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1. Introduction 

How do we feel that we own our body? Why do we feel that they are part of our body 

when we touch or look at our hands? Questions like these have been discussed in 

philosophy and psychology for centuries. The Rubber Hand Illusion (RHI) is an 

experimental model invented by Botvinick and Cohen that allows the controlled 

manipulation of the experience of body-ownership, thus trying to answer these 

questions. In brief, to elicit this illusion, the participant’s real hand is kept out of the 

field of vision (e.g. behind a screen) while a realistic-like rubber hand is placed in 

front of him or her. The experimenter uses two paintbrushes to synchronously stroke 

the rubber hand and the participant’s real hidden hand. After a short period (~10-15 

sec) the majority of people feel that the rubber hand belongs to them. Since the 

invention of the “classical” rubber hand illusion several new variants have occurred in 

neuroscience and psychology. One of them is the Invisible Hand Illusion (IHI) by 

Guterstam and colleagues. They showed that it is possible to elicit an illusion of 

having an invisible hand that “feels” touches applied to it in empty space in direct 

view of the participants. To induce this, an experimenter repetitively and 

synchronously applied brushstrokes to the participant’s hand, which was hidden from 

view behind a screen (similarly to the RHI), and to a portion of empty space in full 

view of the participant. During the illusion the people experienced a referral of 

somatic and ownership sensations to the empty space that was fully visible to them, 

thereby evoking the experience of having an invisible hand. 

 The subjective experience of the RHI and IHI can be quantified with 

questionnaire including statements about the key perceptual effects of the illusion, 

such as “It seemed as if I were feeling the touch of the paintbrush in the location 

where I saw the rubber hand being touched”. The most widely used objective 

measure technique is the so-called “proprioceptive drift” – the degree to which people 

experience their hand to be closer to the rubber hand than it really is. 

 The present thesis intends to answer two questions related to the 

aforementioned illusions (RHI, IHI): 

I. Can the IHI - that is a visually reduced version of the RHI – be extended by 

combining irrelevant auditory cues with the common visuo-tactile stimulation used in 

RHI-like illusions? 
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II. According to the proprioceptive drift and RHI questionnaire which personality and 

temperament factors are related to the RHI? 

2. Sound induced proprioceptive drift in the IHI 

In an experiment conducted by our research group, and including a classical RHI and 

an IHI condition, we found the IHI to lead to both lower subjective ratings of the 

illusion and smaller proprioceptive drifts than the original RHI. Thus, we decided to 

associate metronome sound with the view of an artificial hand through a conditioning 

process in which the classical RHI would be repeatedly elicited in the presence of 

metronome beats. We hypothesized that following this conditioning process 

metronome sound would be able to compensate for the lack of the view of an artificial 

hand in the IHI, thereby enhancing the illusion as compared with its soundless 

version. Since the results did not support our prediction, but unexpectedly revealed a 

conditioning-independent influence of auditory stimulation on proprioceptive data, we 

did not set up a more complex protocol to further examine associative learning in the 

IHI. Instead, a second experiment was conducted in order to check the results when 

the same experimental design is used as in the first experiment, except that the 

between-session RHI is elicited without conditioning sound stimuli. 

3. Methods 

Twenty-six healthy university students participated in both experiments. Participants 

had no previous experience with the RHI, and were blind to the hypothesis of the 

study. 

 Within the pre- and post-conditioning sessions the IHI was elicited in two 

conditions: in a sound and in a soundless condition. In the sound condition 

metronome beats were presented to the participants through the headphones in 

synchrony with visuo-tactile stroking. Metronome beats were short, percussive 

sounds (stimulus duration: 120 ms; peak sound frequency: 1.2 kHz). In the soundless 

condition auditory signals were not used. The sequence of the sound and the 

soundless condition was counterbalanced across subjects both in the pre- and the 

post-conditioning session. In the conditioning session the classical RHI was 

repeatedly induced, and metronome beats were presented in synchrony with 

stroking. The design of the second experiment also consisted of three sessions: a 
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pre-RHI, a RHI and a post-RHI session. The setup was similar to the first experiment 

except that no metronome beats were presented in the RHI session.  

 To measure the main characteristics of the illusion, a questionnaire consisting 

of 4 statements and proprioceptive drift (in cm) were administered. 

4. Results 

The analysis of questionnaire data indicated that a few minutes exposure to the 

classical RHI is able to enhance the vividness of the subsequent IHI. 

The combined analysis of the two experiments unambiguously clarified that 

the use of auditory cues during the induction of the IHI enhances the proprioceptive 

aspect of the illusion. 

5. Conclusion 

In our first study we failed to demonstrate that the IHI can be modified by 

conditioning, our major findings, which might even mask the effect of associative 

learning, provide relevant contributions to the investigation of multisensory integration 

and bodily self-consciousness. Most importantly, the results reveal that irrelevant 

auditory cues presented in synchrony with rhythmic visuo-tactile stimuli can enhance 

the effect of visuo-tactile integration on proprioceptive updating. Further studies are 

needed to better understand this kind of complex multimodal interaction.  

Secondly, the findings confirm that proprioceptive recalibration gradually 

increases over time in the RHI-like illusions, and that a longer exposure to such an 

illusion produces a considerable after-effect on proprioception.  

Our data indicate that a few minutes exposure to the classical RHI is able to 

enhance the subjective vividness of the subsequent IHI. 

6. Temperament and syndromes specific susceptibility for RHI 

The aim of the study is to explore individual capacity for self-integration, susceptibility 

to the RHI and the role of temperamentum factors in the emergence of body schema 

and body image dissociation. Psychopathological vulnerability, especially to 

schizophrenia, delusional experiences, anxiety, and interpersonal sensitivity in 

participants with a vivid RHI response were detected in both healthy persons and 

patients. 
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Considering the association among the embodiment scores and schizotypy, 

magical ideation and interpersonal sensitivity related emphatic diffusion we predicted 

elevated ownership scores in participants with enhanced vulnerability to those 

symptoms that are related to a weakened ability to differentiate between the self and 

others.  

7. Methods 

Forty-eight healthy volunteers, including 20 males and 28 females were recruited 

from a pool of students at the University of Pécs. 

 Three experimental conditions were used in our study: pre-test condition (no-

stroking) when a baseline proprioceptive drift was measured, illusion induction 

condition (synchronous stroking), and no illusion induction control condition 

(asynchronous stroking). 

 To measure the main characteristics of the illusion, a questionnaire consisting 

of 4 statements and proprioceptive drift (in cm) were administered as well. To 

measure temperament and psychopathological predispositions SCL-90-R and TCI-R 

questionnaires were assessed.  

8. Results 

The results indicated that the proprioceptive drift correlated with temperament factors 

of the TCI-R. Participants with high scores on synchronous proprioceptive drift 

showed high scores on Novelty seeking – NS – (TCI-R) and low score in Harm 

avoidance – HA – factors (TCI-R).  

Furthermore, participants with high scores on the RHI questionnaire showed 

high scores in NS, low scores on HA, high scores on Interpersonal sensitivity (SCL-

90-R), high scores on Paranoid ideations (SCL-90-R), and high scores on 

Psychoticism subscales (SCL-90-R). 

9. Conclusion 

Our results suggest that some of the outcome values of the RHI and personality 

predisposition (TCI-R) and psychiatric symptom factors (SCL-90-R) show close 

association. These associations provide an opportunity for conducting effective 

studies to gain important insights into the dynamics of body boundary spectrum 

disorders in healthy participants and patients, respectively. 
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