-patients. The ability to recognize emotions and

mental states seems to be related in healthy controls,

but is dissociated in schizophrenia patients. This dis-

sociation between performance in ER and ToM in

schizophrenia patients might be based on a change of

strategy, caused by severe deficits in ToM. Thus, on a

behavioural level, schizophrenia out-patients show

deficits in ER and aToM, but the deficit in aToM is

more pronounced.

Analysis of the fMRI data revealed significant

interactions between group and condition. Patients

showed hyperactivation in the left amygdala and right

STS during ER and the neutral facial expressions task.

However, during aToM there was no difference in

these two areas between groups. As in our study, in

a study by Pinkham et al. (2008) on trustworthiness, a

process associated with ToM, patients without acute

paranoid symptoms also showed no differences in the

amygdala and STS in comparison to a healthy control

group. However, when analysing the age control task,

Pinkham et al. (2008) found hyperactivation in the

schizophrenia group compared to the control group in

both the amygdala and STS.

Schizophrenia patients seem to have hyperacti-

vation in brain areas of the social cognition network

on lower levels of social cognition, but not on higher

levels as in ToM. This conclusion is in line with the

ToM studies that found hypoactivation in frontal areas

in schizophrenia, but no hyperactivation in areas of

the social cognition network (Russell et al. 2000 ;

Brunet et al. 2003), and with studies that showed

hyperactivation in the amygdala and STS during the

viewing of neutral facial expressions (Holt et al. 2006 ;

Surguladze et al. 2006 ; López-Ibor et al. 2008). An ex-

planation for this phenomenon might come from

the working memory literature. Callicott et al. (2003)

described activation in the prefrontal cortex as an in-

verted U-shaped curve, dependent on task difficulty.

This U-shaped relationship might also be valid for

activation in the amygdala and STS. In the current

study, as in our recent study (Mier et al., unpublished

data), analysis of behavioural data showed that the

aToM task was more difficult than the ER task.

In our recent study (Mier et al., unpublished data),

the comparison of aToM and ER revealed higher

activation for aToM in the STS and in the left

amygdala. In the current study whole-brain analysis

revealed higher activation in the STS in healthy

controls, bilaterally during aToM compared with

during ER (see Supplementary Table S4 for details).

This difference was not significant in the schizo-

phrenia out-patients. By contrast, the patients’ acti-

vation within the right STS was stronger during ER

than during ToM (Supplementary Table S4). Fig. 4 also

reveals a significant activation decrease in the right

STS and a slight but non-significant activation de-

crease in the left amygdala in the schizophrenia

patients from ER to aToM but an increase in activation

in both structures in the healthy controls. In addition,

in the healthy controls, but not in the schizophrenia

patients, the performance during ER was related to

the activation in the right STS during aToM. This is in

line with the dissociation of ER and aToM perform-

ance in the schizophrenia out-patients. Thus, based

on the hyperactivation during the processing of faces

per se, schizophrenia out-patients might have ‘a higher

start point ’ for the three social cognition processes

than the healthy controls and might have already

reached a plateau in brain activation during ER.

Whereas the healthy controls are on the ascending

side of the inverted U-curve, ER seems to have the

optimal difficulty for schizophrenia patients, hinder-

ing a further activation increase from ER to aToM.

Of note, this interaction effect between group and

condition can be traced back to different tasks for the

2.2

2

1.8

1.6

1.4

A
ct

iv
at

io
n 

le
ft

 a
m

yg
da

la
 (T

 s
co

re
)

ToM Emo Neutral

2

1.8

1.6

1.4

1.2

1

A
ct

iv
at

io
n 

ri
gh

t S
TS

 (T
 s

co
re

)

ToM Emo Neutral

(a)

(b)

Fig. 4. Means of the maximal T scores for each participant

within a region of interest (ROI) for the three experimental

conditions and for both groups. (a) Peak activation in the left

amygdala. (b) Peak activation in the right superior temporal

sulcus (STS). – –, Schizophrenia patients ; – -�- -, healthy
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left amygdala and right STS (see Fig. 4). Whereas for

the amygdala, the largest difference between groups

had already occurred during the neutral task com-

pletion, for the STS the largest group differences oc-

curred for the ER. This result might reflect a ceiling

effect in the amygdala activation in the neutral con-

dition whereas the patients can further increase their

STS activation, potentially compensating for deficits

in emotion processing. As a result, in schizophrenia

more demanding tasks go along with greater behav-

ioural deficits in social cognition but less activation

differences in the amygdala and STS. Taken together,

the results point to a deficit in early processing steps

of social cognitions in schizophrenia and a dissoci-

ation of aToM performance from these earlier social

cognition processes. However, because we could not

find a correlation between activation during the pro-

cessing of neutral facial expressions and aToM per-

formance, our hypotheses of the aToM deficit in

schizophrenia as based on aberrant processing in more

basal processes could not be confirmed directly. On a

neurophysiological level, there is stronger evidence

from our study for an important role of the right STS in

social cognition deficits of schizophrenia patients than

for an important role of the left amygdala. Thus, the

dependence of deficits in higher-order social cogni-

tions, such as aToM, on aberrant brain activation in the

social cognition network during lower-order pro-

cesses, such as face processing per se, should be in-

vestigated further in future studies with larger sample

sizes, allowing more reliable conclusions from corre-

lation analyses.

Hyperactivation during the processing of neutral

facial expressions in schizophrenia may also explain

the hypoactivation in the amygdala and STS often

found in other studies. In most papers difference

contrasts are reported ; for example, recognition of

emotions versus age judgements. The results of our

study, like those of other studies analysing the neutral

condition separately (e.g. Pinkham et al. 2008 ; Seiferth

et al. 2008), indicate that the hypoactivation found

may be traced back to a hyperactivation during the

baseline condition. Therefore, a non-facial baseline

condition or the use of an event-related design might

be a more appropriate approach to investigate the

response to emotional faces in schizophrenia patients.

A possible consequence of this hyperactivation in

the left amygdala and the right STS in schizophrenia

during the processing of faces with neutral ex-

pressions and during ER is an augmented attribution

of intentions to others. This assumption is in line

with the proposed role of the amygdala in fear con-

ditioning (LeDoux, 2007), the attribution of salience

in the extended amygdala (Liberzon et al. 2003) and

the construction of self-reference (Grèzes et al. 2006)

and the role of the STS in the attribution of intentions

(Castelli et al. 2000 ; Pelphrey et al. 2004 ; Saxe et al.

2004). The results of this study indicate, on the one

hand, that schizophrenia patients need a higher com-

pensatory brain activation to show the same per-

formance rate in the processing of faces with neutral

expressions and in ER as healthy controls. On the

other hand, this hyperactivation may contribute to

hypermentalizing, which is thought to lead to para-

noid symptoms and delusions in schizophrenia (Frith,

1992).

Factors that might have influenced brain activation

in the patient group could have been medication, task

difficulty and positive and negative pathology. All

patients received antipsychotic medications, but anti-

psychotics are not well suited to influencing the pro-

cessing of emotional information in the amygdala and

to improving ER (Pinkham et al. 2007). In addition, the

salience reducing effect of antipsychotic medication

(Mizrah et al. 2005) would predict hypo- rather then

hyperactivation. Moreover, correlation analyses con-

firmed that the hyperactivation found in patients can-

not be explained bymedication or performance effects.

The hyperactivation in the left amygdala and right STS

can be seen as risk factors for positive symptoms, but it

is unlikely that they were caused by positive pathol-

ogy in this study because the patients were more or

less free of positive symptoms. As patients in this

study showed fairly high levels of negative symptoms,

these might have influenced the results. However,

negative symptoms tend to be associated with a lack of

amygdala activation in emotional processing (Fahim

et al. 2005) rather than with amygdala hyperactivation.

Overall, hyperactivation in the left amygdala and right

STS during the processing of neutral facial expressions

and during ER seems to be a trait marker for schizo-

phrenia rather than caused by medication, task per-

formance or pathology.

One puzzling result in the behavioural data is the

low performance in the neutral task. Post-hoc analysis

revealed that this was due to one poor item in this

condition ; most subjects did not know the meaning

of one word used (‘brunette ’), leading to many incor-

rect ‘no’ answers. However, because this happened

equally in both groups, it should not influence the

results presented here.

In conclusion, we found deficits in schizophrenia

out-patients in ER and aToM and hyperactivation in

the left amygdala and right STS during the processing

of neutral facial expressions and during ER, but no

changes in brain activation during aToM. In schizo-

phrenia patients the ability to recognize affective

intentions was dissociated from the ability to recog-

nize emotions. These results provide some evidence

that deficits in higher-order social cognitions in
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schizophrenia can be traced back to an aberrant pro-

cessing of faces per se. However, this possibility should

be addressed further in future studies.

Note

Supplementary material accompanies this paper on

the Journal’s website (http://journals.cambridge.org/

psm).
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