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Empathy research can benefit from advances in virtual reality to create more ecological paradigms involving realistic digital characters. However, the genuineness of the characters needs to be developed further in order to trigger a spontaneous affective reaction in users and favor a natural interaction. In this perspective, a recent study has shown that adding humancaptured postural oscillations (biological idle motion) to a virtual character increased the participants' self-reported empathic response to the character's facial expression of pain. The present study aimed to examine more specifically which processes of empathy is affected by the presence of idle motion using electroencephalography (EEG). Twenty healthy young adults were presented with video clips of a virtual character displaying a facial expression of pain while its body was either still or animated with pre-recorded natural human postural oscillations. The EEG response of participants was recorded during the video clips. After the video clips, participants had to rate the intensity of the pain expression. The results showed that participants attributed more pain to characters that displayed idle motion, and that idle motion increased both early (affective resonance) and late (perspective-taking) event-related potentials (ERPs) associated with empathy for pain. The effect of idle motion on participants' pain rating and on late ERP associated with perspective-taking were positively correlated.

These results confirm the potential of idle motion to increase participants' empathic response to the character's pain expression, and suggest that this might be mediated thought its perspective-taking component.

Introduction

Empathy, which is defined as the ability to share and understand the mental states of others [START_REF] Decety | The Functional Architecture of Human Empathy[END_REF], has been widely studied in affective and social neurosciences [START_REF] Bernhardt | The neural basis of empathy[END_REF][START_REF] Decety | The Functional Architecture of Human Empathy[END_REF]Jauniaux et al., 2019;[START_REF] Lamm | Meta-analytic evidence for common and distinct neural networks associated with directly experienced pain and empathy for pain[END_REF][START_REF] Zaki | The neuroscience of empathy : Progress, pitfalls and promise[END_REF]. Although there are different theoretical models describing the processes of empathy, scholars in neuroscience agree that it is underpinned by at least two core processes: 1) an automatic and vicarious activation of the mental state of the other called affective sharing/resonance and 2) a more controlled and cognitive process of making inferences about the other's mental state called perspective-taking [START_REF] Bird | The self to other model of empathy : Providing a new framework for understanding empathy impairments in psychopathy, autism, and alexithymia[END_REF][START_REF] Coll | Are we really measuring empathy? Proposal for a new measurement framework[END_REF][START_REF] Cuff | Empathy : A Review of the Concept[END_REF][START_REF] Decety | The Functional Architecture of Human Empathy[END_REF][START_REF] Zaki | The neuroscience of empathy : Progress, pitfalls and promise[END_REF]. The underlying cerebral organization of these processes were highlighted by fMRI studies showing a common circuit of neural activation (anterior cingulate cortex (ACC), anterior insula (AI)) during the perception of pain in others and during self-pain experience (affective resonance) [START_REF] Jackson | How do we perceive the pain of others? A window into the neural processes involved in empathy[END_REF][START_REF] Singer | Empathy for pain involves the affective but not sensory components of pain[END_REF] as well as an activation of brain areas associated with perspective-taking (precuneus, right temporo-parietal junction (rTPJ), temporal pole, ventromedial prefrontal cortex) [START_REF] Healey | Cognitive and Affective Perspective-Taking : Evidence for Shared and Dissociable Anatomical Substrates[END_REF][START_REF] Jackson | Empathy examined through the neural mechanisms involved in imagining how I feel versus how you feel pain[END_REF][START_REF] Lamm | Meta-analytic evidence for common and distinct neural networks associated with directly experienced pain and empathy for pain[END_REF] when observing pain in others. Other studies have used the temporal resolution of EEG to emphasize that the process of affective resonance occurs early and the process of perspective-taking occurs later [START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF][START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF]. Indeed, [START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF], showed that observing pictures of hands in painful situation elicits a positive shift in early event-related potentials (ERPs) (before 360 ms) compared to observing these same stimuli in neutral situation, and that this difference is insensitive to the task (i.e., judging the presence of pain vs counting the number of hands on the picture). By contrast, for later evoked potentials (occurring between 360 and 800 ms), a positive shift was observed for the painful stimuli only when participants were judging the level of pain but not when they were counting the hands. In the same vein, Sessa and colleagues, (2014) showed that observing a facial expression of pain also provokes a positive shift in the early ERPs (between 110 et 360ms) compared to a neutral facial expression. In contrast, presenting a painful context (presentation of a sentence before the presentation of a neutral facial expression) elicits a positive shift only in the later ERPs (between 400 and 800ms) but not in the early ERPs compared to a neutral context. The majority of these neuroscience studies on human empathy have been conducted using stimuli composed of pictures of injured limbs (e.g., [START_REF] Coll | The effect of tDCS over the right temporoparietal junction on pain empathy[END_REF][START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF][START_REF] Jackson | How do we perceive the pain of others? A window into the neural processes involved in empathy[END_REF][START_REF] Jackson | Empathy examined through the neural mechanisms involved in imagining how I feel versus how you feel pain[END_REF] or pictures of facial expression of pain (e.g., [START_REF] Coll | The effect of tDCS over the right temporoparietal junction on pain empathy[END_REF][START_REF] Huang | Shared beliefs enhance shared feelings : Religious/irreligious identifications modulate empathic neural responses[END_REF][START_REF] Li | Behavioral and electctrophysiological evidence for enhanced sensitivity to subtle variations of pain expressions of same-race than other-race faces[END_REF][START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF][START_REF] Sheng | Manipulations of cognitive strategies and intergroup relationships reduce the racial bias in empathic neural responses[END_REF] which respond to the technical constraints of method used to measure the brain response (in this case IRMf and EEG). Although these stimuli have led to great advances in the understanding of human empathy, the need has come for more ecological paradigms to be able to extrapolate laboratory results to everyday life [START_REF] Jackson | EEVEE : The Empathy-Enhancing Virtual Evolving Environment[END_REF][START_REF] Zaki | The Need for a Cognitive Neuroscience of Naturalistic Social Cognition[END_REF], 2012). Particularly, one of the future challenges of empathy research is to determine precisely what an empathic behavior is and how it is linked to the processes of empathy [START_REF] Jackson | EEVEE : The Empathy-Enhancing Virtual Evolving Environment[END_REF][START_REF] Lamm | Imaging empathy and prosocial emotions[END_REF][START_REF] Zaki | Integrating Empathy and Interpersonal Emotion Regulation[END_REF][START_REF] Zaki | The neuroscience of empathy : Progress, pitfalls and promise[END_REF]. Currently, the stimuli used are not able to elicit the interactive dimension of the empathic process. Yet, this interactive dimension is at the core of complex phenomena, such as empathic behaviors, which occur only in social context [START_REF] Schilbach | Toward a second-person neuroscience[END_REF][START_REF] Zaki | Integrating Empathy and Interpersonal Emotion Regulation[END_REF][START_REF] Zaki | The neuroscience of empathy : Progress, pitfalls and promise[END_REF].

To address this need of more ecological paradigms, empathy research can benefit from virtual reality, which allows to keep the rigorous control and constraints imposed by social cognitive and affective neuroscience methods and experiments while simulating a natural interaction [START_REF] Bombari | Studying social interactions through immersive virtual environment technology : Virtues, pitfalls, and future challenges[END_REF][START_REF] De Gelder | Virtual reality and the new psychophysics[END_REF][START_REF] Jackson | EEVEE : The Empathy-Enhancing Virtual Evolving Environment[END_REF][START_REF] Pan | Why and how to use virtual reality to study human social interaction : The challenges of exploring a new research landscape[END_REF][START_REF] Wykowska | Embodied artificial agents for understanding human social cognition[END_REF]. However, some advances in virtual reality are needed to be able to reproduce a natural interaction with participants. Indeed, although observing virtual characters' facial expressions elicit in part the same cerebral responses as pictures of human facial expressions, differences remain [START_REF] Kätsyri | Amygdala responds to direct gaze in real but not in computer-generated faces[END_REF][START_REF] Kegel | Dynamic human and avatar facial expressions elicit differential brain responses[END_REF][START_REF] Moser | Amygdala activation at 3T in response to human and avatar facial expressions of emotions[END_REF]. Particularly, the study of Kergel and collaborators (2020) showed that observing a dynamic facial expression of fear coming from a video of a human being elicits a stronger activation of the brain areas associated with the affective resonance network (ACC, AI) compared to observing the same dynamic facial expression of fear coming from a virtual character. This decrease in the affective resonance might result from the perception of the virtual characters as artificial or non-human entities and thus as less important partners for human interaction [START_REF] Kegel | Dynamic human and avatar facial expressions elicit differential brain responses[END_REF]. It therefore seems that the perception of a lesser humaneness in stimuli leads to a decrease of the affective resonance. In another fMRI study, the same decrease to less human stimuli has been observed for the perspective-taking network [START_REF] Krach | Can Machines Think? Interaction and Perspective Taking with Robots Investigated via fMRI[END_REF]. In this study, participants played a game with different partners (computer, functional robot, anthropomorphic robot and human), and the activation in the participants' rTPJ (a brain area known to be involved in perspective taking [START_REF] Decety | The role of the right temporoparietal junction in social interaction : How low-level computational processes contribute to meta-cognition[END_REF][START_REF] Jackson | Empathy examined through the neural mechanisms involved in imagining how I feel versus how you feel pain[END_REF])) increased linearly with the humaneness of the partners. These results are corroborated by an EEG study [START_REF] Vaes | Minimal humanity cues induce neural empathic reactions towards non-human entities[END_REF] which showed that observing vegetables with attributed human names (adding humaneness) elicited a stronger responses of late ERPs associated with perspective-taking (between 360 and 540ms) at right centralparietal electrodes which are aligned with the rTPJ [START_REF] Coll | The effect of tDCS over the right temporoparietal junction on pain empathy[END_REF][START_REF] Mai | Using tDCS to Explore the Role of the Right Temporo-Parietal Junction in Theory of Mind and Cognitive Empathy[END_REF]. Taken together, these results highlight the progress that still needs to be made regarding the realism of virtual characters and, particularly, the importance to improve their perceived humaneness by the human brain to get even closer to the cerebral response elicited by human stimuli.

One way to achieve this goal is to improve the behavioral realism of virtual characters. Indeed, the majority of studies focus only on the facial expression without including body movements in the characters. Yet, a fundamental characteristic of human beings is to always be moving, even so slightly (Hunter & Kearney, 1981). Motionlessness is very rare. Thus, a way to enhance the humaneness of virtual characters via their behavioral realism is to infuse them with idle motion. These motions refer to all movements that are permanently present in humans, such as postural oscillations, breathing or eye blinking. [START_REF] Egges | Personalised real-time idle motion synthesis[END_REF]. Recent studies by our group have recently shown that implementing idle motion in a virtual character expressing pain enhances the perceived intensity and believability of its pain expression [START_REF] Treal | Combining trunk movement and facial expression enhances the perceived intensity and believability of an avatar's pain expression[END_REF] as well as self-reported empathic response of participants towards its pain expression [START_REF] Treal | Natural human postural oscillations enhance the empathic response to a facial pain expression in a virtual character[END_REF]. In this latter study, Treal and colleagues (2021) implemented natural human postural oscillations from motion capture data in a virtual character expressing pain. They showed that participants judge the pain expression as more intense and reported feeling more touched by the pain expression when the character was animated with slightly perceptible biological idle motion. We postulated that implemented in the form of biological motion, idle motion could lead to an early categorization of the virtual character as a human being resulting in a higher empathic response to the character's pain expression. This hypothesis is consistent with the fact that biological motion would be perceived early at a preattentive stage [START_REF] Hirai | The two-process theory of biological motion processing[END_REF] and that it could serve as a perceptual "life detector" [START_REF] Johnson | Biological motion : A perceptual life detector?[END_REF][START_REF] Troje | The inversion effect in biological motion perception : Evidence for a « life detector[END_REF].

The present study aimed to extend these previous findings by investigating with EEG which processes of empathy (i.e., affective resonance and perspective taking) is specifically affected by the presence of idle motion. Virtual characters expressing pain with a dynamic facial expression, which was either animated with idle body motion (Idle condition) or presented with a fixed body (Still condition), were presented to the participants. It was hypothesized that the presence of idle motion would influence the early ERPs associated with affective resonance (P2 and N2-N3 fronto-central) [START_REF] Coll | Meta-analysis of ERP investigations of pain empathy underlines methodological issues in ERP research[END_REF][START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF][START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF] as well as the later component associated perspective-taking (LPP central-parietal [START_REF] Coll | Meta-analysis of ERP investigations of pain empathy underlines methodological issues in ERP research[END_REF][START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF][START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF] and right central-parietal [START_REF] Vaes | Minimal humanity cues induce neural empathic reactions towards non-human entities[END_REF]). Particularly, a change of the early ERPs associated with affective resonance would confirm the hypothesis of an early encoding of idle motion by the human brain.

Method

Participants. A power analysis, based on previous studies analyzing ERPs for pain [START_REF] Coll | The effect of tDCS over the right temporoparietal junction on pain empathy[END_REF][START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF], conducted with G*power (α = .05, 1 -β = .95) revealed the requirement of at least 19 participants. Twenty healthy young adults without neurological or psychiatric disorder took part in the experiment (7 women, mean age = 23.1 ± 3.8 years, range = 18-29 years). Each participant had normal or corrected-to-normal vision.

The study was approved by the Ethics Committee of Paris-Saclay University (#CER-Paris-Saclay-2020-147) and conducted in accordance with the Declaration of Helsinki. The participants gave written informed consent to take part in this study.

EEG recording

EEG activity was continuously recorded from 64 active electrodes (actiCAP slim, Brain Products GmbH, Gilching, Germany) at a frequency of 5000 Hz with acquisition reference at FCz. Electrodes impedance were kept under 50kΩ. Eye blinks were detected using an electrooculogram (EOG) (two electrodes placed above and under the left eye) and Fp1 and Fp2 electrodes.

Stimuli. The stimuli consisted in two video clips (duration = 1 second) showing the upper body of a male virtual character (Figure 1, Supplementary Material section) from the Empathy-Enhancing Virtual Evolving Environment (EEVEE) [START_REF] Jackson | EEVEE : The Empathy-Enhancing Virtual Evolving Environment[END_REF]. The video clips were created using Blender® (Blender Foundation, Amsterdam, Netherlands).

The virtual character was animated with a dynamic facial expression of pain from 40% to 60% of the maximal intensity, either with body animation (Idle condition, see the Body Animation section below for a detailed description of the method) or without body animation (Still condition).

Facial expression of pain animation. The character's facial expression of pain was created using Action Units (AUs) according to the Facial Action Coding System (FACS) [START_REF] Ekman | Manual for the facial action coding system[END_REF]. The characteristic AUs from the facial expression of pain [AU4 (brow lowerer), AU6 (cheek raiser), AU7 (lid tightener), AU9 (nose wrinkler), AU10 (upper lip raiser) and AU43 (eyes closed)); and five occasional AUs (AU12 (lip corner puller), AU20 (lip stretcher), AU25 (lips part), AU26 (jaw drop) and AU27 (mouth stretch)] [START_REF] Prkachin | The consistency of facial expressions of pain : A comparison across modalities[END_REF] were manipulated using Blender to create the dynamic facial expression of pain. Each video began with the character showing a pain expression at 40% of the maximal intensity.

The level of the AUs were increased linearly to reach 60% of the maximal intensity over 400 milliseconds (ms). The pain expression was then maintained for 600 ms until the end of the clip (see Figure 1). 

Task and Procedure

Once the participants had given their written informed consent, the EEG net was installed, and the impedance gel was applied to the electrodes. They then received instructions for the task. The task was programmed using Psychopy [START_REF] Peirce | PsychoPy2 : Experiments in behavior made easy[END_REF] and displayed on a computer screen (20-inch monitor, 60Hz refresh state, resolution = 1680 x 1050 pixels) at a viewing distance of 70 cm from the participants. Each trial began with the presentation of a black screen (duration = 1000 ms), followed by a white fixation cross (duration =1000-1800 ms) and by a video clip (duration = 1000 ms). Participants were instructed to look at the fixation cross until the start of the video clip, and, not blink from the beginning of the fixation cross to the end of the video clip. After the video clip, participants had to judge the intensity of the character's pain expression by moving a cursor on a visual analog scale (VAS) (Left extremity "Mild pain", Right extremity "Very intense pain" [In French "Douleur peu intense" and "Douleur très intense"]). The cursor initially appeared at the middle of the VAS. Each stimulus was displayed 100 times for a total of 200 trials for the task (100 trials * two body conditions). The order of the stimuli was randomized across the task. After every 20 trials, a pause screen was displayed, participants clicked on a rectangle in the center of the screen when they were ready to resume the task. Before the experimental phase, participants performed a familiarization phase composed of 20 trials (10 trials of each condition displayed randomly). The duration of the task was approximately 30 minutes.

Behavioral data analysis

Pain intensity rating. The position of the cursor along the scale was converted to numerical values between 0 ("Mild pain") and 100 ("Very intense pain"). The average pain rating was calculated for each condition of body animation (Idle and Still). A two-tailed paired t-test was then performed on the pain rating between the Idle and Still conditions.

ERP preprocessing and analysis

All EEG analyses were performed using MNE-Python0.21 [START_REF] Gramfort | MEG and EEG data analysis with MNE-Python[END_REF]. Data were resampled offline at a frequency of 500Hz, band pass filtered (0.1 and 40Hz) and an additional 50-Hz notch filter was used to reduce electrical noise. Bad channels were detected based on visual inspection and interpolated. The signal was then re-referenced using the average of all electrodes. The epochs were then created using a 100 milliseconds pre-stimulus baseline. Epochs containing eye blinks or values exceeding ±150 µV were excluded from the analysis. All data sets contained at least 50 epochs per condition without artefacts (min = 58, mean = 88.03 ± 11.67). Time windows were based on previous studies [START_REF] Coll | The effect of tDCS over the right temporoparietal junction on pain empathy[END_REF][START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF][START_REF] Vaes | Minimal humanity cues induce neural empathic reactions towards non-human entities[END_REF] and were adjusted using the aggregate grand average from trials of our data [START_REF] Brooks | Data-driven region-of-interest selection without inflating Type I error rate : Safe data-driven ROI selection[END_REF]. The mean amplitudes of the P2 (185-245ms) and the N2-N3 (250-400ms) components were calculated at fronto-central electrodes (FCz, Cz, FC1, FC2, C1, C2), the LPP (600-1000ms) component at centro-parietal electrodes (cLPP) (Cz, CPz, C1, CP1, C2, CP2) [START_REF] Coll | Meta-analysis of ERP investigations of pain empathy underlines methodological issues in ERP research[END_REF] and right centro-parietal (rLPP) (C4, C6, CP4, CP6) [START_REF] Vaes | Minimal humanity cues induce neural empathic reactions towards non-human entities[END_REF]. Two-tailed paired t-tests were then performed on each ERP between the Idle and Still conditions. In case of significant difference between potentials, a Pearson correlation was performed between the difference of the significant ERP amplitude in each condition (ERP Idle -ERP Still) and the difference in the pain judgment in each condition (Pain judgment Idle -Pain judgment Still).

Results

Pain intensity rating. Paired t-test revealed that participants judged the pain expression as significantly more intense in the Idle condition (mean = 40.35,95% CI [32.32,48.38]) than in the Still condition (mean = 38.38,95% CI [30.11,46.65 

Discussion

The present study tested with EEG whether the neural response underlying empathy for a virtual character's facial expression of pain was influenced by the presence of idle motion. The results showed that that adding idle motion in a virtual character expressing pain significantly increased the participants' pain rating, as well as the early affective N2-N3 and the later cognitive rLPP cerebral responses. No difference between the still and idle conditions was found on the P2 and cLPP components.

The influence of idle motion on the early N2-N3 ERP corroborated the hypothesis of an early influence of these movements. Previous studies have associated this ERP with affective resonance [START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF][START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF]. Observing painful stimuli elicits a positive shift in this ERP relative to non-painful stimuli and this effect is not task [START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF] or context [START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF] dependent. In contrast to previous literature, the present study did not compare a painful situation to a neutral one, but two painful stimuli.

Interestingly, the present results could be interpreted in line with those obtained from studies of racial ingroup bias in empathy (RIBE) which also compared two painful conditions [START_REF] Sheng | Manipulations of cognitive strategies and intergroup relationships reduce the racial bias in empathic neural responses[END_REF]. Indeed, it has been shown that observing same-race faces (Asian participants observing Asian faces) elicited a significantly more negative N2 response compared to the observation of other-race faces (Asian participants observing Caucasian faces) regardless of the context (painful or neutral) [START_REF] Sheng | Manipulations of cognitive strategies and intergroup relationships reduce the racial bias in empathic neural responses[END_REF]. This racial ingroup bias in empathy was associated with a higher affective resonance toward same-race stimuli [START_REF] Azevedo | Their pain is not our pain : Brain and autonomic correlates of empathic resonance with the pain of same and different race individuals[END_REF][START_REF] Contreras-Huerta | Racial Bias in Neural Empathic Responses to Pain[END_REF][START_REF] Xu | Do You Feel My Pain? Racial Group Membership Modulates Empathic Neural Responses[END_REF], see Han, 2018, for a review). Therefore, idle motion could have influenced the early response associated with affective resonance in the same way as racial ingroup bias in empathy inducing a higher affective resonance in participants. Interestingly, this race-effect with a more negative N2 response has been largely observed in numerous studies [START_REF] Dickter | Racial ingroup and outgroup attention biases revealed by event-related brain potentials[END_REF][START_REF] Ito | Race and gender on the brain : Electrocortical measures of attention to the race and gender of multiply categorizable individuals[END_REF], 2005;[START_REF] Kubota | Multiple Cues in Social Perception : The Time Course of Processing Race and Facial Expression[END_REF], see Ito & Bartholow, 2009, for a review). Ito & Bartholow, 2009, interpreted this result as the reflection of "automatic encoding of, and orienting toward, racial category information". In the present context, the more negative N2-N3 in the idle condition could also reflect an automatic encoding of human characteristics, i.e., the presence of idle movements.

This would be in accordance with the hypothesis that idle motion provokes an early categorization of the character as a human being [START_REF] Treal | Natural human postural oscillations enhance the empathic response to a facial pain expression in a virtual character[END_REF] rather than an object.

Particularly, the biological dimension of the present movement could be primordial for this human categorization. This interpretation is supported by recent empirical studies showing that in virtual characters, biological motion enhances their acceptability [START_REF] Piwek | Empirical evaluation of the uncanny valley hypothesis fails to confirm the predicted effect of motion[END_REF] as well as visual attention of participants [START_REF] Williams | Human body motion captures visual attention and elicits pupillary dilation[END_REF] compared to mechanical motion. The human brain would be automatically orienting toward biological motion, which is concordant with the idea that its perception is pre-attentive [START_REF] Hirai | The two-process theory of biological motion processing[END_REF].

However, further studies comparing biological and mechanical idle motion are required to examine whether the biological dimension of idle motion could be responsible for the influence on the early cerebral processes associated with affective resonance.

The LPP has been associated with perspective taking in previous study [START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF][START_REF] Sessa | Double dissociation of neural responses supporting perceptual and cognitive components of social cognition : Evidence from processing of others' pain[END_REF][START_REF] Vaes | Minimal humanity cues induce neural empathic reactions towards non-human entities[END_REF]. [START_REF] Fan | Temporal dynamic of neural mechanisms involved in empathy for pain : An event-related brain potential study[END_REF], showed that this component was sensitive to painful vs. neutral stimuli only when participants were asked to judge the pain (vs. counting the number of hands in the picture). In the same vein, Sessa and colleagues (2014) showed that this component was larger for the presentation of a painful context (presentation of a sentence) compared to a neutral context and was not sensitive to a facial expression of pain compared to a neutral expression. Interestingly, Vaes and collaborators (2016) showed that increasing the humaneness of non-human entities (by describing vegetables with human names rather than adjectives) enhanced late ERP at right centroparietal sites. The authors interpreted this result as related to mind attribution during the humanization process of non-human entities. Hence, the larger rLPP in the present study might suggest that idle motion would enhance mind attribution in characters by increasing their humanness in the participants' eyes. Interestingly, the positive correlation between the effect of idle motion on participants' pain rating and its effect on the rLPP would suggest that the more idle motion contributed to strengthen mind attribution to the virtual character, the more the participants judged its pain as intense compared with the still condition. Although this hypothesis needs to be confirmed by future studies, the biological dimension of movement may be paramount in this process of mind attribution. As suggested by Vaes and collaborators (2016) the late ERP at right centro-parietal sites may be related to the activation of the rTPJ as this brain area was already associated with the degree of humanness of a stimuli [START_REF] Krach | Can Machines Think? Interaction and Perspective Taking with Robots Investigated via fMRI[END_REF]. Moreover, a tDCS study targeting the rTPJ showed that a cathodal stimulation (a stimulation that decrease the neuronal excitability) at CP6 site led to a decrease in the participants' pain judgment of a facial expression of pain [START_REF] Coll | The effect of tDCS over the right temporoparietal junction on pain empathy[END_REF]. This decrease in the participants' pain judgment could be due to a decrease of their ability to overcome their egocentric bias [START_REF] Coll | The effect of tDCS over the right temporoparietal junction on pain empathy[END_REF] as the rTPJ is known to be involved in the self-other distinction [START_REF] Lamm | Imaging empathy and prosocial emotions[END_REF][START_REF] Preckel | On the interaction of social affect and cognition : Empathy, compassion and theory of mind[END_REF].

Particularly, the right supramarginal gyrus seems crucial to avoid an egocentric bias during the judgment of others state [START_REF] Silani | Right Supramarginal Gyrus Is Crucial to Overcome Emotional Egocentricity Bias in Social Judgments[END_REF]. Thus, by giving participants the illusion of being in presence of an agent imbued with intention, idle motion may have helped participants to overcome an egocentric bias. Participants would then be more focused on the behavioral cues of the virtual character to judge its pain, resulting in an increased perceived intensity. However, due to the poor spatial resolution of EEG, other studies with fMRI for instance could help to test this hypothesis on the role of the rTPJ in the interpretation of idle motion in the context of interaction with a virtual character.

Conclusion

Taken together, the present results showed that idle motion increased both the early negative affective response (N2-N3) and the late positive response (rLPP) associated with perspective taking, demonstrating its usefulness to create a more ecological empathic reaction to the character's expression of pain. Idle motion could have the potential to reduce or suppress the remaining differences in brain response between the observation of virtual

  Body Animation. For the Idle condition, the character's body was animated with pre-recorded human postural oscillations, i.e., movements resulting from dynamic human equilibrium and breathing. For the Still condition, the character's body was fixed at the initial posture of the person in the pre-recorded motion capture sequence (see the method section of Treal et al., 2021 for details).
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 1 Figure 1 -Left side: virtual character's facial expression of pain at the beginning of the clip (AUs at 40% of the maximum contraction). Right side: virtual character's facial expression of pain from 400ms to 1000ms (AUs at 60% of the maximum contraction).

  ]) [t(19) = 3.23, p = .004, d = .74]. ERPs. P2: Paired t-test did not reveal a significant difference on the P2 component between the Idle (mean = -0.77 µV, 95% CI [-1.6, 0.06]) and Still conditions (mean = -0.71 µV, 95% CI [-1.47, 0.05]) [t(19) = -0.40, p = .697, d = -.09] (Figure 2). N2-N3: Paired t-test revealed that the N2-N3 component was significantly more negative in the Idle condition (mean = -1.54 µV, 95% CI [-2.29, -0.79]) than in the Still condition (mean = -1.25 µV, 95% CI [-2.00, -0.49]) [t(19) = -2.24, p = .037, d = -.51] (Figure 2).
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 2 Figure 2 -Average time-course for event-related potentials in the Idle and Still conditions recorded at frontocentral electrodes (C1, C2, Cz, FC1, FC2, FCz). (* p < .05)
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 3 Figure 3 -Average time-course for event-related potentials in the Idle and Still conditions recorded at centroparietal electrodes (C1, C2, Cz, CP1, CP2, CPz)
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 4 Figure 4 -Average time-course for event-related potentials in the Idle and Still conditions recorded at right centro-parietal electrodes (C4, C6, CP4, CP6). (* p < .05)
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 5 Figure 5 -Correlation between the difference of the right late positive potential (rLPP) between the Idle and Still conditions and the difference in the pain judgment between the Idle and Still conditions.