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RESEARCH PROJECT
Summary and objectives
Empathy is the social ability that allows one to share the emotions and feelings of other individuals (Davis, 1980).
It consists in a variety of components ranging from the self-centered reactivity that maps on the self what we see
in others (e.g. sensorimotor contagion) to the other-oriented stance that allows us to understand others through
cognition (i.e. perspective taking) or emotion (i.e. empathic concern) (Decety and Jackson, 2004). Previous
neuroscientific studies suggested that the observation of video clips showing others in pain is reflected in i) an
increase of autonomic Skin Conductance Response (SCR)(Avenanti et al., 2010), ii) a reduced excitability of the
corticospinal motor representations of hand muscles when transcranical magnetic stimulation (TMS) is applied on
individual’s primary motor cortex (Avenanti et al., 2005) and iii) an increase of activity of the primary
somatosensory cortex (S1)(Bufalari et al. 2007). Although pain and pleasure are both sovereign masters in
governing mankind, the study of empathy for positive states (e.g. the conditions in which imagining, recalling and
observing joy in others trigger positive states in the empathizer) is still poor. However, the neural correlates of
Empathy for pain and pleasure have been typically investigated by using video clips or picture of pain (Lamm et
al., 2011; Avenanti et al., 2005, 2010) or pleasure (Lamm et al., 2015) in a third-person perspective. So far, no
studies have been designed to directly compare the brain and body reactivity to pain or pleasure on self and others.
In the present project we capitalize on the power of IVR to make a specific empathogenic scenario to compare the
behavioural, physiological and neural reactivity of participants who observed pain and pleasure stimuli delivered
on a virtual body that is perceived as belonging to the self (when seen from 1PP) or to another person (when seen
from 3PP). The present project aimed to provide important breakthroughs about Empathy for Pain and Pleasure as
it combines: i) IVR as a new and powerful tool for Neuroscientific research (Tieri et al., 2018), especially for the
possibility to induce realistic illusions of ownership over a virtual body (Slater et al., 2010), ii) physiological
investigation of autonomic reactivity (SCR)(Tieri et al. 2015b), and iii) non-invasive brain stimulation
(Transcranial Magnetic Stimulation, TMS) recording. In the first study we compare the behavioural and autonomic
Skin Conductance Response (SCR) reactivity in healthy participants who observe painful or pleasurable stimuli
delivered to the hand of a virtual avatar seen from 1PP or 3PP. The second study, articulated in three different
experiments, is focused on the cortico-spinal responses elicited by the observation of Pain or Pleasure stimuli. We
recorded motor evoked potentials (MEPs) by means of single-pulse TMS applied over the individuals' primary
motor cortex (M1) and measure the sensorimotor activity associated to the perspective (1PP vs 3PP) by which the
stimuli are observed.
COMMON PROCEDURE: Virtual environments and experimental setup.
In all studies healthy participants are immersed in a virtual scenario (VS) through a head mounted display (HMD)
and see a virtual body from a first (1PP) or third person perspective (3PP). The virtual scenario was designed using
3DS Max 2015 (Autodesk, Inc.) and implemented in XVR 2.0 (Tecchia et al., 2010). The avatars were created
using Poser Pro 2010 library (Smith Micro, Inc.) and implemented in XVR. The scenario was presented by means
of the Oculus Rift DK 2.0 (Study 1 and 2) and Oculus Rift (Study 2, Exp 3) Head Mounted Display (HMD). The
virtual scene consisted of a real-size room, two virtual avatars sitting on opposite sides of a table and a virtual gray
panel placed between the avatars that blocked their reciprocal view. Three different clip stimuli were implemented
in the virtual scenario: (1) a virtual arm holding a needle on the avatar’s right hand and penetrating it, (2) a virtual
hand approaching the avatar’s right hand and caressing it and (3) a virtual gray ball gently touching the hand (see
Fig. 1; left panel).

Figure 1. | Left Panel: Experimental Conditions - stimuli were delivered seen from 1PP (upper part) and in 3PP (bottom
part) on the opposite side of the table and the black screen covering the other’s face. Stimuli representing pain, neutral and
pleasure. Right Panel: A - Position of infrared markers during the recording of the actor’s kinematics. B - example of the
avatar’s movement implemented in both 1PP and 3PP

In order to realize a naturalistic representation of the virtual caress, we used a SMART-D motion capture system
(MoCAP) [Bioengineering Technology & Systems (B|T|S)] to record the kinematics of an actor gently caressing
another person’s hand placed on a table, with their right hand. Twenty-four infrared reflective markers
(5mmdiameter) were attached to the actor’s right hand, upper limb, shoulders and chest (readapting the MoCap
set-up described in Tieri et al., 2015a). The actor performed a single action and four infrared cameras with wideangle lens, placed approximately 100 cm away from each of the four corners of the table, captured the movement
of the markers in the 3D space at 100 Hz (Sacheli et al., 2018). The actor’s kinematics were transferred to the
virtual avatar’s bones, by means of Motion Builder 2015 (Autodesk, Inc.), and were rendered in XVR. In this way,
participants observed the same kinematics applied to the virtual character from both first- and third-person
perspective (Fig. 1; right panel). Finally, this virtual reality paradigm has been adapted and interfaced for the
recordings of (1) Autonomic reactivity (Study 1) and (2) Motor Evoked Potentials (MEPs) by means of singlepulse TMS applied over the individuals' primary motor cortex M1 (Study 2)(see Fig. 2).

Figure 2. | A: schematic representation of Experimental Setup Study 1 (Physiological recordings). B: schematic
representation of Experimental Setup Study 2 (TMS and EMG).

1. Study 1: Comparing behavioral and autonomic reactivity of painful or pleasurable stimuli on self and
other.
1.1 Aims & Task
The aims of the Study 1 were i) to investigate how taking a physical perspective influences the subjective and
physiological responses to the observation of pain and pleasure on self (embodied virtual avatar’s hand) and
others and ii) whether these responses were modulated by non-physical perspective i.e. the self-oriented or other
oriented report of the sensations, feelings and reactivity evoked by the observed scenarios.

1.2 Procedure
Thirty-six (females 24; mean age ± SD, 25.4 ± 3.2) right-handed participants (Handedness Inventory, Briggs &
Nebes, 1975) were recruited with normal or corrected visual acuity and were naïve as to the purposes of the
study. The experiment was composed of two separate blocks (one for each perspective in which the virtual body
and stimuli were observed, 1PP and 3PP) presented in a counterbalanced order across subjects. Each block
consisted of 21 randomized trials (7 Pain, 7 Pleasure and 7 Neutral). Each trial started with the observation of
the right virtual hand (in 1PP or 3PP). After 6000±500 msec, the stimulus was delivered to the virtual hand
on a region overlying the first dorsal interosseous. The stimulus remained on for ~ 2 sec. Participants
continued to observe the virtual hand for 6000±500 msec after the stimulus and, at the end of the trial (and
the end of the observation), the first (of three) Visual Analogue Scale (VAS) appeared and they provided
ratings about sensations elicited by the observation the stimuli. In particular, participants were asked to move
a vertical bar along the horizontal line in order to answer the items reported in Table 1. Three different VAS
ratings were requested, i.e.: (1) (un)Pleasantness (“−−” = strongly unpleasant, middle=neutral, “++” strongly

pleasant); (2) intensity:(“−−” = very weak, ++ = very strong) referring to the sensory quality of the observed
stimuli (Bufalari et al., 2007) and; (3) illusory ownership: (“−−” = no ownership, “++” = maximal ownership).
The order of the three questions was counterbalanced across blocks. According to the assigned group,
participants were asked to provide ratings concerning items 1–3 (self-oriented stance) and 4–6 (other-oriented
stance) respectively (See Table 1). During the whole experiment GSR was recorded by means of ADInstruments PowerLab 8/35 and ML116 GSR (Galvanic Skin Response) Amplifier devices to amplify the
signals and specific GSR sensors consisting of two bipolar finger electrodes placed on the right hand.
1.2.3 Subjective and autonomic reactivity associated to Self- and Other-Oriented stance
To investigate whether the sensory-emotional processing was affected by the top-down modulation related to the
cognitive Self-and Other-oriented perspective, participants were randomly assigned to one of two groups: Selfor Other-Oriented group. Participants assigned to the Self-Oriented group were asked to observe the virtual body
as if it were their own body, and to provide VAS ratings by adopting a self-oriented stance (Table 1 - SelfOriented ratings). In contrast, the participants assigned to the Other- oriented stance were asked to observe the
virtual body as if it belonged to another person, and to answer to the VAS items by adopting an other-oriented
stance (Table 1 - Other-Oriented stance ratings). Participants received the following instruction: (1) “you will
observe your virtual body and the body of another person seated on the opposite side of the table” (Self-oriented
group); (2) “you will observe the bodies of two different persons seated next to a table. You could observe one
body from a first-person perspective and another body from a third-person perspective” (Other-oriented group).
The stimuli and the procedure were identical across the two groups.
Item
(un)Pleasantness

Self-Oriented group
was the stimulus pleasant or unpleasant for you?

Intensity

how intense was the stimulus for you?

Ownership

how strong was the sensation that the hand was part of your body?

Item
(un)Pleasantness

Other-Oriented group
was the stimulus pleasant or unpleasant for the other that received it?

Intensity

how intense was the stimulus for the other?

Ownership

how strong was the sensation that the hand of the other was part of your body?

Table 1 | Questions assessing the (un)Pleasantness, Intensity and the feeling of Ownership for Self-Oriented (Items 1-3)
and Other-Oriented group (Items 4-6).

1.3 Results
The following table describe the summary of the main results, including means and standard deviations of each
experimental conditions, regarding the subjective [(un)Pleasantness, Intensity and Ownership] and Physiological
(SCR) responses.
• VAS responses were normally distributed according to the Kolmogorov-Smirnov test. Data were analyzed
using three different mixed model ANOVAs (one for each VAS question: (un)Pleasantness, Intensity and
Ownership) with Group (Self vs Other-Oriented) as the between-subjects factor and type of observed stimulus
(Pain, Pleasure and Neutral) and Physical Perspective (1PP vs 3PP) as the within-subject factors. Multiple
comparison tests were performed post-hoc using the Newman-Keuls test.
• SCRs were analyzed using the mean amplitude of the phasic SCR, within a window of 6 s (Fusaro et al., 2016;
Madden et al., 2016). After visual stimulus onset, with a minimum response of 0.01 μS. To correct for nonnormally distributed responses, the following transformation was computed: log [SCR+1] (Armel &
Ramachandran, 2003; Fusaro et al., 2016). The transformed data were entered into a mixed model ANOVA
with Group (Self vs Other-Oriented stance) as the between-subject and type of observed stimulus (Pain,

Pleasure and Neutral) and Physical Perspective (1PP vs 3PP) as within-subject factors. Multiple post-hoc
comparison tests were performed using the Newman-Keuls test.
Main effects
Type of observed stimulus: F(2,68) = 80.34, p < 0.001, ƞ2p=0.70

Pain (30.12±13.52) < Pleasure (61.99±12.41); **
Pain ( 30.12±13.52) < Neutral (50.76±5.04); **
Pleasure (61.99±12.41) ˃ Neutral (50.76±5.04); **

Type of observed stimulus X Group: F(2,68) = 5.68, p<0.01, ƞ2p =0.14

Pain: Other-Oriented (25.20±15.16) < Self-Oriented (35.05±9.53); **
Pleasure: Other-Oriented (65.51±12.71) ˃ Self-Oriented (58.47±11.91); **

Physical Perspective: F(1,34) 280 = 16.31; p < 0.001, ƞ2p = 0.32

1PP (57.02±16.24) ˃ 3PP (53.51±16.90); **

Type of observed stimulus: F(2,68) = 46.06, p < 0.001, ƞ2p = 0.57

Pain (63.21±17.78) ˃ Pleasure (58.43±13.63); *
Pain (63.21±17.78) ˃ Neutral (44.16±11.64); **
Pleasure (58.43±13.63) ˃ Neutral (44.16±11.64); **

Group X Physical Perspective: F(1,34) = 10.77; p = 0.0023, ƞ2p = 0.24

Self-Oriented: 3PP (48.88±14.13) < 1PP (55.23±13.40); **

Group X Type of observed stimulus: F(2,68) = 4.85, p = 0.01, ƞ2p = 0.12

Self-Oriented: Pain (56.57±15.51) ˃ Neutral (44.10±12.21); **
Self-Oriented: Pleasure (55.34±13.59) ˃ Neutral (44.10±12.21); **
Other-oriented: Pain (69.69±17.89) ˃ Pleasure (61.5 ±13.04); **
Other-oriented: Pain (69.69±17.89) ˃ Neutral (44.22±10.91); **
Other-oriented: Pleasure (61.51±13.04) ˃ Neutral (44.22±10.91); **

Physical Perspective: F(1,34) = 59.10, p < 0.001, ƞ2p = 0.63

1PP (61.05±20.87) ˃ 3PP (28.74±23.43); **

Type of observed stimulus: F(2,34) = 25.55, p < 0.001, ƞ2p = 0.42

Pain (48.97±28.79) ˃ Neutral (37.25±26.13); **

Type of observed stimulus: F(2,68) = 7.97; p < 0.001, ƞ2p = 0.19

Pain (0.20±0.18) ˃ Neutral (0.14±0.11); **
Pain (0.20±0.18) ˃ Pleasure (0.1 ±0.12); *

Group: F(1,34) = 4.45, p = 0.04, ƞ2p = 0.11

Self-Oriented (0.20±0.12) ˃ Other-oriented (0.13±0.15); *

(un)Pleasantness

Intensity

Post-hoc comparisons
(mean ± SD) (* = p<0,03; ** = p<0,001)

Ownership

SCR (μS)

In general, these results suggest that the observation of the virtual hand in 1PP elicits high illusory ownership
(participants perceived the virtual hand as belonging to their own body). Moreover, observing Pain and Pleasure
induces unpleasant and pleasant sensations, respectively, that parallel stronger intensity of sensation with respect
to neutral stimuli. Moreover, the observation of Pain increases the physiological reactivity (amplitude of SCR)
compared to Pleasure and Neutral. Importantly, we found that Physical perspective and Cognitive stance play
different roles in modulating the behavioural and physiological reactivity to social virtual stimuli. Indeed,
assuming the Other-Oriented stance brings about (i) the highest ratings and stronger perceived intensity when
observing Pain and Pleasure and (ii) a reduced physiological reactivity (lower SCR amplitude) with respect to the
Self-Oriented stance. Moreover, the Physical Perspective (1PP vs 3PP) is fundamental in eliciting the illusory
feeling of ownership (FO) over the virtual body (maximal FO in 1PP) and similar physiological reactivity to pain
and pleasure, thus suggesting the same qualitative reactivity to these stimuli in 1PP and 3PP.

Study 2: Comparing sensorimotor activity of painful or pleasurable stimuli on self and other.
2.1 Aims & Task
Previous TMS studies highlighted the sensorimotor side of empathy for pain by showing that observing pain in
others, but not a neutral touch, reduces the excitability of the corticospinal motor representations of hand muscles
(Avenanti et al. 2005, 2010). Study 2 has two main aims: (i) to expand previous evidence about sensorimotor
inhibition investigating how taking a physical perspective (1PP vs 3PP) influences the Motor Evoked Potentials
(MEPs) elicited by TMS and (ii) to investigate, for the first time, whether the pleasant touch is reflected in a
modulation of MEP directly comparing the cortico-spinal activity recorded during the observation in 1PP vs 3PP.
2.2 Experiment 1 -Methods
Twenty-two healthy volunteers took part in the study (13 females; mean age ± SD, 24.3 ± 4.8). All participants
were right-handed (Handedness Inventory; Briggs and Nebes 1975) with normal visual acuity and were naïve as
to the purposes of the experiment. None of them had neurological, psychiatric or other medical problems or had
any contraindication to TMS (Rossi et al., 2009). The procedure was identical to the Study 1 (please see paragraph
1.2). On each trial, when the stimulus was on the virtual hand, a magnetic pulse was randomly delivered between

200 and 600ms before the end of the movement to avoid any priming effects that could affect MEP size (Avenanti
et al., 2005).
2.2 Experiment 1 – Results
The following table describe the summary of the main results, including means and standard deviations of each
experimental conditions, regarding the subjective [(un)Pleasantness, Intensity and Ownership] and MEP
responses.
• VAS responses were normally distributed according to the Kolmogorov-Smirnov test. Thus, three (one for each
question) different two-way repeated-measures ANOVAs with Perspective (1PP vs. 3PP) and type of observed
stimulus (pain-pleasure-neutral) as main factors were run. Multiple-comparison post hoc tests were performed
using the Newman-Keuls test.
• MEP amplitude in each condition was measured peak-to-peak in mV. For each muscle, logarithmic MEP values
were analyzed by means of 2x2x3 repeated-measures ANOVAs with Perspective (1PP vs 3PP), muscle (FDI vs
ADM) and type of observed stimulus (Pain vs Pleasure vs Neutral) as factors. Post-hoc comparisons were carried
out by means of the Newman-Keuls test.
Main effects
(un)Pleasantness

Post-hoc comparisons
(mean ± SD) (* = p<0,03; ** = p<0,001)

Type of observed stimulus: F(2,42) = 35.53, P < 0.001

Pain (30.00 ± 14.82) < Pleasure (57.26 ± 14.07); **
Pain (30.00 ± 14.82) < Neutral (48.28 ± 6.20); **
Pleasure (57.26 ± 14.07) ˃ Neutral (48.28 ± 6.20); **

Perspective: F(1,21) = 7.898, P = 0.01

1PP (62.90 ± 12.59 ) ˃ 3PP (57.51 ± 14.25); *

Type of observed stimulus: F(2,42) =8.164, P =0.001

Pain (63.21±17.78) ˃ Neutral (54.23 ± 13.61); **
Pleasure (61.09 ± 11.93) ˃ Neutral (54.23 ± 13.61); **

Perspective: F(1,21) = 51.847, P < 0.001

1PP (69.24± 15.91) ˃ 3PP (39.68 ± 24.39); *

Type of observed stimulus: F(2,42) = 6.959, P = 0.002

Pain (57.54 ± 26.20) ˃ Neutral (49.63 ± 25.71); *
Pleasure (56.21 ± 23.83) ˃ Neutral (49.63 ± 25.71); *

Muscle: F(1,21) = 9.183; p=0.006

FDI (0.31±0.17) ˃ ADM (0.19±0.16); *

Type of observed stimulus: F(2,42)=7.744; p=0.001

Pain (0.268±0.18) ˃ Neutral (0.235±0.1); *
Pleasure (0.260±0.16) ˃ Neutral (0.235±0.1); *

Muscle X Perspective: F(2,42)=7.014; p=0.002

1PP Pleasure (0.27±0.17) ˃ 3PP Pleasure (0.24±0.16); *

Intensity

Ownership

MEP (mV)

Figure 3. | Mean peak-to-peak values of MEP amplitude (means and SE) in each condition for the different perspectives for
the a) FDI and b) ADM.

In keeping with our previous research, behavioural data showed that participants felt high illusory ownership of
the virtual hand when they saw it in 1PP. The effect of seeing different valence stimulation was qualitatively
similar in both perspectives. Moreover, results about subjective ratings regarding (un)pleasant and intensity were
in line with Study 1 and did not vary across perspectives, suggesting that the perception of the stimuli was
qualitatively similar in both 1PP and 3PP. Neurophysiological results showed that both painful and pleasant stimuli

could elicit in the observer higher reactivity (i.e., wider MEPs) compared to the neutral stimulus. This augmented
reactivity for painful stimuli was replicated also in 3PP while, differently from 1PP, the caress elicited lower MEPs
similar to the neutral stimulus. Unfortunately, neurophysiological findings gave not enough and clear elements to
discuss the results from the current study and to compare our findings with previous literature. Thus, further
experiments are needed to clarify 1) if the IVR paradigm could replicate previous non-immersive 2D experiments
and 2) the role of the visual perspective in the perception of pleasant and painful stimuli.
2.3 Experiment 2 - Methods
Seventeen healthy volunteers took part in the study (13 females; mean age ± SD, 24.3 ± 4.8). All participants were
right-handed (Handedness Inventory; Briggs and Nebes 1975) with normal visual acuity and were naïve as to the
purposes of the experiment. None of them had neurological, psychiatric or other medical problems or had any
contraindication to TMS (Rossi et al., 2009). The procedure was identical to the Study 1 (please see paragraph
1.2). In the previous experiment the absence of the hand in the neutral stimulus (while present in pain and pleasure)
could make the comparisons between the conditions problematic. In order to better control for the neutral
condition, in this experiment four different clip stimuli were designed and implemented in the virtual scenario,
namely: 1) a virtual arm holding a needle on the avatar's right hand and penetrating it (Fig. 3b), 2) the same virtual
hand holding the needle without penetrating the hand but standing 20 cm above it (considering it the control
condition of the painful stimulus i.e., neutral pain) (Fig. 3a) , 3) a virtual hand approaching the avatar's right hand
and caressing it (pleasure) (Fig. 3d) and 4) the same virtual hand performing the caress but 20 cm away from the
avatars hands (i.e., neutral pleasure) (Fig. 3c).

Figure 4. | Virtual stimuli presented in the experiment 4 a) neutral pain, b) pain, c) neutral pleasure, d) pleasure.

2.3 Experiment 2 – Results
The following table describe the summary of the main results, including means and standard deviations of each
experimental conditions, regarding the subjective [(un)Pleasantness, Intensity and Ownership] and MEP
responses.
• VAS responses were normally distributed according to the Kolmogorov-Smirnov test. Thus, three (one for each
question) different two-way repeated-measures ANOVAs with Perspective (1PP vs. 3PP) and block (stimulus
on the hand- neutral) as main factors were run for each condition (pain and pleasure). Multiple-comparison post
hoc tests were performed using the Newman-Keuls test.
• MEP amplitude in each condition was measured peak-to-peak in mV. MEP mean amplitude were analyzed by
means of 2x2x2 repeated-measures ANOVAs with Perspective (1PP vs 3PP), muscle (FDI vs ADM) and block
(Pain vs Neutral pain or Pleasure vs Neutral pleasure) as factors. Post-hoc comparisons were carried out by means
of the Newman-Keuls test.

Main effects
(un)Pleasantness

Block: F(1,16) = 4.94, P = 0.04

Pain (38.30 ± 14.22) < Neutral (43.96 ± 7.58); **

Perspective: F(1,16) = 14.140, P = 0.001

1PP (54.136 ± 14.84) ˃ 3PP (44.56 ± 18.04); *

Block: F(1,16) = 6.480, P = 0.02

Pain (53.28 ± 16.90) ˃ Neutral (45.40 ± 16.59); *

Perspective: F(1,16) = 45.202, p < 0.001

1PP (65.01 ± 19.24) ˃ 3PP (33.39 ± 23.23); *

Intensity
Pain

Ownership
(un)Pleasantness

Block: F(2,42) = F(1,16) = 5.53, p = 0.03

Pain (52.78 ± 26.71) ˃ Neutral (45.60 ± 23.23); *

Block: F(1,16) = 5.40, p =0.03

Pleasure (58.93 ± 14.73) ˃ Neutral (49.89 ± 10.97); *

Perspective: F(1,16)= 13.264, P =0.002

1PP (57.20 ± 16.68) ˃ 3PP (47.46 ± 19.61); *

Block: F(1,16) = 7.764, P =0.012

Pleasure (58.56 ± 18.01) ˃ Neutral (46.09 ± 17.72); *

Intensity
Pleasure

Post-hoc comparisons
(mean ± SD) (* = p<0,03; ** = p<0,001)

Perspective: F(1,16) = 49.682, p < 0.001

1PP (70.38 ± 20.36) ˃ 3PP (35.28 ± 21.88); *

Block: F(2,42) = F(1,16) = 11.39, p = 0.003

Pleasure (56.82 ± 26.18) ˃ Neutral (48.85 ± 28.37); *

Muscle: F(1,16) = 3.7037; p=0.06

FDI (2.22±0.92) ˃ ADM (1.84±0.89); *

Block X Perspective: F(1,16)=2.964, p=0.1

1PP Pain (2.00±0.75) ˃ 1PP Neutral (2.17±0.91); *

Perspective: F(1,16) = 6.9883; p=0.01

1PP (1.79±0.82) < 3PP (1.93±0.92); *

Ownership

Pain

Pleasure

MEP (mV)
MEP (mV)

Figure 4. | Mean peak-to-peak values of MEP amplitude (means and SE) in each condition for the different perspectives in
the FDI (left part) and ADM (right part). Upper part, results about the observation of pain stimuli; Lower part results about
the observation of pleasant stimuli

In general, these results suggest that even if the design of the paradigm was modified, we still have completely
the same pattern of results as the previous studies: the stimuli elicited what we expected. In particular, 1)
observation of the hand in 1PP elicits illusory ownership, 2) painful and pleasant stimuli on the hand were
perceived as more unpleasant and pleasant, respectively, than the corresponding neutral stimuli and 3) the intensity
was higher in 1PP than in 3PP.. Neurophysiological results showed that there were no differences between the
conditions (Pain and Pleasure) and the corresponding neutral. An exploratory analysis showed only a trend towards
significance between Pain and Neutral Pain, suggesting that the painful stimulus may have induced an inhibition
only in 1PP. Again, neurophysiological findings gave not enough and clear elements to discuss the results from
the current study and to compare our findings with previous literature. Thus, another control experiment has been
implemented in which we control whether 1) the social information (i.e., the presence of hands holding the stimuli)
and 2) the latency in delivering TMS pulse could play a role in modulating the neurophysiological reactivity (see
paragraph 2.4).

2.4 Experiment 3 - Methods
Nineteen healthy volunteers took part in the study (8 females; mean age ± SD, 23.7 ± 5.2). All participants were
right-handed (Handedness Inventory; Briggs and Nebes 1975) with normal visual acuity and were naïve as to the
purposes of the experiment. None of them had neurological, psychiatric or other medical problems or had any
contraindication to TMS (Rossi et al., 2009). The procedure was identical to our previous experiments (please see
paragraph 1.2). In order to control the role of social factors, we excluded all social cues in the scene (including the
presence of another person and the virtual hand caressing and holding the needle). Thus, six different clip (3 in
1PP and 3 in 3PP) stimuli were designed, namely: 1) a needle on the avatar's right hand which penetrating it (Fig.
5, left panel), 2) a paintbrush with gently stroke the virtual hand (pleasure)(Fig. 5, right panel), 3) a q-tip that touch
the virtual hand (neutral) (Fig. 5, central panel).

Figure 5. | Experimental Conditions - stimuli were delivered seen from 1PP (upper part) and in 3PP (bottom part) without
any social information.

2.5 Experiment 3 – Results
• VAS responses were normally distributed according to the Kolmogorov-Smirnov test. Thus, three (one for each
question) different 2x3 repeated-measures ANOVAs with Perspective (1PP vs. 3PP) and type of observed
stimulus (Pain vs Pleasure vs Neutral) as factors. Multiple-comparison post hoc tests were performed using the
Newman-Keuls test.
Main effects
Type of observed stimulus: F(2, 30) = 7.450, p =0,00236

Pain (48.56 ± 21.73) < Neutral (52.17 ± 16.28); *
Pain (48.56 ± 21.73) < Pleasure(54.55 ± 15.11); **

Perspective x Type of observed stimulus: F(2, 30) =14.990, p< 0.001

1PP Pain (36.36 ± 23.46) < 1PP Neutral (54.47 ± 15.60); *
1PP Pain (36.36 ± 23.46) < 1PP Pleasure (61.80 ± 15.68); **
1PP Pain (36.36 ± 23.46) < 3PP Pain (60.75 ± 20.01); **
1PP Pain (36.36 ± 23.46) < 3PP Neutral (49.87 ± 16.97); *
1PP Pain (36.36 ± 23.46) < 3PP Pleasure (47.30 ± 14.54); *

Perspective: F(1, 15) = 4.6592, p=,0475

1PP (56.78 ± 16.75) ˃ 3PP (43.15 ± 17.01); *

(un)Pleasantness

Intensity

Post-hoc comparisons
(mean ± SD) (* = p<0,05; ** = p<0,01)

• Mean MEP amplitude in each condition was measured peak-to-peak in mV. MEP’s values from FDI muscle
were analyzed by means of 2x3x3 repeated-measures ANOVAs with perspective (1PP vs 3PP), latency
(200,400,600) and type of observed stimulus (Pain vs Pleasure vs Neutral) as factors. Statistical analysis revealed
neither significant main effect of type of observed stimulus (F(2,36)=0.931; p=0.404) nor Perspective
(F(2,36)=1.89; p=0.186) nor Latency (F(2,36)=1.836; p=0.174). No significant difference was found in the
interaction between Condition and Perspective (p=0.110) nor between Latency and Condition (p=0.800) nor
Latency and Perspective (p=0.051).

Figure 6. | Mean peak-to-peak values of MEP amplitude (means and SE) in each condition for the different perspectives
and latencies.

These neurophysiological results unfortunately could not support neither our hypothesis nor previous literature.
Indeed, no significant differences were found between the conditions (Perspective, Latency and Type of Observed
stimulus), differently from our previous two TMS studies. Removing all the social information from the virtual
scenario may have influenced negatively the reactivity to the stimuli, reducing the differences in the motor
excitability in response to them. Again, our findings gave not elements to further discuss the cortical reactivity to
the observation of painful, pleasant and neutral stimuli.

General Discussion
In the present project we capitalize on the power of IVR to make a specific empathogenic scenario to compare the
behavioural, physiological and neural reactivity of participants who observed painful and pleasant stimuli
delivered on a virtual body that is perceived as belonging to the self (when seen from 1PP) or to another person
(when seen from 3PP). In particular, the role of the visual perspective was investigated in Study 1 recording
physiological measures and in Study 2 (experiment 1-3) by recording motor evoked potentials. Behavioral ratings
were collected in all the experiments we carried out. In Study 1 how the cognitive perspective could influence the
visual perspective was investigated through the recording of skin conductance responses. Results of the Study 1
suggested that behavioural and physiological indexes of reactivity to seeing others' pain and pleasure were
qualitatively similar in 1PP and 3PP. This paradigm indicates that virtual reality can be used to study vicarious
sensation of pain and pleasure without actually delivering any stimulus to participants' real body and to explore
behavioural and physiological reactivity when they observe pain and pleasure from ego- and allocentric
perspectives. Moreover, we also investigated whether these responses could be modulated by the top-down
information related to the cognitive perspective-taking (Self- vs. Other-Oriented). We aimed to compare pain and
pleasure not only when they were observed in different physical perspective but also compared the cognitiveperspective demonstrating for the first time the possibility to induce a top-down modulation on both physiological
and behavioral measures. In Study 2 (TMS) we wanted to exploit our virtual paradigm to clarify the open issue
about the role of the visual perspective in the somatosensory contagion that occurs when we observe pain on
others. Indeed, through a head-mounted display we could really embody an avatar from 1PP and we could compare
1PP and 3PP corticospinal reactivity to pain and, for the first time, to pleasure. Behavioural results are consistent
across all the studies. The stimuli elicited pleasant, unpleasant and neutral sensations as expected. In the
Experiment 2 of the Study 2, the control condition was modified and again the neutral (neutral pain or neutral
pleasure) was perceived differently from the stimulus on the avatars ‘hand. Intensity also was consistent across
experiments. In particular, ratings for painful and pleasant stimuli were higher compared to neutral and higher for
the 1PP compared to the 3PP. In line with previous studies (Pavone et al., 2016, Tieri et al., 2015a, 2017), we
demonstrated that the ownership was very high in the passive observation of the body in 1PP. Interestingly, we
also showed that ownership could be modulated by the virtual stimuli that are delivered on the body, regardless
the physical perspective. The salience of pleasant and painful stimuli, reflected also in the intensity ratings, could
have increased the embodiment in both perspectives. We embody more our and other’s body in the presence of
affective stimuli. In a broader sense, we could speculate that in our studies when we observe painful and pleasant
stimuli, we have stronger sensations that the body (regardless of the physical perspective) belongs to us, i.e., we

incorporate or map the others on our body more easily. Neurophysiological measures in Study 2 did not support
our hypothesis that were based on previous literature. In particular, we expected to replicate the inhibition that
occurs when a painful stimulus is perceived on one own body and the empathic resonance, reflected in the same
inhibition, when the pain is observed on others. Moreover, the problematic issue is that results in the TMS studies
neither replicated previous findings nor were useful to provide new evidences. In the Experiment 1 of Study 2 we
showed that both painful and pleasant stimuli elicited in the observer higher reactivity in the motor cortex
compared to a neutral stimulus. In Experiment 2 of Study 2, we decided to modify the neutral stimulus in order to
compare more accurately the presence of a social cue in the social scenario (i.e., the hand that was holding the
stimulus). Neurophysiological results showed that there were no statistical differences between the conditions (i.e.,
neutral pain vs pain and neutral pleasure vs pleasure). In the Experiment 3 of Study 3, again neurophysiological
results were not conclusive: no statistical differences were found between the conditions. However, to the best of
our knowledge, no studies have been done for investigating the sensory-motor reactivity in virtual reality so far,
and our data could be affected by the general arousing inducing by virtual reality itself (i.e. Vecchiato et al. 2015
found high heart-rate in people who felt immersed in a immersive virtual environment). Thus, further studies are
necessary to better understanding how VR affects sensory-motor reactivity by using TMS protocol. To sum up,
the task we developed partially addressed our initial hypothesis in testing the role of the physical perspective in
empathy for pain: behavioural and physiological measures showed that the perception of painful stimuli in 1PP
and in 3PP is qualitatively similar, reflecting an empathic resonance. Neurophysiological results did not follow
our hypothesis, likely due to limitations of the studies we have designed and regardless the different control
conditions that we developed. Using this innovative approach to study observed pleasure allowed us to compare
the role of physical perspective: behavioural results showed that, similar to pain, the mere observation of a caress
could induce pleasant sensation in the observer, in a similar way in the two different perspectives. Physiological
and neurophysiological results did not produce significant changes in the reactivity to pleasure, further studies are
needed to clarify this open issue.
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RESEARCH PROJECT
Summary and objectives
Empathy is the social ability that allows one to share the emotions and feelings of other individuals (Davis, 1980).
It consists in a variety of components ranging from the self-centered reactivity that maps on the self what we see
in others (e.g. sensorimotor contagion) to the other-oriented stance that allows us to understand others through
cognition (i.e. perspective taking) or emotion (i.e. empathic concern) (Decety and Jackson, 2004). Previous
neuroscientific studies suggested that the observation of video clips showing others in pain is reflected in i) an
increase of autonomic Skin Conductance Response (SCR)(Avenanti et al., 2010), ii) a reduced excitability of the
corticospinal motor representations of hand muscles when transcranical magnetic stimulation (TMS) is applied on
individual’s primary motor cortex (Avenanti et al., 2005) and iii) an increase of activity of the primary
somatosensory cortex (S1)(Bufalari et al. 2007). Although pain and pleasure are both sovereign masters in
governing mankind, the study of empathy for positive states (e.g. the conditions in which imagining, recalling and
observing joy in others trigger positive states in the empathizer) is still poor. However, the neural correlates of
Empathy for pain and pleasure have been typically investigated by using video clips or picture of pain (Lamm et
al., 2011; Avenanti et al., 2005, 2010) or pleasure (Lamm et al., 2015) in a third-person perspective. So far, no
studies have been designed to directly compare the brain and body reactivity to pain or pleasure on self and others.
In the present project we capitalize on the power of IVR to make a specific empathogenic scenario to compare the
behavioural, physiological and neural reactivity of participants who observed pain and pleasure stimuli delivered
on a virtual body that is perceived as belonging to the self (when seen from 1PP) or to another person (when seen
from 3PP). The present project aimed to provide important breakthroughs about Empathy for Pain and Pleasure as
it combines: i) IVR as a new and powerful tool for Neuroscientific research (Tieri et al., 2018), especially for the
possibility to induce realistic illusions of ownership over a virtual body (Slater et al., 2010), ii) physiological
investigation of autonomic reactivity (SCR) (Tieri et al. 2015b), and iii) non-invasive brain stimulation
(Transcranial Magnetic Stimulation, TMS) recording. In the first study we compared the behavioural and
autonomic Skin Conductance Response (SCR) reactivity in healthy participants who observed painful or
pleasurable stimuli delivered to the hand of a virtual avatar seen from 1PP or 3PP. The second study, articulated
in three different experiments, is focused on the cortico-spinal responses elicited by the observation of Pain or
Pleasure stimuli. We recorded motor evoked potentials (MEPs) by means of single-pulse TMS applied over the
individuals' primary motor cortex (M1) and measure the sensorimotor activity associated to the perspective (1PP
vs 3PP) by which the stimuli are observed. Finally, in the third study, presented here, we recorded EEG in healthy
participants in order to investigate the behavioural and neural reactivity elicited by the observation of Pain and
Pleasure on self and others.

Preliminary results of Study 3:
Comparing behavioral and neural reactivity of painful or pleasurable stimuli on self and other.
Aims & Task
The aims of the Study 3 were i) to investigate the behavioural and neural reactivity elicited by the vicarious
experience of Pain and Pleasure in Virtual Reality and ii) whether these responses were modulated by taking
physical perspective i.e. observing pain and pleasure on self vs other (first- vs third-person perspective).
Procedure
Ten right-handed participants (Handedness Inventory, Briggs & Nebes, 1975) were recruited with normal or
corrected visual acuity and were naïve as to the purposes of the study.
Participants were immersed in a virtual scenario through a head mounted display (HMD) Oculus Rift and observed
a virtual body from a first (1PP) or third person perspective (3PP). The virtual scenario was designed using 3DS
Max 2018 (Autodesk, Inc.) and implemented in Unity Game engine software. The avatars were created by using
MSC avatar unity asset. The virtual scene consisted of a real-size room, two virtual avatars sitting on opposite
sides of a table and a virtual gray panel placed between the avatars that blocked their reciprocal view. Three
different clip stimuli were implemented in the virtual scenario: (1) a virtual arm holding a needle on the avatar’s
right hand and penetrating it, (2) a virtual hand approaching the avatar’s right hand and caressing it and (3) a virtual
gray ball gently touching the hand (see Fig. 1; right panel).

Figure 1. | Left Panel: Experimental setup where EEG and virtual reality HMD were combined. Right Panel:
Experimental Conditions - stimuli were delivered seen from 1PP (upper part) and in 3PP (bottom part) on the opposite
side of the table and the black screen covering the other’s face. Stimuli representing pain, neutral and pleasure.

The experiment was composed of two separate blocks (one for each perspective in which the virtual body and
stimuli were observed, 1PP and 3PP) presented in a counterbalanced order across subjects. Each block consisted
of 90 randomized trials (30 Pain, 30 Pleasure and 30 Neutral). Each trial started with the observation of the
right virtual hand (in 1PP or 3PP). After 5000±500 msec, the stimulus was delivered to the virtual hand on a
region overlying the first dorsal interosseous. The stimulus remained on for ~2 sec. Participants continued to
observe the virtual hand for 1000±500 msec after the stimulus and, at the end of the trial (and the end of the
observation), the first (of three) Visual Analogue Scale (VAS) appeared and they provided ratings about
sensations elicited by the observation the stimuli. In particular, participants were asked to move a vertical bar
along the horizontal line in order to answer the items reported in Table 1. Three different VAS ratings were
requested, i.e.: (1) (un)Pleasantness (“--” = strongly unpleasant, middle=neutral, “++” strongly pleasant); (2)
intensity (“--” = very weak, ++ = very strong) referring to the sensory quality of the observed stimuli (Bufalari
et al., 2007) and; (3) illusory ownership (“--” = no ownership, “++” = maximal ownership).
Item
(un)Pleasantness

was the stimulus pleasant or unpleasant for you?

Intensity

how intense was the stimulus for you?

Ownership

how strong was the sensation that the hand was part of your body?

Table 1 | Questions assessing the (un)Pleasantness, Intensity and the feeling of Ownership over the observed virtual
right hand.

EEG recording
EEG recordings were obtained by sixty tin electrodes (Electro-Cap International − ECI) placed according to
the positions of the 10–20 International System. Two surface electrodes were positioned for the horizontal
electro-oculographic (HEOG) recording. The reference was at the earlobe and the ground at AFz. Electrodes
impedance was kept below 5 kΩ. The EEG signal was amplified and digitized at 1000 Hz.
EEG preprocessing
The continuous EEG data were pre-processed with EEGLAB (Delorme and Makeig, 2004) and Letswave 6
(www.letswave.org). Data were band-pass filtered from 0.1 to 30 Hz (filter order 4) and re-sampled at 250
Hz. Bad channels have been interpolated when needed. Data were segmented into epochs lasting from 1 s
before to 1.5 s after the stimulus onset. Eye movements or eye blinks were removed using an Indepe ndent
Component Analysis (ICA; Jung et al., 2000). The resultant signal was then baseline corrected to a reference
interval from -1 to -0.5 s before the stimulus onset and re-referenced to the average reference.

Preliminary Results
Subjective ratings
The following table describe the summary of the main results, including means and standard deviations of each
experimental conditions, regarding the subjective responses [(un)Pleasantness, Intensity and Ownership].
VAS responses were normally distributed according to the Kolmogorov-Smirnov test. Data were analyzed using
three different mixed model ANOVAs (one for each VAS question: (un)Pleasantness, Intensity and Ownership)
with type of observed stimulus (Pain, Pleasure and Neutral) and Physical Perspective (1PP vs 3PP) as the withinsubject factors. Multiple comparison tests were performed post-hoc using the Newman-Keuls test.
Main effects
Type of observed stimulus: F(2,18) = 42.91, p < 0.001, ƞ2p=0.82

Pain (28.80±10.29) < Pleasure (64.38±7.84); **
Pain (28.80±10.29) < Neutral (50.59±2.76); **
Pleasure (64.38±7.84) ˃ Neutral (50.59±2.76); **

Type of observed stimulus X Perspective: F(2,18) = 6.86, p<0.01, ƞ2p =0.43

1PP Pain (26.92±10.16) < 1PP Pleasure (65.80±7.87); **
1PP Pain (26.92±10.16) < 1PP Neutral (50.91±3.51); **
1PP Pleasure (65.80±7.87) ˃ 1PP Neutral (50.91±3.51); **
3PP Pain (26.92±10.16) < 3PP Pleasure (65.80±7.87); **
3PP Pain (26.92±10.16) < 3PP Neutral (50.91±3.51); **
3PP Pleasure (65.80±7.87) ˃ 3PP Neutral (50.91±3.51); **

Physical Perspective: F(1,9) = 9.29; p = 0.013, ƞ2p = 0.51

1PP (55.60±12.20) ˃ 3PP (46.86±16.87); *

Type of observed stimulus: F(2,18) = 5.61, p = 0.013, ƞ2p = 0.38

Pain (55.63±14.81) ˃ Neutral (41.68±16.85); *
Pleasure (56.38±11.95) ˃ Neutral (41.68±16.85); *

Physical Perspective: F(1,9) = 19.53, p = 0.002, ƞ2p = 0.68

1PP (72.06±15.59) ˃ 3PP (32.90±25.45); **

(un)Pleasantness

Intensity

Ownership

Post-hoc comparisons
(mean ± SD) (* = p<0.03; ** = p<0.001)

In general, in keeping with our previous research, these results suggest that the observation of the virtual hand in
1PP elicits high illusory ownership (participants perceived the virtual hand as belonging to their own body) than
3PP. Moreover, observing Pain and Pleasure induces unpleasant and pleasant sensations, respectively, that parallel
stronger intensity of sensation with respect to neutral stimuli. These results are in line with our previous studies
(Study 1 and 2 of the present project), confirming that, at explicit level (subjective ratings), the observation of
virtual pain and pleasure stimuli is able to elicit specific vicarious sensations (in absence of any real stimulation
or multisensory visuo-tactile integration) that were modulated by the perspective point of view from which the
stimuli where observed (1PP vs 3PP). Indeed, we observed that the effect of seeing different valence stimulation
was qualitatively similar in both perspectives: results about subjective ratings regarding (un)pleasant did not vary
across perspectives, suggesting that the perception of the stimuli was qualitatively similar in both 1PP and 3PP
Visual-evoked potentials (VEPs)
A repeated-measures ANOVA have been performed on the VEPs amplitude extracted from the first ten
participants at the POz electrode. Results showed a main effect of valence (neutral, pain or pleasure) between 200300 ms (Fig. 3; F=7.25; p=0.005) and between 400-700 ms (F=10.65; p=0.0008). During the first time-interval,
greater amplitude of the negative peak has been showed for pleasure compared to neutral valence (t= -3.63;
p=0.006), as well as for pain compared to neutral valence (t= -2.98; p= 0.01). During the second interval pain
shows greater amplitude compared to pleasure (t=-6.24; p=0.0001), but also neutral showed greater amplitude

compared to pleasure (T=-4.37; p=0.001). Thus the effect of the valence of the virtual environment on an early
and late stage of the visual processing.

Figure 3 | Waveforms show the group grand average by valence. Top-panel shows the activity’s scalp

distribution for the time-interval 200-300 ms. Amplitude (µV) and time (s) are showed on the Y and X axes
respectively. Greater amplitude has been found for pain and pleasure compared to neutral during the first
time-interval 200-300 ms, while a greater amplitude for pain and neutral compared to pleaser during the
second time-interval 400-700 ms. Color legend: green=pleasure, blu=neutral, red=pain. Light-orange boxes
indicate the time-intervals of significant results.
In general, these results suggest observing Pain and Pleasure induces changes at neural level in both early and
early and late stage of the visual processing. Indeed, at early stage Pain and Pleasure elicited highest activity than
neutral. Conversely, at late stage of processing, pleasure stimuli induced lowest neural reactivity while pain the
highest. Thus, the illusory perception of pain and pleasure rely on different brain processing that involve both early
and late stages.
.

General Discussion
In the present project we capitalize on the power of IVR to make a specific empathogenic scenario to compare the
behavioural, physiological and neural reactivity of participants who observed painful and pleasant stimuli
delivered on a virtual body that is perceived as belonging to the self (when seen from 1PP) or to another person
(when seen from 3PP). In particular, the role of the visual perspective was investigated in Study 1 recording
physiological measures and in Study 2 (experiment 1-3) by recording motor evoked potentials. Finally in the Study
3 we investigated the neural reactivity by collecting EEG during IVR experience. Behavioral ratings were collected
in all the experiments we carried out. In Study 1, how the cognitive perspective could influence the visual
perspective was investigated through the recording of skin conductance responses. Results of the Study 1
suggested that behavioural and physiological indexes of reactivity to seeing others' pain and pleasure were
qualitatively similar in 1PP and 3PP. This paradigm indicates that virtual reality can be used to study vicarious
sensation of pain and pleasure without actually delivering any stimulus to participants' real body and to explore

behavioural and physiological reactivity when they observe pain and pleasure from ego- and allocentric
perspectives. Moreover, we also investigated whether these responses could be modulated by the top-down
information related to the cognitive perspective-taking (Self- vs. Other-Oriented). We aimed to compare pain and
pleasure not only when they were observed in different physical perspective but also compared the cognitiveperspective demonstrating for the first time the possibility to induce a top-down modulation on both physiological
and behavioral measures. In Study 2 (TMS) we wanted to exploit our virtual paradigm to clarify the open issue
about the role of the visual perspective in the somatosensory contagion that occurs when we observe pain on
others. Behavioural results are consistent across all the studies. The stimuli elicited pleasant, unpleasant and neutral
sensations as expected. In the Experiment 2 of the Study 2, the control condition was modified and again the
neutral (neutral pain or neutral pleasure) was perceived differently from the stimulus on the avatars ‘hand. Intensity
also was consistent across experiments. In particular, ratings for painful and pleasant stimuli were higher compared
to neutral and higher for the 1PP compared to the 3PP. In line with previous studies (Pavone et al., 2016, Tieri et
al., 2015a, 2017), we demonstrated that the ownership was very high in the passive observation of the body in
1PP. Interestingly, we also showed that ownership could be modulated by the virtual stimuli that are delivered on
the body, regardless the physical perspective. The salience of pleasant and painful stimuli, reflected also in the
intensity ratings, could have increased the embodiment in both perspectives. We embody more our and other’s
body in the presence of affective stimuli. In a broader sense, we could speculate that in our studies when we
observe painful and pleasant stimuli, we have stronger sensations that the body (regardless of the physical
perspective) belongs to us, i.e., we incorporate or map the others on our body more easily. Neurophysiological
measures in Study 2 did not support our hypothesis that were based on previous literature. In particular, we
expected to replicate the inhibition that occurs when a painful stimulus is perceived on one own body and the
empathic resonance, reflected in the same inhibition, when the pain is observed on others. Moreover, the
problematic issue is that results in the TMS studies neither replicated previous findings nor were useful to provide
new evidences. In the Experiment 1 of Study 2 we showed that both painful and pleasant stimuli elicited in the
observer higher reactivity in the motor cortex compared to a neutral stimulus. In Experiment 2 of Study 2, we
decided to modify the neutral stimulus in order to compare more accurately the presence of a social cue in the
social scenario (i.e., the hand that was holding the stimulus). Neurophysiological results showed that there were
no statistical differences between the conditions (i.e., neutral pain vs pain and neutral pleasure vs pleasure). In the
Experiment 3 of Study 3, again neurophysiological results were not conclusive: no statistical differences were
found between the conditions. However, to the best of our knowledge, no studies have been done for investigating
the sensory-motor reactivity in virtual reality so far, and our data could be affected by the general arousing inducing
by virtual reality itself (i.e. Vecchiato et al. 2015 found high heart-rate in people who felt immersed in a immersive
virtual environment). Thus, further studies are necessary to better understanding how VR affects sensory-motor
reactivity by using TMS protocol.
Finally, in the Study 3 we collected EEG on healty participants in order to investigate the neural reactivity
underlying the vicarious sensation of pain and pleasure. Results suggest that, while behavioural data are in line
with Study 1 and 2, EEG results, about Visual-evoked potentials, suggest that observing Pain and Pleasure induces
changes at neural level in both early and early and late stage of the visual processing. Indeed, at early stage Pain
and Pleasure elicited highest activity than neutral. Conversely, at late stage of processing, pleasure stimuli induced
lowest neural reactivity while pain the highest.
To sum up, the task we developed partially addressed our initial hypothesis in testing the role of the physical
perspective in empathy for pain: behavioural and physiological measures showed that the perception of painful
stimuli in 1PP and in 3PP is qualitatively similar, reflecting an empathic resonance. Neurophysiological results
(TMS) did not follow our hypothesis, likely due to limitations of the studies we have designed and regardless the
different control conditions that we developed Using this innovative approach to study observed pleasure allowed
us to compare the role of physical perspective: behavioural results showed that, similar to pain, the mere
observation of a caress could induce pleasant sensation in the observer, in a similar way in the two different
perspectives. Physiological and neurophysiological results did not produce significant changes in the reactivity to
pleasure, further studies are needed to clarify this open issue. However, important information are coming from
EEG results, which highlight that the illusory perception of pain and pleasure rely on different brain processing
that involve both early and late stages, and could demonstrate, for the first time, the neural correlates of illusory
sensation elicited by pain and pleasure in virtual reality.
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