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Abstract 

Background: Experimentally studying the influence of social environments on mental health 
and behavior is challenging, as social context is difficult to standardize in laboratory settings. 
Virtual Reality (VR) enables studying social interaction in terms of interpersonal distance 
in a more ecologically valid manner. Regulation of interpersonal distance may be abnormal 
in patients with psychotic disorders and influenced by environmental stress, symptoms or 
distress.

Aims: To investigate interpersonal distance in people with a psychotic disorder and at ultrahigh 
risk for psychosis (UHR) compared to siblings and controls in virtual social environments, 
and explore the relationship between clinical characteristics and interpersonal distance.

Methods: Nineteen UHR patients, 52 patients with psychotic disorders, 40 siblings of patients 
with a psychotic disorder and 47 controls were exposed to virtual cafés. In five virtual café 
visits, participants were exposed to different levels of social stress, in terms of crowdedness, 
ethnicity and hostility. Measures on interpersonal distance, distress and state paranoia were 
obtained. Baseline measures included trait paranoia, social anxiety, depressive, positive and 
negative symptoms.

Results: Interpersonal distance increased when social stressors were present in the 
environment. No difference in interpersonal distance regulation was found between the 
groups. Social anxiety and distress were positively associated with interpersonal distance in 
the total sample.

Conclusion: This VR paradigm indicates that interpersonal distance regulation in response to 
environmental social stressors is unaltered in people with psychosis or UHR. Environmental 
stress, social anxiety and distress trigger both people with and without psychosis to maintain 
larger interpersonal distances in social situations.
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1. Introduction

Psychotic disorders often involve impaired social functioning 1,2. Adequate social functioning 
includes keeping an appropriate physical distance to others. It is difficult to study a 
dynamic concept such as interpersonal distance, as laboratory settings do not represent 
real-life social contexts and often lack interaction between the subject and environmental 
characteristics. Using Virtual Reality (VR), the current study investigated the influence of 
social environments on interpersonal distance in psychosis.

Personal space or interpersonal distance is the distance we keep to people in our surroundings. 
Personal space is regulated dynamically and intrusion of personal space boundaries causes 
discomfort 3. Several factors influence which distance is desirable or appropriate at a certain 
moment. For example, when feeling threatened, people enlarge their distance to others 3. In 
contrast, when accompanied by familiar people, personal space boundaries become smaller 
4,5. Other factors influencing interpersonal distance are cultural norms, age, gender 6 and 
psychopathology 7,8.

People with psychosis were shown to prefer larger distances than controls in dyadic 
paradigms, that is, relative to a single person or single stimulus 9–12. Dyadic studies usually 
use tasks on paper or stop-distance tasks. In stop-distance tasks subjects are approached 
and have to indicate when they feel the approaching person gets so close that the subject 
starts to feel uncomfortable 12. 

In the last decade, dyadic interpersonal distance research has been extended with VR. 
Immersive VR experiments are more ecologically valid than pen and paper tasks but can 
still be controlled and replicated in a degree that is impossible in real-life experiments 13. 
Healthy subjects showed a positive relation between subclinical paranoid ideation and 
interpersonal distance in a dyadic VR setting 14. Park et al. observed a complex relation 
between interpersonal distance, facial affect and negative symptoms in patients with 
psychosis 15. Interpersonal distances were smaller when more negative symptoms were 
present, but only if avatars looked angry or neutral and not when looking happy. These 
findings suggest that interpersonal distance regulation may depend on multiple social and 
personal characteristics.

An unexplored aspect of interpersonal distance is the influence of social environments. 
Especially in patients with psychosis, the environment may be of importance for social 
functioning. Social stimuli in the surrounding which are meaningless to most people, can 
be threatening or over-arousing to people with psychotic disorders 16–18 and may increase 
interpersonal distance as a form of safety behavior. Moreover, increased stress reactivity 
19 and cognitive biases are common in psychosis 20. Together, this could result in elevated 
distress levels or paranoia in response to social environments. Primary results of the current 
study showed that patients with psychosis and at ultrahigh risk for psychosis (UHR) were 
indeed more sensitive to virtual social environmental stress than controls 21. Higher levels of 
social environmental stressors were related to increased paranoia and psychological distress. 
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Abnormal interpersonal distances can cause problems in social interactions 22. When 
distances become larger it might be more difficult to see and interpret facial affect. Also, 
people could respond differently if someone does not follow the social norms of personal 
space, which can contribute to paranoia, misinterpretations and social isolation in psychosis. 
A safety and feasibility pilot study on social environmental VR designs by our research group 
unexpectedly found that, compared to controls, psychosis patients kept smaller rather than 
larger interpersonal distances in virtual social environments 23, but the sample was too small 
to draw conclusions.

In this study we investigated interpersonal distance regulation in response to social 
environments in people with different psychosis liability; patients with a psychotic disorder, 
individuals at UHR, siblings of patients and controls. Participants were exposed to virtual 
surroundings differing in social stress in terms of crowdedness, ethnicity and hostility. To 
explore mechanisms by which environmental stress might influence interpersonal distance, 
the relation with symptoms and mental states was examined. 

We hypothesized that (a) interpersonal distance increases with the number of VR social 
stressors in the environment, (b) independent of psychosis liability, interpersonal distance 
is positively related to baseline levels of (subclinical) social anxiety and paranoia, and state 
paranoia and distress during VR experiments, (c) people with psychotic disorders and UHR 
keep larger interpersonal distances compared to healthy controls and siblings, and (d) 
there is an interaction between level of virtual social stressors and psychosis liability on 
interpersonal distance, that is, the effect of social stressors on interpersonal distance is 
larger in people with psychotic disorders and UHR than in siblings and controls.

2. Methods

2.1.  Subjects

Four groups of participants aged 18-35 were enrolled: people with a psychotic disorder 
(psychosis), people with an UHR status (UHR), siblings of people with a psychotic disorder 
(siblings) and healthy controls (HC). 

Psychosis participants were in treatment for first episode psychosis (unrelated to substance 
use or medical conditions) an diagnosed in the preceding five years. The diagnosis was 
verified with a Schedules for Clinical Assessment in Neuropsychiatry 24 or Comprehensive 
Assessment of Symptoms and History interview 25. No cut off scores for positive or negative 
symptoms were used as exclusion criteria for the psychosis group. UHR participants were 
help-seeking patients at outpatient departments of mental health care facilities and were 
identified as being at risk for psychosis according to the Comprehensive Assessment of 
At-Risk Mental States criteria 26. Siblings and HC had no history of psychosis, nor did first 
degree relatives of HC. Exclusion criteria for all subjects were: IQ<75, history of epilepsy and 
insufficient command of the Dutch language. Psychosis, UHR and siblings were recruited 
from five mental healthcare facilities. HC were recruited through advertisements at schools, 
dental offices and healthcare institutes. 
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Subjects signed informed consent preceding the study, and received a ten euro gift card for 
participating. The study was approved by the medical ethical committee of Leiden University 
Medical Center and conducted according to the principles of the Declaration of Helsinki 
(October 2008).

2.2.  Study design

The study has a crossover between group design. Participants completed questionnaires and 
subsequently five experimental blocks consisting of a VR experiment, followed immediately 
by a distress measure and questionnaire. 

2.3. VR environment

Experiments took place in a VR 3D café with a terrace covering an area of 181 m2 (figure 1), 
created by CleVR with Vizard software. The café was presented through a head-mounted 
display (HMD, Sony HMZ-T1) with a resolution of 1280x720 per eye and 51.6 diagonal field 
of view, integrated headphones and a built-in 3DOF head tracker. Participants moved by 
operating a joystick (Logitech F3 Gamepad). Avatars were standing or sitting at tables in the 
VR café. When participants approached avatars, some avatars would look their way briefly, 
others remained interacting and drinking. Participants heard random café background noises 
through the headphones. 

The social stressors present in the café differed in each experiment. This was accomplished 
by manipulating three variables: crowdedness, facial expression and ethnicity, see table 1. 
The ethnicity of minimal 80% of the avatars was similar or different (white Caucasian or 
North-African) to the ethnic appearance of the participant. The facial expression of the 
avatars was neutral or hostile. During the neutral condition avatars continuously looked 
neutral at each other and the participant. In the hostile condition, hostile looks (duration of 
five seconds) were interspersed with neutral looks.

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

Fig 1. 2D screenshots of avatars in the VR café. (Source: CleVR).
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2.4. Procedure

Subjects were instructed to explore the virtual café environment and perform a task to 
ensure that the VR café was explored. Five avatars had a number on their shirt, ranging from 
0 to 99. Participants had to find the avatar with the highest number, and remember that 
avatar’s number and gender. Each VR exposure lasted four minutes; between experimental 
blocks was a five-minute break. The order of exposure was randomized, with exception of the 
last experiment when a minimum of two stressors was always present.

2.5. Measures

Baseline measures included demographic variables (see table 2), the Community Assessment 
of Psychic Experiences 27, the Green Paranoid Thought Scale 28 and the Social Interaction 
Anxiety Scale 29.

During VR exposure, interpersonal distance (IPD) was measured automatically by the VR 
software. The distance was measured in millimeters from the center of the avatar’s head to 
the front of the participant’s head. The software calculated the average distance between 
the participant and each avatar within a radius of two meters of the participant at a rate of 
10 Hz. The radius criterion of two meters was chosen based on previous VR research 15 and 
the social distance zone by Hall (1966) which describes the distance people generally keep 
to strangers in public places and casual conversations 22. The mean IPD was calculated per 
experiment for all avatars and avatars with numbered shirts only to check whether the task 
influenced interpersonal distances. 

Furthermore, positions of participants were registered at 10 Hz to check whether subjects 
explored the café. Exploration index 1 was defined as the average distance between all 
registered positions. This is an indication of the distance covered by subjects; the standard 
deviation (exploration index 2) hereof reflects the degree to which participants were at 
different positions in the café. Means were computed per group. 

Peak distress and state paranoia were measured directly after each VR exposure. Peak 
distress was assessed by asking the participant to think back to the moment at which they 
experienced the highest distress during the exposure and rate this distress on a scale from 0 
‘no stress at all’ to 100 ‘most stressful imaginable’. With the State Social Paranoia Scale (SSPS) 
paranoid thinking about the avatars was assessed per experiment 30. The SSPS is a 20-item 
questionnaire, with 10 items assessing persecutory thoughts (e.g. “someone had bad intentions 
towards me”), and 10 items measuring positive and neutral thoughts on a 5-point-scale.

Table 1. Overview of the stressors present in the virtual café during the experiments. 
 

Experimental Social stressors 
condition Crowdedness Hostility Own ethnicity 
A 6 avatars Neutral 80% 
B 40 avatars Neutral 80% 
C 40 avatars Neutral 20% 
D 40 avatars Hostile 80% 
E 40 avatars Hostile 20% 
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2.6. Data analysis

The sample size (n=50 per group) was determined by the primary outcome measures to 
detect a small to medium effect, see Veling et al 21. To assure that this sample size was 
sufficient for detecting differences in interpersonal distance the online software GLIMMPSE 
was used for power analysis 31. The analysis was performed accounting for a potential 
drop-out rate of 20% (n=40 per group). Based on a VR pilot study, the standard deviation 
was estimated to be 6 cm at each time-point 23. The significance level was set at 0.05, 
and the correlation between the repeated measures was assumed to be 0.3. Under these 
assumptions the statistical power to detect a difference of 5 cm was 0.99. As the VR pilot 
study found differences of this magnitude in interpersonal distance between patients and 
controls and the majority of previous studies reported much larger differences of 20 to 60 
cm (e.g., 10,11,32), the sample size of 40 participants per group was considered sufficient.

Data were analyzed with IBM SPSS Statistics 22. Significance was accepted at 0.05.  
Groups were compared on baseline measures and exploration indices with a chi-squared 
test, ANOVA, or Kruskal–Wallis test (non-parametric). 

IPD outcome measures were analyzed with linear mixed models (LMM) (MIXED software 
function). First, mean IPD of all avatars and numbered avatars were analyzed on the factors 
group (Psychosis, UHR, Siblings and HC), experimental condition (A, B, C, D and E) and 
the interaction group X experimental condition. Second, explorative analyses on the relation 
between IPD and clinical characteristics as well as mental states during VR exposure were 
performed. The method of estimation used was restricted maximum likelihood. Experimental 
condition was treated as the repeated factor to control for the dependency of measurements. 
Model and covariance structure selection took place by comparison of the goodness of fit 
with the Bayesian’s Information Criterion. Gender and age were added as covariates to all 
models.

3. Results

3.1. Participant characteristics

156 participants were included for data analyses. Inclusion criteria were met by 170 people. 
Two participants were excluded because of missing baseline data. Twelve were excluded 
because less than two experiments were completed correctly due to cybersickness (n=10) 
and failures in the experimental set-up (n=2). Baseline characteristics and exploration 
indices are shown in table 2. Exploration indices did not differ between groups, indicating 
that people covered a similar area of the café.

3.2. Interpersonal distance

The average IPD per experimental condition are shown in table 3 and figure 2. The minimum 
measured IPD was 1.09 and the maximum 1.84 m. The LMM analysis on IPD relative to 
all surrounding avatars showed a significant main effect of experimental condition on IPD 
(F(4,144)=3.02, p=.02), no significant effect of group (F(3,149)=2.25, p=.08) and no significant 
interaction between experimental condition and group. Post-hoc pairwise comparisons 
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(Bonferroni corrected for 20 tests) indicated that adding social stressors to the surrounding 
elicited an increase in IPD. People kept more distance to others relative to environment A (no 
stressors) in environment B (p=.03), C (p=.06; marginally significant), D (p=.03) and E (p=.01).

For IPD to numbered avatars, which participants had to approach during the experiments, 
a marginal non-significant main effect of experimental condition was found (F(4,560)=2.17, 
p=.07). No significant effect of group or the interaction of group and experimental condition 
was found.

3.3. Relation with clinical variables

The relation between IPD and clinical characteristics was explored across the entire sample.  
A significant positive association was found between IPD and peak distress (b=0.033±0.012cm, 
t(147)=2.14, p=.007). In addition, trait social anxiety was related to IPD (b=0.050±0.023cm, 
t(346)=2.60, p=.03), higher scores resulted in a larger IPD. When both baseline social anxiety 
and peak distress were entered in a single model, the goodness of fit did not improve. No 
relationship was found with state paranoia or the following baseline measures: paranoia, 
positive, negative or depressive symptoms.

Table 2. Baseline sociodemographic and (sub-) clinical characteristics. 
 

        

  HC   Siblings   UHR   Psychosis  
    

n = 47 n = 40 n = 19 n = 50 
  M SD   M SD   M SD   M SD   p 
Age 24.3 4.3   26.5 4.8   24.3 4.4   26.0 4.6   .07 
Male (%) 46.8     55.0     36.8     80.0     .001 
Dutch origin (%) 72.3     72.5     73.7     52.0     .09 
Level of education (%):    

    

  

    

  

    

  

  

    
   Vocational or lower 25.5 27.5 36.8 52.0    
   Selective secondary 19.1 7.5 26.3 20.0    .002 
   Higher 55.3 65.0 36.8 28.0     
CAPE                           
  Positive symptoms 24.2 4.7   23.7 3.1   32.3 7.2   31.0 8.7   <.001 
  Negative symptoms  21.3 4.7   21.3 3.7   32.9 7.8   27.1 6.5   <.001 
  Depressive symptoms  12.4 2.8   12.4 2.2   20.5 4.7   14.7 3.4   <.001 
GPTS                           
   Social reference 20.5 7.1   19.6 5.0   39.1 13.6   28.8 14.6   <.001 
   Persecution 16.8 2.0   16.6 1.9   30.9 14.1   25.9 14.3   <.001 
   Paranoia total 37.3 8.9   36.2 6.1   70.0 27.0   54.7 28.5   <.001 
SIAS                           
   Social anxiety 16.7 12.1   15.3 10.5   39.4 19.8   28.3 15.4   <.001 
Exploration index 1 7.0  0.5  6.9 0.4  6.9 0.4  6.7 0.6  .08 
Exploration index 2 4.6 0.3  4.6 0.3  4.6 0.2  4.5 0.4  .27 

  Note: CAPE; Community Assessment of Psychic Experiences, GPTS; Green Paranoid Thought Scale, SIAS; Social   
  Interaction Anxiety Scale.    
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4. Discussion

4.1. Main findings

Larger distances were kept to others in the café when one or more stressors (i.e., crowdedness, 
hostility and ethnic minority) were present compared to no stressors. Interpersonal distance 
was positively related to the level of reported distress, and individuals with higher pre-
existent levels of social anxiety kept larger distances to others, regardless of psychosis 
liability. All psychosis liability groups responded similarly to different social environments; 
no difference in the regulation of interpersonal distance was found between people with a 
psychotic disorder, UHR, siblings or healthy controls. 

 
Table 3. IPD group means and standard deviations per experimental condition. 
 

    
A B C D E  

No stressors 
  

Crowded 
  

Crowded + 
ethnic minority 

 Crowded + 
hostile 

Crowded + 
hostile +  

ethnic minority 
    M SD M SD M SD M SD M SD 

IPD (cm) 
kept to all 
avatars  

HC 143.8 9.7 146.7 5.8 145.4 5.5 144.0 6.1 145.4 5.1 
Siblings 142.4 10.0 145.5 5.6 146.0 5.1 146.3 6.3 146.4 6.4 
UHR 143.4 7.3 144.3 4.5 143.8 5.0 145.6 6.2 145.4 3.8 
Psychosis 144.1 11.9 147.5 7.5 148.0 6.4 148.0 6.8 148.2 6.5 

  Total 143.4 10.2 146.3 6.2 146.1 5.8 146.0 6.5 146.4 6.0 
            
IPD (cm) 
kept to 
numbered 
avatars 

HC 144.3 10.1 145.1 13.5 145.8 11.1 146.1 13.5 141.9 11.7 
Siblings 142.4 9.9 144.2 9.9 144.8 9.3 146.4 13.5 145.6 12.8 
UHR 144.2 9.9 142.2 10.4 141.1 12.7 148.8 10.9 147.3 10.4 
Psychosis 143.2 11.9 145.6 12.4 146.8 11.8 146.9 16.1 147.7 12.0 

        Total 143.5 10.5 144.6 12.0 145.1 11.3 146.8 13.9 145.2 12.1 
 

Fig 2. Mean IPD relative to all avatars in the VR café.
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Independent of psychosis liability, crowdedness did influence interpersonal distances to 
(virtual) people. When 40 avatars were present in the VR café people kept larger distances 
to others than when only six avatars were present. This supports the notion that social 
parameters can influence interpersonal distance. The presence of others may have elicited 
arousal or distress, which may have led to larger personal space preferences as a form 
of subtle safety behavior. When the crowd was hostile or the majority had another ethnic 
appearance this did not further increase interpersonal distance. In contrast, a VR study by 
Dotsch and Wigboldus found native Dutch people to keep larger distances to North African 
avatars than white Caucasian 33. Possibly the maximum effect of social environmental stress 
was already achieved when 40 avatars were present in our study, due to the task or limited 
area of the VR environment, herewith covering a potential effect of ethnicity and hostility. 

Our data suggest that interpersonal distance might be affected by more general states, such 
as psychological distress, that are common but not specific for psychosis. When subjects 
reported the café visit as being more distressing, this was reflected in a small but significant 
behavioral change, by keeping more distance to avatars. This is consistent with theory 
stating the primary function of personal space is to protect from over-arousal and feelings 
of discomfort 3,34. No association was found between paranoid thoughts about the avatars 
during café visits and interpersonal distance. As for baseline characteristics, only social 
anxiety was related to interpersonal distance, which is congruent with previous research 
in socially anxious people showing enlarged personal boundaries 35,36. Whereas previous 
results on the relation between interpersonal distance and positive and negative symptoms 
have been inconsistent, this study provides new insights by focusing on different states and 
symptoms such as distress and social anxiety.

The finding of similar interpersonal distance regulation in people with different levels of 
psychosis liability was unexpected and contrary to the hypotheses. We think that our finding 
of no differences between groups represents a true negative finding. Whereas the sample 
size was rather large for an interpersonal distance study, the differences between the groups 
were very small. Within an experimental condition the largest observed difference between 
groups was ~4 cm. This is in contrast with previous research using an explicit stop-distance 
task, which found differences in interpersonal distance as large as ~60 cm between healthy 
controls and psychosis patients 10. The differences found in dyadic studies are quite extreme 
and raises the question whether these results generalize to real-life situations.

Whereas environments with high levels of social stressors caused relatively more feelings of 
distress in people with higher psychosis liability 21 this did not lead to significantly increased 
distances in the psychosis or UHR group. Also, baseline social anxiety differed between 
groups but was not reflected in group differences in interpersonal distance. Although these 
results seem conflicting, it is explained by the fact that distress and social anxiety only 
partially explained interpersonal distance, and because people are quite heterogeneous.

4.2. Dyadic vs. social environmental VR paradigms

We do not have an unequivocal explanation for the difference in findings between dyadic  
paradigms and the present social environmental VR paradigm. However, two differences 
between the paradigms might contribute to the discrepancy in results. 
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First, in classic paradigms (as stop-distance tasks and questionnaires), subjects are asked 
explicitly to indicate their interpersonal distance. This requires the subject to be aware of his 
or her personal space preferences in a particular situation. In VR, interpersonal distance is 
measured implicitly, without the participant knowing that it is measured or of interest. The 
process of explicitly considering at which interpersonal distance you feel comfortable, may 
more strongly reflect level of paranoia or problems with social cognition than an implicit 
VR measure. Differences between implicit and explicit processing of social cues have been 
observed before in patients with psychosis. Whereas explicit processing was impaired, 
implicit processing was preserved 37.

Second, dyadic research is mostly performed in laboratory settings, which are deprived of 
(social) stimuli. Whereas previous VR studies already used more natural surroundings, only 
a single avatar was present in these VR worlds 8,14. Interpersonal distance in the present 
paradigm was measured in a VR café in which six to 40 (virtual) people were visiting, forming 
a complex social environment. Furthermore, avatars in the café reacted to the participant, 
making this VR setting socially dynamic and interactive. In such complex environments 
many stimuli are present, causing attention to be divided, which might reduce the tendency 
of individuals with psychosis to keep more distance.

4.3. Limitations

Experiments were done in a single virtual setting therefore generalizability to other 
VR and real environments remains to be established. Previous research demonstrated 
generalizability of behavior in VR to real life 38 as well as the use of similar social norms 
during interactions in VR and real-life 39. The sample size of the UHR group was relatively 
small (n=19) in this study. Ten participants dropped out because of cybersickness, a side 
effect of VR that manifests in symptoms such as dizziness and nausea. Most dropouts 
(n=6) occurred in the largest group (healthy controls) therefore we do not expect that this 
influenced results. In this study, symptoms may have been less severe compared to other 
studies. The symptom level of the psychosis patients was similar and in some dimensions 
lower (depressive and social reference dimension) than the symptom level of UHR. Possibly 
this reflects that UHR have high co-morbidity rates 40,41. Moreover, it shows that the patients 
of this study had a relatively low symptom severity. Future studies could add patients with a 
broader spectrum of symptom severity to verify whether the results of this study generalize.  
Finally, people from different cultures are known to have different interpersonal distance 
preferences. We could not correct for culture reliably because participants of non-Dutch 
origin had been living in the Netherlands for several years. As a result, the cultural norms of 
these participants were probably a mix of the culture of origin and the Dutch.

4.4. Conclusion and implications

Our findings suggest that the regulation of interpersonal distance is not affected in patients 
with UHR or psychosis with respect to people in the general surrounding. Interpersonal 
distance does appear to be related to emotional states or symptoms non-specific for 
psychosis such as feelings of distress and social anxiety. 
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Whereas previous research has recommended targeting interpersonal distance regulation 
in social-skills training and psychoeducation (e.g., 4,10), we did not find evidence to support 
this recommendation. This study did provide preliminary evidence that social environmental 
factors might be more important in social behavior research than is currently thought.  
Due to methodological issues it has long been impossible to take the environment into 
account experimentally; VR seems to be a suitable tool to overcome these problems. 

 
 
 

 

CHAPTER 2



28

References
1.  van Beilen M, Kiers HAL, Bouma A, et al. Cognitive Deficits and Social Functioning in 

Schizophrenia: A Clinical Perspective. Clin Neuropsychol. 2003;17(4):507-514. doi:10.1076/
clin.17.4.507.27935

2.  Couture SM. The Functional Significance of Social Cognition in Schizophrenia: A Review. 
Schizophr Bull. 2006;32(S1):S44-S63. doi:10.1093/schbul/sbl029

3.  Hayduk LA. Personal space: An evaluative and orienting overview. Psychol Bull. 1978;85(1):117-
134. doi:10.1037/0033-2909.85.1.117

4.  Nechamkin Y, Salganik I, Modai I, Ponizovsky AM. Interpersonal Distance in Schizophrenic 
Patients: Relationship to Negative Syndrome. Int J Soc Psychiatry. 2003;49(3):166-174. 
doi:10.1177/00207640030493002

5.  Hall ET. A System for the Notation of Proxemic Behavior. Am Anthropol. 1963;65(5):1003-1026. 
http://doi.wiley.com/10.1525/aa.1963.65.5.02a00020. Accessed December 10, 2015.

6.  Ozdemir A. Shopping Malls: Measuring Interpersonal Distance under Changing Conditions and 
across Cultures. Field methods. 2008;20(3):226-248. doi:10.1177/1525822X08316605

7.  Asada K, Tojo Y, Osanai H, Saito A, Hasegawa T, Kumagaya S. Reduced Personal Space 
in Individuals with Autism Spectrum Disorder. Dichter GS, ed. PLoS One. 2016;11(1):1-11. 
doi:10.1371/journal.pone.0146306

8.  Kim E, Ku J, Kim J-J, et al. Nonverbal Social Behaviors of Patients With Bipolar Mania 
During Interactions With Virtual Humans. J Nerv Ment Dis. 2009;197(6):412-418. doi:10.1097/
NMD.0b013e3181a61c3d

9.  Duke MP, Mullens MC. Preferred interpersonal distance as a function of locus of control 
orientation in chronic schizophrenics, nonschizophreic patients, and normals. J Consult Clin 
Psychol. 1973;41 (2)(2):230-234.

10.  Deus V, Jokić-Begić N. Personal space in schizophrenic patients. Psychiatr Danub. 2006;18((3-
4)):150-158. http://www.ncbi.nlm.nih.gov/pubmed/17099605.

11.  de la Asuncion J, Docx L, Sabbe B, Morrens M, de Bruijn ERA. Converging evidence of social 
avoidant behavior in schizophrenia from two approach-avoidance tasks. J Psychiatr Res. 
2015;69:135-141. doi:10.1016/j.jpsychires.2015.08.008

12.  Schoretsanitis G, Kutynia A, Stegmayer K, Strik W, Walther S. Keep at bay! – Abnormal 
personal space regulation as marker of paranoia in schizophrenia. Eur Psychiatry. 2016;31:1-7. 
doi:10.1016/j.eurpsy.2015.10.001

13.  Blascovich J, Loomis J, Beall AC, Swinth KR, Hoyt CL, Bailenson JN. TARGET ARTICLE: 
Immersive Virtual Environment Technology as a Methodological Tool for Social Psychology. 
Psychol Inq. 2002;13(2):103-124. doi:10.1207/S15327965PLI1302_01

14.  Fornells-Ambrojo M, Elenbaas M, Barker C, et al. Hypersensitivity to Contingent Behavior in 
Paranoia. J Nerv Ment Dis. 2016;204(2):148-152. doi:10.1097/NMD.0000000000000414

15.  Park S-H, Ku J, Kim J-J, et al. Increased personal space of patients with schizophrenia 
in a virtual social environment. Psychiatry Res. 2009;169(3):197-202. doi:10.1016/j.
psychres.2008.06.039

16.  Collip D, Oorschot M, Thewissen V, Van Os J, Bentall R, Myin-Germeys I. Social world 
interactions: how company connects to paranoia. Psychol Med. 2011;41(5):911-921. doi:10.1017/
S0033291710001558

17.  Haralanova E, Haralanov S, Beraldi A, Möller H-J, Hennig-Fast K. Subjective emotional over-
arousal to neutral social scenes in paranoid schizophrenia. Eur Arch Psychiatry Clin Neurosci. 
2012;262(1):59-68. doi:10.1007/s00406-011-0227-1

18.  Kapur S. Psychosis as a State of Aberrant Salience: A Framework Linking Biology, 
Phenomenology, and Pharmacology in Schizophrenia. Am J Psychiatry. 2003;160(1):13-23. 
doi:10.1176/appi.ajp.160.1.13

19.  Myin-Germeys I, van Os J. Stress-reactivity in psychosis: Evidence for an affective pathway to 
psychosis. Clin Psychol Rev. 2007;27(4):409-424. doi:10.1016/j.cpr.2006.09.005



29

20.  van der Gaag M, Schütz C, ten Napel A, et al. Development of the Davos Assessment 
of Cognitive Biases Scale (DACOBS). Schizophr Res. 2013;144(1-3):63-71. doi:10.1016/j.
schres.2012.12.010

21.  Veling W, Pot-Kolder R, Counotte J, van Os J, van der Gaag M. Environmental Social Stress, 
Paranoia and Psychosis Liability: A Virtual Reality Study. Schizophr Bull. 2016;42(6):1363-1371. 
doi:10.1093/schbul/sbw031

22.  Hall ET. The Hidden Dimension. New York: Anchor Books; 1966. http://www.philo-online.com/
TEXTES/HALL Edward Twichell - The hidden dimension.pdf. Accessed March 18, 2016.

23.  Veling W, Brinkman W-P, Dorrestijn E, van der Gaag M. Virtual Reality Experiments Linking 
Social Environment and Psychosis: A Pilot Study. Cyberpsychology, Behav Soc Netw. 
2014;17(3):191-195. doi:10.1089/cyber.2012.0497

24.  Wing JK, Babor T, Brugha T, et al. SCAN: Schedules for Clinical Assessment in 
Neuropsychiatry. Arch Gen Psychiatry. 1990;47(6):589-593.

25.  Andreasen NC. The Comprehensive Assessment of Symptoms and History (CASH). Arch Gen 
Psychiatry. 1992;49(8):615. doi:10.1001/archpsyc.1992.01820080023004

26.  Yung AR, Pan Yuen H, Mcgorry PD, et al. Mapping the Onset of Psychosis: The Comprehensive 
Assessment of At-Risk Mental States. Aust New Zeal J Psychiatry. 2005;39(11-12):964-971. 
doi:10.1080/j.1440-1614.2005.01714.x

27.  Konings M, Bak M, Hanssen M, van Os J, Krabbendam L. Validity and reliability of the CAPE: 
a self-report instrument for the measurement of psychotic experiences in the general 
population. Acta Psychiatr Scand. 2006;114(1):55-61. doi:10.1111/j.1600-0447.2005.00741.x

28.  Green CEL, Freeman D, Kuipers E, et al. Measuring ideas of persecution and social reference: 
the Green et al . Paranoid Thought Scales (GPTS). Psychol Med. 2008;38(1):101-111. 
doi:10.1017/S0033291707001638

29.  Mattick RP, Clarke JC. Development and validation of measures of social phobia scrutiny 
fear and social interaction anxiety. Behav Res Ther. 1998;36(4):455-470. doi:10.1016/S0005-
7967(97)10031-6

30.  Freeman D, Pugh K, Green C, Valmaggia L, Dunn G, Garety P. A Measure of State Persecutory 
Ideation for Experimental Studies. J Nerv Ment Dis. 2007;195(9):781-784. doi:10.1097/
NMD.0b013e318145a0a9

31.  Guo Y, Logan HL, Glueck DH, Muller KE. Selecting a sample size for studies with repeated 
measures. BMC Med Res Methodol. 2013;13(100):1-8. doi:10.1186/1471-2288-13-100

32.  Holt DJ, Boeke EA, Coombs G, et al. Abnormalities in personal space and parietal–frontal 
function in schizophrenia. NeuroImage Clin. 2015;9:233-243. doi:10.1016/j.nicl.2015.07.008

33.  Dotsch R, Wigboldus DHJ. Virtual prejudice. J Exp Soc Psychol. 2008;44(4):1194-1198. 
doi:10.1016/j.jesp.2008.03.003

34.  Delevoye-Turrell Y, Vienne C, Coello Y. Space Boundaries in Schizophrenia. Soc Psychol (Gott). 
2011;42(3):193-204. doi:10.1027/1864-9335/a000063

35.  Rinck M, Rörtgen T, Lange W-G, Dotsch R, Wigboldus DHJ, Becker ES. Social anxiety 
predicts avoidance behaviour in virtual encounters. Cogn Emot. 2010;24(7):1269-1276. 
doi:10.1080/02699930903309268

36.  Wieser MJ, Pauli P, Grosseibl M, Molzow I, Mühlberger A. Virtual Social Interactions in Social 
Anxiety—The Impact of Sex, Gaze, and Interpersonal Distance. Cyberpsychology, Behav Soc 
Netw. 2010;13(5):547-554. doi:10.1089/cyber.2009.0432

37.  Linden SC, Jackson MC, Subramanian L, et al. Emotion–cognition interactions in 
schizophrenia: Implicit and explicit effects of facial expression. Neuropsychologia. 
2010;48(4):997-1002. doi:10.1016/j.neuropsychologia.2009.11.023

38.  Eichenberg C, Wolters C. Virtual Realities in the Treatment of Mental Disorders: A Review of 
the Current State of Research. In: Virtual Reality in Psychological, Medical and Pedagogical 
Applications. InTech; 2012:35-64. doi:10.5772/50094

39.  Yee N, Bailenson JN, Urbanek M, Chang F, Merget D. The Unbearable Likeness of Being Digital: 
The Persistence of Nonverbal Social Norms in Online Virtual Environments. CyberPsychology 

CHAPTER 2



30

Behav. 2007;10(1):115-121. doi:10.1089/cpb.2006.9984

40.  Fusar-Poli P, Nelson B, Valmaggia L, Yung AR, McGuire PK. Comorbid Depressive and Anxiety 
Disorders in 509 Individuals With an At-Risk Mental State: Impact on Psychopathology and 
Transition to Psychosis. Schizophr Bull. 2014;40(1):120-131. doi:10.1093/schbul/sbs136

41.  Rietdijk J, Ising HK, Dragt S, et al. Depression and social anxiety in help-seeking patients with 
an ultra-high risk for developing psychosis. Psychiatry Res. 2013;209(3):309-313. doi:10.1016/j.
psychres.2013.01.012

 



31

CHAPTER 2


	Chapter 2



