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We experimentally induced the full body illusion through a robotic device.
We collected SCRs and ratings following acute pain stimulation during bodily illusion.
Reduced arousal responses were detectable under illusory states of self-consciousness.
Reduced SCR was related to the degree of ownership experienced for the virtual body.
Virtual body must be in anatomical conﬁguration to be effective.

a r t i c l e

i n f o

Article history:
Received 2 October 2013
Received in revised form
11 December 2013
Accepted 21 December 2013
Available online 8 January 2014
Keywords:
Full body illusion
Pain
Analgesia
Body representation
Self-identiﬁcation
Skin conductance response

a b s t r a c t
Looking at one’s own body has been shown to induce analgesia. In the present work we investigated
whether illusory self-identiﬁcation with an avatar, as induced experimentally through visuo-tactile
stimulation, modulates the response to painful stimuli.
In 30 healthy volunteers, a robotic device was used to stroke the participants’ back, while they viewed
either the body of an avatar, a non-body object (control object), or a body avatar with scrambled body
parts (control body). All were visually stimulated in either congruent or incongruent fashion with the participant’s body. We collected physiological responses (skin conductance response: SCR) to painful stimuli
delivered to the participant’s hand and responses to a questionnaire inquiring about self-identiﬁcation
with the avatar. We expected reduced physiological responses to pain during the observation of a body
avatar only during synchronous visuo-tactile stroking and no reduction for the control object and the
control body.
Results showed a reduced SCR to painful stimuli when participants observed the normal body avatar
being stroked synchronously that was also associated with largest self-identiﬁcation ratings recordable
already during the pain anticipation. Moreover, a negative correlation between self-identiﬁcation and
SCR was observed, suggesting that a greater degree of self-identiﬁcation with the avatar was associated
with larger decreases in SCR. These results suggest that during states of illusory self-identiﬁcation with
the avatar, the vision of an alien body (anatomically compatible for the vision and congruently stroked
for the touch) is effective in modulating physiological responses to painful stimuli.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Bodily self-consciousness is not considered anymore a unitary
inviolable concept. Recent experimental evidences suggest that it
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is rather a result of multisensory bodily signal integration in the
brain. Bodily self-consciousness has been proposed to comprise
self-identiﬁcation (the experience that ‘I’ identify with a body), selflocation (the experience of where ‘I’ am located), and a ﬁrst-person
perspective (from where ‘I’ experience the world), but also relating
to the sense of agency (the experience that ‘I’ am the agent causing ‘my’ actions) [1–3]. Since the ﬁrst experimental induction of
changes in limb-ownership and location in the rubber-hand illusion [4], further studies have demonstrated that it is possible to
extend one’s own body representation to different external objects
such as a prosthetic hand [4] or different fake body parts [5–8] but
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also to entire bodies [9,10]. In the rubber hand illusion (RHI), the
visuo-tactile congruent stimulation of one’s own hidden hand and a
visible anatomical compatible fake hand induces the sensation that
the prosthetic limb belongs to oneself [4,11]. Similarly, the full body
illusion (FBI) can be induced; thus, congruent visuo-tactile stimulation at the trunk can induce self-identiﬁcation and self-location
changes with respect to a virtual or fake body [12,13,9,14].
Multisensory body representation has been proposed to be crucial for self-identiﬁcation with the body and for other aspects of
bodily self-consciousness [4,15,9,16,17,11]; however, it has also
been shown to be critical for any sensory perception including pain.
Recent studies from cognitive neuroscience show that although
pain is highly subjective, it is affected by certain bodily states
and experimentally modulated multisensory signals [18–20]. Thus,
although nociceptive stimuli are processed through speciﬁc sensory pathways [18,21], similar to non painful stimuli, pain can be
critically modulated by vision.
Previous work has shown that looking at one’s own body but not
to an object or at another person’s body, while receiving a painful
stimulus, produces analgesic effects [22,20]. Starting from this
observation, we aimed at investigating the relationship between
pain processing and body ownership; here, we sought for evidence
that reduced responses to nociceptive stimuli can be obtained not
only by looking at one’s own body [20] but also when looking at
another person’s body or avatar, especially under conditions of
self-identiﬁcation with the virtual body. Thus, we asked whether
changes in illusory self-identiﬁcation following the induction of an
FBI would be associated with a reduction of pain responses.
In two experiments, we combined robotic stimulation and virtual reality technology in order to induce the FBI [23–25]. We then
investigated the response to acute noxious stimuli delivered to the
participant’s hand, through the recording of the SCR, corresponding
to the activation of the autonomic nervous system (ANS) [26–28].
Since the response to a noxious stimulus starts before skin contact, as a consequence of anticipatory evaluation of the sensory
consequence to the approaching stimulus [29], we also studied
the modulation of such an anticipatory response to pain following FBI. We induced the FBI by manipulating the congruency of
visuo-tactile stroking between the virtual body and participants’
own body (stroking factor) and we manipulated whether the participants saw a virtual body or a control object on their head-mounted
display (visual feedback conﬁguration factor).
2. Experiment 1
2.1. Materials and methods
2.1.1. Participants
Fourteen right-handed healthy volunteers took part in Experiment 1 (mean age ±standard deviation: 24.87±2.82 years; 3
females). All participants had normal vision and were naive to
the purpose of the experiment. All participants gave their written
informed consent before the inclusion in the study. The study was
approved by the local ethics committee,La Commission d’Ethique
de la Recherche Clinique de la Faculté et de Medicine de l’Université
de Lausanne,and was conducted in accordance with the ethical
standards of the Declaration of Helsinki [30].
2.1.2. Experimental setup
The experiment was conducted in a light-shielded room where
a robotic device for tactile stroking was installed [23]. The robotic
device had 200 cm × 90 cm × 10 cm dimensions and a soft foam
cover that permitted participants to lie comfortably on their back.
Stroking units were integrated in the robotic device that allowed
to separately stroke the left and right upper back of participants. A

stroking unit consisted of an ultrasonic motor (Shinsei, USR60-E3 N,
Japan, http://www.shinsei-motor.com) that actuated via a pinionhole mechanism movable end parts on which a spring blade and a
plastic sphere were mounted. Plastic spheres reached through gaps
in the foam cover of the robotic device to touch the upper back of
a participant and via the spring blades adapted to the curvature of
participants’ back during stroking.
Visual stimuli were presented on a head-mounted display (Virtual Realities, Virtual Viewer 3D, Houston, Texas,
www.vrealities.com/virtualviewer3d.html) with 800 × 600 pixel
resolution and 35 degrees of visual angle. On headphones white
noise was presented to participants in order to prevent them from
hearing acoustic cues from the robotic stroking.
A serial keypad (Targus Numeric Keypad AKP10US, Anaheim,
CA, www.targus.com) was used to record participants’ button press
responses, which were given with participant’s right hand.
In-house
software
(ExpyVR,
Lausanne,
Switzerland,
http://lnco.epﬂ.ch/expyvr) was used for visual and acoustic
stimulus presentation and recording of responses and LABview
software (National Instruments Corporation, version 2010b, Austin
Texas, www.ni.com/labview) was used for robotic device control.
2.1.3. Stimuli
Tactile stroking by the robotic device was speciﬁed by
pre-programmed stroking sequences. A total of four random sequences were created before the experiment with
Matlab software (MathWorks, version R13, Massachusetts US,
http://www.mathworks.ch). These sequences speciﬁed the position of a stroking unit at 100 Hz sampling rate, within 0–20 cm
distance range, and 2–12 cm/s velocity range. Within these limits, the four sequences had respectively random direction, timing,
relative position, and speed.
The head-mounted display showed an image of a human body
(male or female, according to participant’s gender) wearing a white
t-shirt and blue jeans against a gray background (virtual body,
Fig. 1a) or a white rectangle, as a control condition (virtual object,
Fig. 1b). The virtual body held a prone posture and was seen in bird’s
eye view [25].
2.1.4. SCR device
The BioSemi ActiveTwo system (ActiveTwo, BioSemi B.V.,
Amsterdam, Netherlands) was used as signal ampliﬁer with speciﬁc GSR sensors consisting of 2 passive Nihon Kohden electrodes to
induce an oscillator signal synchronized with the sample-rate. The
sensors were applied on the distal phalanx of the index and middle
ﬁnger of the left hand, while the two references electrodes were
applied to the left forearm. A saline conductive paste was applied
to the electrodes, in order to improve the signal-to-noise ratio.
Data were digitalized on a dedicated computer through optic
connection with a sample rate of 2048 Hz and then data were resampled ofﬂine at 200 Hz.
2.1.5. Procedure
An experimental run consisted of an FBI-induction phase, followed by a pain-stimulation phase, questionnaire ratings, and a
resting period (Fig. 1d)
The FBI-induction phase consisted of 50 s visuo-tactile stroking
in synchronous or asynchronous fashion (stroking factor) seen on
an avatar or object (visual feedback factor).
A total of 8 trials were presented during the pain-stimulation
phase. A trial began with visually presenting a needle that moved
toward the body/object eventually contacting the target (“virtual
puncture”) during 5 s and was followed by a ﬁxed interstimulus
interval of 5 s after which the next trial was presented. During
the pain-stimulation phase, visuo-tactile stroking was continuously presented. The picture of a big static needle was displayed
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Fig. 1. Visual stimuli and procedure. (a) A human body image stimulus seen from the back was used in both experiments. (b) A control object stimulus was a white rectangle
and used in Experiment 1, and (c) a scrambled body stimulus was used as a control for the body stimulus in Experiment 2. (d) Sequence of events for an experimental run of
the full-body illusion, starting with visuo-tactile stroking for 50 s, followed by 8 painful stimuli with SCR acquisition for 80 s, followed by questionnaire ratings and a resting
period of 50 s.

on the left side of the virtual body/object during either the induction phase and the stimulation phase (Fig. 1). For half of the trials
a “real contact” condition was presented. The biologic left hand of
the participant was hit with a real needle synchronously with the
contact of the virtual needle with the visual target. The real needle
had a blunt end with 1 mm diameter and the contacting the skin
was not invasive. The real contact stimulation was administered
always by the same trained experimenter who was blind to the
actual stroking condition. In the other half of trials, a “simulated
contact” condition was presented. Participants did not receive any
stimulation during the vision of the virtual pinprick. This condition was used to assess the presence of any SCR response to the
vision of the noxious stimulus hitting the target in the absence of
any somatosensory painful stimulation [27].
This procedure resulted in 8 different conditions: body congruent real, body congruent simulated, body incongruent real, body
incongruent simulated, object congruent real, object congruent
simulated, object incongruent real, and object incongruent simulated. After the pain-stimulation phase, the questionnaire was
administered; 50 s of rest separated the different condition runs.
2.1.6. Measures
2.1.6.1. Questionnaire ratings. During each condition run and
immediately after the pain-stimulation phase, participants were
asked to complete a questionnaire comprising items adapted from
previous studies on bodily illusions [4,9] and pain [20] (Table 1).
Responses were given through a 7 points visual analogue scale
(VAS) and were automatically coded by the experimental software
with a score ranging from −3 to +3.
Participants were asked to move the cursor along horizontal
axes by pressing buttons with the index and ring ﬁngers (left/right
movement) with their right hand, while they conﬁrmed their
choice pressing the button in the center with the middle ﬁnger. The
random sequences of either experimental conditions and questionnaire items were under computer control.
The data from each question underwent an intra-subject standardization by means of an ipsatization procedure in order to
neutralize the effect in responses set [31,32]. Speciﬁcally, each rating was subtracted by the mean rating of the subject responses
in all questions and conditions and then divided by the standard
deviation of subject’s responses in all questions and conditions.

2.1.6.2. Skin conductance response. The skin conductance level was
recorded at DC level. An off-line digital high pass ﬁlter set at 0.05 Hz
was applied to obtain phasic skin conductance responses [33]. This
ﬁlter is effective to get back at level 0 the SCR after 1–3 s post-peak
and highlights the event related responses in the skin conductance
signal. The maximum amplitude of the SCR was used as measure
of autonomous nervous system responses. For each trial, the maximum amplitude recorded in the time window of 7 s starting with
the initial movement of the needle was extracted. The measures
were intra-subject normalized [34–36] in order to obtain comparable measures among the participants, given the well known large
inter-subject variability of SCR [37,38]. In addition, the mean skin
conductance level (SCL) during each condition was calculated to
evaluate the basal sympathetic tone [39].
2.1.7. Data analysis
Data were analyzed with STATISTICA 6.0 (StatSoft, Italy,
http://www.statsoft.it).
A repeated measure ANOVA was run on SCR data in a 2 × 2 × 2
within subject design. The main factors were: visual feedback
conﬁguration (body/object); stroking (congruent/incongruent) and
Table 1
Questionnaire items from Q1 to Q4 are questions inquiring about bodily illusory sensations and Q6 and Q7 are questions asking for explicit pain experience while Q5 is
a control question. Questions sequence were fully randomized and under computer
control.
Question
Q1
Q2

Q3
Q4
Q5
Q6
Q7

How strong was the feeling that the visual image of the
body/object you saw was really you? (self identiﬁcation)
How strong was the feeling that you were drifting downwards or
upwards?
(self location).
How Strong was the feeling that you could control the movement
of the body you saw? (agency over the visual object)
How strong was the feeling that you cannot move your own body?
(loss of agency)
How strong was the feeling that you had more than two bodies?
(control question)
How much intense was the pain inﬂicted by the needle?
(pain intensity)
How much unpleasant was the needle stimulation?
(pain unpleasantness)
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stimulus contact (real/simulated). When a signiﬁcant effect was
found, the 2 effect size and power were computed.
Ipsatization transformed questionnaire ratings in Z-scores with
a normal distribution allowing a proper use of parametric tests on
questionnaire data [31,32]. Separated repeated measures ANOVAs
were conducted for each different question on ipsatized values
and on SCL measures. Each one of these ANOVAs resulted in a
2 × 2 within subject design factoring visual feedback conﬁguration
(body/object) and stroking (congruent/incongruent).
Signiﬁcant level was set at p < .05, when a signiﬁcant interaction
was detected; post-hoc analysis were conducted with Fisher LSD
test.
In addition, the Pearson’s r correlation was calculated between
questionnaire responses and SCR.

2.2. Results
2.2.1. Skin conductance
The ANOVA on SCR data showed a main effect of contact
(F(1,13) = 20.589; p < .001, 2 = .613; power = .987) and an interaction between visual feedback and stroking (F(1,13) = 6.111; p < .05;
2 = .320; power = .942). The other main factors (visual feedback:
F(1,13) = 2.221; p = .16; stroking: F(1,13) = .561; p = .47) and interactions were not signiﬁcant (visual feedback × contact: F(1,13) = .232;
p = .64; congruency × contact: F(1,13) = 4.133; p = .063; visual feedbackcongruency × contact: F(1,13) = .084; p = .77). Fisher’s post-hoc
tests showed that the real contact (Z = .3 ± .08) induced a greater
SCR than the simulated contact (Z = −.4 ± .08). The interaction
between visual feedback and stroking notably showed that, during
the visual feedback of the body, the SCR was lower for congruent
versus incongruent stroking while for the object visual feedback
the trend was in the opposite direction. Post-hoc testing revealed
that the body congruent condition (Z = −.28 ± .05) had different
responses from body incongruent (Z = .03 ± .09; p = .026) and object
congruent conditions (Z = .08 ± .13; p = .013). At the same time the
other three conditions did not show statistically signiﬁcant differences in any direct comparison (Fig. 2a)
The ANOVA on SCL did not show any signiﬁcant effect nor
for the main effects (visual feedback: F(1,13) = 1.288; p = .277;
stroking: F(1,13) = 3.049; p = .104), neither for the interaction
(F(1,13) = 1.765; p = .207).

2.2.2. Questionnaire
The analysis of self-identiﬁcation ratings (Q1) showed the
main effect of visual feedback (F(1,13) = 15.81; p ≤ .001, 2 = .549;
power = .956) but no main effect of stroking and no visual feedback
x stroking interaction. Thus, self-identiﬁcation was rated signiﬁcantly higher in the body (Z = .91 ± .26) conditions than in the object
conditions (Z = −.22 ± .23).
The ANOVA for self-location ratings (Q2) showed a visual
feedback x stroking interaction (F(1,13) = 5.29; p < .05; 2 = .29;
power = .904). Post hoc comparisons showed that values were
lower in the object incongruent condition (Z = −1.79 ± .39) than
in the other three conditions (body congruent = −1.28 ± .54; body
incongruent = −1.28 ± .49; object congruent = −.86 ± .51), which
were at the same level (all p ≤ .05). There was no main effect of
visual feedback and no main effect of stroking for self-location
ratings (Q2).
Questions about agency (Q3 and Q4), the control question (Q5),
and questions about pain experience (Q6 and Q7) revealed no signiﬁcant main effects and no interactions. The absence of signiﬁcant
differences for the questions about pain experience (Q6 and Q7)
suggests that our experimental manipulation did not result in consciously reportable effects on pain experience (Fig. 2b).

Fig. 2. Experiment 1 results. (a) Columns represent the mean SCR response for the
signiﬁcant interaction between visual feedback (body/object) and stroking (congruent/incongruent). The SCR has been transformed in z-scores. The panel (b) shows
mean questionnaire ratings. The thin bars indicate standard errors.

2.2.3. Correlation analysis
Correlation analysis showed a signiﬁcant negative correlation between self-identiﬁcation ratings (Q1) and real contact SCR
(r = −.27; p < .05), that is, a high degree of self-identiﬁcation was
associated with low SCR. None of the other questions showed signiﬁcant correlations with the implicit measures.
3. Experiment 2
3.1. Materials and methods
3.1.1. Participants
Sixteen right-handed healthy volunteers participated (Age±SD:
23.56±2.50 years, 4 females), who had not participated in Experiment 1 and were thus naïve to the purpose of the experiment.
All participants had normal vision and gave their written informed
consent before the inclusion in the study. The study was approved
by the local ethics committee, La Commission d’Ethique de la
Recherche Clinique de la Faculté et de Medicine de l’Université
de Lausanne, and was conducted in accordance with the ethical
standards of the Declaration of Helsinki [30].
3.1.2. Materials, methods, and procedures
The materials, methods, procedures, and analysis were the same
as in Experiment 1, except for the following differences.
In Experiment 2, we investigated whether any visual effect
of self-identiﬁcation on SCR needed the visual observation of
a realistic and anatomically intact body. For this purpose, we
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presented participants with either a virtual human body (similar to Experiment 1), or with a scrambled version of the same
body, shaped with anatomically impossible limb conﬁguration
(Fig. 1c). More precisely, the trunk of the virtual body was presented at the center of the image and similarly to the original
image, and the other body segments were presented at incongruent positions (Fig. 1c). The scrambled body image was created
with GIMP software (GIMP 2.6.10; www.gimp.org) and was a
modiﬁcation of the avatar image in such a way that we provided a unitary picture that could be processed also as a whole
and not just as a fragmented summation of smaller ﬁgures. We
named this condition “scrambled body”. The experimental design
resulted in a 2 × 2 × 2 within subjects design factoring: visual
body conﬁguration (anatomical/scrambled body), stroking (congruent/incongruent) and stimulus contact (real/simulated) for the
SCR analysis, and a series of 2 × 2 within subjects design factoring:
visual body conﬁguration (anatomical/scrambled body), stroking
(congruent/incongruent) for questionnaire and SCL analysis.
3.2. Results
3.2.1. Skin conductance
The ANOVA on SCR data showed a main effect of contact
(F(1,15) = 68.148; p < .001, 2 = .819; power > .999) and a main effect
of visual feedback (F(1,15) = 34.909, p < .001; 2 = .699 power > .999)
moreover the interaction between visual feedback and stroking factors was signiﬁcant (F(1,15) = 6.46; p < .05; 2 = .301; power = .95)
as well as the interaction between visual feedback and contact
(F(1,15) = 11.221; p < .01, 2 = .428; power = .997). The main factor
stroking (F(1,15) = .417; p = .528) and the other interactions were
not signiﬁcant (stroking × contact: F(1,15) = .056; p = .817; visual
feedback × stroking × contact: (F(1,15) = .024; p = .879).
The real contact (Z = .37 ± .04) induced a greater SCR than the
simulated contact (Z = −.38 ± .04). The visual feedback main effect
showed that independently from the stroking main effect, seeing a virtual body in anatomical conﬁguration (Z = −.19 ± .03)
induced lower SCR to painful stimuli than seeing a scrambled
body (Z = .18 ± .03). The interaction between visual feedback and
stroking factors, congruently with Experiment 1 and our prediction, showed that, using the anatomical conﬁguration as a visual
feedback, the SCR was lower for congruent than for incongruent stroking while for the scrambled body there was an opposite
trend. Post hoc comparisons showed that the body congruent
condition (Z = −.33 ± .05) differed signiﬁcantly from scrambled congruent condition (Z = .31 ± .09; p < .001) and scrambled incongruent
(Z = .05 ± .09; p < .05), moreover a difference close to signiﬁcance
was found between anatomical body congruent and anatomical
body incongruent (Z = −.05 ± .06; p = .08) contrast (Fig. 3a).
The post hoc analysis for the visual body conﬁguration by
contact interaction showed that the main effect of visual body conﬁguration was driven by differences in the real contact conditions
as the real touch during anatomical body conditions (Z = .06 ± .07)
differed signiﬁcantly from the real touch during scrambled
body conﬁgurations (Z = .68 ± .08; p < .001). Moreover, both were
stronger than the simulated contact conditions (all p < .001), which
did not show signiﬁcant difference for the two visual body conﬁgurations (simulated anatomical body = −.45 ± .05, simulated
scrambled body = −.31 ± .06; p = .178).
Consistently with Experiment 1, the ANOVA on SCL did not
show signiﬁcant results nor for the main effects (visual feedback:
F(1,15) = .647; p = .434; stroking: F(1,15) = .067; p = .798), neither for
the interaction (F(1,15) = .096; p = .761).
3.2.2. Questionnaire data
The ANOVA for self-identiﬁcation ratings (Q1) showed signiﬁcant main effects of visual body conﬁguration (F(1,13) = 5.99;

Fig. 3. Experiment 2 results. (a) Columns represent the mean SCR response for the
signiﬁcant interaction between visual feedback (body/object) and stroking (congruent/incongruent). The SCR has been transformed in z-scores. The panel (b) shows
mean questionnaire ratings. The thin bars indicate standard errors.

p < .05; 2 = .285; power = .629) and stroking (F(1,13) = 5.04; p < .05;
2 = .251; power = .556). There was no visual body conﬁguration
by stroking interaction. The anatomical body (Z = .55 ± .18) conditions induced higher self-identiﬁcation ratings than the scrambled
body conditions (Z = −.11 ± .26). Moreover, the congruent stroking
(Z = .56 ± .24) induced higher ratings compared to the incongruent (Z = −.12 ± .22) suggesting an additive but not interactive effect
which identiﬁed the anatomical body congruent stroking condition as the one with the stronger effect of self-identiﬁcation with
the human picture.
Questions about self-location (Q2) and agency (Q3 and Q4) did
not reveal any signiﬁcant main effect and no interaction.
The control question (Q5) showed a signiﬁcant main effect of
the visual feedback (F(1,13) = 10.23; p < .01; 2 = .406; power = .997;
body = −.05 ± .19; scrambled = −.63 ± .18). Consistent with Experiment 1, none of the questions about pain experience (Q6 and Q7)
showed signiﬁcant main effects or interactions.
3.2.3. Correlation
Correlation analysis showed a signiﬁcant negative correlation between self-identiﬁcation ratings (Q1) and real contact SCR
(r = −.31; p < .05). No other questionnaire items showed a signiﬁcant
correlation with the SCR.
4. Discussion
In the present study, we found that changes in self-identiﬁcation
with a virtual body modulate arousal responses to acute painful
stimulations, as reﬂected by a decreased SCR. Although, external stimuli that evoke nociceptive afferent signals are the main
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contributor to pain experience, other internal factors contribute
to the genesis and the modulation of the pain experience, such
as generically deﬁned cognitive or affective components. Among
these factors, it has been possible to differentiate affectivemotivational components, such as emotions or meditation-induced
states [40,34], from more cognitive factors, such as attention and
expectations related to incoming stimuli features [41,42,29]. Moreover, perceptual factors, such as proprioception [43] and the visual
size of a body part play a role [44].
Looking at one’s own body but not looking at a neutral object
or at another person’s body has been reported to induce analgesia
for acute painful stimulation [22,20]. Here, we sought for a similar
modulation of pain responses induced by the vision of a virtual body
that also depended upon the level of illusory self-identiﬁcation
with that body during a full-body illusion [9] induced by controlled
robotic stimulations [23–25].
In the ﬁrst experiment, we compared automatic responses to
acute painful stimulations, while a virtual body was shown in
back-view on an HMD. These responses were compared with those
obtained when seeing a control neutral object [26,45,46,9,8]. Our
results revealed that the SCR to painful stimuli decreased for real
and simulated noxious stimuli, speciﬁcally under congruent visuotactile stimulation and when the body, but not the object, was seen.
This result was further qualiﬁed by the second experiment,
where another control condition was added, consisting of a scrambled human ﬁgure, typically used in studies testing body and face
perception [47–49]. The speciﬁc aim of Experiment 2 was to assess
the importance of a realistic body conﬁguration [48] for inducing the FBI and the reduction in the SCR to painful stimuli. The
arousal responses to the applied pinpricks, both real and simulated,
showed, consistently with Experiment 1, a selectively decreased
SCR, only when the body was shown in the anatomical conﬁguration and under congruent visuo-tactile stimulation. Moreover,
negative results from SCL analysis suggested that the changes in
arousal responses that we observed were related more to the transient event related response than to a modiﬁcation of an altered
basal sympathetic tone [39].
The present results add to previous ﬁndings on the modulation of pain experience by vision. Vision of noxious stimuli seen
as approaching another person’s body induces arousal responses
in healthy humans [27]. It has been argued that such responses
are mainly based on the cognitive evaluation of the approaching
stimulus which would produce an automatic anticipatory response
[29,50] that has been hypothesized to be mediated by emphatic
sharing of the affective component of pain [51,52]. Furthermore,
previous works reported that the vision of one’s own stimulated
body parts can modulate pain thresholds [20,44] or the rating of
pain intensity [22], suggesting an analgesic effect when looking
at one’s own body. The present study goes beyond such previous
results by linking the visual response to an incoming threat directed
towards another person’s body, to illusory self-identiﬁcation experienced towards an observed virtual body.
We hypothesized that the increased self-identiﬁcation, when
seeing the virtual body stroked in a congruent fashion, would
be reﬂected in changes in the processing of painful stimuli
akin to those described during the direct observation of one’s
own body typically consisting of a reduced response to painful
stimuli [22,20,44]. Questionnaire data showed that higher selfidentiﬁcation was recorded with the avatar only when presented
with an anatomically correct body conﬁguration and when stroked
congruently, according to the literature [4,53,28,9,8].
Investigating the relationship between the self-identiﬁcation
and reduced SCR further, we found that the overall correlation
between the magnitude of illusory self-identiﬁcation and the magnitude of SCR was signiﬁcant. The correlation was negative in both
experiments, sustaining that the more self-identiﬁcation with the

avatar our participants reported, the stronger was the reduction
of the SCR for painful stimuli. Although, in the correlation analysis all conditions were considered together with the potential
risk of an autocorrelation bias, it is noteworthy that illusory selfidentiﬁcation was the only item from a total of 7 items that showed
the same negative correlation with SCR in experiments 1 and 2.
Our ﬁndings of a reduced arousal response are in line with
earlier studies reporting elevated pain thresholds when seeing a
body part or when self-identifying with a virtual body [45,20],
but also extend these data on visual analgesia described earlier.
In particular, we show here that such decreased arousal response
to painful stimuli is tuned by bodily self-consciousness and also
modulates anticipatory levels of painful stimuli processing and thus
is not strictly dependant on the somatosensory nociceptive input.
However whereas these pain thresholds data have recently been
extended with explicit ratings of pain experience [22], we did not
observe similar effects in explicit pain ratings in experiment 1 and
2. Consistently with our results, a recent study (conducted in two
different laboratories) showed that explicit pain ratings for stimuli
delivered to the biological hand did not change during the RHI [54].
It is worth noting that we assessed pain ratings only once for each
condition during the questionnaire phase, and not on a trial by trial
basis after each stimulation, in order to reduce possible interference
with the induced illusory state and skin conductance recording.
However, this procedure of measuring pain ratings only once might
weaken the conﬁdence with pain ratings as several external confounding effects, like memory or other post-perceptual processes,
might have interfered with the judgment of stimulations which was
delayed.
It has also been proposed that the body is processed as a whole,
as suggested by the reported advantage for a global processing of
body pictures shown in an upright posture as compared to upsidedown or non-anatomical postures [55,48]. In the current study,
we showed that in order to induce the FBI, the picture of the
avatar needs to be presented in its correct anatomical conﬁguration. Although, modulation of pain experience for an isolated body
part was found when looking at the body part [20,44], the present
data, comparing the observed effects for the full normal versus
scrambled body, suggest that global bodily processing of a seen
human body impacts self-identiﬁcation and arousal responses to
painful stimuli. Interestingly, although we presented avatars that
matched the gender of our participants, the avatars appearances
were different with respect to the speciﬁc hair style, or the skin
colour of participants. However, our results indicate that primarily
the anatomical conﬁguration of the avatar deﬁned the possibility
to increase the self-identiﬁcation with it, and not its actual similarity with participant’s body, congruently with the ﬁnding that
even an opposite gender avatar could induce embodiment effects
[56,57].
In conclusion, we found that it is possible to reduce the implicit
arousal response to acute painful stimuli throughout the full
body illusion. This effect is already available during the anticipatory response to the incoming expected painful stimulation; it is
related to the degree of self-identiﬁcation with the stroked picture and would be achieved only for pictures of human bodies
presented with a normal anatomical conﬁguration. However, this
implicit arousal reduced response is not transferred in an aware
reduced experience of pain. Our data suggests that pain processing
shares functional mechanism with self-identiﬁcation and extends
previous research towards a fundamental understanding of selfconsciousness.
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