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Abstract

Background: Disturbances of the bodily self are fundamental to the phenomenological
experience of individuals with schizophrenia, a population at risk for social isolation. Both
proprioception and exteroception contribute to a sense of consistent body boundary that contains
the self across time and space, and this process is influenced by self-other (social) interactions.
However, the relationship between social isolation, exteroception, and in-the-moment changes in
body representation has not been elucidated. We investigated susceptibility to anomalous bodily
experiences with a phantom nose induction procedure that elicits a sensation that one’s nose is
changing (Pinocchio Illusion: PI) in relation to exteroceptive awareness and social isolation.

Methods: 25 individuals with schizophrenia (SZ) and 15 matched controls (CO) participated in a
P1 induction procedure to quantify susceptibility to bodily aberrations and a tactile discrimination
task to assess exteroception. Clinical symptoms in SZ and schizotypy in CO were assessed, in
addition to a self-report measure of perceived social isolation.

Results: Compared to CO, SZ showed increased Pl and impaired tactile discriminability. SZ
reported greater loneliness than CO. PI scores were correlated with increased loneliness and
decreased tactile discriminability.

Conclusions: Greater susceptibility to anomalous bodily experiences, together with reduced
exteroceptive awareness and increased loneliness, is compatible with the framework of Hoffman’s
Social Deafferentation Hypothesis, which posits that a functional “amputation” from one’s social
environment could lead to a reorganization of the social brain network, resulting in hallucinations
and delusions. These findings underscore the importance of the relationship between social
isolation and self-disturbances in schizophrenia.
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1. Introduction

A tacit understanding of one’s body as a continuously unified entity with fixed boundaries
allows one to distinguish self from other, and this experienced unity of self and body is
necessary for adaptive social functioning (Petkova et al., 2011; Postmes et al., 2014; Park
and Nasrallah, 2014). Self-disturbances and anomalous beliefs concerning one’s own body
were important to Bleuler’s (1911) conceptualization of schizophrenia. Clinical descriptions
of schizophrenia are replete with sudden alterations in size and shape of the body, abnormal
body ownership, anomalous agency, and even out-of-body experiences (e.g., Chapman et al.,
1978; Priebe and Roéhricht, 2001; Saks, 2008; Kean, 2011). These self-disturbances are
present during the prodromal stage and remain salient throughout the course of the illness
(Sass and Parnas, 2003; Lysaker and Lysaker, 2010; Nelson et al., 2012; Nasrallah, 2012;
Koren et al., 2013; Brent et al., 2014). These phenomenological accounts of self-
disturbances in schizophrenia are supported by empirical studies of two aspects of self-
disturbances: anomalous agency (Frith et al., 2000; Fourneret et al., 2002; Graham et al.,
2015; Garbarini et al., 2016; Hur et al., 2014) and abnormal body ownership (Peled et al.,
2000; Peled et al., 2003; Thakkar et al., 2011; Ferri et al., 2014; Gallese and Ferri, 2014).
However, more elusive yet crucial experiences of temporary changes in the shape, size, or
location of one’s own body parts (see Chapman et al., 1978) have not been extensively
investigated in the laboratory.

Since bodily aberrations tend to occur spontaneously, they are difficult to objectively
measure, and interview-based assessments may not be optimal for quantifying subtle
anomalies in real time. However, susceptibility to bodily self-aberration can be reliably
demonstrated via a family of proprioceptive paradigms, such as the Rubber Hand Illusion
(e.g., Botvinick and Cohen, 1998; Albrecht et al., 2011; Thakkar et al., 2011), the Full Body
Illusion (Ehrsson, 2007; Blanke and Metzinger, 2009; Mizumoto and Ishikawa, 2005), and
the Pinocchio Illusion (PI: Lackner, 1988; Burrack and Brugger, 2005).

The Pl is a proprioceptive illusion that engenders the feeling that one’s nose is growing. To
induce it, a vibrator is applied to the biceps brachii of the participant while she touches her
nose with the index finger of the stimulated arm (Fig. 1). The vibrator stimulates muscle
spindles in the biceps that would normally be activated by the stretching muscle, but since
the arm position is fixed by requiring the subject to touch her nose, this procedure creates a
kinesthetic illusion that the arm is moving away from the face. Because the finger touching
the nose is still giving tactile information of being in contact with the nose, while the arm is
perceived to be moving forward, the participant feels that the nose is also moving away from
the face, as the brain works to reconcile conflicting proprioceptive and tactile sensations.
Thus, the perceived shape, size, and orientation of one’s own body parts can be manipulated
to generate false information about limb position. In contrast to the RHI, the PI does not
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include an “other” component, and, therefore, is more suitable for investigating
representation of bodily boundaries without influences of altered agency or body ownership.

Proprioception links one’s bodily movement with the body’s location, contributing to the
spatial and peri-personal sense of self. Tactile perception (i.e., exteroception) contributes to
one’s sense of body boundary (i.e., self versus non-self) through interpretation of sensory
stimuli on the skin. Reduced exteroceptive awareness or misinterpreted tactile perception
exacerbates self-disturbances and psychosis risk (Nelson et al., 2008; Postmes et al., 2014).
Indeed, tactile sensitivity is reduced in the schizophrenia-spectrum (Chang and
Lenzenweger, 2001, 2005).

The bodily self does not exist in a vacuum. Infants’ sense of the body schema and bodily self
develop via dynamic multisensory (especially proprioceptive and tactile) interactions with
the environment (Piaget and Inhelder, 1967; Morgan and Rochat, 1997). Thus, our sense of
the bodily self and awareness of embodied psychological self are significantly shaped by our
interactions with the world. Specifically, social interactions provide us with a framework to
interpret and disambiguate somatic signals (Cioffi, 1991; Russell, 2003). When these
constant interactions with the world are removed, ensuing social isolation and loneliness
lead to adverse consequences (Cacioppo and Hawkley, 2009). Specifically, social isolation
and withdrawal are thought to trigger or exacerbate delusions and hallucinations in
vulnerable individuals across diagnostic categories (Brugger et al., 1999; Hoffman, 2007;
Jiang et al., 2013; Selten et al., 2013; El Haj et al., 2016) and worsen positive symptoms
(Grassian, 1983; Siegel, 1984; Hoffman, 2007; De Sousa et al., 2015). Hoffman’s (2007)
Social Deafferentation Hypothesis posits that a loss of social connectedness leads to a
tendency to create humanlike agents (i.e. hallucination) and increased belief in the
supernatural (i.e. delusion) through neural re-organization. These tendencies may be
magnified by the unmet need for social support and connectedness (Epley et al., 2008) and
impaired self-perception (Bastian & Haslam, 2010). Moreover, there are neuroanatomical
consequences of social isolation. Loneliness exerts a detrimental impact on the left posterior
superior temporal sulcus (pSTS) that normally supports social cognition (Kanai et al., 2012).
Abnormal function and reduced volume of the pSTS are associated with hallucinations,
delusions, and thought disorder in schizophrenia (Shenton et al., 1992; Kim et al., 2011).
Furthermore, the areas that contribute to the social brain network (e.g., temporo-parietal
junction (TPJ) and the inferior temporal region) and the areas implicated in bodily
processing overlap (Blanke et al., 2005; Wible, 2012). Taken together, these findings suggest
an important role of impoverished social interactions in clinical symptoms and the sense of
bodily self, including both proprioceptive and exteroceptive abnormalities.

In the present study, we aimed to fill in important gaps in the literature by quantifying
subjective bodily experiences (i.e. aberrant proprioception and exteroception) and
identifying potential underlying mechanisms (i.e. social isolation). We hypothesized
increased susceptibility to anomalous bodily experiences and impaired exteroceptive
awareness would be associated with the severity of clinical symptoms in schizophrenia.
Furthermore, we hypothesized that social isolation and reduced exteroceptive awareness
would be associated with increased susceptibility to the PI.

Schizophr Res. Author manuscript; available in PMC 2021 April 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Michael and Park

Page 4

2. Methods

2.1. Participants

Twenty-five outpatients who met the DSM-IV criteria for schizophrenia (SZ) were recruited
from outpatient facilities in Nashville. All, except for one, were medicated. Symptoms were
assessed with 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, 1983). Fifteen healthy controls
(CO) without history of DSM-1V Axis | disorder in themselves or in their families were
recruited from Nashville by advertisement. Schizotypy in CO was assessed with the
Schizotypal Personality Questionnaire (SPQ) (Raine, 1991).

All participants were screened for substance use within the past 6 months, neurological
disorders, and past head injuries. Participants were not taking any pain medication. The two
groups were matched in age, handedness, and gender but not on 1Q or education. However,
the mean 1Q and education level of SZ were well within the normal range. All participants
gave written informed consent and were paid. The protocol was approved by the Vanderbilt
Institutional Review Board. Please see Table 1 for demographic and clinical information.

2.2. Procedure

The Pinocchio Illusion task (PI; Burrack and Brugger, 2005), the two-point discrimination
task (2-PT; Chang and Lenzenweger, 2005), and the self-report questionnaires were
administered with the order of presentation counterbalanced across participants.

After informed consent and instructions, the participant wore a blindfold and rested her
elbow on a table with the forearm slightly angled towards the body so that the index finger
could touch the nose (see Fig. 1). The experimenter then stimulated the bicep brachii tendon
of the upper arm at 120 Hz with a physiotherapy vibrator (Novafon SK 1/1). The participant
was instructed to report the onset of any sensations she might feel, apart from the vibrations.
If the participant reported the onset of an unusual sensation, the stimulation was continued
for another minute. If the participant did not report any unusual sensations, the stimulation
stopped after 2 min. Immediately after stimulation, an 11-item questionnaire (see
Supplement 1) was given to quantify susceptibility to the PI. Each item was a statement
about proprioceptive and tactile sensations (e.g., position changes of the arm, position or
shape changes of the nose), which was rated on a scale from 0 (no experience) to 100 (full
endorsement of experience). There were two amplitude settings on the vibrator: the lowest
setting reaching a depth of 1.5 mm and the highest setting reaching a depth of 1.6 mm. Both
the right and left arms were stimulated. The order of stimulation of the arm was
counterbalanced across participants, and the low setting was used first on each arm.

The two-point discrimination task (2-PT) measures tactile sensitivity (Chang and
Lenzenweger, 2005). An anesthesiometer was used to deliver precise tactile stimulation. The
blindfolded participant laid her hand flat on the table, palm facing upwards, and was asked
to determine whether she felt one point or two points on her palm. The participant responded
by saying “one” or “two.” There were three tactile stimulus conditions: one point, 6 mm
between the two points (hard), and 10 mm between the two points (easy). There were 50
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trials per hand, consisting of 30 one-point trials, 10 hard two-point trials, and 10 easy two-
point trials. The order of these trials was randomized for each hand, and the order of the
stimulation of the hand was counterbalanced across participants.

The 20-item UCLA Loneliness Scale (Russell, 1996) was used to estimate loneliness and
perceived social isolation. This questionnaire estimates both the number of social
interactions and overall subjective satisfaction with the social environment.

The 74-item Schizotypal Personality Questionnaire (SPQ; Raine, 1991) was used to measure
schizotypy in CO. The SPQ consists of the positive (Cognitive-Perceptual), negative
(Interpersonal), and disorganized subscales.

A survey recorded the total number of Out of Body Experiences (OBES) experienced over
lifetime by each participant.

3. Results

The PI data from one patient were incomplete and, therefore, not included in the analysis.
The Loneliness score was missing for one CO. All significance tests were 2-tailed, unless
otherwise indicated.

Matched pairs £tests found no effect of amplitude setting (low or high) ({38) = 1.16, p=
0.25) or arm (right or left) (£38) = 1.64, p=0.11) on the PI scores, so these scores were
collapsed into one PI score (the mean of the four scores from each trial). For the 2-PT task,
matched pairs t-tests found no difference in performance between left and right palms for
easy trials (439) = 1.77, p=0.8), hard trials ({39) = 0.88, p=0.39), one point trials ({39) =
0.81, p=0.42), or overall accuracy (#39) = 0.91, p=0.37). Therefore, the accuracy scores
for the both palms were averaged into a total 2-PT accuracy score.

SZ and CO differed significantly on PI (F(1,38) = 6.39, p=0.016, d = 0.826), with SZ
scoring higher. The two groups also differed on the 2-PT task (F(1,39) = 4.60, p=0.04,d =
0.701), with SZ showing reduced accuracy for both hands. SZ were lonelier than CO
(F(1,38) =4.3, p=0.04, d = 0.678) (Fig. 2). Although the mean lifetime OBEs appeared to
be elevated in SZ (SZ = 1.44 vs CO = 0.8), the two groups did not differ statistically
(F(1,39) = 0.63, p=0.43).

Spearman’s correlations were used to test associations between task performances, self-
report measures, and symptoms. PI scores positively correlated with Loneliness scores
across both groups (rs(38) = 0.41, p< 0.01). PI scores were also correlated with the SAPS-
Hallucinations subscale in SZ (r(24) = 0.41, p < 0.05), and the positive factor of the SPQ in
CO (r(15) = 0.52, p< 0.04). P1 was associated with lifetime OBESs across both groups (r(38)
=0.28, p<0.04, 1-tailed). Pl was negatively correlated with the 2-PT accuracy across both
groups (r(39) = -0.31, p< 0.05) and SANS-Affective Flattening subscale in SZ (rs(24) =
-0.71, p<0.0002). Loneliness was positively correlated with the SAPS-Hallucinations
(rs(24) = 0.58, p< 0.002) and SAPS-Delusions subscales (rs(24) = 0.55, p< 0.004) in SZ.
Medication dose (CPZ) was not associated with Pl, 2-PT, Loneliness scores, or symptoms.
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4. Discussion

In this study, we demonstrated that SZ are more prone to anomalous bodily experiences, as
investigated via a tactile-proprioceptive illusion induction. This finding supports earlier
studies of flexible bodily representations (Peled et al., 2003; Thakkar et al., 2011; Germine
et al., 2013) and impaired tactile discriminability (Chang and Lenzenweger, 2001, 2005) in
schizophrenia-spectrum individuals. Moreover, we found an inverse relationship between the
strength of the Pl and the measure of tactile discriminability.

Unsurprisingly, the Pl was associated with self-report measures of abnormal bodily
experiences: positive symptoms in SZ, positive schizotypy in CO, and the increased lifetime
prevalence of OBEs. Loneliness and the Pl were strongly associated across both groups such
that perceived social isolation and susceptibility to bodily aberrations were linked.
Loneliness was also correlated with the severity of hallucinations and delusions in SZ.
Although tactile discrimination and loneliness were not correlated, each measure was
associated with the PI.

There are limitations to our study. First, although the effect sizes for group comparisons
were robust, the sample size was modest. Thus, independent replications are warranted.
Second, our measure of the Pl relied on self-report ratings. However, these ratings were
consistent and there were no practice effects; Pl scores for the right and left arms were not
different regardless of order of stimulation. Moreover, Pl scores were associated with
lifetime OBEs, which suggests a consistency of responses concerning abnormal bodily
experiences across lifespan and in the lab. Third, there was no “control” condition in the Pl
task. We opted to maximize the sample size for Pl induction, but including a sham
stimulation condition is an important factor to consider in future replications of the PI.
Fourth, we cannot infer directionality from the correlations between loneliness and P1. We
do not know if chronic social isolation led to self-disturbance, or vice versa. However, a
preliminary study in our laboratory suggests that even a temporary induction of social
exclusion can impair social perception in healthy persons (Hieber and Park, 2015). It seems
likely that social isolation and abnormal self-experiences interact to co-incubate adverse
consequences over lifetime.

Lastly, given the association between negative symptoms such as anhedonia and social
isolation, it may seem unintuitive from some theoretical viewpoints to conceptualize social
isolation and bodily hallucinations as related issues. Social dysfunctions, including abnormal
social interactions, isolation, and withdrawal, could arise from a lack of motivation and
anhedonia. However, there are multiple routes to social impairments. The crucial role of
hallucinations, delusions, and thought disorder (i.e., positive symptoms) in social
impairments does not receive much attention. Hallucinations and delusions make normal
social interactions difficult, and, therefore, these positive symptoms are likely to contribute
to social impairments. Schizophrenia patients could be socially withdrawn because they
have anhedonia or because they are pre-occupied by their internal experiences of
hallucinations and delusions. Our findings demonstrate that these factors are inter-related.
There is also solid evidence from previous work to suggest that positive symptoms such as
hallucinations and delusions are linked to social impairments (e.g., McIntosh and Park,
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2014; Thakkar et al., 2011; Kim et al., 2011). Moreover, patients who feel lonely are less
likely to be socially anhedonic since they desire social interactions. If someone were socially
anhedonic, being socially isolated would not be aversive, and she would not desire or seek
other people. Feelings of loneliness suggest that there is longing and yearning for social
companionship, but these desires are not being met. Therefore, feeling lonely contradicts
social anhedonia, a central feature of negative symptoms. In the Social Deafferentation
Hypothesis framework, perceived social isolation would predict hallucinations and
delusions.

Thus, increased susceptibility to experiencing bodily aberrations may be catalyzed by
loneliness in schizophrenia patients. Loneliness was clearly linked to the severity of
hallucinations and delusions in our study, supporting Hoffman’s (2007) finding that
increased social isolation preceded hallucination onset in 73% of interviewed patients. These
findings are consistent with his Social Deafferentation Hypothesis, which proposes that
social isolation leads to compensatory activity of the social brain network in response to an
absence of social stimulation, producing social hallucinations and delusions in vulnerable
individuals. In a study by El Haj et al. (2016), the authors use this neural compensation
mechanism to explain why social isolation predicts hallucinations in a sample of
Alzheimer’s patients. In our work, we extended Hoffman’s hypothesis to account for non-
auditory, anomalous bodily hallucinatory experiences. The principle is the same. If one is cut
off from the social world (i.e. amputated from the social environment and, therefore, socially
isolated), the social brain network will prompt social cognitive programs to over-activate and
increase the likelihood of experiencing spurious bodily self-experiences. The social brain
network in this context includes the superior temporal sulcus and the TPJ (Thakkar et al.,
2014; Wible et al., 2009). Since the TPJ is central to automatic and tacit bodily processing,
such as maintaining an accurate map of body location, perception of self-body unity, and
sense of body ownership (Wible, 2012; Blanke et al., 2005), spurious TPJ activation could
elicit abnormal proprioceptive and tactile experiences. Furthermore, reduced opportunities
for social interactions could limit the lifetime exposure to proprioceptive and tactile
experiences with detrimental consequences for maintaining a continuous sense of self and
body.

In conclusion, this study examined the relationship between three common issues in
schizophrenia: anomalous self-experiences, decreased tactile sensitivity, and social isolation.
The results support previous work regarding the prevalence of aberrant proprioceptive and
exteroceptive perception in schizophrenia and also extend theoretical and empirical studies
linking social isolation to abnormalities in these domains. The directionality of the
associations among bodily disturbances, loneliness, and symptomatology cannot be
determined from the current dataset, but future prospective and intervention studies could
bridge these gaps. It will also be important to independently replicate our results using
different methodologies to highlight the central role of bodily aberrations in schizophrenia
etiology and further elucidate mediating and exacerbating factors. Given the prevalence of
self-disturbances throughout the course of schizophrenia and associated bodily,
proprioceptive abnormalities, it is of utmost importance to track disruptions of the
phenomenological self in high-risk individuals to better characterize the prodromal signs and
to develop interventional strategies that directly target bodily aberrations in this population.
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1A. Test Configuration: Blindfolded 1B. Illusion Outcome: Hypothesized effect of stimulation
on participant's perceived arm and nose locations

participant sits, touching her nose.
(bodily boundary) is in dicated by dotted lines.

The area of stimulation (biceps brachii)
is marked in pink.

Fig. 1.
Pinocchio Illusion induction.

Schizophr Res. Author manuscript; available in PMC 2021 April 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Michael and Park

Pl Scores

400 -
350
300 p=.01
250 -
200 -
150 -
100 -
50 -

2-PT Accuracy

0.8 -
0.7 A
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 -

—

co

Loneliness Scores
50 4

40 -

30

20

10 -

co

Fig. 2.

Group differences in Pinocchio Illusion, tactile accuracy, and loneliness.
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