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Abstract
There is a growing consensus that our most fundamental sense of self is structured by the ongo-
ing integration of sensory and motor information related to our own body. Depersonalisation (DP)
is an intriguing form of altered subjective experience in which people report feelings of unreal-
ity and detachment from their sense of self. The current study used the visual remapping of touch
(VRT) paradigm to explore self-bias in visual–tactile integration in non-clinical participants report-
ing high and low levels of depersonalisation experiences. We found that the high-DP group showed
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an increased overall VRT effect but a no-self-face bias, instead showing a greater VRT effect when
observing the face of another person. In addition, across all participants, self-bias was negatively pre-
dicted by the occurrence of anomalous body experiences. These results indicate disrupted integration
of tactile and visual representations of the bodily self in those experiencing high levels of DP and
provide greater understanding of how disruptions in multisensory perception of the self may underlie
the phenomenology of depersonalisation.
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1. Introduction

The sense of self lies at the heart of conscious experience, anchoring our
disparate perceptions, emotions, thoughts and actions into a unitary whole
(Bermúdez, 2002; Metzinger, 2009; Zahavi, 2005). There is a growing con-
sensus that representations of the internal and external states of the body
play a key role in constituting and structuring our most basic sense of self-
awareness, bodily self-consciousness (Ciaunica and Crucianelli, 2019; Dama-
sio and Damasio, 2006; Farmer and Tsakiris, 2012; Seth and Tsakiris, 2018).
Recent work in philosophy, psychology and cognitive neuroscience has linked
bodily self-consciousness to the processing of multisensory bodily signals in
the brain which need to be integrated in order to obtain an accurate sense of
self, world and other (Blanke and Metzinger, 2009; Deroy et al., 2018; Gal-
lagher, 2000; Tsakiris, 2010).

Importantly, multisensory integration is crucial not only for self-represen-
tations, but also for self–other distinction and social interactions. For example,
viewing touch on another person’s body activates brain regions that are typi-
cally recruited when perceiving touch on one’s own body (Blakemore et al.,
2005; Ebisch et al., 2008; Keysers and Gazzola, 2009). These findings suggest
the existence of a tactile mirror system analogous to the motor and emotional
mirror systems, which have been hypothesised to play a key role in under-
standing others (Gallese, 2007).

While most of the previous works have studied the link between multi-
sensory integration and bodily self-consciousness under normal conditions
(Serino et al., 2008; Tsakiris, 2010), one potentially fruitful route to under-
standing bodily self-consciousness is to examine conditions in which the or-
dinary experience of the self becomes disrupted. Here, we investigate two key
elements of bodily self-consciousness, namely multisensory integration and
self–other differentiation, in a non-clinical population with depersonalisation
symptoms. Depersonalisation (DP) is an intriguing form of altered subjective
experience in which people report feelings of unreality and detachment from
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their sense of self, as if they were an outside observer of their bodily sensa-
tions, thoughts and feelings (Sierra, 2009; Simeon, 2004). While DP experi-
ences are often transitory, in extreme cases they can become chronic leading
to a diagnosis of depersonalisation disorder (DPD). Interestingly, those expe-
riencing chronic DP often also report strong feelings of social estrangement
(Simeon and Abugel, 2006) and show high levels of social anxiety (Michal et
al., 2005). As one sufferer of DPD puts it: ‘Nothing makes it [DPD] better but
being with other people makes it worse’ (Baker et al., 2003, p. 431).

DP has been linked to impaired integration of internal and external rep-
resentations of the self, which has been argued to play a key role in bodily
self-consciousness (Park and Blanke, 2019). Simeon et al. (2000) employed
positron emission tomography (PET) to investigate differences between DPD
patients and healthy controls and found abnormal activity in parietal and tem-
poral regions involved in multimodal integration, including those involved in
the maintenance of body schema. Adler et al. (2016) used EEG to monitor the
somatosensory evoked potentials (SEPs) of participants with high and low oc-
currence of DP experiences while they watched either their own or another
person’s face being touched. Their high-DP group showed a lack of self-
related processing advantage in both early and late SEPs. Abnormal self-face
processing has also been observed in patients with DPD (Ketay et al. 2014)
and with dissociative identity disorder (Lebois et al., 2019).

Further evidence for disrupted bodily self-consciousness in DP comes from
two recent studies. O’Sullivan et al. (2018) showed that increased DP experi-
ences were predictive of both the sense of ownership over one’s face and the
extent to which asynchronous visuomotor stimulation disrupted feelings of
agency over facial movements. Dewe et al. (2018) examined the relationship
between different dimensions of DP and autonomic response to threats to self
or other. They found that scores on the abnormal body experience subscale of
the Cambridge Depersonalisation Scale (CDS-29; Sierra and Berrios, 2000)
predicted reduced autonomic response for threats to self, while scores on the
alienation from surrounding subscale predicted a reduced response for threats
to others.

We used the visual remapping of touch paradigm (VRT; Serino et al., 2008)
to investigate the dynamics underlying integration of different sources of self-
relevant information in people with DP. In the VRT paradigm a tactile stimulus
is delivered to each cheek, one with a higher intensity than the other. This
usually leads to the stronger stimulus extinguishing the weaker one from con-
scious detection. However, if congruent bilateral visual stimuli are observed
at the same time this can reduce the extinction effect, leading participants to
report detecting both stimuli. A similar effect has also been found for a non-
face body part, namely the hands (Gillmeister, 2014), suggesting that the VRT
effect generalises to tactile perception in general. Interestingly the VRT effect
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is enhanced by self-relevance with as stronger effect for: one’s own compared
to another’s face (Serino et al., 2008); faces belonging to social in-groups
compared to out-groups (Serino et al., 2009) and for humans compared to
non-humans (Beck et al., 2013).

This self-enhancement effect appears to depend on a fronto-parietal net-
work integrating information from visual and somatic sensory regions (Cardini
et al., 2011). Studies have also shown that VRT effects for other’s faces are in-
creased after synchronous visuo-tactile stimulation (Cardini et al., 2013; Fini
et al., 2013), a manipulation that has been shown to enhance perceived sim-
ilarity in both bodily (Tsakiris, 2008) and social (Farmer and Maister, 2017;
Farmer et al., 2012; Paladino et al., 2010) domains.

However, it is currently unclear whether dissociation from the self is as-
sociated with a decrease or an increase in multisensory integration. On the
one hand several studies have indicated evidence in favour of disrupted mir-
roring of tactile and nociceptive stimuli between self and other in those with
high depersonalisation (Adler et al., 2016; Dewe et al., 2018; O’Sullivan et
al., 2018; Simeon et al., 2000). However, other recent studies on other types
of bodily dissociation, e.g., out of body experiences (OBE; Braithwaite et al.,
2017) or the use of dissociative drugs (Morgan et al., 2011) suggest a link
between other forms of dissociative experiences and wider temporal windows
of multisensory integration, reflected in increased integration when stimuli are
presented asynchronously. The current study investigated how the frequency
and duration of DP experiences affected the self-face bias in VRT. To do this
we first pre-screened participants from the general population in order to di-
vide them into groups with high and low occurrence of DP experiences and
then tested these participants using the VRT paradigm.

We hypothesised two key results from this study:

H1. Based on evidence of abnormal integration of bodily signals specifically
for people who experienced high levels of DP (Dewe et al., 2018; O’Sul-
livan et al., 2018; Simeon et al., 2000), we hypothesised that those in the
high-DP group would show a reduced VRT effect compared to those in
the low-DP group, regardless of the face observed.

H2. Building on evidence from previous studies showing impaired self-
processing in those with high DP (Adler et al., 2016; Dewe et al., 2018;
Ketay et al., 2014; O’Sullivan et al., 2018), we hypothesised that our
high-DP group would not show the self-bias effect seen in previous VRT
studies.
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2. Methods

2.1. Participants

In total 63 participants (17 male) with a mean age of 24 ± 4 participated in
this study. Participants were selected for the study after completing an online
screening questionnaire which consisted of the CDS-29 and four additional
catch questions taken from Adler and colleagues (2016), which were: (1) ‘Do
you have nightmares more than four times/week?’; (2) ‘Are you taking an-
tidepressants or antipsychotics?’; (3) ‘Do you see colours when you listen
to music?’; (4) ‘Are you suffering from a seizure disorder?’ These questions
served two purposes: firstly they allowed us to remove respondents who de-
faulted to answering yes to any question they were given. In addition, the use
of these specific questions reduced the chance that participants in our high-DP
group would also be suffering from comorbid phenomena such as synaes-
thesia, psychosis or depression. In total 429 people responded to the survey.
Respondents who answered yes to any of these four questions were excluded
regardless of their score on the CDS-29, leaving a sample of 373 participants.
We selected our participants from those who scored a total of 50 or higher
(high DP, 25.2% of respondents) and from those who scored 20 or lower (low
DP, 40.75% of respondents). This cutoff criterion was first used by Kanayama
et al. (2009) and meant that our two groups were meaningfully distinct in their
levels of DP experiences with the high-group threshold being relatively close
to 70 which was shown to yield a sensitivity of 75.5% for patients with DPD
(Sierra et al., 2005). The use of these cutoffs avoided a common limitation of
splitting groups based on a pre-determined value or at the median value of the
sample, both of which leads to participants at the boundaries of each group
having scores that are much closer to each other than they are to the mean of
their group.

From the original 63 participants, 30 had high levels of DP experiences
(score � 50 on CDS-29) while the other 33 had low levels of DP experiences
(score � 20 on the CDS-29). Participants with an overall accuracy of below
20% or above 90% in our key trials (in which participant’s both observed
bilateral finger trajectories and received bilateral tactile stimulation) were ex-
cluded due to the likelihood that they were consistently responding with only
one of the three options. In addition, we also excluded any participants whose
CDS-29 score shifted between the screening and experimental session such
that they no longer met the criteria for their original category. Following ex-
clusion our final sample consisted of 40 participants (eight male) with a mean
age of 24 ± 4. Of these, 18 participants had high and 22 had low levels of
DP. The study was approved by the University College London, Institute of
Cognitive Neuroscience Research Department’s Ethics Committee and com-
plied with the Declaration of Helsinki (2013). A sensitivity analysis run using
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G*Power 3.1.9.2 (Faul et al., 2007) suggested that, with alpha (i.e., the chance
of type-1 error) set at 0.05 and power (i.e., the chance of type-2 error) set at
0.8, this sample size would be sufficient to detect an interaction effect between
image type and finger trajectory with a Cohen’s f of 0.19 or greater suggesting
adequate power to detect a small to medium effect size (Cohen, 1992).

2.2. Design

The study employed a mixed design with one between-subjects factor DP
group (high vs low) and two within-subjects factors of image type (self, other,
ball) and finger trajectory (touch, no touch). The dependent variable was ac-
curacy in detecting bilateral touch.

2.3. Materials

2.3.1. Questionnaires
Participants’ experience of DP was assessed using the CDS-29 (Sierra and
Berrios, 2000). The CDS-29 consists of four subscales: anomalous body ex-
periences (ABEs), including feelings of disembodiment, lack of body own-
ership and lack of agency; emotional numbing (EN); anomalous subjective
recall (ASR), particularly when remembering autobiographical events; and
alienation from surroundings (AFS), i.e., derealisation (Sierra et al., 2005).
Additional measures taken and the analysis of their relationship to VRT accu-
racy and CDS-29 scores are given in the Supplementary material.

2.3.2. Experimental Stimuli
The faces for the other-face used in the study were images of actors with
neutral expressions taken from the NimStim face database (Tottenham et al.,
2009) which were then modified to add in fingers moving in either a touch
or no-touch trajectory (see Fig. 1). Due to previous evidence that similarity to
self affects the VRT effect, the other-face was matched for gender and, as far
as possible, ethnicity. The NimStim set contains male and female faces from
white, black and east Asian ethnic backgrounds but due to the ethinic composi-
tion of our sample we also included south Asian faces taken, with permission,
from other participants. Participants who did not identify with any of these
four ethnicities were shown all four faces during the pre-session and asked to
indicate which person they felt looked most similar to themselves.

Transcutaneous electrical nerve stimulation was delivered by means of two
Digitimer DS5 constant current stimulators (Digitimer, Ltd., Welwyn Garden
City, UK) controlled by a computer. Two pairs of self-adhesive surface elec-
trodes (20 × 25 mm Disposable solid gel, Unimed, Farnham, UK) connected
to the stimulator were placed on the left and right check of participants. Elec-
trical impedance between each electrode and the skin was kept below 5 k�
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throughout the experiment. Visual stimuli for instructions and tasks were de-
livered using Psychtoolbox 3 (Brainard, 1997; Kleiner et al., 2007; Pelli, 1997)
run on Matlab 17b (Mathworks, 2017).

2.4. Procedure

2.4.1. Pre-Experiment Session
Participants attended a pre-experiment session in which they were pho-
tographed with a neutral expression against a coloured background whilst
wearing a uniform grey t-shirt and with long hair tied back so as not to conceal
the face. They were also asked to complete the four additional questionnaires
(see Supplementary material; see Fig. 1A). The image of the participant’s face
was then edited by resizing and extracting the face from the original photo and
placing it on a white background using GIMP (The GIMP team, 2017). The
faces were then rescaled, and the hand images added using a custom Matlab
script.

Figure 1. Outline of experimental structure. (A) Participants were selected for high or low
depersonalisation (DP) via online screening using the CDS-29. They then attended a pre-
experimental session in which an image of their face was taken, and they completed a series of
individual-differences questionnaires. Finally, they returned for the experimental session during
which they completed six experimental blocks before rating the face of the other person and re-
taking the CDS-29. (B) In each block of the main task participants first completed a calibration
task to find their tactile thresholds. They then saw 52 trials of the visual remapping of touch
(VRT) task. Here we show examples of a unilateral touch ball trial, a bilateral touch self trial
and a bilateral no touch other trial. (C) In each trial participants first saw a fixation cross, they
then saw the face/ball and after a variable amount of time a view made of four frames of 0.08
seconds in which one or both hands would either move to touch the face or to touch empty space
beside the face. On the final frame tactile stimulation was delivered at an intensity threshold on
one cheek (in this case right) and 1.4 × threshold on the other (in this case left).

Downloaded from Brill.com11/24/2020 06:44:08PM
via University College London

http://dx.doi.org/10.1163/22134808-bja10038
https://doi.org/10.6084/m9.figshare.13032395


8 H. Farmer et al. / Multisensory Research (2020)

2.4.2. Experimental Session
Visual Remapping of Touch Task. The VRT task consisted of six blocks. Each
block consisted of 52 trials. Participants saw a combination of videos in which
they saw either: (a) their own face; (b) the face of a gender- and ethnicity-
matched other person; or (c) an American football (see Fig. 1B). Stimulation
intensity was calibrated at the start of each block using a staircase procedure
(see Supplementary material). The picture of the face\ball was presented as a
central, static image in the background of the movie. In the foreground, how-
ever, two fingers were presented, initially positioned on the lower part of the
screen, one on the right side and one on the left side.

In each trial participants first saw a white fixation cross for 500 ms and then
the image of the face/ball appeared. After a variable interval of 300 ms, 600 ms
or 900 ms the fingers moved toward the face. In different trials, the finger
motion followed one of two trajectories. In the touch condition, the fingers
touched the cheeks of the shown face, in approximately the same place where
tactile stimulation was administered on the participants’ cheeks. In the no-
touch condition, the fingers moved away from the face and stopped about 5 cm
alongside the face (see Fig. 1). In different trials, either the finger on the right,
the left, or both fingers moved. This trajectory took 240 ms to complete and
at completion participants received tactile stimulation on one or both cheeks.
They were then asked to determine whether they had been touched on the left,
right or both cheeks by pressing either the left, right or up arrow key with their
right hand. There was no time limit for participants to respond but they were
asked to respond as quickly and accurately as possible (see Fig. 1C).

Participants experienced all combinations of unilateral and bilateral fin-
ger trajectories and unilateral and bilateral touch. Since the VRT effect is
quantified by comparing trials in which bilateral touch is both observed
and received, we included a larger number of these trials than the other
possible combination. In total, for each type of face stimulus participants
saw 30 bilateral touch with bilateral stimulation trials, 24 bilateral no touch
with bilateral stimulation trials and three of every other possible combi-
nation of trials with a total of 306 trials. Because tactile thresholds are
known to show rapid adaptation (Graczyk et al., 2018), we chose to ascer-
tain participants’ tactile threshold every 50 trials. Therefore, the full set of
conditions were presented across every pair of blocks in a randomised or-
der.

Post VRT Questionnaires. After completing the VRT task participants were
asked to complete a series of ratings about the other person (see Supplemen-
tary material for details). Finally, participants completed a follow-up version
of the CDS-29. Once this survey was completed participants were debriefed,
paid for their participation and left the lab.
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3. Results

3.1. Amount of Depersonalisation Experience Interacts With Face Identity to
Modulate Visual Remapping of Touch

In order to investigate whether the high- and low-DP groups differed in the
amount of VRT in response to self and other faces, a three-way mixed anal-
ysis of variance (ANOVA) was used to test for interaction effects between
image type (self, other, ball), finger trajectory (touch, no touch) and DP group
(high, low) on accuracy in perceiving bilateral tactile stimulation when view-
ing bilateral finger trajectories (see Table 1 and Fig. 2). The ANOVA revealed
a significant effect of finger trajectory, F(1,38) = 14.99, p < 0.001 η2

p = 0.283
because participants were more accurate in touch compared to no-touch tri-
als. We also found a main effect of DP group, F(1,38) = 5.93, p = 0.02,
η2

p = 0.135, because the high-DP group were more accurate than the low-
DP group. The main effect of image type was not significant, F(2,76) = 1.63,
p = 0.202, η2

p = 0.041.
In addition to these main effects we also found a significant two-way in-

teraction between finger trajectory and DP group, F(1,38) = 4.99, p = 0.032,
η2

p = 0.116. Post-hoc testing using pairwise comparisons of the estimated
marginal means with Bonferroni-adjusted levels revealed that the high-DP
group were significantly more accurate in touch compared to no-touch trials,
p′ (adjusted p value) < 0.001. In contrast, there was no significant difference

Table 1.
Means and standard deviations of accuracy in responding to bilateral tactile stimulation when
viewing bilateral finger trajectories by depersonalisation (DP) group, finger trajectory and image
type

Group Trajectory Image Mean SD

High DP Touch Self 58.7% 18.93%
Other 65% 21.94%
Ball 62.22% 21.27%

No Touch Self 55.56% 23.13%
Other 54.17%, 19.44%
Ball 55.32% 18.73%

Low DP Touch Self 44.09% 18.13%
Other 43.33% 17.73%
Ball 48.48% 18.89%

No Touch Self 41.66% 19.88%
Other 45.83% 20.89%
Ball 42.8% 19.21%
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Figure 2. Raincloud plot of accuracy in detecting bilateral touch across finger trajectory, im-
age type and depersonalisation (DP) group. Clouds represent distribution, raindrops represent
individual participants, bars represent 95% confidence intervals.

between touch and no-touch trials for the low-DP group, p′ = 0.229. No other
two-way interactions were found to be significant.

However, this effect was qualified by a significant three-way interaction
between image type, finger trajectory and DP group, F(2,76) = 3.76, p =
0.028, η2

p = 0.09. Bonferroni-adjusted pairwise comparisons of the estimated
marginal means revealed that this effect was driven by the high-DP group hav-
ing significantly greater accuracy in touch compared to no-touch trials for the
other-face, p′ = 0.001, and for the ball, p′ = 0.015,but not for the self-face,
p′ = 0.259 In contrast the low-DP group did not show a significant difference
in accuracy between touch and no touch for either the self-face, p′ = 0.336, or
the other-face, p′ = 0.352 but did show a difference for the ball, p′ = 0.026.

3.2. Individual Variance in Amount of Anomalous Body Experiences Predicts
Self-Bias in VRT

To further investigate this effect with a focus on differences in self- and other-
face processing between participants with high- and low-DP experiences, we
calculated VRT indexes for both self and other faces by subtracting accuracy
in the no-touch condition from that in the touch condition. We then created
a VRT self-bias index by subtracting the other VRT index from the self-VRT
index. We then carried out a four-stage hierarchical multiple regression with
VRT self-bias as the dependent variable and scores on the four CDS-29 sub-
scales from the experimental session as predictors. The subscales were entered
in an order that seemed plausible given their relationship to self-perception. As
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our task related to processing bodily stimuli, the anomalous body experience
subscale was entered at stage one of the regression. Anomalous subjective re-
call was entered at stage two, due to its relation to memories of the self and
self-face. Emotional numbing was entered at stage three due to the relation-
ship between emotional experiences and somatic processing (Damasio and
Carvalho, 2013). Finally, we added AFS at stage four as this was the subscale
that was least related to self and body processing.

Full results of the hierarchical regression are given in Table 2. As can be
seen, the amount of ABEs reported was a significant negative predictor of self-
bias in VRT, R2 = 0.134, F(1,38) = 5.9, p = 0.02 (see Fig. 3). The additional
other three subscales did not lead to significant improvements in model fit.

In addition to this analysis we also investigated the role of individual vari-
ation in DP traits in predicting overall VRT by running the same model but
with the average of VRT scores across all images as the dependent variable.
Full results of that hierarchical regression are given in Supplementary Table
S1. However, the key finding was that the model was significant at the sec-
ond level, R2 = 0.15, F(1,38) = 4.64, p = 0.049. In this model anomalous
subject recall was a significant positive predictor of overall VRT, β = 0.629,
p = 0.038, while anomalous body experience was a non-significant negative
predictor, β = −0.328, p = 0.269. The addition of the other two subscales did
not lead to significant improvements in model fit.

Table 2.
Summary of Hierarchical Regression Analysis for CDS-29 subscales predicting VRT self-bias

Variable β p R2 �R2 �F �p

Step 1 0.134 0.134 5.9 0.02
Anomalous Body Experience −0.367 0.02

Step 2 0.145 0.11 0.46 0.5
Anomalous Body Experience −0.196 0.507
Anomalous Subjective Recall −0.199 0.500

Step 3 0.194 0.49 2.18 0.149
Anomalous Body Experience −0.445 0.191
Anomalous Subjective Recall −0.266 0.368
Emotional Numbing 0.379 0.149

Step 4 0.215 0.21 0.92 0.344
Anomalous Body Experience −0.586 0.117
Anomalous Subjective Recall −0.336 0.271
Emotional Numbing 0.232 0.444
Alienation from Surroundings 0.364 0.344
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Figure 3. Negative linear relationship between self-bias in visual remapping of touch (VRT)
and anomalous body experience (ABE) scores. DP, depersonalisation.

3.3. Low-Depersonalisation Group Showed Reduced Sensitivity for Self
Faces but Higher Criterion for Bilateral Touch

Although the small number of unilateral trials in the study means that our
experimental design is not optimised for signal detection theory analysis, we
followed Cardini et al. (2013) in investigating whether the observed differ-
ences between groups when perceiving bilateral touch were related to changes
in sensitivity or in response criterion. We, therefore, calculated sensitivity (d ′)
and criterion (C) scores across all trials where participants saw bilateral finger
movements. To do this we classified: (1) a ‘bilateral’ response to bilateral stim-
ulation as a hit; (2) a unilateral (left or right) response to a bilateral stimulation
as an omission; (3) a left response to a left stimulation or a right response to
a right stimulation as a correct rejection; and (4) a bilateral response to unilat-
eral (left or right) stimulation as a false alarm. Separate d ′ and C scores were
generated for the touch and no-touch conditions of each image type.

Two separate mixed ANOVA, one for d ′ and one for C scores, were carried
out with image type (self, other, ball), finger trajectory (touch, no touch) and
amount of DP experiences (high-DP group, low-DP group) as the factors. For
d ′, there were no significant main effects, but there was a significant interac-
tion between image type and amount of DP experiences, F(2,76) = 5.28, p =
0.007. Bonferroni-adjusted pairwise comparisons of the estimated marginal
means revealed that this effect was driven by the low-DP group having sig-
nificantly lower sensitivity than the high-DP group for the self-face condition,
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Table 3.
Means and standard deviations of d ′ in responding to bilateral tactile stimulation when viewing
bilateral finger trajectories by depersonalisation (DP) group and image type

Group Face Mean SD

High DP Self 1.27 0.72
Other 1.36 0.94
Ball 1.27 0.81

Low DP Self 0.79 0.72
Other 0.99 0.69
Ball 1.08 0.66

p′ = 0.022. However, the two groups did not significantly differ in sensitiv-
ity for the other-face, p′ = 0.193, or the ball conditions, p′ = 0.54. No other
interactions were significant (see Table 3).

The ANOVA on C scores revealed a significant main effect of image type,
F(2,76) = 4.85, p = 0.01. Bonferroni-adjusted pairwise comparisons of the
estimated marginal means revealed that this effect was driven by a significantly
higher criterion for the ball image (EMM = 0.58, SE = 0.05) compared to
either the self-face image (EMM = 0.48, SE = 0.04, p′ = 0.009) or the other-
face image (EMM = 0.5, SE = 0.05, p′ = 0.01). In addition, we found a main
effect of group, F(1,38) = 6.01, p = 0.019. This was because the criterion for
the high-DP group (EMM = 0.42, SE = 0.32) was significantly smaller than
that of the low-DP group (EMM = 0.62, SE = 0.21). No other significant
main effects or interactions were found. A follow-up analysis demonstrated
that these effects were not due to significant differences in tactile thresholds
between the two groups (see Supplementary material for details).

4. Discussion

The current study investigated whether the experience of depersonalisation
(DP), a condition in which people report subjective feelings of self-detachment
and estrangement, modulated the VRT effect. Due to the alterations in self-
experience that characterise DP, we predicted that participants in our high-DP
group would show a reduced overall VRT effect regardless of the observed
face (H1) and fail to show the self-bias VRT effect previously reported in other
studies (H2). Our results offered support for H2 by showing that amount of
ABEs reported by participants was negatively correlated with the size of their
VRT self-bias. However, contrary to H1, we found that the high-DP group
showed a VRT effect in the other-face condition while the low-DP group did
not show a VRT effect in either the self- or – conditions.
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4.1. Effects of Depersonalisation on Visual Remapping of Touch

Despite previous evidence for disruption in attentional and perceptual process-
ing in people experiencing DP (Giesbrecht et al., 2008; Guralnik et al., 2000),
our high-DP group had greater overall accuracy in the detection of bilateral
touch. In addition, they showed a VRT effect for faces that was lacking in our
low-DP group, suggesting an increased tendency to integrate visual and tactile
information together during the task, which goes against previous evidence for
disrupted activity in multisensory integration regions in DPD (Simeon et al.,
2000).

One possible explanation for this discrepancy comes from previous stud-
ies that suggest a significant link between experiences of depersonalisation
and dissociation and increased tendency to integrate multisensory informa-
tion. Kanayama et al. (2009) used the same screening criteria as the current
study to identify low- and high-DP groups and showed that the high-DP group
was considerably more susceptible to the rubber hand illusion (RHI) than the
low-DP group. Similarly, Braithwaite et al. (2017) demonstrated that partici-
pants disposed to OBEs, who also scored high in the ABE and AFS subscales
of the CDS-29, reported increased body ownership after asynchronous visual–
tactile integration in the RHI. Similar overintegration of visuotactile stimuli
has been found in participants who had taken the dissociative drug ketamine
(Morgan et al., 2011). Finally, a recent study from Bowling et al. (2019) found
a strong positive relationship between trait depersonalisation and the tendency
to experience pain on their own body when viewing others in pain (mirror-pain
synaesthesia).

These findings suggest that, contrary to our initial hypothesis, those high in
depersonalisation tend to over-, rather than underintegrate multisensory sig-
nals related to self and non-self objects. This may be due to the fact that they
have decreased sensory precision when detecting their own bodily states lead-
ing to a greater reliance on external cues (Seth et al., 2011; Tajadura-Jiménez
and Tsakiris, 2014) Applied to the current study this account explains both the
finding that participants in our high-DP group showed a stronger VRT effect
and the fact that overall mean VRT was positively predicted by the ASR sub-
scale of the CDS. Qualified support for the idea that participants high in DP
may have relied more on external cues as opposed to showing a greater ability
to accurately detect bilateral stimuli comes from our sensitivity analysis. This
suggests that the higher overall accuracy in the high-DP group was not due
to increased sensitivity but rather that they had a significantly lower criterion
for reporting bilateral touch. Since, in line with previous VRT studies (Beck
et al., 2013; Cardini et al., 2013; Serino et al., 2009), we only examined trails
in which participants received bilateral tactile stimulation, this increased ten-
dency to report bilateral stimulation regardless of the actual stimulation would
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automatically result in increased accuracy. However, it should be noted that
this difference in criterion did not interact with finger trajectory, meaning that
it cannot fully explain the difference between the two groups in VRT.

The link between high levels of depersonalisation and increased integration
of multisensory signals may also explain why our low-DP group did not show
a strong VRT effect in any of our stimuli conditions. We followed Adler et al.
(2016) in defining our low-DP group as participants with a CDS score of below
20. However, this group only made up 40% of the total number of people
surveyed during screening, making it probable that they also made up only
around the same proportion of participants in previous VRT studies. If higher
rates of DP are related to a greater general tendency to integrate multisensory
information, then it is plausible that our low-DP group was made up of those
least susceptible to the interference of external signals when making tactile
judgements. In other words, by selecting for low-DP experience we may have
inadvertently recruited a group that was relatively unsusceptible to the VRT
effect in comparison to more heterogenous samples recruited in previous VRT
studies.

Surprisingly, despite the lack of a VRT effect in the low-DP group overall
and the lack of a VRT effect for self faces in the high-DP group we also found
significant VRT for the ball condition in both the high- and low-DP groups.
This result was unexpected since previous VRT studies have failed to find ev-
idence of remapping of touch onto non-face objects including both balls and
houses. However, there is some evidence from previous neuroimaging studies
that neural regions involved in perceiving touch including the secondary so-
matosensory cortex are also activated when people observe non-human objects
(e.g., rolls of paper) being touched compared to when they are not touched
(Keysers et al., 2004). Why both our groups showed the VRT effect for this
non-face condition but not for the two face conditions is unclear and this un-
expected result should be further explored further in future research. For the
rest of this paper we will focus on the contrasting findings between the groups
for the VRT on self and other faces.

4.2. Effect of Depersonalisation on Self-Bias in Visual Remapping of Touch

While we found that the high-DP group did show significantly greater VRT
effects than the low-DP group it is worth noting that this effect was qualified
by a three-way interaction between DP group, finger trajectory and face type.
This was driven by the fact that the high-DP group showed a significant VRT
effect in the other-face and ball conditions but not in the self-face condition.
This finding supports our second hypothesis that people with a higher rate of
DP experiences do not show the typical pattern of self-face bias when integrat-
ing visual–tactile information. Instead our high-DP group showed the reverse
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pattern with greater remapping for the other than for the self. We further inves-
tigated this effect by running a hierarchical regression model on the difference
in VRT effect between self- and other-face conditions with scores on the CDS
subscales as predictors. This regression indicated a negative relationship be-
tween VRT self-bias scores and the ABE subscale suggesting that the lack
of self-bias seen in our high-DP group was specifically related to the bodily
component of DP.

It is also worth noting that our sensitivity analysis revealed a significant
effect of DP group by image type. Post-hoc tests indicated that this was due
to the low-DP group having lower sensitivity than the high-DP group when
detecting bilateral touch for the self-face image. In contrast there was no dif-
ference in sensitivity between the two groups for the other-face or ball images.
To our knowledge this is the first VRT study to find such a sensitivity effect
which may help to explain the mechanism by which the VRT self-bias effect
occurs, i.e., via a reduction in sensitivity to tactile information and increased
reliance on visual information when observing one’s own face compared to the
faces of others. However it should be noted that a previous sensitivity analysis
using VRT data, albeit with a smaller number of trials, did not find any evi-
dence for a self-bias in sensitivity (Cardini et al., 2013) and further research
with a design better suited to full sensitivity analyses would be needed to con-
firm this.

This result adds to previous findings indicating a disruption to self-related
processing in people with high DP experiences, especially in terms of the inte-
gration of internal and external information about the bodily self (Adler et
al., 2016; Dewe et al., 2018; Ketay et al., 2014; O’Sullivan et al., 2018).
It complements Adler and colleagues’ finding of anomalous neural integra-
tion of self-related visuotactile stimuli by providing evidence that high DP is
reflected behaviourally in (a) the abnormal remapping of self-related infor-
mation and (b) a lack of any self-related enhancement in sensitivity in tactile
detection. We further add to this literature by showing that this behavioural
effect is specifically related to the extent to which participants experienced
abnormal sensations relating to their own body.

One interesting question is whether the lack of the typical self-bias in VRT
found in those with a high occurrence of DP is due to bottom-up impairments
in multisensory integration of self-related information or whether this process
is driven by top-down inhibition. In the first case the lack of a VRT effect
for the self would be closely related to the findings of anomalous processing
in brain regions involved in sensory integration (Simeon et al., 2000) or in
attentional processing (Adler et al., 2014; Giesbrecht et al., 2008; Guralnik et
al., 2000; Schabinger et al., 2018) in DP. On the second account, advantages
due to self-processing may be inhibited due to conflict between explicit self-
recognition and feelings of detachment from the observed self-face. On this
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account disrupted processing when observing the self-face would occur in an
analogous way to the manner in which frontal regions like the DLPFC have
been related to the emotional numbing that comprises another key aspect of
depersonalisation (De Andrade et al., 2016; Sierra and David, 2011). While
further research is necessary to provide a definitive answer to this question, for
now we note that the fact our high-DP group showed a significant VRT effect
for the other-face suggests that the lack of an effect for the self-face is less
likely to be related to a generalised impairment in multisensory integration
or attentional processing and more like to be due to top-down disruption of
self-processing.

4.3. Limitations and Future Directions

One caveat to the current study is the fact that overall accuracy scores were
lower than is commonly reported in VRT studies, over all conditions and both
groups the average accuracy was only around 50% compared to previous re-
ports of accuracy of 58% (Cardini et al., 2012) or 66% (Serino et al., 2008),
although other studies have reported similar levels of overall accuracy (Serino
et al., 2009). It is likely that the lower accuracy seen in the current study re-
flects the fact that we used a staircase procedure to find the point of subjective
equality giving us a tactile threshold of 50% as opposed to previous studies
which set their thresholds at 60% (Cardini et al., 2012; Serino et al., 2009)
or 70% (Serino et al., 2008). We chose to use this approach as it enabled a
more robust and principled means of deriving stimulation at each participant’s
threshold level of detection. However, this does seem to have led to an un-
wanted floor effect with significantly lower overall accuracy than most other
VRT studies.

Further research in this area could seek to further examine the relation-
ship between DP and mirroring of others’ emotional expressions, for example
by examining the mechanisms underlying implicit social (self–other) mecha-
nisms such as automatic facial mimicry (Bourgeois and Hess, 2008; Farmer
et al., 2018). In addition, a more refined conceptual toolbox describing the
phenomenology of DP experiences from a first-person perspective needs to be
developed in order to fully capture the complexity and richness of this phe-
nomenon.

5. Conclusion

The current study examined the relationship between depersonalisation and
self-bias in the integration of visual and tactile stimuli using the VRT task in a
non-clinical sample. Our findings revealed that participants high in DP showed
an increased overall VRT effect but a no-self-face bias, instead showing a
greater VRT effect when observing the face of another person. In addition,
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across all participants, self-bias was negatively predicted by score on the ABEs
subscale suggesting that this effect was specifically linked to disruptions in
the perception of the bodily self. These results provide evidence for disrupted
integration of tactile and visual representations of the bodily self in those expe-
riencing DP and provide a greater understanding of how disruptions in sensory
perception of the self may underlie the phenomenology of depersonalisation.
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