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The rubber hand “illusion” (RHI), in which participants report experiences of ownership 
over a fake hand, appears to demonstrate that subjective ownership over one’s body can 
be easily disrupted. It was recently shown that existing methods of controlling for 
suggestion effects in RHI responding are invalid. It was also shown that propensity to 
agree with RHI ownership statements is correlated with trait phenomenological control 
(response to imaginative suggestion). There is currently disagreement regarding the 
extent to which this relationship may cofound interpretation of RHI measures. Here we 
present the results of simulated experiments to demonstrate that a relationship between 
trait phenomenological control and RHI responding of the size reported would 
fundamentally change the way existing RHI results must be interpreted. Using real 
participant data, each simulated experiment used a sample biased in selection for trait 
phenomenological control. We find that using experiment samples comprised only of 
participants higher in trait phenomenological control almost guarantees that an 
experiment provides evidence consistent with RHI. By contrast, samples comprised of 
only participants lower in trait phenomenological control find evidence for RHI only 
around half the time – and of greater concern, evidence specifically for “ownership” 
experience just 4% of the time. These findings clearly contradict claims that the 
magnitude of relationship between phenomenological control and RHI responding is a 
minor concern, demonstrating that the presence of participants higher in trait 
phenomenological control in a given RHI experiment sample is critical for finding 
evidence consistent with RHI. Further study and theorising regarding RHI (and related 
effects) must take into account the role that trait phenomenological control plays in 
participant experience and responses during RHI experiments. 

Since its report over 20 years ago, the rubber hand “illu-
sion” (RHI) has been used extensively to investigate human 
(and animal) sense of body ownership (Botvinick & Cohen, 
1998; Braun et al., 2018; Riemer et al., 2019). The appar-
ent success of the original paradigm has led to analogous 
versions being deployed in many contexts such as owner-
ship for other limbs (Lenggenhager et al., 2015), whole body 
(Lenggenhager et al., 2007), or even other’s faces (Sforza et 
al., 2010) or bodies (Petkova & Ehrsson, 2008), or objects 
(Armel & Ramachandran, 2003). While there are ‘implicit’ 
measures of ownership – implicit because they do not re-
quire explicit report of body ownership – the claim that RHI 
can be informative about body ownership rests on two as-
pects: 1) the strong qualitative experience that some peo-
ple describe as having (and long-form reports of such) and 
2) reported agreement with a series of statements describ-
ing anomalous experience during the experimental proce-

dure. Because existing control methods for these questions 
are confounded by hypothesis awareness (Lush, 2020; Lush, 
Seth, et al., 2021; Reader, 2021) it is not currently known 
the degree to which any existing RHI report reflects hypoth-
esis awareness effects, e.g., faking, intentional acts of imag-
ination or phenomenological control (Corneille & Lush, 
2021). 

It has been proposed that imaginative suggestion effects 
may confound psychological experiments (Kirsch & Coun-
cil, 1989; Michael et al., 2012). Recently (Lush et al., 2020), 
it was reported that subjective response in typical RHI par-
adigms is correlated with hypnotisability. Based on this re-
sult, it was suggested that RHI responding at least partially 
reflects top-down phenomenological control to meet ex-
pectancies arising from demand characteristics (Dienes, 
Lush, et al., 2020; Dienes, Palfi, et al., 2020; Lush et al., 
2020). Phenomenological control is the trait ability to gen-
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Table 1. Statements of subjective experience following rubber hand stimulation (from Botvinick & Cohen, 1998) 

Statements 

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 

erate experience to meet expectancies in a range of contexts 
(including the hypnotic context; see Dienes, Lush, et al., 
2020; Dienes, Palfi, et al., 2020 for reviews). There is dis-
agreement regarding the degree to which this may con-
found existing interpretations of RHI studies. While Lush 
et al. (2020) interpret linear models which show substantial 
relationships, others focus on the standardized correlation 
coefficients which they interpret as weak and therefore of 
little consequence (see e.g. Ehrsson et al., 2021). The pre-
sent study is intended to address such interpretations of a 
weak relationship by providing concrete demonstrations of 
the potential implications of the relationship for interpre-
tation of RHI studies, framed in terms of whether a study 
may have reported evidence in favour of the RHI. This study 
is therefore intended to support researchers in forming in-
tuitions regarding the strength of the reported relation-
ships as regards the RHI and hypnotisability but may also be 
of benefit for other effects for which relationships with trait 
phenomenological control have been reported (e.g. mirror 
touch synaesthesia, vicarious pain, and visually evoked au-
ditory response; Lush et al., 2020; Lush, Dienes, Seth, et al., 
2021). 

Using data from the largest existing single dataset on 
the RHI (Lush et al., 2020), we conducted a series of simu-
lated experiments to mimic the output of a whole field of 
RHI studies. In these experiments, we explicitly included or 
excluded participants based on whether they were higher 
in trait phenomenological control. If the relationship be-
tween RHI responding and trait phenomenological control 
is weak, this manipulation should have little to no influence 
on the whether any part of this simulated field of studies 
would conclude in favour of their participants demonstrat-
ing the RHI. However, if trait phenomenological control and 
RHI responding are strongly related, as reported by Lush et 
al. (2020), then the outcomes of the simulated field of RHI 
studies will be very different depending on which partici-
pants are included: the simulated experiments wherein only 
participants lower in trait phenomenological control are in-
cluded will be unlikely to conclude in favour of evidence for 
the RHI, while experiments including only those higher in 
trait phenomenological control will be very likely to find ev-
idence for the RHI. 

Before considering a potential relationship between trait 
phenomenological control and RHI responding, we must 
first establish the methods by which evidence for “owner-
ship” over a rubber hand is established in the existing RHI 
literature. This is a difficult task given that such a wide vari-
ety of methods have been used (Reader et al., 2021a; Riemer 
et al., 2019). Here we attempt to reduce this issue to some-

thing that is rational, justifiable, and can be worked with in 
practice. 

Quantifying change in subjective experience in 
RHI 

RHI experiments typically attempt to bring the sense of 
ownership into the domain of quantitative science by ask-
ing participants to rate the degree to which they agree or 
disagree (on a scale from -3 to 3) with a series of state-
ments that quantify their subjective experiences (Table 1), 
introduced by Botvinick & Cohen (1998). Since their origi-
nal use, these questions, or adaptations thereof, have been 
repeatedly interpreted as a method to quantify participants’ 
agreement with the sentiment that the rubber hand begins 
to feel as though it belongs to them. As can be seen from the 
statements, only S3 can reasonably be considered to specif-
ically reflect on ownership, while S1 and S2 reflect instead 
the degree to which the RHI experience is causing con-
fusion about the relationship between objects, the rubber 
hand, and the person’s own body. Note that S1 is phrased 
in a way that makes this judgement ambiguous. It’s not 
clear whether the “…location where I saw the rubber hand 
touched” refers to the location on the rubber hand, or the 
analogous location on the participant’s own hand, making 
the degree to which the question is fit for purpose unclear, 
because it’s likely to produce a mixture of responses follow-
ing each of these distinct interpretations (Wu, forthcom-
ing). Anecdotally in our experiments and elsewhere (see 
Wu, forthcoming), some participants report interpreting 
this statement as a check that the experimenter was doing 
a good job of matching brush strokes across real and fake 
hands. Indeed, it is not uncommon for participants to report 
agreement for S1, but disagreement with S2, even though 
both are supposed to reflect an experience of referred touch 
(~12% of participants in the sample from Lush et al., 2020; 
see Supplementary Results). It is likely that this contributes 
to the relatively high agreement for S1 (1.94) compared to 
S2 (1.15; see Supplementary Results). 

Statement S1 has also been found to not load on any fac-
tors identified for RHI reports (for example, ownership or 
location; Longo et al., 2008). Some studies report maximum 
agreement scores for all participants for this statement (so 
that there is no variance in participant report; Botvinick & 
Cohen, 1998; Rohde et al., 2011), even whilst other simi-
lar statements, supposedly measuring the same experience, 
generate wide variation in response. Strong agreement with 
the statement by all participants would not be expected if 
such agreement only reflects experience of the RHI, as there 
is consensus that a sizeable minority of people do not expe-
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rience the RHI (Riemer et al., 2019). 
It is common practice to combine S1-S3 (or other combi-

nations, e.g. S1 and S3 only) into an overall measure (e.g., 
Kaplan et al., 2014; Peled et al., 2003; see Reader et al., 
2021a). There are obvious issues with interpreting this com-
bined measure as reflecting ownership experience because 
of the combination of two ambiguous referred touch ques-
tions (S1 and S2) with a single question that is clearly the 
only one about ownership (S3) (see also Kalckert et al., 
2019; Reader et al., 2021a). There is also the question of 
whether S3 is phrased in such a way as to render agreement 
with it uninterpretable (Wu, forthcoming). Putting aside 
these legitimate concerns, if we take at face value that the 
questions are broadly indicating “ownership”, there is still 
a serious issue with interpreting results based on these re-
ports as indicating important features of human body own-
ership. 

Rather than using the ratings in only the synchronous 
condition, the difference in subjective rating between syn-
chronous and asynchronous stroking conditions is some-
times claimed to be the true evidence for the RHI (e.g. Ehrs-
son et al., 2021). However, use of the asynchronous control 
condition, and therefore any difference from it, is invalid 
because the difference between synchronous and asynchro-
nous conditions is confounded by participant expectations 
(Lush, 2020)1. The results of the study by Lush (2020) re-
vealed that when participants with no prior experience of 
the RHI were merely provided with information about the 
RHI procedure, they reported expectancies which matched 
the magnitude and direction of reports in illusion and con-
trol conditions in RHI studies. That is, participants in RHI 
studies are, on average, hypothesis aware regarding both 
the difference between synchronous and asynchronous 
stroking conditions and the difference between control and 
illusion statements (Lush, 2020; Lush, Seth, et al., 2021; 
Reader, 2021). We therefore do not interpret difference 
measures between synchronous and asynchronous condi-
tions here, and further, we caution against their continued 
use (e.g. Abdulkarim et al., 2021; Reader et al., 2021b) given 
the now well-established issues (see also Kalckert et al., 
2019 for a further argument against interpreting a differ-
ence between synchronous and asynchronous conditions as 
evidence of illusion experience). 

Strength of RHI subjective reports is related to 
trait phenomenological control 

For the purposes of the present study, the key finding re-
ported previously (Lush et al., 2020) indicated that partic-
ipants’ subjective SWASH ratings (their trait phenomeno-
logical control measured by the Sussex Waterloo Scale of 
Hypnotisability; Lush et al., 2018) were significantly cor-

Figure 1. Scatter plot for 351 participants’ Subjective 
SWASH rating and Mean score on items S1-S3 
following synchronous stimulation in an RHI setup 

Orange line and associated text indicate a fitted linear regression line with a pos-
itive slope, supporting the presence of a relationship between these two vari-
ables (see also Figure 3a from Lush et al., 2020). 

related with a propensity to agree with the average of the 
three subjective statements (rs = 0.26, 95% CI [0.16, 0.37]; 
see Figure 3a in Lush et al., 2020). Figure 1 depicts a scatter 
plot of (351) participants’ Subjective SWASH rating versus 
their average (dis)agreement scores following the synchro-
nous stroking condition of the RHI experiment (this is 
equivalent to Figure 3a in Lush et al., 2020; see also Sup-
plementary Figure 1 in the Supplementary Results for the 
distribution of SWASH scores). A linear regression suggests 
that for every one-unit change in SWASH rating, partici-
pants’ average agreement score (S1-S3) increased by 0.578 
units. Propensity to agree with statements S1-S3 is highly 
related to the ability to respond to suggestion across the 
cases measured by SWASH. Inferential statistics and further 
analysis of this relationship are covered in Lush et al. (2020) 
and the meaning of this relationship in a broader sense 
has been previously discussed at length (Dienes, Lush, et 
al., 2020; Lush, Dienes, & Seth, 2021). The purpose of this 
study is not to duplicate these discussions, but to build on 
them by demonstrating precisely the effect that this rela-
tionship has on a typically conducted RHI experiment. 

The results of a previous study (Walsh et al., 2015) might 
be taken to contradict the claim that there is a relationship 
between hypnotisability and subjective RHI responding. As 
discussed in Lush et al. (2020), Walsh et al. (2015) concluded 
that there was no evidence for a relationship on the basis of 
a non-significant correlation in 23 participants. This study 

Previous versions of this paper referred to a table in supplement that described the top 20 or 30 cited papers in the RHI field, according to 
certain stated selection criteria. A reviewer initially rejected the table (of 20) as invalid because it only included studies that used subjec-
tive ratings, as was the stated selection criteria. An updated version (of 30) included top cited studies not limited to those that used sub-
jective ratings. This new table was also rejected by the reviewer as being an inaccurate review of the literature because it didn’t include 
recent review papers, again ignoring the stated criteria on which the papers were selected. We no longer refer to this table here as it was a 
distraction from the simpler point that the asynchronous stroking condition is invalid as a control condition. 

1 
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would only be powered to detect very large relationships 
between these measures. Walsh et al. (2015) report Pear-
son’s r = 0.20, p = 0.371 (n = 23). 95% C.I. = [-0.2313, 0.5656]. 
Given that it is impossible to conclude in favour of the null 
hypothesis (no relationship) with the methods employed by 
Walsh et al. (2015), the results of that study do not provide 
counterevidence to the findings in Lush et al. (2020). 

Outside of a potential relationship with hypnotisability 
(or phenomenological control), issues with task demands in 
RHI paradigms, and interpretation of RHI reports in gen-
eral, have been noted previously. Consistent with the pro-
posal that reports in RHI studies are confounded by sug-
gestion effects, the phrasing of experimental instructions 
(referring to feelings or beliefs) has been shown to bias re-
sponses (Tamè et al., 2018). Regarding the putative basis of 
the illusion itself, Alsmith (2015) argued that response to 
the RHI may be “spontaneous imagining”. Dieguez (2018) 
goes so far as to suggest that “bodily-self researchers might 
have been operating under an “illusion illusion,” that is 
the illusion that they were studying an illusion all along”, 
a sentiment with which we broadly agree. Leaving aside 
any specific appeal to an interpretation based on phenom-
enological control, clearly the idea that there is something 
problematic in the RHI paradigm and that requires addi-
tional explanation beyond a “multisensory illusion” inter-
pretation has been noted several times. 

Practical consequences of relationship between 
RHI responding and phenomenological control: a 
case study 

Here, we interpret agreement in the synchronous condi-
tion, rather than the difference between synchronous and 
asynchronous condition reports, because this difference is 
confounded by demand characteristics and therefore unin-
terpretable (Lush, 2020). As mentioned, propensity to agree 
with the three statements is taken as evidence that partici-
pants have a changed subjective impression induced by the 
RHI setup (Botvinick & Cohen, 1998). This is typically not 
explicitly tested in RHI studies, though some researchers 
interpret agreement scores above 1 as evidence of such 
change when distinguishing responders from non-respon-
ders (Ehrsson et al., 2007); note more stringent cut-offs 
have been used, e.g. 2 or greater, (Lloyd, 2007). A simple 
way to quantify agreement is to compare whether mean 
agreement across the three statements is significantly 
greater than 0 (demarcating agreement and disagreement). 
Scores less than 0 indicate disagreement with the idea that 
the rubber hand appears to belong to the participant. Scores 
greater than 0 would indicate that the rubber hand appears 
to belong to the participant. To first confirm that the sample 
from Lush et al. (2020) was consistent with evidence for 
changes in subjective experience when using this criterion 
(0), we conducted a one sample t-test, comparing the mean 
subjective rating for S1, S2 and S3 in the synchronous 
stroking condition across the entire sample against a rating 
of 0. This revealed evidence in favour of a difference from 
0, with a mean rating of 1.27 (SEM=0.08), t(350)=15.42, p 
< 0.001). This can be taken as evidence for significantly 
positive ratings of the three statements following synchro-
nous stroking, over the entire sample of 351 participants. If 

an experimenter following typical practice and, after test-
ing for a difference between synchronous and asynchronous 
conditions, proceeds to interpret the synchronous condi-
tion, taking at face value that the average of ratings for 
the three subjective statements does indeed reflect subjec-
tive ownership and that a criterion of 0 separates agree-
ment from disagreement, that researcher might conclude 
that a change in experience of body ownership attributable 
to multisensory integration mechanisms had occurred. 

Simulated experiments with and without 
participants higher in trait phenomenological 

control 
Analysis methods 

To specifically examine how the presence of participants 
higher or lower in trait phenomenological control impacts 
inferences that could be taken from a RHI experiment, we 
simulated several experiments with different combinations 
of participants and examined the pattern of statistical in-
ferences that was produced. To simulate each experiment, 
we randomly sampled a number of participants from the 
overall population of 351 participants taken from Lush et al. 
(2020). Two participants were excluded from the analyses 
presented there because they contained a missing value in 
at least one of the variables of interest. In the main analy-
ses presented here, we used 20 participants for each ex-
periment. This number was chosen because it is the mean 
number of participants that were used in the top 30 cited 
publications on the RHI (median = 15; see Table S1 in Sup-
plementary Materials), therefore representing the standard 
practice in the field. The same experiments were repeated 
with samples of 10 or 50 participants (see Supplementary 
Results 10[50] participants). Each ‘experiment’ was simu-
lated 10 000 times, with each iteration comprised of a ran-
dom sample of 20 participants drawn from the pool of 351. 
In each repeat of the experiment, there were no duplicates 
of participant data – each of the 20 participants were 
unique in that sample and their reports were the real re-
ports from the study reported in Lush et al. (2020). No at-
tempt was made to prevent similarity of participant samples 
across the 10 000 simulations (constrained random selec-
tion rather than n-choose-k). The smallest cell sampled 
from contained 175 participants – the number of unique 
combinations (n-choose-k) of 175 samples is 9.65x1025, 
meaning that the 10 000 repeats did not saturate the com-
binations available in the dataset. For each experiment, we 
determined whether the mean agreement rating across par-
ticipants was greater or less than 0 (agreement or disagree-
ment) and whether a one-sample t-test (two-tailed) indi-
cated that the mean rating was significantly different from 
0. Consequently, we have two measures of interest – how 
frequently the mean agreement rating was in agreement, 
disagreement, or neutral (defined as 0) and whether that 
mean (positive or negative) was significantly different from 
0 (tests only for agreement or disagreement, not neutral), 
or did not provide evidence in favour of a difference (not 
statistically significant). These simulations act as proxy for 
a field of researchers conducting 10 000 RHI experiments 
with participants like those from Lush et al. (2020), under 
different possible biases in participant sampling. The full 
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analysis scripts and data for these experiments is available 
at OSF https://osf.io/d5hjp/). 

Validating the sample of participants from Lush 
et al. (2020) with criterion of 0 

To confirm that the sample from Lush et al. (2020) pro-
duced results consistent with those reported by the field, 
we first checked what happened if we simulated 10 000 ex-
periments containing 20 participants each, without any bias 
in sampling (all 351 participants could be sampled from). 
Depicted in Figure 2A, we found that in almost all of the 
10 000 simulations (9996), the mean rating of statements 
S1-S3 was positive (agreement) and that on 8315 of the 
10 000 simulations this mean rating of agreement would 
have been statistically significant at p < 0.05. Therefore, we 
might expect that around 83% of experiments conducted 
under conditions and with participants like those from Lush 
et al. (2020) would produce evidence consistent with agree-
ment in the averaged subjective statements. Standing in as 
representative of a field of studies, these simulated experi-
ments show that the majority of studies using these subjec-
tive measures would report in favour of participants agree-
ing that they experienced the RHI. The participants in the 
sample from Lush et al. (2020) are therefore broadly consis-
tent with participants from previous studies across the field 
of RHI research. 

Experiments with and without participants 
higher in trait phenomenological control 
produce vastly different outcomes 

Average of statements S1-S3 

To provide evidence that the magnitude of relationship 
between RHI responding and trait phenomenological con-
trol is indeed substantial and of considerable concern when 
interpreting RHI studies, in the next experiments the par-
ticipant sample (20) was constrained to include only par-
ticipants below median phenomenological control – partic-
ipants for these 10 000 experiments could only be sampled 
from the bottom half of participants in Subjective SWASH. 
In these experiments using only participants below the me-
dian in phenomenological control (Figure 2B), we again find 
that the vast majority of all (9932) experiments result in 
a mean report of agreement with S1-S3 (distribution of 
agreement across experiments in Figure 3). However, now 
only 51% of the experiments result in an inference that this 
mean agreement is greater than 0 (49% not statistically sig-
nificant). 

In the opposite experiment, we sampled (20) participants 
from only the top half of participants on Subjective SWASH. 
By extreme contrast with the results using only participants 
lower in phenomenological control (Figure 2B), here all 10 
000 experiments produced mean reports of agreement (Fig-
ure 2C; Figure 3), with over 98% of experiments concluding 
in favour of this positive agreement being statistically 
greater than 0. 

Considering statements S1-S3 separately 

Given the issues identified with ambiguity of the dif-

Figure 2. Frequency of different inferential 
outcomes regarding mean participant 
(dis)agreement with subjective ratings S1-S3 in 10 
000 simulated experiments 

A-C. Each plot depicts the frequency of producing mean rating of agreement (> 
0), disagreement (< 0), or neutral (‘Neither’) (= 0) in 10 000 simulated experi-
ments (blue bars), and the number of times these mean ratings were determined 
to be significantly different from 0 according to a one sample t-test (‘Neither’ in-
dicating no evidence in favour of either inferential outcome, p > 0.05). The three 
plots present the outcomes of simulated experiments run with different biases in 
participant sampling – ‘Overall’ has no injected bias in sample, ‘Below Median 
SWASH’ includes only participants below the median on Subjective SWASH 
score, and ‘Above Median SWASH’ includes only participants above the median 
on Subjective SWASH. D. Histogram of obtained p values in the 10 000 experi-
ments regarding average agreement with statements S1-S3 for experiments 
where only participants above median (orange) on Subjective SWASH were in-
cluded and the opposite (blue). 

ferent statements, and their combination (see Quantifying 
change in subjective experience in RHI above; Reader et al., 
2021a), we next looked at ratings for the individual state-
ments (S1-S3) separately. Here, the pattern becomes even 
more problematic for interpreting these statements as re-
lated to body ownership. Splitting the data by presence of 
participants (20 in each case) higher in phenomenological 
control, only ratings regarding S1 (related to referred touch) 
are not strongly affected – mean ratings for each of the 10 
000 experiments was in agreement for both samples, with 
~95% (Below Median) and > 99% (Above Median) of experi-
ments concluding in favour of this agreement being statisti-
cally greater than 0 (Figure 4A-B). As already mentioned, S1 
is a semantically ambiguous statement, so it is possible that 
the distribution of answers being made in reference to the 
rubber hand or the person’s own hand may protect it from 
being driven by phenomenological control. 

Ratings of statement S2, which also describes experience 
of referred touch, have a very similar pattern to that seen 
for the average of the three statements overall (Figure 4C-
D). Mean report was frequently in agreement for both sam-
ples (9420, only lows; 10000, only highs) but experiments 
that included only (20) participants below the median in 
phenomenological control would find evidence in favour 
of agreement ratings being greater than 0 only ~24% of 
the time, while experiments including only (20) highs con-
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cluded in favour of greater than 0 agreement in ~95% of ex-
periments. 

Statement S3 is the only one of the three subjective 
statements which could be considered to describe an expe-
rience of ownership of the rubber hand (though see Wu for 
discussion of whether even this is reasonable). For S3 (Fig-
ure 3, Figure 4E-F), experiments including only (20) par-
ticipants lower in trait phenomenological control produce 
a much lower number of cases where the mean rating was 
agreement (7151), and unlike the other statements, include 
a substantial number (2485) of experiments wherein the 
mean rating was in disagreement with the statement. The 
proportion of experiments that would conclude in favour of 
mean agreement with the statement “I felt as if the rubber 
hand were my hand” being greater than 0 was only ~4% and, 
as depicted in Figure 5, the probability of obtaining infer-
ential support (p < 0.05) for agreement with statement S3 is 
roughly the same as the probability of obtaining any other 
extent of 0.05 (e.g. >=0.1 & <0.15; i.e. uniformly distrib-
uted). Contrast these results with Figure 2D wherein, even 
for the experiments that included only participants lower in 
SWASH, there was still a tendency to find inferential sup-
port for RHI. The difference between these results (Figure 
2D and Figure 5) highlights the role of the ambiguous S1 in 
producing support for RHI. 

Discussion 

Quantitative study of subjective body ownership in the 
RHI is accomplished using participant ratings of (dis)agree-
ment with a series of subjective statements about referred 
touch (S1 and S2) and (putatively) ownership (S3). Propen-
sity to agree with these statements has previously been 
shown to be related to trait phenomenological control – the 
domain general ability to meet expectancies arising from 
direct or implicit imaginative suggestion (including demand 
characteristics; Dienes, Lush, et al., 2020; Lush et al., 2020). 
It has been claimed that this reported relationship is too 
small to be of concern (Ehrsson et al., 2021; Fan et al., 
2021). To concretely demonstrate the potential influence 
of this relationship, here we simulated a series of experi-
ments with different degrees of sampling bias, selecting a 
disproportionate number of participants with higher trait 
phenomenological control. Given the relationship between 
subjective agreement and phenomenological control, this 
induced sampling bias may be analogous to the deliberate 
exclusion of participants (e.g. Chancel & Ehrsson, 2020; 
Ehrsson et al., 2005) who don’t report a strong experience 
of the RHI (up to ~30% of people; Riemer et al., 2019). We 
show that the frequency with which a RHI experiment will 
provide evidence consistent with subjective agreement for 
a RHI is directly related to the proportion of participants 
in the experiment sample that are higher in phenomeno-
logical control. Put more concretely - only experiments run 
with a large proportion of participants higher in phenom-
enological control will provide evidence for the RHI. This 
finding directly contradicts the statement that the reported 
relationship between RHI responding and trait phenomeno-
logical control is too small to be of concern. 

Why does selecting participants based on trait phenom-
enological control affect whether a RHI study will conclude 

Figure 3. Smoothed density, box, and scatter plots 
(PetitPrince plots; Allen et al., 2019) for Mean 
Subjective Rating of statements S1-S3 and 
statement S3 only in each of the 10 000 experiments 
conducted with samples including only participants 
below or above the median on Subjective SWASH 
score 

in favour of evidence for RHI or not? It can only be because 
they are substantially related – reiterating the result re-
ported by Lush et al. (2020). Why is it a problem if the same 
people who are likely to report agreement with RHI ques-
tions also happen to be higher in phenomenological con-
trol? To interpret the clearly substantial relationship, we 
must first consider the nature of the constructs these mea-
sures are supposed to represent – body ownership for RHI 
responding; and propensity to respond to suggestion, im-
plicit or explicit, with imagination for phenomenological 
control. Phenomenological control is a domain general 
ability (Dienes, Lush, et al., 2020; Lush et al., 2020), relating 
to sensory and decision processes over and above those 
specifically related to experiences of body ownership or 
multisensory experiences of bodily sensation. This is evi-
dent both in the measure of phenomenological control used 
in Lush et al. (2020; SWASH), which interrogates a variety of 
possible experiences, not just those related to bodily experi-
ence or ownership (e.g. abilities related to amnesia or musi-
cal and visual hallucination, in response to suggestion) and 
in several recent findings: Relationships between trait phe-
nomenological control and anomalous experiences when 
demand characteristics (and therefore participant hypoth-
esis awareness) have not been adequately controlled have 
been reported (Lush et al., 2020) for other body-related ef-
fects including vicarious pain (reports of pain in response to 
seeing people in apparently pain-inducing situations) and 
mirror-touch synaesthesia (reports of felt touch in response 
to seeing people touched), and also for non-body related 
experiences like the visually-evoked auditory response 
(Lush, Dienes, Seth, et al., 2021; reports of sound experi-
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enced when watching silent videos). The ability to control 
experience in response to suggestion is evident across per-
ceptual and decision domains and there is much evidence 
that imaginative suggestion effects can be experienced as 
subjectively ‘real’ (see Dienes, Palfi, et al., 2020; Lynn et 
al., 2020; McConkey, 2008), and that hypnotisability is dis-
tinct from social compliance (e.g. see Moore, 1964; Tasso 
et al., 2020; but see Polczyk & Pasek, 2006). In an explana-
tory framework, a domain general process subsumes do-
main specific demonstrations of its operation. Therefore, 
we are left with limited options for interpretation of the re-
sult from Lush et al. (2020): 

The first interpretation is perhaps the most parsimo-
nious in that it requires only that we reconsider the RHI 
as an act of phenomenological control in response to sug-
gestion and that it allows for group level report of RHI 
ownership experience to reflect genuine experience. It is 
important to note that this position does not rule out a mul-
tisensory contribution to the RHI, but rather that another 
cognitive process is in play. This is an important distinction. 
If we were to say that there is no problem treating an act 
of phenomenological control (which is necessarily creative 
and interpretative) as evidence for a sense of ownership, 
we might also study visual perception through phenome-
nological control in response to imaginative suggestion. If 
people report the experience of “seeing” a unicorn in re-
sponse to a direct or indirect imaginative suggestion, we 
would be obliged to take this as evidence for the existence 
of unicorns on the same basis that RHI researchers claim 
that reports of the RHI are evidence for a sense of body 
ownership. Certainly, visual imagery is constrained by the 
properties of visual processing and previous perceptual ex-
perience, as is the RHI likely constrained by the properties 
of (multi)sensory processing and previous experience. The 
existence of such constraints is not in contention. But the 
interpretation of imaginatively suggested experience is not 
the same as studying the properties of multisensory percep-
tion, as is the common interpretation of RHI studies (e.g. 
Ehrsson et al., 2005). Saying that you are “studying the rub-
ber hand instantiation of the influence of phenomenologi-
cal control on perception and decision making” is perfectly 
reasonable. But this statement is not consistent with the 
broader claims made in most papers regarding RHI where it 
is stated that the RHI represents a fundamental case study 
in understanding how subjective body ownership is deter-

Figure 4. Frequency of different inferential 
outcomes regarding mean participant 
(dis)agreement with subjective ratings S1, S2 and S3 
separately in 10 000 simulated experiments 

Each plot depicts the frequency of producing mean rating of agreement (> 0), 
disagreement (< 0), or neutral (‘Neither’) (= 0) in 10 000 simulated experiments 
(blue bars), and the number of times these mean ratings were determined to be 
significantly different from 0 according to a one sample t-test (‘Neither’ indicat-
ing no evidence in favour of either inferential outcome, p > 0.05). The plots pre-
sent the outcomes of simulated experiments run with different biases in partici-
pant sampling - ‘Below Median SWASH’ includes only participants below the 
median on Subjective SWASH score, and ‘Above Median SWASH’ includes only 
participants above the median on Subjective SWASH. Each row corresponds to a 
single subjective statement S1-S3 (see Table 1). 

Figure 5. Histogram of obtained p values in the 10 
000 experiments regarding agreement with 
statement S3 for experiments where only 
participants above median (orange) on Subjective 
SWASH were included and the opposite (blue) 

mined in humans. 
The second interpretation, while less parsimonious than 

the first may still be possible and is not explicitly ruled out 
by the results presented here or previously. However, given 
that hypothesis awareness is not controlled for in the ex-
isting RHI literature (Lush, 2020; Lush, Seth, et al., 2021; 

1. participants who can control their experience across 
sensory and decision domains through phenomeno-
logical control are also controlling their experience in 
RHI experiments (as suggested by Lush et al., 2020) 

2. participants who can control their experience in other 
domains through phenomenological control happen 
to be the same participants who can experience the 
RHI, but for distinct reasons (e.g. pure multisensory 
integration account) 

3. the same participants who can control their experi-
ence in other domains don’t control their experience 
in RHI but respond as though they do for other un-
specified reasons – perhaps a response bias induced 
by social context or pure confabulation just for RHI 
case 
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Reader, 2021), evidence for this interpretation cannot de-
pend on that existing literature until the possible influ-
ences of phenomenological control are ruled out. There are 
methods by which phenomenological control effects may 
be controlled; control conditions which are not confounded 
by demand characteristics could be developed by a two-
step procedure which takes into account both expectancies 
and differences in the relative difficulty of suggestion ef-
fects (see Lush, 2020 for details). This requires a difficult 
process of matching expectancies and direct imaginative 
suggestion response across candidate illusion and control 
measures. Note that while this makes the study of embod-
iment illusions more challenging than has been the tradi-
tion, the combined evidence from many small sample stud-
ies in which demand characteristics were uncontrolled has 
only generated illusory evidence which is of no value to the-
ories of embodiment (except perhaps as a cautionary tale). 
Similar issues have been dealt with successfully in other 
fields. For example, the suggested approach has much in 
common with the use of placebo controls in clinical trials, 
which, although it adds considerable cost to experiments, 
has been standard practice for decades (Beecher, 1955). 

The third interpretation should be considered in light of 
evidence that phenomenological control may confound in-
terpretation of other effects. The RHI is one of four distinct 
effects for which such relationships have now been shown 
(Lush, Dienes, Seth, et al., 2021; Lush et al., 2020) which 
involve a range of modalities. Correlation is not causation, 
of course, and relationships between the RHI and phenom-
enological control may be attributable to some unknown 
cause (perhaps some difference in multi-sensory integra-
tion mechanisms common to RHI response and phenome-
nological control - even for cases of phenomenological con-
trol that require no multisensory percept). However, given 
the simplicity of the proposal that demand characteristics 
can act as implicit imaginative suggestions in measures of 
experience, and the growing evidence that this occurs in 
a range of effects, it is a more parsimonious explanation 
that all of these effects are confounded by phenomenolog-
ical control than that some other explanation is in play for 
each individual case. 

Note that, whenever expectancies are consistent with ex-
perimental aims (e.g. participants are hypothesis aware), 
any given result may be attributable to hypothesis aware-
ness effects other than phenomenological control (e.g., fak-
ing or imagination; see Corneille & Lush, 2021). However, 
for both the RHI and response to imaginative suggestion, 
there is extensive evidence that at least some reports reflect 
genuine experience (see Dienes, Palfi, et al., 2020 for a dis-
cussion of this evidence as it relates to phenomenological 
control). Of course, if phenomenological control scales were 
to reflect trait differences in faking (for example), this 
would be an important consideration for interpretation of 
the RHI (and other reported experiences which correlate 
with trait phenomenological control). 

Researchers familiar with the RHI will be likely to note 
that these results (and those of Lush et al., 2020) only relate 
to the subjective statements, while there is extensive evi-
dence from ‘implicit’ measures such as proprioceptive drift, 
and convergent evidence from neuroimaging and animal 
studies. As mentioned previously, there are only two as-

pects linking RHI to phenomenological change – extended 
report and subjective ratings. All other findings, such as 
proprioceptive drift or changes in measured blood flow 
(fMRI) or scalp potential (EEG), are linked to changes in 
subjective ownership only through broad correspondence or 
co-occurrence with these subjective reports. If human par-
ticipants’ ratings on the subjective statements are predomi-
nantly related to their trait phenomenological control, then 
proprioceptive drift (or neuroimaging) results are correlat-
ing with phenomenological control, not specifically rubber 
hand subjective ownership. Again, this is because phenom-
enological control is a domain general ability (Dienes, Lush, 
et al., 2020; Lush et al., 2020), relating to sensory and de-
cision processes over and above those specifically related 
to experiences of body ownership or multisensory experi-
ences of bodily sensation. Note that the asynchronous con-
trol measure is also employed for “implicit” RHI measures 
(e.g., proprioceptive drift), and participants show hypothe-
sis awareness for these effects (Lush, Seth, et al., 2021). 

Regarding animal studies (e.g. Fang et al., 2019; Wada et 
al., 2016), while it may be completely reasonable to posit 
that, for instance, a rat may have a sense of body ownership, 
the reverse inference on which such claims rely when ref-
erencing RHI is problematic. Because it is not possible to 
simply ask an animal about their subjective experience, to 
conclude that an animal has a change in subjective expe-
rience of body ownership during, for example, a “rubber 
tail illusion” paradigm (Wada et al., 2016) we start with 
a potential relationship in human participants between a 
behavioural observation and subjective reports (e.g. corre-
late proprioceptive drift measure in hand with magnitude 
or time course of change in subjective ownership reports). 
We then attempt to obtain observations of a similar be-
haviour in rodents (e.g. something like proprioceptive drift 
of tail). We must then make the conceptual leap that the 
observed behavioural phenomena (proprioceptive drift in 
humans and something like it in rodents) are equivalent. 
Through this combination of directly observing one rela-
tionship related to subjective experience of ownership (sub-
jective ownership responding and proprioceptive drift are 
related in humans), then observing this single phenomenon 
in rodents (behaviour with similar properties to propriocep-
tive drift), that we have assumed to be equivalent to a sim-
ilar observation in humans (hand proprioceptive drift), we 
can end up with the reverse inference that the rodent also 
has change in subjective experience of ownership. Impor-
tantly, there is, and can be, no direct evidence to support 
this claim. It is important to also note that the same issue of 
reverse inference is present in any study using implicit mea-
sures that doesn’t provide evidence for concurrent changes 
in subjective experience (e.g. Tsakiris & Haggard, 2005). 
If the foundation statement about human subjective body 
ownership on which this set of inferences is based is instead 
reflecting some other ability (e.g. to control experience in 
response to suggestion – phenomenological control), then 
it is clear that all subsequent inferences are questionable. 
This is not to say that nothing can be discovered about mul-
tisensory perception of the body using neuroimaging or an-
imal models. Our claim in no way invalidates behaviourist 
approaches that seek to map body perception to neural 
function through observed behaviour. However, any in-
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stances wherein these findings are related to subjective 
ownership through their connection with RHI-like para-
digms are clearly problematic if the original basis for claims 
of changes in subjective body ownership during rubber hand 
exposure are not being correctly interpreted. 

It is sometimes claimed (e.g. Ehrsson et al., 2021; 
Tsakiris, 2010) that RHI effects reflect a combination of top-
down and bottom-up processes. However, these top-down 
effects are believed to be distinct from demand character-
istic effects and RHI response is considered to be “resistant 
to suggestions, thoughts, and high level conceptual knowl-
edge” (Ehrsson et al., 2021). Only a few researchers have 
stated theoretical positions consistent with the theory that 
demand characteristics play an important role in these ef-
fects (Alsmith, 2015; Dieguez, 2018). An influential the-
ory proposes that top-down effects arise when internal rep-
resentations of body image are matched against incoming 
sensory signals (Tsakiris, 2010; though see Chancel & Ehrs-
son, 2020 for a counter-argument that apparently top-down 
effects are attributable to multisensory congruency). How-
ever, given that demand characteristics have not been con-
trolled in existing RHI studies, it is premature to consider 
theoretical proposals of top-down effects which are not re-
lated to demand characteristics. 

In sum, agreement with three different subjective state-
ments is the standard basis for linking all aspects of RHI 
phenomena with body ownership. Propensity to agree with 
these reports is strongly related to the domain general abil-
ity for phenomenological control. Experiments wishing to 
link RHI experience specifically with subjective body own-
ership must take this relationship into account or their re-

sults cannot be taken to indicate general properties of hu-
man body ownership. 

Acknowledgments 

We would like to thank Anil Seth and Maxine Sherman 
for comments on early versions of the paper. We also thank 
Alex Holcombe, Sebastian Dieguez, and Martin Riemer for 
their time and effort to improve our submission as editor 
and reviewers. Finally, the authors are grateful to the Dr. 
Mortimer and Theresa Sackler Foundation. 

Ethics 

The data used in the present study were from Lush et al. 
(2020) and retrieved from https://osf.io/huwxd/. 

Data Accessibility Statement 

All data and analysis scripts are available at 
https://osf.io/d5hjp/. 

Competing Interests 

The authors declare no conflicts of interest. 

Submitted: November 19, 2020 PST, Accepted: January 13, 2022 

PST 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information. 

Serious Problems With Interpreting Rubber Hand “Illusion” Experiments

Collabra: Psychology 9

D
ow

nloaded from
 http://online.ucpress.edu/collabra/article-pdf/8/1/32274/492503/collabra_2022_8_1_32274.pdf by guest on 08 M

arch 2022

https://osf.io/huwxd/
https://osf.io/d5hjp/


REFERENCES 

Abdulkarim, Z., Hayatou, Z., & Ehrsson, H. H. (2021). 
Sustained rubber hand illusion after the end of 
visuotactile stimulation with a similar time course for 
the reduction of subjective ownership and 
proprioceptive drift. Experimental Brain Research. http
s://doi.org/10.1007/s00221-021-06211-8 

Allen, M., Poggiali, D., Whitaker, K., Marshall, T. R., & 
Kievit, R. A. (2019). Raincloud plots: a multi-platform 
tool for robust data visualization. Wellcome Open 
Research, 4, 63. https://doi.org/10.12688/wellcomeope
nres.15191.1 

Alsmith, A. (2015). Mental Activity & the Sense of 
Ownership. Review of Philosophy and Psychology, 6(4), 
881–896. https://doi.org/10.1007/s13164-014-0208-1 

Armel, K. C., & Ramachandran, V. S. (2003). Projecting 
sensations to external objects: evidence from skin 
conductance response. Proceedings of the Royal Society 
of London. Series B: Biological Sciences, 270(1523), 
1499–1506. https://doi.org/10.1098/rspb.2003.2364 

Beecher, H. K. (1955). The Powerful Placebo. Journal of 
the American Medical Association, 159(17), 1602. http
s://doi.org/10.1001/jama.1955.02960340022006 

Botvinick, M., & Cohen, J. (1998). Rubber hands ‘feel’ 
touch that eyes see. Nature, 391(6669), 756–756. http
s://doi.org/10.1038/35784 

Braun, N., Debener, S., Spychala, N., Bongartz, E., Sörös, 
P., Müller, H. H. O., & Philipsen, A. (2018). The 
Senses of Agency and Ownership: A Review. Frontiers 
in Psychology, 9, 535. https://doi.org/10.3389/fpsyg.20
18.00535 

Chancel, M., & Ehrsson, H. H. (2020). Which hand is 
mine? Discriminating body ownership perception in a 
two-alternative forced-choice task. Attention, 
Perception, & Psychophysics, 82(8), 4058–4083. http
s://doi.org/10.3758/s13414-020-02107-x 

Corneille, O., & Lush, P. (2021). Sixty years after Orne’s 
American Psychologist article: A conceptual analysis of 
“Demand Characteristics” [Preprint]. PsyArXiv. 
https://doi.org/10.31234/osf.io/jqyvx 

Dieguez, S. (2018). The illusion illusion. Constructivist 
Foundations, 14, 108–110. 

Dienes, Z., Lush, P., Palfi, B., Roseboom, W., Scott, R., 
Parris, B., Seth, A., & Lovell, M. (2020). 
Phenomenological control as cold control. Psychology 
of Consciousness: Theory, Research, and Practice. http
s://doi.org/10.1037/cns0000230 

Dienes, Z., Palfi, B., & Lush, P. (2020). Controlling 
phenomenology by being unaware of intentions 
[Preprint]. PsyArXiv. https://doi.org/10.31234/osf.io/
4zw6g 

Ehrsson, H. H., Fotopoulou, A., Radziun, D., Longo, M., 
& Tsakiris, M. (2021). No specific relationship between 
hypnotic suggestibility and the rubber hand illusion: a 
commentary with new and verification analyses 
[Preprint]. PsyArXiv. https://doi.org/10.31234/osf.io/
pmzgc 

Ehrsson, H. H., Holmes, N. P., & Passingham, R. E. 
(2005). Touching a Rubber Hand: Feeling of Body 
Ownership Is Associated with Activity in 
Multisensory Brain Areas. Journal of Neuroscience, 
25(45), 10564–10573. https://doi.org/10.1523/JNEUR
OSCI.0800-05.2005 

Ehrsson, H. H., Wiech, K., Weiskopf, N., Dolan, R. J., & 
Passingham, R. E. (2007). Threatening a rubber hand 
that you feel is yours elicits a cortical anxiety 
response. Proceedings of the National Academy of 
Sciences, 104(23), 9828–9833. https://doi.org/10.1073/
pnas.0610011104 

Fan, C., Coppi, S., & Ehrsson, H. H. (2021). The 
supernumerary rubber hand illusion revisited: 
Perceived duplication of limbs and visuotactile 
events. Journal of Experimental Psychology: Human 
Perception and Performance, 47(6), 810–829. https://d
oi.org/10.1037/xhp0000904 

Fang, W., Li, J., Qi, G., Li, S., Sigman, M., & Wang, L. 
(2019). Statistical inference of body representation in 
the macaque brain. Proceedings of the National 
Academy of Sciences, 116(40), 20151–20157. https://do
i.org/10.1073/pnas.1902334116 

Kalckert, A., Bico, I., & Fong, J. X. (2019). Illusions With 
Hands, but Not With Balloons – Comparing 
Ownership and Referral of Touch for a Corporal and 
Noncorporal Object After Visuotactile Stimulation. 
Perception, 48(5), 447–455. https://doi.org/10.1177/03
01006619839286 

Kaplan, R. A., Enticott, P. G., Hohwy, J., Castle, D. J., & 
Rossell, S. L. (2014). Is body dysmorphic disorder 
associated with abnormal bodily self-awareness? A 
study using the rubber hand illusion. PLoS ONE, 9(6), 
e99981. https://doi.org/10.1371/journal.pone.009998
1 

Kirsch, I., & Council, J. R. (1989). Response expectancy 
as a determinant of hypnotic behavior. In Hypnosis: 
The cognitive-behavioral perspective. (pp. 360–379). 
Prometheus Books. 

Lenggenhager, B., Hilti, L., & Brugger, P. (2015). 
Disturbed body integrity and the “rubber foot 
illusion.” Neuropsychology, 29(2), 205–211. https://do
i.org/10.1037/neu0000143 

Lenggenhager, B., Tadi, T., Metzinger, T., & Blanke, O. 
(2007). Video Ergo Sum: Manipulating Bodily Self-
Consciousness. Science, 317(5841), 1096–1099. http
s://doi.org/10.1126/science.1143439 

Lloyd, D. M. (2007). Spatial limits on referred touch to 
an alien limb may reflect boundaries of visuo-tactile 
peripersonal space surrounding the hand. Brain and 
Cognition, 64(1), 104–109. https://doi.org/10.1016/j.b
andc.2006.09.013 

Longo, M. R., Schüür, F., Kammers, M. P. M., Tsakiris, 
M., & Haggard, P. (2008). What is embodiment? A 
psychometric approach. Cognition, 107(3), 978–998. h
ttps://doi.org/10.1016/j.cognition.2007.12.004 

Serious Problems With Interpreting Rubber Hand “Illusion” Experiments

Collabra: Psychology 10

D
ow

nloaded from
 http://online.ucpress.edu/collabra/article-pdf/8/1/32274/492503/collabra_2022_8_1_32274.pdf by guest on 08 M

arch 2022

https://doi.org/10.1007/s00221-021-06211-8
https://doi.org/10.1007/s00221-021-06211-8
https://doi.org/10.12688/wellcomeopenres.15191.1
https://doi.org/10.12688/wellcomeopenres.15191.1
https://doi.org/10.1007/s13164-014-0208-1
https://doi.org/10.1098/rspb.2003.2364
https://doi.org/10.1001/jama.1955.02960340022006
https://doi.org/10.1001/jama.1955.02960340022006
https://doi.org/10.1038/35784
https://doi.org/10.1038/35784
https://doi.org/10.3389/fpsyg.2018.00535
https://doi.org/10.3389/fpsyg.2018.00535
https://doi.org/10.3758/s13414-020-02107-x
https://doi.org/10.3758/s13414-020-02107-x
https://doi.org/10.1037/cns0000230
https://doi.org/10.1037/cns0000230
https://doi.org/10.1523/JNEUROSCI.0800-05.2005
https://doi.org/10.1523/JNEUROSCI.0800-05.2005
https://doi.org/10.1073/pnas.0610011104
https://doi.org/10.1073/pnas.0610011104
https://doi.org/10.1037/xhp0000904
https://doi.org/10.1037/xhp0000904
https://doi.org/10.1073/pnas.1902334116
https://doi.org/10.1073/pnas.1902334116
https://doi.org/10.1177/0301006619839286
https://doi.org/10.1177/0301006619839286
https://doi.org/10.1371/journal.pone.0099981
https://doi.org/10.1371/journal.pone.0099981
https://doi.org/10.1037/neu0000143
https://doi.org/10.1037/neu0000143
https://doi.org/10.1126/science.1143439
https://doi.org/10.1126/science.1143439
https://doi.org/10.1016/j.bandc.2006.09.013
https://doi.org/10.1016/j.bandc.2006.09.013
https://doi.org/10.1016/j.cognition.2007.12.004
https://doi.org/10.1016/j.cognition.2007.12.004


Lush, P. (2020). Demand Characteristics Confound the 
Rubber Hand Illusion. Collabra: Psychology, 6(1), 22. h
ttps://doi.org/10.1525/collabra.325 

Lush, P., Botan, V., Scott, R. B., Seth, A. K., Ward, J., & 
Dienes, Z. (2020). Trait phenomenological control 
predicts experience of mirror synaesthesia and the 
rubber hand illusion. Nature Communications, 11(1), 
4853. https://doi.org/10.1038/s41467-020-18591-6 

Lush, P., Dienes, Z., & Seth, A. (2021). Rubber hand 
illusion reports remain confounded by demand 
characteristics and are substantially related to trait 
phenomenological control [Preprint]. PsyArXiv. 
https://doi.org/10.31234/osf.io/qh4ag 

Lush, P., Dienes, Z., Seth, A., & Scott, R. B. (2021). Trait 
phenomenological control predicts visually evoked 
auditory response [Preprint]. PsyArXiv. 
https://doi.org/10.31234/osf.io/x9eud 

Lush, P., Moga, G., McLatchie, N., & Dienes, Z. (2018). 
The Sussex-Waterloo Scale of Hypnotizability 
(SWASH): measuring capacity for altering conscious 
experience. Neuroscience of Consciousness, 2018(1). ht
tps://doi.org/10.1093/nc/niy006 

Lush, P., Seth, A., & Dienes, Z. (2021). Hypothesis 
awareness confounds asynchronous control conditions 
in indirect measures of the rubber hand illusion. 
[Preprint]. PsyArXiv. https://doi.org/10.31234/osf.io/
w67xc 

Lynn, S. J., Kirsch, I., Terhune, D. B., & Green, J. P. 
(2020). Myths and misconceptions about hypnosis 
and suggestion: Separating fact and fiction. Applied 
Cognitive Psychology, 34(6), 1253–1264. https://doi.or
g/10.1002/acp.3730 

McConkey, K. M. (2008). Generations and landscapes of 
hypnosis: questions we’ve asked, questions we should 
ask. Oxford University Press. https://doi.org/10.1093/
oxfordhb/9780198570097.013.0003 

Michael, R. B., Garry, M., & Kirsch, I. (2012). 
Suggestion, Cognition, and Behavior. Current 
Directions in Psychological Science, 21(3), 151–156. htt
ps://doi.org/10.1177/0963721412446369 

Moore, R. K. (1964). Susceptibility to hypnosis and 
susceptibility to social influence. The Journal of 
Abnormal and Social Psychology, 68(3), 282–294. http
s://doi.org/10.1037/h0048401 

Peled, A., Pressman, A., Geva, A. B., & Modai, I. (2003). 
Somatosensory evoked potentials during a rubber-
hand illusion in schizophrenia. Schizophrenia 
Research, 64(2–3), 157–163. https://doi.org/10.1016/s
0920-9964(03)00057-4 

Petkova, V. I., & Ehrsson, H. H. (2008). If I Were You: 
Perceptual Illusion of Body Swapping. PLoS ONE, 
3(12), e3832. https://doi.org/10.1371/journal.pone.00
03832 

Polczyk, R., & Pasek, T. (2006). Types of Suggestibility: 
Relationships Among Compliance, Indirect, and Direct 
Suggestibility. International Journal of Clinical and 
Experimental Hypnosis, 54(4), 392–415. https://doi.or
g/10.1080/00207140600856764 

Reader, A. T. (2021). What do participants expect to 
experience in the rubber hand illusion? [Preprint]. 
PsyArXiv. https://doi.org/10.31234/osf.io/d8x9y 

Reader, A. T., Trifonova, V. S., & Ehrsson, H. H. (2021a). 
The Relationship Between Referral of Touch and the 
Feeling of Ownership in the Rubber Hand Illusion. 
Frontiers in Psychology, 12, 629590. https://doi.org/1
0.3389/fpsyg.2021.629590 

Reader, A. T., Trifonova, V. S., & Ehrsson, H. H. (2021b). 
Little evidence for an effect of the rubber hand 
illusion on basic movement. European Journal of 
Neuroscience, ejn.15444. https://doi.org/10.1111/ejn.1
5444 

Riemer, M., Trojan, J., Beauchamp, M., & Fuchs, X. 
(2019). The rubber hand universe: On the impact of 
methodological differences in the rubber hand 
illusion. Neuroscience & Biobehavioral Reviews, 104, 
268–280. https://doi.org/10.1016/j.neubiorev.2019.0
7.008 

Rohde, M., Di Luca, M., & Ernst, M. O. (2011). The 
Rubber Hand Illusion: Feeling of Ownership and 
Proprioceptive Drift Do Not Go Hand in Hand. PLoS 
ONE, 6(6), e21659. https://doi.org/10.1371/journal.po
ne.0021659 

Sforza, A., Bufalari, I., Haggard, P., & Aglioti, S. M. 
(2010). My face in yours: Visuo-tactile facial 
stimulation influences sense of identity. Social 
Neuroscience, 5(2), 148–162. https://doi.org/10.1080/1
7470910903205503 

Tamè, L., Linkenauger, S. A., & Longo, M. R. (2018). 
Dissociation of feeling and belief in the rubber hand 
illusion. PLOS ONE, 13(10), e0206367. https://doi.org/
10.1371/journal.pone.0206367 

Tasso, A. F., Pérez, N. A., Moore, M., Griffo, R., & Nash, 
M. R. (2020). HYPNOTIC RESPONSIVENESS AND 
NONHYPNOTIC SUGGESTIBILITY: DISPARATE, 
SIMILAR, OR THE SAME? International Journal of 
Clinical and Experimental Hypnosis, 68(1), 38–67. http
s://doi.org/10.1080/00207144.2020.1685330 

Tsakiris, M. (2010). My body in the brain: A 
neurocognitive model of body-ownership. 
Neuropsychologia, 48(3), 703–712. https://doi.org/10.1
016/j.neuropsychologia.2009.09.034 

Tsakiris, M., & Haggard, P. (2005). The Rubber Hand 
Illusion Revisited: Visuotactile Integration and Self-
Attribution. Journal of Experimental Psychology: 
Human Perception and Performance, 31(1), 80–91. http
s://doi.org/10.1037/0096-1523.31.1.80 

Wada, M., Takano, K., Ora, H., Ide, M., & Kansaku, K. 
(2016). The Rubber Tail Illusion as Evidence of Body 
Ownership in Mice. Journal of Neuroscience, 36(43), 
11133–11137. https://doi.org/10.1523/JNEUROSCI.30
06-15.2016 

Walsh, E., Guilmette, D. N., Longo, M. R., Moore, J. W., 
Oakley, D. A., Halligan, P. W., Mehta, M. A., & Deeley, 
Q. (2015). Are You Suggesting That’s My Hand? The 
Relation Between Hypnotic Suggestibility and the 
Rubber Hand Illusion. Perception, 44(6), 709–723. htt
ps://doi.org/10.1177/0301006615594266 

Wu, W. (forthcoming). Mineness and introspective data. 
In M. Guillot & M. G. Carpintero (Eds.), The Sense of 
Mineness. Oxford University Press. 

Serious Problems With Interpreting Rubber Hand “Illusion” Experiments

Collabra: Psychology 11

D
ow

nloaded from
 http://online.ucpress.edu/collabra/article-pdf/8/1/32274/492503/collabra_2022_8_1_32274.pdf by guest on 08 M

arch 2022

https://doi.org/10.1525/collabra.325
https://doi.org/10.1525/collabra.325
https://doi.org/10.1038/s41467-020-18591-6
https://doi.org/10.1093/nc/niy006
https://doi.org/10.1093/nc/niy006
https://doi.org/10.1002/acp.3730
https://doi.org/10.1002/acp.3730
https://doi.org/10.1177/0963721412446369
https://doi.org/10.1177/0963721412446369
https://doi.org/10.1037/h0048401
https://doi.org/10.1037/h0048401
https://doi.org/10.1016/s0920-9964(03)00057-4
https://doi.org/10.1016/s0920-9964(03)00057-4
https://doi.org/10.1371/journal.pone.0003832
https://doi.org/10.1371/journal.pone.0003832
https://doi.org/10.1080/00207140600856764
https://doi.org/10.1080/00207140600856764
https://doi.org/10.3389/fpsyg.2021.629590
https://doi.org/10.3389/fpsyg.2021.629590
https://doi.org/10.1111/ejn.15444
https://doi.org/10.1111/ejn.15444
https://doi.org/10.1016/j.neubiorev.2019.07.008
https://doi.org/10.1016/j.neubiorev.2019.07.008
https://doi.org/10.1371/journal.pone.0021659
https://doi.org/10.1371/journal.pone.0021659
https://doi.org/10.1080/17470910903205503
https://doi.org/10.1080/17470910903205503
https://doi.org/10.1371/journal.pone.0206367
https://doi.org/10.1371/journal.pone.0206367
https://doi.org/10.1080/00207144.2020.1685330
https://doi.org/10.1080/00207144.2020.1685330
https://doi.org/10.1016/j.neuropsychologia.2009.09.034
https://doi.org/10.1016/j.neuropsychologia.2009.09.034
https://doi.org/10.1037/0096-1523.31.1.80
https://doi.org/10.1037/0096-1523.31.1.80
https://doi.org/10.1523/JNEUROSCI.3006-15.2016
https://doi.org/10.1523/JNEUROSCI.3006-15.2016
https://doi.org/10.1177/0301006615594266
https://doi.org/10.1177/0301006615594266


SUPPLEMENTARY MATERIALS 

V3 Response Letter 
Download: https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-
illusion-experiments/attachment/80945.pdf?auth_token=0nqOGIUKH3cOoiiO-Qo8 

V2 Response Letter 
Download: https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-
illusion-experiments/attachment/80946.pdf?auth_token=0nqOGIUKH3cOoiiO-Qo8 

Peer Review History 
Download: https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-
illusion-experiments/attachment/80947.docx?auth_token=0nqOGIUKH3cOoiiO-Qo8 

Serious Problems With Interpreting Rubber Hand “Illusion” Experiments

Collabra: Psychology 12

D
ow

nloaded from
 http://online.ucpress.edu/collabra/article-pdf/8/1/32274/492503/collabra_2022_8_1_32274.pdf by guest on 08 M

arch 2022

https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-illusion-experiments/attachment/80945.pdf?auth_token=0nqOGIUKH3cOoiiO-Qo8
https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-illusion-experiments/attachment/80945.pdf?auth_token=0nqOGIUKH3cOoiiO-Qo8
https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-illusion-experiments/attachment/80946.pdf?auth_token=0nqOGIUKH3cOoiiO-Qo8
https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-illusion-experiments/attachment/80946.pdf?auth_token=0nqOGIUKH3cOoiiO-Qo8
https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-illusion-experiments/attachment/80947.docx?auth_token=0nqOGIUKH3cOoiiO-Qo8
https://collabra.scholasticahq.com/article/32274-serious-problems-with-interpreting-rubber-hand-illusion-experiments/attachment/80947.docx?auth_token=0nqOGIUKH3cOoiiO-Qo8

	Quantifying change in subjective experience in RHI
	Strength of RHI subjective reports is related to trait phenomenological control
	Practical consequences of relationship between RHI responding and phenomenological control: a case study
	Simulated experiments with and without participants higher in trait phenomenological control
	Analysis methods
	Validating the sample of participants from Lush et al. (2020) with criterion of 0
	Experiments with and without participants higher in trait phenomenological control produce vastly different outcomes
	Average of statements S1-S3
	Considering statements S1-S3 separately


	Discussion
	Acknowledgments
	Ethics
	Data Accessibility Statement
	Competing Interests
	References
	Supplementary Materials

