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1. Introduction  1 

 2 

The feeling that our body belongs to us (i.e. body ownership) is an essential aspect of our 3 

sense of self (Gallagher, 2000; Tsakiris, 2016). Research in cognitive neuroscience has 4 

predominantly studied body ownership and body awareness based upon the integration of 5 

sensory signals (i.e. multisensory integration) from exteroceptive modalities such as vision and 6 

touch (de Vignemont, 2010; Graziano & Botvinick, 2002). Indeed, an established experimental 7 

method used to study multisensory integration towards body ownership is the Rubber Hand 8 

Illusion (RHI), in which individuals experience ownership over a fake hand when it is stroked 9 

in synchrony with the participant’s own, unseen hand (Botvinick & Cohen, 1998). Such 10 

illusory ownership is argued to occur as a result of a three-way weighted interaction between 11 

vision, touch, and proprioception (i.e. sense of body position), in which the source of tactile 12 

stimulation on one’s own, unseen body (part) is attributed to the location of visually perceived 13 

fake body (part) when the two are stroked synchronously. The principles of such multisensory 14 

integration have been more recently extended to illusory ownership towards another’s entire 15 

body during the Full Body Illusion. Variations of this illusion exist, in which participants 16 

typically perceive a change in self-location which induces an illusory experience of being in a 17 

position outside of their physical body (Ehrsson, 2007), or an illusory ownership towards 18 

another’s body from a third-person perspective (Lenggenhager, Tadi, Metzinger, & Blanke, 19 

2007) or first-person perspective (Petkova & Ehrsson, 2008; Slater, Spanlang, Sanchez-Vives, 20 

& Blanke, 2010). 21 

 22 

However, recent studies have highlighted the fundamental contribution of interoceptive 23 

signals towards body ownership, defined here as incoming afferent sensory channels that 24 

monitor the physiological state of one’s body (Ceunen, Vlaeyen, & Van Diest, 2016). Such 25 
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information can arise from within the body (e.g. hunger, thirst, cardiac awareness) and outside 26 

the body (e.g. itch, pain, pleasure from touch) (Ceunen et al., 2016; Craig, 2002). Crucially, 27 

the successful integration and reciprocal relationship between exteroceptive and interoceptive 28 

sensory channels are fundamental in contributing to one’s sense of body ownership (Ainley & 29 

Tsakiris, 2013; Filippetti, Kirsch, Crucianelli, & Fotopoulou, 2019). Specifically, manipulation 30 

of both interoceptive and exteroceptive signals has been shown to influence how the body is 31 

perceived during multisensory tasks (Aspell et al., 2013; Filippetti & Tsakiris, 2017; Suzuki, 32 

Garfinkel, Critchley, & Seth, 2013; Tsakiris, Tajadura-Jiménez, & Costantini, 2011).  33 

 34 

Although research principally uses cardiac-related measures as a proxy for interoceptive 35 

awareness (e.g. heartbeat detection task; Schandry, 1981), an increasingly used method to 36 

investigate the role of interoceptive signals in body ownership is the use of affective touch. 37 

Here, affective touch refers to a dynamic, low-pressure, caress-like tactile stimulation of 38 

relatively slow velocity (see below) which has been shown to optimally activate specific slow-39 

conducting, unmyelinated, low-threshold mechanoreceptors (C-tactile (CT) afferent nerve 40 

fibres) found only in hairy skin (Vallbo et al., 1999). Microneurography evidence has shown 41 

that these fibres respond optimally to stroking velocities between 1 and 10 cm/s, with their 42 

activation linearly associated with increased subjective pleasantness ratings (Löken et al., 43 

2009), and maximised at human skin-like temperatures during tactile stimulation (Ackerley et 44 

al., 2014). Indeed, recent work has shown how CT-optimal touch has been associated with 45 

positive affective state using implicit measures (Pawling, Cannon, McGlone, & Walker, 2017). 46 

Whilst other brain areas have been implicated in affective touch, such afferent signals seem to 47 

take a distinct pathway to the posterior insular cortex (Björnsdotter, Morrison, & Olausson, 48 

2010; Morrison, 2016; Olausson et al., 2002), which is a key area associated with the early 49 

convergence of interoceptive and exteroceptive bodily information (Craig, 2009; Crucianelli 50 
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et al., 2016; Morrison et al., 2011). Therefore, affective touch is argued to provide an important 51 

source of interoceptive information regarding the physiological state of the body that is not 52 

provided to the same degree by non-affective touch. 53 

 54 

Several studies have shown that affective touch may have an important role in contributing 55 

towards the formation of one’s body ownership within multisensory integration. Indeed, 56 

evidence has shown subtle enhancing effects of affective touch towards the experience of body 57 

ownership within the RHI during synchronous multisensory integration amongst healthy 58 

individuals, both subjectively (Crucianelli, Krahé, Jenkinson, & Fotopoulou, 2017; Crucianelli 59 

et al., 2013; Lloyd, Gillis, Lewis, Farrell, & Morrison, 2013) and behaviourally (van Stralen et 60 

al., 2014). Such findings may, in part, be a result of the involvement of bottom-up signals 61 

associated with CT-optimal touch, but recent evidence has also highlighted the role of other 62 

cross-modal factors in the modulation of body ownership such as the affective certainty and 63 

congruency of seen and felt touch (Filippetti et al., 2019). Additionally, the enhancing effects 64 

of affective touch have been shown to extend to facial self-recognition during synchronous and 65 

congruent multisensory integration in the enfacement illusion, with evidence to suggest that 66 

such CT-optimal touch may also reduce ‘deafference’ (i.e. feeling of numbness in the body) 67 

during asynchronous multisensory integration (Panagiotopoulou, Filippetti, Tsakiris, & 68 

Fotopoulou, 2017). Indeed, such compelling hypotheses highlight that further research is 69 

required to fully understand the subtle, specific contribution of the CT system towards body 70 

ownership. More recently, research has investigated whether the enhancing effect of affective 71 

touch towards ownership of a rubber hand extends to enhanced ownership over a whole body 72 

(de Jong, Keizer, Engel, & Dijkerman, 2017). Such evidence showed that participants did 73 

display enhanced subjective ownership towards a full virtual body following affective, but not 74 

non-affective touch (Study 1). However, this effect disappeared when asynchronous visuo-75 
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tactile stroking was introduced as a control condition (Study 2), with no difference in subjective 76 

ownership observed between affective vs. non-affective touch for both synchronous and 77 

asynchronous conditions. Importantly, whilst the enhancing effect of affective touch towards 78 

body-part ownership has provided corroborative results, the role of affective touch towards 79 

ownership over a full body remains inconclusive, which the present study aims to address.  80 

 81 

Critically, research has shown that individuals with anorexia nervosa (AN) display 82 

differences in their subjective anticipation or perception of the pleasantness of affective touch 83 

compared with healthy controls (Bischoff-Grethe et al., 2018; Crucianelli et al., 2016; 84 

Davidovic et al., 2018). This may represent a general anhedonic, reduced bodily pleasure 85 

amongst such individuals, which is similarly observed in other clinical disorders such as 86 

depression (Pizzagalli, Iosifescu, Hallett, Ratner, & Fava, 2008). Alternatively, such 87 

differences amongst AN patients may reflect bottom-up, somatosensory disturbances that have 88 

been observed amongst the eating disorder (ED) population (Crucianelli et al., 2016), 89 

particlarly in relations to alterations in the perceptions of tactile stimuli (Keizer et al., 2011; 90 

Keizer, Smeets, Postma, van Elburg, & Dijkerman, 2014). The latter hypothesis is important 91 

to consider in the context of multisensory integration, given the close association between the 92 

stability of one’s somatosensory processing, interoceptive awareness, and one’s body image 93 

(Duschek, Werner, Reyes del Paso, & Schandry, 2015; Zamariola, Cardini, Mian, Serino, & 94 

Tsakiris, 2017), which refers to the conscious representation of the body based on its 95 

perceptual, cognitive and affective evaluations (Badoud & Tsakiris, 2017). Specifically, 96 

interoceptive alterations have been implicated with disturbances in body image amongst 97 

clinical EDs (Merwin, Zucker, Lacy, & Elliott, 2010; Pollatos et al., 2008, 2016). However, 98 

evidence is yet to determine whether ED patients’ reduced subjective pleasantness to touch 99 

could be a consequence of chronic disordered eating behaviours, or a trait phenomenon that is 100 



 6 

present prior to illness onset (Eshkevari, Rieger, Longo, Haggard, & Treasure, 2014) and may 101 

thus contribute to the development of the disorder. Therefore, a key aim within the present 102 

study will be to investigate individual differences in the subjective pleasantness of perceived 103 

touch amongst healthy individuals in relation to subthreshold ED psychopathology, to better 104 

understand the mechanisms that may contribute to a clinical diagnosis (Carey, Crucianelli, 105 

Preston, & Fotopoulou, 2019; Preston & Ehrsson, 2014, 2016, 2018).  106 

 107 

In the present study, we used an adapted version of an established paradigm (Petkova & 108 

Ehrsson, 2008) to investigate the role of affective touch in modulating ownership during 109 

multisensory integration within the full body illusion, across two experiments. Experiment 1 110 

aimed to replicate previous research with a similar methodology (de Jong et al., 2017), in which 111 

participants received affective (slow; CT-optimal) and non-affective (fast; CT-non-optimal) 112 

touch on their forearm in synchrony or asynchrony with the touch administered to the forearm 113 

of a mannequin body. Experiment 2 provided an identical set-up, but builds upon Experiment 114 

1 by using a spatially incongruent condition as an alternative control condition, rather than 115 

asynchrony (Panagiotopoulou et al., 2017). This was chosen because there is little evidence to 116 

suggest that spatial incongruence causes ‘deafference’ to the same degree as asynchrony. 117 

Therefore, using visuotactile congruence in Experiment 2 meant that the illusion can be 118 

manipulated whilst maintaining attention  and synchrony as a constant. In line with previous 119 

research (Crucianelli et al., 2017, 2013; de Jong et al., 2017; Panagiotopoulou et al., 2017), it 120 

is hypothesised that affective touch would be perceived as more pleasant, and lead to greater 121 

embodiment over a whole body compared with non-affective touch. This effect is expected to 122 

occur following synchronous/congruent conditions only, with no difference in embodiment 123 

expected between asynchronous/incongruent conditions (Filippetti et al., 2019). Additionally, 124 

we wished to investigate whether the subjective perception of touch is associated with 125 
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subthreshold ED psychopathology amongst healthy individuals, irrespective of body 126 

ownership. If previously observed differences in the subjective perception of pleasant touch 127 

are a trait feature which can be identified amongst those at risk for an ED, it is hypothesised 128 

that there will be a negative relationship between perceived pleasantness of touch during the 129 

illusion and ED psychopathology. Conversely, no relationship between these outcomes would 130 

suggest that such differences in the hedonic value of affective touch observed in EDs may be 131 

a consequence of the disorder, rather than a predisposing factor. 132 

 133 

2. Methods  134 

2.1 Experiment 1 135 

2.1.1 Participants 136 

Forty-one female participants (Mean age = 20.10, SD ± 2.48, range = 18-31) were 137 

recruited via the University of York research participation scheme, and received course credit 138 

for a single 60-minute testing session. All participants had no current or previous neurological 139 

or psychological disorders (self-report), and normal or corrected-to-normal vision. Participants 140 

had a mean body mass index (BMI) of 21.54 (SD ± 2.41, range = 18.30-28.60). Exclusion 141 

criteria included any specific skin conditions (e.g. eczema, psoriasis) or any scarring or tattoos 142 

on the left arm. All participants gave informed, written consent to take part in the study. The 143 

study received ethical approval from the University of York Departmental Ethics Committee, 144 

and was conducted in accordance with the Declaration of Helsinki. One participant was later 145 

excluded after self-reporting a previous psychological condition, and a further two participants 146 

were excluded as extreme outliers, scoring more than 2 SD below the group mean in 147 

pleasantness ratings of affective touch (3 cm/s velocity) during the illusion (Ponzo, Kirsch, 148 

Fotopoulou, & Jenkinson, 2018). Therefore, the final sample consisted of thirty-eight 149 

participants (Mean age = 19.92, SD ± 2.33, range = 18-31).   150 
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2.1.2 Design 151 

The experiment used a 2 (stroking velocity: affective vs. non-affective) x 2 (stroking 152 

synchrony: synchronous vs. asynchronous) within-subjects design. Stroking velocity was 153 

manipulated by administering slow, affective touch (3 cm/s - CT-optimal), and fast, non-154 

affective touch (18 cm/s - CT-non-optimal) (see Carey et al., 2019; Crucianelli et al., 2013; 155 

Panagiotopoulou et al., 2017; Ponzo et al., 2018) to each participants’ arm (and mannequin 156 

arm) for 60 seconds. Prior to all experimental conditions, participants completed a condition 157 

in which no visuotactile stimulation was applied and they merely visually observed the 158 

mannequin body from a first-person perspective (visual capture condition), for 30 seconds. 159 

This was to determine the degree of embodiment experienced by participants due to ‘visual 160 

capture’ of congruent proprioceptive information of the mannequin body with one’s own body 161 

position (Carey et al., 2019; Crucianelli et al., 2017, 2013). Previous research has shown that 162 

as few as 15 seconds is sufficient to elicit visual capture within RHI paradigms, as a two-way 163 

sensory integration between vision and proprioception (Martinaud, Besharati, Jenkinson, & 164 

Fotopoulou, 2017; Ponzo et al., 2018). Additionally, 60 seconds has been shown to be 165 

sufficient to induce changes in measures of body ownership in both RHI and full body illusions 166 

involving synchronous touch, as a three-way sensory integration between vision, 167 

proprioception, and touch (Crucianelli et al., 2013; Preston & Ehrsson, 2014). Therefore, 168 

accounting for the additional use of head-mounted displays in the present study, we chose to 169 

implement a 30 second ‘visual capture’ condition and a 60 second experimental condition. 170 

 171 

Dependent variables were: 1) subjective pleasantness of stroking received on 172 

participants’ arm following each illusion trial (see Measures section for measurement details), 173 

to investigate whether affective touch was perceived as more pleasant than non-affective touch 174 

during the illusion (Crucianelli et al., 2016, 2013). 2) Subjective embodiment experienced by 175 
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participants, rated after each trial via an embodiment questionnaire (see Measures section and 176 

Table 1 for details). For each condition, the embodiment questionnaire was completed pre-177 

stroking (i.e. visual capture condition) and post-stroking (i.e. illusion condition). In line with 178 

previous studies (Crucianelli et al., 2017, 2013), an ‘embodiment change’ score was calculated 179 

by subtracting pre-stroking scores from post-stroking scores to determine the subjective 180 

embodiment due to visuotactile integration. Participants completed four visual capture 181 

conditions, and four illusion conditions, for a total of eight trials. The order of all experimental 182 

conditions was randomised across participants. 183 

 184 

2.1.3 Measures 185 

2.1.3.1 Pleasantness Ratings 186 

Following illusion trials only, a measurement of the perceived pleasantness of the tactile 187 

stimulation was taken, to determine whether participants perceived slow, affective touch as 188 

more pleasant than fast, non-affective touch (Crucianelli et al., 2016, 2017; Löken et al., 2009). 189 

Participants were asked “How pleasant was the touch of the brush on your arm?” which was 190 

rated on a Visual Analogue Scale (VAS) anchored by “Not at all pleasant” (0) and “Extremely 191 

pleasant” (100).  192 

 193 

2.1.3.2 Embodiment Questionnaire 194 

Following each trial, participants rated their subjective embodiment via an embodiment 195 

questionnaire along a 7-point Likert scale (-3 ‘strongly disagree’ to +3 ‘strongly agree’). The 196 

same questionnaire was completed for both visual capture and illusion conditions, with the 197 

addition of one item for illusion conditions (see Table 1). The questionnaire (adapted from 198 

Longo, Schüür, et al., 2008) was composed of two subcomponents: ownership (i.e. the feeling 199 

that the mannequin body belongs to them) and location (i.e. the feeling that the mannequin 200 
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body was in the position of their own body). An overall embodiment score was calculated by 201 

averaging the above two subcomponent scores (see Table 1). Embodiment questions were 202 

identical in both visual capture and illusion conditions, with the addition of a further 203 

embodiment (Location) question, regarding the referral of touch in illusion trials. The final two 204 

statements were control statements, which served to control for task compliance, suggestibility, 205 

and confabulation within each trial. Control statements are similar in being body-related items, 206 

but are designed to not capture the phenomenological experience of embodiment. 207 

 208 

Table 1. Embodiment Questionnaire presented to participants following each trial.  209 

           Questionnaire Statement Component 

1. It seemed like I was looking directly at my own body, rather than a mannequin body Ownership 

2. It seemed like the mannequin body belonged to me Ownership 

3. It seemed like the mannequin body was part of my body Ownership 

4. It seemed like the mannequin body was in the location where my body was. Location 

5. It seemed like the touch I felt was caused by the brush touching the mannequin arm* Location 

6. It felt like I had two bodies (at the same time) Control 

7. It felt like my body was made out of rubber Control 

NB.  The order of questionnaire statements was randomized for each trial and participant. 210 

*= Item 5 delivered following illusion trials only. 211 

 212 

 2.1.3.3 Eating Disorder Examination Questionnaire (EDE-Q) 213 

The EDE-Q (Fairburn & Beglin, 1994) is a 28-item questionnaire used as a self-report 214 

measure of ED psychopathology. The questionnaire assesses disordered eating behaviours 215 

within the past 28 days, in which there are four subscales: Restraint, Eating Concern, Weight 216 

Concern and Shape Concern, in which a ‘global’ score is calculated from the average of the 217 

four subscales. Items are rated along a seven-point Likert scale (0-6), in which higher scores 218 

signify higher ED psychopathology. This scoring is calculated with the exemption of six items 219 
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in which frequency of eating behaviour is recorded, however, these items do not contribute to 220 

the subscale scores. This measure has good internal consistency, with Cronbach’s alpha 221 

ranging from .78 to .93 in a non-clinical sample (Berg et al., 2012). The overall global EDE-Q 222 

measure in the present study had a Cronbach’s alpha of .95 in both Experiment 1 and 223 

Experiment 2. 224 

 225 

2.1.4 Materials 226 

A life-size female mannequin was used to induce the Full Body Illusion, which was 227 

dressed in a white t-shirt, blue jeans and black socks, with the head removed at the neckline to 228 

allow correct positioning of the video cameras. The mannequin body was in a standing position 229 

(Height: 159cm; Shoulders: 94cm; Hips: 87cm; Waist: 62cm) with arms placed by their side 230 

(see Figure 1b). For all trials, participants stood to the right of the mannequin body, separated 231 

by an office screen divider (see Figure 1a), and wore a set of head-mounted displays (HMDs) 232 

(Oculus Rift DK2, Oculus VR, Irvine, CA, USA), with a resolution of 1200 x 1080 pixels per 233 

eye, a refresh rate of 75Hz, and a corresponding nominal visual field of 100°. The HMDs were 234 

connected to a stereoscopic camera (USB 3.0 VR stereo camera, Ovrvision Pro, Japan), 235 

presenting a real time, video image to participants. The cameras were mounted and positioned 236 

downwards, at the eye line of the mannequin, presenting a first-person perspective of the body, 237 

consistent with looking down towards one’s own body. Tactile stimulation (i.e. stroking) was 238 

applied using two identical, cosmetic make-up brushes (Natural hair Blush Brush, N◦7, The 239 

Boots Company; brush width ≈ 3cm). All trials and responses were made using PsychoPy 2 240 

(Peirce, 2007) on an Apple iMac desktop computer (1.6GHz dual-core Intel Core i5 processor).  241 
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 243 

 244 

 245 

 246 

 247 

 248 

 249 

Figure 1. Experimental set-up. a) Visual capture trials, in which participants stood in an 250 

identical stance to the mannequin body (NB. Participants were not asked to wear matching 251 

clothes to the mannequin during the experiment). b) Participants viewed a live video image of 252 

the mannequin body from a first-person perspective, via head mounted displays. c) In illusion 253 

trials, the experimenter stroked the left forearm of the mannequin body and the corresponding 254 

forearm of the participant, in temporal and anatomical synchrony. 255 

 256 

2.1.5 Experimental Procedure  257 

Prior to the experimental trials, two adjacent 9 cm x 4 cm stroking areas were marked on 258 

the hairy skin of each participants’ left forearm, using a washable marker pen (consistent with 259 

previous studies; Crucianelli et al., 2013). This provided a specific anatomical area for which 260 

to administer tactile stimulation for participants. Tactile stimulation during all experimental 261 

trials was alternated between these two areas, to minimise habituation, prevent CT fibre fatigue, 262 

and provided the experimenter with an assigned area to control the pressure of each stroke. 263 

Anatomically congruent areas of tactile stimulation were applied to the mannequin arm and 264 

participants’ own arm within each illusion trial.  265 

 266 

For visual capture trials, participants wore the HMDs for a 30-second period whilst visually 267 

observing the mannequin body (visual capture condition). Following this trial, participants 268 

removed the HMDs and rated their subjective embodiment towards the mannequin via the 269 

a) b) c) 
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embodiment questionnaire (see Table 1) on a separate computer. Removing the HMDs 270 

following each trial also served as a ‘rest period’ for participants to move freely and dissociate 271 

their subjective experience between trials. For illusion trials, participants identically viewed 272 

the mannequin body via the HMDs, and the experimenter stroked the left forearm of both the 273 

participant and the mannequin body for a 60-second period. In synchronous trials, the 274 

experimenter stroked the participants’ forearm in complete temporal and anatomical synchrony 275 

to the mannequin forearm. In asynchronous trials, a temporal delay (i.e. offset by ~2 seconds) 276 

was applied such that the visual strokes seen by the participant on the mannequin were out of 277 

time from the felt strokes on the participants’ own arm. Participants completed two 278 

synchronous trials (affective vs. non-affective) and two asynchronous trials (affective vs. non-279 

affective), each of which were preceded by a 30-second visual capture trial. The experimenter 280 

was trained to administer each stroke at the precise speed (affective – 3 cm/s or non-affective 281 

– 18 cm/s), by counting the number of strokes within a window of 3 seconds per individual 282 

stimulation (i.e. one 3 sec-long stroke for 3 cm/s velocity, and six 0.5 sec-long strokes for 18 283 

cm/s velocity). The length of each respective trial duration was auditorily cued for the 284 

experimenter, with a short countdown, using PsychoPy 2. Following the illusion trial, 285 

participants rated their subjective experience of the illusion once again via the embodiment 286 

questionnaire, in addition to pleasantness ratings.  287 

 288 

Finally, after completing the experimental trials of the illusion, participants completed a 289 

short questionnaire which provided their demographic information (i.e. age, height, weight), in 290 

addition to the EDE-Q completed privately on the desktop computer.  291 
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2.2 Experiment 2 292 

2.2.1 Participants 293 

Forty-three female participants (Mean age = 18.98, SD ± .74, range = 18 - 20) were 294 

recruited via the University of York research participation scheme, and received course credit 295 

for a single 60-minute testing session. Identical inclusion and exclusion criteria were applied 296 

as Experiment 1, and it was ensured that no participants within Experiment 2 had already 297 

participated in Experiment 1. Participants had a mean BMI of 21.89 (SD ± 2.67, range = 16.66-298 

28.32). All participants gave informed consent to take part in the study. The study received 299 

ethical approval from the University of York Departmental Ethics Committee, and was 300 

conducted in accordance with the Declaration of Helsinki. One participant was later excluded 301 

after self-reporting a previous psychological condition; one was excluded because of scarring 302 

on their arms; and one was excluded following poor comprehension with the experimental 303 

procedure. A further participant was excluded as an extreme outlier, scoring more than 2 SD 304 

below the group mean in pleasantness ratings of affective touch (3 cm/s velocity) during the 305 

illusion (Ponzo et al., 2018). Therefore, the final sample consisted of thirty-nine participants 306 

(Mean age = 19.00, SD ± .76, range = 18 - 20).   307 
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Table 2. Participant demographic information (Mean and (SD)) with EDE-Q subscale and 308 

global scores 309 

 Note: BMI: Body Mass Index.  310 
a Median and interquartile range in parentheses 311 
b Mann-Whitney U test - Z statistic 312 

 313 

 314 

2.2.2 Design, Materials, Procedure 315 

Design, Materials and Procedure were identical to Experiment 1. However, in 316 

Experiment 2 the spatial congruency of visuotactile stimulation was manipulated during the 317 

Full Body Illusion, rather than the temporal synchrony (Experiment 1). Participants 318 

experienced visuotactile stimulation in a congruent location (i.e. left forearm of both participant 319 

and mannequin), or incongruent location (i.e. touch felt on participant left forearm and viewed 320 

on mannequin left hand). Participants experienced 2x congruent touch (identical to 321 

synchronous trials) and 2x incongruent touch within each stroking velocity (affective/non-322 

affective touch).  323 

 324 

2.3 Data Analysis 325 

Statistical analyses were conducted using SPSS version 23.0 (IBM, Chicago, IL, USA). 326 

For pleasantness ratings, data were tested for normality and found to be normally distributed 327 

 
Experiment 1 

(N=38) 

Experiment 2 

(N=39) 
t p 

Age 19.92 (2.33) 19.00 (.76) 2.32 .025 

BMI 21.28 (2.16) 21.94 (2.75) -1.17 .246 

Restraint .80 (.20-2.25) a .80 (.20-1.80) a -.169b .866 

Eating Concern .60 (.20-1.40) a .60 (.20-1.60) a -.303b .762 

Shape Concern 2.25 (1.34-3.66) a 2.38 (1.00-3.75) a .000b 1.00 

Weight Concern 1.40 (.40-2.70) a 1.80 (.80-3.20) a -1.01b .315 

EDE-Q Global 1.43 (.61-2.21) a 1.36 (.60-2.57) a -.265b .791 
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for Experiment 1 (Shapiro-Wilk p > .05), therefore a parametric 2 (stroking velocity: affective 328 

vs. non-affective) x 2 (stroking synchrony: synchronous vs. asynchronous) repeated-measures 329 

ANOVA was used for this analysis. Whilst pleasantness ratings data were not normally 330 

distributed for Experiment 2 (Shapiro-Wilk p < .05), a parametric 2 (stroking velocity: affective 331 

vs. non-affective) x 2 (stroking congruency: congruent vs. incongruent) repeated-measures 332 

ANOVA was used, to provide direct comparison between experiments. Non-normal 333 

distribution looked to be most notably driven by a small, bimodal distribution within the 334 

incongruent affective touch condition (see Supplementary Materials, Section 2), in which the 335 

incongruency of the seen and felt touch may have been perceived more saliently to some 336 

participants to disrupt the feeling of affective touch delivered to their own forearm, and 337 

subsequently led to a lower feeling of pleasantness by some. Nevertheless, a non-parametric 338 

Wilcoxon signed-rank tests was also undertaken to examine the main effects of (and interaction 339 

between) stroking velocity and stroking congruency towards pleasantness ratings, which 340 

revealed an identical pattern of results (see Supplementary Materials, Section 2). 341 

 342 

For the embodiment questionnaire, data were ordinal and found to be non-normally 343 

distributed across pre-illusion (visual capture) and post-illusion trials for Experiment 1 and 2. 344 

Therefore a non-parametric Friedman’s ANOVA was first conducted to ensure that 345 

embodiment was comparable across each of the four visual capture trials, from which to 346 

reliably interpret ‘embodiment change’ scores in post-illusion trials. Next, non-parametric 347 

Wilcoxon signed-rank tests were conducted to examine the main effects of (and interaction 348 

between) stroking synchrony (Experiment 1) or congruency (Experiment 2) and stroking 349 

velocity towards embodiment change. The above analyses were also conducted for individual 350 

Ownership and Location subcomponents within the embodiment questionnaire (see Table 3 & 351 

4, and Supplementary Materials, Sections 1 & 2).  352 
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 353 

Non-parametric correlational analyses were undertaken to investigate the relationship 354 

between pleasantness ratings and subthreshold ED psychopathology (measured using the 355 

Eating Disorder Examination Questionnaire; EDE-Q). Additional correlations conducted 356 

between pleasantness ratings and BMI are reported in Supplementary Materials (Table S2), 357 

with no correlations of interest identified. Effect sizes for parametric tests are indicated by 358 

partial eta-squared (ηp
2), and non-parametric Wilcoxon signed-rank tests are indicated by r 359 

values (r) which are equivalent to Cohen’s d (Pallant, 2007). Level of significance (α) was set 360 

to 0.05, with all post hoc analyses performed using Bonferroni correction. 361 

 362 

In addition to a frequentist approach, we supplemented our analysis with a Bayesian 363 

analysis (JASP 0.13.1) which presents the ratio of the likelihood of the alternative hypothesis 364 

relative to the likelihood of the null hypothesis. A Bayes Factor (BF) greater than 3 indicates 365 

evidence for the alternative hypothesis, whereas a BF less than 0.3 indicates evidence for the 366 

null hypothesis. A BF between 0.3 and 3 indicates an inconclusive result which is not in favour 367 

of either hypothesis. This is possible for both parametric and non-parametric hypothesis testing 368 

(van Doorn, Ly, Marsman, & Wagenmakers, 2020). 369 

 370 

3. Results 371 

3.1 Experiment 1 372 

3.1.1 Pleasantness Ratings 373 

First, we investigated the main effect of stroking velocity on pleasantness ratings to 374 

directly test the hypothesis that slow, affective touch (3 cm/sec) will be perceived as more 375 

pleasant than fast, non-affective touch (18 cm/sec) within the illusory set-up. A repeated-376 

measures ANOVA revealed a significant main effect of stroking velocity (F (1,37) = 4.44, p = 377 
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.042, ηp
2 = .107, BF10 = 1.26), with participants rating affective touch (mean = 61.42) as 378 

significantly more pleasant than non-affective touch (mean = 58.42). In line with previous 379 

research (Crucianelli et al., 2017; Filippetti et al., 2019), a main effect of synchrony was also 380 

observed (F (1,37) = 29.85, p < .001,  ηp
2 = .447, BF10 = 5586.7), with a significantly greater 381 

perceived pleasantness following synchronous (mean = 67.22) conditions compared with 382 

asynchronous (mean = 52.62) conditions (see Figure 2). Finally, no significant interaction was 383 

observed between the stroking synchrony and stroking velocity (F (1,37) = .012, p = .914, ηp
2 384 

= .000, BF10 = .18). 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

Figure 2. Mean VAS pleasantness ratings (0-100) within the illusion set-up (Experiment 1). 395 

Error bars depict standard error of the mean (*= p < .05, **= p < .001). NB. Means are 396 

displayed for illustrative purposes to provide the reader with a more comprehensive view of 397 

results.   398 
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3.1.2 Embodiment Questionnaire 399 

3.1.2.1 Main Effects 400 

First, to ensure that embodiment scores were comparable across each of the four visual 401 

capture (pre-illusion) trials, a Friedman’s ANOVA was conducted which showed no significant 402 

main effect between visual capture trials towards embodiment (χ2 (3) = 3.12, p = .373). Next, 403 

a Wilcoxon signed-rank test revealed a main effect of stroking synchrony, with significantly 404 

greater embodiment change following synchronous (median = .88) stroking conditions 405 

compared with asynchronous (median = -.50) stroking conditions (Z = -5.20, p < .001, r = .84, 406 

BF10 = 28.99). The main effect of stroking velocity on embodiment was non-significant (Z = -407 

1.65, p = .098, r = .27, BF10 = .69). To determine any interactions in embodiment change 408 

between stroking synchrony and stroking velocity, differences between synchronous and 409 

asynchronous scores were calculated for both stroking velocities. No significant difference was 410 

observed in embodiment change scores between affective and non-affective touch conditions 411 

(Z = -.89, p = .375, r = .14, BF10 = .57) (see Figure 3).  412 

  413 
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 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

Figure 3. Box plot displaying change in embodiment scores following synchronous and 426 

asynchronous conditions. Intersecting line = median; box = upper and lower interquartile 427 

range; whiskers = minimum and maximum values. The violin plot (outline) displays kernel 428 

probability density - i.e. the width of the shaded area represents the proportion of the data 429 

located there. 430 

 431 

  432 
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The above analyses were also conducted for individual Ownership and Location 433 

subcomponents within the embodiment questionnaire, which yielded an identical pattern of 434 

results (see Table 3 and Supplementary Materials, Section 1). 435 

 436 

Table 3. Ownership and Location change within the embodiment questionnaire (Experiment 437 

1) 438 

 439 
Note: r values (r) denote effect sizes for non-parametric Wilcoxon signed-rank tests which are 440 
equivalent to Cohen’s d (Pallant, 2007) 441 

 442 

3.1.2.2 Correlational Analysis 443 

Correlational analyses were conducted to investigate the relationship between 444 

perceived pleasantness of touch and embodiment change scores during the full body illusion. 445 

Difference scores were calculated between affective and non-affective touch pleasantness 446 

ratings (averaged across stroking synchrony) to investigate whether individual differences in 447 

embodiment change scores were related to the affectivity of touch, irrespective of stroking 448 

synchrony. A Spearman’s rank correlation revealed no significant correlation between such 449 

pleasantness ratings and embodiment change for any conditions (all ps > .05). The same 450 

analysis was conducted to investigate the role of synchrony, with  difference scores calculated 451 

between synchronous and asynchronous touch pleasantness ratings (averaged across stroking 452 

velocity) to investigate whether individual differences in embodiment change scores were 453 

  Z p r 

Ownership 

Subcomponent 

Main Effect (Synchrony) -5.22 < .001 .85 

Main Effect (Velocity) -1.13 .261 .18 

 Interaction -.66 .511 .11 

Location 

Subcomponent 

Main Effect (Synchrony) -3.73 < .001 .61 

Main Effect (Velocity) -1.83 .067 .30 

 Interaction -.94 .348 .15 
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related to the affective certainty and congruency of the touch, irrespective of stroking velocity. 454 

A Spearman’s rank correlation revealed no significant correlation between such pleasantness 455 

ratings and embodiment change for any conditions (all ps > .05). 456 

 457 

Next, correlational analyses were conducted to investigate the relationship between 458 

subthreshold ED psychopathology, measured by the Eating Disorder Examination 459 

Questionnaire (EDE-Q; Fairburn & Beglin, 1994), and measures of pleasantness ratings and 460 

embodiment change scores. First, a Spearman’s rank correlation revealed no significant 461 

correlation between pleasantness ratings (averaged across stroking synchrony/stroking 462 

velocity) and global EDE-Q score (r = .185, p = .267, BF10 = .45), or any EDE-Q subscales (all 463 

ps > .05). Next, difference scores between affective and non-affective touch pleasantness 464 

ratings (averaged across stroking synchrony) were used to investigate whether those with 465 

higher subthreshold ED psychopathology were less sensitive to differences in the affectivity of 466 

touch, irrespective of stroking synchrony. A Spearman’s rank correlation revealed no 467 

significant correlation between touch difference score and global EDE-Q (r = -.023, p = .892, 468 

BF10 = .22), or any EDE-Q subscales (all ps > .05).  469 

 470 

Finally, correlational analyses were conducted to investigate the relationship between 471 

subthreshold ED psychopathology and embodiment change due to visuotactile integration, 472 

within the full body illusion. A Spearman’s rank correlation revealed no significant correlation 473 

between embodiment change and global EDE-Q score, or subscale scores (all ps > .05).  474 
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3.2 Experiment 2 475 

3.2.1 Pleasantness Ratings 476 

The main effect of stroking velocity on pleasantness ratings was investigated to directly 477 

test the hypothesis that slow, affective touch (3 cm/sec) will be perceived as more pleasant than 478 

fast, non-affective touch (18 cm/sec) within the illusory set-up. A repeated-measures ANOVA 479 

revealed a significant main effect of stroking velocity (F (1,38) = 22.13, p < .001, ηp
2 = .368, 480 

BF10 = 668.7), with participants rating affective touch (mean = 71.21) as significantly more 481 

pleasant than non-affective touch (mean = 57.71). Additionally, a main effect of congruency 482 

was observed (F (1,38) = 15.35, p < .001,  ηp
2 = .288, BF10 = 76.7), with a significantly greater 483 

perceived pleasantness following congruent (mean = 69.65) conditions compared with 484 

incongruent (mean = 59.26) conditions (see Figure 4). Finally, no significant interaction was 485 

observed between the stroking synchrony and stroking velocity (F (1,38) = .370, p = .547, ηp
2 486 

= .010, BF10 = .205).   487 
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 489 

 490 

 491 

 492 

 493 

 494 

 495 

 496 

 497 

Figure 4. Mean VAS pleasantness ratings (0-100) within the illusion set-up (Experiment 2). 498 

Error bars depict standard error of the mean (**= p < .001). NB. Means are displayed for 499 

illustrative purposes to provide the reader with a more comprehensive view of results.  500 

 501 

3.2.2 Embodiment Questionnaire 502 

3.2.2.1 Main Effects 503 

First, to ensure that embodiment scores were comparable across each of the four visual 504 

capture (pre-illusion) trials, a Friedman’s ANOVA was conducted which showed no significant 505 

main effect between visual capture trials towards embodiment (χ2 (3) = .691, p = .875).  Next, 506 

a Wilcoxon signed-rank test revealed a main effect of stroking congruency, with significantly 507 

greater embodiment change following congruent (median = .75) stroking conditions compared 508 

with incongruent (median = -.25) stroking conditions (Z = -5.12, p < .001, r = .82, BF10 = 509 

10.44). The main effect of stroking velocity on embodiment was non-significant (Z = -1.48, p 510 

= .139, r = .27, BF10 = .63). To determine any interactions in embodiment change between 511 

stroking congruency and stroking velocity, differences between congruent and incongruent 512 
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scores were calculated for both stroking velocities. No significant difference was observed in 513 

embodiment change scores between affective and non-affective touch conditions (Z = -.27, p 514 

= .791, r = .04, BF10 = .57) (see Figure 5).  515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

 526 

Figure 5. Box plot displaying change in embodiment scores following congruent and 527 

incongruent conditions. Intersecting line = median; box = upper and lower interquartile range; 528 

whiskers = minimum and maximum values. The violin plot (outline) displays kernel 529 

probability density - i.e. the width of the shaded area represents the proportion of the data 530 

located there. 531 

 532 

The above analyses were also conducted for individual Ownership and Location 533 

subcomponents within the embodiment questionnaire, which yielded an identical pattern of 534 

results (see Table 4 and Supplementary Materials, Section 2). 535 

 536 

  537 
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Table 4. Ownership and Location change within the embodiment questionnaire (Experiment 538 

2) 539 

 540 
Note: r values (r) denote effect sizes for non-parametric Wilcoxon signed-rank tests which are 541 
equivalent to Cohen’s d (Pallant, 2007) 542 

 543 

 544 

3.2.2.2 Correlational Analysis 545 

Correlational analyses were conducted to investigate the relationship between 546 

perceived pleasantness of touch and embodiment change scores during the full body illusion. 547 

Difference scores were calculated between affective and non-affective touch pleasantness 548 

ratings (averaged across stroking congruency) to investigate whether individual differences in 549 

embodiment change scores were related to the affectivity of touch. A Spearman’s rank 550 

correlation revealed no significant correlation between such pleasantness ratings and 551 

embodiment change for any conditions (all ps > .05). The same analysis was conducted to 552 

investigate the role of congruency, with  difference scores calculated between congruent and 553 

incongruent touch pleasantness ratings (averaged across stroking velocity) to investigate 554 

whether individual differences in embodiment change scores were related to the affective 555 

certainty and congruency of the touch, irrespective of stroking velocity. A Spearman’s rank 556 

correlation revealed no significant correlation between such pleasantness ratings and 557 

embodiment change for any conditions (all ps > .05). 558 

  Z p r 

Ownership 

Subcomponent 

Main Effect (Congruency) -5.09 < .001 .82 

Main Effect (Velocity) -1.69 .091 .27 

 Interaction -.69 .487 .11 

Location 

Subcomponent 

Main Effect (Congruency) -3.93 < .001 .63 

Main Effect (Velocity) .322 .747 .05 

 Interaction -.91 .362 .15 
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 559 

Correlational analyses were conducted to investigate the relationship between 560 

subthreshold ED psychopathology (measured by EDE-Q scores) and measures of pleasantness 561 

ratings and embodiment change scores. First, a Spearman’s rank correlation revealed no 562 

significant correlation between pleasantness ratings (averaged across stroking 563 

congruency/stroking velocity) and global EDE-Q score (r = -.275, p = .090, BF10 =.45). When 564 

corrected for multiple comparisons (Bonferroni-corrected α = .013), no significant correlations 565 

were observed between averaged pleasantness rating and EDE-Q subscales (all ps > .03). Next, 566 

difference scores between affective and non-affective touch pleasantness ratings (averaged 567 

across stroking congruency) were used to investigate whether those with higher subthreshold 568 

ED psychopathology were less sensitive to differences in the affectivity of touch. A 569 

Spearman’s rank correlation revealed no significant correlation between touch difference score 570 

and global EDE-Q (r = .014, p = .931, BF10 = .22), or any EDE-Q subscales (all ps >.45).  571 

 572 

Finally, correlational analyses were conducted to investigate the relationship between 573 

subthreshold ED psychopathology and embodiment change due to visuotactile integration, 574 

within the full body illusion. A Spearman’s rank correlation revealed no significant correlation 575 

between embodiment change and global EDE-Q score, or subscale scores (all ps > .05). 576 

 577 

4. Discussion 578 

The present study used an adapted version of the Full Body Illusion (Petkova & Ehrsson, 579 

2008) to investigate the role of slow, CT-optimal, affective touch towards ownership over a 580 

whole body, across two experiments. Specifically, we investigated whether this type of 581 

affective touch would lead to increased perceived pleasantness and enhanced subjective 582 

embodiment towards a whole mannequin body, compared with fast, non-affective touch. In 583 
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line with previous research (Crucianelli et al., 2017, 2013; de Jong et al., 2017; Löken et al., 584 

2009), our results showed that participants perceived affective touch as significantly more 585 

pleasant than non-affective touch, across both experiments, although Bayes Factor analysis 586 

suggested the effect in Experiment 1 (using an asynchronous control condition) was 587 

statistically inconclusive. Moreover, both synchronous (Experiment 1) and spatially congruent 588 

(Experiment 2) touch was perceived as more pleasant than asynchronous and incongruent 589 

touch, respectively – irrespective of stroking velocity. This supports previous research in 590 

suggesting that perceived pleasantness is determined by more than CT-optimal touch, with the 591 

top-down affective certainty between the seen and felt touch playing a role in such perceived 592 

pleasantness (Filippetti et al., 2019). As expected, synchronous, and spatially congruent, 593 

visuotactile stimulation led to higher subjective embodiment towards the mannequin body 594 

compared with asynchronous (Experiment 1) or spatially incongruent (Experiment 2) 595 

visuotactile stimulation. However, contrary to our hypothesis, the velocity of perceived touch 596 

did not further modulate the subjective experience of the illusion, with comparable 597 

embodiment change scores between affective and non-affective touch conditions. Bayes Factor 598 

analysis revealed a score between 0.3 and 3, which does not provide a conclusive result in 599 

favour of the null or the alternative hypothesis. Therefore, it remains unclear whether affective 600 

touch can lead to greater embodiment during the full body illusion. Finally, it was found that 601 

the perceived pleasantness of touch was not modulated by subthreshold ED psychopathology, 602 

amongst healthy females. 603 

 604 

In both experiments, greater subjective embodiment was reported when the multisensory 605 

information was synchronous, and spatially congruent, between participant’s own body and 606 

the mannequin body, which supports the role of exteroceptive multisensory integration towards 607 

body ownership (Botvinick & Cohen, 1998; Tsakiris & Haggard, 2005). However, in contrast 608 
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to previous research using multisensory illusion paradigms (Crucianelli et al., 2017; Lloyd et 609 

al., 2013; Panagiotopoulou et al., 2017), no interaction between the synchrony, or congruency, 610 

and the velocity of touch (affective/non-affective) was observed, which suggests that tactile 611 

affectivity did not play a significant role in the subjective embodiment of a whole body. Whilst 612 

the Bayes Factor analysis produced an inconclusive finding, it may be that the influence of 613 

affective touch in enhancing multisensory integration could be body-part specific, following 614 

previous research which has shown such effects using the hand (Crucianelli et al., 2017, 2013; 615 

Lloyd et al., 2013) and face (Panagiotopoulou et al., 2017). Indeed, neuropsychological 616 

evidence has shown the role of affective touch to increase partial body ownership following 617 

right-hemisphere stroke (Jenkinson et al., 2020), but to our knowledge there has been no such 618 

neuropsychological evidence for rare delusions of whole-body misidentification. 619 

 620 

The pattern of results in the present study are in line with previous research which 621 

investigated the role of affective touch applied to participants’ abdomen within a virtual full 622 

body illusion (de Jong et al., 2017). Whilst de Jong et al. (2017) observed an enhanced effect 623 

of affective touch when solely manipulating stroking velocity, no such effects were observed 624 

when the additional variable of stroking synchrony was added. Here, it is important to note that 625 

CT afferent density appears to be different across the body (Corniani and Saal 2020), between 626 

the face (Nordin 1990), forearm (Vallbo, Olausson, and Wessberg 1999), and leg (Edin 2001) 627 

with no afferents found in the glabrous palm of the hand (Olausson et al. 2010). This is 628 

particularly pertinent when comparing the results of the present study with de Jong et al. (2017) 629 

in the context of the full body illusion - i.e. tactile stimulation on the forearm and stomach, 630 

respectively. Thus, future research would benefit from investigating possible differences in 631 

tactile bodily innervation (e.g. hand vs. arm vs. stomach vs. face vs. leg), and the consequences 632 

this has for multisensory integration. 633 
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 634 

Whilst there was no observed effect of the stroking velocity towards the subjective 635 

experience of the illusion, such findings may be due to the disruptive sensory input of the 636 

visuotactile synchrony, and spatial congruency during the illusion. Within this set-up, it may 637 

be that the interoceptive, affective information is conflicting with the exteroceptive 638 

somatosensory information which was present across all illusory trials. Indeed, causal 639 

inference and optimal integration models of multisensory integration suggest that any 640 

conflicting sensory input, however minimal, is likely to influence the feeling that such signals 641 

are coming from the same source (Chancel & Ehrsson, 2020; Ehrsson & Chancel, 2019; 642 

Kilteni, Maselli, Kording, & Slater, 2015; Samad, Chung, & Shams, 2015; van Beers, Sittig, 643 

& Gon, 1999; van Beers, Wolpert, & Haggard, 2002). Therefore, it may be that the conflicting 644 

signals between the interoceptive affective touch and exteroceptive spatial 645 

synchrony/congruency could have been disruptive to the subjective experience of the illusion 646 

and thus weakened the influence of the affective touch.  647 

 648 

This assertion is supported in our own results, in which the effect of pleasantness was 649 

reduced in Experiment 1 when the control condition was asynchronous. This is shown in both 650 

the effect size and the inconclusive Bayes Factor statistic. Indeed, the difference in pleasantness 651 

ratings between Experiments (whereby the mean affective touch rating was higher in 652 

Experiment 2 vs. Experiment 1) may be driven by the greater saliency of the visual asynchrony 653 

disrupting such casual inference to a greater degree than incongruent touch, and even influence 654 

how synchronous touch is perceived in subsequent trials within the illusion. Furthermore, we 655 

also collapsed across synchrony and congruency in each Experiment to get an overall score for 656 

affective touch and non-affective touch, so it may be that the asynchronous touch in 657 

Experiment 1 was overly salient and interfered with the feelings of pleasantness elicited by the 658 
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more subtle input of affective touch. Indeed, this is shown in Figure 2 in which the 659 

asynchronous affective touch condition has a pleasantness rating that is 14 points lower than 660 

synchronous affective touch. Thus, this influences the overall affective touch score to a greater 661 

extent than the difference in the congruent/incongruent affective touch conditions in 662 

Experiment 2 (pleasantness difference of 11 points). This was a key reason for conducting 663 

Experiment 2, in which spatial incongruence is likely to cause ‘deafference’ (i.e. feeling of 664 

numbness in the body) to a lesser degree than asynchrony during multisensory integration, and 665 

would thus not be expected to be perceived as saliently. 666 

 667 

However, previous research has observed objective, behavioural changes (i.e. 668 

proprioceptive drift) following affective touch within the RHI, in the absence of subjective, 669 

self-report changes in embodiment (van Stralen et al., 2014). Indeed, evidence has shown 670 

dissociable effects between self-report and behavioural measures within multisensory illusion 671 

paradigms (Abdulkarim & Ehrsson, 2016; Panagiotopoulou et al., 2017; Rohde, Luca, & Ernst, 672 

2011). Whilst objective and physiological measures of the illusion (e.g. proprioceptive drift, 673 

skin temperature, skin conductance) were not recorded in the present study, future research 674 

should investigate the mechanisms of affective touch in its dissociable influence towards 675 

subjective and objective components of whole-body representation (Dijkerman & de Haan, 676 

2007). 677 

 678 

Whilst the present study did show that participants perceived slow, affective touch as more 679 

pleasant than fast, non-affective touch, the effects of CT-optimal touch must be considered 680 

alongside top-down mechanisms, given that the perception of pleasant touch is not exclusively 681 

influenced by bottom-up CT afferents (Ellingsen, Leknes, Løseth, Wessberg, & Olausson, 682 

2016; Ellingsen et al., 2014; Gallace & Spence, 2010; Keizer, de Jong, Bartlema, & Dijkerman, 683 
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2017). The role of top-down, social modulation of affective touch must be considered, as, 684 

unlike previous research (Crucianelli et al., 2013; de Jong et al., 2017), participants in the 685 

present study were healthy females and were tested by a male experimenter. Indeed, research 686 

has shown that an individual’s beliefs of the gender of the toucher can influence their 687 

perception of the pleasantness of touch (Gazzola et al., 2012; Scheele et al., 2014). Therefore, 688 

within the present study, affective touch administered on participants’ hairy skin represents a 689 

bottom-up, CT afferent process, which may also be attenuated by top-down influences of the 690 

social context (e.g. gender of the experimenter) before the subjective experience of touch is 691 

appraised. Furthermore, research has shown that CT afferents respond more actively to touch 692 

stimuli delivered at typical skin temperature (~32°C) compared to cooler (18°C) or warmer 693 

(42°C) stimuli, which correlated with subjective pleasantness ratings (Ackerley, Backlund 694 

Wasling, et al., 2014). This suggests that CT firing alone does not lead to uniform pleasantness, 695 

and the response in relation to specific characteristics of a gentle caress may be influenced by 696 

top-down mechanisms beyond such CT firing. 697 

 698 

With evidence that alterations in sensory processing may be a trait phenomenon in ED 699 

patients which could be a risk factor in the development of the disorder (Eshkevari et al., 2014), 700 

we investigated whether the perceived pleasantness of touch was related to subthreshold ED 701 

psychopathology amongst healthy individuals. Indeed, previous research has highlighted 702 

relationships between body-related perception and subthreshold ED psychopathology, 703 

demonstrating a direct link between perceptual and cognitive-affective components of body 704 

image in the healthy population (Preston & Ehrsson, 2014, 2016, 2018). However, despite 705 

alterations observed in the perception of affective touch in clinical ED groups (Crucianelli et 706 

al., 2016), subthreshold ED psychopathology did not relate to the subjective pleasantness of 707 

touch amongst healthy individuals in either experiment within the present study. This may 708 
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suggest that reduced pleasantness of touch in clinical ED patients is a consequence of the 709 

disorder rather than a predisposing factor, particularly within clinical populations such as EDs 710 

in which psychiatric comorbidity and body-related anhedonia is common (Davidovic et al., 711 

2018). Notably, no such relationship may reflect a lack of variation in EDE-Q scores across 712 

each experimental sample, as all non-clinical participants that were recruited were healthy 713 

females who had no current or previous psychological conditions. Interestingly, Bayes Factor 714 

analysis did not provide strong evidence in favour of the null hypothesis, suggesting further 715 

research is needed to discover the relationship between interoception and specifically affective 716 

touch and subthreshold ED psychopathology. Investigation of such sensory processing is 717 

important to study in relation to body image within non-clinical samples, in order to dissociate 718 

which factors might be directly linked with the pathology of the disorder, and which are 719 

implicated as a by-product of a clinical diagnosis.  720 

 721 

It is important to consider a number of methodological decisions within the present study. 722 

Firstly, participants experienced visuotactile stimulation in an incongruent location in 723 

Experiment 2, where the touch was felt on participant’s left forearm and viewed on the 724 

mannequin’s left hand. Whilst such stimulation was spatially incongruent, the forearm and 725 

hand are close together on the body, and may have influenced perception. Thus, it would be 726 

interesting for future research to repeat this condition with more salient spatial incongruencies 727 

between the participant’s body and mannequin’s body (e.g. hand vs. leg). Secondly, the 728 

velocity of the slow (3cm/s) and fast (18cm/s) touch was chosen for each experiment as it has 729 

been shown to be optimal and non-optimal, respectively, for eliciting feelings of pleasantness 730 

(Löken et al., 2009; Gentsch et al., 2015), with these same velocities having also been validated 731 

in previous studies (e.g. Crucianelli et al., 2013, Panagiotopoulou et al., 2017). The decision to 732 

use a stroking speed of 18 cm/s as a control condition was chosen following excessive piloting 733 
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and published research that has revealed that 30cm/s is perceived as a very fast and ‘somewhat 734 

unnatural’ social touch condition when stroked manually by a human (e.g. von Mohr et al., 735 

2017). Therefore, with evidence showing that humans regularly stroke other humans of 10cm/s 736 

or more (Strauss, Bytomski, & Croy, 2020), a stroking speed of 18cm/s was sufficiently 737 

different as a control condition without feeling unnatural to the participant. Thirdly, the present 738 

study stroked participants’ forearm as a method to induce the full body illusion, which does 739 

differ from typical versions of the full body illusion that principally stroke the abdomen as a 740 

core region of the body (de Jong et al., 2017; Petkova & Ehrsson, 2008). Whilst research has 741 

evidenced induction of the full body illusion by stroking participants’ hand, arm or leg (Gentile 742 

et al. 2015; Petkova et al. 2011; van der Hoort, Guterstam, and Ehrsson 2011), findings within 743 

the present study may not have induced embodiment over a full body to the same degree as 744 

other versions of the illusion. This is particularly important to consider when comparing 745 

between previous research which has investigated the full body illusion in relation to affective 746 

touch (de Jong et al., 2017). 747 

 748 

Finally, the present study chose to use a unipolar pleasantness scale (Not at all pleasant – 749 

Extremely pleasant) rather than a bipolar scale (Unpleasant – Pleasant). This scale is in line 750 

with previous research (e.g. Crucianelli et al., 2013, 2017), and was chosen to allow greater 751 

sensitive in participants’ response because stroking was delivered with a soft brush in each 752 

condition and was thus unlikely to be perceived as unpleasant. However, this decision does 753 

limit the comparability with other studies in the literature which use bipolar scales (Ackerley, 754 

Carlsson, Wester, Olausson, & Backlund Wasling, 2014; Croy, Bierling, Sailer, & Ackerley, 755 

2020; Pawling et al., 2017) and thus the present study may have produced different results to 756 

such research which uses differing scales. 757 

 758 
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In conclusion, across two experiments our findings provide supportive evidence that 759 

affective touch is perceived as more pleasant than non-affective touch amongst healthy 760 

individuals. However, such effects of stroking velocity during multisensory integration did not 761 

modulate the subjective embodiment towards a whole mannequin body within the full body 762 

illusion, with a Bayes factor analysis providing an inconclusive result which was neither in 763 

favour of the null nor the alternative hypothesis. We speculate that such findings may reflect 764 

the salience of exteroceptive sensory information during multisensory integration, in which the 765 

subtlety of interoceptive, CT-optimal stroking was not sufficiently potent to further influence 766 

subjective embodiment. Indeed, even the perceived pleasantness of affective touch compared 767 

to non-affective touch could be reduced in the presence of highly salient asynchronous control 768 

conditions. Alternatively, as previous research has shown an enhancement of embodiment due 769 

to affective touch towards a fake hand, such effects may be body-part specific, and may not 770 

generalize to increased subjective embodiment towards a whole body. Moreover, the present 771 

study must be considered and investigated further in the context of top-down, social 772 

modulations of affective touch in addition to bottom-up sensory information. Future research 773 

should explore the relationship between interoceptive and exteroceptive sensory integration 774 

towards body ownership, body image and its distortions within clinical ED populations.  775 
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