
Research report

A sensational illusion: Vision-touch synaesthesia
and the rubber hand paradigm

Anne M. Aimola Davies a,b,c,d,* and Rebekah C. White a,*
aDepartment of Experimental Psychology, University of Oxford, United Kingdom
b Faculty of Philosophy, University of Oxford, United Kingdom
cNIHR Biomedical Research Centre, University of Oxford, United Kingdom
dDepartment of Psychology, The Australian National University, Australia

a r t i c l e i n f o

Article history:

Received 2 August 2010

Reviewed 12 October 2010

Revised 19 May 2011

Accepted 24 January 2012

Action editor Robert McIntosh

Published online 30 January 2012

Keywords:

Body representation

Mirror touch

Rubber hand illusion

Synaesthesia

a b s t r a c t

For individuals with vision-touch synaesthesia, the sight of touch on another person elicits

synaesthetic tactile sensation on the observer’s own body. Here we used the traditional

rubber hand paradigm (Botvinick and Cohen, 1998) and a no-touch rubber hand paradigm

to investigate and to authenticate synaesthetic tactile sensation. In the traditional rubber

hand paradigm, the participant views a prosthetic hand being touched by the Examiner

while the participant’s hand e hidden from view e is also touched by the Examiner.

Synchronous stimulation of the prosthetic hand and the participant’s hidden hand elicits

the rubber hand illusion. It may seem to the participant that she is feeling touch at the

location of the viewed prosthetic hand e visual capture of touch, and that the prosthetic

hand is the participant’s own hand e illusion of ownership. Thus, for participants who

experience the traditional rubber hand illusion, tactile sensation on the participant’s

hidden hand is referred to the prosthetic hand. In our no-touch rubber hand paradigm, the

participant views a prosthetic hand being touched by the Examiner but the participant’s

hand e hidden from view e is not touched by the Examiner. Questionnaire ratings indi-

cated that only individuals with vision-touch synaesthesia experienced the no-touch

rubber hand illusion. Thus, synaesthetic tactile sensation on the (untouched) hidden

hand was referred to the prosthetic hand. These individuals also demonstrated proprio-

ceptive drift (a change, from baseline, in proprioceptively perceived position) of the hidden

hand towards the location of the prosthetic hand, and a pattern of increased proprioceptive

drift with increased trial duration (60 sec, 180 sec, 300 sec). The no-touch rubber hand

paradigm was an excellent method to authenticate vision-touch synaesthesia because

participants were naı̈ve about the rubber hand illusion, and they could not have known

how they were expected to perform on either the traditional or the no-touch rubber hand

paradigm.

ª 2012 Elsevier Ltd. All rights reserved.

* Corresponding authors. Department of Experimental Psychology, University of Oxford, South Parks Road, Oxford OX1 3UD, United
Kingdom.

E-mail addresses: Anne.Aimola@psy.ox.ac.uk (A.M. Aimola Davies), Rebekah.White@psy.ox.ac.uk (R.C. White).

Available online at www.sciencedirect.com

Journal homepage: www.elsevier.com/locate/cortex

c o r t e x 4 9 ( 2 0 1 3 ) 8 0 6e8 1 8

0010-9452/$ e see front matter ª 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.cortex.2012.01.007

mailto:Anne.Aimola@psy.ox.ac.uk
mailto:Rebekah.White@psy.ox.ac.uk
www.sciencedirect.com/science/journal/00109452
http://dx.doi.org/10.1016/j.cortex.2012.01.007
http://dx.doi.org/10.1016/j.cortex.2012.01.007
http://dx.doi.org/10.1016/j.cortex.2012.01.007
www.elsevier.com/locate/cortex


1. Introduction

Synaesthetic tactile sensation can be so compelling that an

individual may mistake synaesthetic sensation for physical

touch. In auditory-touch synaesthesia, sound elicits tactile

sensation (Beauchamp and Ro, 2008; Ro et al., 2007); in smell-

touch synaesthesia, odour elicits tactile sensation (Cytowic,

2002); in taste-touch synaesthesia, flavour elicits tactile

sensation (Cytowic); and, in vision-touch synaesthesia,

the sight of touch on another person elicits tactile sensation

on the observer’s own body (Blakemore et al., 2005). This

paper is concerned with vision-touch synaesthesia, which is

also referred to as mirror-touch synaesthesia (Ward et al.,

2008, p. 259).

Patient studies (e.g., Bradshaw and Mattingley, 2001;

Ramachandran and Rogers-Ramachandran, 1996) provide

some of the earliest examples of how visual information

can trigger tactile sensation. Bradshaw and Mattingley pre-

sented information about a man with severe health problems

(including extensive metastatic carcinomatosis), who was so

sensitive to touch that even slight contact with his skin was

experienced as “sharp fingernails” (p. 136). In describing how

this man responded to observed touch, his wife said “If I

slightly knocked my finger, spontaneously showing him, he

would immediately grasp his own finger and say ‘don’t do

that’ (meaning not to show him suddenly); he actually felt it. If

I merely commented (that I had knockedmy finger), there was

no such reaction” (p. 136 and p. 821). More recent studies

document vision-touch synaesthesia in healthy individuals

(see Banissy andWard, 2007; Banissy et al., 2009a, 2009b, 2011;

Blakemore et al., 2005; Holle et al., 2011, and for an overview,

seeWard et al., 2008). Banissy et al. (2009a) have estimated the

prevalence rate for vision-touch synaesthesia to be as high as

1.6 in 100, which makes it one of the most common forms of

synaesthesia; the prevalence rate for colour-grapheme

synaesthesia is approximately 1.4 in 100 (Simner et al., 2006).

Blakemore et al. (2005) provided the first investigation of

vision-touch synaesthesia in a neurologically healthy indi-

vidual. Participant C (41-year-old female) claimed that she had

always “perceived observed touch on other people as touch to

her own body” (p. 1573), and she was surprised to learn that

this experience was atypical. In a functional magnetic reso-

nance imaging (fMRI) study, Participant C and control partic-

ipants without vision-touch synaesthesia demonstrated

activation in the primary and secondary somatosensory

cortices, and themotor and premotor regions,when theywere

touched. More interestingly, the primary and secondary

somatosensory cortices “were activated by the mere obser-

vation of touch to a human” (Blakemore et al., p. 1579). Related

fMRI studies support these findings for control participants

without vision-touch synaesthesia: McCabe et al. (2008) found

activation in the primary somatosensory cortex when control

participants observed touch (with a finger) to a human arm,

and Keysers et al. (2004) found activation in the secondary

somatosensory cortex when control participants observed

touch (with an object) to a human leg. In the Blakemore et al.

study, Participant C (when compared to control participants

without vision-touch synaesthesia) exhibited significantly

more activation bilaterally in the primary and secondary

somatosensory cortices and in the left premotor cortex when

she observed touch (with a finger) to a human face or neck

relative to touch to a similarly-shaped object with face- and

neck-like properties (e.g., a lamp). Participant C also exhibited

bilateral activation in the anterior insula, but there was no

evidence of insula cortex activation in control participants.

Blakemore et al. suggested that in most people “it is possible

that the somatosensory mirror system, which matches

observed and felt touch, is involved in understanding the

effect of tactile stimulation on others” (p. 1581). The authors

concluded that what distinguished Participant C from control

participants who did not feel observed touch was over-

activation in the mirror system along with activation in the

anterior insula, which contains tactile receptive fields and has

been shown to play a role in self-attribution.

Banissy and Ward (2007) hypothesised that the somato-

sensory mirror system may have an important role in

empathy. Consistent with this, they found that individuals

with vision-touch synaesthesia scored significantly higher on

the emotional reactivity subscale of the Empathy Quotient,

when compared to control participants without synaesthesia

and control participants with other forms of synaesthesia.

Banissy et al. (2011) have since demonstrated a link between

vision-touch synaesthesia and another aspect of emotion.

Participants with andwithout vision-touch synaesthesia were

presented with an adjective describing an emotional state,

and the task was to identify which of three faces best depicted

this emotional state. Individuals with vision-touch synaes-

thesia demonstrated superior performance on this

expression-recognition task whereas their performance was

identical to control participants on non-emotive tasks, such as

tasks investigating memory for faces. Taken side-by-side,

these studies suggest that vision-touch synaesthesia may be

linked to “general enhancements in emotion processing”

(Banissy et al., p. 1823).

Researchers who investigate synaesthesia emphasise how

important it is to authenticate the individual’s experience (see

Gheri et al., 2008; Simner et al., 2006). For example, in the study

by Blakemore et al. (2005), fMRI was used to authenticate

Participant C’s report that she experienced observed touch on

another person as if it were touch on her own body. Banissy

and Ward (2007) have since introduced a reaction-time task

to authenticate vision-touch synaesthesia. The participant’s

task was to report the location of touch administered to his or

her own body while observing touch administered to another

person. The location of touch administered to the partici-

pant’s body was either congruent or incongruent with the

location of viewed touch. This task was difficult for the indi-

viduals with vision-touch synaesthesia because of the

requirement to distinguish actual physical touch from syn-

aesthetic tactile sensation. Individuals with vision-touch

synaesthesia were faster to report the location of physical

touch when it was congruent (as compared to incongruent)

with the location of viewed touch. Control participants

without vision-touch synaesthesia did not demonstrate this

effect. Moreover, individuals with vision-touch synaesthesia

were prone to errors in the incongruent condition; for

example, they reported touch at two locations e the location

of physical touch and the location of viewed touch. Control
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