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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
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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 indicated 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 proprioceptive 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.
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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 smelltouch 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 presented 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 knocked my finger), there was
no such reaction” (p. 136 and p. 821). More recent studies
document vision-touch synaesthesia in healthy individuals
(see Banissy and Ward, 2007; Banissy et al., 2009a, 2009b, 2011;
Blakemore et al., 2005; Holle et al., 2011, and for an overview,
see Ward 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 individual. 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 resonance imaging (fMRI) study, Participant C and control participants without vision-touch synaesthesia demonstrated
activation in the primary and secondary somatosensory
cortices, and the motor and premotor regions, when they were
touched. More interestingly, the primary and secondary
somatosensory cortices “were activated by the mere observation 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
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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 overactivation 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 somatosensory 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 and without 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 synaesthesia 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 participant’s body was either congruent or incongruent with the
location of viewed touch. This task was difficult for the individuals with vision-touch synaesthesia because of the
requirement to distinguish actual physical touch from synaesthetic 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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participants without vision-touch synaesthesia were not
prone to these errors. Here we present a third method to
authenticate vision-touch synaesthesia: a no-touch rubber
hand paradigm.
In the traditional rubber hand paradigm (Botvinick and
Cohen, 1998), 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. When touch
administered to the viewed prosthetic hand is synchronous
with touch administered to the participant’s hidden hand, it
may seem to the participant that he or she is feeling touch at
the location of the viewed prosthetic hand. The participant
experiences “displacement of the felt location of the touch from
the hidden real hand to the visible [prosthetic] hand” (Makin
et al., 2008, p. 5). It may also seem to the participant that the
prosthetic hand is the participant’s own hand. These experiences, termed visual capture of touch and the illusion of
ownership of the prosthetic hand, are collectively referred to as
the rubber hand illusion. The rubber hand illusion is often
assessed with questionnaire ratings and with a measure of
proprioceptively perceived hand position. When asked to point
to the location of their own hidden hand, participants
demonstrate a shift in proprioceptively perceived position of
the hidden hand, and this shift is displaced towards the prosthetic hand (e.g., Botvinick and Cohen, 1998; Costantini and
Haggard, 2007; Haans et al., 2008; Longo et al., 2008b; Tsakiris
and Haggard, 2005). This shift in perceived hand position is
referred to as proprioceptive drift (see Paillard and Brouchon,
1968; Wann and Ibrahim, 1992) and it is commonly regarded
as a behavioural proxy for the rubber hand illusion (Tsakiris
et al., 2007, 2010, but see Holmes et al., 2006 and Rohde et al.,
2011). The magnitude of the shift is typically about 15e30% of
the full distance between the participant’s hidden (receptive)
hand and the prosthetic hand (Makin et al.).
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. The rubber hand illusion (visual
capture of touch and the illusion of ownership of the prosthetic hand) depends on synchronous touch of the viewed
prosthetic hand and the participant’s hidden hand (but see
Durgin et al., 2007 and Giummarra et al., 2010 for other notouch paradigms). Thus we make the obvious yet bold
proposal that individuals with vision-touch synaesthesia will
experience the no-touch rubber hand illusion because, when
they view a prosthetic hand being touched by the Examiner,
they will experience synchronous synaesthetic tactile sensation on their hidden hand.
The no-touch rubber hand paradigm is an excellent
method to use to authenticate vision-touch synaesthesia. An
individual who is naı̈ve about the rubber hand illusion will not
know how he or she is expected to perform. Indeed, an individual with vision-touch synaesthesia who is naı̈ve about the
illusion will not know how individuals without vision-touch
synaesthesia will perform on either the traditional or the
no-touch rubber hand paradigm. This inability to predict
performance is important. Gheri et al. (2008) note that “it is
much harder for an observer to feign a condition if they do not
know whether they are supposed to be better or worse than
the normal observer” (p. 841).

2.

General methods

2.1.

Participants

2.1.1.

Control participants

Twelve control participants (11 females and 1 male;
18e28 years: M ¼ 21.5 years, SD ¼ 2.97 years) took part in
Experiment 1, and twelve new control participants (9 females
and 3 males; 18e29 years: M ¼ 20.7 years, SD ¼ 3.31 years) took
part in Experiment 2. All participants were recruited from the
University of Oxford community, and they provided informed
written consent. The protocol was approved by the University
of Oxford Research Ethics Committee, and was in accordance
with the ethical standards laid down in the 2008 Declaration of
Helsinki. All participants were naı̈ve to the objectives of the
experiment.

2.1.2.

Vision-touch synaesthesia participants

Two individuals with specular1 vision-touch synaesthesia
(RS and NC) were recruited from the University of Oxford
community. RS (23-year-old female) had signed up for a study
investigating tactile sensation in non-visual testing conditions. It is standard in our laboratory to begin experiments by
confirming that the participant is comfortable with receiving
touch on the hand. The Examiner demonstrates the different
types of stimulation that are involved in the study by administering touch to a prosthetic hand. Of 180 participants
screened in this way over three years, RS was the only participant spontaneously to report that observing touch on the
prosthetic hand had elicited tactile sensation on her own
hand. RS stated that her visuotactile experiences dated back to
an early age, and she recalled for us a vivid memory from age
eight. While seated in the classroom, RS watched the teacher
at the front of the room rub her two hands together. RS said
“I was mesmerised and felt that I could feel her touch”. Banissy
et al. (2009a) report that vision-touch synaesthesia tends to
co-occur with other forms of synaesthesia. Consistent
with this, RS has grapheme-colour synaesthesia (visuallypresented letters and numbers lead to a synaesthetic experience of colour), and she perceives the letters of the alphabet
and the months of the year as having a three-dimensional
arrangement in space. RS was naı̈ve about the rubber hand
paradigm.
NC (19-year-old female) was recruited as a control participant for the current study. However, subsequent to testing
with the no-touch rubber hand paradigm, NC explained that
she might not be an appropriate participant. NC said that she
feels a strong sensation on her own body when she sees

1
Banissy and Ward (2007) have distinguished between two
subtypes of vision-touch synaesthesia: anatomical and specular.
When positioned face-to-face with an individual who receives
touch on the left side of her face, an individual with anatomical
vision-touch synaesthesia experiences sensation on the left side
of her own face. In contrast, an individual with specular visiontouch synaesthesia experiences sensation on the right side of
her face, as if looking at herself receiving touch in a mirror. In
a prevalence study by Banissy et al. (2009a), the specular subtype
was found to be significantly more common than the anatomical
subtype.
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another person being touched, and that observing touch on
the prosthetic hand had elicited tactile sensation on her own
hand. NC recalled reading ‘A Brave New World’ at age 12 and
being particularly struck by a scene describing a futuristic
cinema referred to as ‘Feelies’, rather than movies. At the
Feelies, filmgoers sit in a special chair that allows them to feel
the movie. On reading about this visuotactile cinematic
experience, NC had thought “I have that sensation anyway”.
NC also reported that some visually-presented words lead to
a synaesthetic experience of colour, and that smells are
associated with a “very strong colour feeling”. NC was naı̈ve
about the rubber hand paradigm.

2.2.

Experimental procedure

The participant was seated at a table, opposite the Examiner.
A realistic prosthetic left hand (see Fig. 1) was positioned on
the table at the participant’s body midline. The participant’s
left hand was positioned 15 cm to the left of the prosthetic
hand, and both hands were palm downward on the table with
the fingers pointing straight ahead and away from the
participant’s body. Care was taken to align the hands side-byside. A visual divider was placed between the prosthetic hand
and the participant’s left hand, so that the participant’s left
hand was hidden from view. The participant’s right hand
rested on the participant’s lap, and was also hidden from
view. A piece of black fabric was draped over the stump of the
prosthetic hand. The Examiner used a paintbrush to administer stimulation (consisting of brushstrokes and taps) to the
index finger of the prosthetic hand and the index finger of the
participant’s hidden left hand. Strokes were unidirectional,
from the knuckle (where the index finger meets the hand)
towards the fingertip.
Experiment 1 consisted of three 60-sec conditions of the
rubber hand paradigm: (1) no-touch condition, with stimulation of the viewed prosthetic hand but ‘no-touch’ of the
participant’s hidden hand; (2) synchronous condition, with
synchronous stimulation of the viewed prosthetic hand and
the participant’s hidden hand; (3) asynchronous condition,
with asynchronous stimulation of the viewed prosthetic hand
and the participant’s hidden hand. The novel manipulation
was the no-touch condition, and our prediction was that
individuals with vision-touch synaesthesia would experience
the rubber hand illusion in this condition but that control
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participants would not. Previous research with the traditional
rubber hand paradigm has shown that the rubber hand
illusion is elicited with synchronous stimulation but not
with asynchronous stimulation. Thus our prediction was that
individuals with vision-touch synaesthesia and control
participants would experience the rubber hand illusion in the
synchronous condition. The asynchronous condition was the
baseline condition for individuals with vision-touch synaesthesia, and our prediction was that individuals with visiontouch synaesthesia would not experience the rubber hand
illusion in this condition. Thus, individuals with vision-touch
synaesthesia were tested in three conditions of the rubber
hand paradigm but control participants were tested only in
the two conditions (no-touch and synchronous) of most
interest for comparisons.
Experiment 2 consisted of three trial durations (60 sec,
180 sec, 300 sec) of the no-touch condition of the rubber hand
paradigm, with stimulation of the viewed prosthetic hand but
no-touch of the participant’s hidden hand. There was a 3-min
break between trials in which the participant was encouraged
to move his or her hands. Previous research using the
synchronous condition of the rubber hand paradigm has
shown that participants demonstrate greater proprioceptive
drift following a prolonged experience of the rubber hand
illusion (Botvinick and Cohen, 1998). The aim of Experiment 2
was to investigate this effect in the no-touch condition. Our
prediction was that individuals with vision-touch synaesthesia would demonstrate greater proprioceptive drift when
trial duration was increased but that, irrespective of trial
duration, control participants would not demonstrate
proprioceptive drift in the no-touch condition of the rubber
hand paradigm.
Table 1 outlines all of the experimental conditions and
predictions.

2.2.1. Assessment of vision-touch synaesthesia:
perceived intensity ratings
Following each no-touch condition (Experiment 1: Condition 1;
Experiment 2: Trials 1, 2, 3), the participant responded to this
statement taken from Blakemore et al. (2005):
1. Please rate the intensity of the stimulation that you felt on
your own hand.
The purpose of this statement was to determine whether
the sight of touch on the prosthetic hand was experienced as
tactile sensation on the participant’s own hand. Rating of
perceived intensity was reported on a seven-point visual
analogue scale (0 ¼ no perceived tactile sensation; 6 ¼ very intense
tactile sensation).

2.2.2. Assessment of the rubber hand illusion:
questionnaire ratings
Following each condition (no-touch, synchronous, asynchronous) of Experiment 1, the participant responded to these
three statements adapted from Botvinick and Cohen’s (1998)
rubber hand questionnaire:

Fig. 1 e Photograph of the prosthetic hand (Regal brand).

1. It seemed as if I were feeling the touch of the paintbrush in
the location where I saw the rubber hand being touched.

810

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

Table 1 e Overview of experiments and predictions.
Predictions
Vision-touch synaesthesia participants
Experiment

Control participants

Condition

Duration

Questionnaire

Proprioceptive
drift

Questionnaire

Proprioceptive
drift

1

No-touch
Synchronous
Asynchronous

60 sec
60 sec
60 sec

þ
þ


þ
þ



þ
Not tested


þ
Not tested

2

No-touch
No-touch
No-touch

60 sec
180 sec
300 sec

Not tested
Not tested
Not tested

þ
þþ
þþþ

Not tested
Not tested
Not tested





þ Predicted to demonstrate the experience.
 Predicted not to demonstrate the experience.

2. I felt as if the rubber hand were my hand.
3. It seemed as if I may have more than one left hand or arm.
Statement 1 assessed visual capture of touch, Statement 2
assessed the illusion of ownership of the prosthetic
hand, and Statement 3 was included as a control statement
because it described an experience that the paradigm
was not expected to elicit. The order of the three statements
was randomised across participants and conditions. Rating
of agreement with each statement was reported on a
seven-point visual analogue scale (0 ¼ not at all; 6 ¼ very
strongly agree).

2.2.3.

Assessment of proprioceptive drift

For each condition (no-touch, synchronous, asynchronous) of
Experiment 1, and for all trial durations (60 sec, 180 sec,
300 sec) of the no-touch condition of Experiment 2, a pre(baseline) and post-stimulation measurement of proprioceptively perceived hand position was obtained using the
method developed by Ehrsson et al. (2005). The participant’s
eyes were closed and the visual divider was removed from
the table for this assessment. The participant extended his or
her right arm, which the Examiner positioned at 45 to the
right of the midsagittal plane of the participant’s body. The
participant was asked to slide the right index finger along the
table in a single movement until it was in line with the ‘felt’
position of the left index finger. That is, to point to (just in
front of) the tip of the left index finger. (Practice with this
procedure was provided before the experiment began
because it was important for the participant not to touch the
left index finger, since this would provide feedback about the
actual location.)
Proprioceptive drift was calculated as change (from
baseline) in the proprioceptively perceived position of the
participant’s hidden left hand, and it was recorded as either
positive or negative drift. Positive proprioceptive drift (when
the participant slid the right index finger along the table but
stopped before reaching the position of the left index finger)
means that the participant perceived the hidden left hand
as shifted towards the location of the previously-viewed
prosthetic hand. Negative proprioceptive drift (when the
participant slid the right index finger along the table and

slid past the position of the left index finger) means that
the participant perceived the hidden left hand as shifted
away from the location of the previously-viewed prosthetic
hand. Previous studies report that the experience of the
rubber hand illusion is associated with positive proprioceptive drift.

3.

Analysis

Questionnaire ratings and proprioceptive drift were analysed
using caseecontrol statistics. Crawford and Howell’s (1998)
modified t-test was used to test whether the difference
between the single case (RS or NC) and control participants
was statistically different. Despite clear predictions about the
differences between individuals with vision-touch synaesthesia and control participants, conservative two-tailed t-tests
were used. The effect size (zcc) and the confidence interval
around the effect size were calculated using the methods
proposed by Crawford et al. (2010).

4.

Experiment 1 results

4.1.

No-touch condition

4.1.1.

Perceived intensity ratings

Perceived intensity ratings (0 ¼ no perceived tactile sensation;
6 ¼ very intense tactile sensation) indicated that the two individuals with vision-touch synaesthesia experienced tactile
sensation on their own untouched left index finger when they
viewed touch administered to the prosthetic left hand (RS ¼ 3;
NC ¼ 4). Importantly, this means that RS and NC experienced
tactile sensation in the no-touch condition of the rubber hand
paradigm, with stimulation of the viewed prosthetic hand but
no-touch of the participant’s hidden hand. In contrast, ratings
provided by control participants indicated that they did not
experience tactile sensation on the hidden hand in the
no-touch condition of the rubber hand paradigm (M ¼ .167,
range ¼ 0e1).
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4.1.2. Rubber hand illusion: questionnaire ratings
(Fig. 2a, middle panel)
Questionnaire ratings (0 ¼ not at all; 6 ¼ very strongly agree)
indicated that the two individuals with vision-touch
synaesthesia experienced visual capture of touch (Statement 1: RS ¼ 3; NC ¼ 4) and ownership of the viewed prosthetic hand (Statement 2: RS ¼ 4; NC ¼ 3) in the no-touch
condition. Control participants did not experience visual
capture of touch (M ¼ .042, range ¼ 0e.5) or ownership of the
viewed prosthetic hand (M ¼ .167, range ¼ 0e1). Modified
t-tests confirmed that the ratings provided by RS and NC for
Statement 1 and Statement 2 were significantly higher than
the ratings provided by control participants. RS provided an
agreement rating of ‘0’ for the control statement “It seemed
as if I may have more than one left hand or arm”, and NC
provided a low agreement rating (Statement 3: RS ¼ 0;
NC ¼ 2; Control Participants M ¼ .083, range ¼ 0e1). A modified t-test confirmed that the rating provided by NC for
Statement 3 was significantly higher than the ratings
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provided by control participants. Results for t-tests conducted on questionnaire ratings for the no-touch condition
are reported in Table 2a.

4.1.3.

Proprioceptive drift (Fig. 2a, right panel)

The two individuals with vision-touch synaesthesia demonstrated positive proprioceptive drift; they perceived the
hidden left hand as shifted towards the location of the
previously-viewed prosthetic hand in the no-touch condition
(RS ¼ 4.75 cm; NC ¼ 2 cm). Control participants demonstrated
negative proprioceptive drift; they perceived the hidden
left hand as shifted away from the location of the
previously-viewed prosthetic hand (M ¼ 1.083 cm, range ¼ 3.5 cme2 cm). Most control participants (n ¼ 8)
demonstrated this pattern of negative proprioceptive drift,
two control participants demonstrated no drift (0 cm drift),
and two demonstrated positive drift (1 cm drift; 2 cm drift).
Modified t-tests confirmed that RS demonstrated significantly
greater proprioceptive drift than did control participants, and

a

b

Fig. 2 e Rubber hand paradigm: (a) No-touch condition and (b) Synchronous condition. Left panel, experimental set-up. Middle
panel, mean questionnaire rating (for the rubber hand illusion):  Statement 1 e visual capture of touch,  Statement 2 e
ownership of (viewed prosthetic) rubber hand,  Statement 3 e more than one hand. Right panel, mean proprioceptive drift
(cm). Error bars indicate 95% confidence intervals.
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Table 2 e Experiment 1: comparing a single case (RS or NC) to control participants e (a) no-touch condition, (b) synchronous condition, (c) no-touch condition compared to
synchronous condition.
Case

Control participants

Significance test

Estimated percentage of control
population obtaining a lower score than the case

Estimated effect size (zcc)

n

Mean

SD

t

p (two-tailed)

Point

95% CI

Point

3
4
0
4.75

12
12
12
12

.042
.167
.083
1.083

.144
.389
.289
1.662

19.736
9.467
.276
3.372

<.00001
<.00001
.78772
.00623

100
99.999
39.386
99.688

(100e100)
(100e100)
(19.514e61.679)
(97.431e100)

20.542
9.853
.287
3.510

(12.077e29.015)
(5.759e13.945)
(.859e.297)
(1.948e5.052)

Visual capture
Ownership
More than one hand
Proprioceptive drift

4
3
2
2

12
12
12
12

.042
.167
.083
1.083

.144
.389
.289
1.662

26.408
6.997
6.373
1.782

<.00001
.00002
.00005
.10230

100
99.999
99.997
94.885

(100e100)
(99.999e100)
(99.994e100)
(81.307e99.738)

27.486
7.283
6.633
1.855

(16.173e38.813)
(4.230e10.329)
(3.842e9.416)
(.889e2.792)

(b) Synchronous condition
RS
Visual capture
Ownership
More than one hand
Proprioceptive drift

3
4
1
4

12
12
12
12

3
2.667
.5
1.5

2.33
1.969
.904
1.33

0
.650
.531
1.806

1.0000
.52876
.60571
.09833

50
73.562
69.715
95.083

(28.577e71.423)
(51.345e90.249)
(47.301e87.546)
(81.750e99.763)

.677
.553
1.880

(.566e.566)
(.034e1.296)
(.068e1.153)
(.906e2.825)

6
6
2
4

12
12
12
12

3
2.667
.5
1.5

2.33
1.969
.904
1.33

1.237
1.626
1.594
1.806

.24183
.13216
.13920
.09833

87.909
93.392
93.040
95.083

(69.013e97.974)
(78.213e99.501)
(77.534e99.433)
(81.750e99.763)

1.288
1.693
1.659
1.880

(.496e2.048)
(.779e2.576)
(.757e2.532)
(.906e2.825)

(c) No-touch condition for RS and NC compared to synchronous condition for control participants
RS
Visual capture
3
12
3
2.33
0
1.00000
Ownership
4
12
2.667
1.969
.650
.52876
More than one hand
0
12
.5
.904
.531
.60571
Proprioceptive drift
4.75
12
1.5
1.33
2.348
.03864

50
73.562
30.285
98.068

(28.577e71.423)
(51.345e90.249)
(12.454e52.699)
(89.904e99.983)

0
.677
.553
2.444

(.566e.566)
(.034e1.296)
(1.153e.068)
(1.276e3.586)

65.600
56.307
93.040
63.760

(43.153e84.454)
(34.285e76.897)
(77.534e99.433)
(41.348e83.105)

.429
.169
1.659
.376

(.172e1.013)
(.405e.735)
(.757e2.532)
(.219e.955)

(a) No-touch condition
RS
Visual capture
Ownership
More than one hand
Proprioceptive drift
NC

NC

NC

Visual capture
Ownership
More than one hand
Proprioceptive drift

Visual Capture
Ownership
More than one hand
Proprioceptive drift

4
3
2
2

12
12
12
12

3
2.667
.5
1.5

2.33
1.969
.904
1.33

.412
.162
1.594
.361

.68801
.87387
.13920
.72480

0

95% CI
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Score
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NC demonstrated a trend towards greater proprioceptive drift
than did control participants. Results for t-tests conducted on
proprioceptive drift for the no-touch condition are reported
in Table 2a.

4.2.

Synchronous condition

4.2.1. Rubber hand illusion: questionnaire ratings
(Fig. 2b, middle panel)
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 Statement 3 (control statement): RS ¼ 0; NC ¼ 2; Control
Participants M ¼ .5, range ¼ 0e3.
Results for t-tests comparing questionnaire ratings for the
individuals with vision-touch synaesthesia in the no-touch
condition with questionnaire ratings for control participants
in the synchronous condition are reported in Table 2c.

4.2.2.

Proprioceptive drift (Fig. 2b, right panel)

Questionnaire ratings (0 ¼ not at all; 6 ¼ very strongly agree)
indicated that the two individuals with vision-touch
synaesthesia experienced visual capture of touch (Statement 1: RS ¼ 3; NC ¼ 6) and ownership of the viewed prosthetic hand (Statement 2: RS ¼ 4; NC ¼ 6) in the synchronous
condition. Control participants also experienced visual
capture of touch (M ¼ 3, range ¼ 0e6) and ownership of the
viewed prosthetic hand (M ¼ 2.667, range ¼ 0e6). RS and NC
provided low agreement ratings for the control statement “It
seemed as if I may have more than one left hand or arm” and
some control participants also agreed with this statement
(Statement 3: RS ¼ 1; NC ¼ 2; Control Participants M ¼ .5,
range ¼ 0e3).2 Modified t-tests confirmed that the ratings
provided by RS and NC were not significantly different from
the ratings provided by control participants. Results for ttests conducted on questionnaire ratings for the synchronous
condition are reported in Table 2b.
Taken together, the results for the no-touch condition and
the synchronous condition of the rubber hand paradigm
indicate that RS and NC experienced the rubber hand illusion
in both conditions whereas control participants experienced
the illusion only in the synchronous condition. Given our
expectation that RS and NC would experience the no-touch
condition as if it were a synchronous condition (i.e., they
would view touch on the prosthetic hand and experience
synchronous synaesthetic tactile sensation on the untouched
hidden hand), we compared questionnaire ratings provided by
RS and NC for the no-touch condition to the ratings provided
by control participants for the synchronous condition. Questionnaire ratings provided by RS and NC for the no-touch
condition were not significantly different from ratings
provided by control participants for the synchronous
condition:

Positive proprioceptive drift was demonstrated by both individuals with vision-touch synaesthesia (RS ¼ 4 cm; NC ¼ 4 cm)
and by control participants (M ¼ 1.5 cm, range ¼ .5 cme3.5 cm)
in the synchronous condition. Thus participants perceived the
hidden left hand as shifted towards the location of the
previously-viewed prosthetic hand in the synchronous condition. Modified t-tests confirmed that the proprioceptive drift
demonstrated by RS and NC was not significantly different from
the proprioceptive drift demonstrated by control participants,
although RS and NC demonstrated a trend towards greater
proprioceptive drift. Results for t-tests conducted on proprioceptive drift for the synchronous condition are reported in Table
2b.
Taken together, the results for the no-touch condition and
the synchronous condition of the rubber hand paradigm
indicate that RS and NC demonstrated positive proprioceptive drift in both conditions whereas control participants
demonstrated positive proprioceptive drift only in the
synchronous condition. Given our expectation that RS and
NC would experience the no-touch condition as if it were
a synchronous condition, we compared proprioceptive drift
results for RS and NC for the no-touch condition to the
results provided by control participants for the synchronous
condition. RS demonstrated significantly greater proprioceptive drift for the no-touch condition (RS ¼ 4.75 cm) than
did control participants for the synchronous condition
(M ¼ 1.5 cm, range ¼ .5 cme3.5 cm). The proprioceptive drift
demonstrated by NC for the no-touch condition (NC ¼ 2 cm)
was not significantly different from the proprioceptive drift
demonstrated by control participants for the synchronous
condition. Results for t-tests comparing proprioceptive drift
for individuals with vision-touch synaesthesia in the notouch condition with proprioceptive drift for control participants in the synchronous condition are reported in Table 2c.

 Statement 1 (visual capture of touch): RS ¼ 3; NC ¼ 4; Control
Participants M ¼ 3, range ¼ 0e6.
 Statement 2 (ownership of the viewed prosthetic hand):
RS ¼ 4; NC ¼ 3; Control Participants M ¼ 2.667, range ¼ 0e6.

4.3.

Asynchronous condition

4.3.1.

Rubber hand illusion: questionnaire ratings

2
In the synchronous condition, RS, NC and four (of twelve)
control participants provided positive agreement ratings for the
control statement (rating ¼ 1, n ¼ 3 control participants; rating ¼ 3, n ¼ 1 control participant). Although we expected an
agreement rating of ‘0’ for all participants, we appreciate that the
illusion might lead to the interpretation “It seemed as if I may
have more than one left hand or arm”. At the beginning of the
synchronous stimulation trial, the participant feels touch at the
location of her own hand; as the trial progresses, it seems to
the participant that he or she is feeling touch at the location of
the viewed prosthetic hand. Thus the participant does ‘experience’ touch at the location of two left hands during the course of
the trial.

Questionnaire ratings (0 ¼ not at all; 6 ¼ very strongly agree)
indicated that the two individuals with vision-touch synaesthesia did not experience the rubber hand illusion in the
asynchronous condition. RS and NC provided an agreement
rating of ‘0’ for all three statements on the questionnaire.

4.3.2.

Proprioceptive drift

The two individuals with vision-touch synaesthesia demonstrated negative proprioceptive drift; they perceived the
hidden left hand as shifted away from the location of the
previously-viewed prosthetic hand in the asynchronous
condition (RS ¼ 2 cm; NC ¼ 2.5 cm).
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Table 3 e Experiment 2: comparing the proprioceptive drift of a single case (RS or NC) to control participants e no-touch
condition for three trial durations (60 sec, 180 sec, 300 sec).
Case

Control participants

Significance test

Score

n

Mean

SD

t

p (two-tailed)

Point

95% CI

Point

95% CI

12
12
12

1.521
.917
.896

1.949
2.224
2.675

2.229
2.124
2.118

.04764
.05716
.05781

97.618
97.142
97.110

(88.413e99.968)
(86.971e99.946)
(86.877e99.944)

2.320
2.211
2.204

(1.196e3.417)
(1.125e3.270)
(1.121e3.261)

12
12
12

1.521
.917
.896

1.949
2.224
2.675

2.475
2.556
3.734

.03084
.02670
.00330

98.458
98.665
99.835

(91.329e99.992)
(92.150e99.995)
(98.540e100.00)

2.576
2.661
3.886

(1.361e3.767)
(1.415e3.882)
(2.181e5.575)

No-touch condition
RS
60 sec
3
180 sec
4
300 sec
5
NC

60 sec
180 sec
300 sec

3.5
5
9.5

5.

Experiment 2 results

5.1.

No-touch condition with three trial durations

5.1.1.

Perceived intensity ratings

Perceived intensity ratings (0 ¼ no perceived tactile sensation;
6 ¼ very intense tactile sensation) indicated that, for all trial durations (60 sec, 180 sec, 300 sec) of the no-touch condition, the two
individuals with vision-touch synaesthesia experienced tactile
sensation on their own untouched left index finger when they

Estimated percentage of control
population obtaining a
lower score than the case

Estimated effect
size (zcc)

viewed touch administered to the prosthetic left hand. In
contrast, ratings provided by control participants indicated that
they did not experience tactile sensation on the hidden hand in
the no-touch condition of the rubber hand paradigm:
 60-sec trial: RS ¼ 3; NC ¼ 4; Control Participants M ¼ .625,
range ¼ 0e1.
 180-sec trial: RS ¼ 4; NC ¼ 6; Control Participants M ¼ .415,
range ¼ 0e1.
 300-sec trial: RS ¼ 5; NC ¼ 6; Control Participants M ¼ .667,
range ¼ 0e2.

Fig. 3 e No-touch condition of the rubber hand paradigm: three trial durations (60 sec, 180 sec, 300 sec). Left panel,
experimental set-up. Right panel, mean proprioceptive drift (cm). Error bars indicate 95% confidence intervals.
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5.1.2.

Proprioceptive drift (Fig. 3, right panel)

For all trial durations (60 sec, 180 sec, 300 sec) of the no-touch
condition, the two individuals with vision-touch synaesthesia
demonstrated positive proprioceptive drift. These individuals
perceived the hidden left hand as shifted towards the location
of the previously-viewed prosthetic hand whereas most
control participants demonstrated negative proprioceptive
drift or no drift:
 60-sec trial: RS ¼ 3 cm; NC ¼ 3.5 cm; Control Participants
M ¼ 1.521 cm, range ¼ 5.5 cme1 cm.
 180-sec trial: RS ¼ 4 cm; NC ¼ 5 cm; Control Participants
M ¼ .917 cm, range ¼ 4.5 cme3 cm.
 300-sec trial: RS ¼ 5 cm; NC ¼ 9.5 cm; Control Participants
M ¼ .896 cm, range ¼ 6 cme4.5 cm.3
Modified t-tests confirmed that for the 60-sec trial, RS
demonstrated significantly greater proprioceptive drift than
did control participants; the 180-sec ( p ¼ .057) and 300-sec
( p ¼ .058) trials bordered on significance. NC demonstrated
significantly greater proprioceptive drift than did control
participants for all three trial durations. Results for t-tests
conducted on proprioceptive drift for the no-touch condition
are reported in Table 3.
As can be seen in Fig. 3, RS and NC demonstrated a trend
towards greater proprioceptive drift with increased trial
duration whereas control participants did not. Paired t-tests
confirmed that control participants showed no significant
difference when proprioceptive drift was compared:
 60-sec trial compared to 180-sec trial: t(11) ¼ 1.119, p ¼ .287.
 60-sec trial compared to 300-sec trial: t(11) ¼ 1.005, p ¼ .336.
 180-sec trial compared to 300-sec trial: t(11) ¼ .026, p ¼ .980.

6.

Discussion

We have presented a new method to authenticate visiontouch synaesthesia: a no-touch rubber hand paradigm. The
main findings can be summarised as follows. In the notouch condition of Experiment 1, with stimulation of the
viewed prosthetic hand but no-touch of the participant’s
hidden hand, individuals with vision-touch synaesthesia
experienced synaesthetic tactile sensation on the untouched
hidden hand.4 These individuals also experienced the rubber
hand illusion (visual capture of touch and the illusion of
ownership of the prosthetic hand), and they demonstrated
3
Results for control participants who demonstrated positive
proprioceptive drift: 60-sec trial, n ¼ 2 (.5 cm; 1 cm); 180-sec trial,
n ¼ 3 (1 cm; 2 cm; 3 cm); 300-sec trial, n ¼ 4 (.5 cm; .5 cm; 1.5 cm;
4.5 cm).
4
A recent study of individuals with vision-touch synaesthesia
(Holle et al., 2011) has shown that synaesthetic tactile sensation is
less intense when a ‘dummy’ hand is used. This could mean that
our participants may have experienced an even stronger rubber
hand illusion if we had used a human hand instead of a prosthetic hand. However, another difference in the two studies is
that the realistic rubber hand (see Fig. 1) we used was viewed
directly, rather than on a computer screen, as it was in the study
by Holle et al.
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positive proprioceptive drift; they perceived the hidden left
hand as shifted towards the location of the previouslyviewed prosthetic hand. In Experiment 2, three trial durations (60 sec, 180 sec, 300 sec) of the no-touch condition were
investigated. RS showed 3 cm (60-sec trial), 4 cm (180-sec
trial), and 5 cm (300-sec trial) proprioceptive drift; that is,
proprioceptive drift of 20% (60-sec trial), 27% (180-sec trial),
and 33% (300-sec trial) of the actual distance between the
viewed prosthetic hand and her own hidden hand. NC
showed 3.5 cm (60-sec trial), 5 cm (180-sec trial), and 9.5 cm
(300-sec trial) proprioceptive drift; that is, proprioceptive
drift of 23% (60-sec trial), 33% (180-sec trial), and 63% (300sec trial) of the actual distance.5 This pattern e increased
proprioceptive drift with increased trial duration e has
previously been shown for control participants tested with
the synchronous condition of the rubber hand paradigm
(Botvinick and Cohen, 1998).
Control participants (individuals without vision-touch
synaesthesia) did not experience the rubber hand illusion
in the no-touch condition. In fact, many control participants
queried Statement 1 “It seemed as if I were feeling the touch
of the paintbrush in the location where I saw the rubber
hand being touched”. They told us that they had not been
touched and therefore could not have felt anything. (Individuals with vision-touch synaesthesia completed the
rubber hand questionnaire without hesitation.) Moreover,
irrespective of trial duration (60 sec, 180 sec, 300 sec), most
control participants demonstrated negative proprioceptive
drift (away from rather than towards the previously-viewed
prosthetic hand).
Proprioceptive drift away from the prosthetic hand is
more commonly documented for a different kind of
discrepant-stimulation condition, namely asynchronous
stimulation of the viewed prosthetic hand and the participant’s hidden hand (Botvinick and Cohen, 1998; Tsakiris and
Haggard, 2005: Fig. 2, congruent-posture condition). Asynchronous stimulation is often used as a baseline condition in
rubber hand experiments because participants do not experience the rubber hand illusion when stimulation of the two
hands is not synchronous. The illusion is diminished with
a temporal discrepancy of 300 msec, and it is abolished with
a temporal discrepancy exceeding 500 msec (Shimada et al.,
2009). For the two individuals with vision-touch synaesthesia, we used asynchronous stimulation to control for
suggestibility, and to rule out any possibility that they could
experience a rubber hand illusion irrespective of experimental manipulation. As predicted, RS and NC did not
experience the rubber hand illusion in the asynchronous
condition. They did not agree with any of the statements
(illusion or control) on the questionnaire, and they demonstrated negative proprioceptive drift; they perceived the
hidden left hand as shifted away from the location of the
previously-viewed prosthetic hand.

5

When NC viewed touch on the prosthetic hand, she experienced a tingling sensation on her own hand. By the end of the
300-sec trial, NC explained that these sensations were ‘building’
in intensity. NC’s left hand had become noticeably reddened
(when compared to the right hand) and she reported that this
longer trial was somewhat uncomfortable.
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For individuals who experience the traditional rubber hand
illusion, tactile sensation on the participant’s hidden hand is
referred to the prosthetic hand (Botvinick and Cohen, 1998).
A complete understanding of the no-touch rubber hand illusion requires a two-step explanation. First, the individual’s
experience is that she is feeling touch on the (untouched)
hidden hand when she views touch on the prosthetic hand:
vision-touch synaesthesia accounts for this sensation.
Second, the individual experiences touch at the location of the
viewed prosthetic hand: synaesthetic tactile sensation on the
(untouched) hidden hand is referred to the prosthetic hand. It
may also seem as if the prosthetic hand is the individual’s
own hand. The no-touch rubber hand illusion occurs because
touch on the viewed prosthetic hand is synchronous with the
synaesthetic tactile sensation on the individual’s own hand. A
match between viewed touch and felt touch is a necessary
condition for the rubber hand illusion. As noted by Pavani
et al. (2000), when the touch that the participant sees
matches the touch that the participant feels, “vision may
dominate the perception of body part location” (p. 353) and
thus “can affect the localization of bodily sensations” (p. 358).
Importantly, the current study demonstrates that felt touch
does not need to be physical touch. The rubber hand illusion
can be elicited in individuals for whom felt touch is a synaesthetic tactile sensation.
Here it is interesting to contrast our results for control
participants in the no-touch condition with those presented in
a recent study by Giummarra et al. (2010), in which individuals
without vision-touch synaesthesia did experience a no-touch
rubber hand illusion. Their study made use of the elegant
mirror-box apparatus devised by Ramachandran et al. (1995).
A vertical mirror was positioned on the table, perpendicular to
the participant’s body, and at body midline. The participant’s
left hand was hidden, and it was to the left of the mirror on the
non-reflective side. In one condition, a prosthetic right hand
was positioned on the right side of the mirror. The placement
of the mirror was such that the viewed prosthetic right hand
appeared to occupy “the perceived body space of the [hidden]
target hand” (Giummarra et al., 2010, p. 114). It was as if the
participant was looking at her own left hand through a sheet
of glass. When the Examiner administered touch to the
prosthetic right hand, the participant saw this touch in
the mirror and experienced illusory tactile sensation on the
hidden left hand and ownership of the viewed prosthetic
hand. Giummarra et al. suggest that viewing a hand that
occupies perceived body space may activate neurons in the
posterior parietal cortex, the temporo-parietal junction and
motor regions of the brain, and that activation of these cortical
regions that encode peripersonal body space may “increase
tactile sensitivity and perception of illusory touch, and
subsequently promote embodiment” (p. 114). In our study, the
viewed hand did not occupy the perceived body space of the
participant’s hidden hand. The participant looked 15 cm to the
right of her hidden left hand when she viewed the prosthetic
hand. Thus, our finding that control participants did not
experience illusory tactile sensation is consistent with the
conclusion that an overlap, between the viewed location of
a body part and the perceived location of one’s own body, may
be necessary to elicit illusory tactile sensation in individuals
without vision-touch synaesthesia.

Contrasting our study with the study by Giummarra et al.
(2010) allows us not only to speculate about the conditions
that are necessary to elicit illusory tactile sensation in individuals without vision-touch synaesthesia, but also to speculate about mechanisms for illusory or synaesthetic tactile
sensation in individuals with vision-touch synaesthesia.
Perhaps the boundaries of perceived body space are more
expansive in individuals with vision-touch synaesthesia? If
so, ‘other’ bodies may be more likely to fall within perceived
body space, and to activate the parietal network that is
involved both in encoding peripersonal space and in processing multiple sources of sensory information. Experiments
aimed at investigating perceived body space in individuals
with and without vision-touch synaesthesia will shed further
light on this proposal, and on the importance of perceived
body space in distinguishing between self and other when
observing touch.

7.

Conclusions

This is the first study to use the rubber hand paradigm to
authenticate vision-touch synaesthesia. The no-touch rubber
hand paradigm provides a good method to authenticate
vision-touch synaesthesia because individuals who are naı̈ve
about the rubber hand illusion will not anticipate how they are
expected to perform. Indeed, individuals with vision-touch
synaesthesia who are naı̈ve about the illusion will not anticipate how individuals without vision-touch synaesthesia will
perform on either the traditional or the no-touch rubber hand
paradigm. In the current study, the two individuals with
vision-touch synaesthesia were naı̈ve about the experimental
paradigm, and they experienced the no-touch rubber hand
illusion. RS and NC provided high ratings of agreement with
the illusion statements on the questionnaire, and they
demonstrated positive proprioceptive drift (a change, from
baseline, in proprioceptively perceived position) of the hidden
hand towards the location of the previously-viewed prosthetic
hand. Intuitively, we think that an individual feigning visiontouch synaesthesia would disagree with the questionnaire
statements, and indicate that the proprioceptively perceived
hand position was further from (rather than closer to) the
prosthetic hand. The individual might presume that because
she feels touch on her own hidden hand, she will not be fooled
by the location of the viewed prosthetic hand.
Future studies could incorporate additional objective
measures to substantiate the experience of the rubber hand
illusion for individuals with vision-touch synaesthesia.
Previous rubber hand studies have measured skin conductance responses (e.g., Armel and Ramachandran, 2003;
Ehrsson et al., 2008; Ehrsson, 2009; Ocklenburg et al., 2010),
somatosensory evoked potentials (Peled et al., 2003), and
temperature of the hidden hand (Hohwy and Paton, 2010;
Moseley et al., 2008). There have also been a number of
studies that have used tactile tasks either to authenticate the
experience of the rubber hand illusion or to investigate its
impact on tactile processing (Bruno and Bertamini, 2010;
Farnè et al., 2000; Folegatti et al., 2009; Haggard and Jundi,
2009; Kammers et al., 2010; Longo et al., 2008a; Moseley
et al., 2008). Other studies have used imaging techniques to
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investigate the neural underpinnings of the rubber hand
illusion (e.g., fMRI: Ehrsson et al., 2004, 2007; Lloyd et al., 2006;
MEG: Schaefer et al., 2006; PET: Tsakiris et al., 2007). Consequently, there is a wealth of information about the rubber
hand illusion: we hope that the current study will inspire
research using these different methods (with known outcome
measures) to investigate vision-touch synaesthesia.
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