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The sense of body ownership (the feeling that the body belongs to the self) is commonly 
believed to arise through multisensory integration. This is famously shown in the rubber 
hand illusion (RHI), where touches applied synchronously to a fake hand and to the 
participant’s real hand (which is hidden from view) can induce a sensation of ownership 
over the fake one. Asynchronous touches weaken or abolish the illusion, and are typically 
used as a control condition. Subjective experience during the illusion is measured using a 
questionnaire, with some statements designed to capture illusory sensation and others 
designed as controls. However, recent work by Lush (2020, Collabra: Psychology) claimed 
that participants may have different expectations for questionnaire items in the 
synchronous condition compared to the asynchronous condition, and for the 
illusion-related items compared to the control items. This may mean that the classic RHI 
questionnaire is poorly controlled for demand characteristics. In the current work a 
conceptual replication of Lush (2020) was performed. Participants were presented with a 
video of the RHI procedure and reported the sensations they would expect to experience, 
both in free response and by rating questionnaire items. Participants had greater 
expectations for illusion statements in the synchronous condition compared to the 
asynchronous condition, and for illusion statements compared to control statements. 
However, free responses suggested that such expectations may be at least partially driven 
by exposure to the questionnaire items. Further work is necessary to understand whether 
similar expectations exist for the true RHI procedure, what might drive them, and 
whether they have an impact on reported RHI experience. 

Introduction 

The sense of body ownership refers to the feeling that a 
given body is our own. This sensation is believed to stem 
primarily from multisensory integration, whereby different 
sources of sensory information (e.g., vision, touch, proprio-
ception) are combined to generate the feeling that our body 
is something distinct from the surrounding environment 
and associated with the self (Ehrsson, 2020; Kilteni et al., 
2015; Tsakiris, 2010). The rubber hand illusion (RHI) is one 
of the most commonly used paradigms to examine the sense 
of body ownership (Botvinick & Cohen, 1998), highlighting 
how it can be altered through the manipulation of multi-
sensory stimulation. 

In the classic RHI, touches applied to a fake hand in 
temporal and spatial synchrony with the real hand (hidden 
from view) can induce the feeling that the fake hand is part 
of one’s body. Participants can also experience the sensa-
tion that the felt touches arise from the fake hand (refer-
ral of touch), as well as proprioceptive sensations arising 

from the fake (Longo et al., 2008). Temporally asynchro-
nous touches considerably weaken or abolish the illusion, 
and so are typically used as a control condition. Converging 
research from a wide range of behavioural, neuroimaging, 
clinical, and animal studies suggest that the RHI is a per-
ceptual illusion, likely arising through the same top-down 
and bottom-up processes involved in multisensory integra-
tion which mediate the sense of ownership over the real 
body (e.g., Bekrater-Bodmann et al., 2012; Brozzoli et al., 
2012; Chancel, Ehrsson, et al., 2021; Chancel & Ehrsson, 
2020; Costantini et al., 2016; Costantini & Haggard, 2007; 
Crucianelli et al., 2019; Ehrsson et al., 2004, 2008, 2022; Fa-
hey et al., 2018; Fang et al., 2019; Graziano, 2000; Guter-
stam et al., 2019; Kilteni & Ehrsson, 2017; Limanowski & 
Blankenburg, 2015; Lloyd, 2007; Petkova & Ehrsson, 2009; 
Preston, 2013; Pyasik et al., 2019, 2021; Samad et al., 2015; 
Shimada et al., 2009, 2014; Tidoni et al., 2014; Tsakiris et 
al., 2007, 2010; Tsakiris & Haggard, 2005; Ward et al., 2015; 
Zeller et al., 2011; Zopf et al., 2011, 2013, see Ehrsson, 2020 
for review). 

Correspondence: arran.reader@stir.ac.uk a 

Reader, A. T. (2022). What Do Participants Expect to Experience in the Rubber Hand
Illusion? A Conceptual Replication of Lush (2020). Collabra: Psychology, 8(1).
https://doi.org/10.1525/collabra.35743

D
ow

nloaded from
 http://online.ucpress.edu/collabra/article-pdf/8/1/35743/706575/collabra_2022_8_1_35743.pdf by guest on 22 June 2022

https://orcid.org/0000-0002-0273-6367
https://doi.org/10.1525/collabra.35743
https://doi.org/10.1525/collabra.35743


There are three common approaches to measuring the 
magnitude of the RHI (in addition to, more recently, psy-
chophysical forced-choice procedures, Chancel, Ehrsson, et 
al., 2021; Chancel, Hasenack, et al., 2021; Chancel & Ehrs-
son, 2020). Measures commonly referred to as ‘implicit’ aim 
to evaluate responses to the illusion by recording skin con-
ductance (in response to a threat towards the fake hand) 
(e.g., Petkova & Ehrsson, 2009) or proprioceptive drift (to 
see if the perceived position of the real hand is shifted to-
wards the fake one) (e.g., Abdulkarim et al., 2021; Abdulka-
rim & Ehrsson, 2016; Botvinick & Cohen, 1998; Tsakiris & 
Haggard, 2005). These measures are usually used to com-
plement questionnaires which assess subjective experience. 
In these questionnaires participants are asked to provide 
their level of agreement to statements regarding the feeling 
of ownership over the fake limb and referral of touch 
(Botvinick & Cohen, 1998; Longo et al., 2008). 

Agreement to these statements in the synchronous con-
dition tends to be positive, which is taken to indicate the 
presence of the illusion. As an experimental control, re-
searchers may record participant agreement to such illusion 
statements in the asynchronous condition, where touches 
applied to the hands are temporally incongruent, and visual 
and tactile signals cannot be integrated. In this condition, 
even though the location and frequency of tactile stimu-
lation of the real hand and visual stimulation of the fake 
hand is the same as in the synchronous condition, the tem-
poral mismatch results in disagreement with illusion state-
ments (Ehrsson, 2020). The asynchronous control condition 
may also be combined with other control conditions in a 
factorial design by, for example, introducing spatial incon-
gruence in tactile stimulation, or by changing the position 
of the fake hand to introduce visuoproprioceptive as well 
as visuotactile mismatch (e.g., Ehrsson et al., 2004; Holle 
et al., 2011; Kalckert & Ehrsson, 2014; Preston, 2013). By 
combining such factorial designs with an implicit measure 
(such as proprioceptive drift) researchers aim to probe the 
prevalence of condition-specific effects on both subjective 
experience and low-level sensory processes related to bod-
ily self-perception (in the case of proprioceptive drift, this 
would be the localisation of one’s own upper limb in space). 

As a further control for the assessment of subjective ex-
perience, experimenters may also record agreement to ‘con-
trol’ questionnaire items that capture sensations one does 
not expect participants to experience (e.g., ‘It seemed as if 
I might have more than one right hand or arm’). The dif-
ference in responses to the illusion and control statements 
is usually proposed to capture unspecific effects and ad-
dress the influence of demand characteristics on compli-
ance (providing responses that the participant believes the 
experimenter is looking for) or suggestibility (e.g., confab-
ulation or mental imagery). However, empirical evidence 
in favour of this approach is limited (Riemer et al., 2019) 
meaning it remains unclear how effectively control state-
ments can prevent the impact of demand characteristics on 
experiment results. 

Whilst the RHI is commonly performed in the aforemen-
tioned fashion to examine the sense of body ownership and 
related phenomena, several studies have critically exam-
ined the paradigm. For example, researchers have studied 
the phrasing used in RHI questionnaires (Tamè et al., 2018), 

the relationship between different sensations elicited by the 
illusion (e.g., Kalckert et al., 2019; Reader et al., 2021), and 
the roles of individual differences and suggestibility in in-
fluencing participant responses (e.g., Germine et al., 2013; 
Lush et al., 2020; Marotta et al., 2016; Perepelkina et al., 
2017; Romano et al., 2021; Tsakiris et al., 2011; Walsh et 
al., 2015). Notably, researchers studying suggestibility have 
proposed a potential limitation of the RHI: that demand 
characteristics are not well matched across control and ex-
perimental conditions, meaning that participants may have 
different levels of expectation for certain experiences. 

Specifically, Lush (2020) examined the degree to which 
participants might expect to experience the phenomena de-
scribed in the classic RHI questionnaire (Botvinick & Co-
hen, 1998) without actually taking part in the experiment. 
Participants were presented with verbal descriptions of the 
synchronous and asynchronous conditions, as well as 
videos displaying the induction procedure, and asked to re-
port the degree to which they would expect to experience 
each of the questionnaire statements. Lush observed that 
participants had stronger expectations for referral of touch 
and feelings of ownership over the fake hand in the syn-
chronous condition compared to the asynchronous condi-
tion. They also observed that expectations were greater for 
illusion statements than control statements in the synchro-
nous condition. 

If participants do have differing expectations across 
statement types or conditions, as proposed by Lush (2020), 
this may influence the interpretation of questionnaire re-
sults in RHI experiments: such expectations might play a 
role in driving participant responses in addition to (or in-
stead of) multisensory perception. This could occur either 
through compliance or suggestibility (Lush et al., 2020). 
Whilst a reanalysis by Ehrsson et al. (2022) of suggestibility 
data (Lush et al., 2020) shows that suggestibility can predict 
responses to both experimental and control conditions in 
the RHI, the fact that expectations may be unmatched 
across conditions could still pose a problem for interpreting 
questionnaire responses. Indeed, it is known that not every 
participant reports experiencing the illusion (Reader et al., 
2021). If participant expectations for the illusion are in 
keeping with responses that are taken to indicate the pres-
ence of the illusion, then compliant or suggestible partic-
ipants could respond in a complementary fashion even if 
they do not develop an experience of the fake hand being 
their own through the putative multisensory integration 
mechanism of body ownership. 

However, there are several methodological factors that 
might better explain the results reported by Lush (2020). 
Firstly, they recruited a limited sample of procedure-naïve 
participants. Whilst these participants did show a similar 
pattern of results, the strongest evidence comes from those 
who had already heard of the illusion. These participants 
might have stronger expectations about what they would 
experience during the illusion. Secondly, participants were 
informed that the purpose of the RHI is to “generate 
changes in experience”, which might have biased individ-
uals who would have otherwise disagreed that they would 
experience certain phenomena. Thirdly, the synchronous 
and asynchronous conditions were named and clearly de-
fined to participants. Participants in RHI experiments are 
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Table 1. RHI questionnaire items 

Item Statement 

S1 It seemed as if I were feeling the touch of the paintbrush in the location where I saw the rubber hand touched 

S2 It seemed as though the touch I felt was caused by the paintbrush touching the rubber hand 

S3 I felt as if the rubber hand were my hand 

S4 It felt as if my (real) hand were drifting towards the left (towards the rubber hand) 

S5 It seemed as if I might have more than one right hand or arm 

S6 It seemed as if the touch I was feeling came from somewhere between my own hand and the rubber hand 

S7 It felt as if my (real) hand were turning ‘rubbery’ 

S8 It appeared (visually) as if the rubber hand were drifting towards the right (towards my hand) 

S9 The rubber hand began to resemble my own (real) hand, in terms of shape, skin tone, freckles or some other visual feature 

Illusion statements are in bold. 

not usually informed about the nature of the different con-
ditions. Fourthly, both synchronous and asynchronous con-
ditions were presented together in the same video, and par-
ticipants were asked to provide their expected responses to 
both conditions in tandem, which could promote compar-
isons between the two conditions rather than considering 
each condition separately. Finally, experimental conditions 
and questionnaire statements were presented in a fixed or-
der, with illusion-related items appearing first, which might 
also have biased participant responses. 

Whilst the issue of naïve participant sample size was ad-
dressed in a recent replication (Lush et al., 2021), the ex-
perimenters still alerted participants to “changes in experi-
ence” and the names of the conditions, as well as presenting 
both conditions in the same video and presenting question-
naire items in a fixed order. To address these concerns, a 
conceptual replication of Lush (2020) was performed. Two 
hypotheses were tested: that participants have greater ex-
pectations for illusion statements in the synchronous con-
dition compared to the asynchronous condition, and that 
participants have stronger expectations for the illusion 
statements than the control statements in the synchronous 
condition. Participants were also provided an opportunity 
to freely state what they might expect to experience in the 
RHI prior to exposure to the questionnaire statements. This 
was done to provide a more detailed examination of partic-
ipant expectations based only on exposure to information 
about the RHI procedure, rather than potentially biased, re-
flective consideration following questionnaire exposure. 

Method 
Participants 

160 participants were recruited from the University of 
Stirling as an opportunity sample for a student research 
project. All participants were studying psychology modules 
and participated in exchange for research tokens that con-
tribute to module completion. 130 participants aged be-
tween 18 and 38 years fully completed the experiment (106 
women, 21 men, 3 non-binary individuals, mean±SD age = 
20.4±3.07 years), of which 58 were retained for analysis fol-
lowing exclusions (see below). The final sample included 
51 women and 7 men, mean age = 20.8±3.21 years, range 

= 18-38 years. Participants provided informed consent, and 
ethical approval for this experiment was granted by the Uni-
versity of Stirling Division of Psychology’s delegated au-
thority for the General University Ethics Panel (review ref-
erence: GUEP 2021 1701 1408). 

Materials and stimuli 

Data were collected using Qualtrics web software 
(Qualtrics, Provo, UT). Experiment text and stimuli were 
adapted from Lush (2020) (https://osf.io/9c8mq/). A sum-
mary of the instructions given to participants is presented 
in the procedure below, and full details are provided as sup-
plemental material. 

Two videos were used to present participants with the 
synchronous and asynchronous conditions of the RHI, both 
from the experimenter’s and participant’s perspective. To 
generate these videos the video originally used by Lush 
(2020) was split into two. In each video subtitles state that 
“The participant is positioned so that they can see the fake 
hand but cannot see their own hand”, and “The fake and 
real hands are stroked with brushes. The participant can 
only see the brush stroking the fake hand.” However, in con-
trast to the video used by Lush (2020), the subtitles describ-
ing the synchronicity of the touches in the two conditions 
were cropped out. The synchronous video was 42 seconds 
in duration, whilst the asynchronous video was 45 seconds 
in duration. In the asynchronous condition the touch ap-
plied to the fake hand began approximately one second af-
ter the touch applied to the real hand. Video stimuli can be 
accessed at https://doi.org/10.17605/OSF.IO/3T9QK. 

To assess participant expectations of illusion-related ex-
perience, an adaptation of the RHI questionnaire by 
Botvinick and Cohen (1998) (Table 1) was used, for which 
participants could provide a rating of how much they would 
expect to experience the control and illusion statements on 
a 7-point scale from -3 (“I am certain I won’t feel any ef-
fect”) to +3 (“I am certain I will feel some effect”). A foil 
statement was added to ensure participants were not re-
sponding randomly (“If you are paying attention, please se-
lect ‘0’”). 
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Procedure 

Participants completed the experiment on their personal 
computers at a place and time of their choosing. After pro-
viding consent and demographic information, they then 
took part in two conditions examining their expectations 
about synchronous and asynchronous stroking of the real 
and fake hands during the RHI procedure. The order of pre-
sentation was counterbalanced across participants. Partici-
pants were first provided with the following passage (which 
unfortunately included the missing apostrophes): 

You will shortly be shown some videos of a procedure used 
in psychological experiments. In this procedure, a partic-
ipant’s own right hand is hidden from their view and a 
fake, rubber hand is placed in front of them. An experi-
menter then uses brushes to stroke the participants hid-
den real hand and the visible fake hand. The location of 
the brush strokes on the real and fake hands is matched, 
so that a downward brush stroke on the participants index 
finger will be accompanied by a downward brush stroke on 
the fake hand. Participants can therefore see a paintbrush 
brushing down the finger on a fake hand while they feel 
a paintbrush brushing down the finger on their real hand 
(which they cannot see). 
After you have watched each video you will be asked to an-
swer a short questionnaire about the procedure described 
here and shown in the video. 

Participants were then presented with the video of the 
synchronous or asynchronous RHI procedure, and asked to 
watch the video in full. The time each participant spent on 
the webpage with the video was recorded to ensure engage-
ment. After watching the video participants were presented 
with the following passage and space to freely respond: 

In the video, an experimenter performed brush strokes on 
the participant’s right hand and a fake (rubber) hand in 
matching locations (the index fingers) on each hand. The 
participant could see the fake hand but could not see their 
real hand. 
If you were a participant undergoing the procedure shown 
in the video, what do you think you might experience as 
you felt the strokes on your real hand and observed the 
stroking of the rubber hand? 

The aim of this question was to allow participants to con-
sider what they might experience without being guided by 
the questionnaire statements. Following participants’ re-
sponse to this question, they were then provided with the 
questionnaire and foil items. They were asked to report how 
much they would expect to experience each of the specific 
effects, responding on a 7-point scale from -3 to +3. Partic-
ipants were informed that -3 indicated “I am certain I won’t 
feel any effect”, -2 indicated “I am fairly certain I won’t 
feel any effect”, -1 indicated “I think I won’t feel any ef-
fect”, 0 indicated “I have no idea either way”, 1 indicated “I 
think I will feel some effect”, 2 indicated “I am fairly cer-
tain I will feel some effect”, and 3 indicated “I am certain 
I will feel some effect”. The order in which the question-
naire items and foil were presented was randomised. After 
providing their responses to the questionnaire, participants 
were asked to report whether the touches applied to the real 
and fake hands were applied in time or out of time with each 

other (or indicate if they did not know). This question was 
to ensure that participants were aware of the synchrony of 
the touches in each video (as they would be during synchro-
nous and asynchronous conditions of the real RHI). 

Participants then repeated the procedure for the second 
of the two conditions (synchronous if they first watched the 
asynchronous video, or vice versa). After repeating this pro-
cedure, they were asked whether there was anything they 
might expect to experience in both scenarios they were pre-
sented with (free response). The aim of this question was 
to see if there were any consistent responses that might 
guide the development of new control statements for the 
RHI. To ensure that only procedure-naïve participants were 
examined, they were also asked if they had heard of the 
procedure shown in the videos before or if they had previ-
ously participated in an experiment in which the procedure 
shown in the videos was used. Participants were then de-
briefed. 

Data analysis 

To ensure that analysis included only participants who 
were correctly following task instructions, those who did 
not watch the entire video in either condition, or spent 
more than three times the video duration on the page (n = 
24), were excluded. Participants were also excluded if they 
failed the foil question in either condition (n = 2), or failed 
to accurately state the synchronicity of the touches (n = 34). 
Finally, participants were excluded if they had previously 
heard of the RHI or taken part in a similar experiment (n 
= 47). Following these exclusions, data were analysed for 
58 participants. Note that some participants met more than 
one of the exclusion criteria. 

For each participant an ‘Illusion’ score was created for 
the synchronous conditions based on the mean of S1, S2, 
and S3. A ‘Control’ score was created based on the mean 
of the control statements (S4-S9). Two Wilcoxon signed-
rank tests were used to examine whether participants had 
stronger expectations for the Illusion statements in the 
synchronous condition compared to the asynchronous con-
dition, and whether expectations for Illusion statements 
were greater than expectations for the Control statements 
in the synchronous condition. The effect size was calculated 
as the rank-biserial correlation (r). Data analysis was per-
formed in JASP (JASP Team, 2020). Output files can be ac-
cessed at https://doi.org/10.17605/OSF.IO/3T9QK. 

To assess whether participants had any expectation for 
referral of touch or a feeling of ownership over the fake 
hand before being exposed to the questionnaire items, par-
ticipant responses were examined based on the first free re-
sponse question they were exposed to (i.e., for the synchro-
nous or asynchronous condition). Any statements clearly 
mentioning feeling the touches applied to the fake hand 
were considered as referral of touch. Statements suggesting 
a duplication of touch (i.e., experiencing two sets of 
touches, from both the real and the fake hands), were not 
considered referral of touch. Any statements mentioning 
experiencing the fake hand as one’s own, that the real and 
fake hand are the same, or that the real hand was replaced, 
were considered to capture sense of body ownership. All 
supporting statements are provided in Table 2. The percent-
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age of participants who expected to experience referral of 
touch or a feeling of ownership when their first condition 
was synchronous (n = 36) or asynchronous (n = 22) was cal-
culated. A descriptive summary of the final free response 
was also performed, examining referral of touch, sense of 
ownership, and any consistent experience participants re-
ported that they would expect in both conditions. 

Results 

There was a statistically significant difference between 
Illusion scores in the synchronous and asynchronous con-
ditions (W = 1260, p<.001, r = .761, 95% CI = [.597, .864], 
Figure 1). 72% of participants had stronger expectations for 
the Illusion statements in the synchronous condition com-
pared to the asynchronous condition (n = 42). This effect 
was most pronounced in statement S2 (referral of touch, 
62%, n = 36), with smaller effects in statements S1 (referral 
of touch, 57%, n = 33) and S3 (ownership, 50%, n = 29). Post 
hoc comparisons confirmed that expectations for each of 
these statements were significantly greater in the synchro-
nous condition: S1 (W = 676.5, p<.001, r = .735, 95% CI = 
[.522, .861]), S2 (W = 766, p<.001, r = .697, 95% CI = [.473, 
.836]), S3 (W = 610.5, p<.001, r = .648, 95% CI = [.386, .813]). 

There was also a statistically significant difference be-
tween Illusion and Control scores in the synchronous con-
dition (W = 1708, p<.001, r = .996, 95% CI = [.994, .998], Fig-
ure 1). 97% of participants had stronger expectations for the 
Illusion statements than the Control statements (n = 56). 
Figure 2 displays group data for participant responses to all 
questionnaire items. 

Of the 36 participants who saw the synchronous condi-
tion first, 8% (n = 3) explicitly mentioned expecting referral 
of touch in the free response for the synchronous condition, 
and 22% (n = 8) expected to experience a sense of ownership 
over the fake hand. For the asynchronous condition, which 
they viewed second, 6% (n = 2) of participants expected to 
experience referral of touch and 17% (n = 6) expected to ex-
perience a sense of ownership. A post hoc McNemar test 
performed in Jamovi (The Jamovi Project, 2021) revealed 
that for the referral of touch statement, there was no statis-
tically significant change in reporting between the synchro-
nous and asynchronous condition (χ2(1, N = 36) = 0.333, p = 
.564). A non-significant result was also observed when ex-
amining expectations of the sense of ownership (χ2(1, N = 
36) = 0.333, p = .564). Jamovi output files for this analysis 
can be accessed at https://doi.org/10.17605/OSF.IO/3T9QK. 

Of the 22 participants who saw the asynchronous con-
dition first, none of them expected to experience referral 
of touch in the asynchronous condition, and 23% (n = 5) 
expected to experience a sense of ownership over the fake 
hand. For the synchronous condition, which they viewed 
second, 9% (n = 2) expected referral of touch and 59% (n = 
13) expected a sense of ownership. A post hoc McNemar test 
revealed that for the ownership statement this difference in 
reporting between the synchronous and asynchronous con-
ditions was statistically significant (χ2(1, N = 22) = 5.33, p = 
.0209). 

In the final free response, presented after participants 
observed both the synchronous and asynchronous proce-
dure, only 5% of participants (n = 3) explicitly reported that 

Figure 1. Participant expectations for Illusion and 
Control statements 

Illusion scores are the mean response to statements S1-S3, Control scores are 
the mean response to statements S4-S9. Responses reflect expectation on a scale 
from -3 (“I am certain I won’t feel any effect”) to +3 (“I am certain I will feel 
some effect”). Boxplots indicate median and interquartile range. 

they would expect to experience a referral of touch in both 
conditions. 17% of participants (n = 10) explicitly reported 
that they would expect to experience a sense of ownership 
over the fake hand in both conditions. The only other com-
monly expected sensation was a feeling of confusion, re-
ported by 14% of participants (n = 8). 

Discussion 

A conceptual replication of Lush (2020) was performed 
to examine the degree to which participants expect certain 
experiences when presented with details of the RHI proce-
dure. In keeping with Lush (2020) the results suggest that 
participants may have stronger expectations for RHI ques-
tionnaire statements capturing illusory experience in the 
synchronous condition compared to the asynchronous con-
dition, and for illusion statements compared to control 
statements. However, free responses suggest that these ex-
pectations could be at least partially driven by exposure to 
the questionnaire. 

Questionnaire responses mirror the results of Lush 
(2020), suggesting that methodological limitations may not 
explain their findings. In their data the median ratings for 
illusion and control scores in those who had not heard of 
or participated in the RHI were as follows: synchronous il-
lusion = 2, asynchronous illusion = 0.67, synchronous con-
trol = -0.33, asynchronous control = -0.83. The current re-
sults also show that expectation for illusion-related items 
in the synchronous condition was greater than that in the 
asynchronous condition. Similarly, whilst responses to the 
control items were varied (Figure 2), and several statements 
had a median rating of expectancy above zero in the syn-
chronous condition (S4, S6, S9), participants also expected 
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Table 2. Free response expectations of referral of touch and sense of ownership for synchronous and 
asynchronous conditions 

Condition Expected experience 

Referral of touch Sense of ownership 

Synchronous “I might feel as if the brush strokes on the rubber 
hand induced the sensation of my actual hand 
being stroked” 

“I would think that the brush strokes on the fake 
hand were on my real hand even if the brush 
strokes have different patterns on each hand” 

“You may experience a sense of disassociation from 
your own hand, as the participant potentially 
believes they can feel the brush strokes on the fake 
hand.” 

“I would probably think that I feel my hand stroked 
only because I see the rubber hand being stroked.” 

“Probably I would think that I can feel the strokes 
on the fake hand.” 

“It might feel like the rubber hand was my real hand” 

“[I] might perceive the rubber hand as if it was mine” 

“I'd probably think my hand and the rubber hand were 
the same” 

“It may begin to (psychologically) feel as if that was my 
hand” 

“Feeling like the rubber hand is my own hand” 

“[I] would start to think the fake hand was my real 
hand” 

“I might imagine that the fake hand is my own as the 
exact same area is being stimulated but I can only see 
the fake hand” 

“I might experience the illusion of the fake hand being 
my real” 

“[I] think you would think the rubber hand felt like your 
real hand. So even though you can see the rubber hand 
you might eventually start to think it's your real hand” 

“I would feel as if the rubber hand was my own” 

“I might think the rubber hand is my hand” 

“[It] would feel like the rubber hand was your own as 
you feel the strokes from the paintbrush” 

“I would feel weirded out by the sensation of the 
rubber hand "becoming" my own” 

“Like the rubber hand started to feel like my own” 

“I would be slightly confused (if the strokes were 
simultaneous), and maybe start to assume that the fake 
hand was my own” 

“I would imagine that I would think the rubber hand 
was my real hand” 

“[As] though the fake hand was my hand” 

“I think that in this experiment the feelings that the 
rubber hand is your hand would be much more 
apparent than in the first” 

“[You] may feel like the hand you see (fake hand) is your 
own and might be tricked into believing such a thing” 

“[That] the rubber hand and my own were the same” 

“Thinking the fake hand is your hand. i.e. if your hand 
flinched would be confused as to why the fake hand 
isn't moving” 

Asynchronous “I would feel the brushes of the fake hand even 
though they weren’t stroking it at the same time as 
mine” 

“I think I would feel the strokes when the rubber 
hand was stroked, not my own” 

“I may believe that the rubber hand is own my hand” 

“I would feel like the rubber hand was my own hand 
through an empathetic connection” 

“To perceive the rubber hand as if it was your own” 
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“As if my hand was drifting towards or replaced by the 
rubber hand.” 

“Almost as though that was my real hand” 

“I would feel as if the fake hand was actually my real 
hand for a brief moment in time” 

“I would likely feel as if the rubber hand were my own 
but that there was a lag between the actual sensation 
on my own hand and the visual stimulus on the rubber 
one” 

“It would be a surreal experience and you would 
probably think that the rubber hand was your own 
after a while” 

“You may feel as if the rubber hand is your own hand” 

“I would think the rubber hand was my own hand” 

“[The] rubber hand would start to feel like my own” 

Figure 2. Participant expectations for all questionnaire items 
Illusion statements S1-S3, control statements S4-S9. Responses reflect expectation on a scale from -3 (“I am certain I won’t feel any effect”) to +3 (“I am certain I will feel 
some effect”). Boxplots indicate median and interquartile range. 

the illusion-related items more than the control items. 
These results may therefore support the claims by Lush 
(2020) that expectancy is not well matched in the classic 
questionnaire statements used to assess subjective experi-
ence in the RHI (Botvinick & Cohen, 1998). 

Lush (2020) and colleagues (2020, 2021) proposed that 
differences in reported experience between control and illu-
sion measures in published RHI studies may reflect differ-
ences in expectancies. That is, increased responses to the 
illusion statements in the synchronous condition compared 
to the asynchronous condition (or control statements) may 
arise through participant expectations driving suggestibil-
ity or compliance (Lush et al., 2020). If participants expect 

certain experiences in an experimental condition, but less 
so in a control, then those who are suggestible or complying 
with demand characteristics may respond in line with these 
expectations. For example, a sample with a high proportion 
of compliant participants could result in data indicating the 
presence of the illusion even if it rarely occurred. If expec-
tations do drive reported experience in the RHI, then the 
common interpretation of the illusion as reflecting mul-
tisensory mechanisms underlying body ownership may be 
untenable. In order to address this possibility, further re-
search is now essential for a better understanding of de-
mand characteristics in the RHI and their influence on re-
ported experience. 
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Firstly, it is necessary to understand the degree to which 
the current findings are applicable to the real RHI. This 
study examined visual depictions and relatively detailed 
verbal descriptions of the RHI induction procedure, the lat-
ter of which is not provided to participants in typical RHI 
studies. There are clearly different experiences afforded by 
the scenario presented here and the real RHI (particularly 
in terms of sensory experience). For example, it is possible 
that in the video stimuli used it looks like the fake hand 
could be one’s own, and this visual impression may play a 
role in driving responses, rather than expectations of a feel-
ing of ownership. Some free responses may support this in-
terpretation. In addition, the information provided to par-
ticipants about synchronous and asynchronous stimulation 
was more detailed than that available to participants in nor-
mal RHI studies (although this would not readily explain 
differences in expectation between illusion and control 
statements). It may be possible that experiencing the actual 
induction procedure affords greater or lesser expectations, 
with implications for how one interprets reported subjec-
tive experience. Perhaps the best way to probe expectations 
for the real illusion would be to briefly apply synchronous 
and asynchronous stroking in the real illusion setup, but 
stopping prior to typical illusion induction (likely less than 
11 seconds, Ehrsson et al., 2004). 

On a related note, there are clear differences between the 
magnitude of expectations and the experiences typically re-
ported in the RHI. An increased agreement to illusion state-
ments in the synchronous condition compared to the asyn-
chronous condition is commonly observed in the RHI. So is 
increased agreement to the illusion statements compared 
to the control statements. However, whilst these differences 
are evident in the current data, the pattern of responses 
is not always consistent with responses to the real RHI. 
For example, participants rarely agree with illusion state-
ments in the asynchronous condition (Reader et al., 2021), 
whereas expectations were surprisingly high in the current 
data. One possible explanation for this finding is the extent 
of asynchrony portrayed in the video stimuli, where touches 
applied to the real and fake hands were not perfectly out 
of phase (unlike in many RHI experiments, e.g., Ehrsson et 
al., 2004; Longo et al., 2008). This means that the brushes 
were occasionally touching both hands at some points (al-
beit in different locations in hand-centred space), and so 
this less salient asynchrony may have resulted in increased 
expectations for the illusion in that condition (and could 
also be the reason why some participants did not detect the 
asynchrony). However, there was also a surprisingly high 
level of expectation for control statements in the synchro-
nous condition, which cannot be explained by the content 
of the asynchronous video stimuli. The median response to 
S6 (“It seemed as if the touch I was feeling came from some-
where between my own hand and the rubber hand”) was 
positive, despite participants in real RHI induction tending 
to disagree that they experienced this sensation (Botvinick 
& Cohen, 1998). Whilst unmatched expectancy between ex-
perimental and control conditions/statements is enough to 
warrant concern about demand characteristics, differences 
in methods and results between the current experiment and 
real RHI induction also suggest an examination of expecta-
tions in the real illusion would be beneficial. 

A second route for further research is to establish 
whether participant expectations (assuming that they are 
similar for the real illusion) do actually influence subjective 
responses. Lush (2020) proposed that this may be the case, 
pointing to findings indicating that expectations for feel-
ings of ownership in the RHI predict participant responses 
to the illusion (Lush et al., 2020). However, even though 
Lush et al. (2020) observed that individuals who expect to 
experience the RHI are more likely to do so, in typical RHI 
experiments it is not normally the case that participants 
are presented with descriptions of both conditions or sensa-
tions they might experience before taking part in the exper-
iment. It may be that this exposure drove some participant 
responses to the RHI (either through compliance or sug-
gestibility) in the results reported by Lush et al. (2020), con-
tributing to a statistically significant regression. Further-
more, it is not guaranteed that participants will respond in 
line with demand characteristics in all experimental par-
adigms. Evidence in favour of participant alignment with 
demand characteristics is mixed, and such behaviour may 
rely on other factors such as individual differences, exper-
imental context, and information provided to participants 
(Corneille & Lush, 2021; Nichols & Maner, 2008; Sharpe & 
Whelton, 2016). 

Thirdly, more work will be needed to ascertain the degree 
to which expectations are driven by exposure to the illusion 
induction procedure or by exposure to the questionnaire. 
This is an important distinction, because even though ques-
tionnaires are the main method for assessing subjective ex-
perience in the illusion, they are performed with the as-
sumption that participants are experiencing similar 
sensations prior to knowing what they will be asked about. 
The current results might suggest that questionnaires play 
a role in driving expectations for a feeling of ownership. 
Whilst only 22% of participants who saw the synchronous 
condition first expected to experience a sense of ownership 
over the fake hand in the synchronous condition (i.e., be-
fore seeing the questionnaire items), 59% of participants 
who saw the asynchronous condition first expected this 
sensation (after they had seen the questionnaire items for 
the asynchronous condition). This might suggest that ex-
posure to the questionnaire could play a key role in driving 
procedure-naïve participant expectations for illusion state-
ments between synchronous and asynchronous conditions. 
Participants may not strongly expect such experiences until 
they read about and reflect on them. Of course, there are 
limitations to the use of free responses in the current study. 
Namely, motivation to respond to these questions may be 
more limited, and participants may not always adequately 
verbalise their expectations. It would be worthwhile to com-
pare free responses of expectation to free responses for the 
real RHI in the absence of a questionnaire. If free responses 
of expectation are matched across both conditions, but free 
report of ownership and referral of touch are greater in 
the synchronous condition than the asynchronous condi-
tion during the real illusion, then this could indicate sup-
port for an illusory experience primarily driven by multisen-
sory integration. 

A fourth area of research that will be beneficial is to bet-
ter understand the difference between participant expecta-
tions of experience and what they believe the experimenter 
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expects them to report. In this experiment and those of 
Lush (2020) and Lush et al. (2021), participants were asked 
to report the degree to which they would expect to experi-
ence the questionnaire items, not whether they think the 
experimenter expects them to occur. It is not yet clear if par-
ticipant views converge in these cases, or if either of them 
actually contribute to reported experience during the RHI. 
It may be that compliance is more likely to be driven by be-
liefs about what the experimenter expects than participant 
expectations of experience. Further study could provide a 
more nuanced understanding of the factors that might in-
fluence reported experience in the RHI. 

Regardless of the need for further work, it is still possible 
to address potential confounds if one assumes that the cur-
rent results are at least partially reflective of participant ex-
pectations during the real RHI. One way of addressing the 
potential issue of unmatched expectancies could be to pro-
vide a cover story suggesting that experimenters are expect-
ing participants to experience either the control events in 
the synchronous condition, or the illusion itself in the asyn-
chronous condition. However, previous attempts to manip-
ulate expectations of experience for the synchronous and 
asynchronous condition have been unsuccessful (Lush et 
al., 2020), meaning that this approach may be unsuitable. 
A further solution for comparing illusion and control items 
is to generate new control items that are matched for ex-
pectancy with illusion statements. Unfortunately, the final 
free responses collected for the current experiment did not 
provide any consistent perceptual experiences that could be 
used for this. Recording free responses for expectation in 
the real RHI may also be useful in this context. 

Furthermore, the current findings might suggest that 
questionnaire exposure could bias participant responses if 
they are presented with either the synchronous or asyn-
chronous condition, then the questionnaire, before com-
pleting the second of the two conditions. For example, if 
they take part in the asynchronous condition first they may 
expect that during the following (synchronous) condition 
they will experience referral of touch and a feeling of own-
ership (but not the control items). This could potentially 
lead to an increase in the magnitude of illusion statement 
responses, either through compliance or suggestibility. This 
situation could nullify counterbalancing if participants con-
sistently provide greater responses to illusion statements in 
the synchronous condition when they experience the asyn-
chronous condition first, and lower responses in the asyn-
chronous condition when they experience the synchronous 
condition first. Recent evidence, albeit taken from a non-
naïve sample, suggests that this could feasibly happen 
(Lush, 2021). Taking the order of condition presentation 
into account when analysing RHI data may resolve this is-
sue when comparing illusion statements between condi-
tions (at least for experimental procedures in line with that 
described above). 

Finally, the limitations of the current study must be ad-
dressed. Notably, all participants were studying psychology 
at undergraduate level. Even if they were unfamiliar with 
the RHI, they are aware of the principles of experimental 
design (e.g., control conditions), which may have guided 
their responses. The current experiment is therefore not 
without its own set of demand characteristics that could 

differ from the true RHI. A replication with individuals who 
are naïve to psychological experiment design is likely to 
be informative. Furthermore, the subjective interpretation 
of free responses by the experimenter must be considered. 
Care was taken to accurately categorise statements that re-
flected referral of touch or feeling of ownership, excluding 
statements that may have more than one interpretation. 
For example, one participant reported that they would “as-
sociate the strokes on the fake hand with feeling it on my 
own”. This could potentially be taken to reflect referral of 
touch, but could also reflect cognitive association of the 
timing of the two touches (i.e., that seeing a touch is always 
accompanied by feeling a touch). Similarly, regarding the 
sense of body ownership, one participant stated that they 
“might feel a connection to the rubber hand, almost as if it 
was my own”. Whilst they refer to experiencing the hand as 
if it was their own, the exact nature of the ‘connection’ they 
expect is not clear. It could be that they are referring to af-
fective or cognitive aspects of experience, rather than sen-
sory. In sum, it is possible that participant expectations for 
referral of touch and ownership are greater than expressed 
in free response, but interpretation is limited by participant 
phrasing. 

In addition, this experiment can only inform us about 
the ‘classic’ visuotactile RHI. It remains to be seen whether 
similar expectations are present in versions of the RHI 
where touching is spatially incongruent rather than tempo-
rally asynchronous, or in versions that use different multi-
sensory stimuli such as the somatic (Ehrsson et al., 2005) 
or moving RHI (Kalckert & Ehrsson, 2012). Similarly, the 
experiment can only inform us about expectations for the 
phenomena described in the original RHI questionnaire 
created by Botvinick and Cohen (1998). The questionnaire 
developed by Longo et al. (2008), which is also frequently 
used in experiments studying the RHI, splits RHI experience 
into several components (affect, deafference, loss of own 
hand, movement, and embodiment, which itself includes 
ownership, location, and agency) which might elicit differ-
ent expectations from participants. It would be beneficial to 
study this questionnaire in a similar fashion (and, prefer-
ably, in a real induction scenario). 

In conclusion, this study replicates the results of Lush 
(2020), indicating that when exposed to information about 
the RHI procedure participants may have greater expecta-
tions for illusion statements in the synchronous condition 
compared to the asynchronous condition, and for the illu-
sion statements compared to the control statements. How-
ever, for comparing illusion statements between synchro-
nous and asynchronous conditions, such expectations could 
possibly be driven by exposure to the questionnaire items 
rather than exposure to the illusion procedure. The role of 
expectations on reported experience in the RHI need to be 
further examined and better accounted for in experimental 
design to verify how well the illusion is explained by a mul-
tisensory integration model of body ownership. 
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