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ABSTRACT

Human bodies are processed by a configural processing mechanism. Evidence supporting this claim is the
body inversion effect, in which inversion impairs recognition of bodies more than other objects.
Biomechanical configuration, as well as both visual and embodied expertise, has been demonstrated to
play an important role in this effect. Nevertheless, the important factor of body inversion effect may also
be linked to gravity orientation since gravity is one of the most fundamental constraints of our biology,
behavior, and perception on Earth. The visual presentation of an inverted body in a typical body inversion
paradigm turns the observed body upside down but also inverts the implicit direction of visual gravity in
the scene. The orientation of visual gravity is then in conflict with the direction of actual gravity and may
influence configural processing. To test this hypothesis, we dissociated the orientations of the body and of
visual gravity by manipulating body posture. In a pretest we showed that it was possible to turn an avatar
upside down (inversion relative to retinal coordinates) without inverting the orientation of visual gravity
when the avatar stands on his/her hands. We compared the inversion effect in typical conditions (with
gravity conflict when the avatar is upside down) to the inversion effect in conditions with no conflict
between visual and physical gravity.

The results of our experiment revealed that the inversion effect, as measured by both error rate and
reaction time, was strongly reduced when there was no gravity conflict. Our results suggest that when
an observed body is upside down (inversion relative to participants’ retinal coordinates) but the orienta-
tion of visual gravity is not, configural processing of bodies might still be possible. In this paper, we dis-

cuss the implications of an internal model of gravity in the configural processing of observed bodies.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The perception and recognition of actions, moods or intentions
of other people are important skills for social interaction and com-
munication. Human faces and bodies provide a particularly rich
source of visual information in support of these abilities. Bodies
and faces have a peculiar status for the brain since it constitutes
specific visual objects that could involve a specific configural pro-
cessing mechanism in non-expert subjects (Brandman & Yovel,
2010; Brandman & Yovel, 2016; Carey, De Schonen, & Ellis, 1992;
Carey & Diamond, 1994; Diamond & Carey, 1986; Leder & Bruce,
2000; Reed, Nyberg, & Grubb, 2012; Reed, Stone, Bozova, &
Tanaka, 2003; Reed, Stone, Grubb, & McGoldrick, 2006; Rossion &
Gauthier, 2002; Yin, 1969; Zhou, Zhang, Liu, Yang, & Qu, 2010).

* Corresponding author at: Laboratoire de Psychologie et NeuroCognition (UMR
5105), UFR LLSH, Université de Savoie Mont Blanc, Domaine Universitaire de Jacob-
Bellecombette, B.P. 1104 73011 Chambéry Cedex, France.

E-mail address: julien.barra@univ-savoie.fr (J. Barra).

http://dx.doi.org/10.1016/j.cognition.2016.10.018
0010-0277/© 2016 Elsevier B.V. All rights reserved.

Configural processing is defined by Reed et al. (2006) as any phe-
nomenon that involves perceiving spatial relations among the fea-
tures of stimuli such as faces or bodies. Many authors have
demonstrated that strong inversion effects in which recognition
of faces (Carey & Diamond, 1994; Diamond & Carey, 1986; Leder
& Bruce, 2000; Rossion and Gauthier, 2002; Yin, 1969) or of human
bodies (Brandman & Yovel, 2010; Brandman & Yovel, 2016; Reed
et al., 2003, 2006, 2012) is disrupted when turned upside down.
Conversely, little or no inversion effect was reported for other
stimuli such as animals or houses (Carey et al., 1992; Reed et al,,
2003; Yin, 1969; Zhou et al., 2010). It has been suggested that
inversion effects indicate configural processing. Indeed, turning
familiar objects upside down disrupts the viewer’s ability to
rapidly process the interrelations between the parts of an object,
at a configural level (Brandman & Yovel, 2010, 2016; Maurer, Le
Grand, & Mondloch, 2002; Reed et al.,, 2003; Rhodes, Brake, &
Atkinson, 1993).

Although body and face produce comparable body inversion
effects they may be processed by different configural mechanisms.
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Indeed, body inversion effects involve distinct, specific bases from
the face inversion effects (Brandman & Yovel, 2010; Brandman &
Yovel, 2016; Rossion & Gauthier, 2002). Furthermore, evidence of
dissociation of face and body configural processing mechanisms
has recently been obtained in prosopagnosic patients (Susilo,
Yovel, Barton, & Duchaine, 2013) who exhibited normal inversion
effects for bodies despite face perception impairment.

Properties of the specific body processing were investigated
using the size of the inversion effect as empirical indicator of
change in configural processing. A reduced inversion effect was
reported when visual stimuli violated human body biomechanics
(Pinto & Shiffrar, 1999; Ramm, Cummins, & Slaughter, 2010;
Reed et al., 2003, 2006, 2012) as well as in unfamiliar postures
(Reed et al., 2012). Reed et al. (2012) suggested that biomechanical
configuration as well as both visual and embodied expertise play
an important role in body processing. Nevertheless, an important
factor of body inversion effect may also be linked to visual infor-
mation regarding gravity orientation. The visual presentation of
an inverted body (inversion relative to participants’ retinal coordi-
nates) in typical body inversion paradigm (Reed et al., 2003) turns
the stimulus upside down (body presented with the head down
and the feet up) but also “up” and “down” directions of the sur-
roundings (implicit visual gravity of the scene). Indeed, the inver-
sion of a body stimulus induces the inversion of visual gravity
orientation through the postural configuration of the body seg-
ments. The body seems to be standing on his/her feet as if it was
drawn toward the ceiling by visual gravity. In this condition, the
inversion of visual body orientation creates a conflict between
the actual direction of gravity and the orientation of visual gravity
extracted from the posture of the presented body. Astronauts are
familiar with such a conflict as they experience visual reorientation
illusion and motion sickness when viewing a crewmember floating
upside down in their environment (Oman, Lichtenberg, Money, &
McCoy, 1986).

Gravity is one of the most fundamental constraints of our biol-
ogy, behavior, and perception on Earth. It plays a role in structuring
not only our world but also how we perceive it and act on it.
Human beings construct an internal model of gravity leading to a
sense of verticality and relate “up” and “down” directions in order
to spatially orient themselves and the world (Barra & Pérennou,
2013; Barra et al., 2010; Jenkin, Dyde, Jenkin, Howard, & Harris,
2003). This internal model represents a general neural process
used by the brain to integrate information from disparate sensory
modalities, combine efferent and afferent information but also to
resolve sensory ambiguity (Merfeld, Zupan, & Peterka, 1999). In
the framework of the body inversion paradigm, the conflict
between visual and actual gravity creates sensory ambiguity that
integration of internal model processing resolves to maintain
coherent overall orientation (Howard & Hu, 2001). This gravicep-
tive processing may affect configural body mechanisms. To test
this hypothesis, we dissociated the orientations of body and visual
gravity so that body orientation could be inverted while visual
gravity remained congruent with actual gravity. It is the case when
someone does a handstand, for example. In this posture, body ori-
entation is inverted relative to participants’ retinal coordinates
(the head is down while the feet are up) but the orientation of
visual gravity remains congruent with the actual one. In our exper-
iment, the only visual gravity available was from body postures
being viewed. We predicted that the body inversion effect would
be reduced when body orientation was inverted without conflict
of gravity orientation. Before the experimental comparison of
inversion effect in typical conditions and in conditions without
gravity conflict, we conducted a pretest to investigate whether it
was possible to turn an avatar upside down relative to participants’
retinal coordinates while visual gravity orientation was Kkept
aligned with the actual one.

2. Pre-test
2.1. Participants

Twenty-two volunteers (10 males and 12 females, 25 + 2 years
old), naive to the goals of the experiment, participated in stimuli
pretest. All had normal or corrected-to-normal vision (subjects
who wore glasses or contact lenses did so during the experiment),
and none had any known visual, neurological, vestibular or oculo-
motor impairments. All subjects were right-handed (according to
the Edinburgh inventory) and gave informed consent.

2.2. Pretest material

The body stimuli were created according to the paradigm
developed by Reed et al. (2003). The stimuli were 14 cm x 10 cm
three-dimensional male and female figures created using Poser
Professional 10™ (e frontier). The arms and legs of each figure were
positioned to create new poses that were visually distinguishable
from one another, had no meaning, and could not be easily labeled.
Visual gravity orientation was manipulated (Fig. 1) by modulating
body postures. We created 16 stimuli with upright avatars stand-
ing on their feet and 16 stimuli with upside down avatars standing
on their hands relative to retinal coordinates. Half were males and
half were females. All poses were bio-mechanically possible in
terms of configuration of the body segments. For example, exten-
sion of the forearm was limited to biological range. Furthermore,
the poses were plausible in terms of balance per se - independently
of the orientation of the image - with one or two hands or feet in
contact with an invisible floor. The poses were asymmetrical with
respect to both vertical and horizontal axes.

2.3. Pretest procedure

In our experiment, we aimed at manipulating the orientation of
visual gravity by modulating avatar postures. In order to check that
modulating avatar posture impacted visual gravity orientation, we
asked the 22 participants to indicate the direction that a ball
released by the avatar would take according to gravity within the
picture (32 body-stimulus pairs). All the avatars were centered
within the images and all the images were centered within the
screen. The participants had to indicate the direction that a ball
released by the avatar would take according to gravity within the
picture. They pressed the “Up Arrow” key if they considered that
the direction of gravity was upward and the “Down Arrow” key
if they considered that gravity was downward. Using E-prime
2.0, the 16 avatars standing on their feet (Fig. 1a) and the 16 ava-
tars standing on their hands (Fig. 1d) were randomly presented in
an upright position and in an inverted one (180°; Fig. 1b and c¢) in a
block of 64 items. The block was repeated 3 times with a break
between each. Each participant was seated 70 cm away from a
17-inch computer screen. Chair height was adjusted so that the
participants’ eyes were level with the center of the screen. In each
trial, the stimulus was displayed for 250 ms, followed by a blank
screen until the participants responded. The participants had been
informed that the direction of visual gravity could be upright or
inverted (downward or upward). We measured the proportion of
upward and downward responses to the different conditions of
body orientation (upright or upside down relative to retinal coor-
dinates) and postures (avatar standing on his/her feet or hands).

2.4. Pretest results

One sample-t tests were used to test the proportion of down-
ward response rates for the four experimental conditions against
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Fig. 1. Example of stimuli: posture with gravity conflict for the upside down body (pair a/b), posture without gravity conflict for the upside down body relative to retinal

coordinates (pair c/d).

1. The threshold of statistical significance was set at 0.05. The nor-
mality of data distributions was tested using Kolmogorov-Smirnov
test. All distributions did not differ from normality (all p > 0.05).
The results (Fig. 2) showed that perceived gravity direction was
downward for stimuli with upright avatars standing on their feet
(Fig. 1a; t(21)=-1.45; p=0.16; 95% confidence interval
[1;0.98]), stimuli with upside down avatars standing on their
hands (Fig. 1d; t(21)=-1.70; p=0.10; 95% confidence interval
[1;0.97]) and stimuli with upright avatars standing on their hands
(Fig. 1c; t(21) = —1.92; p = 0.07; 95% confidence interval [1; 0.92]).
In the latter condition, the direction of visual gravity remained
congruent with actual gravity (downward) while it corresponded
to the inversion of a hand-standing avatar. In this condition, partic-

ipants mainly reported the impression that the avatars were jump-
ing and touching the ceiling. Furthermore, perceived gravity
direction was upward for stimuli with upside down avatars stand-
ing on their feet (Fig. 1b; t(21) = —42.42; p < 0.001; 95% confidence
interval [0.18; 0.10]).

Our results confirm that viewing bodies that have been inverted
relative to participants’ retinal coordinates not only turns the ori-
entation of the body upside down, but can also invert the perceived
direction of gravity. Furthermore, we showed that it was possible
to turn the orientation of an avatar upside-down while keeping
visual gravity orientation aligned with the actual one (Fig. 1d).

The results of the pretest validated our experimental stimuli
and allowed measuring inversion effect both in typical conditions

! 1 perceived downward gravity
perceived upward gravity
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Response rate
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00 -
Body Orientation

Upright upside-down Upright

upside-down

Actual gravity

Perceived visual gravity ‘

Stimulus pairs’ categoies

Y

Gravity conflict for the
upside-down body

4
\ 4 \ 4

No Gravity conflict for
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Fig. 2. Upward and downward response rates as a function of body orientation (upright or upside down relative to retinal coordinates) and posture (avatar standing on his/

her feet or hands).
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(with gravity conflict when the avatar is upside down) and in con-
ditions without gravity conflict.

3. Experiment
3.1. Participants

Twenty-two naive volunteers (10 males and 12 females,
22 + 3 years old) participated in the experimental protocol. None
of them had participated in the pretest. All had normal or
corrected-to-normal vision (subjects who wore glasses or contact
lenses did so during the experiment), and none had any known
visual, neurological, vestibular or oculomotor impairments. All
subjects were right-handed (according to the Edinburgh inventory)
and gave informed consent. The objective of our study was to test
the effect of gravity conflict on body inversion effect. Required
sample size (22) was determined using G«power (Faul, Erdfelder,
Lang, & Buchner, 2007) based on the body inversion effect on reac-
tion time reported by Reed et al. (2003) (F(1.14) = 10.8) with the
following parameters: F effect size: 0.3; alpha error probability:
0.05; power: 0.95; number of measurements: 6.

3.2. Experimental material and procedure

The 32 body stimuli selected in the pretest were used in the
experiment. A distractor was constructed for each body stimulus
by altering the position of two body parts: an arm or a leg of the
figure was placed at a different angle or in a different position.
All poses were biomechanically possible. In sum, there were 16
pairs of avatars standing on their feet and 16 pairs of avatars stand-
ing on their hands. Half of them were males and half of them were
females.

Each participant was seated 70 cm away from a 17-in. computer
screen. Head position was maintained with a chin rest. The exper-
iment took place in the dark and the screen was placed in front of
an empty wall to limit the possible influence of the visual sur-
roundings. The participant was asked to determine whether the
two body positions presented were the same or were different.
In each trial, the first stimulus was displayed for 250 ms, followed
by a blank screen for 1000 ms. Finally, a second stimulus was dis-
played until the participant responded. The participant pressed the
“E” key using the left index finger if the stimuli were the same and
the “0” key using their right index finger if the stimuli were
different.

The 32 experimental stimuli were randomly presented in an
upright position and in an inverted position relative to partici-
pants’ retinal coordinates (180°) in a block of 64 items repeated
six times. Each stimulus pair was presented 12 times, six times
in an upright position and six times in an inverted position
(180°). In half the trials, the two stimuli were identical, whereas
in the other half, they were different. The experiment started with
eight practice trials with four “identical” and four “different” stim-
uli, including some that were not in the experimental blocks. The
entire session lasted about one hour. In all the trials, participants
were asked to respond as fast and as accurately as possible.
Response time (RT) and accuracy of the response were recorded.

3.3. Data analysis

Mean proportion error and RT were calculated for each condi-
tion and for each participant. For RT data, we analyzed only trials
that corresponded to a correct response: 7468 + 506 trials over
8448 (88.4%). When reaction time was slower than 200 ms or
when it deviated from the mean by more or by less than 3 standard
deviations, the trial was excluded (0.5% of the data). The normality

of data distributions was tested using Kolmogorov-Smirnov test.
No distributions differed from normality (all p > 0.05).

The inversion effect was calculated by the subtraction of the
error rate measured in upright orientation from the error rate in
inverted orientation (—180°) for each pair. This was calculated
for conditions with gravity conflict (b-a conditions in Fig. 1) and
conditions without gravity conflict (d-c conditions in Fig. 1). The
inversion effects were compared using Student’s t-test. The thresh-
old of statistical significance was set at 0.05. When needed, a Bon-
ferroni correction for multiple comparisons was used. In this case,
the corrected threshold of statistical significance was o =0.025
(0.05/2).

3.4. Experimental results

Analysis of error rates (Fig. 3) revealed that the inversion effect
was strongly reduced when there was no conflict between visual
and actual gravity compared to the conditions were there was a
conflict of gravity (t(21)=2.72; p < 0.02; partial eta® = 0.26).

The inversion effects were decomposed with Student’s t-test.
Analysis revealed that in the conditions with upside down bodies,
participants made more errors when gravity orientation was also
inverted (gravity conflict, Fig. 1b) than when visual gravity was
upright (Fig. 1d) (t(21)=3.87; p<0.001; partial eta2 =0.42). In
contrast, we found no differences between the conditions with
upright bodies (Fig. 1a and c) (t(21)=0.35; p=0.73; partial
eta2 = 0.006).

The inversion effect was also computed on RT for conditions
with gravity conflict (conditions b-a in Fig. 1) and conditions with-
out gravity conflict (conditions d-c in Fig. 1). The normality of data
distributions was tested using Kolmogorov-Smirnov test. No distri-
butions differed from normality (all p > 0.05). The inversion effects
were compared using Student’s t-tests. The threshold of statistical
significance was set at 0.05.

The reaction time results (Fig. 4) revealed that the inversion
effect was also strongly reduced in the condition in which there
was no gravity conflict compared to the conditions in which there
was a gravity conflict (t(21)=2.87; p < 0.001; partial eta® = 0.28).
Analysis revealed that in conditions with upside down bodies rel-
ative to retinal coordinates, participants were slower when gravity
orientation was also inverted (gravity conflict, Fig. 1b) than when
visual gravity was upright relative to retinal coordinates (Fig. 1d)
(t(21)=4.10; p <0.001; partial eta® = 0.45). In contrast, we found

0.25 - [ Upside-down bodies
[J upright bodies
0.20
2 015 4
o
—
o
=
1 0.10 A
0.05 - &
0.00

Gravity conflict for ~ No gravity conflict for
the upside down body the upside down body

Fig. 3. Proportion of error for upright and upside down bodies relative to retinal
coordinates as a function of the pairs of stimuli with or without gravity conflict.
Error bars indicate the standard error of the mean.
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Fig. 4. Response time (ms) for upright and upside down body orientation as a function of the pairs of stimuli with or without gravity conflict. Error bars indicate the standard

error of the mean.

no differences between the conditions with upright bodies
(Fig. 1a and c) (t(21) = 0.13; p = 0.89; partial eta = 0.001).

4. Discussion

The aim of our study was to test the possible influence of grav-
ity conflict on the body inversion effect. To investigate the influ-
ence of visual gravity, we dissociated the orientations of visual
gravity and of the body by manipulating body posture. Our objec-
tive was to create visual stimuli in which body orientation was
inverted but gravity direction was not. The results of our pretest
showed that a visual posture contains gravity information that
can be extracted for a conscious decision of visual gravity orienta-
tion. These results confirmed the possible existence of gravity con-
flict in the classical inversion paradigm even if highly cognitive
processes may have been involved in the pretest task. Similar
potential highly cognitive processes might not have been involved
in the experiment since the task was focused on visual gravity ori-
entation within the image only in the pretest. Our pretest also
demonstrated that gravity conflict can be solved by manipulating
implicit visual gravity due to body posture. Nevertheless, partici-
pants’ estimations of visual gravity orientation were theoretically
incorrect in the condition where the avatar was doing a handstand
and the image was presented upside down. This incorrect interpre-
tation of visual gravity indicates that the implicit visual direction of
gravity extracted from body posture cannot induce a conflict of
gravity when the orientation of the observed body is upright in
participants’ retinal coordinates. The congruence of participant ori-
entation, avatar orientation and actual gravity is probably strong
enough to solve the potential conflict induced by manipulating
implicit visual gravity.

The experiment took place in the dark and the screen was
placed in front of an empty wall to limit the possible influence of
the visual surroundings. Nevertheless -due to the screen glow-
the edges of the screen were visible. The avatar’s relationship to
the edge of the screen may have influenced visual processing.
Indeed, it can be suggested that the top and the bottom of the
screen could be assimilated to floor or ceiling depending on exper-
imental conditions. This influence may have been limited since
position and orientation of the floor -suggested by avatar
posture- were at least 3.25 cm from the edge and were presented
in all conditions.

The results of our pretest allowed calculating inversion effect
without gravity conflict where only the orientation of the avatar

was inverted. We compared the inversion effect obtained without
gravity conflict with the typical inversion effect in which both ava-
tar and visual gravity orientation were inverted. Our results
revealed that the inversion effect was strongly reduced (by about
70%) when there was no gravity conflict for both error rate and
reaction time. Analysis of the reduction of the body inversion effect
in the condition without gravity conflict showed that it was due to
arapid, accurate processing of the upside down body. In the typical
paradigm (condition with gravity conflict) the inversion effect was
due to a slower, less accurate processing of upside down bodies
than upright bodies (Reed et al., 2003) and is interpreted as a dis-
ruption of configural processing. Our results suggested that when a
body is upside down relative to participants’ retinal coordinates
but is not in conflict with actual gravity, configural processing of
bodies remains possible. Our results also demonstrate that the
body inversion effect doesn’t mainly rely on retinal coordinates.
The implication of graviception in visual processing found in
our study is congruent with previous results on face inversion
reported by Lobmaier and Mast (2007). Indeed, the authors
investigated the effect of participants’ body orientation relative
to gravity on face inversion effect. They demonstrated that
face inversion effect is based mainly on the orientation of the
face stimulus with respect to the retinal reference frame.
Nevertheless, in head-down participants, the gravitational and
retinal reference frames deviated substantially. Consequently,
participants found it difficult to perceive the orientation of visual
stimuli unambiguously. Our results suggest that the implication
of graviception in body inversion effect is more pronounced
than in face inversion effect. This might be explained by the
fact that implicit gravity information on faces is relatively limited
while extraction of gravity may be one of the properties of visual
body processing.

Previous research had demonstrated that the familiarity of body
postures (Reed et al., 2003, 2012; Rossion & Gauthier, 2002), visual
and embodied expertise (Reed et al., 2012) as well as the biome-
chanical limitations and possibilities of a human body (Reed
et al., 2012; Shiffrar & Freyd, 1990, 1993) contribute to the config-
ural processing of visual bodies. The latter explanation is unlikely
to account for our results since all the postures we used were
biomechanically possible. Furthermore, despite the limited visual
and embodied experience of inverted bodies and limited familiar-
ity with people standing on their hands we reported rapid, accu-
rate body processing when upside down avatars stood on their
hands. We state that the existence of conflict of gravity direction
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between visual graviception and actual Earth acceleration may be a
better explanation of our results.

Gravity is crucial information to orient our bodies as well as
objects in space. It is also essential to maintain our posture
(Bonan et al., 2007; Pérennou et al., 2014) or to plan action
(Lopez, Bachofner, Mercier, & Blanke, 2009; Rosenberg &
Angelaki, 2014; Zago, McIntyre, Senot, & Lacquaniti, 2008). Never-
theless, there is no receptor dedicated only to graviception in the
human body (Barra & Pérennou, 2013). The brain uses all the infor-
mation available through the perceptual systems to determine ori-
entation and related “up” and “down” directions. In daily life,
sensory information (vestibular, visual and proprio-somesthetic)
is congruent but conflict can be observed after brain lesion, sensory
deterioration or artificial manipulation (Barra, Pérennou, Thilo,
Gresty, & Bronstein, 2012; Howard & Hu, 2001; Lopez et al.,
2009; Preuss, Harris, & Mast, 2013). The influence of visual infor-
mation in graviception has been spectacularly demonstrated by
Howard and Hu (2001) who showed that participants positioned
in the middle of a room furnished with polarized objects had the
illusion of being in a different position from their actual position
(lying down, standing or upside down) when the visual room
was rotated (90° or 180°). In particular, they revealed that when
both the room and participants’ orientation were turned congru-
ently upside down, 68% of the participants considered that gravity
was aligned with the vision + body orientation while actual gravity
direction was exactly the opposite. In this case, the resolution of
sensory ambiguity involved a modification of sensory signal inte-
gration with a reduction of the weight of vestibular information.
These processes may impact other perceptual mechanisms. In
our experiment, the participants and the actual gravity orienta-
tions were congruent and may have constituted the main gravity
orientation. In these conditions, the visual orientation of the
inverted avatar standing on his/her feet was in conflict with overall
gravity orientation and the weight of visual information may have
been attenuated by the brain, leading to alteration of configural
processing.

Furthermore, it can be postulated that the body representations
used for body recognition involve a gravity component. According
to Reed et al. (2003) the perception of a human posture might
involve an active process in which the perceived body could be
mapped onto the observer’s body representation. This body repre-
sentation which corresponds to the typical configural relations
characterizing human bodies is thought to be extracted from two
types of expertise: visual (acquired through viewing experience)
or embodied (acquired through bodily experience, i.e.,, moving,
positioning, and using one’s body) expertise (Diamond & Carey,
1986; Reed et al., 2012; Tanaka & Gauthier, 1997). Our results sug-
gest that body representations could involve an internal model of
gravity built through visual and kinesthetic experiences. The repre-
sentation of bodies might then be oriented according to a vertical
representation since it was acquired by visual and embodied expe-
riences which were dependent on and impacted by gravity. When
visual gravity evoked by a posture is congruent with actual gravity
or with an internal model of gravity, body representation might be
used even if the body is upside down. Conversely, when the gravity
visually evoked is inverted, it could be in conflict with the gravity
component of body representation, leading to a disruption of the
configural processes of body recognition.

Configural processing is used to refer to any phenomenon that
involves perceiving spatial relations among the features of stimuli
as faces or bodies (Reed et al., 2006). Leder and Bruce (2000) had
developed a continuum of configural processing from first-order
spatial relations (i.e., the forearm was attached to the arm, the
arm was attached to the shoulder) to second-order configuration
defined by interactive processing between body parts (any biome-
chanically possible position of the limbs and body as a whole). Our

results confirmed that the second-order configuration is involved
in body inversion. More interestingly, our results indicate that
the second-order configuration is not limited to strict biomechan-
ical properties of the body but also involves gravitational proper-
ties. Visual gravitation information may play a critical role in the
perception of body biomechanics. This interpretation is compatible
with neuroimaging studies that have shown that static body
images activate not only object recognition systems but also parts
of the motor planning system and movement perception system
(Brandman & Yovel, 2016). The implicit extraction of visual gravi-
tational information from a body posture suggests that long-term
representation of body configuration contains, not only informa-
tion regarding the spatial organization of body parts in the context
of a whole body, but also gravitational information. The body
schema has been defined as a hierarchical topological representa-
tion that preserves the local relationship among body parts and
provides a spatial map among body parts (Buxbaum & Branch
Coslett, 2001; Reed et al., 2006; Slaughter et al., 2004). Our present
findings suggest that this body schema might integrate gravita-
tional constraints via internal models of gravity.
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