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Background. The concept of body schema continues to evolve, and the taxonomy  Keywords:

of body representations remains debated. Two well-established paradigms provide ~ body schema,
experimental access to it: the rubber hand illusion (RHI), which modifies the body rubber hand
schema by incorporating a new object into it, and the hand laterality judgment task ~ illusion,
(HLJT), which requires participants to determine the laterality of a depicted hand ~ hand laterality

and has been shown to involve mental movement. judgment task,
Objective. To investigate body schema components using two well-validated ~ predictive
experiments, the RHI and the HLJT. coding,

Design. Thirty-one right-handed healthy volunteers aged 18-35 years complet- somato-
ed the HLJT and then took part in the RHI. Proprioceptive drift and sense of own- perception
ership served as measures of RHI onset, whereas accuracy and response time were
recorded in the HLJT. Data analysis was performed with mixed linear modelling.

Results. A cross-analysis of the performance in these tasks revealed distinct as-
sociations: 1) between higher accuracy in the HLJT and slower proprioceptive drift
in the RHI; and 2) between longer response time in the HLJT and early emergence
of the sense of ownership over an artificial hand in the RHI. We propose that the
first pair of variables reflects the strength of the structural body representation (the
cognitive level of body schema), whereas the second reflects confidence in those
representations (the metacognitive level of body schema).

Conclusion. We observed that participants with better performance on the
HLJT showed weaker RHI effects: stronger internal body representations were less
susceptible to illusion-related artificial distortions.
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Public significance statements

Body schema — the internal representation of the body’s shape and posture — is
disrupted in a number of disorders that impair quality of life, including stroke, eating
disorders and phantom pain. Based on the rubber hand illusion and hand laterality
judgment task experiments, this study proposes that body schema representations be
separated into cognitive and metacognitive levels. Differentiating the body schema
concept may open new possibilities for developing diagnostic and therapeutic meth-
ods for disorders affecting body schema.

Introduction

The body schema concept, which was proposed more than a century ago (Head,
1920), is still evolving. Originally, “body schema” referred to a constantly updated
representation of the body’s shape and posture through the integration of proprio-
ceptive signals. Later, it became clear that not only proprioception but also visual,
sensorimotor, and other sensory inputs contribute to updating the body schema,
and that this multisensory integration leads to a supramodal (amodal) representa-
tion of the body’s spatial properties (Graziano & Botvinick, 1999). However, not all
authors accept that the body schema is unified (Matsumiya, 2021). There is broad
agreement that the main function of the body schema is action guidance, including
real and mentally simulated actions (Jeannerod, 2001; de Vignemont, 2009), which
distinguishes it from body image. Body image, by contrast, refers to body represen-
tations unrelated to movement, including perceptual, conceptual and emotional di-
mensions (Gallagher, 2005). The embodied cognition framework proposes a broader
role: the body schema may shape high-level cognitive processes such as a sense of
agency (Gallagher, 2005). A further recent advance is the predictive coding account,
in which body representations are continuously updated through the interaction be-
tween a priori top-down predictions and the current bottom-up sensory input (Apps
& Tsakiris, 2014; Di Lernia et al., 2023; Morasso & Mohan, 2020; Owens et al., 2018).

The ongoing theoretical development, influenced by experimental studies and
clinical observations (Sattin et al., 2023; Schwoebel & Coslett, 2005), aims to differ-
entiate between multiple body representations. While there is growing consensus re-
garding the distinction between body schema and body image (de Vignemont, 2009;
Gallagher, 2005), some authors distinguish between body structural description and
body semantics (Schwoebel & Coslett, 2005). In addition, Longo (2016) describes six
body representations, which belong either to somatoperception (body image, body
schema, superficial schema and body model) or to somatorepresentation (semantic
domain and structural description). Within the body schema, de Vignemont distin-
guishes protective and working forms. The protective body schema provides a sense
of ownership and includes the affective dimension, whereas the working body sche-
ma supports action in space and provides a sense of agency (de Vignemont, 2017).
Thus, the taxonomy of bodily representations remains unsettled.

To support theoretical advancement through data-driven approaches, multiple
methods of experimental body schema modelling have been developed. Body sche-
ma modelling refers to experimental tasks that engage the body schema. The present
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study, which evaluates components of the body schema, is based on a cross-analysis
of performance in two well-validated body schema experiments — the rubber hand
illusion (RHI) (Botvinick & Cohen, 1998) and the hand laterality judgment task
(HLJT) (Parsons, 1994). During the RHI, the participant’s real hand is hidden from
view while they observe an artificial hand placed congruently with the body. Syn-
chronous strokes to the real and artificial hands elicit the illusion of ownership over
the artificial hand. Illusion strength is usually measured by the drift of the perceived
hand position towards the artificial hand (proprioceptive drift) and by questionnaires
assessing the subjective feeling of ownership. These two variables correlate in some
but not all experiments, and they are believed to represent different aspects of the il-
lusion rather than being causally related (Abdulkarim & Ehrsson, 2016; Rohde et al.,
2011). The RHI shows perceptual and neuronal stability across different settings and
over time, so it is believed to reflect trait-like features of body perception (Bekrater-
Bodmann et al., 2012).

The RHI is thought to depend on multisensory integration mechanisms, which
recently have been conceptualized within the predictive coding framework: the
strength of the illusion is believed to depend on the balance between bottom-up
processing (visual and tactile stimulation) and top-down influences (the stability of
body schema against distortions) (Dobrushina et al., 2021; Samad et al., 2015). Both
bottom-up and top-down influences remain subjects of lively debate (Chancel et al.,
2021; Ehrsson et al., 2022; Golaszewski et al., 2021; Limanowski, 2021; Lush et al.,
2020; Rossi Sebastiano et al., 2022; Santos et al., 2023; Slater & Ehrsson, 2022; Théri-
ault et al., 2022). Interest in the dynamic characteristics of the RHI and in its fading
has grown in recent years (Abdulkarim et al., 2021; Finotti et al., 2023; Perepelkina
et al., 2018). The present study used a dynamic version of the rubber hand illusion,
as it allows more detailed quantification of the processes related to predictive coding.
Over the course of stimulation, illusion strength increased gradually, consistent with
progressive resolution of visuo-proprioceptive prediction error as the hypothesis that
the artificial hand is one’s own came to provide the best explanation of the incoming
visuo-tactile input (Perepelkina et al., 2018).

The HLJT is a widely used body schema task that requires participants to distin-
guish left from right hands presented in different positions (Kim & Yi, 2021; Parsons,
1987, 1994; Sattin et al., 2023). Participants typically perform the task by mentally ro-
tating their own hand into the presented position, which implies reliance on the body
schema. This strategy is prevalent in children as early as 5-8 years of age (Spruijt et
al., 2015). Moreover, limited experience of hand use impairs performance (Funk &
Brugger, 2007). However, alternative accounts dispute the necessity of mental move-
ment (Vannuscorps et al., 2012; Viswanathan et al., 2012). The hand-binding hy-
pothesis explains the HLJT via a cross-modal analysis of the features of a seen hand,
whereas mental movement is considered an aftereffect of this feature-based analysis
(Viswanathan et al., 2012). Other authors regard mental movement as only one of
several possible strategies for completing the HLJT (Moreno-Verdu & Hardwick,
2022). Performance is measured by the number of correct responses and by response
time, which is longer for the images of hands rotated into uncommon, uncomfortable
positions (Parsons, 1994).

To our knowledge, the RHI and HLJT have not been used simultaneously in pre-
vious studies. The RHI effect is thought to reflect the incorporation of an object into
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the protective body schema (de Vignemont, 2017), whereas the mental movement
involved in HLJT refers to the working body schema (Haslam et al., 2022). Thus, we
aimed to map the links between the different components of the body schema using
the RHI (proprioceptive drift and ownership) and the HLJT (answer correctness and
response time). We considered a stronger RHI to be evidence of a less stable body
schema, and successful HL]T completion to be evidence of stronger body representa-
tions. We hypothesized that higher scores in the RHI would be associated with lower
scores in the HLJT.

Methods

Participants

The study sample included 31 (17 male) right-handed healthy volunteers aged 18-35
years (mean 20.5+3.0). None of the participants had previously taken part in expe-
riments with bodily illusions. Each participant completed two successive experi-
ments — the HLJT followed by the RHI. The order of tasks was not balanced. The
HLJT data were collected with the participation of N.V. Engovatova and were par-
tially used in her master’s thesis (Engovatova, 2022).

Procedure

Rubber Hand Illusion

We used a previously validated dynamic modification of the RHI (Perepelkina et
al., 2018). The participants sat still at a table with their right hand hidden inside a
wooden box. The middle finger of the right hand was positioned 20 cm from the edge
of the table. A life-sized and gender-matched right-hand prosthesis (“rubber hand”)
was placed medial to the real right hand at a distance of 15 cm so that the participant
could see it. The right forearm and the forearm of the rubber hand were covered with
black fabric (Figure I).

Figure 1. Experimental setting in the rubber hand illusion
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The experiment consisted of two conditions: the emergence of the illusion and
the fading of the illusion. During the emergence condition, the experimenter stroked
the real and artificial hands slightly irregularly at a mean frequency of 0.5 Hz. During
the fading condition, stimulation was absent: the participant could no longer see the
rubber hand (the experimenter had removed it), and there was no tactile stimula-
tion. We used a behavioral measure (proprioceptive drift) and a subjective measure
(ownership questionnaire) of illusion strength. Proprioceptive drift was measured as
the difference between the initial error in right-hand localization (measured before
the start of the stimulation) and the perceived position of the hand after 15, 30, 60,
120 and 240 seconds from the onset of each condition. With their eyes closed, partici-
pants made a pointing movement to the middle finger of the right hand from each of
three starting points, presented in randomized order. The results of these three mea-
surements were averaged. The ownership questionnaire was completed at the same
time points only during the emergence condition. It consisted of three test questions
(statements related to the real effects of RHI) and three control questions rated on a
Likert scale from -3 to 3; the questionnaire was published previously (Perepelkina et
al., 2019).

All participants completed the RHI after the computerized HLJT.

Hand Laterality Judgment Task

We used a computerized HL]T based on Parsons (1994). The stimulus material com-
prised black-and-white photographs of both hands (left and right) in palm-up and
palm-down positions. These four photographs were digitally manipulated to create
images of hands rotated to 0°, 90° medial, 180° and 90° lateral orientations, giving
a total of 16 different images (Figure 2). Each image was presented four times in a

Left PalmDown 0° Right PalmDown 180°

Left PalmUp 90° medial  Right PalmUp 90° lateral

Figure 2. Examples of Stimuli in the Hand Laterality Judgment Task

Note. Hands differed in handedness (right or left), position (palm up or down) and
orientation (0° 90° medial, 180° and 90° lateral), resulting in 2 x 2x 4= 16 different stimuli.
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sequence with a randomized stimulus order (64 trials in total). The presentation of
the task and the collection of responses were performed using the Cogent Matlab
Toolbox (http://www.vislab.ucl.ac.uk/cogent_2000.php, RRID:SCR_015672).

Participants sat at a computer with their left hand resting on the table and two
fingers of their right hand on the response keys (“<” — left, “>” — right). Each stimu-
lus appeared on the screen and remained there until the participant responded. Par-
ticipants were asked to identify the laterality of the hand as quickly and accurately
as possible. Before the test, instructions were displayed on the screen, and a practice
stimulus was then presented.

Statistical Analysis

Data analysis was performed using mixed linear modelling in R Project 3.6.0 (https://
www.R-project.org/, RRID:SCR_001905), packages “lme4”, “IlmerTest”, “dplyr’,
“ggplot2”, “simr”. Continuous variables were rescaled.

First, we modelled the data from the two experiments separately in order to ver-
ify their validity. For the RHI, the following model was used for the proprioceptive
drift dynamics:

Proprioceptive drift ~ Time * Condition + (1 | Participant) (1),

where “Time” represented the time of stimulation, “Condition” indicated the
emergence or fading phase of the illusion and (1 | Participant) represented random
participant-specific effects. For the ownership dynamics, the following model was
used:

Ownership questionnaire ~ Time * Subscale + (1 | Participant) (2),

where “Time” represented the time of stimulation and “Subscale” indicated test
or control questionnaire statements.

For the HLJT, the following models were used for the answer correctness and
response times for each stimulus:

Answer correctness ~ Hand * Palm * Orientation + (1 | Participant) (3),

Log (Response time) ~ Hand * Palm * Orientation + (1 | Participant) (4),

where the stimulus characteristics “Hand” (right or left), “Palm” (up or down)
and “Orientation” (0°, 90° medial, 180° or 90° lateral) served as independent vari-
ables. A binomial distribution was used to model answer correctness (0 or 1).

Spearman correlation was used for pairwise evaluation of the dependencies be-
tween the total number of correct responses and mean response time, and also be-
tween the ownership questionnaire score and proprioceptive drift.

Second, to assess the interaction between the performance in the two experi-
ments, we entered the resulting parameters from the HL]JT — the total number
of correct responses (Accuracy) and the average correct response time (Response
Time) — into the models representing RHI dynamics:

Proprioceptive drift ~ Time * Condition * Accuracy + (1 | Participant) (5)

Proprioceptive drift ~ Time * Condition * Average Response Time + (1 | Parti-
cipant) (6)

Ownership questionnaire ~ Time * Subscale * Accuracy + (1 | Participant) (7)

Ownership questionnaire ~ Time * Subscale * Average Response Time + (1 |
Participant) (8)



Experimental Modelling of Body Schema with the Rubber Hand Illusion... 79

The significance threshold for these four confirmatory models was Bonferroni-
corrected to a =.05/4 = .0125.

The normality of the residual distributions for all linear mixed models was as-
sessed by skewness and kurtosis in accordance with the reference values proposed
by Kim (2013). All models were tested for homoscedasticity of the residuals. Where
heteroscedasticity was detected, mixed models with separate residual variances for
each of the predictors (fixed and random) were fitted (Nakagawa et al., 2025). Het-
erogeneity did not affect the results in any case.

Transparency and Openness

We report how we determined our sample size, all data exclusions, all manipulations,
and all measures in the study. All data, code and stimuli materials are available in
the Mendeley Repository at http://dx.doi.org/10.17632/p7zv55hnd5.1. This study’s
design and its analysis were not pre-registered.

The sample size was similar to those of previous studies utilizing the RHI (Pere-
pelkina et al., 2017, 2018) and the HL]JT (Parsons, 1987, 1994; Schwoebel, 2001).
Power analysis was performed using Monte Carlo simulations and, in the absence of
previous studies combining the HLJT and the RHI, was based on the observed effect
sizes. For the model describing the dependence of proprioceptive drift on accuracy
in the HLJT, the estimated power for the interactions of accuracy with time and with
condition was over 99%. For the model describing the dependence of the ownership
questionnaire on average response time in the HLJT, the estimated power for the
interaction of average response time with the questionnaire subscale was 91%, and
the power for the interaction of average response time, questionnaire subscale, and
time was 73%.

Results

Rubber Hand Illusion

As expected, proprioceptive drift depended on time (estimate .08, 95% CI .05 to
11, t=5.29, p<.001) and condition (estimate .04, 95% CI .02 to .06, higher during
fading, t=3.62, p < .001), with an interaction of time and condition (estimate -.09,
95% CI -.14 to -.05, negative effect of time during fading; t=-4.16, p<.001), along
with a dependence of ownership on time (estimate .19, 95% CI .11 to .27, t=4.80,
p<.001) and subscale (estimate .47, 95% CI .41 to .52, higher score for test state-
ments, t=16.06, p<.001) with an interaction of time and subscale (estimate .13, 95%
CI .02 to .24, higher effect of time for test statements, t=2.27, p=.02). Thus, the dy-
namics of the emergence and fading phases were captured by both proprioceptive
drift and ownership questionnaire responses.

The correlation between proprioceptive drift and the sum of test statements on
the ownership questionnaire was not significant at any time point.

Hand Laterality Judgment Task

During the HLJT, errors were observed in 9.9% of trials. The total number of correct
responses ranged from 41 to 64 (out of 64) with a median of 59 (25th quartile: 55;
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75th quartile: 62). The error rate was higher for the 180° orientation (estimate —1.28,
95% CI -2.25 to -.31, z=-2.60, p=.01).

The average response time ranged from 1097 to 5965 ms with a median of 2101
ms (25th quartile 1529 ms, 75th quartile 2524 ms). Response time was longer for the
palm-up position (estimate .21, 95% CI .10 to .31, t=3.82, p=.001), 180° orientation
(estimate .57, 95% CI .47 to .68, t=10.65, p<.001) and 90° medial orientation (esti-
mate.17,95% CI.06 to .27, t=3.10, p =.002), with an interaction of palm-up position
and 180° orientation (estimate —.29, 95% CI -.43 to -.14, t=-3.76, p=.01) and also
of palm-up position and 90° medial orientation (estimate -.23, 95% CI -.38 to -.08,
t=-3.02, p=.03). Post hoc analyses were performed for the Orientation factor and
the Orientation x Palm interaction (Tables 1 and 2).

Table 1

Post-hoc Analyses: Pairwise Comparisons by Orientation Factor

Orientation  Mean SE df Lower Upper  p-value p-value  p-value

CL CL (0) (180)  (90lateral)
0 7.34 .06 34.60 7.22 7.47 - - -
180 7.78 .06 34.60 7.65 7.90 <.001 - -
90lateral 7.57 .06 34.60 7.45 7.70 <.001 <.001 -
90medial 7.40 .06 34.60 7.27 7.52 1 <.001 <.001

Note. SE = Standard Error. CL = Confidence Limit.

Table 2

Post-hoc Analyses: Pairwise Comparisons by Orientation x Palm Interaction

Orientation Palm Mean  SE af Lower  Upper  pvalue p-value  p-value

CL CL (0) (180) (90lateral)
0 Down 7.23 .07  41.30 7.09 7.36 - - -

180 Down 7.83 .07  41.30 7.70 7.96 <.001 - -
90lateral Down  7.40 .07 41.30 7.27 7.53 <.001 <.001 -
90medial Down 7.42 .07  41.30 7.29 7.55 <.001 <.001 1

0 Up 7.46 .07  41.30 7.33 7.60 - - -

180 Up 7.73 .07 41.30 7.59 7.86 <.001 - -
90lateral Up 7.75 .07  41.30 7.61 7.88 <.001 1 -
90medial Up 7.37 .07  41.30 7.24 7.51 12 <.001 <.001

Note. SE = Standard Error. CL = Confidence Limit.

We observed the longest response times in the 180° orientation, intermediate
response times in the 90° lateral orientation and the fastest response times in both
the 90° medial and 0° orientations (Table I). In the palm-down position, the longest
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response time was observed in the 180° orientation, intermediate response times in
the 90° medial and 90° lateral orientations, and the fastest response time in the 0°
orientation. In the palm-up position, the longest response times were observed in the
180° and 90° lateral orientations, and the fastest in the 0° and 90° medial orientations
(Table 2). Thus, more time was required for the mental rotation of the depicted hand
into views that correspond to uncommon, uncomfortable positions of a real hand.

No correlation was observed between the total number of correct responses and
the average response time (Rho=-.05, p=.75).

Accuracy in the Hand Laterality Judgment Task
and Rubber Hand Illusion Dynamics

Accuracy in the mental hand rotation task was linked to the dynamics of propriocep-
tive drift, but not to the sense of ownership in the RHI. The influence of accuracy
in the mental hand rotation task on proprioceptive drift dynamics is shown in the
Figure 3 (a median split is used for illustrative purposes). We observed an interaction
of accuracy with time (estimate -.25, 95% CI -.37 to -.13, t=-3.96, p<.001), with
condition (estimate -.24, 95% CI -.33 to -.15, t=-5.38, p<.001) and an interaction
of the number of correct responses, condition and time (estimate .38, 95% CI .20 to
.56, t=4.30, p<.001). To distinguish the effects related to the emergence and fading
phases, we performed a post hoc mixed-models analysis for these two phases sepa-
rately. During the emergence phase, an interaction of accuracy with time was ob-
served (high accuracy related to slower dynamics, estimate -.25, 95% CI -.37 to -.13,

Emergence condition Fading condition

15-

10-

Accuracy
== High
= Low

Proprioceptive drift, cm

6 1‘5 4‘5 1 65 255 465 4é0 5'l| 0 5%0 660 9:‘50
Time, s
Figure 3. Interaction of the proprioceptive drift dynamics with
the number of correct responses in the mental hand rotation task
Note. In the “spaghetti” plot, each line represents the dynamics of proprioceptive
drift during the RHI in an individual participant. The time point 240 s corresponds
to the end of the emergence phase (discontinuation of stimulation). For illustra-

tive purposes, a median split of the sample was performed based on accuracy in
the mental hand rotation task. Bold lines represent means of the two subsamples.
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t=-4.05, p<.001), whereas during the fading phase higher accuracy was associated
with a lower absolute value of drift (estimate -.18, 95% CI -.32 to -.04, t=-2.75,
p=.02) and with less prominent dynamics (estimate .13, 95% CI .02 to .25, t=2.60,
p=.02). Taken together, higher accuracy in the mental hand rotation task was linked
to less pronounced RHI dynamics.

Average Response Time in the Hand Laterality Judgment Task
and Rubber Hand Illusion Dynamics

Response time in the mental hand rotation task was significantly associated with
ownership dynamics, but not with proprioceptive drift in the RHI. For ownership, we
observed an interaction between response time and question type (estimate .50, 95%
CI .22 to .78, t=3.50, p<.001) and between response time, question type, and time
(estimate -.81, 95% CI -1.36 to -.25, t=-2.81, p=.005). To distinguish the effects
related to the test and control questionnaire statements, we performed a separate
post hoc mixed-models analysis. No effects were found for the control statements,
whereas for the test statements a longer response time was associated with a higher
absolute value (estimate .56, 95% CI .14 to .98, t=2.54, p=.01) but slower dynamics
(interaction with time: estimate -.57, 95% CI -.96 to -.17, t=-2.82, p=.006) of own-
ership. The dynamics of the ownership questionnaire (sum of test statements) as a
function of response time are shown in the Figure 4 (median split used for illustrative
purposes). Both the modelling and visual inspection indicate that slow performance
in the mental hand rotation task was associated with early emergence of the subjec-
tive feeling of ownership over the rubber hand.

Response time

== Fast
= Slow

Ownership
o

15 45 105 225 465

Time, s

Figure 4. Interaction of the ownership questionnaire dynamics
with response time in the mental hand rotation task

Note. In the “spaghetti” plot, each line represents the ownership question-
naire (sum of test statements) dynamics during the emergence phase of the
RHI in an individual participant. For illustrative purposes, a median split
of the sample was performed based on the response time in the mental
hand rotation task. Bold lines represent means of the two subsamples.



Experimental Modelling of Body Schema with the Rubber Hand Illusion... 83

Discussion

Our results are consistent with predictive coding accounts of body perception (Apps
& Tsakiris, 2014; Morasso et al., 2015), of body ownership (Bertoni et al., 2023) and,
in particular, of the RHI (Chancel et al., 2021; Dobrushina et al., 2021; Golaszewski
et al., 2021; Samad et al., 2015; Santos et al., 2023). In the predictive coding frame-
work, a stronger RHI indicates the predominance of bottom-up processes. The
HLJT can also be conceptualized in terms of predictive coding, since the motor im-
age serves as a prediction that is compared with the depicted hand before a decision
is made. Participants with poor performance on the HLJT showed faster dynamics
in the RHI experiment, which can be explained by less-developed body schema rep-
resentations and, thus, weaker top-down influences that protect the body schema
from artificial distortions. Results in the HL]T improve with motor practice (Haba-
chaetal., 2014) and are negatively affected by hand immobilization (Debarnot et al.,
2018), which suggests that the task reflects the strengths of hand representations.
Thus, we propose that performance in the HL]T relies on the availability of bodily
representations, i.e., top-down processing. Both proprioceptive drift and the owner-
ship questionnaire in the RHI were negatively associated with performance on the
HLJT. These results parallel the absence of RHI effects in expert pianists (Pyasik et
al., 2018), who, due to years of practice, may have highly developed internal repre-
sentations of the hand.

A cross-analysis of the two experiments revealed distinct associations: first, be-
tween proprioceptive drift and accuracy in the HLJT, and second, between the sense
of ownership over an artificial hand and response time in the HLJT. At the same time,
we did not observe pairwise correlations between proprioceptive drift and owner-
ship scores in the RHI or between accuracy and response time in the HLJT. Some
RHI studies show an association between proprioceptive drift and ownership scores
(Botvinick & Cohen, 1998; Longo et al., 2008; Samad et al., 2015; Tosi et al., 2023),
whereas others fail to detect it (Holle et al., 2011; Rohde et al., 2011) and show that
hand proprioception may change without changes in ownership (Holmes et al., 2006;
Makin et al., 2008). The same dissociation between ownership and proprioceptive
drift appears in somatic RHI (Gallagher et al., 2020). A study using subtle mechani-
cal manipulation of participants’ hand position during the RHI experiment found no
causal link between proprioceptive drift and a sense of ownership (Abdulkarim &
Ehrsson, 2016). According to a recent meta-analysis, these measures are related, but
the correlation is rather weak (Tosi et al., 2023). The association between accuracy
and response time in the HL]JT remains largely underexplored. The limited available
evidence comes from a few studies with differing designs, which reported a correla-
tion between error rate and response time (Conson et al., 2012; Parsons, 1994).

We suggest that the two pairs of variables (proprioceptive drift and accuracy in
the HL]T; ownership questionnaire and response time in the HL]JT) characterize dis-
tinct domains of body schema organization. By analogy with other cognitive tasks,
the two domains identified here may be defined as cognitive and metacognitive. In
our interpretation, proprioceptive drift and accuracy in the HLJT reflect the spatial,
cognitive level of the body schema, i.e., the strength of the structural representations.
Participants with stronger body representations may be less susceptible to illusion-
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related errors in localizing the hidden hand and therefore show lower proprioceptive
drift. The sense of ownership and response time in the HL]T may characterize the
subjective, metacognitive level of body schema-related processing. A faster response
may indicate higher confidence in the answer (the average response time was calcu-
lated using only correct responses to minimize the possible influence of misclicks
and guesses). Participants with high confidence in their body schema may be more
inclined to rely on internal representations rather than on actual sensory input when
they develop a sense of body ownership (dominance of top-down processing). Ac-
cordingly, they show lower scores on the ownership questionnaire. Nevertheless, the
distinction between the cognitive and metacognitive components of the body sche-
ma requires careful verification in further research that controls for metacognitive
variables.

Our findings may contribute to the theoretical development of the body schema
concept, and they may also have clinical significance. The body schema is affected
in a number of disorders that impair quality of life (de Vignemont, 2009). The rub-
ber hand illusion and HLJT are used to characterize disease-related alterations of
the body schema in patients with stroke (de Vries et al., 2013; Feenstra et al., 2016;
Llorens et al., 2017; Haslam et al., 2022), eating disorders (Campione et al., 2017;
Eshkevari et al., 2011), somatoform disorders (Perepelkina et al., 2019) and phantom
pain (Giummarra et al., 2010). Theoretical models linking RHI and HL]T parameters
to body schema dimensions can be used to interpret diagnostic data and develop tar-
geted therapeutic interventions for patients with body schema distortions.

Conclusion

The results of our study support the predictive coding conceptualization of body sche-
ma, which is believed to be continuously updated through an interaction between
prior inferences and current sensory input. We observed the expected negative as-
sociation between RHI strength and HLJT performance. Beyond this, our results can
be interpreted as a distinction between the cognitive and metacognitive levels of body
schema organization. The cognitive level may correspond to structural representa-
tions, whereas the metacognitive level may comprise confidence in those representa-
tions. However, this hypothesis requires further confirmation. The proposed model
now needs to be tested in further research using different experimental designs.

Limitations

The most substantial limitation of the study is the order of task presentation, which
was not counterbalanced across participants. All participants first completed the
HLJT and then took part in the RHI. Thus, the effect of presentation order was not
controlled, which means that order, learning or carry-over effects cannot be exclud-
ed. For example, according to our hypotheses, we would expect reduced RHI scores
after participation in the HLJT. Although the data show that, on average, the RHI
was formed successfully, these measures may be underestimated because the preced-
ing task also engaged the body schema. In addition, the small sample size limits the
generalizability of the results.
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