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Abstract 

Abnormal multisensory integration is thought to play an important role in anomalous dissociative experiences of the body and self, including out-of-body experiences (OBEs) and feelings-of-presence. Aspects of OBEs including malleable self-boundaries and impaired judgments about self-location overlap with the phenomenology of schizophrenia. We sought to examine the performance of patients with schizophrenia (SZ) and healthy participants on a battery of visuo-tactile tasks designed to tap the underlying multisensory processes that may be abnormal in the schizophrenia spectrum. 
Methods:  7 patients with schizophrenia and 9 healthy controls participated in a battery of tasks that were designed to probe aspects of self and body integrity. The Mental Rotation Task assessed participants’ abilities to perform mental transformations (perspective taking). The Graphesthesia Task measured participants’ abilities to transform tactile stimuli to visuospatial representation.  The Hand Reversal Task measured participants’ abilities to integrate conflicting visuospatial and proprioceptive information. The Pinocchio Illusion task gauged susceptibility to perceive loosened self-boundaries and ambiguous spatial location of the body. The Shape After Effect Illusion measured the tendency to experience tactile illusion. The Two Point Discrimination Task measured the tactile sensitivity and discriminability of the participants.  In addition to these behavioral tasks we developed and administered a new self-report questionnaire designed to probe anomalous bodily experiences (BODI). In patients, symptoms were assessed with clinical interviews. In healthy controls, schizotypal personality questionnaire was given to assess schizotypal traits. 
Results: We found that reported incidence of anomalous phenomenological experience was associated with decreased tactile sensitivity and that SZs were more likely to have reduced tactile sensitivity. Furthermore, higher schizotypal traits in controls were associated with susceptibility to abnormal self-experiences.   
Discussion: Although there were no statistical differences between patients and controls on most of the illusion tasks, there were trends showing reduced tactile sensitivity in SZ. SZ had preserved perspective-taking abilities in the mental rotation task, which suggests that they are able to perform self-other transformations. Future research should recruit larger, age-matched participant pools and examine neural underpinnings of anomalous self-experiences in schizophrenia.
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Introduction
	Schizophrenia is a severe psychotic disorder that affects 1% of the population worldwide (NIH, 2014). The illness is heterogeneous in its presentation, but it is characterized by “positive” and “negative” symptoms (Pogue-Geile & Harrow, 1984). Positive symptoms are defined by floridly psychotic signs such as thought disorder, hallucinations and delusions (especially paranoid delusions) (Andreasen, 1984). Negative symptoms include alogia, avolition, blunted affect and motor retardation (Andreasen, 1983; Andreasen, Flaum, Swayze, Tyrrell, & Arndt, 1990). Other hallmarks of schizophrenia include cognitive deficits such as working memory impairments (Park & Lee, 2002; Lee & Park, 2005), impaired social functioning (Bellack, Morrison, Wixted, & Mueser, 1990; Green et al, 2008), and disorganized thoughts and abnormal theory of mind (Sarfati, & Hardy-Baylé, 1999; Brüne, 2005; Green et al, 2008). As such a wide array of symptoms are associated with schizophrenia, and individual patients may exhibit most or only a few of these traits, a standard, underlying mechanism for the disorder is difficult to pin down. However, whether the expression is through auditory hallucinations (Mueser, Bellack, & Brady, 1990) or a reduced ability to recognize emotions in others (Brüne, 2005), it is clear that sensory perception in schizophrenia is abnormal (Postmes et al, 2014). Anomalous perception may play a central role in the genesis of core schizophrenic symptoms involving problems of the “minimal self” (Sass & Parnas, 2003; Park & Nasrallah, 2014; Hur et al, 2014): the tacit understanding of one’s consciousness and body as a unified entity that interacts with its environment and unconsciously realizes the boundary between self and other. 
	The term ‘schizophrenia’, meaning ‘split mind’, was first coined by Eugen Bleuler (1911) to capture the core disturbances of fragmented self. Indeed, altered sense of self is central to both positive and negative symptomatology (Sass and Parnas, 2003; Park and Nasrallah, 2014; Hur et al, 2014).  A sense of coherent self and body is essential to our daily functioning and is achieved by integration of multisensory information from all sensory modalities (e.g. visuospatial, proprioceptive, tactile, auditory etc).  Multisensory integration occurs seamlessly in the healthy brain such that we never have to ask,  “Where is my body in space,” “Do I view the world from an external or internal locus?” and “What are the boundaries of my body and who controls its actions?”.   We have accurate and automatic knowledge of self location in relation to the environment and we almost always view life from a first person perspective while awake. We have a tacit understanding that we are the initiators of our bodies’ actions (Gray, 2014; Postmes et al, 2014; Hur, Kwon, Lee, & Park, 2014). However, under certain conditions, body-self unity can disintegrate, leading to dissociative experiences such as the Out-of-body experiences (OBEs) or autoscopic hallucinations (Blanke, Landis, Spinelli, & Seeck, 2004). 
	During OBEs, people describe leaving the boundaries of their physical body and viewing themselves from a different, usually elevated, perspective (Blackmore, 1987; Blanke & Arzy, 2005).  In a recent study of body ownership and agency, Thakkar et al (2011) serendipitously observed a spontaneous OBE in a patient with schizophrenia, which suggests that those with weakened sense of self may be prone to dissociative experiences. In a follow-up study, Park, McIntosh & Bass (in preparation) found that the incidence of OBEs was elevated in schizophrenia but also in healthy participants at elevated risk for schizophrenia. This finding suggests that anomalous sense of self may be a risk factor for schizophrenia.
The neural correlates of abnormal self-experiences have been documented in case studies. Arzy, Seeck, Ortigue,  Spinelli, and Blanke (2006) induced hallucinatory experiences in an epileptic patient by electrically stimulating the left temporo-parietal junction (TPJ). The patient described feeling as if another person who closely mimicked himself was nearby. Such a feeling-of-presence suggests a loosening of self-other boundary. In another study, a tinnitus patient’s right TPJ was repeatedly stimulated, and he consistently reported feeling as though he was floating above his body each time the stimulation occurred. (De Ridder, Van Laere, Dupont, Menovsky, and Van De Heynig, 2007). Finally, a case study by Anzellotti, Onofrj, Maruotti, Ricciardi, Franciotti, Bonanni, and Onofrj (2011) followed a female participant who experienced periodic seizures that were accompanied by autoscopic hallucinations in which she saw a mirror image of herself in front of her body. The patient had a history of personality disorder with depressive and manic cycles, suicidal behavior, and anxiety. In the laboratory, this patient was asked to indicate when she felt the beginning of a hallucination while EEG was recorded. There was increased activity (spikes) over areas around the left temporoparietal junction (TPJ) as well as near the parieto-occipital cortex.  Thus, in each case study, interfering with the TPJ led to disintegration of body-self unity and also diminished the patient’s ability to correctly perceive self-location. These findings suggest that the TPJ may be crucial to integration and identification of self- relevant information. 
	Using fMRI to observe TPJ activity, Blanke, Mohr, Michel, Pascual-Leone, Brugger, Seeck, Landis, and Thut (2005) asked healthy participants engage in an “Own Body Transformation” task, or OBT, in which they were asked to imagine themselves as the human figure on a screen facing either towards them or away from them. The front facing figure mental rotation allowed participants to pretend like they were looking at their actual selves as in an OBE, while the back facing figure represented a normal point of view. After performing the mental rotation, participants indicated whether a glove was on the right or left hand of the human figure. To ensure that mental rotation was actually occurring, experimenters used a control task in which participants were asked to indicate whether the glove was on the right or left side of the computer screen. Furthermore, the experimenters wanted to demonstrate that the TPJ is specific to sensory integration involving humans, so they added a brain stimulation component with the transcranial magnetic stimulation (TMS) to temporarily ‘lesion’ the TPJ. The OBT task was the same, except for the addition of an object rotation task (letters). Blanke et al. (2005) found that the TPJ is more active and this activity endures for longer periods of time when participants engaged in front-facing transformation and that TMS blocking of the TPJ increased reaction time during rotation task with human figure but not letters. These results provide evidence that the TPJ is important for sensory integration for human images. Specifically, the OBT demonstrated that self-location and visuo-spatial perspective information are handled by the TPJ, and these aspects of self-awareness go awry in OBEs.
	Another study by Ionta, Heydrich, Lenggenhager, Mouthon, Fornari, Chapuis, Gassert, and Blanke (2011) used fMRI to track TPJ activity during tasks that were designed to recruit regions involved in self location, unity of body and self, and perspective taking.  Ionta et al. compared healthy participants and patients with TPJ lesions. While in the scanner, participants held a ball in their hands and were asked how long they thought it would take the ball to hit the ground if they dropped it. The participants also viewed a video of a person’s back as it was being rubbed with a rod while theirs were also being rubbed with a rod either synchronously or asynchronously to the video. Similar conditions using a rubber hand have found that people tend to drift proprioceptively to the fake hand after synchronous stroking of it and their real hand (Thakkar et al., 2011).  Lastly, participants were asked whether they felt as if they were looking at the video from above themselves or below themselves to identify neural activity during perspective taking exercises. The results showed that patients with TPJ lesions were more likely to perceive themselves at an elevated distance and feel as though they were looking downward on the video than healthy participants. Furthermore, participants without the lesions had bilateral activation of TPJ areas during tasks.  These findings support the idea that functional TPJ activity leads to a normal self-awareness schema, while abnormal TPJ functioning disrupts one’s ability to perceive self-location and perspective, underlying issues of OBEs.
	These findings described above implicate the important role of TPJ in the sense of self and multisensory integration. However, multisensory integration in the context of OBEs and hallucinatory experiences has not been systematically studied in psychotic populations. 
Dissociative experiences overlap with the “positive” symptoms of schizophrenia (e.g. hallucinations and delusions), including loosened self-boundaries and impaired judgments about self-agency and self-location. In fact, OBEs are a type of hallucination experienced by some patients. Elucidating a neurocognitive explanation for dissociative experiences and hallucinations experienced by people with schizophrenia can provide a new target for medication and rehabilitation efforts, as well as dissipate the stigma surrounding psychosis and the eerie quality surrounding OBEs in general. However, there are methodological hurdles; it is not easy examine subjective phenomenological experiences in an objective way. 
In the present study, we sought to quantify subjective experiences of self with multisensory and perceptual behavioral tasks and develop a questionnaire that focuses on abnormal perceptions of self. We wanted to further elucidate the mechanisms through which an individual incorporates information about the self and external stimuli to establish an accurate understanding of his or her own existence. 

Methods
Participants: 
7 patients with schizophrenia, diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria using structured clinical interviews (SCID-IV), were recruited from an outpatient psychiatric facility in Nashville, Tennessee. 9 healthy control participants were recruited using an online university research system for class credit, and from the Nashville community by advertisement. All controls were without a history of DSM-IV Axis I disorder and were screened for neurological disorders and past head injuries.  All participants gave written informed consent and were either paid or given course credit.
Please see Table 1 for details of demographic and clinical information of the two groups.

Design and Procedure
	After the informed consent procedure, all subjects were given self report questionnaires and participated in the behavioral tasks described below. A trained research assistant interviewed patients on a separate day within 2 weeks of the behavioral testing to assess their clinical symptoms. 

Table 1. Demographic and Clinical Information
	[bookmark: OLE_LINK3]

	Patients
Mean (SD)
	Controls
Mean (SD)
	Test
	P value

	Age
	43.43 (9.2)
	21.4 (7.64)
	t= -5.19
	0.0001

	Sex
	4 females, 3 males
	6 females, 3 males
	Chi sq= 0.152
	0.697

	Years of Education
	13 (1.73)
	13.4 (1.01)
	t= 0.644
	0.530

	Edinburgh Handedness
	+83.6 (10.69)
	+73.3 (58.31)
	t= -0.455
	0.656

	Brief Psychiatric Rating Scale (BPRS)
	10.86 (5.84)
	
	
	

	Scale for the Assessment of Positive Symptoms
(SAPS)
	9.57 (9.88)
	
	
	

	Scale for the Assessment of Negative Symptoms
(SANS)
	32.86 (10.67)
	
	
	

	Schizotypal Personality Questionnaire
(SPQ)
	
	13.2 (13.67)
	
	



Clinical and Psychological Information
Handedness: Edinburgh Handedness Inventory (Oldfield, 1971) asks participants to rate which hand they use to perform activities on a scale from Always left, Usually left, No preference, Usually right, to Always right. Scores are calculated to predict how strongly an individual prefers using one hand to the other. 
Clinical Symptoms Ratings: Patients were interviewed using the Brief Psychiatric Rating Scale (BPRS)(Overall and Gorham, 1962), the Scale for the Assessment of Positive Symptoms (SAPS)(Andreasen, 1984), and the Scale for the Assessment of Negative Symptoms (SANS)(Andreasen, 1984). BPRS is a clinical interview that inquires about psychotic symptoms of schizophrenia ranging from somatic concern, emotional and mood problems, hallucinations and delusions, to bizarre behavior. Furthermore, there are items that the interviewer judges based on observation of the patient such as unusual mannerisms or errant behavior. Each item is rated on a 7-point scale from very mild to extremely severe. SAPS taps a range of positive symptoms in schizophrenia, including different modalities of hallucinations, common types of delusions, as well as subjective ratings from the interviewer of the patient’s appearance and behavior. Each item is endorsed on a scale from none to severe. SANS taps into various negative symptoms of schizophrenia such as blunted affect and poverty of speech. Like the SAPS, each item is endorsed on a scale from none to severe. 
Self-Report Questionnaires:  Before participating in the test battery, participants filled out a number of questionnaires including, the Schizotypal Personality Questionnaire (SPQ)(Raine, 1991), and the Brugger OBE & Dissociation Inventory (BODI) (Benson, Brugger, Park, in preparation). SPQ is a 74 item, self-report questionnaire used to measure schizotypal personality in the general population. There are nine scales including ideas of reference, excessive social anxiety, odd beliefs or magical thinking, unusual perceptual experiences, odd or eccentric behavior, no close friends, odd speech, constricted affect, and suspiciousness.  
The Brugger OBE and Dissociations Inventory (BODI) is a new, 21 item questionnaire that uses pictorial representations of abnormal self-experiences to query participants about their own similar or dissimilar episodes such as OBEs, feeling as though one has a doppelganger, or that the self is composed of more than one being, etc. (see appendix). The BODI has not yet been validated as a reliable measure of such experiences; therefore, one aim of this study was to pilot it to test its validity. 

Behavioral Tasks 
	A battery of tasks was administered to assess visuospatial, proprioceptive, tactile functions that contribute to our sense of self-body unity, clear self-other boundary and self-location. 
Mental Rotation task (Blanke et al, 2005): The Mental Rotation task was similar to the one used in the Blanke et al. (2005) study and measured participants abilities to take the perspective of another person and perform mental transformations of objects. There were two types of mental rotation, one involving people (egocentric) and one involving letters and numbers (allocentric). The egocentric task asked participants to imagine rotating themselves into the same position as the human figure and then answer to which side of the screen the arm is pointing (Thakkar & Park, 2012). Mentally transforming to the front-facing figures allowed the participants to adopt the 3rd person visuospatial perspective occurring during OBEs. Back facing figures required no mental transformations and represented the normal, uninterrupted egocentric 1st person perspective. The allocentric rotation task asked participants to respond whether the number or letter was flipped or not and provided a control condition to compare the rotation of people versus objects. See Figure 1.
	Graphesthesia Task (Chang & Lenzenweger, 2005): This task measured one’s ability to use tactile input to derive visuospatial information. Beginning distally to proximally (from the bottom of the index finger to the bottom of the palm), a number was traced on the participant’s finger while they were blindfolded. The participant reported which number they felt drawn on his or her hand. Numbers 0-9 were traced on both hands. Therefore, the maximum score that a participant could get for each hand was 10. This task is partly a measure of tactile sensitivity and cross modal information transfer. People who perform poorly on this task may be more likely to be susceptible to tactile illusions.  See Figure 2.
[bookmark: OLE_LINK2]	Hand Reversal Task (see Hong et al, 2012): The hand reversal task measured one’s ability to integrate conflicting sensory information. This task involved two conditions. One condition was the fingers laced condition in which participants interlocked the fingers of both hands.  In the hand reversal condition, participants cross folded their hands into a position that was visually, proprioceptively and somatotopically confusing as the right hand was on the left side of space (but belonged to the right side of the body somatotopically) and the left hand was on the right side of space (but belonged to the left side of the body somatotopically). There was a random order for both conditions in which each finger was tapped and the participant was required to lift it up as quickly and accurately as possible. The maximum score for this task was 10 for each condition (by lifting only the tapped finger for each trial).  See Figure 3.
	Pinocchio Illusion task (Burrack & Brugger, 2005): The Pinocchio illusion gauged susceptibility to perceive loosened self-boundaries (agency/tactile confusion) and ambiguous spatial location of the body (proprioceptive confusion). In the Pinocchio Illusion task, participants rested his/her arm on the table, with the index finger touching the nose. The bicep brachii tendon of the arm was stimulated with a physiotherapy vibrator. This caused vibrations on the tendon, which when activated in the course of real movement flexes the arm forward. It is hypothesized that the brain fills in this seemingly widening gap between the nose and the arm with the sensation the nose is elongating.  The participants announced when or if they feel the onset of any strange sensations. After the report of the onset of an unusual sensation, the stimulation was continued for 1 minute longer. If they had not reported anything after 1 minute, they were asked to report bodily feelings and then the stimulation was continued for one more minute. After cessation of the vibrations, participants were asked the location of any unusual sensations and to describe these sensations in detail. They also responded to an 11-item questionnaire that inquired about the experience and endorsed items on a 0-100 scale.  The procedure was performed twice on both arms (on a high and a low setting) and scores from all trials for both arms were added together and averaged for each participant. The highest score for this task was 1100 (full endorsement of every item during each trial). This task mimicked the disintegration of self-body unity and tactile and proprioceptive confusion that occurs during OBEs. See Figure 4.
	Shape After-effect task (Hayward, V., 2008):  The Shape After Effect illusion measured the perception of illusory shape even with the knowledge of how a surface exists in reality. The prolonged pressure of the hand muscles inside concave objects leads to the perception that the flat surface is convex. After viewing a demonstration on how to situate their hands inside the objects, the participants were blindfolded. There were three bowls of varying concavity and the participants pressed their hands inside of each of them for either 15 or 30 seconds. The order in which the participants performed each trial was randomized for the six conditions consisting of time/amount of concavity. After each trial the participant was asked to remove his or her hand, place it on the table, and report whether the surface felt flat, convex, or concave. If the participant answered that the table felt convex or concave, they were also asked to report how intensely the table seemed convex or concave on a scale from 1 (somewhat) to 3 (very). The answers for each trial were then scored on a scale from -3(very concave) to 3 (very convex) and added together to get a total score for each hand. Therefore, the highest score (most intense feelings of convexity) a person could have for each hand was 18, and the lowest score a person could have for each hand was -18 (most intense feelings of concavity). The illusion mimicked the tactile and proprioceptive confusion that occurs during OBEs.  See Figure 5.
	Two-point discrimination task (Chang & Lenzenweger, 2005): The two-point discrimination task measured tactile sensitivity by touching the palms of participants with either 2 points or 1 point, using an anethesiometer, while he or she was blindfolded. There were two levels of difficulty (conditions): one in which the distance between the two points was 6 mm (hard condition) and one in which the distance between the two points was 10 mm (easy condition). After each trial, the participant responded by saying “one” or “two.” There were 50 trials, consisting of 30 one-point trials, 10 hard trials, and 10 easy trials, on each hand. False alarm trials occurred when participants’ palms were touched with one point but they reported feeling two points. Similar to the Graphesthesia task, poorer performance on this task should be correlated with a higher susceptibility to sensory illusions. See Figure 6.

Hypotheses
It was hypothesized that patients with schizophrenia would be more susceptible to the Pinocchio and Shape After Effect illusions and less sensitive to the Two-Point Discrimination and Graphesthesia tasks as compared to controls. For the hand reversal task, we did not have a specific prediction because although older literature suggested that this illusion is due to visual and proprioceptive conflict (Van Riper, 1935), more recent work (Hong et al, 2012) found that this illusion persisted even if visual input was removed. Instead, Hong et al (2012) suggested that hand reversal illusion arises from the unusual spatial configuration of the fingers. If multisensory integration problem causes this illusion, then patients with schizophrenia would actually fare ‘better’ than controls on the hand reversal task because their performance would not suffer as much. However, if Hong et al’s interpretation were correct, then patients would not benefit from the hand reversal condition.
We expected that patients would show better performance than controls on the egocentric condition of the mental rotation task and similar performance to controls on the allocentric mental rotation task. Furthermore, it was hypothesized that healthy controls scoring higher on schizotypy would be more susceptible to tactile illusions and show less tactile sensitivity overall. We expected that patients would score higher on the BODI than controls and that scores on the BODI would be associated with reduced tactile sensitivity and higher susceptibility to the tactile illusions overall.

Results
	Results from each measure will be described separately followed by correlational analyses.

BODI
	A one-way ANOVA revealed that the two groups differed significantly on the BODI F(1, 13) = 9.86, p = .0078, with patients scoring higher overall. 

Mental Rotation
	A repeated measures ANOVA was used to compare different conditions on the mental rotation task. There was no main effect of diagnostic group. In other words, schizophrenic patients were not impaired on this task compared with much younger control participants.  There was a trending main effect of stimulus type (letters or people) on accuracy, F(1,13)=4.361, p=0.057, with each group performing more accurately on the people rotation task, and no stimulus by group interaction. There was a main effect of stimulus type on reaction times (either letters or people) F (1, 13)=7.615, p=0.01, with both groups performing more slowly on people rotation, and a trending stimulus by group interaction for reaction times, F (1,13)=3.438, p=0.087, with patients performing more slowly on people rotation than controls. There was also a main effect of group on reaction times (F (1, 13)=7.312, p=0.018), with patients performing more slowly than controls overall. 

Graphesthesia
	There was a trending main effect of diagnosis, F (1, 14) = 3.15, p = 0.098, with controls showing more accurate performance on the graphesthesia task overall. There was no effect of hand on the graphesthesia task and no interaction between group and hand. 

Hand Reversal
	There was no difference between the two groups on the performance on the hand reversal task. There was also no effect of condition (laced or reversed) or an interaction effect of group by condition. 

Pinocchio Illusion
	There was no difference between the two groups on the performance on the Pinocchio Illusion.

Shape After Effect Task
	There was no difference between the two groups’ scores on the shape after effect task. There was a main effect of hand for the task, F (1,14) = 7.50, p = 0.016, with both groups having stronger feelings of convexity in their right hands. There was no interaction between group and hand. 

Two Point Discrimination Task
	A repeated measures ANOVA for the two point discrimination task revealed that there was a main effect of difficulty (hard versus easy) F (1, 13)=32.091, p<0.001 and no effect of hand (left or right) or hand by group interaction. There was also a trend for group effect F(1,13)=3.481, p=0.085, with controls performing better overall. There were no significant effects when comparing the amount of false alarms (reporting feeling two points when there was only one) made by groups, or effect of hand (left or right) or hand by group interaction in terms of false alarms made. 

Correlations among measures
	Mental rotation of objects overall accuracy was negatively correlated with performance on the hard trials of the two-point discrimination task with the left hand (rs (15) = -.556, p < .039). Mental rotation of objects reaction time was positively correlated with the hands laced condition of the hand reversal task (rs (15) = .575, p < .025). Mental rotation of people reaction time was negatively correlated with diagnosis ( rs (15) = -.6614, p < .0072) and positively correlated with scores on the BODI ( rs (15) = .578, p < .030. It was also negatively correlated with performance on the easy (rs (15) = -586, P < .028) and hard (rs (15) = -533, p < .049) trials of the two-point discrimination task on the right hand. 
	Performance on the graphesthesia task was negatively correlated with scores on the BODI (rs (15) = -.591, p < .020) and positively correlated with scores on the SPQ (rs (9) = .870, p <.002). Performance on the graphesthesia task for the left hand was positively correlated with performance on the hard trials of the two-point discrimination task for the right hand (rs (15) = .629, p < .012). 
Performance on the hands laced condition of the hand reversal task was negatively correlated with false alarm trials of the two-point discrimination task for right (rs (15) = .514, p < .05) and left hands (rs (15) = -.560, p < .030) and the hard trials of the two-point discrimination task for the left hand (rs (15) = -.580, p < .023).  It was also positively correlated with mental rotation of objects reaction times (rs (15) = .575, p < .0250). Scores on the hands reversed condition for the hand reversal task were negatively correlated with scores on the SANS (rs (7) = -.842, p < .017). 
	Scores on the Pinocchio illusion were positively correlated with scores on the SPQ (rs (9) = .668*, p <.049) and  were positively correlated with scores on the shape after effect task for right (rs (16) = .572, p < .021) and left (rs(16) = .555, p < .026)  hands.
	Performance on the shape after effect task for both the right (rs (16) = .572, p < .021) and left hands (rs(16) = .555, p < .026) was positively correlated with scores on the Pinocchio illusion. 
	Performance on the hard trials of the two-point discrimination task with the right hand was negatively correlated with scores on the BODI (rs (14) = -.648, p <.012).  Performance on the easy trials of the two point discrimination task for the right hand was positively correlated with scores on the SANS (rs (7) = .893, p < .007).  False alarm trials of the two-point discrimination task on the right (rs (15) = .514, p < .05) and left hands (rs (15) = -.560, p < .030) were negatively correlated with scores on the hands laced condition of the hand reversal task. Performance on hard trials of the two-point discrimination task for the right hand was positively correlated with the graphesthesia task for the left hand (rs (15) = .629, p < .012). Performance on the hard trials of the two-point discrimination task was positively correlated with scores on the hands laced condition of the hand reversal task (rs (15) = -.580, p < .023).  Performance on the hard trials of the two-point discrimination task for the left hand was negatively correlated with mental rotation object accuracy (rs (15) = -.556, p < .039).  Performances on the easy (rs (15) = -586, P < .028) and hard (rs (15) = -533, p < .049) trials of the two-point discrimination task on the right hand were negatively correlated with mental rotation of people reaction times. 

Discussion
	It was hypothesized that controls would be more accurate on the measures of tactile sensitivity, the graphesthesia and two-point discrimination tasks, than the patients. We expected that patients would be more susceptible to the tactile illusions, the Pinocchio illusion and the shape after effect task, than controls. Patients and controls were expected to perform similarly on the hands laced condition of the hand reversal task. It was also hypothesized that patients and controls would perform similarly on the allocentric mental rotation task (with letters) and that patients would have improved performance on the egocentric mental rotation task (with people) since they have less rigid first person perspectives. 
It was expected that participants who score higher on the SPQ and abnormal perceptual experiences would be more susceptible to the multi-sensory illusions and show less tactile sensitivity overall and that patients with elevated positive symptoms would be more susceptible to the multi-sensory illusions and show less tactile sensitivity overall. 
	The hypothesis that patients would show improved accuracy at the egocentric rotation task because of their increased ability to take a 3rd person perspective was not supported, a finding possibly due to the small sample size and fact that there was a discrepancy in age between patients and controls. The hypotheses that patients would perform significantly worse than controls on the graphesthesia task and be more susceptible to the illusions than controls were also not supported. However, the finding that patients performed more poorly than controls on the two-point discrimination task approached significance. The fact that this finding did not reach significance could have been due to the small sample size. It was also found that the harder condition decreased accuracy across groups, a finding expected based on previous research. 
	The hypothesis that poorer tactile sensitivity would be associated with greater tendency to perceive loosened self-boundaries and ambiguous spatial location was partially supported by the negative relationship between scores on the BODI and performance on two-point discrimination task (hard trials with the right hand) and graphesthesia task (left hand). Furthermore, the study provided evidence that possessing schizotypal traits is associated with a susceptibility to perceive abnormal self-body experiences even in healthy controls by showing a positive relationship between SPQ and Pinocchio scores. 
	The relationship between scores on the SANS and performance some behavioral tasks were interesting. Patients with greater negative symptoms were also more likely to show better performance on the two-point discrimination task. The patients with greater negative symptoms also had poorer performance during the hand reversed condition of the hand reversal task; this suggests that patients who had better tactile sensitivity were less flexible in adapting to unusual and conflicting visuospatial and proprioceptive information. This finding suggests that those with better tactile sensitivity perform poorer on the hands reversed condition of the hand reversal task because they are less able to overcome the visual and somatosensory confusion. 		
Performance on the hands laced condition of the hand reversal task was associated with poorer performance on the two-point discrimination task. This suggests that those with reduced tactile sensitivity perform worse when they must lift their fingers (without reversal).  With respect to tactile sensitivity, participants who were better at the graphesthesia task were also more likely to have a higher score on the two-point discrimination task. Furthermore, susceptibility to illusions of convexity during the shape after effect task was associated with the tendency to perceive more abnormal experiences during the Pinocchio illusion, showing that these objective indexes of unusual phenomenological experiences were reliable. Finally, the study provided evidence that the BODI differentiated between patients and controls on measures of dissociation and abnormal self-body experiences. Across both groups, higher scores on the BODI were also related to reduced tactile sensitivity, showing that this questionnaire was associated with lower abilities to perceive relevant incoming somatosensory information. 
	There are important limitations. The sample size was small and the two groups were not demographically matched. To address this limitation, we are continuing to collect additional data. Patients were medicated and it is possible that abnormal sense of touch and self may be due to their antipsychotic medication. However this seems unlikely because Chang and Lenzenweger observed reduced tactile sensitivity in the healthy relatives of schizophrenic patients (2004) and in healthy undergraduate students who score high on the SPQ (2005), using the same two point discrimination task. In these high-risk populations, reduced touch sensitivity cannot be due to medication or illness. Moreover, anomalous self experiences and somatic hallucinations occur much more frequently when patients are floridly psychotic and unmedicated.
In conclusion, the results of this study suggest that abnormal somatosensory functioning in the schizophrenia spectrum (diagnosed patients and healthy people who score high on SPQ) may be associated with a greater propensity for an anomalous sense of self.  Studies have shown that touch is a valuable mechanism for communicating emotion (Hertenstein, Holmes, McCullough, & Keltner, 2009; Keltner & Shiota, 2003). Therefore, reduced tactile sensitivity in the patients could also contribute to socio-emotional impairment in schizophrenia. It will be important in the future to identify more specifically how these sensory deficits lead to the symptoms. Building an intact self-schema and social connections could have major potential benefits for the outcomes of patients with schizophrenia (Davidson & Strauss, 1992; Davidson & McGlashan, 1997; Sells, Stayner, & Davidson, 2004).  
	Lastly, an important practical goal of this study was developing objective and subjective measures of phenomenological self-experiences. Next steps will include using brain-imaging techniques to further identify neural areas that are implicated in these processes using Near Infrared Spectroscopy (NIRS) which is optimally compatible with conducting tactile experiments in neuropsychiatric population without the discomfort and exclusion criteria imposed by the MRI environment (Lee, et al., 2008). Elucidating the neural correlates of abnormal self-experiences, focusing on the TPJ, may help toward developing intervention strategies in the future.
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Table 2: Mean (SD) of performance measures on the behavioral tasks and the BODI 
	
	Patients 
Mean (SD)
	Controls
Mean (SD)

	MR Objects Accuracy %
	0.94(0.045)
	0.96(0.042)

	MR Objects RT (seconds)
	1.60(0.55)
	1.15(0.322)

	MR People Accuracy %
	0.98(0.015)
	0.97(0.025)

	MR People RT (seconds)
	1.93(0.55)
	1.21(0.355)

	Graphesthesia L
 # Correct (0-10)
	 8.43(1.51)
	9.56(0.53)

	Graphesthesia R 
# Correct (0-10) 
	8.86(1.21)
	9.44(1.13)

	Hands Laced
# Correct (0-10) 
	9(1.29)
	9.22(1.39)

	Hands Reversed
# Correct (0-10) 
	8.86(1.21)
	8.44(2.13)

	Pinocchio Score
(0-1100)
	266.96(217.52)
	157.64(181.94)

	SHAPE R Convexity Perceived (-18 - 18)
	5.14(10.73)
	5.67(5.91)

	SHAPE L Convexity Perceived (-18 - 18)
	4.14(9.12)
	2.33(5.98)

	Two Point Easy R
# Correct (0-10)
	6(3.42)
	8.25(1.67)

	Two Point Hard R
# Correct (0-10)
	3.57(2.23)
	5.38(2.67)

	Two Point FA R # of False Alarms made (0-30)
	7.43(5.91)
	7.13(8.85)

	Two Point Easy L
# Correct (0-10)
	6.29(2.50)
	8.375(1.51)

	Two Point Hard L
# Correct (0-10)
	4.14(1.68)
	4.63(2.72)

	Two Point FA L
# of False Alarms made (0-30)
	7.57(5.35)
	8.5(3.78)

	BODI  (out of 315)
	68.29(41.45)
	17(19.41)






Table 3.  Correlations among task performance measures and clinical variables
	
	
	Spearman ρ
	P value

	Pinocchio
	SPQ
	0.668
	0.049

	Shape R
	Pinocchio
	0.572
	0.021

	Shape L
	Pinocchio
	0.555
	0.026

	Hands Reversed
	SANS
	-0.842
	0.018

	Graphesthesia L
	SPQ
	0.870
	0.002

	Graphesthesia L
	BODI
	-0.591
	0.020

	Two point Hard L
	Hands Laced
	-0.580
	0.023

	Two point FA L
	Hands Laced
	-0.560
	0.030

	Two Point Easy R
	SANS
	0.893
	0.007

	Two Point Hard R
	BODI
	-0.648
	0.012

	Two Point Hard R
	Graphesthesia L
	0.629
	0.012

	Two Point FA R
	Hands Laced
	-0.514
	0.050

	MR Object % 
	Two Point Hard L
	-0.556
	0.039

	MR Object RT
	Hands Laced
	0.574
	0.025

	MR People RT
	BODI
	0.578
	0.030

	MR People RT
	Two Point Easy R
	-0.586
	0.028

	MR People RT
	Two Point Hard R
	-0.533
	0.050






Figure 1: Mental Rotation Task Stimuli
[image: Screen shot 2013-07-29 at 4.22.36 PM.png]
Egocentric Condition
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Allocentric Condition


Figure 2: Graphesthesia Task
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Figure 3: Hand Reversal Task
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Hands Reversed Condition
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Hands Laced 


Figure 4: Pinocchio Illusion Task
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Figure 5: Shape After Effect
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Figure 6: Two Point Discrimination Task[image: photo-73.JPG]




Appendix

Directions: For all of the questions in this survey, please do not include experiences that occur only while under the influence of alcohol, drugs or medications that were not prescribed to you.

Picture 1. Consider the picture below when answering the following questions:

[image: ]

I feel unsure of who I am at times. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 2. Consider the picture below when answering the following questions:

[image: ]

My soul sometimes leaves my body. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 3. Consider the picture below when answering the following questions:

[image: ]

I have sometimes had the feeling that one of my arms or legs is disconnected from the rest of my body.
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 4. Consider the picture below when answering the following questions:

[image: ]
Sometimes when falling asleep or when waking from sleep, I experience a brief period during which I am unable to move, even though I am awake and conscious of my surroundings.  
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 5. Consider the picture below when answering the following questions:

[image: ]

Do you ever find that your experience of time changes dramatically? 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 6. Consider the picture below when answering the following questions:

[image: ]
Have you ever had the feeling of the presence of another being, even if you know that no one is there?
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________


Picture 7. Consider the picture below when answering the following questions:

[image: ]

I have had experiences when I felt as if I were somewhere else.
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________



Picture 8. Consider the picture below when answering the following questions:

[image: ]

I have had experiences (not related to drugs) where I felt as though I was floating through the air or being transported through time. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 9. Consider the picture below when answering the following questions:

[image: ]

Have you ever experienced or seen your "doppelganger" or "double"?
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 10. Consider the picture below when answering the following questions:

[image: ]

Have you ever felt that you looked unreal when you looked at yourself in the mirror? 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 11. Consider the picture below when answering the following questions:

[image: ]
I have been visited by Spiritual Beings. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________


Picture 12. Consider the picture below when answering the following questions:

[image: ]

I have had an "out of the body" experience during which my mind seems to or actually has, left my body. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________



Picture 13. Consider the picture below when answering the following questions:

[image: ]

Have you ever felt like you could see multiple duplicates of yourself (or someone else)?
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 14. Consider the picture below when answering the following questions:

[image: ]
Do you ever have the sensation that your limbs might not be your own or might not be properly connected to your body? 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 15. Consider the picture below when answering the following questions:

[image: ]

Do you ever find the appearance of things or people seems to change in a puzzling way, e.g., distorted shapes or sizes or color? 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________


Picture 16. Consider the picture below when answering the following questions:

[image: ]

I've had the momentary feeling that I might not be human. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 17. Consider the picture below when answering the following questions:

[image: ]
I have heard an inner voice call my name. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 18. Consider the picture below when answering the following questions:

[image: ]

Do you ever have the sensation that your body, or a part of it, is changing or has changed shape?
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 19. Consider the picture below when answering the following questions:

[image: ]

At times I have felt as if I were coming apart. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 20. Consider the picture below when answering the following questions:

[image: ]

On occasions I have seen a person's face in front of me when no one was in fact there. 
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________

Picture 21. Consider the picture below when answering the following questions:

[image: ]

Have you ever felt that thoughts were being put inside your head by some outside force?
	
	True  //	False

In the past month, how often have you had an experience like this? 

	Never |1-2 times in the past month | once per week | a few times per week | daily

When this happens, I feel frightened, concerned, or it causes problems for me:

	Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree| Not Applicable

How vividly do you recall the image of this experience?

	0% (not at all) | 25% | 50% | 75% | 100% (very) | Not Applicable

Do you have any comments/additional thoughts on this image/experience? (optional)

	__________________________________________________________________

	__________________________________________________________________
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