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Abstract  

Background Many patients suffering from psychiatric disorders show impaired 

Theory of Mind (ToM). ToM is crucial in social interactions and for the development 

of social behavior. It has recently been suggested that in order to take the perspective 

of another person, the self-perspective should be inhibited.  

 

Method We tested the neural correlates of self-inhibition in nineteen low psychosis 

prone (PP) and eighteen high PP subjects presenting with subclinical symptoms. 

High PP subjects have a more than tenfold increased risk of developing a 

schizophrenia-spectrum disorder. A ToM task differentiating between self-

perspective inhibition and other-perspective taking was administered. Furthermore, 

to test underlying inhibitory mechanisms, we administered a stop-signal paradigm. 

During both tasks, brain activation was measured with functional Magnetic 

Resonance Imaging. We expected worse behavioral performance for high compared 

to low PP subjects on both tasks. Moreover, based on previous neuroimaging results, 

different activation patterns were expected in the inferior frontal gyrus (IFG) in high 

versus low PP subjects in self-perspective inhibition and simple response inhibition.  

 

Results Results showed increased activation in left IFG during self-perspective 

inhibition for high PP subjects, but not for simple response inhibition. Both tasks did 

not reveal behavioral differences between groups. 

 

Conclusions This suggests that at a neural level, high PP subjects required more 

cognitive effort to inhibit their self-perspective to perform as well as healthy controls, 

while they did not for simple motor response inhibition. This may reflect a 

compensatory mechanism, which may no longer be available for patients with 

schizophrenia-spectrum disorders and which may result in ToM impairments.  
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Introduction 

The capacity to understand other people’s mental states or Theory of Mind (ToM) is 

crucial in social interactions and for the development of social behavior. ToM is a 

broad concept encompassing the capacity to understand other people’s mental state. 

This understanding can refer to how other people are feeling emotionally, but can 

also refer to the understanding that the other person may have a different belief or 

knowledge in a given situation as well as the understanding of the subsequent 

behavior of this other person [see Wellman et al. (2001) for a meta-analysis]. A large 

body of research has demonstrated that ToM is often impaired in patients with 

schizophrenia [see Bora et al. (2009c) for a meta-analysis]. The overwhelming 

evidence of ToM impairments in schizophrenia lead to the proposition that ToM may 

be a trait characteristic of the disorder (Bora et al., 2009c). Even though patients in the 

acute phase of the disorder are more impaired than remitted patients, the latter 

group still demonstrate significant impairments in ToM (Sprong et al., 2007). 

Neuroimaging studies have shown abnormal activation patterns in medial and 

lateral prefrontal regions as well as inferior parietal regions in patients with 

schizophrenia while performing ToM tasks (Brunet-Gouet & Decety, 2006). 

ToM problems have not only been observed in people with schizophrenia, but 

also in subjects who have with an enhanced risk for schizophrenia like relatives of 

patients (Marjoram et al., 2006) and healthy subjects who are prone to psychosis (PP) 

(Barragan et al., 2010; Langdon & Coltheart, 2004; Pickup, 2006; Versmissen et al., 

2008). PP, also called schizotypy, refers to a broad range of sub-clinical experiences 

and personality characteristics that are related to psychosis in the general population 

(Claridge et al., 1996; Meyer & Hautzinger, 2002). High PP subjects are thought to 

have biological and/or cognitive predispositions for the development of psychosis 

later in life (Lenzenweger, 2006; Suhr, 1997). Longitudinal studies have demonstrated 

that approximately 10% of the high PP subjects will develop a schizophrenia 

spectrum disorder in the future (Chapman et al., 1994; van Os et al., 2009). If the 

subclinical symptoms become more pronounced PP may transfer to an at risk mental 

state (ARMS). These individuals present with clinical symptoms, but have not made a 

transition to psychosis. They show social functioning deficits as well as cognitive 

impairments, but less severe than patients with a psychotic disorder (Fusar-Poli et 

al., 2010; Shim et al., 2008). Psychometric measures have been developed and 

validated for the detection of schizotypal traits in healthy people (Claridge, 1997; 

Horan et al., 2008; Lenzenweger, 1994). Barragan et al. (2010) suggested that 

impairments in ToM may have a developmental nature and are associated with 

psychotic like experiences. Thus, understanding the underlying mechanisms of 

impairments in ToM may guide us towards new treatments specifically focussing on 

the social impairments of schizophrenia patients.  

It has been proposed that the observation of behavior and emotions in other 

people automatically activates the representation of oneself for this behavior and/or 

emotion, suggesting a shared representation of self and other (Decety & Jackson, 
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2004; Decety & Sommerville, 2003; Prinz, 1997). This automatic tendency to assume 

one’s own mental state as a correct model for others [as the simulation model 

proposes, see Gallese and Goldman (1998)] may only be useful if the perspective of 

self and other are the same. Wrongfully applying this automatic tendency has been 

mentioned as the underlying cause for impairments in ToM (Gilovich et al., 2000; 

Markus et al., 1985; Vorauer & Ross, 1999). This automatic tendency may be induced 

by a failure to suppress one’s own perspective, which has been linked to limited 

inhibitory control (Carlson et al., 2004). This has been demonstrated in young 

children (Sommerville & Woodward, 2005; Wellman et al., 2001), adults suffering 

brain damage (Apperly et al., 2004; Gregory et al., 2002; Rowe et al., 2001; Stone et al., 

1998) and psychiatric patients [e.g. autism and schizophrenia (Baron-Cohen et al., 

1985; Corcoran et al., 1995; Langdon et al., 2002; Leslie & Thaiss, 1992)]. A two-

component ToM model has been proposed comprising (1) a perspective taking 

component and (2) a self-perspective inhibition component (Ruby & Decety, 2003; 

Samson et al., 2005). That is, being able to infer another person’s perspective requires 

successful inhibition of the own perspective. We have recently confirmed this 

proposition with neuroimaging data (chapter 2 of this thesis). Self-perspective 

inhibition was mediated by the bilateral inferior frontal gyrus (IFG), while other-

perspective taking was mediated by the left superior temporal gyrus (STG), temporo-

parietal junction (TPJ) and middle temporal gyrus (MTG). Moreover, overlapping 

areas of activation between self-perspective inhibition and simple response inhibition 

(using a stop-signal task) were found in the bilateral IFG suggesting a common 

neural inhibitory mechanism for these processes.  

In this study we investigated these underlying neural correlates in high PP 

individuals. The most important rationale to study ToM in a sub-clinical group was 

that it allows us to study an important cognitive process known to be involved in 

psychosis, without confounding factors such as medication, illness duration and 

institutionalization. By investigating the underlying mechanisms of ToM in PP, we 

can gain insight into the development of ToM impairments in schizophrenia 

spectrum disorders. Even if no behavioral impairments in ToM are found in PP, 

brain activation patterns may differ from control subjects. This allows us to pick up 

subtle differences between neural functioning of high and low PP subjects and may 

provide clues as to where ToM deficits in patients with fully development 

schizophrenia spectrum disorders commence. In time, such insights may lead to 

improvement of treatment for ToM deficits in these patients.  

We propose that deviations inToM performance in PP may be caused by 

divergent performance in self-inhibitory processes and not in perspective taking per 

sé. To this end the task as developed by Samson et al. (2005) and Apperly et al. (2004) 

and as applied in van der Meer et al. (chapter 2 of this thesis) was administered in 

high and low PP subjects, while measuring changes in blood oxygenation level 

(BOLD) using functional magnetic resonance imaging (fMRI). We specifically 

expected to find behavioral deficits in self-perspective inhibition as well as a different 

pattern of activation in the IFG for high PP subjects. In line with our previous work 
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on this two-component ToM (chapter 2 of this thesis), we also administered a simple 

motor response inhibition task. A body of evidence demonstrated a behavioral 

association between the development of executive functions, such as elementary 

inhibitory control, and ToM (Carlson et al., 2004; Hala et al., 2003; Russell, 1996), and 

linking this parallel development to the development of the frontal cortex [see Decety 

and Jackson (2004) for a review]. We have previously demonstrated that an 

overlapping area in the IFG is involved in both self-perspective inhibition and simple 

response inhibition (chapter 2 of this thesis). This leads to the hypothesis that 

differences between high and low PP subjects on self-perspective inhibition are 

related to behavioral and functional performance on simple motor response 

inhibition. To our knowledge, this is the first study to examine the neural dynamics 

underlying self-perspective inhibition in PP and, more specifically, its possible 

relationship with simple inhibitory processes.  

 

Materials and Methods 

Subjects 

19 healthy undergraduate students, low PP (9 female, 10 male; mean age 21.6, SD 2.6) 

and 18 healthy undergraduate students, high PP (8 female, 10 male; mean age 19.7, 

SD 1.9) of the University of Groningen participated in the study. None of the subjects 

reported a history of psychiatric or neurological disease. All subjects were recruited 

on the basis of questionnaires distributed among 600 university students containing 

the Community Assessment of Psychic Experiences, positive scale [CAPE; (Konings 

et al., 2006)] and the Beck Depression Inventory [BDI (Beck et al., 1996)]. Subjects 

selection was made out of the extremes of the tested subjects on the CAPE positive 

scale, based on willingness to participate, fMRI contra-indications and a score of at 

least one standard deviation above (high PP group) or below (low PP group) the 

tested sample mean (mean = 1.4, SD = 0.2). Moreover, subjects were only included if 

their BDI score was not higher than the cutoff score of 10 pts (Beck et al., 1996). In 

table 1 scores on the questionnaires for both groups as well as demographic 

information are represented. All subjects were native Dutch speakers. One of the 

subjects was left-handed, but since no abnormal brain activation patterns were 

found, this subject was included in the study. All subjects signed informed consent 

prior to participating in the study. One subject did not complete the behavioral 

session. For one of the subjects the CAPE distress score was missing. 

 

Community Assessment of Psychic Experiences (CAPE)  

The positive scale of the CAPE was used to measure psychic experiences in the 

general population. The CAPE questionnaire consists of 42 self-report items 

measuring (on a 4 point scale ranging from 1-never to 4-always) and can be 

subdivided into three factors: attenuated psychotic symptoms, distress caused by this 

experiences, and negative symptoms. Since the positive and negative symptoms of 



Chapter 3 

 

 50 

schizophrenia are related to ToM impairments (Frith & Corcoran, 1996), the CAPE 

positive symptom scale and CAPE distress scale were used for this study. The CAPE 

has been developed and standardized on a Dutch population. Validity and reliability 

for the CAPE is good (Hanssen et al., 2005; Konings et al., 2006). Detailed information 

on the psychometric properties of the instrument can be found in Stefanis et al. 

(2002).  

 

 

Procedure 

All subjects performed two experimental tasks in the scanner, a ToM task and stop-

signal task. The order of the tasks was counterbalanced to prevent any order effects. 

The ToM task was subdivided into behavioral control conditions and experimental 

conditions administered in an fMRI session. Testing for the behavioral conditions 

took place in a quiet environment and lasted approximately 30 minutes for each 

subject. The fMRI session lasted approximately 60 minutes for each subject. 

 

Experimental tasks 

Theory of Mind  

The ToM task consisted of short movie clips and was adapted from Samson et al. 

(2004; 2005) and Apperly et al. (2004). The original movie clips (courtesy of Dr. D. 

Samson, University of Nottingham, UK) were shortened to an average length of 21 

seconds to make the task more suitable for fMRI research. Each trial consisted of a 

fixation cross (1,5 sec), followed by the movie clip (21 sec) and a question-response 

period (5 sec). Key elements in each movie clip were a male and a female actor and a 

green object located in one of two boxes. At varying moments the female actor 

provided a clue, by placing a pink note on one of the two boxes to indicate the 

location of the green object. As the woman left the room the man changed the 

location of the boxes, resulting in the woman experiencing a false belief (she will 

think the green object is in the wrong box). At the end of the movie clip the subjects 

Table 1. Demographic details and results of CAPE and BDI questionnaires 

 Low PP High PP 

 mean SD mean SD 

proportion male 0,53 -- 0,56 -- 

age 21,42 2,6 20,1 1,87 

CAPE positive* 1,12 0,04 1,8 0,15 

CAPE distress* 3,6 1,6 19,6 0,25 

BDI † 2,42 2,4 6,56 2,67 

* p < 0,0001 
†controlled for CAPE distress scale 

A chi-square test was used to test for differences in sex between groups, Mann-Whitney U tests 

were performed for age and CAPE scores. Differences in BDI scores were tested with an ANOVA 

and controlled for the CAPE distress scale. 
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were required to answer a question either about the belief of the woman or about the 

location of the object. See figure 1 (pp 30) for a schematic representation of the task.  

The task consisted of six conditions; (1) a High-Inhibition condition (HI) in 

which prior information about the location of the objects was provided to the subject. 

To make a correct decision, this information (the subjects own perspective) should be 

inhibited and the perspective of the woman should be taken (see figure 1a), (2) a 

Low-Inhibition condition (LI), in which no prior information was provided to the 

subject and only the perspective of the woman should be taken to answer the 

question (see figure 1b), (3) a Baseline condition (BC) in which neither perspective 

taking, nor inhibitory processes were required (see figure 1c), (3) a Baseline condition 

(BC) in which neither perspective taking, nor inhibitory processes were required (see 

figure 1c), (4) a disengage control condition, to ensure subjects could successfully 

disengage from an object (DC), (5) a working memory control condition (WM) and 

(6) a strategy control condition (SC), to control for response strategies without full 

understanding of the task [see Apperly et al. (2004) for a detailed description of 

behavioral conditions]. 

The content of the movie clips was nearly identical as that of the original 

stimuli. However, to make the task suitable for fMRI research, the HI and LI 

conditions needed to be as similar as possible so they would only differ with regard 

to the prior knowledge of the subjects. This required some minor modifications. In 

the original movie clips in the HI condition, the green object was transferred from 

one box to the other in plain sight of the subject (while the woman was away). In our 

task, we used the LI video clips and manipulated the timing of the hint that was 

given to the subject to differentiate between location known and location unknown. In 

the HI condition the hint was provided before the woman left the room. The boxes 

were switched when the woman was away. Upon her return, the subject had to 

indicate in which box she believed the green object to be. Thus the own knowledge of 

the subject had to be inhibited and the perspective of the woman had to be inferred 

for a correct answer. In the LI condition on the other hand, the hint was not provided 

until the woman returned to the room. Thus, the boxes were switched while the 

subject had no clue where the green object was. The hint was provided after the 

woman returned to the room. The subject then had to infer the perspective of the 

woman and based on that, the subject could tell the location of the green object. So no 

information had to be inhibited, but the subject did have to infer the perspective of 

the woman to answer the question.  

 Conditions 1 – 3 were administered in the fMRI scanner, while control 

conditions 4 – 6 were administered in a behavioral session. In the fMRI session, each 

condition entailed 24 movie clips, 12 in which the hint was presented on the left box 

and 12 on the right box. Other than the left/right difference, the movie clips within 

conditions were identical. Six filler items ,in which the questions for HI and LI 

conditions were switched, were added to make sure the upcoming questions were 

unpredictable to the subjects. This resulted in a total of 90 trials, administered in five 

sessions of 18 pseudo randomized trials, to ensure an identical number of trials of 
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each condition per session. In the behavioral session, three blocks of 16 randomized 

trials were administered, resulting in a total of 48 trials (16 per condition). None of 

the behavioral conditions required belief reasoning.  

 

Stop-signal  

This task was modeled after Rubia et al. (2003) (see figure 2, pp 32) for a schematic 

representation). Subjects were presented with arrows pointing left or right (equally 

balanced; duration 500 ms) and had to press a key corresponding to the direction of 

the arrow (go-condition). In the stop-condition, an arrow pointing upward was 

presented beside the arrow pointing left or right and appeared either just after or 

simultaneously with the first arrow upon which subjects should hold back their 

response. The task included an algorithm for the time between the presentation of 

the arrow left/right and the arrow pointing upwards. This enabled us to adjust the 

difficulty of the task to each subjects level of performance, resulting in a success 

percentage around 50 % for all subjects [see Rubia et al. (2003) for a more detailed 

description of the algorithm]. To make the occurrence of the inhibitory trials 

unpredictable for subjects, inhibition trials occurred in relatively low frequency (20 % 

of the trials). This resulted in a total of 160 Go trials and 40 Stop trials. A stop trial 

was always followed by at least three go trials [cf. Rubia et al. (2003)]. Both the Go 

and the Stop trials were always followed by a blank screen with a jittered duration 

(1400-2200 ms). In addition, a 20 second fixation cross was included at the end of the 

task, to ensure a proper implicit baseline. Each subject completed a five minute 

practice session to warrant a good understanding of the task.  

 

Scanning technique 

Subjects were positioned in a 3.0 Tesla whole-body scanner (Philips Intera, Best, NL). 

The head was kept in position by foam cushions on each side of the head and an 

elastic band around the head. Stimuli were projected by a beamer onto a screen 

visible to the subject via a mirror within the scanner. Responses were given by using 

the two most outward buttons of a four-button button box to indicate left or right 

box / arrow.  

 

Scanning Parameters 

Functional images were acquired using a sense-8 head coil. A total of 1309 functional 

volumes for the ToM paradigm and 280 for the stop-signal paradigm were acquired 

by T2*-weighted echo planar images consisting of 37 interleaved 3.5 mm thick axial 

slices with a 0 mm gap (EPI, TR = 2.00 s, TE = 35 ms, flip angle = 70°, FOV = 224 mm, 

64 x 64 matrix of 3.5 × 3.5 × 3.5 voxels). Slices were acquired interleaved and oriented 

parallel to the AC-PC plane. A T1-weighted 3D fast-field echo (FFE) anatomical 

image parallel to the bicommissural plane was acquired covering the whole brain 

(160 slices; TR = 25 ms; TE = 4.6 ms; slice-thickness = 1 mm; 256 × 256 matrix; FOV 26 

cm; voxel size, 1 × 1 × 1 mm). 
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FMRI Statistical analyses 

The fMRI data were converted with MRI-cro (from Philips PAR to Analyze) and then 

analyzed using Statistical Parametric Mapping (SPM5), run in MATLAB 7 (The 

MathWorks Inc., Natick, MA, USA). All functional images were slicetime corrected 

and realigned. Subsequently, images were coregistrated with the anatomical T1 

image and spatially normalized to standard stereotactic space (MNI T1 template). 

Images were spatially smoothed with a 3D isotropic Gaussian kernel (FWHM 10 

mm). A high-pass filter of 1.1 times the longest period between two subsequent trials 

of the same condition was used to filter out systematic low-frequency activation 

unrelated to the task. Only correctly answered items were used in the analyses. 

Contrasts for the ToM were made for the question-response period, since the 

assignment became clear at this moment (during the movie clips, the upcoming 

question was still unpredictable). To minimize the amount of noise in the signal, a 

Table 2. Literature reported peak activations for ToM in and around the IFG. Coordinates are in 

Talairach space, with the exception of the references marked with *. These coordinates were 

reported in MNI space. These peak activations were transformed into Talairach space in the Brede 

toolbox.  

    Coordinates 

Left/Right Reference x y z 
       

Left Baron-Cohen et al.  (1999) -46 8 9 

 Calarge et al.  (2003) -34 15 -8 

  -44 0 28 

 David et al.  (2006)* -44 8 34 

 German et al.  (2004) -39 14 -14 

  -48 10 16 

  -45 40 -12 

 Grezes et al.  (2004)  -46 34 -10 

 Hooker et al.  (2008)* -40 26 12 

  -46 14 8 

 Hooker et al.  (2010)* -50 10 12 

  -38 2 8 

  -54 28 12 

 Iacoboni et al.  (2005) -40 30 6 

  -46 24 24 

 Mier et al.  (2010)* -45 24 -6 

 Mitchell et al.  (2005)* -45 12 18 

 Spence et al.  (2001) -52 18 -6 

 Vogeley et al.  (2001) -62 4 26 

  -56 26 16 

     

Right Gallagher et al.  (2002) 38 24 -20 

 German et al  (2004) 56 18 10 

 Grezes et al.  (2004) 52 32 6 

 Hooker et al.  (2008)* 42 26 18 

 Hooker et al.  (2010)* 46 38 -18 

  Spence et al.  (2001) 56 18 -6 
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Figure 3. Representation of IFG peak activations reported in the ToM literature in coronal, saggital and axial 

view (from left to right). See table 2 for literature references and peakactivations  

fixed duration of two seconds was used for all ToM trials, since the vast majority of 

the response times were below two seconds.  

Analysis at group level was carried out using a random effects model. Two-

sample T-tests were performed for two contrasts of interest: (1) HI > LI for self-

perspective inhibition and (2) [(HI + LI ) > fixation] for other-perspective taking. This 

last contrast was specifically chosen for other-perspective taking since our previous 

work indicated that the BC condition was not a reliable baseline condition due to 

possible implicit perspective taking processes (see chapter 2 of this thesis). A region 

of interest analysis around the IFG was performed for the HI>LI condition, since 

group differences were expected in this contrast and this region specifically. The 

region of interest was determined by inserting published Talairach peak activations 

in a ToM contrast in or around the IFG (see table 2) in a 3D template using the Brede 

toolbox (http://hendrix.imm.dtu.dk/software/brede), implemented in SPM 5. 

Included peak activations were based on a literature search in pubmed containing 

the terms [("theory of mind" OR TOM OR "false belief" OR "perspective taking") 

AND ("inferior frontal" OR IFG)]. Moreover, studies that were included in the meta-

analysis on neuroimaging in ToM by Carrington et al. (2009) and that reported 

activation in or around the IFG were included in the region of interest. Figure 3 

depicts the template brain with the peak activations from the literature.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If peak activations were reported in MNI space, corresponding Talairach coordinates 

were computed in the Brede toolbox. For each included study a separate mask was 

created by drawing a gaussian kernel of 10 mm around each reported peak voxel. 

These separate masks were subsequently entered into a data matrix in SPM 5 (using 

the ImCalc function) to create one single mask, which was then binarized to make it 

suitable for analysis. This resulted in a mask of 18.5 cm3. The number of studies 
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reporting right IFG activation was considerably smaller, which would result in a 

smaller region of interest in the right hemisphere.  

To prevent an increase of false positives due to the small size of the region of 

interest in the right hemisphere, the region of interest that was drawn for the left 

hemisphere was mirrored for the right hemisphere, so the power and risk of false 

positives would be equal for both hemispheres. Reported activations for (HI > LI) 

and (Stop > Go) were FDR corrected (p < 0.05). All comparisons versus fixation were 

FWE corrected (p < 0.05). The minimally activated number of voxels for all contrasts 

was set to 20.  

For the stop-signal task the same region of interest was used to investigate 

whether differences in activation would be observed in the same areas in simple 

inhibitory processes as compared to the more complex self-inhibition. The contrast of 

interest was (Stop > Go), including only correctly inhibited stop trials and correct go 

trials.  

 

Results 

Behavioral data 

Theory of Mind  
Behavioral data for the self-inhibition task are presented in table 3. Two repeated 

measures analyses were performed for the behavioral session for accuracy and for 

reaction times (RT) with Condition (DC, SC & WM) as within subjects factor and 

Group (low vs. high PP) as between subjects factor. For accuracy no significant effects 

for Condition, Group or Condition x Group interaction were demonstrated (p > 0.05), 

which indicates a similar performance for both groups and for all conditions. RT’s 

did reveal a significant main effect for Condition (F (2, 33) = 42,649, p<0.0001). 

Pairwise comparisons revealed that RT’s for the WM condition were significantly 

higher than for the DC and the SC condition (p < 0.0001), but that RT’s for DC and SC 

did not significantly differ (p > 0.05). No significant main effect for Group, nor an 

interaction effect between Group and Condition was found. Thus, differences in RT’s 

were observed between conditions, but this effect was similar for both groups.  

Secondly, two repeated measures analyses were performed for the fMRI 

conditions for accuracy and for RT’s with Condition (HI, LI & CC) as within subjects 

factor and Group (low vs. high PP) as between subjects factor. This did not reveal 

any significant effects for Condition, Group or Condition x Group interaction with 

respect to accuracy (p > 0.05). RT’s did reveal a significant main effect for condition (F 

(2, 34) = 99.583, p<0.0001), which indicates that RT’s differed between conditions. 

Pairwise comparisons revealed that RT’s for HI were significantly higher than for BC 

and LI (p < 0.0001), and RT’s for BC were significantly higher than for LI (p < 0.0001). 

No main effect for Group, nor a Condition x Group interaction was observed for 

RT’s. This indicates that even though a difference in RT’s was observed between 

conditions, this effect was similar for both groups.  
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Stop-signal  

Analyses of the behavioral results of the stop-signal task (see table 3) confirmed the 

percentage correct mentioned in the method section (mean low PP = 50%; mean high 

PP = 51%), indicating that the algorithm worked properly. A MANOVA with Go 

reaction time (RT) and Go accuracy as dependent variables and Group (low vs. high 

PP) as an independent variable did not reveal any group differences (p > 0.05).  

Furthermore, a repeated measures analysis with Condition (Go before Stop & 

Go after Stop) and Group revealed a that RT’s for the go conditions presented after 

incorrect stop trials were slightly higher than those after correct stop trials (F (1, 35) = 

4.201, p<0.048). No main effect for Group, nor an interaction effect between Group 

and Condition was found, indicating that the effect was similar for both groups. 

Finally, similar effects were found for accuracy levels. Accuracy levels for the go 

trials presented after incorrect stop trials were slightly lower than those after correct 

stop trials (F (1, 35) = 11.665, p<0.002). Moreover, a main effect for Group was 

observed (F (1, 35) = 6.261, p<0.017), indicating that high PP individuals were 

generally less accurate than low PP subjects. However, no interaction effect between 

Group and Condition was found (p > 0.05), which indicates that the accuracy 

difference between go after correct vs. go after incorrect stop trials was similar for 

both groups. 

 

 

Table 3. Behavioral results ToM and stop-signal task for both high and low PP subjects.  

 Low PP subjects High PP subjects 

  Mean RT  

(sec) 

SD  

(sec) 

Accuracy 

(%) 

Mean RT  

(sec) 

SD  

(sec) 

Accuracy 

(%) 

ToM task       

 fMRI conditions        

 HI  1,34 0,28 97,6 1,34 0,20 96,8 

 LI  0,93 0,25 97,1 0,92 0,20 97,5 

 BC  1,17 0,34 99,1 1,22 0,20 98,0 

        

 behavioral conditions        

 DC  1,00 0,38 99,3 1,00 0,30 98,5 

 SC  0,97 0,37 97,2 1,03 0,26 97,0 

 WM  1,30 0,39 98,3 1,29 0,36 97,8 

       

  Mean RT  

(msec) 

SD  

(msec) 

Accuracy  

(%) 

Mean RT  

(msec) 

SD  

(msec) 

Accuracy  

(%) 

stop-signal task        

Go  490 100 97 453 73 97 

Stop  - - - - - - 50 - - -  - - -  51 

Go after correct Stop 479 98 100 438 73 97 

 Go after incorrect Stop  495 102 97 458 64 95 
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Figure 4. High Inhibition (HI) versus Low Inhibition (LI). Activation patterns for PP are depicted in yellow, activation 

patterns for HC are depicted in green. Differential activation pattern between groups is represented in red. TOP: slices 
represent the left hemisphere at x-coordinates (MNI-space) -50, -46, -42, -34 (from left to right). MIDDLE: slices represent 

the right hemisphere at x-coordinates (MNI-space) 50, 46, 42, 34 (from left to right). BOTTOM: activation for PP > HC, 

slices represent x-coordinates (MNI-space) -50,-46,-42 (from left to right).  

Imaging results 

For both the ToM and the stop signal tasks activation patterns in low PP only were 

described in van der Meer et al. (chapter 2 of this thesis). The current paper focused 

on differences in activation patterns between low and high PP. 

 

Theory of Mind  

Figure 4 depicts activation patterns for the (HI > LI) contrast in both groups as well as 

the difference in activation between groups, table 4 lists all significant peak 

activations. As hypothesized, a region of interest analysis in the bilateral IFG 

demonstrated significantly more activation yielded in the left IFG for high PP in the 

(HI > LI)contrast. An additional whole brain analysis to detect any unexpected 

differential activation pattern did not reveal any other areas of differential activation 

in the HI > LI contrast for either low vs. high PP subjects or vice versa.  

Besides the self-inhibition component, the other-perspective taking 

component was investigated through the contrasts (HI > Fixation) and (LI > Fixation). 

In both groups activation was found in left STG, TPJ, MTG, supramarginal gyrus, 

superior parietal lobe, insula, dMPFC and precuneus (see supplementary materials 

figure S1 & S2 and table S1 & S2). No group differences were observed for this 

contrast. Thus both groups demonstrated similar areas of activation.  
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Stop-signal  

The contrast (Stop > Go) yielded activation in the bilateral IFG as well as insula, 

bilateral MTG and post central gyrus. Both groups demonstrated a similar activation 

pattern (see supplementary material figure S3, table S3 & S4). No group difference in 

activation was observed in the region of interest analysis in the IFG. An additional 

whole brain analysis to detect any unexpected differential activation pattern did not 

reveal any areas of differential activation between groups.  

 

Discussion 

As hypothesized, this study revealed that high PP individuals demonstrated more 

activation in the left IFG than low PP individuals, despite equal behavioral 

performance on ToM in the self-inhibition condition. The IFG area is involved in the 

inhibition of self-perspective as well as in simple response inhibition (chapter 2 of 

this thesis). This suggests that in order to perform as well as healthy controls on 

ToM, the effort is higher in high PP subjects. The group comparison in the behavioral 

control conditions showed that low and high PP subjects perform equally well on 

each condition, suggesting that possible differences in the fMRI conditions cannot be 

due to either problems in working memory, disengagement or trust in the hints from 

the woman in the movie clip. In addition, no behavioral or functional differences 

between groups were found in the other-perspective taking condition, suggesting 

that high PP subjects were equally able to take someone else’s perspective, when no 

self-perspective inhibition was required. Furthermore, the lack of difference in 

activation and behavioral performance between groups in the stop signal task 

suggests that the increased effort in the self-inhibition condition cannot be ascribed to 

deficits in basic inhibitory processes.  

 The lack of behavioral differences between groups may be explained by the 

relative simplicity of the task. The high PP subjects seem to have succeeded in 

compensating in self-perspective inhibition through increased activation in the IFG. 

This is in line with a study by Kobayashi et al. (2007), who found increased activation 

in the left IFG in children on a cartoon perspective taking task, despite similar 

behavioral performance. The authors ascribed the increased activation in the left IFG 

to a more effortful process. With regard to subjects with an increased risk to develop 

a psychotic disorder, Rapp and colleagues (2010) demonstrated a positive correlation 

Table 4. Peak activations for the ToM contrast HI > LI. Only significant peak activations were found for high 

PP > low PP and not for low PP > high PP 

    MNI coordinates   

Brain region clustersize (voxels) x y Z T-value 

            

Left IFG 297 -44 14 10 3.88 

    -44 20 14 3.84 

    -46 8 12 3.78 
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between psychometric schizotypy and activation in the left IFG in an irony 

comprehension task, but did not find any behavioral differences between high and 

low schizotypy. Similarly, Modinos et al. (2010) investigated cognitive and emotional 

ToM in high PP individuals. Despite equal behavioral performance, they found 

increased activation in the left IFG, dorsomedial and anterior prefrontal cortex for 

high PP in second order ToM but not in first order ToM. Thus, taking the perspective 

of another person seems to be similar for low and high PP subjects. However, when 

subjects had to make more complex inferences such as imagining the inference of the 

other person about yet another person, high PP individuals seemed to need more 

resources than low PP subjects. Drawing a line with the current results, this may 

suggest that when making a more complex inferral, the own model may no longer be 

correct and may require inhibition. Importantly, the design of Modinos et al. (2010) 

did not allow for the separate investigation of self-perspective inhibition. Moreover, 

the task design of the current study was more similar to real life situations, since they 

were movie clips instead of the more abstract cartoons that were used in Modinos et 

al. (2010).  

This differentiation between self-perspective inhibition and other-perspective 

taking in ToM corresponds with other definitions of ToM that distinguish between a 

cognitive component, an affective component and a regulatory mechanism (Decety & 

Jackson, 2004; Ickes, 2003). This regulatory mechanism is hypothesized to underlie 

both the cognitive and the affective component and is necessary for reviewing the 

own perspective and the need to reconsider and inhibit this view for a correct 

understanding of the other persons’ perspective (Hodges & Wegner, 1997). Thus, in 

essence this regulatory mechanism, or also called controlled empathy, seems 

comparable to the self-perspective inhibition component that was proposed by 

Samson et al. (2005). Cognitive empathy refers to the understanding of the other 

persons perspective and the behavior of the other person, which may be based on 

other beliefs and values than your own. Affective empathy on the other had refers to 

the sharing of affective mental states and thus the understanding of the emotional 

state of the other person (Hooker et al., 2010). Interestingly, Hooker et al. (2010) 

found a relationship between cognitive empathy (encompassing controlled empathy) 

and activation in the left IFG. This is in line with a body of research suggesting a 

double dissociation between cognitive and emotional empathy in lateral prefrontal 

areas (IFG & orbitofrontal cortex) and the ventromedial prefrontal cortex (vMPFC), 

respectively (Blair, 2005; Saxe, 2006; Völlm et al., 2006). Lee et al. (2010) used a task 

that beared similarity to the task used in the current study in schizophrenia patients. 

They distinguished four cartoon conditions (cognitive empathy, emotional empathy, 

inhibitory empathy, and a physical condition). The cognitive and emotional empathy 

conditions were relatively straightforward, while the inhibitory empathy condition 

required the observer to inhibit the perspective of one of the characters. Thus, the 

cognitive empathy condition is comparable to our other-perspective taking 

condition, while the inhibitory empathy condition is comparable to our self-

inhibition condition. Behaviorally, patients were slower in responding on the 
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emotional and inhibitory empathy conditions and not in the cognitive empathy 

conditions, while the accuracy between groups was similar. Furthermore, Lee et al. 

(2010) found more activation in the right IFG in schizophrenia patients in the 

inhibitory condition. Even though the activation difference reported in the current 

study is left lateralized, the bilateral IFG was demonstrated to be important for self-

perspective inhibition (chapter 2 of this thesis). Thus, while the results of Lee et al. 

(2010) are not identical to ours, they do suggest that more effort is needed in 

schizophrenia patients as well as in high PP individuals for the inhibitory component 

of ToM.  

Bailey and Henry (2010) used the exact same paradigm as the current study in 

schizophrenia patients, but did not measure brain activation. Even though they 

reported that patients were not just impaired on the HI condition, but also on the LI 

condition, their results do show a trend towards a larger impairment in the HI 

condition than in the LI condition. Furthermore, Modinos et al. (2009b) reported that 

increased IFG volume was related to more severe auditory verbal hallucinations in 

schizophrenia. In light of the current findings in high PP subjects, such a correlation 

may imply that subjects with more severe auditory verbal hallucinations may have 

difficulties in self-perspective inhibition. That is, they may be impaired in the 

inhibition of self-generated verbal stimuli, resulting in more verbal input, which 

presents itself in the form of verbal hallucinations. Additionally, Jeong et al. (2009) 

found abnormalities in functional as well as anatomical connectivity between the IFG 

and the superior temporal gyrus, which also has been related to ToM processing 

(Carrington & Bailey, 2009). Thus, converging results suggest that one of the core 

features that may be hampered in schizophrenia as well as in subjects with a 

predisposition to develop a psychotic disorder, is the inhibition of the own 

perspective. It therefore seems vindicated to disentangle the concept of ToM into 

two, or possibly more, components of which some may be more hampered in 

schizophrenia and high PP individuals than others.  

One important question is whether such processes are dependent upon more 

basic inhibitory processes. Even though we found that high PP subjects may need to 

put in more effort during self-perspective inhibition, such extra inhibitory effort was 

not found in the simple response inhibition task. This may have been due to the 

relative simplicity of the response inhibition paradigm. Other studies have 

demonstrated a relationship between simple inhibitory processes and ToM 

processing (Calderon et al., 2010; Dyck & Piek, 2010; Pellicano, 2010; Wisdom et al., 

2007). Leslie (2004) has demonstrated in young children that increasing inhibitory 

task load, resulted in decreased ToM. This suggests that the complexity of the 

inhibitory process influences ToM performance. Such a relationship is illustrated by 

the results of Mutter et al. (2006) who found that intact inhibitory processing and 

working memory performance predicted successful performance on ToM. Swick et 

al. (2008) demonstrated in a lesion study that the left IFG is necessary for response 

inhibition. The involvement of the left IFG not only in ToM, but also in response 

inhibition suggests that the increased activation in the IFG in our high PP group in 
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the self-perspective inhibition does reflect inhibition of some kind. We suggest that in 

self-perspective inhibition the amount of contextual cues is higher than in simple 

response inhibition and thus has a higher inhibitory task load. Steel et al. (2007) 

demonstrated in a paradigm with richer contextual cues than our paradigm that 

subjects with positive schizotypy performed worse on a response inhibition task. 

Such an interpretation is supported by the findings of Barbalat et al. (2009), who 

demonstrated that schizophrenia patients show decreased activation in the bilateral 

IFG as compared to healthy controls when extra contextual information had to be 

processed, while no group differences were found for the processing of episodic 

information.  

Thus, while indeed common inhibitory patterns were demonstrated for self-

perspective inhibition and simple response inhibition in the IFG (chapter 2 of this 

thesis), the results of the current study suggest that normal performance on simple 

response inhibition may not guarantee normal performance in inhibitory 

mechanisms for self-perspective inhibition. The integration of contextual information 

and the subsequent inhibition of this information may be an additional distinction 

within the inhibitory component of ToM, which may be more effortful for high PP 

individuals and which may result in ToM impairments in more severe psychiatric 

conditions, such as schizophrenia or autism.  

These results are of relevance, since they suggest that it might not be 

perspective taking per se in which high PP individuals and schizophrenia patients 

show differences with low PP subject or healthy control subjects , but rather 

difficulties in the inhibition of one’s own perspective. Garety et al. (2007) suggested 

that cognitive and emotional factors are indicative of making a transition from 

vulnerability for psychosis to development of a schizophrenia-spectrum disorder 

later in life. Thus, investigating the relationship between social functioning, ToM 

processing, more specifically self-inhibition, and simple inhibitory processing in 

schizophrenia patients may not only provide valuable clues for treatment in these 

patients, it may also be related to a transition to schizophrenia later in life. Perhaps 

training patients on simple response inhibition can improve ToM functioning. 

Moreover, training at risk individuals on simple response inhibition may prevent 

such a transition.  

 

Strengths and Limitations 

Some limitations with regard to the design of the study should be mentioned. Firstly, 

both low and high PP groups were selected out of a student population. That implies 

that all subjects, low and high PP, had a baseline cognitive capacity that may be 

better than the general population. Selecting high and low PP subjects from the 

general population may result in more pronounced differences between groups. 

Furthermore, our baseline control condition seemed to have induced some 

perspective taking. Therefore, the other-perspective taking component had to be 

investigated by comparing HI, LI and BC conditions with fixation. Even though this 
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provided reliable information, a baseline condition similar to the experimental 

conditions, excluding perspective taking processes, would provide a more elegant 

contrast for studying the other-perspective taking component. Finally, the design of 

the current task did not enable us to analyze the activation during the movie clips, 

since the assignment was clear at the moment the question was presented, which was 

at the end of the movie clip. Thus specific processes could not be assessed for the 

movie clips, but only for the question response period following the movie clips. 
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