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Subtle bodily sensations such as itching or fluttering that occur in the absence of any external trigger (i.e., spontaneous sensations, or SPS) may serve to locate the spatial boundaries of the body. They may constitute the normal counterpart of extreme conditions in which body-related hallucinations and perceptual aberrations are experienced. Previous investigations have suggested that situations in which the body is spontaneously experienced as being deformed are related to the ability to perform own-body transformations, i.e., mental rotations of the body requiring disembodiment. We therefore decided to consider whether the perception of SPS might relate to embodiment as assessed through (i) the ability to perform own-body transformations (OBT task) and (ii) schizotypal traits (Schizotypal Personality Questionnaire, or SPQ), since high degrees of schizotypy in the general population have been associated with more vivid perceptions and aberrant perceptual experiences. Then participants completed a standard SPS task. Our analysis revealed that the slower the response time in the OBT task, the more frequent the perception of SPS. This suggests that difficulties in disembodying and mentally transforming one’s own body facilitate feeling oneself. Furthermore, a greater number of correct responses in the OBT task was associated with less frequent perception of SPS. This suggests that finding it easier to disembody and perform mental own-body transformations interferes with the ability to sense oneself. The results also show that higher schizotypal traits, as assessed through the SPQ, are associated with more frequent perception of SPS. Taken together, these results provide a coherent picture and suggest that embodiment is required in order to correctly feel oneself, as expressed through the perception of SPS. The ability to easily experience disembodiment reduces the sense of feeling oneself, and proneness to schizotypal traits produces body misperceptions that enhance and amplify this feeling. The results are discussed in the light of current knowledge and theories about body representations, taking into account attention and interoception as factors that influence body awareness. We offer explanations for perceptual aberrations, body-related delusions, and hallucinations based on misperceived or misinterpreted SPS, and we discuss possible mechanisms that may contribute to feeling and misperceiving oneself.
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INTRODUCTION

How does it feel to be you? How do you know that this is you? Subjective feelings of the sense of self, when one knows that this is one’s own hand or face (Gallagher, 2000), are grounded within one’s own body and representations of the body and its parts (Kinsbourne, 1998; Gallace and Spence, 2010; Sakson-Obada et al., 2018). This is what is known as embodiment, or embodied sense of self (Asai et al., 2016).

Research on embodied sense of self has garnered considerable interest during recent decades, and several experimental paradigms have been used to investigate its functional and neural aspects (Manos Tsakiris, 2010). Embodiment has primarily been investigated through its motor and behavioral aspects, such as sense of agency, i.e., subjective awareness of initiating, executing, and controlling voluntary actions (Braun et al., 2018); its sensory aspects, such as experimentally induced illusions that an external object is part of one’s body (e.g., the rubber hand illusion) (M. Tsakiris et al., 2007) or the measurement of the boundaries of the peripersonal space (e.g., the estimation of the moment a stimulus will be in collision with the body) (Canzoneri et al., 2012); own-body mental transformations, such as mentally rotating one’s own body in order to match a visually presented figure (Bonda et al., 1995; Blanke, 2005) and so on. All these paradigms (as well a number of others) are based primarily on responses to external triggers aimed at assessing self-related phenomena. Yet the term “sense of self” also evokes the status of one’s own body, which makes bodily sensations seem unique to oneself. This is the feeling that this body or a part of the body belongs to me (Gallagher, 2000; Braun et al., 2018;; Manos Tsakiris, 2017). Major contributions to our understanding of this aspect of embodiment come from research that involves the perception of natural bodily signals, i.e., interoception [(Bud) Craig, 2003; (Bud) Craig, 2004; Duschek et al., 2015]. This aspect is usually investigated through the perception of visceral signals such as heartbeats (Schandry, 1981) or gastric functions (Herbert et al., 2012), which is reminiscent of the original terminology (i.e., “enteroception,” meaning the perception of visceral sensations) (Vaitl, 1996). Since the above-mentioned paradigms are all meant to investigate embodiment and the sense of self, they should in theory yield consistent results overall. However, the picture is rather puzzling. For example, some researchers have found no clear relationship between heartbeat perception and the rubber hand illusion, while others have, and still others have found a relationship under certain circumstances only (Suzuki et al., 2013; Filippetti and Tsakiris, 2017; Crucianelli et al., 2018).

Imagine we try to conjure up a quick, introspective view of ourselves, sitting on a chair. Do we have to act, bump into objects, perform mental acrobatic rotations of our own body image, or feel visceral signals coming from inside to sense that we are there, having the direct and immediate experience of our own body in the first-person perspective? Sense of self does not seem to arise exclusively from the perception of stimuli delivered physically on peripheral receptors, the sense of agency, and the perception of visceral signals. Maybe a starting point to better apprehend some of the factors that contribute to the sense of self is looking at what underlies the perception of body boundaries and location in space, something that is clinical in nature (Stanghellini et al., 2014; Sakson-Obada et al., 2018).

The experience of abnormalities of consciousness and neuropsychiatric symptoms is considered by some researchers to be due to disruptions of the sense of self (Moe and Docherty, 2014) and the blur or malleability of the self-others boundaries (Thakkar et al., 2011; Noel et al., 2017; Di Cosmo et al., 2018). There is clinical evidence that abnormal functioning of some cortical areas, such as the temporoparietal junction, may result in seeing oneself from a distance (Blanke and Mohr, 2005), feeling a presence nearby (Arzy et al., 2006), or other bodily illusions (Leker et al., 1996; Persinger, 2001; Thakkar et al., 2011). In schizophrenia spectrum disorders, numerous symptoms relating to the body are observed (Chapman et al., 1978; Peled et al., 2000; Stanghellini et al., 2012), ranging from abnormal feelings of altered shape, to changes in the composition of the body and body decomposition, to blurred body boundaries (Noel et al., 2017; Di Cosmo et al., 2018; Sakson-Obada et al., 2018; Ferroni et al., 2019) up to the point that some authors suggested that schizophrenia (and related spectrum disorders) is a self-disorder in the sense that the first person perspective of the world is altered (Sass and Parnas, 2003). These disruptions in the basic sense of embodiment are viewed as key symptoms and are even used as early predictors of disease (Stanghellini et al., 2012; Ferri et al., 2014). These kinds of perceptual aberrations are also reported by individuals in the general population with high schizotypal personality traits (Chapman et al., 1978; Mohr et al., 2006; Arzy et al., 2007; Di Cosmo et al., 2018). Schizotypal personality refers to a set of traits thought to reflect the subclinical expression of the symptoms of schizophrenia spectrum disorders (Barrantes-Vidal et al., 2015) according to the theory of a psychosis continuum (Nelson et al., 2012). Individuals with high schizotypal traits are at higher risk for psychosis. Three types of factors seem to underlie behavior in schizotypy: cognitive-perceptual (ideas of reference, magical thinking, unusual perceptual experiences, and paranoid ideation), social-interpersonal (social anxiety, no close friends, constricted affect and, again, paranoid ideation), and disorganized (odd behavior and odd speech) (Raine et al., 1994). High schizotypal personality traits—especially in terms of cognitive-perceptual and social-interpersonal factors (Mohr et al., 2006; Van Doorn et al., 2018)—are associated with a higher frequency of body-related aberrant perceptual phenomena (Cicero et al., 2020), such as feelings of a presence nearby, spontaneous disembodiment and out-of-body experiences, perceptions that others fail to experience, modified perception of body parts, exaggerated self-consciousness (Sass and Parnas, 2003) and blurred body boundaries (Sass and Parnas, 2003; Ettinger et al., 2015; Di Cosmo et al., 2018; Ferroni et al., 2020). People with high schizotypal personality traits also seem to experience difficulties in perspective-taking (Langdon and Coltheart, 2001), which is also a basic feature of self-referential processes (Buckner and Carroll, 2007). These experiences suggest that schizotypal personality is associated with proneness to experience self-related disturbances (Mohr et al., 2006; Arzy et al., 2007) and, therefore, that schizotypy may be a way to investigate the sense of self and embodiment.

On the other hand, reports of body-related hallucinatory phenomena in neurologic and psychiatric populations, such as sensing a ghostly gentle touch or the feeling that insects are crawling beneath the skin (Berrios, 1982), suggest that disturbances of body awareness and the self may occur due to abnormal spontaneous activity in cortical areas related to somatosensation and disorders of multimodal integration (Blanke, 2005; Blanke and Arzy, 2005; Geoffroy et al., 2014; Eccles et al., 2015; Graziano, 2018; Bretas et al., 2020). Have you ever felt tingling, tickling, or other sensations on your skin even when there are no mosquitos around to bother you? There are situations in which awareness of touch occurs without any stimulus actually being delivered. Does this mean that you are experiencing some kind of body-related disturbance? These kinds of bodily sensations have been anecdotally reported in the scientific literature by clinical researchers working on tactile sensitivity, and are referred to as paresthesia (Schmidt et al., 1990a,b) or tactile hallucinations (Gallace and Spence, 2014). However, both these terms are highly evocative of pathological conditions (Berrios, 1982) and do not account for the fact that almost everyone experiences such sensations on an everyday basis. This is why the term “spontaneous sensations” (SPS) is preferred (Michael and Naveteur, 2011), as these are believed to constitute the normal counterpart of bodily hallucinations. The spontaneous nature of these phenomena does not allow for experimental manipulation at will. However, over the past 15 years, several researchers have used subjective reports to assess SPS under controlled conditions [e.g., (Naveteur et al., 2005; Michael and Naveteur, 2011; Bauer et al., 2014a; Tihanyi and Köteles, 2017)].

That SPS may constitute the ever-present background of bodily sensations through which body representations arise (Kinsbourne, 1998) suggests that their perception gives cues as to the position of body parts at a given moment, their spatial boundaries and limits, and that they therefore contribute to the sense of self (Michael et al., 2017; Sakson-Obada et al., 2018). The relationship between SPS and neurocognitive body-related processes has been established by means of several forms of evidence. For instance, neuroimaging findings suggest that attending to well-circumscribed and localized SPS results, as a minimum, in activation in the primary somatosensory cortex (Bauer et al., 2014a,b), which includes a precise point-by-point representation of the body (i.e., somatotopy) (Penfield and Boldrey, 1937). A recent investigation gathered evidence that default oscillatory EEG activity in both the primary and secondary somatosensory cortices relates to the perception of SPS, and probably reflects individual differences in bodily awareness. Furthermore, behavioral evidence also supports the involvement of somatosensory cortices in the perception of such sensations, since when perceived in the hands they exhibit a proximodistal gradient: SPS occur more frequently toward the fingertips. This spatial pattern strikingly resembles traces of peripheral receptor distribution in the somatosensory cortex (Schady et al., 1983). Another study found a relationship between SPS and EEG connectivity between cortical areas involved in self-awareness, such as the temporo-parietal junction and the insula (Salgues et al., 2021). Despite such cues, and despite suggestions that SPS may contribute to body awareness and the perception of the spatial limits and boundaries of the body, direct evidence of the relationship between SPS and embodiment is limited. In fact, SPS have been found to be related to interoception (Michael et al., 2015) as classically assessed through the silent heartbeat counting task (Schandry, 1981). Good heartbeat perceivers have increased perception of SPS, and this supports the idea that SPS have something to do with the sense of self and embodiment. Finally, chronic pain syndromes that modify the perception of the body through disruptions of somatosensory and interoceptive functions (Kim et al., 2017; Borg et al., 2018) also modify the perception of SPS (Borg et al., 2015; Echalier et al., 2020).

However, the picture is still incomplete. By nature and by definition, perceiving SPS is feeling oneself. Yet evidence of the relationship between SPS and other phenomena related to embodiment (or disembodiment) is missing. One way to establish such a relationship would be to show that SPS perception relates to performance in one of the tasks designed to assess self-referential processes, as would showing that proneness to experiencing body-related unusual phenomena changes the perception of SPS. Therefore, we set out to investigate the relationship between SPS and embodiment through a two-fold procedure. First, we used an own-body mental rotation paradigm (i.e., an own-body transformation task, or OBT task) (Blanke, 2005), in order to establish a direct relationship between SPS and the ability to change perspective by mentally rotating own-body image. The ease with which this mental transformation is achieved naturally relates to loose embodiment. If SPS were linked to embodiment, then increased performance in the OBT task would negatively correlate with SPS perception. Second, we used a popular self-completed schizotypal personality questionnaire (SPQ; Raine, 1991). As described above, individuals from the general population with high schizotypal traits have difficulties controlling perspective-taking (Langdon and Coltheart, 2001) and are more prone to experience sensations that others do not usually experience, or experience usual experiences more vividly (Chapman et al., 1978; Raine et al., 1994; Van Doorn et al., 2018). Therefore, if SPS were linked to embodiment, then schizotypal (especially cognitive-perceptual and social-interpersonal) traits would correlate with SPS perception, signaling either diminished self-perception or, on the contrary, exaggerated, enhanced and more vivid self-perception. In order to achieve our aim, all participants completed the SPQ, a validated SPS task, and a computerized OBT task.



MATERIALS AND METHODS


General Procedure

The study was completed in two stages, separated by one to two weeks. During the first stage, participants completed the Edinburgh Handedness Inventory (Oldfield, 1971), the Schizotypal Personality Questionnaire (Raine, 1991), and a form containing questions on age, gender, height, weight, use of psychotropic medications (antidepressants, anxiolytics, neuroleptics, anticonvulsants, hypnotics, tranquilizers, etc.) and reason for use (if applicable), regular use of other psychoactive substances (alcohol, marijuana, etc.), and history of cardiovascular disease or diabetes. During the second stage, participants completed the SPS task, followed by the OBT task.



Participants

The study was carried out in accordance with the Declaration of Helsinki and was approved by the local ethics committee (reference number IRB 00009118). Participants were undergraduate students at Lyon 2 University, France. Exclusion criteria were as follows: history of neurological or psychiatric disease, history of psychoactive substance abuse, history of diabetes or cardiovascular disease, a laterality quotient of less than 50%, reported body mass index (BMI) of less than 18 and greater than 31 kg/m2 (previous research showed that BMI influences interoceptive processes and SPS, this is why it is necessary to control for such a confounding factor; (Cameron, 2002; Michael and Naveteur, 2011; Michael et al., 2015)], incomplete responses to the SPQ, or more than 50% errors in the OBT task. Of the 78 individuals that initially volunteered to participate, 23 were excluded on the basis of the above-mentioned criteria or did not show up to complete the second stage of the research. The sample therefore included 55 participants (44 female and 11 male), all right-handers (mean laterality quotient 88.7, SD = 13.7), with a mean age of 21.3 years (SD = 2.03; range: 18 to 27) and a mean BMI of 21.4 kg/m2 (SD = 1.94; range: 18.1 to 27 kg/m2). Power analyses were conducted on the effect size of the proximo-distal gradient in frequency of SPS, which is their standard characteristic. Based on 8 published studies (Michael and Naveteur, 2011; Michael et al., 2012, 2015, 2017; Beaudoin and Michael, 2014; Borg et al., 2015; Echalier et al., 2020; Salgues et al., 2021) carried out on 367 participants (10 experiments and 1206 hand maps), the weighted mean affect size expressed as Cohen’s w is 0.38 (i.e., medium to large) and expressed as Cramér’s V is 0.20 (i.e., medium to large). Provided a power of 90% to detect a medium effect size, the number of hand maps needed is 99. Given that two hand maps per participants are collected (one per hand) in the present study, the sample size needed is 50 participants. With a sample of 55 participants (i.e., 110 hand maps) the power is good (92%) and the probability that Type II errors occur is considerably reduced. All participants gave their written informed consent to participate prior to the test.



SPQ

The Schizotypal Personality Questionnaire (Raine, 1991) is a commonly used self-report measure of schizotypy in healthy community samples. It is a simple and quick evaluation involving 74 quoted items with a “yes/no” response, exploring the DSM-IV criteria for schizotypal personality disorder. Its structure reveals a three-factor model of schizotypy reflecting positive/cognitive-perceptual symptoms, negative/social-interpersonal symptoms, and disorganization. The French version of the SPQ (Dumas et al., 2000) has the same factorial structure as the original, a high internal reliability, and good internal consistency.


SPS Task

Participants completed the task at a desk in a quiet, normally lit room with an ambient temperature of 20–23°C. Once they were ready, SPS were introduced as normal phenomena, and to give the participants some idea of what they could expect SPS to feel like, they were given a list of 11 sensations most likely to be felt (beat/pulse, itch, tickle, numbness, skin stretch, tingling, warming, cooling, muscular stiffness, flutter, and vibration). The list used in the SPS protocol was based on the one used originally by Ochoa and Torebjörk (1983), Macefield et al. (1990), Naveteur et al. (2005). Participants were asked to remove any jewelry from their hands and wrists, and to roll up their sleeves to ensure the wrist was not covered. They then had to wash their hands with an antiseptic gel for 15 seconds (Aniosgel® 85 NPC, ≈3 ml per participant), in order to remove any external surface agents that could interfere with the task, and to ensure a homogenous glabrous skin surface across all participants. The test began 15 seconds after the participants finished washing their hands. A protocol was given to each participant. It contained the standardized reduced maps of each hand shown palm up (with a distance of 11.2 cm between the tip of the middle finger and the palm/wrist border). Below each map, the list of 11 SPS was provided, along with two visual analogue scales (i.e., two 10-cm continuous horizontal lines without markers at each ends) for the purposes of confidence rating. A pencil and a 25 × 25 cm piece of smooth white fabric were also given to each participant. Once participants had familiarized themselves with the materials, the task began. 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 the participants. The participants had to sit with their back supported by the backrest of their chair. The leg ipsilateral to the tested hand was turned outwards by about 60 degrees from the midline. Participants placed the white cotton fabric on their thigh, with the tested hand resting on it, palm up, with fingers spaced slightly apart. Only the dorsal part of the hand was in contact with the fabric. The hand not being tested was allowed to hang down on the outer side of the chair. A “start” signal was given verbally by the experimenter, marking the beginning of each test. Participants were asked to gaze at the tested hand for 10 seconds, focusing their attention on the whole hand so that they could detect any sensations that might occur. They were informed beforehand that there was a possibility they would not perceive any sensations, and this is also normal. A “stop” signal given by the experimenter marked the end of the focusing period. Participants were immediately asked to use the protocol to report whether they had detected any sensations on the tested hand, and if they had, to (a) map the extent and location of the sensations by shading on the map of the tested hands the areas where they perceived sensations, (b) estimate the perceived intensity of each sensation according to a 10-point scale (1 = just perceptible; 10 = very intense but not painful), (c) identify the sensations using the list of descriptors. They were allowed to choose more than one descriptor and to add descriptors to the list based on what they detected, and (d) indicate their degree of confidence in the location and extent of the perceived sensations on the two visual analogue scales (ranging from “not confident” to “very confident”). The task lasted approximately 10 minutes, and depicted in Figure 1A.
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FIGURE 1. (A) Illustration of the SPS Paradigm. (B) The four stimuli used in the OBT task are shown here.




OBT Task

The stimuli and the procedure were taken from a previous study on own-body transformations (Arzy et al., 2007). Participants were presented with a human figurine subtending a visual space of 5.0° × 6.1° angles. The figurine could be front-facing or back-facing, and had either the left or the right hand marked, such that it appeared to be wearing a gray glove with a black ring at the wrist (Figure 1B). Stimuli appeared for 200 ms in the center of the computer screen with an inter-stimulus interval of 2000 ms. Participants were asked to make right/left judgments while imagining themselves in the body position of the figure, taking its spatial perspective. This requires mental own-body positioning that can be achieved through mental transformations (O.Blanke, 2005). Responses were given by pressing two predefined buttons on the computer keyboard using the index finger of each hand. Participants were asked to respond as quickly and accurately as possible but always to perform the requested mental transformation before giving the response. A total of 120 trials were presented (60 per facing condition), and the session was preceded by a 10-trial training session. The facing (front vs. back) condition and the gray hand location (left vs. right) were presented randomly and equiprobably. Response times and correct responses were recorded by the computer.



RESULTS


SPQ

The mean scores for each of the three factors of the SPQ were 7.1 (SD = 5.7) for cognitive-perceptual, 7.9 (SD = 5.7) for social-interpersonal, and 5.1 (SD = 3.6) for disorganized. The mean score for the full SPQ scale was 20.1 (SD = 12.1). Internal consistency of each subscale for the present sample was good: cognitive-perceptual α = 0.87, social-interpersonal α = 0.82, disorganized α = 0.91. The internal consistency of the total score was excellent, with α = 0.93.



OBT Task

Response times (RT) below 150 ms and over 2000 ms were dismissed as reflecting anticipation and inattention, respectively. Discarded trials accounted for less than 2% of the total number of trials. Response times for correct trials and the number of correct trials were submitted to t-tests with the facing condition (front vs. back) as the within factor. As in previous investigations, RTs were faster in the back-facing condition (mean RT = 790 ms, SD = 205 ms) than in the front-facing condition (mean RT = 917 ms, SD = 265 ms; t(54) = 7.23, p < 0.001, Cohen’s d = 0.96). And as in previous investigations, no differences were found between the two facing conditions as far as the number of correct responses was concerned (front-facing mean = 56.6, SD = 7.7; back-facing mean = 57.4, SD = 2.7; t(54) = 0.75, p > 0.45, Cohen’s d = 0.1). Since both facing conditions evaluate own-body mental transformations in a similar way, the mean RT and the mean number of correct responses were used for subsequent analyses, as in previous papers (O.Blanke, 2005; Mohr et al., 2006).



Topography of SPS Frequency

Maps filled by participants with shaded areas were projected onto a 140 × 140 mm grid, with a 1 mm × 1 mm resolution, and converted into binary code (0 = nil, 1 = shaded cell). This generated two binary maps per participant (i.e., right and left hand), with a total number of 110 maps. By superimposing these maps, a frequency map was obtained, in which each cell value represented the percentage of participants who had shaded it. The presence of a distal-to-proximal gradient in frequency was observed (Figure 2, top left), with the surface of the reported SPS relative to the surface of each anatomical segment of the hand being, respectively, 14.3% for the distal phalanx, 10.0% for the intermediate phalanx, 8.8% for the proximal phalanx, and 10.4% for the palm. This suggests that the SPS task was successful.
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FIGURE 2. Topographical analyses of SPS frequency. The hand is shown palm up. Top left: Raw frequency of SPS showing the proximo-distal gradient. Top right: Probability maps of the topographical cell-wise point-biserial correlation analysis carried out between response times and number of correct responses obtained in the OBT task and the presence of SPS. Bottom: Probability maps of the topographical cell-wise point-biserial correlation analysis carried out between individual scores in the SPQ (total scale and each of the three individual SPQ factors). For all probability maps, only significant clusters are presented. Bluish cells denote significant positive correlations, while reddish cells denote significant negative correlations. Color shading on the probability map represents different probabilities.




SPS Frequency and Spatial Correlations

This analysis was carried out to detect any significant effects in the spatial distribution of SPS as a function of the SPQ scores and OBT task performance. In order to achieve a cell-by-cell analysis, SPQ score, RT, and number of correct responses obtained in the OBT task were used to fill two maps (right and left hand) for each participant. A point-biserial cell-wise correlation between the presence of SPS and the SPQ and OBT measures was performed, with N = 110 maps, degrees of freedom = 108, and the probability threshold set at 0.05, one-tailed due to the oriented hypotheses. The point-biserial correlation is a special case of the Pearson product-moment correlation that follows the t-distribution and in which one variable is dichotomous (here, 0 = non-shaded cell; 1 = shaded cell) and the other variable is continuous. Afterwards, the correlation maps obtained were converted into binary maps (0 = non-significant cell, 1 = significant cell), for the application of a spatial scan procedure for binary data (Kulldorff, 1997). This consists of a circular window that scans, detects, and localizes significant clusters in a step-wise manner. Based on previous studies, a radius of 6 cells was chosen, containing 113 cells and corresponding to a surface area of 1 cm2 on a real hand (Michael et al., 2012). After 999 runs of the Bernoulli (binomial) model, all detected and localized clusters were significant to at least the p < 0.001 level bicaudal. Finally, the 95% two-sided asymmetrical confidence interval was also computed (Altman et al., 2000) for the significance of the overall percentage area of the hand covered by previously detected reliable clusters.



SPS Frequency and OBT Task

Only positive correlations were found between SPS frequency and mean RT obtained in the OBT task. The r-values ranged from 0.20 to 0.30, and the corresponding p-values from 0.02 to 0.0007 one-tailed. Significant clusters detected by the spatial scan statistic were distributed over the fingers and the palm (both thenar and hypothenar eminences) and covered 22.8% (95% confidence interval: 21.6% to 24.1%) of the total surface area of the hand. Conversely, only negative correlations were found between SPS frequency and the mean number of correct responses obtained in the OBT task (r-values range = −0.19 to −0.28; p-values range = 0.025 to 0.001 one-tailed). Significant clusters detected by the spatial scan statistic were located in the fingers and the palm and covered 4.2% (95% confidence interval: 3.7% to 4.9%) of the total surface area of the hand. The correlations between SPS frequency and the OBT task are presented in Figure 2.



SPS Frequency and SPQ Scores

Only positive correlations were observed between SPS frequency and total SPQ score (r-values range = 0.21 to 0.28; p-values range = 0.015 to 0.0015 one-tailed), as well as between SPS frequency and each of the SPQ subscales (cognitive-perceptual r-values range = 0.20 to 0.26; p-values range = 0.02 to 0.0025 one-tailed; social-interpersonal r-values range = 0.16 to 0.285; p-values range = 0.05 to 0.001 one-tailed; disorganized r-values range = 0.16 to 0.30; p-values range = 0.05 to 0.0007 one-tailed). Significant clusters of correlations with total SPQ score subtended an overall area of as much as 13.5% of the hand (95% confidence interval: 12.5% to 14.6%) and were all located in the palm. Significant clusters of correlations with the cognitive-perceptual SPQ subscale score subtended an area of 7.3% of the hand (95% confidence interval: 6.6% to 8.1%) and were located in the fingers and the palm. Significant clusters of correlations with the social-interpersonal SPQ subscale score subtended an area of 11.1% of the hand (95% confidence interval: 10.1% to 12.1%) and were located in the palm. Finally, significant clusters of correlations with the disorganized SPQ subscale score subtended an area of 18.2% of the hand (95% confidence interval: 17.1% to 19.4%) and were located in the palm and the thumb.



Other Parameters

Other SPS parameters, i.e., mean perceived intensity, confidence in location and extent, total number of disjoined areas, spatial extent per area, and variety of SPS, were submitted to multiple linear regression analyses with OBT task performance (mean RT and number of correct responses) and SPQ scores (cognitive-perceptual, social-interpersonal, disorganized) as predictors. Age, gender, and BMI were also used as predictors, since previous research has shown that they may influence the perception of SPS (Michael and Naveteur, 2011; Michael et al., 2015; Naveteur et al., 2015). No significant effects were found (Table 1). A second, independent analysis was conducted in order to assess whether schizotypy interacted with performance in the OBT task. This moderation relationship was assessed through a regression analysis where the total SPQ score ∗ RT in the OBT task, and the total SPQ score ∗ number of correct responses in the OBT task were used as predictors, and each of the abovementioned SPS parameters was used as dependent variable. The total SPQ score ∗ number of correct responses in the OBT task significantly and negatively predicted confidence in location (β = −38.05, SEM = 17.68, t = 2.15, p < 0.037) meaning that the higher the degree of schizotypy and the better the performance in the OBT task, the lower the confidence in the location of SPS.


TABLE 1. Results of the regression analyses (β and SEM) carried out with the parameters and categories of spontaneous sensations as dependent variables.
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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. The reported SPS types were sorted into five categories based on previous studies (Beaudoin and Michael, 2014): thermal (warming and cooling), deep (beat/pulse and muscle tension), paresis-like (numbness and weightiness), surface (tickle, stretch, tingling, flutter, vibration, and compression) and pain-like (pins and needles, and itch). SPS types were not distributed uniformly across these five categories (χ2(4) = 218.4, p < 0.001). Surface-type SPS were most likely to be perceived and reported (55.2%), followed by deep (20.8%), thermal (13.2%), paresis-like (9.6%), and pain-like sensations (1.2%). Each of the five categories of sensations, as well as the total number of reported SPS, were submitted to multiple linear regression analyses with OBT task performance, SPQ scores, age, gender, and BMI as predictors (Table 1). The SPQ cognitive-perceptual scale positively predicted the number of thermal sensations (β = 0.37, SEM = 0.17, t = 2.18, p < 0.035), and the social-interpersonal scale positively predicted the number of paresis-like sensations (β = 0.39, SEM = 0.18, t = 2.13, p < 0.039). Finally, mean RT from the OBT task positively predicted pain-like sensations (β = 0.32, SEM = 0.16, t = 2.04, p < 0.049). The same moderation analysis as before was conducted on the types pf sensations. No significant effect was found.



Correlation Between the SPQ and the OBT Task

Pearson correlations were carried out between the SPQ scores and OBT task performance, with N = 55 and degrees of freedom = 53. No significant correlations were found (all r < 0.18, all p > 0.20).



DISCUSSION

To our knowledge, along with interoception, the perception of SPS is a domain that seems related to that aspect of embodiment that is the direct and immediate experience of our own body in the first-person perspective. The difference between interoception and SPS perception is that the former targets the monitoring of internal bodily signals (Vaitl, 1996) while the latter expands to feeling one’s own body and its boundaries (Naveteur et al., 2015; Michael et al., 2017). However, both are encompassed by the broader definition of interoception [(Bud) Craig, 2003] and are seemingly related phenomena (Michael et al., 2015). The aim of this study was to investigate the relationship between the perception of SPS and embodiment, since the literature provides mostly indirect evidence of this (Michael and Naveteur, 2011; Bauer et al., 2014b; Michael et al., 2017). This was achieved by combining an SPS perception task, an experimental own-body mental transformation task (OBT task), and a questionnaire assessing schizotypal personality traits.


Embodiment, Disembodiment, and SPS

Since embodiment is related to the experience of one’s own body in the first-person perspective, changing perspective by mentally rotating the body image in order to judge whether it matches a visually presented figurine is challenging. Indeed, complex body-related mechanisms are required (Blanke, 2005; Kaltner et al., 2014; van Elk and Blanke, 2014), such as flexible control of self-perspective-taking and disembodiment (Arzy et al., 2007), and alignment of somatosensory and vestibular information (Zacks et al., 1999; van Elk and Blanke, 2014; Gardner et al., 2017). Therefore, better performance in the OBT task (i.e., shorter RT and higher accuracy) suggests that changing self-perspective and disembodying is achieved more easily. The ease with which this task is completed thus relates to loose embodiment: a proneness to experiencing out-of-body experiences (Blanke, 2005), in which the sense of spatial unity between self and body is abnormal since the self is not experienced as residing within the limits of one’s body (Blanke et al., 2004; Blanke and Arzy, 2005). The results paint a quite coherent picture. The frequency with which SPS were perceived correlated positively with RT in the OBT task. Since performing the OBT task quickly requires flexible control of disembodying and self-perspective-taking, and since a higher RT in the OBT task suggests greater difficulty in completing the task, this correlation suggests that difficulties in disembodying voluntarily and mentally transforming one’s own body facilitates feeling oneself. Similarly, the frequency with which SPS were perceived correlated negatively with accuracy in the OBT task. Since performing the OBT task correctly requires flexible control of disembodying and self-perspective-taking, and since greater accuracy in the OBT task suggests less difficulty in completing the task, this correlation suggests that the ability to easily disembody and mentally transform one’s own body decreases the sense of feeling oneself. Taken together, these results suggest that the perception of untriggered bodily sensations is related to embodiment and that embodiment is required in order to correctly feel oneself. The ability to disembody easily reduces this feeling. Since the correlation between OBT task performance and SPS perception was not perfect, the present experiment does not allow us to draw conclusions as to which of the processes involved in the OBT task determine the perception of SPS, or even to what degree. For instance, processes of spatial mental manipulation, attention, and simulation of sensory and vestibular information have been advanced as determinants of the ability to align one’s own body orientation to that of a third party and to perspective-taking (Gardner et al., 2017, 2018; Pesimena et al., 2019).



Schizotypy and SPS

Our investigation into the way in which SPS contribute to embodiment also involved a self-completed schizotypal personality questionnaire, the SPQ (Raine, 1991). Schizotypal personality is considered to be a model for the study of schizophrenia spectrum disorders (Sass and Parnas, 2003; Nelson et al., 2012; Barrantes-Vidal et al., 2015), in which disruptions to the basic sense of embodiment are viewed as key symptoms (Stanghellini et al., 2012; Ferri et al., 2014). Therefore, assessing the relationship between schizotypal personality and the perception of SPS can provide insights not only into sense of self and embodiment, but into their disturbances too. Schizotypal personality is associated with a proneness to experiencing self-related disturbances (Mohr et al., 2006; Arzy et al., 2007), altered self-other boundaries (Di Cosmo et al., 2018; Ferroni et al., 2020), difficulties in controlling perspective-taking (Langdon and Coltheart, 2001), and unusual, exaggerated and vivid perceptual experiences involving the body (McCreery and Claridge, 2002; Sass and Parnas, 2003; Ettinger et al., 2015; Van Doorn et al., 2018). It was thus expected that higher schizotypal traits would correlate with the perception of SPS, signaling altered body boundaries (Di Cosmo et al., 2018) and difficulties in controlling and changing self-perspective (Mohr et al., 2006). The results showed that proneness to the cognitive-perceptual, social-interpersonal, and disorganized factors of schizotypy is sufficient to produce enhanced perception of SPS, as expected. The literature mostly points to the cognitive-perceptual factor as being associated with body-related unusual phenomena (Raine, 1991; Raine et al., 1994; Mohr et al., 2006; Arzy et al., 2007; Barrantes-Vidal et al., 2015; Ettinger et al., 2015). However, our findings are corroborated by some studies, which have shown that other factors may also relate to body-related experiences (Van Doorn et al., 2018), suggesting that altered sense of self is probably a hallmark of schizotypal personality as a whole. This is backed up by the interacting effect found between the total SPQ score and performance in the OBT task which suggests that despite more vivid perception of SPS due to both higher risk for psychosis and to the ease with which one disembodies and mentally transforms own body (as shown separately through the frequency of SPS), localizing SPS is less certain. This strengthens the idea of blurred bodily boundaries in schizotypy and also tallies well with the idea that abnormal bodily experiences may be a presenting symptom of schizophrenia spectrum disorders (Sass and Parnas, 2003; Quinones, 2009; Stanghellini et al., 2012). At this point it is also possible to hypothesize that, as compared to a control sample, patients with schizophrenia would report larger sensitive zones of SPS as a reminiscence of the relationship found between SPS perception and the degree of schizotypy. Also, lower degrees of confidence in their location and extent are to be expected as a result of altered perceptual experiences and malleable body frontiers (Sass and Parnas, 2003; Di Cosmo et al., 2018; Ferroni et al., 2019).

The overall similar topography of correlations between SPS frequency and each of the factors subtending schizotypal personality, as well as the fact that the total SPQ score seems to combine these patterns, backs the idea that SPS perception captures subtle aspects of body-related unusual experiences, as has already been shown with different kinds of syndromes (Borg et al., 2015; Echalier et al., 2020), making it possible to relate schizotypal personality as a whole to alterations in feeling oneself. The exact origins of aberrant bodily perception in schizotypal personality are not known, but there is evidence suggesting that somatosensory cortical processing is modified (Lenzenweger, 2000; Chang and Lenzenweger, 2005), that the remapping of environmental stimuli in the body space is altered (Ferri et al., 2016), and that multisensory integration necessary to the perception of the self and distinction from others may be involved (Burrack and Brugger, 2005; Asai, 2016; Di Cosmo et al., 2018; Ferroni et al., 2020). All these aspects are essential for embodiment (Gallace and Spence, 2010; Sakson-Obada et al., 2018; Manos Tsakiris, 2010, 2017), since they allow us to establish the nature and location of perceived sensations, as well as the boundaries between the self and the external world (Bretas et al., 2020). We believe this is where embodiment meets the perception of SPS, one function of which is to provide information on the spatial boundaries of the body. Indeed, perceiving the boundaries of the body is central to distinguishing it from the world and others, an aspect that is altered in schizotypy and, generally, on the schizophrenia spectrum (van der Weiden et al., 2015; Asai, 2016).



Origins of Feeling Oneself

From a phenomenological perspective, there is no doubt that perceiving SPS is feeling oneself as a bodily entity that is distinct from others and from nearby objects, and characterized by somatic sensations of various qualities experienced from a first-person perspective. But direct evidence of this is still required. The relationship between SPS and the OBT task backs the idea that changing perspective is detrimental to the perception of SPS and that, consequently, SPS contribute to experiencing sensations from the first-person perspective.

According to theories of self-awareness, there is an ever-present background of bodily sensations that may be the basis for constructing the continuity of the experiencing self (Kinsbourne, 1998). This background would maintain the integrity of the body and would be partly responsible for how the self is perceived (Sakson-Obada et al., 2018). Orienting and focusing attention toward the self would enable the representation of one’s own body or body parts to arise (Michael and Naveteur, 2011; Michael et al., 2012) and be maintained in consciousness (Wolpert et al., 1998), and this may be the representation over which attention is shifted (Kinsbourne, 1998). The postulated theory behind these accounts is that the sense of self arises due to interaction between the systems and brain structures that contain information about the body (e.g., somatosensory and interoceptive) and those that control attention. Interestingly, both attention and body-related processes are altered in schizotypy and schizophrenia spectrum disorders (Lenzenweger, 2000; Chang and Lenzenweger, 2005; Moe and Docherty, 2014; Ettinger et al., 2015; Ferri et al., 2016; Michael et al., 2020), one consequence of which may be aberrant bodily perceptions. It is not absurd to imagine that disordered attention processes operating over body representations are the origin of aberrant perceptual phenomena, such as body-related illusions, tactile and bodily hallucinations, and bodily perceptual distortions (Behrendt, 2006). We believe that when attention operates normally over the somatosensory and interoceptive cortices, SPS may be perceived (Michael et al., 2012, 2015), particularly given that activity in the primary and secondary somatosensory cortices does relate to these phenomena (Bauer et al., 2014a,b). However, in cases of altered attention, this may lead to distorted perception of such sensations (Borg et al., 2015), body perceptual alterations (Echalier et al., 2020), phantom limbs (Kinsbourne, 1998), asomatognosia (Berlucchi and Aglioti, 1997), and tactile hallucinations (Behrendt, 2006). Another theory would be that the spontaneous cortical activity that confers the characteristics of normal SPS may be easily mistaken as coming from outside the body if the internal origin is not correctly appreciated (Larøi and Woodward, 2007). In this last case, not only may bodily hallucinations arise, but the implicit bodily experience one has of one’s own body may be altered, giving rise to experiences such as abnormal feelings of transformation (Stanghellini et al., 2014).



Limitations

One limitation of the present study is the unbalanced number of male and female participants, with female participants outnumbering males. This mostly stems from the fact that participants were undergraduate students in Social Sciences and Humanities where, at least in France, female students are as much as four times more numerous than male students. Furthermore, within the 15 years of scientific investigation of SPS, we found that the probability of males being excluded from the study is high because of regular use of substance and drugs. An unbalanced sample may prevent from detecting gender-related effects, and indeed previous investigations found such gender differences in both the OBT task (Mohr et al., 2006) and SPS (Naveteur et al., 2015). Yet, except from the fact that gender differences were not one of the main factors under investigation in the present study, research showed that the SPS patterns observed in female participants (Naveteur et al., 2015) are more representative of overall performance (i.e., mixing up male and female participants) and can be more easily generalized.

An observation that may appear surprising at first glance is the complete absence of correlation between the OBT task and the SPQ. Previous research found that the higher the schizotypal traits, the slower the performance in this task (Mohr et al., 2006). However, the authors did not use a general schizotypal personality tool, as was used here. They instead used a questionnaire focusing on perceptual aberrations that included multiple assessments of body-related phenomena (Chapman et al., 1978). A closer inspection of the SPQ reveals that unusual body-related experiences are assessed in just two questions (one related to the feeling of presence and one to deformations of faces seen in a mirror). The SPQ therefore covers more global aspects of schizotypy, and this may be why no relationship was found with the OBT task. Interestingly, as explained above, both the OBT task and the SPQ correlated with SPS, despite not correlating with each other, suggesting that SPS may capture those specific aspects of each measure that relate to sense of self and the way in which the body and its boundaries are felt. The interaction found between the total SPQ scale and performance in the OBT task in predicting confidence in the location of SPS may reflect this idea.

Another limitation is that only the spatial distribution and some types of SPS were found to relate with OBT task performance and SPQ score. The remaining SPS parameters did not. This is not surprising, however, since previous research has shown that these parameters may be less sensitive, probably due to significant between-subject variability. One possible reason is the moderate size of our sample. Indeed, as power analyses suggest, the present sample is enough to detect the most common characteristic of SPS, which is the proximo-distal gradient, but it may not suffice for revealing more subtle effects that also may greatly vary between participants.



CONCLUSION

The present study provides a coherent picture of the relationship between feeling oneself, as assessed through the perception of SPS, and embodiment, as assessed through the OBT task and as seen in the schizotypal personality. Embodiment is needed in order to correctly feel and sense oneself. These findings complement previous research, which found that SPS may be interoceptive in nature (Michael et al., 2015), and show that feeling oneself is not only related to the perception of internal visceral signals, but also to the perception of tactile sensations that arise on the surface of the body without any external triggers. We believe that this study helps us understand normal and disordered bodily awareness and that the methodology associated with the assessment of SPS could be used as a research tool for addressing issues that are difficult to induce experimentally, such as tactile and bodily hallucinations, and phantom limbs. Finally, dissemination of the findings could help therapists to better apprehend disturbances of embodiment and their relationship to the schizophrenia spectrum, and develop behavioral methods and practices for the treatment and prevention of disordered body image and the self. For instance, giving precise information about the nature of sensations that are spontaneously perceived at rest may constitute a prevention practice, while helping patients with disorders of the self to focus on relevant bodily and interoceptive sensations, and providing them with techniques to scan their body and interpret those sensations may contribute to reduce feelings of anxiety.



DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.



ETHICS STATEMENT

This study involving human participants was reviewed and approved by the Comité de Protection des Personnes Sud-Est II (reference number IRB Groupement Hospitalier Est, 59 boulevard Pinel, 69500 Bron, France. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

GM supervised the research, conducted the statistical analysis, and wrote the majority of the manuscript. DG and ET created the code for the OBT task and collected and analyzed data. SS and MC provided technical assistance. All the authors made a significant contribution to drafting the article and revising it critically for important intellectual content, discussed the results, commented on the manuscript, and gave their final approval of the version for publication, contributed to the article and approved the submitted version.



FUNDING

This study received LABEX CORTEX (ANR-11-LABX-0042) funding from the University of Lyon, under the “Investissements d’Avenir” program (ANR-11-IDEX-0007) run by the French National Research Agency (ANR). It also received grants from the Auvergne-Rhône-Alpes Region (Department of Public Funding, 28/06) and from the Department for Research and Doctoral Schools at Lyon 2 University (DRED no. 13-2019). Finally, it was also financially supported by the Institute for Psychology at Lyon 2 University.



REFERENCES

Altman, D. G., Machin, D., Bryant, T. N., and Gardner, M. J. (eds) (2000). Statistics with Confidence: Confidence Intervals and Statistical Guidelines, 2nd Edn. London: BMJ.

Arzy, S., Mohr, C., Michel, C. M., and Blanke, O. (2007). Duration and not strength of activation in temporo-parietal cortex positively correlates with schizotypy. NeuroImage 35, 326–333. doi: 10.1016/j.neuroimage.2006.11.027

Arzy, S., Seeck, M., Ortigue, S., Spinelli, L., and Blanke, O. (2006). Induction of an illusory shadow person. Nature 443, 287–287. doi: 10.1038/443287a

Asai, T. (2016). Self is “other”, other is “self”: poor self-other discriminability explains schizotypal twisted agency judgment. Psychiatry Res. 246, 593–600. doi: 10.1016/j.psychres.2016.10.082

Asai, T., Kanayama, N., Imaizumi, S., Koyama, S., and Kaganoi, S. (2016). Development of embodied sense of self scale (ESSS): exploring everyday experiences induced by anomalous self-representation. Front. Psychol. 7:1005. doi: 10.3389/fpsyg.2016.01005

Barrantes-Vidal, N., Grant, P., and Kwapil, T. R. (2015). The role of schizotypy in the study of the etiology of schizophrenia spectrum disorders. Schizophr. Bull. 41(Suppl. 2), S408–S416. doi: 10.1093/schbul/sbu191

Bauer, C. C. C., Barrios, F. A., and Díaz, J.-L. (2014a). Subjective somatosensory experiences disclosed by focused attention: cortical-hippocampal-insular and amygdala contributions. PLoS One 9:e104721. doi: 10.1371/journal.pone.0104721

Bauer, C. C. C., Díaz, J.-L., Concha, L., and Barrios, F. A. (2014b). Sustained attention to spontaneous thumb sensations activates brain somatosensory and other proprioceptive areas. Brain Cogn. 87, 86–96. doi: 10.1016/j.bandc.2014.03.009

Beaudoin, R., and Michael, G. A. (2014). Gating of spontaneous somatic sensations by movement. Somatosens. Mot. Res. 31, 111–121. doi: 10.3109/08990220.2014.888992

Behrendt, R.-P. (2006). Dysregulation of thalamic sensory ‘transmission’ in schizophrenia: neurochemical vulnerability to hallucinations. J. Psychopharmacol. 20, 356–372. doi: 10.1177/0269881105057696

Berlucchi, G., and Aglioti, S. (1997). The body in the brain: neural bases of corporeal awareness. Trends Neurosci. 20, 560–564. doi: 10.1016/S0166-2236(97)01136-3

Berrios, G. E. (1982). Tactile hallucinations: conceptual and historical aspects. J. Neurol. Neurosurg. Psychiatry 45, 285–293. doi: 10.1136/jnnp.45.4.285

Blanke, O. (2005). Linking out-of-body experience and self processing to mental own-body imagery at the temporoparietal junction. J. Neurosci. 25, 550–557. doi: 10.1523/JNEUROSCI.2612-04.2005

Blanke, O., and Arzy, S. (2005). The out-of-body experience: disturbed self-processing at the temporo-parietal junction. Neuroscientist 11, 16–24. doi: 10.1177/1073858404270885

Blanke, O., Landis, T., Spinelli, L., and Seeck, M. (2004). Out−of−body experience and autoscopy of neurological origin. Brain 127, 243–258. doi: 10.1093/brain/awh040

Blanke, O., and Mohr, C. (2005). Out-of-body experience, heautoscopy, and autoscopic hallucination of neurological origin. Brain Res. Rev. 50, 184–199. doi: 10.1016/j.brainresrev.2005.05.008

Bonda, E., Petrides, M., Frey, S., and Evans, A. (1995). Neural correlates of mental transformations of the body-in-space. Proc. Natl. Acad. Sci. U. S. A. 92, 11180–11184. doi: 10.1073/pnas.92.24.11180

Borg, C., Chouchou, F., Dayot-Gorlero, J., Zimmermann, P., Maudoux, D., Laurent, B., et al. (2018). Pain and emotion as predictive factors of interoception in fibromyalgia. J. Pain Res. Vol. 11, 823–835. doi: 10.2147/JPR.S152012

Borg, C., Emond, F. C., Colson, D., Laurent, B., and Michael, G. A. (2015). Attentional focus on subjective interoceptive experience in patients with fibromyalgia. Brain Cogn. 101, 35–43. doi: 10.1016/j.bandc.2015.10.002

Braun, N., Debener, S., Spychala, N., Bongartz, E., Sörös, P., Müller, H. H. O., et al. (2018). The senses of agency and ownership: a review. Front. Psychol. 9:535. doi: 10.3389/fpsyg.2018.00535

Bretas, R. V., Taoka, M., Suzuki, H., and Iriki, A. (2020). Secondary somatosensory cortex of primates: beyond body maps, toward conscious self-in-the-world maps. Exp. Brain Res. 238, 259–272. doi: 10.1007/s00221-020-05727-9

Buckner, R. L., and Carroll, D. C. (2007). Self-projection and the brain. Trends Cogn. Sci. 11, 49–57. doi: 10.1016/j.tics.2006.11.004

(Bud) Craig, A. (2003). Interoception: the sense of the physiological condition of the body. Curr. Opin. Neurobiol. 13, 500–505. doi: 10.1016/S0959-4388(03)00090-4

(Bud) Craig, A. (2004). Human feelings: why are some more aware than others? Trends Cogn. Sci. 8, 239–241. doi: 10.1016/j.tics.2004.04.004

Burrack, A., and Brugger, P. (2005). Individual differences in susceptibility to experimentally induced phantom sensations. Body Image 2, 307–313. doi: 10.1016/j.bodyim.2005.04.002

Cameron, O. G. (2002). Visceral Sensory Neuroscience: Interoception. Oxford: Oxford University Press.

Canzoneri, E., Magosso, E., and Serino, A. (2012). Dynamic sounds capture the boundaries of peripersonal space representation in humans. PLoS One 7:e44306. doi: 10.1371/journal.pone.0044306

Chang, B. P., and Lenzenweger, M. F. (2005). Somatosensory processing and schizophrenia liability: proprioception, exteroceptive sensitivity, and graphesthesia performance in the biological relatives of schizophrenia patients. J. Abnorm. Psychol. 114, 85–95. doi: 10.1037/0021-843X.114.1.85

Chapman, L. J., Chapman, J. P., and Raulin, M. L. (1978). Body-image aberration in schizophrenia. J. Abnorm. Psychol. 87, 399–407. doi: 10.1037/0021-843X.87.4.399

Cicero, D. C., Gawȩda, Ł, and Nelson, B. (2020). The placement of anomalous self-experiences within schizotypal personality in a nonclinical sample. Schizophr. Res. 218, 219–225. doi: 10.1016/j.schres.2019.12.043

Crucianelli, L., Krahé, C., Jenkinson, P. M., and Fotopoulou, A. K. (2018). Interoceptive ingredients of body ownership: affective touch and cardiac awareness in the rubber hand illusion. Cortex 104, 180–192. doi: 10.1016/j.cortex.2017.04.018

Di Cosmo, G., Costantini, M., Salone, A., Martinotti, G., Di Iorio, G., Di Giannantonio, M., et al. (2018). Peripersonal space boundary in schizotypy and schizophrenia. Schizophr. Res. 197, 589–590. doi: 10.1016/j.schres.2017.12.003

Dumas, P., Bouafia, S., Gutknecht, C., Saoud, M., Dalery, J., and D’Amato, T. (2000). Validation de la version française du questionnaire de personnalité schizotypique de Raine (SPQ) – approche catégorielle et dimensionnelle des traits de personnalité schizotypique en population étudiante saine. L’Encéphale 26, 23–29.

Duschek, S., Werner, N. S., del Paso, G. A., and Schandry, R. (2015). The contributions of interoceptive awareness to cognitive and affective facets of body experience. J. Individ. Dif. 36, 110–118. doi: 10.1027/1614-0001/a000165

Eccles, J. A., Garfinkel, S. N., Harrison, N. A., Ward, J., Taylor, R. E., Bewley, A. P., et al. (2015). Sensations of skin infestation linked to abnormal frontolimbic brain reactivity and differences in self-representation. Neuropsychologia 77, 90–96. doi: 10.1016/j.neuropsychologia.2015.08.006

Echalier, A., Borg, C., Creac’h, C., Laurent, B., and Michael, G. A. (2020). Spontaneous sensations reveal distorted body perception in complex regional pain syndrome (CRPS). Brain Cogn. 142:105568. doi: 10.1016/j.bandc.2020.105568

Ettinger, U., Mohr, C., Gooding, D. C., Cohen, A. S., Rapp, A., Haenschel, C., et al. (2015). Cognition and brain function in schizotypy: a selective review. Schizophr. Bull. 41(Suppl. 2), S417–S426. doi: 10.1093/schbul/sbu190

Ferri, F., Ambrosini, E., and Costantini, M. (2016). Spatiotemporal processing of somatosensory stimuli in schizotypy. Sci. Rep. 6:38735. doi: 10.1038/srep38735

Ferri, F., Costantini, M., Salone, A., Di Iorio, G., Martinotti, G., Chiarelli, A., et al. (2014). Upcoming tactile events and body ownership in schizophrenia. Schizophr. Res. 152, 51–57. doi: 10.1016/j.schres.2013.06.026

Ferroni, F., Ardizzi, M., Ferri, F., Tesanovic, A., Langiulli, N., Tonna, M., et al. (2020). Schizotypy and individual differences in peripersonal space plasticity. Neuropsychologia 147:107579. doi: 10.1016/j.neuropsychologia.2020.107579

Ferroni, F., Ardizzi, M., Sestito, M., Lucarini, V., Daniel, B. D., Paraboschi, F., et al. (2019). Shared multisensory experience affects Others’ boundary: the enfacement illusion in schizophrenia. Schizophr. Res. 206, 225–235. doi: 10.1016/j.schres.2018.11.018

Filippetti, M. L., and Tsakiris, M. (2017). Heartfelt embodiment: changes in body-ownership and self-identification produce distinct changes in interoceptive accuracy. Cognition 159, 1–10. doi: 10.1016/j.cognition.2016.11.002

Gallace, A., and Spence, C. (2010). Touch and the body: the role of the somatosensory cortex in tactile awareness. Psyche Interdiscip. J. Res. Conscious. 16, 30–67.

Gallace, A., and Spence, C. (2014). In Touch with the Future: The Sense of Touch from Cognitive Neuroscience to Virtual Reality. Oxford: Oxford University Press, doi: 10.1093/acprof:oso/9780199644469.001.0001

Gallagher, S. (2000). Philosophical conceptions of the self: implications for cognitive science. Trends Cogn. Sci. 4, 14–21. doi: 10.1016/S1364-6613(99)01417-5

Gardner, M. R., Hull, Z., Taylor, D., and Edmonds, C. J. (2018). ‘Spontaneous’ visual perspective-taking mediated by attention orienting that is voluntary and not reflexive. Q. J. Exp. Psychol. 71, 1020–1029. doi: 10.1080/17470218.2017.1307868

Gardner, M. R., Stent, C., Mohr, C., and Golding, J. F. (2017). Embodied perspective-taking indicated by selective disruption from aberrant self motion. Psychol. Res. 81, 480–489. doi: 10.1007/s00426-016-0755-4

Geoffroy, P. A., Laprevote, V., Thomas, P., and Jardri, R. (2014). Somatotopy and bodily hallucinations. Psychiatry Res. Neuroimaging 221, 249–250. doi: 10.1016/j.pscychresns.2014.01.001

Graziano, M. S. A. (2018). The temporoparietal junction and awareness. Neurosci. Conscious. 2018:niy005. doi: 10.1093/nc/niy005

Herbert, B. M., Muth, E. R., Pollatos, O., and Herbert, C. (2012). Interoception across modalities: on the relationship between cardiac awareness and the sensitivity for gastric functions. PLoS One 7:e36646. doi: 10.1371/journal.pone.0036646

Kaltner, S., Riecke, B. E., and Jansen, P. (2014). Embodied mental rotation: a special link between egocentric transformation and the bodily self. Front. Psychol. 5:505. doi: 10.3389/fpsyg.2014.00505

Kim, J.-H., Choi, S.-H., Jang, J. H., Lee, D.-H., Lee, K.-J., Lee, W. J., et al. (2017). Impaired insula functional connectivity associated with persistent pain perception in patients with complex regional pain syndrome. PLoS One 12:e0180479. doi: 10.1371/journal.pone.0180479

Kinsbourne, M. (1998). “Awareness of one’s own body: an attentional theory of its nature, development, and brain basis,” in The Body and the Self, eds J. L. Bermudez, N. Eilan, and A. Marcel (Cambridge, MA: The MIT Press), 205–223.

Kulldorff, M. (1997). A spatial scan statistic. Commun. Stat. Theory Methods 26, 1481–1496. doi: 10.1080/03610929708831995

Langdon, R., and Coltheart, M. (2001). Visual perspective-taking and schizotypy: evidence for a simulation-based account of mentalizing in normal adults. Cognition 82, 1–26. doi: 10.1016/S0010-0277(01)00139-1

Larøi, F., and Woodward, T. S. (2007). Hallucinations from a cognitive perspective. Harv. Rev. Psychiatry 15, 109–117. doi: 10.1080/10673220701401993

Leker, R. R., Kami, A., and River, Y. (1996). Microsomatoagnosia: whole body schema illusion as part of an epileptic aura. Acta Neurol. Scand. 94, 383–385. doi: 10.1111/j.1600-0404.1996.tb00049.x

Lenzenweger, M. F. (2000). Two-point discrimination thresholds and schizotypy: illuminating a somatosensory dysfunction. Schizophr. Res. 42, 111–124. doi: 10.1016/S0920-9964(99)00120-6

Macefield, G., Gandevia, S. C., and Burke, D. (1990). Perceptual responses to microstimulation of single afferents innervating joints, muscles and skin of the human hand. J. Physiol. 429, 113–129. doi: 10.1113/jphysiol.1990.sp018247

McCreery, C., and Claridge, G. (2002). Healthy schizotypy. Pers. Individ. Dif. 32, 141–154. doi: 10.1016/S0191-8869(01)00013-7

Michael, G. A., Dorey, J.-M., Rey, R., D’Amato, T., Fabre, D., Brunet, S., et al. (2020). Attention in schizophrenia: Impaired inhibitory control, faulty attentional resources, or both? Psychiatry Res. 290:113164. doi: 10.1016/j.psychres.2020.113164

Michael, G. A., Dupuy, M.-A., Deleuze, A., Humblot, M., Simon, B., and Naveteur, J. (2012). Interacting effects of vision and attention in perceiving spontaneous sensations arising on the hands. Exp. Brain Res. 216, 21–34. doi: 10.1007/s00221-011-2901-y

Michael, G. A., and Naveteur, J. (2011). The tickly homunculus and the origins of spontaneous sensations arising on the hands. Conscious. Cogn. 20, 603–617. doi: 10.1016/j.concog.2010.11.013

Michael, G. A., Naveteur, J., Dupuy, M.-A., and Jacquot, L. (2015). My heart is in my hands: the interoceptive nature of the spontaneous sensations felt on the hands. Physiol. Behav. 143, 113–120. doi: 10.1016/j.physbeh.2015.02.030

Michael, G. A., Tapiero, I., Gálvez-García, G., and Jacquot, L. (2017). Thoughts and sensations, twin galaxies of the inner space: the propensity to mind-wander relates to spontaneous sensations arising on the hands. Conscious. Cogn. 55, 223–231. doi: 10.1016/j.concog.2017.08.007

Moe, A. M., and Docherty, N. M. (2014). Schizophrenia and the sense of self. Schizophr. Bull. 40, 161–168. doi: 10.1093/schbul/sbt121

Mohr, C., Blanke, O., and Brugger, P. (2006). Perceptual aberrations impair mental own-body transformations. Behav. Neurosci. 120, 528–534. doi: 10.1037/0735-7044.120.3.528

Naveteur, J., Dupuy, M.-A., Gabrielli, F., and Michael, G. A. (2015). How we perceive our own hands: effects of attention, aging, and sex. Somatosens. Mot. Res. 32, 227–235. doi: 10.3109/08990220.2015.1086326

Naveteur, J., Honore, J., and Michael, G. (2005). How to detect an electrocutaneous shock which is not delivered?Overt spatial attention influences decision. Behav. Brain Res. 165, 254–261. doi: 10.1016/j.bbr.2005.07.001

Nelson, B., Thompson, A., and Yung, A. R. (2012). Basic self-disturbance predicts psychosis onset in the ultra high risk for psychosis “prodromal”. Population. Schizophr. Bull. 38, 1277–1287. doi: 10.1093/schbul/sbs007

Noel, J.-P., Cascio, C. J., Wallace, M. T., and Park, S. (2017). The spatial self in schizophrenia and autism spectrum disorder. Schizophr. Res. 179, 8–12. doi: 10.1016/j.schres.2016.09.021

Ochoa, J., and Torebjörk, E. (1983). Sensations evoked by intraneural microstimulation of single mechanoreceptor units innervating the human hand. J. Physiol. 342, 633–654. doi: 10.1113/jphysiol.1983.sp014873

Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychologia 9, 97–113. doi: 10.1016/0028-3932(71)90067-4

Peled, A., Ritsner, M., Hirschmann, S., Geva, A. B., and Modai, I. (2000). Touch feel illusion in schizophrenic patients. Biol. Psychiatry 48, 1105–1108. doi: 10.1016/S0006-3223(00)00947-1

Penfield, W., and Boldrey, E. (1937). Somatic motor and sensory representation in the cerebral cortex of man as studied by electrical stimulation. Brain 60, 389–443. doi: 10.1093/brain/60.4.389

Persinger, M. A. (2001). The neuropsychiatry of paranormal experiences. J. Neuropsychiatry Clin. Neurosci. 13, 515–524. doi: 10.1176/jnp.13.4.515

Pesimena, G., Wilson, C. J., Bertamini, M., and Soranzo, A. (2019). The role of perspective taking on attention: a review of the special issue on the reflexive attentional shift phenomenon. Vision 3:52. doi: 10.3390/vision3040052

Quinones, V. (2009). Tactile hallucinations: presenting symptom of schizophrenia. Jefferson J. Psychiatry 22:1. doi: 10.29046/JJP.022.1.001

Raine, A. (1991). The SPQ: a scale for the assessment of schizotypal personality based on DSM-III-R Criteria. Schizophr. Bull. 17, 555–564. doi: 10.1093/schbul/17.4.555

Raine, A., Reynolds, C., Lencz, T., Scerbo, A., Triphon, N., and Kim, D. (1994). Cognitive-perceptual, interpersonal, and disorganized features of schizotypal personality. Schizophr. Bull. 20, 191–201. doi: 10.1093/schbul/20.1.191

Sakson-Obada, O., Chudzikiewicz, P., Pankowski, D., and Jarema, M. (2018). Body image and body experience disturbances in schizophrenia: an attempt to introduce the concept of body self as a conceptual framework. Curr. Psychol. 37, 390–400. doi: 10.1007/s12144-016-9526-z

Salgues, S., Plancher, G., Jacquot, L., Naveteur, J., Fanuel, L., Gálvez-García, G., et al. (2021). To the self and beyond: arousal and functional connectivity of the temporo-parietal junction contributes to spontaneous sensations perception. Behav. Brain Res. 396:112880. doi: 10.1016/j.bbr.2020.112880

Sass, L. A., and Parnas, J. (2003). Schizophrenia, consciousness, and the self. Schizophr. Bull. 29, 427–444. doi: 10.1093/oxfordjournals.schbul.a007017

Schady, W. J. L., Torebjörk, H. E., and Ochoa, J. L. (1983). Cerebral localisation function from the input of single mechanoreceptive units in man. Acta Physiol. Scand. 119, 277–285. doi: 10.1111/j.1748-1716.1983.tb07338.x

Schandry, R. (1981). Heart beat perception and emotional experience. Psychophysiology 18, 483–488. doi: 10.1111/j.1469-8986.1981.tb02486.x

Schmidt, R. F., Schady, W. J. L., and Torebjörk, H. E. (1990a). Gating of tactile input from the hand: I. Effects of finger movement. Exp. Brain Res. 79, 97–102. doi: 10.1007/BF00228877

Schmidt, R. F., Torebjörk, H. E., and Schady, W. J. L. (1990b). Gating of tactile input from the hand: II. Effects of remote movements and anaesthesia. Exp. Brain Res. 79, 103–108. doi: 10.1007/BF00228878

Stanghellini, G., Ballerini, M., Blasi, S., Mancini, M., Presenza, S., Raballo, A., et al. (2014). The bodily self: a qualitative study of abnormal bodily phenomena in persons with schizophrenia. Comp. Psychiatry 55, 1703–1711. doi: 10.1016/j.comppsych.2014.06.013

Stanghellini, G., Ballerini, M., Fusar Poli, P., and Cutting, J. (2012). Abnormal bodily experiences may be a marker of early schizophrenia? Curr. Pharm. Design 18, 392–398. doi: 10.2174/138161212799316181

Suzuki, K., Garfinkel, S. N., Critchley, H. D., and Seth, A. K. (2013). Multisensory integration across exteroceptive and interoceptive domains modulates self-experience in the rubber-hand illusion. Neuropsychologia 51, 2909–2917. doi: 10.1016/j.neuropsychologia.2013.08.014

Thakkar, K. N., Nichols, H. S., McIntosh, L. G., and Park, S. (2011). Disturbances in body ownership in schizophrenia: evidence from the rubber hand illusion and case study of a spontaneous out-of-body experience. PLoS One 6:e27089. doi: 10.1371/journal.pone.0027089

Tihanyi, B., and Köteles, F. (2017). Physiological and psychological correlates of attention-related body sensations (tingling and warmth). Physiol. Int. 104, 235–246. doi: 10.1556/2060.104.2017.3.4

Tsakiris, M. (2010). My body in the brain: a neurocognitive model of body-ownership. Neuropsychologia 48, 703–712. doi: 10.1016/j.neuropsychologia.2009.09.034

Tsakiris, M. (2017). The multisensory basis of the self: from body to identity to others. Q. J. Exp. Psychol. 70, 597–609. doi: 10.1080/17470218.2016.1181768

Tsakiris, M., Hesse, M. D., Boy, C., Haggard, P., and Fink, G. R. (2007). Neural signatures of body ownership: a sensory network for bodily self-consciousness. Cereb. Cortex 17, 2235–2244. doi: 10.1093/cercor/bhl131

Vaitl, D. (1996). Interoception. Biol. Psychol. 42, 1–27. doi: 10.1016/0301-0511(95)05144-9

van der Weiden, A., Prikken, M., and van Haren, N. E. M. (2015). Self–other integration and distinction in schizophrenia: a theoretical analysis and a review of the evidence. Neurosci. Biobehav. Rev. 57, 220–237. doi: 10.1016/j.neubiorev.2015.09.004

Van Doorn, G., De Foe, A., Wood, A., Wagstaff, D., and Hohwy, J. (2018). Down the rabbit hole: assessing the influence of schizotypy on the experience of the Barbie Doll Illusion. Cogn. Neuropsychiatry 23, 284–298. doi: 10.1080/13546805.2018.1495623

van Elk, M., and Blanke, O. (2014). Imagined own-body transformations during passive self-motion. Psychol. Res. 78, 18–27. doi: 10.1007/s00426-013-0486-8

Wolpert, D. M., Goodbody, S. J., and Husain, M. (1998). Maintaining internal representations: the role of the human superior parietal lobe. Nat. Neurosci. 1, 529–533. doi: 10.1038/2245

Zacks, J., Rypma, B., Gabrieli, J. D. E., Tversky, B., and Glover, G. H. (1999). Imagined transformations of bodies: an fMRI investigation. Neuropsychologia 37, 1029–1040. doi: 10.1016/S0028-3932(99)00012-3


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Michael, Guyot, Tarroux, Comte and Salgues. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-11-578237-t001.jpg
Cogptive poccetul
Socubntparson
Deorgarization
08T task
Rasponss Tinés.
Numiae comct

SPS paramoters. 55 categories:

Intonsity  Confidence  Confidonce  Numberof  Spatialaxtent  Variety. Thermat Deap Suface  Paresis-Like  Pain-Like
inlocation Inextent  disjoined areas  per area

~0005048 ~DIOSDIE -D0S20NE  QMOSOAS  ~DMSTONE  OHO16) 0BT OMTOSE  0OFTOI8  OMZOIE 0181048
0198018 0101018 00BE7)  -009O1E 01610 020507 O0OBOIN -DOWMOIE 002018  0ISSOIE 000402
0179015 0216008 020605  -0M3OAN  ODBMIE  -D24TDMI -0MOM -0 OAE -DBOAN  0ITOIE -0142 00
D218 DOSSOAN  BINBAT  DMEPIE  -0080(018) OOMEIT) 02O 0128018 -00ERIH -0IRNT) -0MEIY
OUBOIE 004D 00O -0005018 000G 02O 0225017 001018 0061 OO -0IBOH
0103018 DITDOE  00B1OME  0OMSDIY 0B 013NN -DAWOT ~LI0NCIE 0206019 -0ITBOE 02808
0156016 -00IB0IE 00RO 0041 CIBEIG  -DOODIE -0ISIOLS -0 EIG 00BOME 002045 022015
0EMIS OIS 0DTIDIS  00BPMM  0OBOIE 039N -00IOM 00EOIE  00TIOIE 01801 004108

SPS, Sponfarmous Sensalfans: B, Body Massind. SPO, Schizohypal Parscralty Cvesfonnare: OB tash, Own Body Tiansiormation task.

“Sniicant precetion





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Feeling Oneself Requires Embodiment: Insights From the Relationship Between Own-Body Transformations, Schizotypal Personality Traits, and Spontaneous Bodily Sensations



		INTRODUCTION



		MATERIALS AND METHODS



		General Procedure



		Participants



		SPQ



		SPS Task







		OBT Task







		RESULTS



		SPQ



		OBT Task



		Topography of SPS Frequency



		SPS Frequency and Spatial Correlations



		SPS Frequency and OBT Task



		SPS Frequency and SPQ Scores



		Other Parameters



		Types of Sensations



		Correlation Between the SPQ and the OBT Task







		DISCUSSION



		Embodiment, Disembodiment, and SPS



		Schizotypy and SPS



		Origins of Feeling Oneself



		Limitations







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/fpsyg-11-578237-g002.jpg
Own Body Transformation Task

SPS frequency
Response Times Number Correct

20%

0%
POSENE  oap- o
corfelaton g 820104
. ) . Bt

Schizotypal Personality Questionnaire

Full Scale Cognitive-Perceptual Social-Interpersonal Disorganized frierid
e
negative * bant- s

correlation






OPS/images/cover.jpg
frontiers
in Psychology

Feeling Oneself Requires
Embodiment: Insights From
the Relationship Between
Own-Body Transformations,
Schizotypal Personality Traits,
and Spontaneous Bodily
Sensations





OPS/images/fpsyg-11-578237-g001.jpg
A \,

« .
ting' tingling
cooling

focusin mappi intesity fi confldence
cusing pping  IMtestY  identification Stings

I
I










OPS/images/logo.jpg
’ frontiers
in Psychology





