Autonomic Emotional Responses to the Induction of the Rubber-hand Illusion in
those that Report Anomalous Bodily Experiences. Evidence for Specific

Psychophysiological Components Associated with [llusory Body Representations.

Jason J Braithwaite (*)
Emma Broglia (*)

Derrick G. Watson (¥*+*)

(*) Behavioural Brain Sciences Centre. School of Psychology, University of Birmingham, Edgbaston,
Birmingham, B15 2TT. UK.

(***) School of Psychology, University of Warwick, Coventry.

Corresponding author

E-mail Jason Braithwaite: j.j.braithwaite ¢ bham.ac uk

{Keywords: Anomalous bodily expericnces; mbber-arm illusion; hallucinations: embodiment:

clectrodermal activity; skin conductance responses)

(Running Head: RHI & EDA)



RHI & EDA
|

Abstract

We present the first study to examine indicators of autonomic arousal associated with shifts in
body-image and as a function of predisposition to report spontaneous anomalous bodily
experiences (ABEs) from non-clinical samples. Participants completed the '"Temporal-lobe
Experience’ factor subscale of the Cardiff Anomalous Perception Scale - a measure associated
with hallucinatory experience resulting from temporal lobe dysfunction and ABEs (Bell et al.,
2006; Braithwaite et al., 2011). A median-split analysis on these data generated high / low ABE
groups. Participants also completed a standard rubber-hand illusion experiment. We examined;
(i) the time taken to induce the illusion; (ii) effects of the tonic skin conductance level (SCL),
and (iii) phasic skin conductance responses in the form of non-specific skin conductance
responses (NS-SCRs) in the period leading up to and including the declaration of the iilusion.
The illusion took significantly longer to induce in those reporting high levels of ABEs, relative
to those reporting low levels of such experiences. [n addition, both a significant increase in the
tonic SCL and the frequency of NS-SCRs occurred in the period leading directly up to the
declaration of the illusion. Both these factors were significantly further increased for those
reporting high-levels of ABEs. The data are inconsistent with generic notions of 'weak' body
representations sub-serving increasing malleability in body-image. Instead, they support a
'dysconnection’ rather than a hyper-connection account of ABEs - at least for non-clinical

hallucinators. Theoretical considerations are also discussed.
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Introduction

In our typical daily lives, our brains receive multiple sources of information which become
integrated into a coherent and unified model of the 'sel* which typically remains stable over
time. This sense of body-owncrship is a fundamental component to the feelings of
embodiment and self-consciousness and underpins the notion that we, as agents, are distinct
from our environment (Berlucchi and Aglioti, 2010; Lenggenhager, Mouthon and Blanke,
2009: Longo. Schuur, Kammers, Tsakiris, and Haggard, 2008; Lopez, Halje, and Blank,
2008). However, growing ecvidence suggests that the neurocognitive processes underlying
stable self-awareness and embodiment are not error-proof and can breakdown, leading to
striking distortions in body-image and diverse anomalous bodily experiences (ABEs).
Exploring the neurocognitive biases that contribute o such breakdowns leading to ABEs can,
in turn, help to build and refine psychological models of how stable embodiment emerges
from the legion of sensory processing thus illuminating fundamental aspects of human
embodiment that applies to all of us.

A current influential view of ABEs is that they result from a disintegration of multi-
sensory integration processes (visual, tactile, proprioceptive, vestibular processes) that
typically work in concert to produce stable and coherent embodiment (Blanke and Arzy.
2005, Blanke and Mohr, 2005; Blanke, Ortigue, Landis, and Seeck, 2002; Blanke, Mohr,
Michel, Pascual-leone, Brugger, Seeck, Landis and Thut, 2005; Blanke, Landis, Spinelli and
Seeck, 2004; Brugger, 2002; Bunning and Blanke, 2009). However, until recently, the direct
data from ABEs were based almost uniquely on observations from neurological and clinical
samples - which may not extend to non-clinical instances of these experiences.

Evidence from our own laboratory has shown that non-clinical instances of anomalous
bodily expertences like the ‘out-of-body' experience can be associated with; (i) specific biases

in body-transformation processes and perspective-taking; (ii) increased signs of temporal-lobe
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dysfunction, and; (iii) elevated signs of cortical hyperexcitability as revealed via objective
behavioural measures (Braithwaite Broglia, Bagshaw, and Wilkins, in press. Braithwaite.
Hulleman, Samson, Broglia, and Apperly, 2011; Braithwaite and Dent, 2011). Thas latter
component was thought to be important as it was proposed that increased cortical
hyperexcitability could impact on the temporal integration of sensory information.
Collectively, these findings demonstrate that ABEs can occur in the absence of an obvious
psychopathology and can provide novel and valuable insights into the processes underlying
the notion of embodiment and the 'self’.

In parallel to these advancements, research into the experimental induction of
anomalous bodily experiences has been gaining considerable currency over recent years. One
such protocol, the Rubber hand illusion, is particularly noteworthy in this regard as itis
argued to depend on the integration of multi-sensory inputs into a hierarchical representation
of the body-image (Tsakiris and Haggard 2005). In the rubber-hand illusion (RHI) observers
watch a prosthetic rubber-hand being stroked, in synchrony with the ‘felt’ stroking of their
own their own unseen physical hand (Botvinick and Cohen, 1998; Tsakirs and Haggard,
2005). The consequence of this is that observers typically report fecling as if the rubber hand
‘belonged’ as part of their physical body - thus fooling the brain nto integrating a modified
and fictional representation of the body. The illusion is severely attenuated when the visual
and tactile stimulation are presented asynchronously and out of phase. The illusion provides
a vehicle for manipulating and altering the processes of embodiment and the representation of
the body in the brain (Botvinick and Cohen, 1998, Tsakiris and Haggard, 2003; Tsakiris,
Carpenter, James, and Fotopoulou, 2010; Tsakiris, Hesse, Boy, Haggard, and Fink, 2007:
Longo, Schuur, Kammers, Tsakiris and Haggard, 2008; Tsakiris, Prabhu, and Haggard, 2006).

The presence and strength of the illusion has been measured in a variety of ways
including; (i) phenomenologically via exit questionnaires, and more objectively via: (ii)

measures of proprioceptive drift; (iii) autonomic skin conductance responses (SCRs) measuring
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anxiety and emotional response to a threat-stimulus presented to the rubber-hand; and (iv)
brain-imaging (e.g., Armel and Ramachandran, 2003; Botvinick and Cohen, 1998; Constantini
and Haggard, 2007; Ehrsson, 2007, Ehrsson et al., 2007; Longo et al., 2008; Tsakiris and
Haggard, 2005 Tsakiris, et al., 2007; 2006). Collectively, these studies show that the RHI is
underpinned by a complex interaction of multisensory processes leading to stable, but illusory.

bodily representations.

Autonomic arousal and the rubber-hand illusion

A number of previous studies have used measures of electrodermal activity (EDA) as an
objective index of the RHI or the full-body version of the illusion (Armel and Ramachandran,
2003; Ehrsson, 2009, 2007; Guterstam, Petkova, and Ehrsson, 2011; Ocklenburg, Ruther,
Peterburs, Pinnow, and Gunturkun, 2011). In all cases attention has been focused on the Skin
Conductance Response (SCR) of the EDA complex, to the presentation of some kind of threat
presented to the fake rubber hand. To our knowledge, there is no current RHI study that has
attempted to investigate autonomic responses in the electrodermal activity profile that are
directly associated with the pre-illusion state, the actual induction of the illusion itself, and the
implied shifts in body-image.

For example, at some point during the illusion condition we can make the simplistic
assumption that there will be a state of (1) no illusion present, followed by; (i1) a period of the
body-image being challenged in some way, and then (ii1) the illusion being present. The latter
stage would constitute a significant shift or change in the representation of the embodied self
(where the rubber-hand is now integrated into the body representation) as a result of the RHI
procedure. Based on the striking nature of the illusion, and the implied change to the notion of
body-image it is more than reasonable to assume such a shift would be accompanied by some
preceding indicators of autonomic emotional response. Some supportive evidence for this view

can be taken from Peled, Pressman, Geva, and Modai (2003) who studied somatosensory
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evoked potentials leading up to the presence of the illusion. However, at the time of writing,
there is no systematic investigation of the underlying electrodermal components associated with
the three periods representing pre, developing and illusion present states described above.

Furthermore, no previous investigation has separated the independent contributions of phasic
and tonic components of the EDA from the overall generic notion of *autonomic” response.
The consequence of this is that although a shift in autonomic processing has been associated
with a threat presented to a fake rubber arm under conditions of the RHI, this association is
vastly under specified.

This insufficiency is made all the more apparent given that separate brain networks have
now been proposed to mediate different components of the EDA complex. Recent
advancements in the neuroscience of e¢lectrodermal activity have shown that short-term phasic
SCRs appear to be more aitentional in nature and mediated, at least in part, by contributions
from posterior parietal regions (see Boucsein, 2012; Critchley. 2002; Dawson et al..2007;
Nagai, Critchley, Featherstone, Trimble, & Dolan, 2004; for discussions). These componentls
are often referred to as emotional-orienting and as concomitants of attentional binding /
processing mechanisms. In contrast, shifts in the tonic Skin Conductance Level (SCL) appear
to be mediated, more by a frontal network (Critchley, 2002; Nagai et al., 2004). This
component reflects the general level or emotional-tone of the individual. In addition to this
basic tonic / phasic distinction, both positive increases and negative decreases in the tonic SCL
have been shown to rely on distinct regions within a frontal system where excitation and
inhibition are mediated by independent networks (Nagai et al.. 2004). As a consequence of
these advancements, the emerging picture is one where the EDA can be viewed as a complex of
responses drawing upon a vast interdependent neural architecture. A comprehensive
understanding of the autonomic components and processes underlying the RHI will need to
extend beyond the helpful, though limited observation of an increased strength in SCRs to threat

TeSponses.
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One reason why previous studies have concentrated solely on the threat-related response
may simply be that it is easier and more pragmatic to quantify discrete and fast changing SCRs
in response to presentations of specific aversive stimuli. This is both fair and legitimate.
However, both increases in the emotional-tone of the SCL and increases in the frequency of
non-specific SCRs (NS-SCRs) that exist outside of the threat-related SCR can be independently
associated with distinct aspects of autonomic emotional processing. The presence of such
complex interactions cannot be ascertained by the quantification of isolated threat-related SCRs
alone which need to be considered in relation to the surrounding EDA context.

A further reason for ignoring the exploration of both tonic and phasic components could
be methodological. In order to separate out these components with a sufficient degree of signal
integrity, EDA needs to be sampled at a sufficient level. Although the Nyquist theorem is
central to guiding decisions about sample rates — it is not the only factor that should mediate
such decisions. Current estimates vary with 100Hz - 200Hz suggested as a minimum for most
modern experimental situations (Figner and Murphy, in press). It is therefore noteworthy that a
number of studies did not report the sample rate of their EDA measurements and report very
little beyond the employed thresholds in terms of how the measurements were taken (Armel and
Ramachandran 2003; Ehrsson, 2009; Ocklenburg ¢t al., 2011)". In addition, an examination of
the supplementary materials of Ehrsson (2007) reveals a sample rate of 1Hz was used — which
is totally inadequate for separating phasic and tonic components of the EDA complex. Indeed,
such low sample rates can be questioned as to their sufficiency per-se for modern EDA
measurements in all but long-term ambulatory circumstances. Whilst these reservations cannot
be taken as confounds to counter-explain prior findings, they do highlight some previously

unreported limitations from this research.

! Guterstam, Pethova and Ehrsson (2011) did report sample rates for SCR measurement (at 100Hz) though they did not provide a
separate assessment of tonic and phasic componentis.
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Overview of the present study

We present the first EDA investigation of the rubber-hand illusion in a non-clinical
hallucinatory group prone specifically to anomalous bodily experiences. Despite a great deal
of recent attention in the literature investigating the mechanisms underlying anomalous bodily
experiences (like the out-of-body experience), and measures of embodiment like the RHI, few if
any have investigated both processes in concert (though see Thakkar, Nichols, McIntosh, and
Park, 2011, for a single case study). If we accept that the RHI provides a useful measure of
embodiment and multi-sensory integration, and that anomalous bodily experiences are related to
distortions in body-image and a breakdown in multi-sensory integration, then one tantalizing
possibility is that the RHI could be used to explore these processes in the hallucinatory-prone
brain. The RHI coupled to an objective measure of autonomic emotional arousal (electrodermal
activity) will provide a measure of bias / distortion in embodiment and shifts in emotional
responses that may vary in sympathy with shifts in body-representation.

One intuitive prediction is that there could well be an association between those observers
who may have increased inter-sensory biases predisposing them to experience stronger
experimentally induced alterations in bodily awareness, and their proneness to spontancously
occurring distortions in the body-image in everyday life (cf. Burrack and Brugger, 2003;
Mussap and Salton, 2006; Peled, et al., 2003; Peled, Ritsner, Hirschmann, Geva, & Modai,
2000; Thakkar, et al., 2011). The implication being that it would be easier to induce the RHI in
those who appear to reflect a weaker or more fluid and malleable representation of the self and
body. It follows that, if anomalous bodily experiences (ABEs) represent a breakdown in muiti-
sensory integration resulting in an increased 'malleability’ in body image, then perhaps such
individuals will respond with stronger and earlier occurring illusions from the RHI procedure.
Such malleability may be due to hyper-connectivity (over-connection) or hyperexcitability in

specific brain regions responsible for multi-sensory integration - a position evidenced to some
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degree by findings from research on schizophrenic patients (Peled et al., 2003; 2000 Thakkar et
al., 2011) and clinical populations (Mussap and Salton, 2006).

A contrasting and less intuitive view is that such anomalous bedily experiences may
actually reflect a disconnection (or, to be more accurate, a dysconnection - see Stephan,
Friston and Frith, 2009; Stephan, Baldeweg, and Friston, 2006) either between the integrated
senses, or within different levels of hierarchically organised representations - a view gaining
currency from research on schizophrenia (Friston, 1999; 1998; see aiso Fuster, 1995;
Pettersson-Yeo, Allen, Benetti, McGuire, and Mechelli, 2011; Stephan ct al., 2009).
According to this account it could be more difficult to induce the illusion as the incoming
sensory information may struggle to be successfully integrated into a distributed body-
representation due o some form of functional amputation from the process. This might be due
to existing sensory biases working against the illusion, the presence of additional noise in
sensory sysiems, or the dysconnection between visual and somatosensory representations of
body-image impacting on the effective processing and integration of the incoming
information. All these factors would make it more difficult for the illusion to cement itself
into the observer’s conscious experience. Accordingly, such dysconnection could be seen as
being responsible for inducing spontaneous ABEs in the first place, and making it more
difficult for the RHI protocol to induce the illusion per-se (see Peled et al., 2000; for a similar
discussion). In terms of the present study, the dysconnection account would be most clearly
evidenced by longer durations to declare the presence of the illusion. Evidence for either
hyper-connection or dysconnection would be extremely revealing in terms of the
neurocognitive biases that predispose some individuals to experience ABEs - even more so

for non-clinical hallucinators.
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Method

Participants

Sixty eight participants took part. Of these, 62 (91%) were female and 64 (94%) reported that
they were right handed. None reported any personal medical history of seizure, epilepsy or
migraine and non were on prescribed medication at the time of testing. Al participants were
undergraduate or postgraduate students from the School of Psychology at the University of

Birmingham, UK. Participants ranged in age from 1940 years M=23).

Procedure : Electrodermal activity (EDA) / Skin conductance responses ( SCR)

All measures of Electrodermal activity / skin conductance were taken via a Biopac MP36R
data-acquisition unit fitted with a 24-bit A/D converter. This was driven by a HP pro Elitebook
8740w mobile workstation (8 GB RAM / 450GB memory) with an intel(R) core(TM) i7 CPU,a
2GHz NVIDIA quadro 5000M graphics card, and 64-Bit Windows 70S. Recordings were
made via Ag-AgCl electrodes coupled to disposable contacts ((EL507 and SS57L contacts
treated with Biopac isotonic gel: 101) that were attached to the distal phalanges of the index and
middles fingers of the right-hand. The MP36R unit was configured to run at a sample rate of
2KHz, with the gain set to x2000. All data were analysed via Biopac’s AcqKnowledge v4.1
software. SCRs were quantified as those crossing a threshold of 0.03us (microsiemens) from
the background signal. SCRs were defined a as a delta function between the onset of the SCR
(defined by the threshold) and the maximum peak amplitude reached for the SCR. SCRs that
were under 10% of the maximum SCR from a given signal were rejected from the analysis. All
signals were subjected to a visual analysis before any formal procedures were undertaken. Any
movement artefacts or unwanted artificial characteristics were removed by the application of a
mean smoothing algorithm (down-sampling in steps of 200 samples/sec applied to the whole

signal). Precision in the delineation of the Phasic components of the EDA was achieved by the
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application of a low-pass filter (0.05Hz) to the Tonic signal. Each experimental condition
began with a 60-sec baseline period where no brushing stimulation was given and participants

merely fixated on the rubber-hand.

Questionnaire measures

Cardiff Anomalous Perception Scale (CAPS:). Eleven items from the CAPS that have been

previously identified as being highly correlated with each other and reflecting a “Temporal-
Lobe Experience Factor” were used (cf. Bell et al., 2011, 2008, 2006). Crucially, these items
have been shown 1o be reliably associated specifically with anomalous body experiences
(Braithwaite et al., 2011, in press). This subscale was originally constructed from experiences
commonly reported in pre-seizure aura states reported by temporal-lobe epileptic patients
(either spontaneously or via direct electrical stimulation; Gloor, 1986; Gloor, Olivier,
Quesney, Andermann, Horowitz, 1982; Halgren. Walter. Cherlow and Crandall, 1978;
Penfield, 1955; Penfield and Perot, 1963), and in attenuated form by the normal population
(Makarcc and Persinger, 1987, 1990; Persinger and Makarec, 1986, 1993; Persinger, 2001).
Collectively, the above literature supports the notion that these experiences are
associated with underlying, possibly paroxysmal, neural activity leading to varying degrees of
temporal-lobe dysfunction and anomalous bodily experiences. Participants respond initially to
cach question with a yes / no response (scored 1/ 0 respectively). In addition, participants also
provided a frequency score for how often such experiences occurred (1 = hardly ever /5 = all
the time). In contrast to our previous studies, the scores were pooled to reflect an overall
indication of both the occurrence of these experiences and the frequency of them in one overall

metric. Both factors are consistent with underlying signs of increased anomalous bodily



RHI & EDA
11

experience and an underlying neural disturbance. We refer to this measure as the ABE / TLE

factor (Anomalous Bodily Experience / Temporal-Lobe Experience factor)’.

The Rubber-hand illusicn exit questionnaire

Phenomenological components related to the perceptual experience of the rubber-hand illusion
were measured via a hybrid exit questionnaire based on previous literature (Botvinick and
Cohen, 1998; Mussap and Salton, 2006). The questionnaire consisted of 15 items which asked
questions pertaining to factors like, agency, limb position, tactile sensations, visual sensations,
and convincingness of the illusion. The response scale was from -5 (for negative responses)
though to 0 (neutral), and +35 (positive responses). The scales measured the level of agreement
with questions. Example statements included; "It felt like the fake arm was mine," "The arm felt
connected to my body," and "The illusion was believable”. Higher values indicated mcreased

subjective experiences of the illusion.

Procedure

The experiment was spilt over two separate sessions that were run at least 24Hrs, but less than
one week, apart. In the first session participants filled out the 11-item ABE / TLE subscale of
the CAPS questionnaire, and provided basic biographic information. In the second session
participants took part in the RHI task with accompanying EDA measurements. The main RHI
experiment followed standard protocols for inducing the illusion. A wooden frame apparatus
was fixed to a table in the laboratory. A realistic human Caucasian rubber arm was placed on

the upper wooden pane! angled at approximately 20-30 degrees inclination (climbing away

2 a1 line with our previous research, we also administered some additional questionnaires about the nature of the anomalous
badily experiences. This helped to cnsurc that participants understood the questions in the main ABE ' TLE measure and
provided some further contextual information about the nature of the experiences reported. The most common experiences
reported were; sensed-presence experiences, vestibular distortions {floating ' movement), out-of-body experiences, and body-part
distortion experiences
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from the participant). The orientation of the arm to the body was congruent with that of the
physical arm. It was placed in a white shirt / blouse that was wrapped around the participant to
increase the visual suggestibility that the arm was part of the body. The skin section of the fake
arm from below the elbow to the finger tips was visible. During the experiment, participants
were mstructed to fixate on the rubber-amm at all times. The participant’s real arm was placed
through a small curtain on a lower level directly below the one carrying the rubber arm.
Therefore, the real physical arm was invisible to the participant, and was just a few centimetres
below it. An experimenter stood opposite the participant and had access to both the real and
fake arms / hands.

There were two brushing conditions. These were (i) the 'illusion condition' which
involved the synchronous brushing of both the rubber-hand and the unseen real physical hand.
and (1i) a baseline 'no illusion' condition which was identical except that the brushing of both
the real and fake rubber-arms was asynchronous. The brushing occurred at an approximate 1Hz
frequency. After a 60-second baseline period for EDA (discussed above) the brushing began.
This action continued until the illusion was explicitly declared present by the participant or a
maximum time-out period of 7-mins had elapsed. If an illusion was reported, the time of this
declaration was noted immediately in the EDA recordings by a key-press which can be pre-set
to denote specific ¢vents in the signal trace in real time. Once an illusion was declared the
stroking ceased shortly after, and then the RHI exit questionnaire for that particular condition
was administered. At the end of each condition participants filled out the RHI exit
questionnaire measuring the strength of the illusion and associated phenomenological

characteristics. The order of the brushing conditions was counter-balanced across participants.

Results

Of the 68 participants who took part in this study, 56 (82%) explicitly declared

experiencing a clear rubber-hand illusion in the synchronous condition (there were no reports of
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illusions in the asynchronous condition). The remaining 18% of participants, who failed to
report any illusion even after 7mins of stimulation, were removed from the analysis. This group
also included two participants who were classed as hypo-responders in terms of their EDA
(based on established protocols: Dawson et al., 2007). Therefore, the main analysis was based
on the remaining overall sample (N=56) all of whom explicitly declared RHI experiences at

some point during the illusion condition”.

Anomalous bodily experience: questionnaire dala

Data from the ABE / TLE-factor were pooled for answers yes / no (1 / 0 respectively) and the
frequency of occurrence (1 — 3) for each question, to produce an overall score sensitive to both
occurrence and frequency (total range of possible scores 0-66). The median-average ABE/
TLE-factor score for the whole sample was 9.85 (range = 31). A median-split analysis was
carried out on these data which created a low-ABE / TLE group (median = 4.41, range = 10)
and a high ABE / TLE group (median = 15.29, range = 21). The descriptive data for these

groups are shown in Figure 1.

Figure 1 here

3 Two participants reported a strong RHI before tactile stimulation was provided (i.e., just based on the visual presentation of the
rubber-hand). When this occurred the illusion was abolished and a 5-min period passed before attempling to induce the illusion
with tactile brushing.
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RHI exit questionnaire

Responses from the RHI exit questionnaire measuring how convincing the illusions were
perceived to be, were explored for the separate illusion / no illusion conditions. A 2 x 2 mixed
ANOVA with Condition (Synchronous illusion condition vs Asynchronous no illusion
condition) x Group (High ABE / TLE vs Low ABE / TLE) as factors was carried out. There
was a main effect of Condition F(1, 54) = 153.99, p<.001. Synchronous brushing induced
significantly stronger illusions than asynchronous brushing conditions. However, neither the
main effect of Group, F(1, 54) = .35, p=.556, nor the Condition x Group interaction, F(1, 54) =
2.19. p=.144, were reliable. The convincingness of the illusion was significantly stronger for
the illusion (synchronous) condition relative to the no illusion (asynchronous) condition,

however the magnitude of this effect was not reliably different across the groups (see Figure 2)*.

Figure 2 here

Time to induction of illusion

The time taken to successfully induce the illusion was used as an indicator of ease with which
the illusion could be induced. The average time for the successful induction of the illusion was
249secs (4mins 9secs) for the whole sample. For the low ABE / TLE group this was 229secs
(3mins 49secs) and differed from that of the high ABE / TLE group which was 270secs (4mins
30secs), 1(54) = 2.04, p=.046. This ime difference was explored further by ranking participants

in terms of their ABE / TLE scores, discarding the middle 50% of participants, and directly

*In line with previous research (Longo et al., 2007) we also explored differences on specific questions relating only to the
realism of the illusion or the feeling that the hand belonged to the participant as these have been shown to produce the strongest
effects. These comparisons did not reach significance and thus do not extend the findings from those presented here for the
whole questionnaire.
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comparing the upper percentile of ABE / TLE scores (75% and above) to the lowest percentile
of ABE / TLE scorers (25% and below). Both groups were then compared and the difference
was found to be significant, t(25) = 2,90, p<.01. On the whole. and contrary to an intuitive
model, we found that those scoring high on the ABE / TLE factor were more resistant (o the
induction of the illusion (slower) suggesting that it might be harder to induce the RHI in such

participants (see Figure 3).

Figure 3 here

Electrodermal activity

Tonic shifts in SCL

A visual analysis of the signals revealed that, on the whole, clear upward shifts in the
background tonic SCL appeared to be present for approximately 20-30 seconds before
declaration of the illusion. Therefore, for cach signal a period was created by back-tracking
through the signal for 30secs from the point of explicit declaration of the illusion. We termed
this the 'SCL shift' period. This was maiched to an additional 30-second period taken from
when the brushing began and moving forward through the signal again for 30secs (at the point
of the end of the first SCR induced by the brushing). This was the 'baseline' period (in no case
did the periods overlap). We thercfore created two separate non-overlapping periods, of fixed
and matched duration within the same signal. This was done for all signals (illusion and no
illusion conditions), from all participants. For no illusion (asynchronous) conditions where no
RHI was declared, the SCL shift period was taken from the end of the signal backtracking for
30sccs from this point (sce Figure 4 for an illustration). To reduce the impact of phasic SCRs
on the estimations of tonic SCL, we estimated SCL conservatively by taking the minimum SCL

value that occurred within the separate time periods. By definition, the minimum values occur
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outside of SCRs in the signal. Once done, subtractions between the two time periods (SCL shift
— baseline SCL) were then calculated for those scoring high and low on anomalous bodily

experiences.

Figure 4 here

A 2 x 2 mixed ANOVA with Condition (illusion vs no illusion) x Group (high ABE / TLE
group vs low ABE / TLE group) revealed a significant main effect of Condition, F(1. 54) =
37.160, p<.001. The SCL shift was significantly greater in the illusion condition, relative to the
no illusion condition. The Condition x Group interaction was also significant, F(1, 54) =
12.163, p<.01, as was the main effect of Group, F(1, 54) = 8.68, p<.01. The interaction was
further broken down by running a between-subjects t-test on both the illusion and no illusion
conditions. For the illusion condition, the shift in the background SCL was greater for those
scoring high on ABE / TLE factors, and this was significant, t(54) = 3.65, p<.005. In contrast,
there was no dilference between the groups for the no illusion condition, t(34) = 45, p=.652.
As a consequence, these findings suggest that there was an upward shift in tonic SCL that
occurred just prior to the declaration of the RHI, and that this is significantly greater in those
who score high on measures of ABE / TLE. These effects are absent from the no illusion

condition which is not associated with the illusion (Figure 3).

Figure 5 here



RHI & EDA
17

NS-SCR Freq

The frequency of occurrence of NS-SCRs, within the two matched time periods was also
examined. Under the illusion condition, the overall mean frequency of NS-SCRs in the baseline
period (before the shift in SCL occurs) was 2.68, compared to an increased {requency of 4.11
during the matched period after the shift in SCL and directly leading up to the illusion. For the
no illusion condition the mean frequencies were 2.95 and 2.71 respectively for the identical
periods. In line with the above analysis for SCL-shift, here we subtracted the NS-SCR
frequency in the baseline period from the SCL-shift period and we did this separately for both
conditions and both high / low ABE / TLE groups. The formal analysis was thus carried out on
subtracted differences between these time periods.

The main effect of Condition was significant, F(1, 54) = 44.55, p<.001. There was a
reliable increase in the frequency of NS-SCRs under the illusion condition relative to the no
illusion condition. In addition, both the Condition x Group interaction, F(1, 54) = 4.38, p<.05.
and the main effect of Group, F(1, 54) = 8.80, p<.005, was significant. The frequency of NS-
SCRs increased more in the illusion condition and this was particularly pronounced for those
scoring high on measures of anomalous bodily experiences / temporal lobe experiences, relative

to those scoring low on these measures (see Figure 6).

Figure 6 here
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NS-SCR amp

As an additional measure of autonomic arousal. the mean amphitudes from the NS-SCRs, were
also separately analysed in the manner outlined above. Only the main effect of Condition was
reliable, F(1, 54) = 33.94, p<.001. Both the Condition x Group interaction, F(34) = 1.31.
p=.26, and the main effect of Group, F(1, 54) = 32, p=.575, were not significant. The
amplitudes of NS-SCRs reliably increased under the illusion condition relative to the no illusion

condition but this did not vary further as a function of Group.

General Discussion

We present the first study to examine electrodermal indicators of autonomic emotional arousal
associated with shifts in body-image in relation to the presence and frequency of spontaneous
anomalous bodily experiences from non-clinical samples. In contrast to previous studies that
have adopted the rubber-hand illusion protocol and measures of EDA, here we explored; (i)
contributions from both tonic and phasic components - factors not previcusly separately
investigated and now known to enjoy diverse neural underpinnings; and (i1) the behaviour of
these autonomic processes underlying the time periods leading up to the explicit declaration of
the illusion.

There are a number of novel and noteworthy findings. Firstly, and contrary to an
‘intuitive model’ and previous research with schizophrenic patients (cf, Peled et al., 2000) those
scoring highly on measures of anomalous bodily experience and anomalous temporal lobe
expericnce (high ABE / TLE group) took longer to explicitly declare the presence of the illusion
(by about 40secs). This difference was significant and became reaffirmed when the highest
scoring ABE / TLE participants (upper quartile) were directly compared to the lowest scoring
participants (lower quartile) - even though the sample sizes were nearly half the size in this

latter comparison. This finding is not consistent with a simplistic and general notion of greater
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malleability in body-image (assessed by the RHI) — at least as it has been currently proposed
and conceived (Peled et al., 2003; 2000; Mussap and Salton, 2006; see also Burrack and
Brugger, 2003; with different illusions). If this were the case then one would expect the
opposite resuit.

Secondly, the present study revealed two new concomitants from the EDA complex of the
RHI. Both the background SCL and the frequency of NS-SCRs increased, for both groups. in
the illusion condition relative to the no illusion condition. In addition, those scoring highly on
measures of ABE / TLE produced significantly larger shifts in their background tonic SCL, and
a significantly increased frequency of NS-SCRs, in the period leading up to the declaration of
the illusion relative to the baseline period and relative to control participants. These differences
cannot be explained by a mere general increased lability in EDA for the ABE / TLE group
because such differences were not present in the asynchronous baseline brushing condition. As
a consequence, these components appear to be associated, in some way, with the processes
specifically recruited in the synchronous illusion condition, and are more prominent in those
who report anomalous bodily experiences.

Although the amplitudes of the NS-SCRs were larger in the synchronous illusion
condition (relative to the asynchronous no illusion condition) - there were no group-based
differences and no reliable interactions between these components. One possibility is that the
increase seen in the synchronous condition (for both groups) was at some ceiling level, leaving
no further room for effects to manifest themselves. In addition, although previous research has
shown that frequency and amplitude of NS-SCRs can be corrclated, this is not necessarily the
case, and show at best, a correlation of around .60 (Dawson et al., 2007). Therefore, it should
not be expected that these components will always co-occur. Collectively the findings suggest
that while it might take longer to induce the illusion in the high ABE / TLE group, on the whole
stronger emotional responses are elicited in the time-period directly leading up to the

declaration of the illusion for this group.
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Finally, although the psychological responses from the RHI exit questionnaires replicated
the standard RHI effect with respect to brushing condition (with synchronous conditions
eliciting significantly stronger itlusions than asynchronous conditions), there were no further
interactions as a function of group. Despite showing distinct indexes on autonomic components
- the questionnaire responses did not reveal additional differences between those scoring high /
low on measures of ABE / TLE. Indeed, although not significant. there was some suggestion of
compressed scores from the high ABE / TLE group in their responses on the RHI questionnaire
relative to the control group (see Figure 2). Although inconsistent with some RHI studies
carried out on schizophrenic and clinical samples (Peled, et al., 2000; Musap and Salton, 2006).
the lack of interaction is in line with a recent study using hallucinating schizophrenic patients
and so is not unprecedented (Thakkar et al., 2011). We return to discuss these mixed findings

1n a later section below.

What do the EDA components represent?

The background tonic SCL and the frequency of NS-SCRs can both be used as quantification of
the background state of overall emotional arousal and tone of the individual (Boucsein, 2012;
Dawson et al.. 2007). These components do not represent the same underlying 'tonic' process,
but both have been used to index and infer about background autonomic arousal. Recent
evidence from joint brain-imaging and EDA studies suggest that shifts in tonic SCL are
mediated by largely separable neural mechanisms to those mediating SCRs, with the former
having their neural basis in more frontal brain systems (including ventro-medial pre-frontal
cortex, orbito-frontal cortex: Damasio, 1994; Nagai et al., 2004; Tranel and Damasio, 1994).
In addition, Nagai and colleagues provided evidence that increases (excitation) and decreases
(suppression) in tonic SCL may well be mediated by further distinct networks in frontal brain
regions, Applied to the present findings, this would suggest that the shifts in SCL signify a

general increase in emotional tone, possibly mediated by predominately frontal neural networks.
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The increase in the frequency of NS-SCRs occurring in the 30-sec epoch leading up to the
declaration of the illusion is noteworthy. NS-SCRs are phasic processes and are thought to be
related to more posterior parietal-attentional orienting and binding mechanisms (Boucsein,
2012; Critchley. 2002; 2005; Nagai et al., 2004). Increases in the frequency of NS-SCRs have
been associated with highly arousing negatively tuncd emotions connected with internal
cognitive states (Nikula, 1991: sce Boucsein, 2012, for a discussion). Applied to the context of
the present study, such increases in NS-SCR frequency may index emotional arousal associated
either with; (i) increased attentional orienting related to inter-sensory competition with the
current body-image being challenged by new multi-sensory information demanding a new
interpretation; and / or; (ii) the allocation of attentional-resources to either defend the veridical
body-image or to destabilise it and produce a re-configuration and binding of the tactile and
visual information into an illusory body-image. These need not be mutually exclusive and both
processes may well be competing with each other.

Both scenarios predict that such increases in EDA indicators are associated with some
form of competitive process underlying the challenge to body-image, or the non-conscious
multi-sensory integrative processes underlying it. This argument 1s also supported by the
finding that it also took significantly longer for the illusion to take hold with the high-scoring
ABE / TLE group - reflecting the integration/reconfiguration of the body image.

We suggest that both the shift in tonic SCL and the increase in the frequency of NS-SCRs
are independent psychophysiological concomitants of largely non-conscious processes
underlying multi-sensory inlegration processes mediating the rubber-hand illusion. As these
processes precede the explicit declaration of the illusion (by some time margin) we speculate
that they are associated with the competition between the established body image and the
incoming sensory information from the RHI procedure which seeks to challenge and destabilise
it. Therefore, we suggest that these components may not necessarily be associated with the new

illusory body-image but more so the competitive processes leading up to the establishment of it.
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This is especially likely when we consider that EDA responses typically lag behind their
eliciting cause.

Although tentative, the present findings appear to be more consistent with a
dvsconnection hypothesis rather than one positing hyper-connection between brain regions
underlying predisposition to anomalous bodily experiences and susceptibility to the RHI - at
least for the current non-clinical sample (cf. Friston, 1999, 1998; Stephan et al., 2009). The
hyper-connection account cannot explain why it took longer to induce the RHI in the high
ABE/TLE group. or why the illusion was not experienced as stronger via the RHI exit
questionnaire.

Here dysconnection might occur between posterior low-level regions (sensory arcas and
early integration regions mediating stable embodiment) and more anterior body-integration
networks. This dysconnection is arguably a predisposing factor to at least some spontaneously
occurring anomalous bodily states due to inconsistent representations of the seif at different
parts of the embodiment hierarchy or a failure to successfully modulate low-level sensory
information with higher-level representations . Friston (1999) argues that for patients with
schizophrenia, dysconnection would be evidenced by impaired performance on tasks which
require temporal integration of information, new learning (which in the current context may
apply to bodily states) and reinforcement. Applied to the RHI and anomalous bodily
experiences associated with psychosis and schizophrenia, dysconnection between visual,
somatosensory, and pre-frontal representations of body-image and the 'self' would resultin a
delayed induction of the illusion (Fuster, 2001; 1995; Stephan et al., 2009). The present data
are consistent with this idea albeit in attenuated form for non-clinical ABEs.

These ideas go against those reported previously for patients with schizophrenia (Peled, et
al., 2000; Thakkar, 2011) and clinical samples suffering from cating disorders (Mussap and
Salton, 2006) which have been taken to support a general notion of hyper-connection.

However, there are a host of differences between the present study and those previously
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published that might go some way to explaining the opposing findings. These differences can
be summarised as being; (i) some previous studics never employed any objective measure of the
RHI and relied solely on questionnaire data; (ii) these same studies did not run an asynchronous
baseline condition - thus rendering the findings as being possibly due to the power of suggestion
for hallucinating groups (Peled et al., 2000; Mussap and Salton, 2006)°. This is all the more
apparent when it is acknowledged that as a paradigm for inducing body illusions, the RHI has
been associated with increased scores on measures of suggestibility relative to other body-
illusion methods (MacLachlan, Desmond, & Horgan, 2003). Finally, previous studies measured
their control samples in terms of more general concepts like schizotypy which include items
pertaining to thoughts, belicfs, imaginings, anxicty, suspicious thinking patterns, etc which
arguably are not necessarily closely related to the direct existence of ABEs (Peled, et al., 2000:
Thakkar, 2011).

As Bell et al., {2006) note, general concepts like schizotypy, and the questionnaires
designed to measure them, ofien conflate the crucial distinction between anomalous perceptions
and anomalous beliefs. While both can co-occur, the existence of anomalous beliefs are not
necessitated by the presence of anomalous perceptions (Bell, Halligan, and Ellis, 2008). Asa
consequence, they are not one and the same thing and clearly reflect quite different processes
not all of which may have relevance to ABEs or the RHL. It is questionable whether measures
of schizotypy can provide a clear and reliable measure of the processes underlving
hatlucinatory ABEs. In contrast, the present sample has been delineated on more exacting
criteria relative to previous studies in that we have songht to measure specific predisposition to
anomalous bodilv experiences and temporal-lobe disturbance.

A final possibility is that there may be multiple routes to dissociative experiences and

ABEs associated with them (or even different forms of dissociation). Both hyper-connection

3 " . . . .
Further evidence for this can be taken from Thakkar et al., (2011) who showed that schizophrenic patients produced elevated
RHI scores for both synchronous and asvachronous conditions relative to controls.
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and dysconnection accounts could co-exist and explain either experiences that differ in subtle.
and as yet not fully known ways, or occur in different contexts (see Meslum, 1998; Fuster,
1995). Some support for this view could also be taken from the ABEs associated with
depersonalization and derealization - conditions known to associated with suppressed sensory
cortex and emotional responses (which may occur due to some form of neural dysconnection
between brain regions: Sierra and David, 2011; Sierra, Senior, Dalton, McDonough, Bond.
Phillips, O'Dwyer, and David, 2002; Simeon, Guralnik, Hazlett, Spiegel-Cohen, Hollander.
and Buchsbaum, 2000). Tvpically, thc anomalous expericnces reported are embodied, where
the patient may describe dulled feelings, emotions and an estrangement from the bodily 'sclf'.
Although these experiences are often described as 'dissociative' the perceiving 'self is typically
located within the physical 'self' (Sierra and Berrios, 2000; 1998; Sierra and David, 2011;
Sierra, Baker, Medford, and David, 20035).

In contrast, disembodied experiences like the out-of-body expericnce occur rarely if at all
in depersonalized patients, and tend to be associated with increased neurophysiological activity
and hyperexcitation and are described as being 'hyper-real’ (such as that seen in aura associated
with migraine, epilepsy and spontaneous instances of these experiences: Blanke et al., 2002;
Braithwaite et al_, 2011; in press; Comfort, 1982; DeRidder, Van Laere, Dupont, Menovsky,
Van de Heyning, 2007, Devinsky and Lai, 2008; Gloor, 1986, Gloor, Olivier, Quesney,
Andermann, Horowitz, 1982; Bear, 1979, Halgren, Walter, Cherlow, Crandall, 1978; Penfield,
1955; Penficld and Perot, 1963; Siegel, 1977). Although collectively these experiences are
often referred to as simply 'dissociative' - this unitary term may mask important subdivisions
and differences which may reflect separate dual-routes to 'dissociation’ and / or qualitatively
different dissociative experiences currently existing under this umbrella definition. These
differences may be important for understanding diverse findings across prior studies. Such

possibilities remain to be explored.
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On the notion of 'malleability’ of body-image

The notion of a 'weak' or ‘'malleable’ body-image is a somewhat nebulous onc. The implication
appears to be that such weaker representations of the body-image are simply easier to
manipulate and override. This is certainly the dominant and intuitive view of the notion of
'malleability’ put forward by those typically arguing for some form of hyper-connection
(Burrack and Brugger, 2005; Peled et al., 2003; 2000; Mussap and Salton, 2006: Thakkar et al.,
2011). However. it is also arguably an over-simplistic one and it might be helpful to resist the
seductive nature of this somewhat metaphorical and unitary account of malleability in order to
entertain and explore rival views - even more so in light of contrary evidence.

For example, if the body-image is weakly represented, due to impaired sensory processing
or integration, how can it be the RHI is easier and faster to induce when it engages with and
recruits these impaired processes? If there were a bias against precise tactile processing or the
integration of it with other processes, then arguably it would be harder to induce RHIs as the
protocol is largely dependent on the integration of these very senses. In other words, if there is
supposed to be greater 'slippage’ between higher and low levels of body-image representation.
thus predisposing patients populations to report ABEs, then surely such 'slippage’ would also
deaden the impact of the incoming visuo-tactile stimulation from the RHI procedure. In
addition, it is not clear how the illusion can be 'stronger' and more convincing in certain patient
populations, while at the same time, their own more permanent body-image is said to be
'weaker'. If the same processes are responsible for both body-representations, how can this be?
The very processes that the RHI seeks to engage with, may well be the very processes that are
hampered, biased, or impaired - which could conceivably impact on the induction of the RHL
There is certainly some friction here between these ideas and while not irreconcilable, they
remain under-specified in this regard.

In contrast, there is evidence that patients with schizophrenia (and associated positive

symptoms) can have problems with the integration of temporal information and with making
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temporal discriminations between stimuli presented in close temporal succession (Foucher,
Lacambre, Pham, Giersch, and Elliott, 2007; Giersch, Lalanne, Corves, Seubert, Shi, Foucher,
and Elliot, 2009; Lalanne, Assche, and Giersch, 2012). These findings have been shown for
single-sense stimuli, and bi-modal stimuli which require multi-sensory integrations (Williams.
Light, Braff, and Ramachandran, 2010). Applied to the current findings it is noteworthy that
increased impairment in temporal integration appears to be associated with positive symptoms
in schizophrenia, and that these findings have also been taken to support a possible
dvsconnection hypothesis (Foucher, Vidaihet, Chanraud, Gounot, Grucker, Pins, Damsa, and
Danion, 2003; see Pettersson-Yeo et al., 2011). In addition, if it is assumed that these biases can
also apply to the integration of parallel information from different senses that require successful
integration, (i.e., visual & tactile information), then the clear prediction is that such integration
would be impaired. As a consequence, the salient impact of the RHI procedure would be
reduced in these individuals, and thus it may take longer to induce the illusion and the resultant
illusion may not be as stable.

Finally, one alternative and highly speculative interpretation of the present EDA findings
is that the increased frequency of NS-SCRs may reflect a kind of 'flipping' between veridical
and illusory body representations until eventually the illusory body-image takes hold. By this
account, the illusory body-image is not, at least initially, stable enough to enter consciousness
and thus not available for conscious report. Such 'flipping' could itself be viewed as a form of
malleability - but perhaps, too much of it. One implication here is that it could be an
intermediate degree of malleability in body-image might be optimal for the successful induction
of the RHI. However, too little or excessive degrees of malleability may begin to work against
the RHI procedure for the successful implementation of experimentally induced illusory

experiences. These tantalizing possibilities remain to be explored.
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Figure 1. Mean scores from the 11-item ABE / TLE factor of the CAPS for both high and low
scoring groups. The scores represent a pooled mean for both the occurrence and frequency of

such experiences (error bars =1 SE).
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Figure 2. RHI exit questionnaire responses for both illusion (Synch) and no illusion (Asynch)
conditions broken down as a function of group. The more positive the score, the more

endorsement of the items in the questionnaire and the more convincing the illusion (error bars =

1 SE).



(15 ]

350
325
300
|
s
)
] i
£ 250 OlowABE/TLE |
E @ High ABE / TLE
225
200

175

150

i Growp

Figure 3. The time taken (secs) for the successful induction of the illusion to be declared for

both low and high scoring ABE / TLE groups (error bars = 1 SE).
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Figure 4. A raw EDA signal taken from a high-scoring ABE / TLE participant during the
synchronous brushing (illusion) condition. The signal shows (i) a 60sec baseline period where
no brushing occurred, followed by the point at which the brushing begins. After some time the
tonic SCL signal undergoes a large upward shift. There is a visible increase in the frequency of

NS-SCRs during the period after the shift (droplets on the peaks in the signal) relative to those
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before the shift. The illusion is declared approximately 20-30 seconds after the shift in SCL.
The subtraction procedure used to normalise the data within-subjects, involved taking the
values from the baseline period and subtracting them (rom the matched SCL shifl period

Inferential statistics were applied to the resultant values.
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Figure 5. Mean Tonic SCL values from subtracting the baseline SCL period from the SCL
shift period, for both the Synch (illusion) and Asynch (no illusion) conditions as a function of

group (error bars = 1 SE).
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Figure 6. The frequency (number of peaks) of NS-SCRs from subtracting the number of peaks
in the baseline SCL period from the number of peaks in the SCL shift period, for both the
Synch (illusion} and Asynch (no illusion) conditions as a function of group. Negative values
indicate situations where there were more NS-SCRs in baseline periods than for SCL shift

periods (error bars = 1 SE).



