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The perception of one’s own body is a complex mechanism that can be disturbed by
conflicting sensory information and lead to illusory (mis-) perceptions. Prominent models of
multisensory integration propose that sensory streams are integrated according to their
reliability by approximating Bayesian inference. As such, when considering self-attribution
of seen motor actions, previous works argue in favor of visual dominance over other
sensations, and internal cues. In the present work, we use virtual reality and a haptic glove
to investigate the influence of an active haptic feedback on one’s visual and agency
judgments over a performed finger action under experimentally manipulated visual and
haptic feedbacks. Data overall confirm that vision dominates for agency judgment in
conditions of multisensory conflict. Interestingly, we also show that participants’ visual
judgment over their finger action is sensitive to multisensory conflicts (vision,
proprioception, motor afferent signals, and haptic perception), thus bringing an
important nuance to the widely accepted view on a general visual dominance.

Keywords: multisensory integration, multisensory conflicts, virtual reality, haptics, sense of agency, sense of
ownership, visual perception, motor perception

1 INTRODUCTION

Bodily perception is a complex mechanism that can be disturbed by multimodal conflicts.
Remarkably, the felt position of one’s hand can be altered by inducing ownership over a rubber
hand counterpart (Botvinick and Cohen, 1998). In the rubber hand illusion (RHI), multimodal
conflicts are introduced between visual, tactile, and proprioceptive signals, so that the congruence of
vision and touch can be considered to be more reliable than proprioception alone, thus giving rise to
the ownership illusion of the rubber hand and to a visual dominance for locating the limb. This
interpretation of the neural mechanism of the RHI is supported by prominent understanding on
multisensory integration, according to which the brain integrates multiple sensory streams weighted
by their reliability and approximating Bayesian inference (Knill and Pouget, 2004). A Bayesian brain
model can indeed explain the proprioceptive drift to come from the computation of the felt position
of the hand using a weighted sum of available sensory signals (Holmes and Spence, 2005). Extending
this principle, if a sensory modality is added and is reliable enough, it can influence the multisensory
integration, and thus affect one’s feeling of ownership of one’s limbs as well as its felt location. For
instance, it can be the case when adding haptic feedback in a Virtual Reality (VR) context in which
the real movements of one’s hand are not perfectly matching with the provided visual feedback
(i.e., visuo-proprioceptive conflict). In this situation, careful manipulation of the haptic information
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can influence the multisensory integration by making one
configuration more reliable (e.g., congruent visuo-haptic
feedback), thus influencing the acceptance of the
proprioceptive distortion (Lee et al., 2015).

In such Bayesian framework contexts, when vision is supposed
to be reliable, the integration of conflicting visuo-motor
information may lead to a visual dominance over afferent
motor signals and proprioception. This phenomenon was
indeed exemplified by Salomon et al. (2016) by visually
displaying a virtual hand that did not move according to the
subject’s actual movement. They could observe that, when the
movement of two fingers was swapped (e.g., index finger moving
instead of the middle one), participants could wrongly self-
attribute the seen motor action. Although striking, this
experiment does not allow concluding on a generalized visual
dominance for agency judgments because the haptic feedback was
not manipulated so its influence could not be evaluated. The
multisensory integration in Salomon et al. (2016) indeed involved
internal cues (proprioceptive and afferent motor information),
visual feedback (observed finger movement, in conflict with the
internal cues), but also a passive haptic feedback from touching
the table on which the hand was resting. To elaborate on this
work and evaluate how haptic feedback influences multisensory
integration and, in particular, if it can alter visual dominance for
motor perception, we propose to study more deeply the
multisensory integration leading to the misattribution of
virtual fingers’ movements in an experimental paradigm
involving systematic haptic feedback manipulation.

This paper is organized as follows. The next section
presents the related work about multisensory integration
in cognitive neuroscience and multisensory conflict.
Section 3 describes the experiment, including the setup,
the task and conditions, the protocol, and our hypotheses.
The statistical analysis is detailed in Section 4, while results
are discussed in Section 5, followed by the conclusion in
Section 6.

2 RELATED WORK

Multisensory integration designates the brain’s process involved
in converting a given set of sensory inputs into a unified
(integrated) perception. A prominent model about this process
is based on Bayesian inference, proposing that incoming sensory
signals are integrated according to the inverse of their variance,
i.e., their reliability, thus giving more weight to more precise
modalities (Knill and Pouget, 2004; Friston, 2012). Illustrating
this phenomenon, the rubber hand illusion involves presenting
participants with a rubber hand placed nearby their hidden real
hand (Botvinick and Cohen, 1998). The illusion of ownership for
the rubber hand is then induced by brushing synchronously the
subject’s real hand and its rubber counterpart. The illusion then
rises from a multisensory conflict in which the visuo-tactile
congruency is considered as more reliable than proprioception.
Noteworthy, in this particular context of illusory ownership
toward a virtual bodily counterpart, a reciprocal link between
multisensory integration, and illusory ownership was found: the

ownership illusion emerges from multisensory integration, while
in return it influences upcoming multisensory processing. For
example, Maselli et al. (2016) showed that the ownership illusion
acts as a “unity assumption” and, congruently with bayesian
causal inference models, enlarges the temporal window for
integrating visuo-tactile stimulus.

In the particular context of the rubber hand illusion (RHI),
the ownership illusion induces a proprioceptive drift,
meaning that one’s perception of one’s hand location shifts
toward the rubber hand location. But proprioceptive drifts
had been observed earlier in a similar paradigm, without
tactile stimulation, using a prism to manipulate one’s static
hand position (Hay et al., 1965). This phenomenon was later
confirmed, and more deeply investigated, by Holmes and
Spence (2005) who used a mirror to modulate the visual
position of the participants’ right hand. They showed that
participants estimate their hand position to be closer to the
visual information when asked to move their fingers than
when only presented with a passive visual hand reflection.
Taken together, these findings could lead to the idea that
vision necessarily dominates over proprioception. It is indeed
often considered that, in the context of VR, vision is more
reliable than other sensory cues, leading to a “visual
dominance,” or “visual capture,” that overrides other
factors of movement perception (Burns et al., 2005). But
other factors and combinations of conditions are to be
considered, as they can lead to an increase or a decrease of
the reliability associated to a specific modality. As
counterexamples, it is known that the spatial direction of
the visual distortion strongly impacts the visuo-
proprioceptive integration for the judgment of hand
location (van Beers et al., 2002), or that the haptic
perception can dominate vision when one is judging about
shapes if two radically different configurations are presented
to vision and touch (Heller, 1983).

More dramatically, beside the manipulation of one’s
proprioceptive judgment, the ownership illusion can also
enable manipulations of one’s sense of authorship toward a
movement, namely one’s sense of agency (Blanke and
Metzinger, 2009). Illustrating this possibility, and laying the
foundation for the present research, Salomon et al. (2016)
manipulated their participant’s sense of agency using an
anatomical distortion of their hand’s movements.
Participants were asked to rest their right hand on a table
and to lift either their index or middle finger. Their real hand
was hidden while they were presented with a virtual
representation of their hand. On trials with distortion, the
consistency principle of agency (Jeunet et al., 2018) was
challenged by visually moving the virtual hand’s index
finger if the participant moved the middle finger, and
conversely. Under these circumstances, Salomon et al.
showed not only that participants would experience a lower
sense of agency, but that they could wrongly self-attribute the
motor action of the virtual finger they saw moving. This motor
illusion is a typical example of visual capture in a case of
conflicting integration, as the visual stimuli here dominates
over tactile (passive tactile feedback when bringing back the
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moved finger on the table), proprioceptive and motor afferent
signals. These results however do not allow us to make
conclusions on the influence of haptic feedback in the
resolution of multisensory conflicts. We thus propose to
investigate whether adding an active haptic feedback (a
reaction force) could influence the multisensory conflict
leading to agency judgment and motor attribution, thereby
providing an important nuance to the generally accepted view
on visual dominance, and opening new research perspectives
on agency manipulations.

3 MATERIALS AND METHODS

Our protocol replicated Salomon et al. (2016) and extended it
with congruent and incongruent active haptic feedback in order to
test whether or not such active haptic feedback can dominate
vision in a motor perception context.

3.1 Setup and Virtual Scene
Participants sat on a chair in front of a table, and were equipped
with an HTC Vive Pro Eye Head Mounted Display (HMD). They
were wearing a Dexmo glove from Dextra robotics (https://www.
dextarobotics.com/) on their right hand, on which an HTC Vive
tracker was fixed (Figure 1).

The Dexmo haptic glove can prevent a finger from moving,
or apply a force of varying intensity on the user’s fingertips.
We used the finger-tracking data it provides to animate the
virtual hand [androgynous right hand from Schwind et al.
(2018)].

The participants’ right wrist was kept static using a strap
attached to the table. The right hand was resting on a rectangular
surface (Figure 2), while the left one was holding a HTC vive
controller to answer questions.

Participants saw a virtual environment through a virtual reality
head mounted display (HMD) from a first person perspective
(Figure 3). The virtual scene was composed of a virtual table
placed congruently with the real table, on which a rectangular
prop was placed. On top of this prop were attached two virtual
obstacles (Figure 2) that the virtual index and middle fingers would
hit when being lifted. The eye tracking systemwas used to ensure that
participants were continuously looking at a red fixation cross located
between the index and middle fingers (Figure 3).

3.2 Task and Experimental Conditions
During the experiment, participants were asked to lift either their
index or middle finger until it touched the corresponding virtual
obstacle, and then to bring their finger back on the table. When a
participant lifted the index or middle finger, the virtual hand would
simultaneously lift the same finger (congruent visual) or the other
finger (incongruent visual). When the moving virtual finger touched
the obstacle, haptic feedback was applied either on the lifted finger
(congruent haptic) or on the other finger tip (incongruent haptic).
That is, when the haptic feedback is congruent, the glove applies a
force on the moving finger to prevent it from passing through the
virtual obstacle. Conversely, when the haptic feedback is incongruent,
the moving finger does not receive any haptic feedback from the

FIGURE 1 | Global view of the experimental setup.

FIGURE 2 | Participant’s real hand (outlined in green) and corresponding virtual hand.

Frontiers in Virtual Reality | www.frontiersin.org April 2022 | Volume 3 | Article 8608723

Boban et al. Changing Finger Movement Perception

https://www.dextarobotics.com/
https://www.dextarobotics.com/
https://www.frontiersin.org/journals/virtual-reality
www.frontiersin.org
https://www.frontiersin.org/journals/virtual-reality#articles


glove, but a force is applied on the resting finger’s tip, pushing it
against the platform. Our experiment follows a 2 × 2 factorial design,
with two factors (haptic and visual feedbacks) manipulated with two

levels (congruent or incongruent with the movement actually
performed by the participant). Table 1 sums-up the experimental
conditions.

3.3 Experimental Protocol
3.3.1 Trials and Blocks
Each trial consisted of one task (i.e., finger lifting) followed by a
question. During the movement, participants had to look at the
fixation cross located between their index, and middle fingers
(Figure 3).

When participants brought back their moved finger on the
rectangular platform, a question appeared in front of the
virtual hand (Figure 4). It was randomly selected between
visual perception (“Which finger did you see moving?”) and
motor perception (“Which finger did you move?”), and
answers were presented in random order. Participants

FIGURE 3 | The virtual scene viewed from the first person perspective; during the task, participants had to look at the red cross located on the surface between the
index and middle fingers.

TABLE 1 | Experimental conditions illustrated in the context of the subject moving their index finger (highlighted in green with plain line if displayed or dotted line otherwise).

Congruent visual Incongruent visual

Congruent haptic

Incongruent haptic

The displayed hand and fingers are in yellow or in beige (when consistent with proprioception). The real pose of the middle finger is indicated in grey with dotted lines for the incongruent
visual condition.

FIGURE 4 | Visual perception question panel.
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answered the question using the Vive controller held in their
left hand.

A full experimental block consisted in 30 trials of each condition,
thus in 120 trials in total, presented in pseudo-random order. For
each trial, participants could freely choose to move either their index
or middle finger; they were however asked to keep the balance as
much as possible. To help participants, how many times they moved
each finger was displayed when half of a block was completed.

3.3.2 Procedure
When a participant arrived, the experiment was first explained to
them, they were shown the setup, signed a consent form and filled
in a demographic questionnaire. Then, they sat on the chair in
front of the table and put on the HMD. First, a stereoscopic vision
test was conducted to ensure they would correctly see the fingers
movements during the experiment. Then the eye-tracking system
was calibrated. Next, the participant removed the HMD and was
helped to put on the glove and to place their hand correctly for the
calibration to be performed.

The calibration phase went as follows. First, the height of the
physical prop was adjusted to fit the participant’s hand size. This way,
the angle between the index/middle fingers plane and the palm was
ensured to be sufficiently below 180° to allow participants to lift their
fingers while wearing the glove. Indeed the maximal extension of the
hand tolerated by the haptic glove corresponds to a flat hand (180°

between the palm and the index/middle fingers plan). Finally, the
virtual hand pose was adjusted to fit the participant’s fingers pose on
the rectangular prop, as well as the position to achieve for triggering
the haptic feedback.

Following the calibration, participants put back the HMD and
completed a two-minutes acclimatization phase to get used to the
virtual hand. During this phase, participants were asked to keep
their thumb still and the other fingers fully extended, but could
freely rotate their wrist and lift their fingers from the rectangular
prop. A training phase followed, consisting in 48 trials. The
training block was composed of 12 trials of each condition,
presented in random order.

After the training, each participant went though the three main
blocks, thus performing 360 trials in total. They could take a break
between each block if they wanted to. Once completed, subjects had
to perform the Agency and Ownership blocks: four additional blocks
of 48 trials each. Each block corresponded to an experimental
condition and the order of blocks was randomized. During this
phase, the visual and motor perception questions were removed.
After each block, as in the study by Salomon et al., participants were
asked to fill a questionnaire on agency and ownership toward the

virtual hand (Table 2). Subjects had to answer the questions on a
seven-points Likert scale ranging from 1 (“Totally disagree”) to 7
(“Totally agree”).

Except during the training blocks, white noise was used to
isolate participants from the external world. Moreover, if
between two blocks the participant’s hand had moved from
its initial position, for example if the participant took a pause,
the calibration phase was repeated.

3.4 Participants
Following a sample size estimation based on Salomon et al.
(2016), 20 healthy right-handed volunteers were recruited for
this study (twelve females), aged from 18 to 35 (m = 21.65, sd =
4.36). All participants gave informed consent and the study
was approved by our local ethics committee. The study and
methods were carried out in accordance with the guidelines of
the declaration of Helsinki.

3.5 Hypotheses
First, we expect the replication of previous results from Salomon et al.
(2016) (H1). We thus have four sub-hypothesis (see Table 1
illustrating the conditions acronyms): (H1a) Visual judgment
accuracy is not affected by visual congruency (CVCH not
significantly different from IVCH), (H1b) Motor judgment
accuracy is reduced when the visual feedback is incongruent with
the motor actions (CVCH > IVCH), (H1c) agency is lower under
incongruent visual feedback (CVCH > IVCH), and (H1d) ownership
is reducedwhen the visual feedback is incongruent (CVCH > IVCH).

Second, our (H2) hypothesis focuses on the influence of an active
haptic feedback on one’s perception. Concerning visual perception, as
Salomon et al. showed vision to be considered as highly reliable in a
very similar set-up, we anticipate no effect of the active haptic
feedback on visual judgment accuracy. Thus, we hypothesize that
(H2a) visual judgment accuracy is not significantly affected by visual
nor by haptic feedback congruency.

When it comes to motor perception judgment accuracy, we
believe that vision will be predominant in our context as no visual
cues indicates the visual feedback to be erroneous (Power, 1980). We
thus hypothesize that (H2b)motor judgment accuracy is higher if the
visual modality is congruent than if it is incongruent, no matter the
associated haptic feedbacks (CV...H > IV... H).

Given that agency is typically induced when one can control
the virtual bodily counterpart, it should be experienced by
participant in our setup when the visual feedback is congruent
with the movement performed. In this condition, and as our
haptic feedback manipulations do not disturb the matching

TABLE 2 | Agency and ownership questionnaire.

Agency items • I felt as if I was causing the movement I saw
• The virtual hand moved just like I wanted it to, as if it was obeying my will
• I felt as if I was controlling the movements of the virtual hand
• Whenever I moved my finger I expected the virtual finger to move in the same way

Ownership items • I felt as if I was looking at my own hand
• It seemed as if I were sensing the movement of my finger in the location where the virtual finger moved
• I felt as if the virtual hand was part of my body
• I felt as if the virtual hand was my hand
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between the performed and the seen movement, we do not expect
haptic information to disturb the sense of agency. Conversely, in
conditions when the visual feedback is incongruent with the
performed movement, participants should not experience a
strong sense of agency. Similarly as before, as the haptic
modality does not influence the performed/seen movement
consistency, we do not expect congruent haptic feedback to
alter the sense of agency. As a sum-up, under both visual
feedback conditions, we do not expect the haptic modality to
disturb the feeling of agency (H2c).

Finally, concerning ownership, Bovet et al. (2018) previously
showed the propensity of visual-haptic conflict to reduce
ownership. We thus expect that, under congruent visual
feedback, incongruent haptic feedback should lower ownership
levels. Conversely, under incongruent visual feedback we do not
expect any significant effect of the haptic modality as, in this
condition, the scores already reported by Salomon et al. indicate
low levels of ownership toward the virtual hand (H2d).

4 STATISTICAL ANALYSIS

Visual and motor judgment accuracies were computed for each
participant as the percentage of correct answers to the
corresponding perception questions. As for both
measurements the samples included several outliers and were
not approximating a normal distribution (Shapiro-Wilk test), the
statistical analysis was conducted using non-parametric tests.

Concerning agency and ownership scores, they were computed
separately for each participant using the mean of answers to the
corresponding questions in the last four blocks of the experiment.
For both agency and ownership data, the samples were not outliers-
free. As there was no reason to exclude the outliers from the dataset,
and as they influenced the results of the associated t-tests, we
conducted the statistical analysis using non-parametric tests.

In case of multiple comparisons, p-values were corrected with
the conservative Bonferonni method and reported using the
following notation: pcorr.

4.1 Motor Perception Judgment Accuracy
A one-sided Wilcoxon test was applied on the pair (CVCH;
IVCH) to test order, revealing a significantly (p < 10−3) higher
motor perception accuracy under congruent visual feedback
(Figure 5), thus validating (H1b).

To test whether motor judgment accuracy is influenced by
congruency (H2b), one-sided Wilcoxon tests were applied on
pairs comparing congruent and incongruent visual feedback. The
motor perception accuracy was significantly higher for the CVCH
condition than for the IVCH one (p < 10−3 and pcorr < 10−3) and the
IVIH one (p ≃ 0.003 and pcorr ≃ 0.012). Similarly, the CVIH
condition led to a significantly higher motor judgment accuracy
than the IVIH (p ≃ 0.002 and pcorr ≃ 0.01) and the IVCH one (p <
10−3 and pcorr < 10−3). Thus, those results validate (H2b) (Figure 5).

4.2 Visual Perception Judgment Accuracy
A two-sided Wilcoxon test was applied to compare the CVCH
and IVCH samples, revealing a significant effect of visual

FIGURE 5 | Motor perception judgment accuracy across conditions (in
percent).

FIGURE 6 | Visual perception judgment accuracy across conditions (in
percent).

FIGURE 7 | Agency scores across conditions, computed for each
participant using the mean of answers to the corresponding questions in the
last four blocks of the experiment.
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feedback on visual perception accuracy (p ≃ 0.02), thus rejecting
(H1a) (Figure 6). The associated one-sidedWilcoxon test showed
visual judgment accuracy to be decreased when the visual
modality is incongruent (p < 10−2).

A Friedman test applied to the four samples rejected the
similarity of distributions (p < 10−3), thus rejecting our (H2a)
hypothesis according to which visual perception accuracy would
not be affected by visual nor haptic congruency.

A post-hoc analysis was conducted using one-sided Wilcoxon tests
on each possible pair of conditions (Figure 6). The visual judgment
accuracy of the IVIHconditionwas found to be significantly lower than
for theCVCHandCVIHones (p< 10−3 and pcorr< 10−2 for both tests).

4.3 Agency
A one-sided Wilcoxon test was applied on congruent haptic
feedback samples, revealing a significantly (p < 10−3) higher
agency under congruent than incongruent visual feedback
(Figure 7), thus validating (H1c).

To test for (H2c), according to which agency would not be
affected by the haptic feedback congruency, two-sided Wilcoxon
tests were applied on the pairs (CVCH; CVIH), and (IVCH;
IVIH). None was significant (p > 0.05), thus failing to reject this
hypothesis (Figure 7).

4.4 Ownership
A one-sidedWilcoxon test was applied on congruent haptic feedback
samples, revealing a significantly (p < 10−3) higher ownership under
congruent than incongruent visual feedback (Figure 8), thus
replicating previous findings and validating (H1d).

To test for (H2d), according to which ownership would be
affected by the haptic feedback congruency only under congruent
visual information, a one-sided Wilcoxon test was applied on the
pair (CVCH; CVIH) while a two-sided one was applied on the
pair (IVCH; IVIH). Under congruent visual information, the
congruent haptic feedback led to significantly (p ≃ 0.03) higher
ownership scores than the incongruent one (Figure 8). Under

incongruent visual feedback, no effect of haptic feedback
congruency was found (p ≃ 0.29).

5 DISCUSSION

First, we reproduced and extended Salomon et al. (2016) results on the
influence of visual feedback on judgment of motor authorship. More
precisely, motor perception is affected by the congruency between the
performed and the observed movement: when haptic feedback is
congruent with the action performed, congruent visual information
leads to a higher motor perception accuracy than incongruent visual
information (CVCH > IVCH). It thus indicates that, as previously
shown in Salomon et al. (2016), vision can overrule action
information (proprioceptive, tactile, and motor afferent signals)
when one is judging about the movement one performed. Said
differently, one’s awareness of one’s movement and proprioceptive
consequences (motor afferent signals, proprioception, and tactile
incoming signals) can be overruled by conflicting visual information.

As an extension of this result, we show that in our setup, nomatter
the haptic feedback congruency, congruent visual feedback always
leads to less motor judgment errors than an incongruent one. Of
particular interest, if visual or haptic information is incongruent
(conditions CVIH and IVCH), then congruent visual feedback
with incongruent haptic stimuli leads to a better motor perception
accuracy (m ≃ 98%) than incongruent visual feedback coupled with
congruent haptic stimuli (m ≃ 92%), thus showing that haptic
information does not challenge vision in the motor judgment
context. Put together, when it comes to motor judgment, these
findings argue in favor of the visual dominance over the other
modalities being integrated to produce one’s perception.

Concerning visual perception accuracy, our findings are different
from (Salomon et al., 2016) as when the haptic feedback is congruent
with the performed movement, visual judgment accuracy is
significantly higher under congruent than incongruent visual
feedback (CVCH > IVCH). As for their experimental
manipulation, when the visual stimulus is incongruent, vision
contradicts proprioception, motor afferent signals, and haptic
perception. As shown by our data, this conflict influences visual
perception, meaning that the consistency of this group of three
modalities is sufficient to cast doubt on which finger one saw
moving, thus resulting in a drop in visual perception accuracy.
One possible explanation for the difference between our results
and previous work from Salomon et al. (2016) is the difference in
terms of haptic feedback. Indeed, the haptic feedback is stronger in our
setup as it not only comes frompassive touch of the table but also from
the contact with the virtual obstacle, thus strengthening non-visual
stimuli in the multisensory integration process. Consistently with
(H1a) rejection, when comparing the four experimental conditions,
we found visual perception accuracy to be higher when the visual
feedback is congruent than when both visual and haptic modalities are
incongruent (CVCH, CVIH > IVIH). These findings indicate that
when both visual and haptic feedbacks are incongruent with the
movement performed, the haptic feedback does not reinforce visual
information enough to make vision as reliable as if it was congruent
with the movement performed. Thus, incongruencies between the
performed movement and the visual-haptic feedback can impact

FIGURE 8 | Ownership scores across conditions, computed for each
participant using the mean of answers to the corresponding questions in the
last four blocks of the experiment.
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visual perception accuracy by blurring one’s visual judgment, e.g.,
casting doubt on which finger one saw moving.

Now considering perception judgment accuracy under congruent
haptic feedback, Salomon et al. (2016) made the distinction between
two accuracy patterns by manipulating the visual feedback
congruency. They experimentally changed the position of the
virtual hand to be either in the same orientation as the physical
subject’s hand (0° rotation), in a plausible orientation (90° rotation), or
in an impossible posture (180°or 270° rotation). They observe that
with a plausible hand posture, the accuracy pattern presents a small
decrease in visual perception accuracy (but not significant) and a large
decrease in motor perception accuracy when visual feedback is
switched from congruent to incongruent. Conversely, when the
virtual hand is in an impossible posture, both visual and motor
perception accuracy largely decrease when visual feedback is
incongruent. In our experiment, the virtual hand is presented with
a 0° rotation, and our results replicate the corresponding pattern from
Salomon et al. (2016). Indeed, we observe a slight decrease in visual
judgment accuracy when the visual feedback switches from congruent
to incongruent. This decrease is significant in our setup (m ≃ 97.2% to
m ≃ 95.3%) but not in Salomon et al. (2016) (m ≃ 94.8% to m ≃
93.8%), which may be explained by a more pronounced haptic
feedback in our setup. However, as we also observe a large drop
in motor perception accuracy when the visual feedback becomes
incongruent (m ≃ 98.4% to m ≃ 92%), our results fit the pattern
described by Salomon et al., thus confirming their general finding. As
improvements inmotor perception can in turn bear potential benefits
for motor performance, future work could explore the impact of such
active haptic feedback on motor performance to infer its potential
benefit for motor training (Ramírez-Fernández et al., 2015; Kreimeier
et al., 2019; Odermatt et al., 2021).

Finally, considering the agency and ownership scores, we replicated
previous findings showing that, under congruent haptic feedback, both
scores are higher when participants are providedwith congruent visual
information than incongruent. This is in line with agency and
ownership being typically induced when one is presented with a
virtual bodily counterpart they can control and that is placed in an
anatomically plausible position. Moreover, because the haptic
feedback factor does not impair one’s control of the virtual hand
as it does not disturb the matching between the performed and the
seen movement, we did not observe any significant difference in
agency scores when comparing conditions differing only by the haptic
feedback condition. In addition, as hypothesized, when provided with
congruent visual information, the participant’s sense of ownership was
significantly lower in the incongruent haptic feedback condition than
in the congruent one. This result is in line with previous work from
Bovet et al. (2018) showing the propensity of a visual-haptic conflict to
reduce ownership. Conversely, when the visual information was
incongruent, haptic feedback had no significant effect on ownership
scores, and in particular, it did not bring back the ownership illusion.

6 CONCLUSION

In cases when a multisensory conflict arises, such as in a VR
simulation, vision is considered as dominant over other sensory

cues. Typically, when considering self-attribution of seen motor
actions, previous work tends to confirm this tendency for fingers
movements (Salomon et al., 2016). In the present work, through
the use of VR and of an haptic glove, we provide an important
nuance to this widely accepted view on visual dominance by
investigating the influence of an active haptic feedback on one’s
visual and agency judgments about a seen movement.

Overall, we confirm vision dominates multisensory conflicts
when it comes to agency judgments of motor action. But
conversely, we show that visual dominance can be challenged
by the association of proprioceptive and motor afferent signals
with active haptic perception, as shown in our results with a lower
accuracy for the judgment of which finger one saw moving.
Finally, our experiment shows an effect of a punctual and
transient haptic stimulation on the sense of ownership for a
virtual hand.When the active haptic feedback is incongruent with
the performed movement, participants experience a loss of
ownership for the hand, even if visuals were congruent.
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