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To the self and beyond: arousal and functional connectivity of the temporoparietal junction contributes to spontaneous sensations perception
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The temporoparietal junction (TPJ), along with the anterior insula (AI) and the extrastriate body area (EBA), play a major part in embodiment and self-awareness. However, these connections also appear to be frequently engaged in arousal and attentional processing of external events. Considering that these networks may focus attention both toward and away from the self, we set to investigate how they contribute to the perception of spontaneous sensations (SPS), a common phenomenon related to self-awareness and mediated by both interoceptive and attentional processes. In Experiment 1, resting-state EEG was recorded, as well as arousal reported via a questionnaire, followed by an SPS task. Functional TPJ-AI and TPJ-EBA connectivity were computed using eLORETA. Spatial correlational analyses showed that less frequent SPS coincided with greater TPJ-AI and TPJ-EBA functional connectivity, especially in the theta and alpha frequency bands. High self-reported arousal predicted low intensity and low confidence in the location of SPS. Resting-state skin conductance level (SCL) was recorded in Experiment 2, followed by the SPS task. Less frequent SPS coincided with greater SCL. Findings are interpreted in terms of attention and self-related processes, and a discussion of the TPJ participation in self-awareness through SPS is presented.

Introduction

Being aware of oneself means having access to many aspects of the self, ranging from body sensations to thoughts and emotions. Awareness requires attentional processes, allowing one to focus on the body and thus to apprehend the information it conveys, from sensory inputs to body representations [START_REF] Kinsbourne | Awareness of One's Own Body: An Attentional Theory of Its Nature, Development, and Brain Basis[END_REF]. Conversely, diverted attention would weaken access to body awareness.

The temporoparietal junction (TPJ) would play a key role in self-awareness. Referring to an area situated at the intersection of the inferior parietal lobule, the superior temporal sulcus, and the lateral occipital cortex [START_REF] Mars | Connectivity-based subdivisions of the human right 'temporoparietal junction area': Evidence for different areas participating in different cortical networks[END_REF], and comprising the supramarginal and angular gyri [START_REF] Igelström | Neural processes in the human temporoparietal cortex separated by localized independent component analysis[END_REF], the TPJ is a multimodal cortical region, receiving inputs from thalamic, limbic, somatosensory, visual and auditory areas [START_REF] Mars | Connectivity-based subdivisions of the human right 'temporoparietal junction area': Evidence for different areas participating in different cortical networks[END_REF], [START_REF] Bzdok | Characterization of the temporo-parietal junction by combining datadriven parcellation, complementary connectivity analyses, and functional decoding[END_REF]. Interest in the TPJ persists with the lack of understanding of its precise function since it is involved in attentional processes and arousal [START_REF] Corbetta | Control of goal-directed and stimulus-driven attention in the brain[END_REF]- [START_REF] Igelström | The inferior parietal lobule and temporoparietal junction: A network perspective[END_REF], as well as in social cognition [START_REF] Carter | A nexus model of the temporal-parietal junction[END_REF], [START_REF] Igelström | Topographical organization of attentional, social, and memory processes in the human temporoparietal cortex[END_REF], or memory retrieval [START_REF] Igelström | Topographical organization of attentional, social, and memory processes in the human temporoparietal cortex[END_REF]. Besides, the TPJ is a great candidate for self-awareness, since it was associated with self-referential processes such as theory-of-mind [START_REF] Igelström | Topographical organization of attentional, social, and memory processes in the human temporoparietal cortex[END_REF], self-other discrimination [START_REF] Eddy | The junction between self and other? Temporo-parietal dysfunction in neuropsychiatry[END_REF]- [START_REF] Wang | Rhythm makes the world go round: An MEG-TMS study on the role of right TPJ theta oscillations in embodied perspective taking[END_REF], self-location [START_REF] Ionta | Multisensory Mechanisms in Temporo-Parietal Cortex Support Self-Location and First-Person Perspective[END_REF], [START_REF] Ionta | The brain network reflecting bodily self-consciousness: A functional connectivity study[END_REF], agency [START_REF] Jeannerod | Agency, Simulation and Self-identification[END_REF], [START_REF] Sperduti | Different brain structures related to self-and external-agency attribution: A brief review and meta-analysis[END_REF], and embodiment [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF], [START_REF] Martin | The Right Temporoparietal Junction Is Causally Associated with Embodied Perspective-taking[END_REF].

The focus of this paper is placed deliberately on embodiment and self-location. As both involve the feeling of being present at a certain location, their failure results in autoscopic experiences, such as out-of-body experiences and heautoscopy, where one can see oneself from another location in space [START_REF] Lopez | Body ownership and embodiment: Vestibular and multisensory mechanisms[END_REF]. Temporoparietal junction dysfunction would lead to these bodily illusions, as would two other cortical areas. The first, the extrastriate body area (EBA), located in the lateral occipitotemporal cortex, intervenes primarily in the integration of bodily inputs [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF], [START_REF] Blanke | Out-of-body experience and autoscopy of neurological origin[END_REF]- [START_REF] Urgesi | Magnetic stimulation of extrastriate body area impairs visual processing of nonfacial body parts[END_REF], in body-oriented attention [START_REF] Perruchoud | Differential neural encoding of sensorimotor and visual body representations[END_REF], and illusory limb ownership [START_REF] Limanowski | The extrastriate body area is involved in illusory limb ownership[END_REF]. The second, the anterior insula (AI), located in the ventrolateral prefrontal cortex, within the Sylvian fissure, operates inter alia in interoception [START_REF] Craig | Interoception: The sense of the physiological condition of the body[END_REF]- [START_REF] Pollatos | Brain structures mediating cardiovascular arousal and interoceptive awareness[END_REF], i.e. the perception of the physiological condition of the body, but also in the looking down perspective illusion [START_REF] Ionta | Multisensory Mechanisms in Temporo-Parietal Cortex Support Self-Location and First-Person Perspective[END_REF], [START_REF] Ionta | The brain network reflecting bodily self-consciousness: A functional connectivity study[END_REF], i.e. a manipulation of the first-person perspective resulting in the feeling of looking down at the own body while being in a supine position. The TPJ shares connections with both the AI [START_REF] Mars | Connectivity-based subdivisions of the human right 'temporoparietal junction area': Evidence for different areas participating in different cortical networks[END_REF]- [START_REF] Bzdok | Characterization of the temporo-parietal junction by combining datadriven parcellation, complementary connectivity analyses, and functional decoding[END_REF], [START_REF] Igelström | The inferior parietal lobule and temporoparietal junction: A network perspective[END_REF], [START_REF] Kucyi | Hemispheric asymmetry in white matter connectivity of the temporoparietal junction with the insula and prefrontal cortex[END_REF], [START_REF] Wu | A critical role of temporoparietal junction in the integration of top-down and bottom-up attentional control[END_REF], and the EBA [START_REF] Carter | A nexus model of the temporal-parietal junction[END_REF], [START_REF] Ionta | The brain network reflecting bodily self-consciousness: A functional connectivity study[END_REF]. The TPJ connections with both the EBA and the AI appear to play a critical role in self-awareness.

Previously, we mentioned that the TPJ might participate in attentional processes and arousal, but activations of both EBA and AI were also frequently associated with high arousal [START_REF] Fan | Spontaneous brain activity relates to autonomic arousal[END_REF], [START_REF] Critchley | Neural activity relating to generation and representation of galvanic skin conductance responses: A functional magnetic resonance imaging study[END_REF], [START_REF] Nagai | Activity in ventromedial prefrontal cortex covaries with sympathetic skin conductance level: A physiological account of a 'default mode' of brain function[END_REF]. Arousal refers to the level of autonomic activation sometimes due to cognitive processing frequently assumed to be attentional processing [START_REF] Critchley | Neural activity relating to generation and representation of galvanic skin conductance responses: A functional magnetic resonance imaging study[END_REF]- [START_REF] Pollatos | Heart rate response after emotional picture presentation is modulated by interoceptive awareness[END_REF]. From a functional point of view, attentional processes seem to translate into low-frequency cortical oscillations, such as delta (0.5-3.5hz) [START_REF] Barry | Resting-state EEG gamma activity in children with Attention-Deficit/Hyperactivity Disorder[END_REF], [START_REF] Karamacoska | Intrinsic EEG and task-related changes in EEG affect Go/NoGo task performance[END_REF], theta (4-7hz) [START_REF] Barry | Resting-state EEG gamma activity in children with Attention-Deficit/Hyperactivity Disorder[END_REF], [START_REF] Clayton | The roles of cortical oscillations in sustained attention[END_REF]- [START_REF] Finnigan | Resting EEG theta power correlates with cognitive performance in healthy older adults[END_REF] and alpha (7.5-12hz) [START_REF] Clayton | The roles of cortical oscillations in sustained attention[END_REF], [START_REF] Benedek | Alpha power increases in right parietal cortex reflects focused internal attention[END_REF]- [START_REF] Keune | Exploring resting-state EEG brain oscillatory activity in relation to cognitive functioning in multiple sclerosis[END_REF]. Hence, while high arousal is associated with attentional networks mediating capture by salient environmental cues [START_REF] Fan | Spontaneous brain activity relates to autonomic arousal[END_REF], [START_REF] Sara | Orienting and Reorienting: The Locus Coeruleus Mediates Cognition through Arousal[END_REF], [START_REF] Corbetta | The Reorienting System of the Human Brain: From Environment to Theory of Mind[END_REF], areas processing interoceptive stimuli such as the AI also stand out in the generation of arousal. Along with this discrepancy, high arousal would allow attentional focus on the self and access to private information [START_REF] Nikula | Psychological Correlates of Nonspecific Skin Conductance Responses[END_REF], [START_REF] Scheier | Self-directed attention, awareness of bodily states, and suggestibility[END_REF], [START_REF] Wegner | Arousal-induced attention to self[END_REF].

The major influence of attention and self-referential processes in body-awareness was documented in a series of studies investigating spontaneous sensations (SPS), i.e. the perception of sensations arising on the body without any external triggers. SPS are quite frequent phenomena that can be easily perceived by almost anyone. Focusing on those events may contribute to maintaining the body image in consciousness [START_REF] Michael | The tickly homunculus and the origins of spontaneous sensations arising on the hands[END_REF]. While attention taken away from the body dampens the experience of SPS [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF], [START_REF] Naveteur | How we perceive our own hands: Effects of attention, aging, and sex[END_REF], attention directed inwards enhances the perception of SPS [START_REF] Michael | My heart is in my hands: The interoceptive nature of the spontaneous sensations felt on the hands[END_REF], [START_REF] Michael | Thoughts and sensations, twin galaxies of the inner space: The propensity to mind-wander relates to spontaneous sensations arising on the hands[END_REF]. These findings indicate that attention to external events and attention to thoughts and internal sensations are two competing states. As Morin [START_REF] Morin | Levels of consciousness and self-awareness: A comparison and integration of various neurocognitive views[END_REF] suggested, there is evidence that self-awareness rises through a state of focus toward the self, versus a focus toward the environment. When considering the involvement of TPJ connections with the AI and EBA in self-awareness, a discrepancy remains between self-referential processes and attention/arousal implication. There seems to be an anticorrelation between two cognitive states of focus, either toward the inner world (i.e. self-processing) or toward the outer world (i.e. salience and attentional capture). This distinction between the two states of focus can be observed in brain imaging [START_REF] Fox | The human brain is intrinsically organized into dynamic, anticorrelated functional networks[END_REF] and has also been suggested within the context of SPS [START_REF] Michael | My heart is in my hands: The interoceptive nature of the spontaneous sensations felt on the hands[END_REF].

Many questions arise from this gathering. First, if SPS relate to self-awareness, how would SPS associate with the functional connections TPJ-EBA and TPJ-AI? Second, could arousal be negatively associated with SPS perception, even when affiliated with self-referential processes? And third, could the functional connections TPJ-EBA and TPJ-AI correlate in the same way that arousal does with SPS, or could they be dissociated?

In this paper, we present two studies investigating how these factors, as individual traits, affect SPS perception. In the first study, we focused mainly on resting-state TPJ functional connectivity with the AI and EBA, as well as the self-reported propensity to high arousal. As we have an interest in the role of cortical oscillations, we used EEG. In the second study, we investigated the question of arousal further through resting-state electrodermal ac-tivity. Specifically, we used skin conductance level (SCL), since it reflects tonic components of autonomic arousal and qualifies as a physiological trait of arousal [START_REF] Schell | Psychophysiological Correlates of Electrodermal Lability[END_REF]. We hypothesized that, since arousal relates closely to attention [START_REF] Nagai | Activity in ventromedial prefrontal cortex covaries with sympathetic skin conductance level: A physiological account of a 'default mode' of brain function[END_REF], [START_REF] Sara | Orienting and Reorienting: The Locus Coeruleus Mediates Cognition through Arousal[END_REF], the propensity to high arousal would be associated with decreased perceived frequency of SPS. Given that the literature remains inconsistent regarding how functional connections in the brain, arousal, and self-referential processes interrelate, we can formulate the general hypothesis that functional connectivity of the TPJ with both the AI and EBA would be related to the perception of SPS. We might expect this relationship to translate primarily in low oscillations (i.e. delta, theta, and alpha), based on the assumption that those oscillations would reflect attentional processes involved in SPS perception.

Experiment 1

2.1.Participants

The study followed the Helsinki Declaration and the protocol was approved by the local ethics committee (reference number IRB 00009118). Participants were students at the Lumière University in Lyon, France. During the first steps of the experimental procedure, they completed a form containing questions on sociodemographic and health characteristics. Items included age, gender, height, weight, use of psychotropic medication (and if so, the reason why; antidepressants, anxiolytics, neuroleptics, anticonvulsants, hypnotics, tranquilizers, etc.), regular use of other psychoactive substances (alcohol, marijuana, etc.), and history of cardiovascular diseases or diabetes mellitus. Besides, participants could report any other information they considered to be of importance for the study. Any report of a history of neurological or psychiatric illness or psychoactive substance abuse or any disease that may affect tactile perception, such as diabetes mellitus or cardiovascular disease, led to exclusion. Thirty-eight volunteers participated in the study, ten were excluded based on the above-mentioned criteria, and one because of recording issues compromising the EEG data. Twenty-seven participants (14 female and 13 male), all right-handed, with a mean age of 22.1 ± 2.77 (age range: 19 to 28), and a mean body mass index of 21.2 ± 1.33kg/m 2 (range: 19.26 to 23.89kg/m 2 ) were therefore included in the study. All gave their written informed consent to participate before the test.

Power analyses were conducted on the effect size of the proximo-to-distal gradient in the frequency of SPS, which is the most prominent characteristic of these phenomena. Based on published studies [START_REF] Michael | The tickly homunculus and the origins of spontaneous sensations arising on the hands[END_REF], [START_REF] Borg | Attentional focus on subjective interoceptive experience in patients with fibromyalgia[END_REF], the weighted average effect size expressed as Cohen's w is .52 (i.e., large) and expressed as Cramers's V is .26 (i.e., medium to large). Provided a power of 90% to detect a similar medium effect size and an alpha at .05, the number of hand maps needed is 53. Given that, in the present study, two hand maps per participant are collected (one per hand), the sample size needed is 27 participants. With a sample of 27 participants (i.e., 54 hand maps) there is enough power (91%) to diminish Type II errors.

2.2.Materials

2.2.1. Activation/Deactivation Check-List (ADCL; [START_REF] Thayer | Measurement of activation through self-report[END_REF] To assess a declarative measure, the propensity (trait) to arousal, participants completed a French trait version of the Activation/Deactivation Check-List (ADCL) [START_REF] Thayer | Measurement of activation through self-report[END_REF], [START_REF] Thayer | ACTIVATION STATES AS ASSESSED BY VERBAL REPORT AND FOUR PSYCHOPHYSIOLOGICAL VARIABLES[END_REF]. It measures the activation (i.e. being actively involved in the processing of the environment) and deactivation (i.e. being prone to sleep or rest) states and was chosen because of its test-retest reliability (ranging from rho = .57 to rho = .87) and validity (correlation with psychophysiological measures of arousal ranging from rho = .43 to rho = .68). Participants must determine, for a list of 49 adjective-items, whether or not each one describes their usual functioning. Among the list of items, 27 adjectives are fillers. They had to rate each item on a 5-point Likert Scale (1=Never; 5=Very often) while taking into account the basic instruction "Usually, daily, I am:". Three main components are evaluated: General Activation (example of items: energetic, full-of-pep, active), Calm (example of items: placid, calm, still), and General Deactivation (example of items: leisurely, sleepy, tired). High scores in those components would reflect a higher propensity to General Activation, Calm, and General Deactivation. The internal consistency for our sample, as assessed through the mean inter-item correlation was good since all values exceeded the conventional threshold of |𝛒|.15 [START_REF] Clark | Constructing validity: Basic issues in objective scale development[END_REF]: General Activation .61, Calm .62, and General Deactivation .27.

Resting-State EEG

A resting-state EEG recording was performed immediately after the completion of the questionnaire. Participants were seated comfortably in front of a computer monitor in a recording booth, fitted with the electroencephalographical equipment. An EEG ACTi Champ with active electrodes was used for this experiment. A total of 64 channel electrodes, arranged based on the revised 10/20 system [START_REF] Jurcak | 10/20, 10/10, and 10/5 systems revisited: Their validity as relative head-surface-based positioning systems[END_REF], and 5 EOGs were used. Two EOGs were placed horizontally, on each cheekbone, and two vertically above and under the left eye to monitor blinking or eye movement. A monopolar set-up was chosen, with a reference EOG on the nose bridge.

Impedances were kept below 20kΩ. Once the EEG equipment was set up, the signal quality was tested asking participants to move their eyes left to right, to blink, and to clench their jaw muscles. Then, instructions were displayed in white font on a black background. Instructions advised the participants to relax their jaw and shoulders, to try not to move, to fully relax, to close their eyes, and to resist sleepiness. To prevent any external distractions leading to an eye-opening, the light in the room was dimmed, and the screen went off when the resting session was started. The session began once the participants stated that they were ready, and the end was announced by the experimenter. The recording session lasted 3 minutes. At the end of the recording session, participants were asked whether they had fallen asleep. No participants reported having fallen asleep during the resting session.

SPS task

Participants completed the SPS task 45 minutes after the resting-state EEG recording. In the meantime, participants performed a distractive visuo-spatial task. This delay allowed a clear dissociation between the resting-state recording and the SPS task. Electrodes and EOGs were removed from the participants' heads. They were then seated in a quiet and normally lit room with an ambient temperature of 20-23°C, in front of a desk. Once they were ready, SPS were introduced as normal phenomena, and to give participants some idea of what they could associate with SPS, a list of 11 sensations most likely to be felt was presented (beat/pulse, itch, tickle, numbness, skin stretch, tingling, warming, cooling, muscle stiffness, flutter, and vibration). The list used in the SPS protocol is based on the one used originally by Macefield and colleagues [START_REF] Macefield | Perceptual responses to microstimulation of single afferents innervating joints, muscles and skin of the human hand[END_REF] and Ochoa and Torebjörk [START_REF] Ochoa | Sensations evoked by intraneural microstimulation of single mechanoreceptor units innervating the human hand[END_REF] to study microstimulation-evoked sensations, and then adapted by Naveteur and colleagues [START_REF] Naveteur | How to detect an electrocutaneous shock which is not delivered? Overt spatial attention influences decision[END_REF] to study SPS. Participants were then instructed to remove any jewelry from their hands and wrists and to roll up their sleeves if they were long enough to cover the wrist. For 15s, they were instructed to cleanse their hands with an antiseptic gel (Aniosgel ® 85 NPC, ≈3ml per participant), to remove any external surface agents that could interfere with the task, and to ensure a homogenous glabrous skin surface across all participants. A 15s latency was observed between the cleansing operation and the start of the test. Each participant was given a protocol containing the standardized reduced maps of each hand shown palm up (with a distance of 11.2cm between the tip of the middle finger and the palm/wrist frontier), and below each map, the list of 11 SPS and two visual analog scales (i.e. two 10cm continuous horizontal lines without markers at each end) for confidence ratings, along with a pencil and a 25 × 25cm piece of smooth white fabric. Once participants were familiarized with the material, the start of the test session was announced. The protocol and the pencil were placed away from the participants on the desk to prevent any interference from visual stimuli. Each hand was tested once in a balanced order across participants. They were instructed to sit with their back supported by the backrest of their chair. The leg ipsilateral to the tested hand was turned outward by about 60 degrees from the midline.

Participants placed the white fabric cotton fabric on their thigh, with the tested hand resting on it, palm up with fingers spaced slightly apart. Only a dorsal part of the hand was in contact with the fabric, apart from the fingers. The hand not being tested hung down on the outer side of the chair contralateral to the tested hand. When the "start" signal was given verbally by the experimenter, marking the start of each trial, participants gazed at their tested hand for 10s, focusing their attention on the hand so that they could detect any sensations that might occur.

They were informed beforehand that there was a possibility that they would perceive no sensation. A "stop" signal given by the experimenter marked the end of the 10s period. Participants were immediately asked to report on the protocol whether they had detected any sensations on the tested hand or not and if they had, to (a) map the extent and location of the sensations by shading the areas where they perceived sensations on the map of the tested hands; (b) specify the perceived intensity of each sensation according to a 10 point scale (1 = just perceptible; 10 = very intense but not painful) directly on the map; (c) indicate their degree of confidence in the location and the extent of the perceived sensations according to the two visual analog scales (ranging from "not confident" to "very confident"), and (d) identify the sensations with the list of descriptors. They had the option to choose more than one descriptor and to add descriptors to the list according to what they had detected. The task lasted approximately 15 min.

2.3.Data Processing

EEG Preprocessing

The EEG data preprocessing was conducted with BrainVision Analyzer 2.1. To ensure a quality signal was processed, a passband of 0.2-120Hz was first applied, with a 50Hz notch, and bad electrode signals removed and replaced by the mean signal of the three nearest electrodes.

On average, 2.37 ± 0.47 electrodes signals were replaced (up to 8 electrodes) and those most removed from the signal were FP1, FP2 (11 participants), FT9, TP10 (9 participants), FT10 (8 participants), and TP9 (7 participants). Those least removed were F2, POz, T8 (only one participant per electrode), and T7 (4 participants). An ocular correction with the Gratton & Coles algorithm [START_REF] Gratton | A new method for off-line removal of ocular artifact[END_REF], based on the left horizontal EOG and the below-eye vertical EOG, was applied, subtracting the ocular movement from the signal. For each participant, the 3-minute recording was divided into 90 epochs of 2s, according to the processing used by Chen and colleagues [START_REF] Chen | EEG default mode network in the human brain: Spectral regional field powers[END_REF] when studying resting-state EEG data. To ensure no evoked response was triggered by the instruction to close the eye, the first 5 epochs were removed [START_REF] Barry | Caffeine and opening the eyes have additive effects on resting arousal measures[END_REF]. An artifact rejection, with a maximum amplitude of 80µV [START_REF] Chen | EEG default mode network in the human brain: Spectral regional field powers[END_REF] was carried out on these epochs, resulting in a rejection rate of 12.5% epochs. A mean of 74.41 ± 12.45 epochs, ranging from 38 to 85 per participant, was obtained.

Functional Connectivity Analysis

Further analyses of the EEG data were carried out using exact Low-Resolution Electromagnetic Tomography (eLORETA; [START_REF] Pascual-Marqui | Assessing interactions in the brain with exact lowresolution electromagnetic tomography[END_REF]). The eLORETA method is a discrete, three-dimensional distributed, linear, and weighted minimal norm inverse solution. Its validity was convincingly demonstrated by Pascual-Marqui [START_REF] Pascual-Marqui | Assessing interactions in the brain with exact lowresolution electromagnetic tomography[END_REF]: the special weights used in eLORETA give tomography the exact localization property to test point sources, resulting in images of the current density with exact localization but with low spatial resolution; the eLORETA has no localization bias in the presence of structures noise and multiple source situations; in addition, due to the implementation of "lagged phase synchronization" that models the instantaneous and lagged components of functional connectivity, the eLORETA can robustly identify true physiological connectivity. The choice of method was further supported by the credibility provided by an array of studies investigating functional connectivity [START_REF] Pascual-Marqui | Assessing interactions in the brain with exact lowresolution electromagnetic tomography[END_REF]- [START_REF] Canuet | Resting-state EEG source localization and functional connectivity in schizophrenia-like psychosis of epilepsy[END_REF] and was influenced as well by the possibility to apply the eLORETA algorithm on filtered data to operate a frequency decomposition of the functional connectivity [START_REF] Pascual-Marqui | Assessing interactions in the brain with exact lowresolution electromagnetic tomography[END_REF]. The cost of electrophysiological recording compared to the quality versus the amount of information gathered considered, the eLORETA was regarded as an effective analysis method and a good fit for the study. Thus, instructions from Pascual-Marqui and colleagues were followed strictly [START_REF] Imperatori | Default Mode Network alterations in alexithymia: An EEG power spectra and connectivity study[END_REF], [START_REF] Canuet | Resting-state EEG source localization and functional connectivity in schizophrenia-like psychosis of epilepsy[END_REF], [START_REF] Hata | Functional connectivity assessed by resting state EEG correlates with cognitive decline of Alzheimer's disease -An eLORETA study[END_REF].

The artifact-free epochs were analyzed to estimate the current density for five frequency bands: delta (0.5-3.5hz), theta (4-7hz), alpha (7.5-12hz), beta (13-34hz), and gamma (35-45hz). We seeded three areas forming two connections: the TPJ and EBA connectivity, and the TPJ and AI connectivity, considering only ipsilateral connectivity for both hemispheres.

Regions of interest (ROI) in both left and right hemispheres were constructed with the eLORETA given MNI coordinates for the TPJ (54, -48, 7) [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF], the EBA (48, -67, 3) [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF] and the AI [START_REF] Kucyi | Hemispheric asymmetry in white matter connectivity of the temporoparietal junction with the insula and prefrontal cortex[END_REF][START_REF] Martin | Dissociable Roles for the rTPJ and dmPFC in Self-Other Processing: a HD-tDCS Study[END_REF][START_REF] Lopez | Body ownership and embodiment: Vestibular and multisensory mechanisms[END_REF] [START_REF] Craig | Thermosensory activation of insular cortex[END_REF]. A voxel-wise approach was applied and lagged phase synchronization, indexing the physiological lagged connectivity [START_REF] Pascual-Marqui | Assessing interactions in the brain with exact lowresolution electromagnetic tomography[END_REF] was used to measure the functional connectivity between the TPJ and EBA first, followed by the TPJ and AI. These analyses resulted in connectivity indices for each frequency band, the value of which ranged from 0 to 1 (the greater the value, the stronger the connection; Table 1), and this was performed independently for the TPJ-EBA connection and the TPJ-AI connection in each hemisphere. Considering no hypothesis regarding the hemispheric location has been presented in this study, we used only mean indices of the right and left hemisphere functional connectivity. Due to scale differences between the connectivities of each frequency band, the indices were z-transformed for homogenization purposes. The z-transform also allowed a mean to be computed across all frequency bands for the TPJ-EBA connection and TPJ-AI connection separately. 

2.4.Results and discussion

The topography of SPS frequency

This analysis was carried out to detect any significant effects in the spatial distribution of SPS as a function of TPJ-EBA and TPJ-AI functional connectivity. Maps filled by participants with shaded areas were projected on a 140 × 140mm grid, with a 1mm 2 resolution, and converted to binary code (0=nil, 1=shaded cell). As a result, two binary maps per participant (i.e.

right and left hand) were generated. A frequency map was obtained by superimposing these maps, in which each cell value represented the percentage of participants having shaded it (Figure 1). SPS were reported for the whole hand but were not distributed uniformly: Figure 1 shows the presence of a distal-to-proximal gradient in the frequency map [START_REF] Michael | The tickly homunculus and the origins of spontaneous sensations arising on the hands[END_REF], [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF]. Computation of the relative spatial extent of sensations, i.e. the percentage of shaded cells within a segment (distal phalanx, intermediate phalanx, proximal phalanx, and palm) in comparison to the surface of the whole hand was carried out [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF]. This analysis is based on the receptor density dispersion on the glabrous surface of the hand [START_REF] Johansson | Detection of tactile stimuli. Thresholds of afferent units related to psychophysical thresholds in the human hand[END_REF]. Relative surfaces were entered into an analysis specific to proportions [START_REF] Michael | A significance test of interaction in 2 x K designs with proportions[END_REF] with the anatomical segments as the unique factor. A significant segment effect was found (Q'(3) = 468.2, p < .000001; Cramer's V = .09), with a greater SPS surface in the distal phalanx (11.68%) than in the intermediate (11.03%) and in the proximal (8.15%) phalanges, as well as in the palm (7.96%). This specific distribution is consistent with previous studies investigating SPS [START_REF] Michael | The tickly homunculus and the origins of spontaneous sensations arising on the hands[END_REF], [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF], [START_REF] Michael | My heart is in my hands: The interoceptive nature of the spontaneous sensations felt on the hands[END_REF], [START_REF] Michael | Thoughts and sensations, twin galaxies of the inner space: The propensity to mind-wander relates to spontaneous sensations arising on the hands[END_REF], [START_REF] Borg | Attentional focus on subjective interoceptive experience in patients with fibromyalgia[END_REF], presumably reflecting the distribution of peripheral receptive units and/or their trace within the somatosensory cortex. This gradient suggests that the task was carried out successfully.

Figure 1: Topographic map of SPS frequency (% of participants having shaded a cell) using a color scale: cool/blue colors reflect the least frequently shaded areas and hot/red colors the most frequently shaded areas

Relationship between SPS frequency topography and functional connectivity

For each participant and each hand, a 140 x 140 mm grid identical to that used in the frequency processing was completed with connectivity indices. This was carried out to achieve a cellby-cell analysis between the SPS topography and the functional connectivity. Individual connectivity indexes of the left hemisphere of each participant were used to complete the map of the right hand and individual connectivity indexes of the right hemisphere of each participant were used to complete the map of the left hand. This way, 54 individual maps reflecting the SPS frequency were correlated with 54 individual maps completed with connectivity indices, using a point biserial cell-wise correlation. This was performed separately for TPJ-EBA and then TPJ-AI connection and was performed separately for each frequency band. The correlation maps obtained were then converted into binary maps (0=non-significant, 1=significant), for the application of a spatial scan procedure for binary data [START_REF] Kulldorff | A spatial scan statistic[END_REF] consisting of a circular window that scans, detects, and localizes significant clusters in a step-wise fashion. This also makes it possible to reduce Type 1 errors. A maximum radius of 6 cells was chosen based on previous studies [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF], [START_REF] Michael | My heart is in my hands: The interoceptive nature of the spontaneous sensations felt on the hands[END_REF]. After 999 runs of the Bernoulli (binomial) model, all detected and localized clusters were significant at least at the p <.001 level bicaudal. Figures 2 and3 display only those significant clusters for each connection.

SPS frequency and TPJ-EBA connectivity

Reliability analysis performed on the indices of TPJ-EBA functional connectivity suggest good to very good reliability, through a Cronbach's a at .83, a McDonald's v at .80 and an average interitem correlation |ρ| at .43.

For the relationship between SPS frequency and TPJ-EBA connectivity (Figure 2), positive significant correlations (bluish cells) were found covering a surface of 0.9% (95%

Wilson Confidence Interval [0.66%, 0.01%]) in the delta band and of 0.6% (95% CI [0.39%, 0.85%]) in the gamma band, and negative significant correlations (reddish cells) were found covering a surface of 5.7% (95% CI [5.05%, 0.43%]) in the theta band and of 12.1% (95% CI [11.16%, 13.10%]) in the alpha band. To process the relationship between the SPS frequency and the functional connectivity for the average TPJ-EBA connectivity, i.e. independently of frequency band influence, SPS frequency maps were correlated with the mean z-transformed index of functional connectivity for TPJ-EBA connection in the manner described above. Only negative correlations were found in an area covering 3.5% (95% CI [3.00%, 4.10%]) of the hand.

Figure 2: Topographic probability maps of the correlations between SPS frequency and connectivity index in the delta, theta, alpha, beta, and gamma bands for TPJ-EBA connectivity.

Bluish colors represent significant positive correlations and reddish colors represent significant negative correlations. The color intensity denotes the significance level.

SPS frequency and TPJ-AI connectivity

Reliability analysis performed on the indices of TPJ-AI functional connectivity suggest as well good to very good reliability, through a Cronbach's a at .77, a McDonald's v at .80 and an average interitem correlation |ρ| at .39.

For the relationship between SPS frequency and TPJ-AI connectivity (Figure 3), negative correlations were mainly found in all frequencies, covering 10.8% (95% CI [9.91%, ). To process the relationship between the SPS frequency and the functional connectivity for TPJ-AI connection independently of frequency band influence, SPS frequency maps were correlated with the mean z-transformed index of functional connectivity for TPJ-AI connection in the manner described above. Only negative correlations were found in an area covering 9.6% (95% CI [8.76%, 10.52%]) of the hand.

Figure 3: Topographic probability maps of the correlations between SPS frequency and connectivity index in the delta, theta, alpha, beta, and gamma bands for TPJ-AI connectivity. Bluish colors represent significant positive correlations and reddish colors represent significant negative correlations. The color intensity denotes the significance level.

TPJ-EBA and TPJ-AI correlations

Surface percentages of significant correlations were analyzed using a Q' test (Figure 4) [START_REF] Michael | A significance test of interaction in 2 x K designs with proportions[END_REF] with the connectivity (TPJ-EBA vs TPJ-AI) and the frequency bands (delta, theta, alpha, beta, and gamma) as factors. The main effect of connectivity was highly significant (Q'(1) = 259, p < .001; Cramer's V = .31), with surfaces being overall larger for TPJ-AI connectivity than for TPJ-EBA connectivity. The connectivity x frequency band interaction was also significant (Q'(4) = 816, p < .001; Cramer's V = .28). Multiple corrected comparisons carried out with the Q' test [START_REF] Michael | A significance test of interaction in 2 x K designs with proportions[END_REF] revealed that surfaces were reliably larger in the TPJ-AI than in the TPJ-EBA connectivity in the delta (q' = 20.15, p < .001), theta (q' = 19.51, p < .001), and beta (q' = 14.07, p < .001) bands, but an opposite pattern was observed in the alpha band where surfaces were larger for TPJ-EBA connectivity than for TPJ-AI connectivity (q' = 9.05, p < .001). Finally, no differences were found in the gamma band (q' = 1.82, p = .51). The larger correlated surfaces for TPJ-AI connectivity were observed in the theta band, forming a kind of peak, whilst the larger correlated surfaces for TPJ-EBA connectivity were observed in the alpha band. It is in the latter case that TPJ-EBA connectivity surfaces were larger than for TPJ-AI connectivity. 

Other parameters

Based on previous studies [START_REF] Michael | My heart is in my hands: The interoceptive nature of the spontaneous sensations felt on the hands[END_REF], other parameters of SPS, i.e. spatial extent, mean perceived intensity of SPS, confidence in location and in extent, number of areas, spatial extent per area and variety of SPS, were considered for analysis. Analysis revealed good to very good reliability as suggested through the Cronbach's a at .78, the McDonald's v at .83 and the average interitem correlation |ρ| at .34. The predictive value of the mean z-transformed index of functional connectivity for TPJ-EBA and TPJ-AI connections and of the self-reported ADCL measures (Mean score = 20.15 ± 3.39, Min = 13, Max = 25) on each of these parameters was examined by mean of multiple regression analyses. Furthermore, age, gender, and BMI were also included as predictors since they are known to influence perception of SPS [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF], [START_REF] Naveteur | How we perceive our own hands: Effects of attention, aging, and sex[END_REF].

The results (not Bonferroni-corrected [START_REF] Cabin | To Bonferroni or Not to Bonferroni : When and How Are the Questions[END_REF], [START_REF] Perneger | What's wrong with Bonferroni adjustments[END_REF]) are presented in Table 3. We found that the mean z-transformed index of the TPJ-AI functional connectivity negatively predicted the spatial extent of the SPS (𝛽 = -1.03, SEM = .36, t(18) = -2.83, p = .01, R 2 = .22) and the spatial extent per area (𝛽 = -.79, SEM = .37, t(18) = -2.14, p = .05, R 2 = . [START_REF] Martin | The Right Temporoparietal Junction Is Causally Associated with Embodied Perspective-taking[END_REF]). The scores in the General Activation sub-scale of the ADCL negatively predicted the intensity of SPS (𝛽 = -.54, SEM = .21, t(18) = -2.58, p = .02, R 2 = .24) and participants' confidence in the location of SPS (𝛽 = -.51, SEM = .22, t(18) = -2.30, p = .03, R 2 = .13). Finally, body mass index (BMI) negatively predicted the spatial extent per area (𝛽 = .47, SEM = .19, t(18) = -2.50, p = .02, R 2 = .19). 

Types of sensations

All SPS types were reported at least once and some participants even reported other types of sensations, such as pins and needles, weightiness, and compression. Types of reported SPS were clustered in five categories based on previous studies [START_REF] Beaudoin | Gating of spontaneous somatic sensations by movement[END_REF], [START_REF] Vallbo | Sensations evoked from the glabrous skin of the human hand by electrical stimulation of unitary mechanosensitive afferents[END_REF]: thermal (warming and cooling), deep (beat/pulse and muscle tension), paresis-like (numbness and weightiness), surface (tickle, stretch, tingling, flatter, vibration, and compression), and pain-like (pins and needles and itch). SPS types were not clustered uniformly among these five categories (c 2 (4) = 84.95, p < .001, Cramer's V = .42). Surface types of SPS were most likely to be perceived and reported (51.72%), followed by deep (20.69%), thermal (14.66%), paresis-like (12.07%), and then pain-like sensations (0.86%). Each of the five categories of sensations as well as the sum of SPS reported were submitted to multiple regression analyses (not Bonferroni-corrected [START_REF] Cabin | To Bonferroni or Not to Bonferroni : When and How Are the Questions[END_REF], [START_REF] Perneger | What's wrong with Bonferroni adjustments[END_REF]) with the same predictors as before. No significant effect was observed.

Based on previous literature, the TPJ, EBA, and AI would play a role in the emergence of self-awareness, by contributing either in embodiment [START_REF] Martin | The Right Temporoparietal Junction Is Causally Associated with Embodied Perspective-taking[END_REF], [START_REF] Arzy | Duration and not strength of activation in temporo-parietal cortex positively correlates with schizotypy[END_REF], or in the emergence of the "material me" [START_REF] Craig | How do you feel -now? The anterior insula and human awareness[END_REF]. However, those areas were also associated with high arousal [START_REF] Fan | Spontaneous brain activity relates to autonomic arousal[END_REF] and would be strongly connected to attentional networks [START_REF] Igelström | The inferior parietal lobule and temporoparietal junction: A network perspective[END_REF], [START_REF] Uddin | Dissociable connectivity within human angular gyrus and intraparietal sulcus: Evidence from functional and structural connectivity[END_REF]. For these reasons, SPS were studied in association with at-rest functional connectivity between the TPJ and the AI, and between the TPJ and the EBA, along with a questionnaire investigating self-reported trait arousal.

The first finding of this study was that, independently of frequency bands, the functional connectivity of the TPJ was negatively associated with the propensity of perceiving SPS. Exhibiting stronger functional connectivity is associated with decreased perception of SPS.

The second finding was a distinction between TPJ-AI and TPJ-EBA connectivities.

Indeed, TPJ-AI connectivity correlated with larger surfaces than TPJ-EBA connectivity and also predicted the SPS total surface and surface per area. Moreover, a dissociation appeared since the TPJ-AI dominated over the theta band whilst TPJ-EBA dominated over the alpha band. The last finding of this experiment was that non-topographic SPS parameters, such as intensity, confidence in location, were negatively predicted by self-reported General Activation. Taken altogether, the results of Experiment 1 intimate that processes reflected in the TPJ-AI and TPJ-EBA connectivities, as well as self-reported trait arousal, would play a rather inhibitory role in the perception of SPS.

Nonetheless, the arousal indices chosen in this experiment were declarative and direct, i.e. the list of adjectives was explicitly related to arousal, and this may have led to desirability bias. This may constitute a methodological flaw. The possibility of regression results stemming from desirability bias and common methodology variance needs to be ruled out. For this reason, we propose the use of a direct physiological index of arousal, i.e. skin conductance level (SCL). To our knowledge, only a single study investigated the association between SPS perception and arousal through physiological parameters and found no link between them [START_REF] Tihanyi | Physiological and psychological correlates of attentionrelated body sensations (tingling and warmth)[END_REF]. However, Tihanyi and Köteles [START_REF] Tihanyi | Physiological and psychological correlates of attentionrelated body sensations (tingling and warmth)[END_REF] used a different method to investigate the perception of SPS, in which SPS topography was not explored. We further propose to use an indirect and non-explicit declarative measure of arousal, through reporting of inner speech presence. According to Alderson-Day and Fernyhough [START_REF] Alderson-Day | Relations among questionnaire and experience sampling measures of inner speech: A smartphone app study[END_REF], inner speech or self-talk is "a subjective experience of language in the absence of overt and audible articulation" (p.931). It is a demanding sustained cognitive activity, and as such, it increases stress and autonomic arousal as demonstrated through changes in breathing patterns and electromyography [START_REF] Cacioppo | Electromyographic Specificity During Covert Information Processing[END_REF], [START_REF] Chapell | Inner speech and respiration: toward a possible mechanism of stress reduction[END_REF]. The general hypothesis is that SCL and inner speech, as parameters of arousal, would be negatively associated with SPS perception.

Experiment 2

3.1.Participants

A different sample from the one used in Experiment 1 was tested here. All participants were students at the University of Franche-Comté (Eastern France) participating in psychology teaching programs. Based on the criteria listed in Experiment 1, the study included a total of 26 participants (19 female, 7 males; 23 right-handed subjects) with a mean age of 21.9 ± 2.8

(age range: 20 to 33), and a mean body mass index of 21.5 ± 2.7 kg/m 2 (range: 17.5 to 30.1 kg/m 2 ). All gave their informed written consent to participate before the test. With a sample of 26 participants (i.e., 52 hand maps) there is enough power (90%) to diminish Type II errors.

3.2.Materials

Electrodermal recording at rest

Participants were seated in a comfortable armchair in a quiet room (room temperature ranged from 20 to 22°C). Electrodermal activity was recorded using the BIOPAC System MP150 module and a GSR100C Amplifier with a sampling rate of 1000 Hz. Disposable Ag/AgCl electrodes (EL509) were attached to the palmar surface of the medial phalanges of the index and middle fingers of the non-dominant hand (all BIOPAC Systems, Inc., CA). Once the electrodes had been fitted, a 15-minute rest period was observed before the recordings began to allow the electrode gel to diffuse and to establish good baseline conductivity. Participants were then required to put on headphones and a sleep mask to minimize any sensory input interference. Participants then were asked to relax during the recording session and to avoid any movements and any irregular or deep breaths. The at-rest electrodermal activity recording started and lasted 5 minutes. An experimenter was present in the room at a distance from the participant to record any movements and deep breaths of the participant liable to produce unwanted electrodermal responses. Data were analyzed offline using AcqKnowledge 4.2 software (BIOPAC Systems, Inc., CA). A low-pass filter with a cut-off frequency of 0.05 Hz was applied. The SCL (µS) was computed as the mean value of skin conductance measured during the 5-minute resting phase.

Inner speech

At the end of the at-rest electrodermal recording session, participants received a single question on inner speech, inspired by Nikula [START_REF] Nikula | Psychological Correlates of Nonspecific Skin Conductance Responses[END_REF]: "How present was an inner speech in your thoughts during the recordings?" (French, À quel degré le langage interne était-il présent dans vos pensées pendant les enregistrements ?). The question was presented on a sheet of paper and participants were required to respond using a 5-point Likert scale (0 = not much; 5 = a lot). Even though some full questionnaires on inner speech exist, they are suspected to have limited validity [START_REF] Morin | Self-reported frequency, content, and functions of inner speech[END_REF]. For this reason, a single straight-forward question on the presence of inner speech was preferred here, which had already been shown to correlate with electrodermal activity [START_REF] Nikula | Psychological Correlates of Nonspecific Skin Conductance Responses[END_REF].

SPS task

The task was strictly identical to that described in 2.2.3. Each participant completed an SPS task 1 to 3 weeks after the electrodermal recording session. This variable delay was mostly due to organizational reasons and separating the two sessions in time would avoid contamination between them. The SPS task was performed in a quiet room with an ambient temperature of 20 to 23°C.

3.3.Results

Skin conductance level

The SCL level ranged from 2.06 to 31.1 µS, and the mean was 15.9 ± 7.77 µS. No reliable difference was found between men (14.8 ± 6.7 µS) and women (16.3 ± 8.3 µS, t(24) = .43, p > .67).

Inner speech

The mean rating of inner speech was 2.85 (SD = 1.3), ranging from 1 to 5. Interestingly, yet in keeping with the extant literature [START_REF] Nikula | Psychological Correlates of Nonspecific Skin Conductance Responses[END_REF], inner speech correlated positively with the mean SCL (r(24) = .40, p < .05), suggesting that the greater the presence of inner speech, the higher the arousal.

SPS

3.3.3.1.The topography of SPS frequency

The same analyses described in 2.4.1 were conducted. The frequency map (Figure 5) reveals a typical distal-to-proximal distribution of SPS [START_REF] Michael | The tickly homunculus and the origins of spontaneous sensations arising on the hands[END_REF], [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF] with higher frequencies over the fingertips and the center of the palm. Topographical statistics were compiled using point biserial cell-wise correlation between the presence of SPS and the mean z-transformed SCL. The significance maps were then submitted to the spatial scan procedure for binary data to isolate those clusters that reached the p < .001 level. Only negative correlations were found between the mean SCL level and the presence of the SPS. They covered an area of 13.4% (95% CI [11.51%, 13.48%]) of the hand (Figure 5). 

3.3.3.2.Other parameters

Regression analyses were carried out in order to understand whether the mean SCL predicted SPS parameters, i.e. overall spatial extent, spatial extent per area, intensity, variety, number of areas, confidence in location, and confidence in extent. Once again, analysis revealed good to very good reliability as suggested through a Cronbach's a at .85, the McDonald's v at .85 and the average interitem correlation |ρ| at .39. Age, gender, body mass index, average and scores in the inner speech question (Mean = 2.65 ± 1.49, Min = 0, Max = 5) were also included in the analyses as independent variables. The results (not Bonferroni-corrected [START_REF] Cabin | To Bonferroni or Not to Bonferroni : When and How Are the Questions[END_REF], [START_REF] Perneger | What's wrong with Bonferroni adjustments[END_REF]) are presented in Table 4. We found that the average SCL significantly and negatively predict- as well as a self-reported and indirect parameter, i.e. inner speech, which was linked with arousal. This relationship between arousal and inner speech was confirmed here. In line with the first study, we hypothesized that these parameters would be negatively associated with SPS perception.

As a first finding, we observed that SCL correlated negatively with SPS frequency and negatively predicted SPS parameters, such as variety and participants' confidence in the location. The skin conductance level also negatively predicted deep/internal sensations. These results corroborate the hypothesis formulated earlier that arousal would exert primarily an inhibitory influence on SPS perception. Nevertheless, the self-reported inner speech seems to facilitate the perception of SPS variety, but this relationship results only when gender and inhibitory influence of SCL are taken into account simultaneously.

Discussion

As part of the background of bodily sensations, SPS would allow the experiencing self to come to the fore by focusing attention on body representation [START_REF] Kinsbourne | Awareness of One's Own Body: An Attentional Theory of Its Nature, Development, and Brain Basis[END_REF], [START_REF] Michael | Thoughts and sensations, twin galaxies of the inner space: The propensity to mind-wander relates to spontaneous sensations arising on the hands[END_REF]. Which factors contribute to SPS perception and therefore to the emergence of body awareness? Evidence suggests that SPS depend on self-focus [START_REF] Michael | Thoughts and sensations, twin galaxies of the inner space: The propensity to mind-wander relates to spontaneous sensations arising on the hands[END_REF]. Also, directing attention away from the body decreases SPS [START_REF] Michael | The tickly homunculus and the origins of spontaneous sensations arising on the hands[END_REF], [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF], [START_REF] Michael | My heart is in my hands: The interoceptive nature of the spontaneous sensations felt on the hands[END_REF]. In this paper, we proposed to investigate how neuronal networks reflecting attentional focus and self-referential processes, i.e. TPJ functional connectivity with EBA and with AI, were associated with SPS perception. Besides, because these two networks were associated with arousal, we investigated further how arousal was associated with SPS perception.

For the greatest interest of the reader, to present a clear and comprehensive discussion of the numerous data obtained, we will first focus on the results concerning arousal, and will then develop the results concerning brain networks.

4.1.SPS and Arousal

Arousal has been investigated with the use of three indices: SCL, a self-reported arousal trait measure, and inner speech. We found that SCL correlated negatively with SPS frequency. It also negatively predicted the variety of SPS and participants' confidence in their location.

Increased self-reported arousal trait predicted lower intensities of SPS and weaker confidence in their location. Finally, a greater presence of inner speech positively predicted the variety of SPS, but in interaction with gender and SCL. The variety of SPS was greater for women with a greater presence of inner speech and lower SCL. Inner speech is thought to be linked with arousal as shown both in past research [START_REF] Nikula | Psychological Correlates of Nonspecific Skin Conductance Responses[END_REF] and in the present study. Morin and Michaud [START_REF] Morin | Self-awareness and the left inferior frontal gyrus: Inner speech use during self-related processing[END_REF] suggested that inner speech would appear to be involved in the acquisition of selfinformation, meaning that collecting information through an inner speech about oneself raises the perception of various SPS, especially in women with low levels of arousal. All these data are in agreement with our hypothesis that increased arousal would dampen the perception of SPS. However, they also suggest that multiple other factors may determine the perception of SPS.

Contrary to Tihanyi and Köteles [START_REF] Tihanyi | Physiological and psychological correlates of attentionrelated body sensations (tingling and warmth)[END_REF], we found relationships between SPS and arousal through SCL. This concerned the frequency of SPS perceived over the hand, as well as the intensity of SPS through the self-reported arousal trait. This discrepancy might be explained by the many differences identified in our protocol, such as (a) the use of topographical measures that have proven to be sensitive to distinct cognitive processes [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF], [START_REF] Michael | My heart is in my hands: The interoceptive nature of the spontaneous sensations felt on the hands[END_REF]; (b) the lack of restrictions considering SPS variety resulting in a greater quantity of SPS taken into account for our studies and not focusing on specific SPS; (c) the time spent focusing followed by an immediate recall of the participant's perception ensuring a low impact of visuospatial short-term memory, and enabling participants to perceive and report numerous and detailed SPS [START_REF] Naveteur | How we perceive our own hands: Effects of attention, aging, and sex[END_REF]. According to the extant literature, arousal indexes readiness to respond to environmental stimuli [START_REF] Schell | Psychophysiological Correlates of Electrodermal Lability[END_REF]. Attention to the environment results in focus away from the body and the self. In this regard, diverted attention may suppress SPS [START_REF] Michael | The tickly homunculus and the origins of spontaneous sensations arising on the hands[END_REF]- [START_REF] Naveteur | How we perceive our own hands: Effects of attention, aging, and sex[END_REF] while self-focused attention increases interoceptive processes and results in a heightened perception of SPS [START_REF] Michael | My heart is in my hands: The interoceptive nature of the spontaneous sensations felt on the hands[END_REF]. Also, abnormally enhanced interoception results in an abnormally enhanced perception of SPS [START_REF] Borg | Attentional focus on subjective interoceptive experience in patients with fibromyalgia[END_REF].

Another line of evidence suggests that high arousal reliably predicts spontaneous brain activity, in that a subject with high arousal levels would show decreased activation of the brain network involved in self-referential processes [START_REF] Fan | Spontaneous brain activity relates to autonomic arousal[END_REF], i.e. the default mode network. Indeed, previous findings showed that SPS frequency, intensity, and participants' confidence in location, were greater with increased propensity to mind wandering [START_REF] Michael | Thoughts and sensations, twin galaxies of the inner space: The propensity to mind-wander relates to spontaneous sensations arising on the hands[END_REF], a cognitive activity associated with the default mode network [START_REF] Kajimura | Causal relationship between effective connectivity within the default mode network and mind-wandering regulation and facilitation[END_REF], [START_REF] Mason | Wandering minds: Stimulus-independent thought[END_REF]. These findings are consistent overall with the suggestion that activity in the default mode network allows better perception of SPS, and therefore increases self-awareness [START_REF] Michael | Thoughts and sensations, twin galaxies of the inner space: The propensity to mind-wander relates to spontaneous sensations arising on the hands[END_REF]. Also, decreased activity of the default mode network associated with increased attention away from the body dampens perception of SPS and therefore decreases self-awareness. These observations tally well with the idea that attention directed to and maintained on the self is a necessary condition for the development of selfawareness [START_REF] Kinsbourne | Awareness of One's Own Body: An Attentional Theory of Its Nature, Development, and Brain Basis[END_REF], [START_REF] Wolpert | Maintaining internal representations : the role of the human superior parietal lobe[END_REF].

4.2.SPS and brain networks involved in self-awareness

Directing attention away from the self and toward the environment involves a network that anticorrelates with the default mode network [START_REF] Fox | The human brain is intrinsically organized into dynamic, anticorrelated functional networks[END_REF]. Among the key node structures of this attention network are the TPJ and the AI, which have also been associated with embodiment and self-location [START_REF] Ionta | The brain network reflecting bodily self-consciousness: A functional connectivity study[END_REF], [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF]. Another area, independent of this network, has also been associated with embodiment, the EBA [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF]. Both the EBA and the AI are functionally connected to the TPJ [START_REF] Mars | Connectivity-based subdivisions of the human right 'temporoparietal junction area': Evidence for different areas participating in different cortical networks[END_REF], [START_REF] Igelström | The inferior parietal lobule and temporoparietal junction: A network perspective[END_REF], [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF]. However, belonging to the attention network or not suggests that these connections might serve different functions, and therefore contribute differently to selfawareness. We found that, independently of frequency bands, increased TPJ-EBA functional connectivity was associated with lower perceived frequency of SPS. In turn, high TPJ-AI functional connectivity was associated with lower SPS frequency, smaller spatial extent, and smaller surfaces per sensitive area. These results are consistent overall with our findings linking high arousal with lowered SPS perception. Indeed, TPJ and AI activation are associated with high arousal [START_REF] Fan | Spontaneous brain activity relates to autonomic arousal[END_REF]. Moreover, the TPJ and AI are part of the ventral attention network, whose activity has been closely linked with arousal through the locus coeruleus noradrenergic system [START_REF] Sara | Orienting and Reorienting: The Locus Coeruleus Mediates Cognition through Arousal[END_REF], [START_REF] Corbetta | The Reorienting System of the Human Brain: From Environment to Theory of Mind[END_REF]. Greater connectivity among areas of this network would dampen the perception of SPS. Attention directed away from the body suppresses SPS [START_REF] Michael | The tickly homunculus and the origins of spontaneous sensations arising on the hands[END_REF]- [START_REF] Naveteur | How we perceive our own hands: Effects of attention, aging, and sex[END_REF]. Nevertheless, taken altogether, these findings indicate that high connectivity between the TPJ and structures implicated in self-awareness experiences such as the AI or the EBA will impair the perception of SPS. The TPJ is a multisensory integration hub [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF], as such abnormal functioning of the TPJ would be associated with imperfect integration, resulting in disturbed selfawareness and embodiment [START_REF] Arzy | Neural basis of embodiment: Distinct contributions of temporoparietal junction and extrastriate body area[END_REF], [START_REF] Arzy | Duration and not strength of activation in temporo-parietal cortex positively correlates with schizotypy[END_REF], [START_REF] Blanke | The out-of-body experience: Disturbed self-processing at the temporo-parietal junction[END_REF]. This would present as asomatognosia and autoscopic experiences, such as out-of-body experiences, autoscopy, feeling of presence, depersonalization, failure of self-agency, etc. [START_REF] Lopez | Body ownership and embodiment: Vestibular and multisensory mechanisms[END_REF], [START_REF] Blanke | Out-of-body experience, heautoscopy, and autoscopic hallucination of neurological origin: Implications for neurocognitive mechanisms of corporeal awareness and self-consciousness[END_REF], [START_REF] Donaldson | Noninvasive stimulation of the temporoparietal junction: A systematic review[END_REF], [START_REF] Spence | A PET study of voluntary movement in schizophrenic patients experiencing passivity phenomena (delusions of alien control)[END_REF]. In our study, high connectivity between the TPJ and AI, and the TPJ and EBA, seems to be associated with a high propensity to altered bodily experiences as SPS.

and the SPS task by a third task reduces their contamination. However, some influence from the visuospatial task might be observed, such as tiredness.

Concerning Experiment 2, the use of an inner speech questionnaire may be debated.

Inner speech is a solely subjective experience that cannot be assessed using measures other than declarative ones. The question used here required participants to decide how, according to their own experience of inner speech, it was present during the rest period, as there is no example provided to determine what is "not much" or "a lot". This can be considered as unusual since there is no external guideline to ensure an identical baseline across participants. Yet this is also the way a wide variety of subjective measures are made within other contexts (i.e., perception of pain, perception of intensity, etc). It is a very common method that does not invalidate the use of the questionnaire as inner speech. Inner speech is a matter of subjective judgment and we set to investigate the relationship between self-referential processes and their subtracts, which, by definition, depend on the perception of the self.

Finally, the association between arousal and SPS could only reflect superficial activity limited to limbs and spontaneous receptor activity. Although it is not possible to exclude this interpretation completely, the use of declarative indices shows the involvement of high-level processes through arousal in the perception of SPS. The methodology used in these two studies allows a better grasp of the processes underpinning the perception of SPS. There is still scope to investigate which neuronal connectivity is found during the perception of SPS, opening a window to a better understanding of cognitive processing found within the background of bodily sensation experience [START_REF] Kinsbourne | Awareness of One's Own Body: An Attentional Theory of Its Nature, Development, and Brain Basis[END_REF] and the emergence of the "material me" [START_REF] Craig | Interoception: The sense of the physiological condition of the body[END_REF].

Conclusion

Our study aimed to investigate the links between self-awareness and brain networks divided into body-awareness and attention processing. We indeed found that TPJ functional connectivity with respectively the AI and the EBA, as well as arousal, was associated with decrementing SPS, a window to self-awareness. These findings indicate that the propensity to focus attention outward would affect how self-aware we tend to be.
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Figure 4 :

 4 Figure 4: Percentages of significant SPS surfaces correlated with each of the frequency bands, for TPJ-EBA and TPJ-AI connectivity, respectively. Values below 0 on the Y-axis represent percentages of negative correlations and above 0 represent percentages of positive correlations. The widths of the bands represent 95% confidence intervals. Positive values represent positive correlations, and negative values represent negative correlations.

Figure 5 :

 5 Figure 5: Topographic maps. Left. Frequency map of SPS frequency (%) through a heat scale, cool/blue colors reflecting least frequently reported areas, and hot/red colors most frequently reported areas. Right. Probability map representing the correlations between SPS frequency and SCL. Bluish colors represent positive correlations and reddish colors represent negative correlations. The color intensity depends on the significance level.

  ed the variety of SPS (𝛽 = -.43, SEM = .[START_REF] Martin | The Right Temporoparietal Junction Is Causally Associated with Embodied Perspective-taking[END_REF], t(20) = -2.25, p = .04, R 2 = .30) as well as participants' confidence in location (𝛽 = -.46, SEM = .22, t(20) = -2.09, p = .05, R 2 = .06). Meanwhile, inner speech significantly and positively predicted the variety of SPS (𝛽 = .55, SEM = .20, t(20) = 2.83, p = .01, R 2 = .30). The gender of our participants also predicted significantly but negatively the variety of SPS (𝛽 = -.43, SEM = .17, t(20) = -2.50, p = .02, R 2 = .30), meaning that women reported a greater variety of SPS than men. Finally, participants' age significantly and positively predicted the SPS intensity (𝛽 = .53, SEM = .20, t(20) = 2.60, p = .02, R 2 = .11).

  

  

  

Table 1 :

 1 Mean (SD) indices for each frequency band, for TPJ -EBA and TPJ -AI functional connectivity.

		Functional Connectivity
		TPJ -EBA TPJ -AI
	Delta	.08 (.06)	.14 (.05)
	Theta	.031 (.14)	.35 (.09)
	Alpha	.40 (.16)	.56 (.11)
	Beta	.06 (.02)	.09 (.02)
	Gamma .06 (.07)	.05 (.06)

Table 2 :

 2 Mean (SD) of the parameters collected in the SPS task in both Experiments, other than spatial distribution.

		Experiment 1 Experiment 2
	Spatial extent (%)	8.94 (10.67) 11.76 (10.53)
	Spatial extent per area (%) 5.84 (10.28) 2.91 (3.33)
	Intensity	2.76 (1.72)	3.49 (2.28)
	Variety	2.41 (1.31)	2.53 (1.47)
	Number of areas	4.11 (2.98)	4.65 (3.07)
	Confidence in location	6.46 (2.63)	5.26 (2.53)
	Confidence in extent	5.43 (2.44)	4.732.16)

Table 3 :

 3 Standardized b coefficients (1 SEM) and adjusted R 2 coefficient from the multiple regression analysis carried out on each of the 7 collected dependent variables with age, gen-

	der, body mass index, mean z-transformed connectivity index for TPJ-EBA and TPJ-AI con-
	nections, and scores for the General Activation, Calm and General Deactivation items of the
	ADCL as independent variables. Significant predictors at least at p < .05 are marked with an
	asterisk.						
		Spatial extent	Spatial extent per area	Intensity	Variety	Number of areas	Confidence in location	Confidence in extent
	Age	-.09 (.21)	-.13 (.21)	-.32 (.21)	-.18 (.28)	.06 (.24)	.21 (.22)	-.08 (.24)
	Gender	-.07 (.23)	-.22 (.24)	.09 (.23)	.04 (.31)	-.18 (.26)	.01 (.25)	.07 (.26)
	BMI	.38 (.18)•	.47 (.19)*	.00 (.17)	.17 (.24)	-.01 (.20)	.16 (.20)	-.04 (.20)
	TPJ-EBA connectivity	.56 (.35)	.35 (.36)	-.01 (.36)	-.17 (.46)	-.26 (.39)	-.24 (.37)	-.29 (.39)
	TPJ-AI connectivity	-1.03 (.36)* -.79 (.37)* -.24 (.36)	.02 (.47)	.03 (.41)	.15 (.38)	.15 (.40)
	General Activation	.02 (.21)	.02 (.21)	-.54 (.21)*	-.15 (.27)	-.48 (.23)	-.51 (.22)* -.48 (.23)
	Calm	.16 (.19)	.14 (.19)	.28 (.19)	.03 (.25)	.29 (.21)	-.06 (.20)	-.24 (.21)
	General							
	Deactiva-	-.09 (.19)	-.06 (.19)	.00 (.18)	-.09 (.25)	-.18 (.21)	-.01 (.20)	-.26 (.21)
	tion							
	Adj. R 2	.22	.19	.24	-.33	.02	.13	.03

Table 4 :

 4 Standardized b coefficients (1 SEM) and adjusted R 2 coefficient from the multiple 589 regression analysis carried out on each of the seven collected dependent variables with age,

	590							
	591	gender, body mass index, average skin conductance level, and scores for the inner speech
	592	question as independent variables. Significant predictors at least at p < .05 are marked with an
	593	asterisk.						
			Spatial extent	Spatial extent per area	Intensity	Variety	Number of areas	Confidence in location	Confidence in extent
	Age		.01 (.25)	-.06 (.21) .53 (.20)* -.08 (.18) .06 (.22)	.36 (.21)	.36 (.22)
	Gender	-.06 (.22) -.27 (.20) .03 (.19)	-.43 (.17)*	.00 (.22)	-.06 (.20)	.01 (.20)
	BMI		.05 (.23)	-.13 (.21) .20 (.20)	.07 (.18)	.23 (.22)	.23 (.21)	.18 (.22)
	Average SCL -.30 (.24) -.13 (.23) -.31 (.22)	-.43 (.19)*	-.41 (.23)	-.46 (.22)* -.30 (.23)
	Inner Speech .01 (.25)	-.22 (.23) -.11 (.22) .55 (.20)* .23 (.23)	.00 (.20)	-.05 (.24)
	Adjusted R 2	-.15	.02	.11	.30	-.01	.06	-.05
	594							
	595	3.3.3.3.Types of sensations				
	596	All 11 sensations were reported at least once, and one participant added pins and needles to
	597	the list. Since they probably reflect different underlying mechanisms, sensations were clus-
	598	tered in the same distinct categories as in Experiment 1. SPS types were not clustered uni-
	599	formly among these five categories (c 2 (4) = 51.83; p < .001, Cramer's V = .31). Surface tac-
	600	tile/mechanical sensations were most frequently reported by participants (38.8%), followed by
	601	thermal (27.34%), deep internal (16.5%), and paresis-like sensations (14.39%). Pain-like sen-
	602	sations were those least reported (2.9%). Each of the five categories of sensations as well as
	603	the sum of SPS reported were submitted to multiple regression analyses (not Bonferroni-
	604	corrected [81], [82]) with the same predictors as before. The mean SCL significantly predict-
	605	ed internal sensations, and this prediction was negative (𝛽 = -.49, SEM = .23, t(20) = -2.17, p
	606	= .04, R 2 = .01).					
	607							
	608	Experiment 2 was conducted to better acknowledge the association between arousal and the
	609	perception of SPS. Experiment 2 focused on a direct parameter of arousal, i.e. average SCL,

We would like to thank Marc Hoonakker for his precious help with the functional connectivity analysis. This research benefited from a Lumière Lyon 2 University doctoral grant (2018-30) and funding support from the LABEX CORTEX of the Lyon University (ANR-11-LABX-0042) under the "Investissements d'Avenir" program run by the French National Research Agency (ANR-11-IDEX-0007).

This work was supported by the Lumière Lyon 2 University doctoral grant (2018-30) awarded to the first author; the LABEX CORTEX of the Lyon University (ANR-11-LABX-0042) through the "Investissements d'Avenir" program run by the French National Research Agency (ANR-11-IDEX-0007).

Closer inspection of the correlation patterns between functional connectivity and SPS frequency revealed that the TPJ-AI dominated over the theta band whilst the TPJ-EBA dominated over the alpha band. Distinct cognitive processes might be reflected by these two connectivities. For instance, in an array of studies investigating neuropsychological performances and EEG frequency bands, the alpha band has been linked to broad cognitive processes such as attention and executive functions [START_REF] Benedek | Alpha power increases in right parietal cortex reflects focused internal attention[END_REF], [START_REF] Çiçek | Interhemispheric asymmetry of EEG alpha activity at rest and during the Wisconsin Card Sorting Test: relations with performance[END_REF], [START_REF] Keune | Exploring resting-state EEG brain oscillatory activity in relation to cognitive functioning in multiple sclerosis[END_REF], [START_REF] Gordon | Are resting state spectral power measures related to executive functions in healthy young adults?[END_REF], [START_REF] Van Der Meer | Cognition in MS correlates with resting-state oscillatory brain activity: An explorative MEG source-space study[END_REF]. In particular, the alpha band would appear to promote sustained attention by inhibiting irrelevant cognitive and sensory processing [START_REF] Clayton | The roles of cortical oscillations in sustained attention[END_REF], [START_REF] Benedek | Alpha power increases in right parietal cortex reflects focused internal attention[END_REF]. This tallies well with our interpretation of the TPJ-AI connectivity influence on the perception of SPS, and overall with the assumption that SPS are suppressed when attention is directed away from the body. In turn, the theta band has been associated with memory, but also attention and executive functions [START_REF] Barry | Resting-state EEG gamma activity in children with Attention-Deficit/Hyperactivity Disorder[END_REF], [START_REF] Clayton | The roles of cortical oscillations in sustained attention[END_REF], [START_REF] Finnigan | Resting EEG theta power correlates with cognitive performance in healthy older adults[END_REF], [START_REF] Gordon | Are resting state spectral power measures related to executive functions in healthy young adults?[END_REF], and would rather appear to reflect a global cognitive efficiency [START_REF] Van Der Hiele | EEG markers of future cognitive performance in the elderly[END_REF], [START_REF] Douw | Cognition is related to resting-state small-world network topology: An magnetoencephalographic study[END_REF], [START_REF] Van Der Hiele | EEG correlates in the spectrum of cognitive decline[END_REF]. However, on another line of evidence, the alpha and theta band taken altogether have been observed respectively peaking in occipital and temporal regions with the elicitation of OBE [START_REF] Saroka | Experimental elicitation of an out of body experience and concomitant cross-hemispheric electroencephalographic coherence[END_REF]. This pattern of activity would reflect self-altered experience, such as autoscopic illusions in this specific case, and further, reinforce our interpretation of TPJ functional connectivity with the EBA and AI as deleterious for self-awareness processing.

4.3.Limitations and future directions

The findings and interpretations presented in this study are sources of limitations that should be taken into account. The main limitation of this study lies in the interpretation of attentional and self-related cognitive processes related to TPJ functional connectivity that would have an impact on the perception of SPS. Hence the lack of consensus in the literature regarding its involvement in self-awareness and the evidence of functional dissociation within the same area results in multiple possible interpretations. Nevertheless, these two studies provide a set of quite consistent findings regarding arousal and bring new data considering the duality between attentional processes focusing on outwards and towards oneself [START_REF] Michael | Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands[END_REF]- [START_REF] Michael | Thoughts and sensations, twin galaxies of the inner space: The propensity to mind-wander relates to spontaneous sensations arising on the hands[END_REF]. Our interpretation, considering the state of the literature, appears to be the most consistent to date. The authors admit they did not directly investigate inward vs outward attention in the experiments presented here, however, they do believe these studies, along with the literature concerning SPS, contribute to a better understanding of this quite broad topic.

It is noteworthy to mention that, in Experiment 1, the resting-state task and the SPS task were separated by a 45-minute computerized visuospatial task. Separating the resting task