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Spatial perspective and identity
in visual awareness of the bodily
self-other distinction

Tommaso Ciorli* & Lorenzo Pia%2**

Spatial perspective and identity of visual bodily stimuli are two key cues for the self-other distinction.
However, how they emerge into visual awareness is largely unknown. Here, self- or other-hands
presented in first- or third-person perspective were compared in a breaking-Continuous Flash
Suppression paradigm (Experiment 1) measuring the time the stimuli need to access visual awareness,
and in a Binocular Rivalry paradigm (Experiment 2), measuring predominance in perceptual
awareness. Results showed that, irrespectively of identity, first-person perspective speeded up the
access, whereas the third-person one increased the dominance. We suggest that the effect of first-
person perspective represents an unconscious prioritization of an egocentric body coding important
for visuomotor control. On the other hand, the effect of third-person perspective indicates a conscious
advantage of an allocentric body representation fundamental for detecting the presence of another
intentional agent. Summarizing, the emergence of self-other distinction into visual awareness would
strongly depend on the interplay between spatial perspectives, with an inverse prioritization before
and after conscious perception. On the other hand, identity features might rely on post-perceptual
processes.

The ability to distinguish between the own body and the body of another person is a key signature of human
nature, and necessary for survival. Indeed, self-other distinction of corporeal stimuli is a prerequisite for a wide
range of cognitive functions such as motor control, social perception, and interactions with the others"* Such
skill is known to rely on a complex interplay between a variety of sensorimotor signals, so that their optimal
integration allows to successfully attribute a given bodily stimulus to the self or to another person. It is worth
noticing that among all the sensory domains, there is a modality that seems to have a more prominent role, and
it is vision®. For this reason, understanding how the visual system differentially processes self- and other- bodily
stimuli represent one of the most significant scientific challenges for human sciences.

Extracting relevant visual information from human bodies allows us to build a variety of important judge-
ments as, for instance, those related to age, ethnicity, gender, and so on. Among these, there is also the ability
to attribute the seen body/body parts as belonging to oneself or, alternatively, to another person. Within an
experimental context, one way to scientifically investigate the self-other distinction for corporeal stimuli in visual
modality is manipulating the spatial perspective in which the stimulus appears. The rationale behind this idea
is that a human body part, the hand for instance, can potentially be perceived from a first-person perspective
(i.e., upright orientation with fingers up), or in a third-person perspective (i.e., upside down orientation, with
fingers downward). Within this framework, it has been demonstrated that hand images depicted in the first-
person perspective are naturally attributed to one’s own body, whereas those in the third-person perspective are
referred to the body of someone else*. Interestingly, a number of neuroimaging studies reported different pat-
terns of cortical activation that underlies the visual processing of hand stimuli coded in the two perspectives’.
This, in turn, suggests the possible functional dissociation between the two perspectives. A second option to
examine the self-other distinction for visually presented hands is, much more obviously, to vary the identity of
the stimulus that, according to its peculiar visual features, is attributed to oneself or to another person. Within
this other line of research, it has been shown that encoding of the own hand and that of another person is under-
pinned by substantially different patterns of brain activity!®-1%, and they can be selectively disrupted by means of
experimentally controlled virtual lesions'*!'>. Within a neuropsychological approach, it has been reported that
brain lesions to the right hemisphere can disrupt the so-called self-advantage (i.e., the facilitation to implicitly
discriminate self-versus other people’s visually presented hands'®!”). Moreover, brain damages can lead also to
the misattribution of the own contralesional limb to another person'®", or even the opposite behavior, namely
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the misattribution of somebody else’s arms to oneself?*-*2. As above, also these data suggest that the stimulus
identity (i.e., self or other) might be functionally dissociable.

The abovementioned considerations identify spatial perspective and identity as the two crucial cues to suc-
cessfully assigning a seen hand to the own body or to the body of somebody else. However, how these two fea-
tures differentially affect the information flow from early levels of unconscious visual processing to a complex
conscious representation of the self-other distinction is largely unknown. Given innate social attitude of the
human species, understanding whether these cues can influence self-other distinction even unconsciously, or
rather, whether they necessarily require visual awareness is a fundamental scientific challenge. Moreover, to the
best of our knowledge, there is only one published study that addressed the relation between visual awareness
and self-other distinction?®. That work reported that multisensory integration subserving the attribution of the
own body parts to the self actually promoted visual awareness. To fill this gap, here we focused on the role of
perspective and identity in the prioritization of hand stimuli in visual awareness. In particular, we examined
two distinct aspects of visual awareness, namely the access to and the dominance in. As regards the access to
visual awareness, we employed the breaking-Continuous Flash Suppression (bCFS) paradigm firstly reported
by Jiang and coworkers*!. Here, a high-contrast dynamic mask flashed to one eye effectively suppresses a target
stimulus of increasing intensity presented to the other eye. By decreasing the contrast of the mask over the trial,
the suppressed stimulus becomes visible and the time required to detect it reflects the moment in which it gains
access to awareness®. With respect to the dominance in visual awareness, we employed the Binocular Rivalry
(BR) paradigm where the two stimuli presented each to one eye simply compete for visual awareness which
alternates the conscious representation of the two rival stimuli back and forth during the trial. The momentarily
perceived and reported stimulus at the conscious level is called dominant, the other is said to be suppressed?®,
being momentarily unreported and perceived without awareness. Higher stimulus predominance over the other
stimulus (i.e., being consciously perceived for longer time) reflects conscious visual awareness prioritization,
rather than initial unconscious prioritization of bCES. In summary, in the present study we compared self-hand
stimuli vs. other-hand stimuli presented in first-person perspective vs. third-person perspective, and we meas-
ured both the time of access (Experiment 1) and the time of dominance (Experiment 2) in visual awareness.
The datasets analyzed during the current study are available from the corresponding author (L.P.) on reasonable
request. In line with the literature suggesting possible functional dissociations between perspective and identity,
we predicted that they could be differentially prioritized in visual awareness.

Experiment 1

Materials and methods. We employed the bCFS paradigm to test whether and how spatial perspective
(first-person or third-person), and identity (self or other) affected the time of the access to visual awareness of
corporeal stimuli (hands).

Participants. 22 (15 F mean age=24.5+2.5 years) participants with normal or corrected-to-normal vision
were administered the experiment after having provided a written informed consent. Since previous work
showed that participants are advantaged in the processing of the dominant self-hand®, we recruited both right-
handed (19) and left-handed (3) participants (self-report). They were all naive to the research questions under-
neath the study, which was approved by the Ethical Committee of the University of Turin (protocol n. 0486683)
and performed in accordance with relevant guidelines of the declaration of Helsinki. Initial sample size (n=27)
was based on similar studies using such paradigms?, and we later estimated the statistical power of our results
in a post-hoc power analysis with g*Power (3.1.9.7).

Apparatus, stimuli, and procedure. ~ At the arrival, each participant’s dominant hand was photographed with a
digital camera in a controlled setting. The picture was taken from above in the first-person perspective. Then
it was black-and-white transformed, cropped with Photoshop (2019), and a 180°-rotated copy was created. A
same-laterality and same-gender hand from the previous participant was used as ‘other’ stimulus and shown in
advance for visual familiarity acquisition. Thus, target stimuli were self/other hands in first/third-person per-
spective (2 x 2 design).

The experiment was programmed with MATLAB (Release 2021b) and Psychtoolbox?, and 3°x 4.2° target
stimuli were presented on a BenQ Monitor (1.920 x 1.080 pixel resolution, 120 Hz, 24") at a distance of approxi-
mately 57 cm. Participant’s head was stabilized by a chinrest with a custom built-in stereoscope, allowing for
stable binocular vision once adjusted for each participant. The target stimulus was presented to one eye and a
dynamic high-contrast Mondrian-pattern mask (i.e., randomly arranged circles of distinct colors, and sizes
between 0.3° and 1.2°) was flashed at 10 Hz to the other. Both the stimulus and the mask were contained in a
fusion square (11.7°x 11.7°, one per eye, each at a distance of 5.8° from the center) made of noise-pixels (width
0.2°). The screen background was black, while the fusion squares’ area was white with a black fixation cross in
the center. For each trial, the target stimulus was shown by linearly decreasing its transparency from 100 to
0% within the first second of trial, presenting it at the top or the bottom of the fusion square (with a random
horizontal jitter). At the same time, the transparency of the high-contrast mask presented to the other eye was
linearly increased from 0 to 100% within 7 s (starting after the first second of trial). Instructions were presented
in a written and verbal form, and 8 practice trials were employed to familiarize with the task. Participants were
asked to respond as fast and accurately as possible by localizing the position of the target through the keyboard
arrows (i.e., top position: up arrow key, bottom position: down arrow key), once visible. They were also required
to answer even if they simply had a strong feeling that something more than the mask was present (i.e., preventing
conscious perception of stimuli). During each trial (lasting until response or for a maximum of 8 s), they were
asked to keep the eyes on the central fixation cross, to avoid active gaze-searching, to prevent both blinking and
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closing one eye at a time (which were allowed in the 1 s ITT). Within each of the four conditions, stimuli were
randomly administered 24 times to the right eye in a top position, 24 times to the right eye in a bottom position,
24 times to the left eye in a top position, and 24 times to the left eye in a bottom position for a total of 96 trials.
The four conditions were administered to each participant in a randomized order for a total of 384 trials. After
128 and 256 trials, a small break was made (see Fig. 1 for time course of a trial and stimuli).

Statistical analysis. Participants reporting unstable binocular perception (N=0), those with accuracy
lower than 90% (N =4), and those with a mean value+2.5 SD from the group mean (N=1) were excluded, so
that the final sample consisted of 22 participants. Trials with response time lower than 300 ms (0.35% of the tri-
als) were excluded since they indicated that stimuli were not suppressed. Then, for each of the four conditions,
mean response times for corrected responses only were calculated, and then log-transformed to account for a
not normal distribution of the data (Shapiro Wilks <0.05). We reported both frequentist statistics and Bayes
factors (BFs; Cauchy distribution=0.707) by using JASP (JASP Team, 2016). We conducted a 2 x2 repeated-
measures ANOVA with the factors Identity (self/other) and Perspective (first/third). For significant effects, we
assessed to what extent the evidence supported the alternative hypothesis model (BF ). For non-significant
results, we assessed to what extent the evidence supported the null hypothesis model (BE,).

Results. Mean response times for correct response before the log-transformation were 2.49 s (SE= +0.17)
in the self first-person condition, 2.71 s (SE = +0.18) in the self third-person condition, 2.50 s (SE= £0.18) in the
other first-person condition, and 2.75 s (SE= +0.19) in the other third-person condition. The repeated-measures
ANOVA on log-transformed means for correct responses revealed a main effect of perspective (F;,;)=17.49,
P<0.001, n,>=0.454; BF,,=74.27), with significantly (t=-4.182, p<0.001, Cohen’s d=~ 0.89; BF,,=76.61, very
strong evidence in favor of the alternative hypothesis) faster responses to first (mean=0.29, SE= +0.031), than
third (mean=0.33, SE= +0.032) person perspectives. The main factor identity (p=0.53; BF,, > 100, very strong
evidence for the null hypothesis) and the interaction perspective x identity (p=0.59; BF;, =8.70) were not sig-
nificant. See Fig. 2 for the results. We then performed a post-hoc power analysis, from which we observed the
99% of statistical power to detect the effect of perspective in a two-tail t-test with our sample size, alpha (0.05),
and effect-size (dz=1.2) determined by their mean values and standard deviations.

Summarizing, these results show that first-person, with respect to the third-person spatial perspective,
speeded up the access to visual awareness for hands stimuli.
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Figure 1. Schematic representation of the bCFS trial. After 1 s of inter-trial-interval, a high-contrast mask
updating at a frequency of 10 Hz is shown to one eye, and its transparency was increased from 0 to 100% within
1-7 s after the end of the ITI. The target hand is shown to the other eye, and its transparency is decreased from
100 to 0% within the first second of trial. Each trial lasted for a maximum of 8 s or until response (top-arrow,
top location; bottom-arrow, bot location) once participants detected even a part of the target breaking the
suppression, pressing the corresponding arrow as fast as possible.
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Figure 2. Results of Experiment 1. Mean log-transformed response time as a function of hand perspective and
identity (and SE), reflecting the suppression time of the targets. *p <0.05, *p <0.01, **p <0.001.

Experiment 2

Materials and methods. We employed the BR paradigm to evaluate whether spatial perspective (first-
person or third-person), and identity (self or other) of corporeal stimuli (hands) influenced the dominance in
visual awareness of corporeal stimuli (hands).

Participants. 24 (15 F, mean age =25.08+3.36 years) right or left-handed participants (self-report) with nor-
mal or corrected-to-normal vision were administered the experiment after having signed the written informed
consent. They were all naive to the research questions underneath the study, which was approved by the Ethical
Committee of the University of Turin (protocol n. 0486683) and performed in accordance with relevant guide-
lines of the declaration of Helsinki. Sample size was similarly based on studies using such paradigms?®, and we
post-hoc estimated the observed statistical power of our results with g*Power (3.1.9.7).

Apparatus, stimuli, and procedure.  The laboratory setting, the apparatus, and the stimuli construction were the
same as in Experiment 1.

A static noise-pixel mask was presented to one eye, whereas the target stimuli were shown to the other eye, for
60 s. Targets were superimposed onto the same noise background in order to avoid blank spaces and dominance
incongruencies. Stimuli were shown in two identical squared contours (10° x 10°) consisting of black and white
pixels (width 0.2°) at a distance of 5° from the center (one on the left, one on the right) and with a red central
fixation-cross in the middle. Outside the contours, the background was black. In a random half of the trials,
targets were shown to the left eye, in the other half to the right. Instructions were presented in a written and
verbal form, and with 4 practice trials participants were familiarized with the task. They were asked to look at the
fixation cross during the trials to avoid eye-blinking and closing one eye. They had to focus on the target, and to
press the left arrow if they perceived more than the 50% of the hand (i.e., target predominance), the right arrow if
they saw less than the 50% (i.e., mask predominance), and the up arrow if they did not perceive a predominance
(i.e., mixed percepts). Importantly, for all the trial duration, they were asked to promptly report their percept
each time it changed (in the direction of the change). Within each of the four conditions, stimuli were randomly
administered 12 times to the right eye, and 12 times to the left eye for a total of 24 trials. Between each trial there
was a 30 s break for eye resting, whereas after 12 trials there was a longer (minimum 60 s) break (see Fig. 3).

Statistical analysis. Participants with extremely short dominance for targets and/or reported instable bin-
ocular perception (N =2), and those with mean values out of the mean +2.5 SD (N = 1) were excluded so that the
final sample consisted of 24 participants. Mean response times within each condition, for both the stimuli and
for the mask, were calculated (data were normally distributed according to a Shapiro-Wilk test, p>0.05). As a
common procedure in BR studies, mixed dominance times were not considered for the analysis. Then, we
extracted the predominance ratio per each condition, namely the difference between the cumulative duration of

the targ%t and the corresponding cumulative duration of the mask, divided by the sum of the two:
Xtarget —Xmask

Emm— On such dependent variable, we employed JASP (JASP Team, 2016) to run a 2 x 2 repeated-
arge mas|
measures ANOVA with the factors Identity (self/other) and Perspective (first/third).

Xratio =

Results. Mean response time for the targets was 27.47 s (SE= +1.87 s), while the mask mean was 19.57 s
(SE= £1.96 s), showing that hand stimuli were perceived for more time than the pixel mask. Among the tar-
gets, the repeated-measures ANOVA revealed a significant main effect of perspective (F, 3 =5.567, p<0.05,
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Figure 3. Schematic representation of the Binocular Rivalry trial. Participants were exposed for 60 s to
binocular presentation of the target hand in one eye, and a static noise-pixel mask to the other. They had to
report their dominant percept and the changes over time, by pressing the correspondent arrow (left-arrow, hand
predominance; right-arrow, mask predominance; top-arrow, not a predominance). After each trial there was

30 s of eye-rest.

n,>=0.195; BF,,=2.42) with the t-test indicating that participants reported greater predominance (¢=- 2.359,
p<0.05, Cohen’s d>0.40; BF,;=2.12) for third (mean=28.79 s, SE= +2.11) than first-person (mean=26.15 s,
SE= £1.78) perspective. No other significant differences emerged from the analysis; the factor identity relied
on p=0.57 with a BF;, =8.14, whereas the interaction among identity x perspective p=0.48 and BF,; =9.5. We
repeated the analysis on the dominance ratio per each condition, revealing, again, a main effect of perspective
(F123=9.957, p<0.01, n,>=0.302; BF,,=11.15, strong evidence) showing significant greater responses for third-
than first-person perspectives (t=— 2.359, p<0.05, Cohen’s d >0.40; BF,,=9.67). Again, the factor identity was
not significant (p=0.79, BF;, =38.77) nor the interaction (p=0.71, BF,; =12.02). See Fig. 4 for the results. From
the post-hoc power analysis we observed that we had the 53% of statistical power to detect the effect of perspec-
tive in a two-tail t-test considering our sample size, alpha (0.05), effect-size (dz=0.41) and their mean values
with standard deviations.
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Figure 4. Results of Experiment 2. Mean cumulative dominance ratio (and SE) for each condition, scored as
the cumulative dominance of the target minus the cumulative duration of the mask, divided by the sum of the
two measures. *p <0.05, *p<0.01, **p<0.001.
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Summarizing, these results show that third-person, with respect to first-person spatial perspective, dominated
for more time the visual awareness for hands stimuli.

Discussion

In the present study, we investigated the role of spatial perspective and identity in the emergence into visual
awareness of the self-other distinction for bodily stimuli (i.e., hands). We capitalized on stimulus prioritization
by focusing on the time of access (breaking-Continuous Flash Suppression, Experiment 1), and on the time of
dominance (Binocular Rivalry, Experiment 2). In both experiments, we compared self-hand stimuli vs. other-
hand stimuli presented in the first-person perspective vs. the third-person perspective. Our results show that
only spatial perspective promoted the stimuli within visual awareness. Specifically, the first-person perspective
speeded up the access, while the third-person perspective increased the perceptual dominance.

With respect to conscious access timing (Experiment 1), it is important to elucidate the nature and the
rationale of the employed paradigm (i.e., bCFS). Whenever a high salient image is projected to one eye, and
a low salient image to the other, the latter is suppressed from conscious perception. Within the experimental
context, the salient stimulus is usually a high-contrast Mondrian-like visual pattern (i.e., geometrical shapes
usually varying every 100 ms in terms of color and spatial arrangement), whereas the non-salient stimulus (i.e.,
the target) is often a static, low-contrast image. This paradigm is termed Continuous Flash Suppression (CFS)%
and it has been created to study unconscious visual processing. One of its variants, the so-called breaking Con-
tinuous Flash Suppression (bCFS?*), measures the time the target needs to break the suppression induced by
the mask. The key assumption is that stimulus categories that overcome interocular suppression (also known
as breakthrough times) faster enabling access to visual awareness receive a prioritized early perceptual process-
ing before awareness™®. In other words, bCFS employs a direct measure of subjective conscious perception to
infer differential unconscious processing, namely the time a given stimulus needs to be detected. It is important
to note, however, that this paradigm has some criticalities. It is known that subjective and objective measures
of visibility, for instance, can be anatomo-functionally dissociated®!, which may produce incongruent results.
Moreover, any subjective RT-based method cannot precisely disentangle whether the response is purely due
to perceptual detection or if also identification plays a role*’. Additionally, disparities in the low-level visual
features and/or response bias can alter breakthrough times, thereby compromising the validity of the technique
for studying unconscious processes. Capitalizing on such evidence, the scientific community also relied on
non-speeded accuracy-based methods with objective awareness measures®****%. However, this does not imply
that the bCFS should be discarded or does not convey theoretical values. In Experiment 1, we showed that the
visual image of a hand presented in the first-person perspective broke the suppression faster than the same
visual image, with identical low-level features, presented in the third-person, regardless of its identity. In other
words, hand’s perspective was differentially processed before consciousness, with the first-person perspective
being prioritized. How can we explain this result? Firstly, the effect of visual perspective per se is not trivial but,
rather, consistent with a number of studies with the same paradigm suggesting that not only low-level, but also
high-level stimulus properties can be processed before consciousness (i.e., something typically thought not to
be possible without awareness; see**~*” for discussions on this topic). For instance, it has been demonstrated
that face orientation (e.g.,*****), facial emotional content (e.g.,**"*?), eye gaze direction*>*, familiarity and
emotional valence of words*’, multimodal congruency®®, and degree of natural content of the visual scene*” can
modulate the suppression time. Some of these high-level effects have been replicated also with more objective
and accuracy-based techniques (e.g., face orientation® and eye gaze direction*®). However, others were not,
being confounded by differences in low-level features*>*, decision criteria®, and object-scene integration®"*2,
highlighting how such factors might impact on conscious access measures misinterpreting the scopes and the
limits of unconscious perception. But what about the interpretation of the specific access to awareness advantage
of the first-, with respect to the third-, person perspective that we reported here? One of the already mentioned
neuroimaging studies (i.e., Chan et al.¥) manipulated both visual perspective and identity of human body images.
Among the various pattern of brain activations, the work reported that a specific brain structure (i.e., the left
Superior Parietal Lobule SPL) was significantly more activated in first-, than in third-, person perspective.
Interestingly, other studies investigating the neural correlates of representing the environment from egocentric
perspectives in a broader sense reported the same selective activation®*->°. Such set of evidence seems to be in
line with the known role of the SPL in representing nearby stimuli in body-centered coordinates®. Importantly,
these representations in SPL are thought to be largely unconscious® because of their roles that mostly deal with
visuomotor control of actions. In other words, such unconscious nature guarantees a quick integration of visual
corporeal inputs over eye fixations. This, in turn, would allow the generation of stable visuospatial representation
of the own body regardless of the ongoing saccades and attentional focus. According to all these considerations,
here we put forward the idea that our findings might represent the behavioral counterpart of such unconscious
processing of egocentric body representations. Such a direct body coding, without a continuous update of the eye
position, could be further optimized if irrelevant information is suppressed. Hence, the absence of any identity
effect that we report here could simply reflect an optimization procedure. Interestingly, in their paper, Chan and
colleagues® examined also the role of identity of bodily stimuli (i.e., self vs other) and did not find any differential
activation at the level of the SPL.

As regards the conscious perceptual dominance investigated in Experiment 2, even here we must clarify better
the nature of the BR paradigm. It is known that the brain typically does not unify different images seen by the two
eyes in a single visual percept. Within the experimental setting, this phenomenon is evident in the BR paradigm
in which two images are presented to the two eyes. Conscious perception alternates back and forth the representa-
tion of the two stimuli, including periods of mixed percepts. Such alternation represents the competition between
the images for conscious representation, with the perceived and reported stimulus being called dominant, and
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the other unperceived and unreported one suppressed®®, and such competition is the product of multiple and
continuous interactions between lower-level and higher-level brain areas®®. BR has been widely used to study
both low-level and higher-level effects on visual awareness***?, with the idea that stimuli being reported for longer
time (i.e., perceptually dominant and more likely to be consciously perceived compared to the rival stimulus)
are prioritized in conscious visual awareness. Experiment 2 showed that the visual image of a hand presented
in a third-, with respect to first-, person perspective dominated visual perception for longer time. As discussed
for Experiment 1, the effect of perspective per se adds to other evidence on the role of higher-order stimulus
features in the dominance time, such as stimulus context (e.g.,*), multimodal congruency (e.g.,*®), cognitive
salience (e.g.,°"), and voluntary attention (e.g.,%?). The specific effect of the third-person perspective we found
here, it suggests that hand’s spatial perspective differentially affects conscious visual awareness that prioritize
bodily stimuli that most likely reflect other agents, underlying a stronger tuning with social cognition compared
to self-centered stimuli that were found in Experiment 1. This process would increase the salience of bodily
stimuli in a perspective in which the existence of another human beings ready to act is likely. Then, this infor-
mation would be necessarily integrated with more complex processes dealing with social cognition that attract
our attentional and conscious resources. The absence of any identity effects might indicate that those features
would be accounted for later at higher cognitive levels. Interestingly, two neuroimaging studies”® reported that
the Extrastriate Body Area (EBA), a brain region involved in body perception of non-facial body parts, resulted
to be significantly associated with stimuli presented in the third-, rather than in the first-, person perspective.
These data have been interpreted as a result of the fact that this area is preferentially attuned to the perception of
others’ bodies, and more specifically its function relies on detecting the presence of an intentional actor through
the visual analysis of the form of other human bodies®. Nonetheless, the EBA is part of a more complex brain
network subserving higher-level social cognition®. According to all these considerations, we propose that our
findings would represent the behavioral counterpart of such conscious perceptual enhancement of allocentric
body representations. Interestingly, some of the previously mentioned studies examined the EBA sensitivity to
the identity features (i.e., self vs. other) of bodily stimuli, without reporting any significant effects®!"'%; but see
also". Hence, the null effect of identity on perceptual dominance is in line with this evidence and supports the
idea that the EBA might be blind to factors such as ownership/identity.

Summarizing, here we demonstrated that spatial perspective, but not identity, differentially affected vis-
ual awareness prioritization, with an unconscious advantage for the first-, and a conscious advantage for the
third-person perspective. Capitalizing on the existing literature, we argue that unconscious prioritization of the
first-person perspective would represent at the behavioral level a mechanism that supports action monitoring
through the generation of a stable visuospatial body representation. Moreover, this process would be optimized
by suppressing irrelevant information such as, for instance, stimulus identity. On the other hand, the conscious
prioritization of the third-person perspective would be the behavioral counterpart of a mechanism useful to
detect potential intentional actors in the environment. Only later this information would be integrated with other
cues (e.g., identity) to support social cognition. Taken together, these considerations indicate that the self-other
distinction for visually presented bodily stimuli seems to be strongly rooted in the interplay between spatial per-
spectives displaying an inverse prioritization before and after conscious perception. Those cues can be sufficient
in a large variety of daily life situations, so that identity would be involved only when strictly necessary, perhaps
at more post-perceptual and higher cognitive levels. Interestingly, such ‘suppression’ of identity features is also
adaptive, in a way that perceptual hand features might change (i.e., while wearing gloves), but the perspective in
which you perceive yourself or another person remain stable. Interestingly, this is in line with the literature on
bodily illusions based on multisensory integration. These experimental manipulations show that external objects
as, for instance, rubber hands®~®® or virtual bodies®~"!, can be misattributed to oneself. Crucially, this illusory
experience occurs if bodily stimuli are presented in the first-, but not in the third-person perspective, and this
happens regardless of its visual appearance (i.e., identity).

Before concluding, we must acknowledge some limitations, as well as future directions for novel studies. A
first possible problem regards the above-mentioned criticalities reported for the bCFS paradigm. As regards the
possible role of low-level features we believe this is unlikely since, apart from the fact that the stimuli creation
was performed under rigorous experimental rules, low-level features were identical for the two spatial perspec-
tives, being the same stimulus rotated by 180 degrees, and self-hand stimuli were used as other-hand stimuli
for the subsequent participant (i.e., we alternated the same stimuli, keeping the same low-level features and
only changing their high-level meaning in the eye of the observers). As for the other problems (i.e., subjective/
objective measures of visibility, detection/identification processes and response bias), we cannot affirm they did
not affect our results. Hence, more stringent techniques (e.g., dissociation paradigms®) could be employed to
overcome these limitations. A second possible limitation is related to the so-called inversion effect reported for
faces and bodies’. This effect consists in the reduced ability to visually recognize an object shown upside-down
since that object entails an intrinsic canonical orientation. However, hands do not seem to have such a default
representation (i.e., we are visually familiar with upside-down hands representing others), and, if that was the
case, one would expect the same upright advantage in both bCFS and BR, rather than opposite patterns. As
regards the possible future directions, we believe that forthcoming studies should try to clarify at which stage
and to which extent visual features subserving identity processing occur. Indeed, whereas our findings suggest
that such property does not affect visual awareness prioritization, others reported a self-advantage in an implicit
self-other discrimination of hands stimuli'’, and others more showed that accuracy and speed were higher for
the own, with respect to other, face”. Given that we did not provide any neural evidence in support of our results,
direct neural correlates of the hypothesized differential processing of the SPL and the EBA in unconscious and
conscious perception are barely required. Interestingly, very recent findings pinpoint that, at least anatomo-
functionally, the SPL and the EBA reciprocally exchange information useful to support the interface between
body perception and motor processes’.

Scientific Reports |

(2023) 13:14994 | https://doi.org/10.1038/s41598-023-42107-z nature portfolio



www.nature.com/scientificreports/

Data availability
The datasets analyzed during the current study available from the corresponding author (L.P.) on reasonable
request.

Received: 4 April 2023; Accepted: 5 September 2023
Published online: 11 September 2023

References

1.

2.

10.
11.
12.

13.

14.
15.
16.
17.
18.
19.
20.
21.

22.

23.
24.
25.
26.
27.

28.
29.

30.
. Stein, T,, Kaiser, D., Fahrenfort, J. ]. & van Gaal, S. The human visual system differentially represents subjectively and objectively

32.
33.
34.

35.

Kessler, K. & Thomson, L. A. The embodied nature of spatial perspective taking: Embodied transformation versus sensorimotor
interference. Cognition 114, 72-88. https://doi.org/10.1016/j.cognition.2009.08.015 (2010).

Kaiser, S. et al. Gender-specific strategy use and neural correlates in a spatial perspective taking task. Neuropsychologia 46, 2524
2531. https://doi.org/10.1016/j.neuropsychologia.2008.04.013 (2008).

. Tsakiris, M. The multisensory basis of the self: From body to identity to others. Q. J. Exp. Psychol. 70, 597-609. https://doi.org/10.

1080/17470218.2016.1181768 (2017).

. Brady, N., Maguinness, C. & Ni-Choisdealbha, A. My hand or yours? Markedly different sensitivity to egocentric and allocentric

views in the hand laterality task. PLoS ONE 6, €23316. https://doi.org/10.1371/journal.pone.0023316 (2011).

. Choisdealbha, A. N., Brady, N. & Maguinness, C. Differing roles for the dominant and non-dominant hands in the hand laterality

task. Exp. Brain. Res. 211, 73-85. https://doi.org/10.1007/s00221-011-2652-9 (2011).

. Conson, M., Aromino, A. R. & Trojano, L. Whose hand is this? Handedness and visual perspective modulate self/other discrimina-

tion. Exp. Brain. Res. 206, 449-453. https://doi.org/10.1007/s00221-010-2418-9 (2010).

. Saxe, R., Jamal, N. & Powell, L. My body or yours? The effect of visual perspective on cortical body representations. Cereb. Cortex

16, 178-182. https://doi.org/10.1093/cercor/bhi095 (2006).

. Chan, A. W,, Peelen, M. V. & Downing, P. E. The effect of viewpoint on body representation in the extrastriate body area. Neu-

roReport 15, 2407-2410. https://doi.org/10.1097/00001756-200410250-00021 (2004).

. Carey, M., Knight, R. & Preston, C. Distinct neural response to visual perspective and body size in the extrastriate body area.

Behav. Brain Res. 372, 112063. https://doi.org/10.1016/j.bbr.2019.112063 (2019).

Myers, A. & Sowden, P. T. Your hand or mine? The extrastriate body area. Neuroimage 42, 1669-1677. https://doi.org/10.1016/j.
neuroimage.2008.05.045 (2008).

Hodezic, A., Kaas, A., Muckli, L., Stirn, A. & Singer, W. Distinct cortical networks for the detection and identification of human
body. Neuroimage 45, 1264-1271. https://doi.org/10.1016/j.neuroimage.2009.01.027 (2009).

Hodzic, A., Muckli, L., Singer, W. & Stirn, A. Cortical responses to self and others. Hum. Brain Mapp. 30, 951-962. https://doi.
org/10.1002/hbm.20558 (2009).

De Bellis, E, Trojano, L., Errico, D., Grossi, D. & Conson, M. Whose hand is this? Differential responses of right and left extrastriate
body areas to visual images of self and others’ hands. Cogn. Affect. Behav. Neurosci. 17, 826-837. https://doi.org/10.3758/s13415-
017-0514-z (2017).

Pann, A., Bonnard, M., Felician, O. & Romaiguere, P. The extrastriate body area and identity processing: An fMRI guided TMS
study. Physiol. Rep. 9, e14711. https://doi.org/10.14814/phy2.14711 (2021).

Urgesi, C., Candidi, M., Ionta, S. & Aglioti, S. M. Representation of body identity and body actions in extrastriate body area and
ventral premotor cortex. Nat. Neurosci. 10, 30-31. https://doi.org/10.1038/nn1815 (2007).

Frassinetti, E, Maini, M., Romualdi, S., Galante, E. & Avanzi, S. Is it mine? Hemispheric asymmetries in corporeal self-recognition.
J. Cogn. Neurosci. 20, 1507-1516. https://doi.org/10.1162/jocn.2008.20067 (2008).

Frassinetti, E, Ferri, F, Maini, M., Benassi, M. G. & Gallese, V. Bodily self: An implicit knowledge of what is explicitly unknown.
Exp. Brain Res. 212, 153-160. https://doi.org/10.1007/s00221-011-2708-x (2011).

Romano, D., Gandola, M., Bottini, G. & Maravita, A. Arousal responses to noxious stimuli in somatoparaphrenia and anosognosia:
Clues to body awareness. Brain 137, 1213-1223. https://doi.org/10.1093/brain/awu009 (2014).

Vallar, G. & Ronchi, R. Somatoparaphrenia: A body delusion. A review of the neuropsychological literature. Exp. Brain Res. 192,
533-551. https://doi.org/10.1007/500221-008-1562-y (2009).

Candini, M. et al. Bodily self-recognition in patients with pathological embodiment. J. Neurosci. Res. 100, 1987-2003. https://doi.
0rg/10.1002/jnr.25109 (2022).

Fossataro, C. et al. Feeling touch on the own hand restores the capacity to visually discriminate it from someone else’ hand: Patho-
logical embodiment receding in brain-damaged patients. Cortex 104, 207-219. https://doi.org/10.1016/j.cortex.2017.06.004 (2018).
Garbarini, E, Piedimonte, A., Dotta, M., Pia, L. & Berti, A. Dissociations and similarities in motor intention and motor awareness:
The case of anosognosia for hemiplegia and motor neglect. J. Neurol. Neurosurg. Psychiatry 84, 416-419. https://doi.org/10.1136/
jnnp-2012-302838 (2013).

van der Hoort, B., Reingardt, M. & Ehrsson, H. H. Body ownership promotes visual awareness. Elife 6, 85. https://doi.org/10.7554/
eLife.26022 (2017).

Jiang, Y., Costello, P. & He, S. Processing of invisible stimuli: Advantage of upright faces and recognizable words in overcoming
interocular suppression. Psychol. Sci. 18, 349-355. https://doi.org/10.1111/j.1467-9280.2007.01902.x (2007).

Stein, T., Hebart, M. N. & Sterzer, P. Breaking continuous flash suppression: A new measure of unconscious processing during
interocular suppression?. Front. Hum. Neurosci. 5, 167. https://doi.org/10.3389/fnhum.2011.00167 (2011).

Tong, F,, Meng, M. & Blake, R. Neural bases of binocular rivalry. Trends Cogn. Sci. 10, 502-511. https://doi.org/10.1016/j.tics.2006.
09.003 (2006).

Weng, X. et al. Effects of hunger on visual perception in binocular rivalry. Front. Psychol. 10, 418. https://doi.org/10.3389/fpsyg.
2019.00418 (2019).

Brainard, D. H. The psychophysics toolbox. Spat. Vis. 10, 433-436 (1997).

Tsuchiya, N. & Koch, C. Continuous flash suppression reduces negative afterimages. Nat. Neurosci. 8, 1096-1101. https://doi.org/
10.1038/nn1500 (2005).

Stein, T. Transitions Between Consciousness and Unconsciousness Vol. 1 38 (Taylor & Francis Group, 2019).

invisible stimuli. PLoS Biol. 19, €3001241. https://doi.org/10.1371/journal.pbio.3001241 (2021).

Lanfranco, R. C., Rabagliati, H. & Carmel, D. The importance of awareness in face processing: A critical review of interocular
suppression studies. Behav. Brain Res. 437, 114116. https://doi.org/10.1016/j.bbr.2022.114116 (2023).

Lanfranco, R. C., Rabagliati, H. & Carmel, D. Assessing the influence of emotional expressions on perceptual sensitivity to faces
overcoming interocular suppression. Emotion https://doi.org/10.1037/emo0001215 (2023).

Stein, T. & Peelen, M. V. Dissociating conscious and unconscious influences on visual detection effects. Nat. Hum. Behav. 5,
612-624. https://doi.org/10.1038/s41562-020-01004-5 (2021).

Hassin, R. R. Yes it can: On the functional abilities of the human unconscious. Perspect. Psychol. Sci. 8, 195-207. https://doi.org/
10.1177/1745691612460684 (2013).

Scientific Reports |

(2023) 13:14994 | https://doi.org/10.1038/s41598-023-42107-z nature portfolio


https://doi.org/10.1016/j.cognition.2009.08.015
https://doi.org/10.1016/j.neuropsychologia.2008.04.013
https://doi.org/10.1080/17470218.2016.1181768
https://doi.org/10.1080/17470218.2016.1181768
https://doi.org/10.1371/journal.pone.0023316
https://doi.org/10.1007/s00221-011-2652-9
https://doi.org/10.1007/s00221-010-2418-9
https://doi.org/10.1093/cercor/bhi095
https://doi.org/10.1097/00001756-200410250-00021
https://doi.org/10.1016/j.bbr.2019.112063
https://doi.org/10.1016/j.neuroimage.2008.05.045
https://doi.org/10.1016/j.neuroimage.2008.05.045
https://doi.org/10.1016/j.neuroimage.2009.01.027
https://doi.org/10.1002/hbm.20558
https://doi.org/10.1002/hbm.20558
https://doi.org/10.3758/s13415-017-0514-z
https://doi.org/10.3758/s13415-017-0514-z
https://doi.org/10.14814/phy2.14711
https://doi.org/10.1038/nn1815
https://doi.org/10.1162/jocn.2008.20067
https://doi.org/10.1007/s00221-011-2708-x
https://doi.org/10.1093/brain/awu009
https://doi.org/10.1007/s00221-008-1562-y
https://doi.org/10.1002/jnr.25109
https://doi.org/10.1002/jnr.25109
https://doi.org/10.1016/j.cortex.2017.06.004
https://doi.org/10.1136/jnnp-2012-302838
https://doi.org/10.1136/jnnp-2012-302838
https://doi.org/10.7554/eLife.26022
https://doi.org/10.7554/eLife.26022
https://doi.org/10.1111/j.1467-9280.2007.01902.x
https://doi.org/10.3389/fnhum.2011.00167
https://doi.org/10.1016/j.tics.2006.09.003
https://doi.org/10.1016/j.tics.2006.09.003
https://doi.org/10.3389/fpsyg.2019.00418
https://doi.org/10.3389/fpsyg.2019.00418
https://doi.org/10.1038/nn1500
https://doi.org/10.1038/nn1500
https://doi.org/10.1371/journal.pbio.3001241
https://doi.org/10.1016/j.bbr.2022.114116
https://doi.org/10.1037/emo0001215
https://doi.org/10.1038/s41562-020-01004-5
https://doi.org/10.1177/1745691612460684
https://doi.org/10.1177/1745691612460684

www.nature.com/scientificreports/

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

. Hesselmann, G. & Moors, P. Definitely maybe: Can unconscious processes perform the same functions as conscious processes?.
Front. Psychol. 6, 584. https://doi.org/10.3389/fpsyg.2015.00584 (2015).

Pournaghdali, A. & Schwartz, B. L. Continuous flash suppression: Known and unknowns. Psychon. Bull. Rev. 27, 1071-1103.
https://doi.org/10.3758/s13423-020-01771-2 (2020).

Stein, T., Sterzer, P. & Peelen, M. V. Privileged detection of conspecifics: Evidence from inversion effects during continuous flash
suppression. Cognition 125, 64-79. https://doi.org/10.1016/j.cognition.2012.06.005 (2012).

Costello, P, Jiang, Y., Baartman, B., McGlennen, K. & He, S. Semantic and subword priming during binocular suppression. Con-
scious. Cogn. 18, 375-382. https://doi.org/10.1016/j.concog.2009.02.003 (2009).

Yang, E., Zald, D. H. & Blake, R. Fearful expressions gain preferential access to awareness during continuous flash suppression.
Emotion 7, 882-886. https://doi.org/10.1037/1528-3542.7.4.882 (2007).

Capitao, L. P. et al. Anxiety increases breakthrough of threat stimuli in continuous flash suppression. Emotion 14, 1027-1036.
https://doi.org/10.1037/a0037801 (2014).

Zhan, M., Hortensius, R. & de Gelder, B. The body as a tool for anger awareness—differential effects of angry facial and bodily
expressions on suppression from awareness. PLoS ONE 10, e0139768. https://doi.org/10.1371/journal.pone.0139768 (2015).
Stein, T., Senju, A., Peelen, M. V. & Sterzer, P. Eye contact facilitates awareness of faces during interocular suppression. Cognition
119, 307-311. https://doi.org/10.1016/j.cognition.2011.01.008 (2011).

Gobbini, M. L. et al. Prioritized detection of personally familiar faces. PLoS ONE 8, €66620. https://doi.org/10.1371/journal.pone.
0066620 (2013).

Yang, Y. H. & Yeh, S. L. Accessing the meaning of invisible words. Conscious. Cogn. 20, 223-233. https://doi.org/10.1016/j.concog.
2010.07.005 (2011).

Zhou, W,, Jiang, Y., He, S. & Chen, D. Olfaction modulates visual perception in binocular rivalry. Curr. Biol. 20, 1356-1358. https://
doi.org/10.1016/j.cub.2010.05.059 (2010).

Mudrik, L., Breska, A., Lamy, D. & Deouell, L. Y. Integration without awareness: Expanding the limits of unconscious processing.
Psychol. Sci. 22, 764-770. https://doi.org/10.1177/0956797611408736 (2011).

Lanfranco, R. C,, Stein, T., Rabagliati, H. & Carmel, D. Gaze direction and face orientation modulate perceptual sensitivity to faces
under interocular suppression. Sci. Rep. 12, 7640. https://doi.org/10.1038/s41598-022-11717-4 (2022).

Gray, K. L., Adams, W. ], Hedger, N., Newton, K. E. & Garner, M. Faces and awareness: Low-level, not emotional factors determine
perceptual dominance. Emotion 13, 537-544. https://doi.org/10.1037/a0031403 (2013).

Stein, T. & Sterzer, P. Not just another face in the crowd: Detecting emotional schematic faces during continuous flash suppression.
Emotion 12, 988-996. https://doi.org/10.1037/a0026944 (2012).

51. Biderman, N. & Mudrik, L. Evidence for implicit-but not unconscious-processing of object-scene relations. Psychol. Sci. 29,
266-277. https://doi.org/10.1177/0956797617735745 (2018).

52. Moors, P, Boelens, D., van Overwalle, J. & Wagemans, J. Scene integration without awareness: No conclusive evidence for process-
ing scene congruency during continuous flash suppression. Psychol. Sci. 27, 945-956. https://doi.org/10.1177/0956797616642525
(2016).

53. Schindler, A. & Bartels, A. Parietal cortex codes for egocentric space beyond the field of view. Curr. Biol. 23, 177-182. https://doi.
0rg/10.1016/j.cub.2012.11.060 (2013).

54. Lester, B. D. & Dassonville, P. The role of the right superior parietal lobule in processing visual context for the establishment of
the egocentric reference frame. J. Cogn. Neurosci. 26, 2201-2209. https://doi.org/10.1162/jocn_a_00636 (2014).

55. Leplaideur, S. et al. The neural bases of egocentric spatial representation for extracorporeal and corporeal tasks: An fMRI study.
Brain Sci. 11, 859. https://doi.org/10.3390/brainscil 1080963 (2021).

56. Colby, C. L. & Goldberg, M. E. Space and attention in parietal cortex. Ann. Rev. Neurosci. 22, 319-349. https://doi.org/10.1146/
annurev.neuro.22.1.319 (1999).

57. Gray, J. In Consciousness: Creeping Up on the Hard Problem (ed. Gray, J.) Ch. 15, 215-232 (Oxford University Press, 2006).

58. Sterzer, P, Kleinschmidt, A. & Rees, G. The neural bases of multistable perception. Trends Cogn. Sci. 13, 310-318. https://doi.org/
10.1016/j.tics.2009.04.006 (2009).

59. Brascamp, J. W, Klink, P. C. & Levelt, W. J. The “laws” of binocular rivalry: 50 years of Levelt’s propositions. Vis. Res. 109, 20-37.
https://doi.org/10.1016/j.visres.2015.02.019 (2015).

60. Blake, R. & Logothetis, N. Visual competition. Nat. Rev. Neurosci. 3, 13-21. https://doi.org/10.1038/nrn701 (2002).

61. Alpers, G. W. & Gerdes, A. B. M. Here is looking at you: Emotional faces predominate in binocular rivalry. Emotion 7, 495-506.
https://doi.org/10.1037/1528-3542.7.3.495 (2007).

62. Chong, S. C,, Tadin, D. & Blake, R. Endogenous attention prolongs dominance durations in binocular rivalry. J. Vis. 5, 1004-1012.
https://doi.org/10.1167/5.11.6 (2005).

63. Peelen, M. V. & Downing, P. E. The neural basis of visual body perception. Nat. Rev. Neurosci. 8, 636-648. https://doi.org/10.1038/
nrn2195 (2007).

64. Saxe, R. Uniquely human social cognition. Curr. Opin. Neurobiol. 16, 235-239. https://doi.org/10.1016/j.conb.2006.03.001 (2006).

65. Botvinick, M. & Cohen, J. Rubber hands “feel” touch that eyes see. Nature 391, 756. https://doi.org/10.1038/35784 (1998).

66. Burin, D. et al. “As long as that is my hand, that willed action is mine”: Timing of agency triggered by body ownership. Conscious.
Cogn. https://doi.org/10.1016/j.concog.2017.12.005 (2018).

67. Costantini, M. & Haggard, P. The rubber hand illusion: Sensitivity and reference frame for body ownership. Conscious. Cogn. 16,
229-240. https://doi.org/10.1016/j.concog.2007.01.001 (2007).

68. Pia, L. et al. Temporal coupling due to illusory movements in bimanual actions: Evidence from anosognosia for hemiplegia. Cortex
49, 1694-1703. https://doi.org/10.1016/j.cortex.2012.08.017 (2013).

69. Petkova, V. I. & Ehrsson, H. H. If I were you: Perceptual illusion of body swapping. PLoS ONE 3, 1-9. https://doi.org/10.1371/
journal.pone.0003832 (2008).

70. Maselli, A. & Slater, M. The building blocks of the full body ownership illusion. Front. Hum. Neurosci. 7, 1-15. https://doi.org/10.
3389/fnhum.2013.00083 (2013).

71. Pyasik, M., Ciorli, T. & Pia, L. Full body illusion and cognition: A systematic review of the literature. Neurosci. Biobehav. Rev. 143,
104926. https://doi.org/10.1016/j.neubiorev.2022.104926 (2022).

72. Yovel, G. & Kanwisher, N. The neural basis of the behavioral face-inversion effect. Curr. Biol. 15, 2256-2262. https://doi.org/10.
1016/j.cub.2005.10.072 (2005).

73. Bortolon, C. & Raffard, S. Self-face advantage over familiar and unfamiliar faces: A three-level meta-analytic approach. Psychon.
Bull. Rev. 25, 1287-1300. https://doi.org/10.3758/s13423-018-1487-9 (2018).

74. Zimmermann, M., Mars, R. B., de Lange, E. P, Toni, I. & Verhagen, L. Is the extrastriate body area part of the dorsal visuomotor
stream?. Brain Struct. Funct. 223, 31-46. https://doi.org/10.1007/s00429-017-1469-0 (2018).

Acknowledgements

This work was supported by the Ministry of Education, University and Research (PIA_RILO_19_01). The last
author wants to dedicate the paper to the loving memory of Alessandra, whom he truly loved.

Scientific Reports |

(2023) 13:14994 | https://doi.org/10.1038/s41598-023-42107-z nature portfolio


https://doi.org/10.3389/fpsyg.2015.00584
https://doi.org/10.3758/s13423-020-01771-2
https://doi.org/10.1016/j.cognition.2012.06.005
https://doi.org/10.1016/j.concog.2009.02.003
https://doi.org/10.1037/1528-3542.7.4.882
https://doi.org/10.1037/a0037801
https://doi.org/10.1371/journal.pone.0139768
https://doi.org/10.1016/j.cognition.2011.01.008
https://doi.org/10.1371/journal.pone.0066620
https://doi.org/10.1371/journal.pone.0066620
https://doi.org/10.1016/j.concog.2010.07.005
https://doi.org/10.1016/j.concog.2010.07.005
https://doi.org/10.1016/j.cub.2010.05.059
https://doi.org/10.1016/j.cub.2010.05.059
https://doi.org/10.1177/0956797611408736
https://doi.org/10.1038/s41598-022-11717-4
https://doi.org/10.1037/a0031403
https://doi.org/10.1037/a0026944
https://doi.org/10.1177/0956797617735745
https://doi.org/10.1177/0956797616642525
https://doi.org/10.1016/j.cub.2012.11.060
https://doi.org/10.1016/j.cub.2012.11.060
https://doi.org/10.1162/jocn_a_00636
https://doi.org/10.3390/brainsci11080963
https://doi.org/10.1146/annurev.neuro.22.1.319
https://doi.org/10.1146/annurev.neuro.22.1.319
https://doi.org/10.1016/j.tics.2009.04.006
https://doi.org/10.1016/j.tics.2009.04.006
https://doi.org/10.1016/j.visres.2015.02.019
https://doi.org/10.1038/nrn701
https://doi.org/10.1037/1528-3542.7.3.495
https://doi.org/10.1167/5.11.6
https://doi.org/10.1038/nrn2195
https://doi.org/10.1038/nrn2195
https://doi.org/10.1016/j.conb.2006.03.001
https://doi.org/10.1038/35784
https://doi.org/10.1016/j.concog.2017.12.005
https://doi.org/10.1016/j.concog.2007.01.001
https://doi.org/10.1016/j.cortex.2012.08.017
https://doi.org/10.1371/journal.pone.0003832
https://doi.org/10.1371/journal.pone.0003832
https://doi.org/10.3389/fnhum.2013.00083
https://doi.org/10.3389/fnhum.2013.00083
https://doi.org/10.1016/j.neubiorev.2022.104926
https://doi.org/10.1016/j.cub.2005.10.072
https://doi.org/10.1016/j.cub.2005.10.072
https://doi.org/10.3758/s13423-018-1487-9
https://doi.org/10.1007/s00429-017-1469-0

www.nature.com/scientificreports/

Author contributions
T.C. and L.P. conceived the original idea, carried out the experiment, wrote the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to L.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023) 13:14994 | https://doi.org/10.1038/s41598-023-42107-z nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Spatial perspective and identity in visual awareness of the bodily self-other distinction
	Experiment 1
	Materials and methods. 
	Participants. 
	Apparatus, stimuli, and procedure. 

	Statistical analysis. 
	Results. 

	Experiment 2
	Materials and methods. 
	Participants. 
	Apparatus, stimuli, and procedure. 

	Statistical analysis. 
	Results. 

	Discussion
	References
	Acknowledgements


