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Abstract

Like faces, human bodies are recognized via the configuration of their parts; their recognition is impaired by inversion. Processing of configural
relations has been shown to depend on perceptual expertise with certain classes of objects. Because people see their own body and others’
bodies frequently, humans are experts in the visual processing of human body postures. In addition, the observer’s own on-line, multimodal body
representation which heavily relies on current proprioception may play a crucial role in recognizing human body postures. We investigated whether
static body posture recognition relied on current proprioceptive inputs or whether visual familiarity and stored body representations were sufficient.
IW, who is deafferented (lost cutaneous touch and proprioception from his body), was tested on the recognition of upright and inverted human
body postures, faces, and houses. As controls, IW showed an inversion effect for abstract, common, and rare human body postures as well as faces,
but not houses. Results rule out a strong contribution of current afferent inputs to the recognition of human postures. The findings are discussed in
terms of the role of the body schema in body posture recognition and how other contributions from one’s own body may be involved in the visual

processing of human bodies.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

A well-established observation is that face recognition is
impaired when faces are presented upside down (Valentine,
1988; Yin, 1969). This finding is regarded as evidence that
the visual system uses special perceptual processing for faces
different from the processing of other non-face objects. Face
recognition is mainly driven by processing of configural rela-
tions, whereas processing of non-face objects is based on local
features and therefore, less disrupted by inversion (cf. Farah,
Tanaka, & Drain, 1995; Tanaka & Farah, 1993). It has been
argued that with experience, people develop a face prototype
providing the basis for encoding certain characteristic abstract
properties of faces (cf. Diamond & Carey, 1986). Diamond and
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Carey (1986) further suggested that the processing of configural
relations underlies all “expert” recognition of objects for which
prototypical spatial configurations can be defined. In line with
this hypotheses Tanaka and Gauthier (1997) demonstrated that
dog experts, for instance, showed an inversion effect for dog pic-
tures and car enthusiasts showed an inversion effect for pictures
of cars.

Recently, Reed, Stone, Bozava, and Tanaka (2003; cf.
Stekelenburg & de Gelder, 2004) showed that inversion effects
are also found for pictures of human body postures. Discriminat-
ing two upright body postures is much easier than discriminating
two inverted body postures. In line with the above interpre-
tation, one could argue that the frequent observation of other
bodies results in visual expertise. More specifically, as a result
of perceiving bodies frequently observers might extract specific
configural relations present in human bodies such as the typical
organization of head, trunk, arms and legs. In other words, the
body inversion effect may be due to visual processing during
which the perceptual input is mapped onto a spatial represen-
tation that captures specific structural relations present when
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one observes other bodies. These relations are disrupted when
bodies are presented upside-down leading to a decrease in dis-
crimination performance for inverted bodies (cf. also Pavlova &
Sokolow, 2000; Sumi, 1984).

The importance of long-term spatial body representations for
the body inversion effect was shown in Reed, Stone, Grubb, and
McGoldrick (2006). The body inversion effects disappears when
the normal configuration of the body parts are scrambled. The
processing of configural relations of a body posture seems to
rely on the structural hierarchy of body parts, not on the isolated
parts themselves. Structural hierarchy refers to the organization
of isolated body parts in terms of the overall object and the spatial
relationship of each part relative to each other (cf. Marr, 1982).
For instance, bodies are recognized not only by the fact that the
shoulder and arms are below the head but also from the fact that
the shoulder and arms are in a particular position relative to the
overall structure of the body, that is, they are always attached to
the same part of the trunk and above the feet.

1.1. Viewing others’ bodies: a matter of embodiment?

However, humans have extensive expertise moving their own
bodies to perform certain actions. The resulting bodily experi-
ences may result in a form of multimodal expertise that could
influence visual recognition mediated by a multimodal, spa-
tial body representation (Reed, Stone, & McGoldrick, 2005).
In other words, visual expertise with human bodies might be
acquired not only from frequently viewing other bodies but also
from feeling one’s own body. In particular, we might be able to
use proprioceptive information about our own body when per-
ceiving the bodies of others. Thus, configural body processing
may be unique and different from the configural processing of
other inanimate objects. In line with this argument are findings
demonstrating that human bodies are indeed special objects of
perception. There is evidence that specific brain areas are acti-
vated when bodies are observed, in particular, the extrastriate
body area in the lateral occipitotemporal cortex. This area seems
to selectively respond to visual images of human bodies or body
parts (Astafiev, Stanely, Shulman, & Corbetta, 2004; Downing,
Jiang, Shuman, & Kanwisher, 2001).

Further research suggests that, amultimodal representation of
one’s own body might be involved in the perception of other peo-
ple’sbodies (Keysers et al., 2004; Knoblich, Thornton, Grosjean,
& Shiffrar, 2005; Reed, 2002; Reed & Farah, 1995; Shiffrar &
Freyd, 1990, 1993; Wilson, 2001). For instance, Reed and Farah
(1995) showed that one can better detect a postural change in
another person’s arms when one concurrently moves one’s arms,
but not when one moves one’s legs (and vice versa). This find-
ing indicates that the proprioceptive representation of one’s own
body position contributes to the visual perception of others’
body postures. Moreover, in the study of Reed et al. (2003) the
body inversion effect was diminished when impossible rather
than possible human postures were used (impossible postures
violated biomechanical limitations of the body). This result sup-
ports the assumption that perceiving a human posture might be
an active process in which the perceived body figure is mapped
onto the observer’s body representation.

A more specific claim is that perceiving a human body in
a certain posture causes an internal or imagined replication of
this posture in the observer (cf. Gallese, 2001, 2005; Gallese &
Goldman, 1998; Rizzolatti, Fadiga, Gallese, & Fogassi, 1996;
Wilson, 2001). In line with this hypothesis, Reed, Nyberg, and
Grubb (2006) reported larger inversion effects for human figures
compared to canine figures. In addition, they demonstrated that
for human postures the size of the body inversion is independent
of the familiarity with the observed posture, challenging purely
visual accounts.

Another variant of a theory claiming bodily contribution
to visual perception is that others’ bodies are covertly imi-
tated using the observer’s own body representation (Wilson &
Knoblich, 2005). Evidence for this theory is provided by stud-
ies showing that people tend to automatically mimic other’s
behavior such as facial expressions (Bavelas, Black, Lemery, &
Mullett, 1986; Wallbott, 1991), gestures or postures (Bernieri,
1988; Boker & Rotondo, 2002; Shockley, Santana, & Fowler,
2003; for a review see Wilson & Knoblich, 2005). Covert imita-
tion requires the use of implicit knowledge of one’s own body.
This knowledge is thought to encompass afferent somatosen-
sory information from certain body parts such as proprioceptive
feedback (i.e., peripheral body representation or proprioceptive
awareness of one’s own body) as well as efferent motoric infor-
mation (i.e., central body representation because actions are
centrally generated). For instance, one could argue that observ-
ing others leads to a covert imitation of the motor program which
predicts the sensory consequences of an observed action (cf. e.g.,
Blakemore, Frith, & Wolpert, 1998, 2002; Wolpert, 1997). In
addition, it has been demonstrated that both afferent and effer-
ent components contribute to body awareness (cf. Tsakiris &
Haggard, in press). So far the relative contributions of afferent
and efferent components are not clarified and difficult to inves-
tigate in healthy subjects.

1.2. The present study: visual perception of body postures
without proprioception

The aim of the present study was to test whether afferent feed-
back from one’s own body is necessary for static body posture
recognition and expertise or whether one’s long-term represen-
tations of the body can suffice. In other words, does processing
of body postures elicit an internal (partly unconsciousness) sim-
ulation of the perceived body part that hinges on an on-line,
multimodal representation of one’s own body (cf. e.g., Gallese,
2001, 2005; Wilson, 2001; Wilson & Knoblich, 2005)? Or does
body posture recognition result in the activation of a long-term
multimodal, spatial body schema established during frequent
visual and motoric exposure to the specific characteristics of
human bodies?

To investigate these two possibilities we examined IW, a man
who has lost his afferent inputs to his internally based body rep-
resentations (cf. Head and Holmes, 1911) after he had suffered
from an extremely rare viral infection. More specifically, at the
age of 19, IW became completely and selectively deafferented
below the neck for tactile and proprioceptive information. That
is, he lost completely and irreversibly kinaesthetic, cutaneous
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and muscular input from all of his body parts except the head
and neck. When prevented from seeing his body, IW is unable to
locate or move any of his body parts. However, he has recovered
a remarkable degree of control of his movements solely relying
on visual feedback and cognitive control. IW requires constant
vision of his body in order to know where his body parts are
and how to move them. Note that peripheral sensory input is not
only relevant for movement control, but also contributes to the
phenomenal experience of having, or rather, of being a body.
To illustrate, during the first weeks of his illness, IW reported
the feeling of being alienated from his body. If he is brought
into a certain body posture, he can (visually) locate his body
parts in space but he lacks the experience of feeling his bodily
position.

Testing IW provides a unique opportunity to address whether
the configural processing of body postures requires access to
an on-line, multimodal representation of one’s own body or
whether a long-term multimodal, spatial body representation
is sufficient. Most people probably use both a current proprio-
ceptive representation of one’s own body as well the long-term
body representation when viewing other people, whether they
are moving or not. However, because IW does not have affer-
ent inputs but does have long-term body representations, we can
determine if the ability to perceive afferent inputs are a necessary

(A)

(B)

precondition for configural body processing. If such configural
processing depends on an on-line multimodal body represen-
tation, IW should not show the body inversion effect, because
he lacks such a representation. If IW shows the normal body
inversion effect this would support configural body processing
originating in the visual system and stored multimodal body
representations.

2. Experiment 1

Experiment 1 used Reed et al. (2003) paradigm. IW and
healthy control subjects observed stimuli showing pictures of
human body postures, faces or houses in upright or inverted ori-
entation (cf. Fig. 1). Houses were included as a class of control
stimuli because they do not evoke inversion effects. The inclu-
sion of the house stimuli permits the inversion effects for faces
and body postures to be compared directly with the inversion
effects, or lack thereof, for houses. In addition, the embodiment
hypothesis can be applied to both faces and bodies, but not for
houses. Houses are necessary to demonstrate the importance
of the sensorimotor contributions. In addition, the comparison
of inversion effects for faces, body postures, and houses con-
firms that in typical populations, faces and bodies are processed
differently from other inanimate objects, that not all objects pro-

Fig. 1. Examples of upright and inverted body stimuli used in the first experiment. The correct response for each stimulus pair is “different”. (A) Body posture
stimuli: example of an upright “different” trial. (B) Body posture stimuli: example of an inverted “different” trial.
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duce inversion effects, and that the magnitude of the inversion
effect for faces and bodies is significantly different from that of
houses.

The task was to decide whether two pictures were same or
different. From the findings of Reed et al. (2003), we expected
that controls would show an inversion effect (better recognition
of upright than inverted objects) for faces and body postures,
but not for houses. If embodied simulation and current afferent
input is necessary for the recognition of static body postures, IW
should show inversion effects for faces but not for body postures
and houses because he has afferent inputs for his face but not for
his body. However, if he can use visual experience and stored
spatial body representations to recognize body postures, then he
should also show a body inversion effect.

2.1. Method

2.1.1. Participants

IW (male, 52 years) and twelve neurologically healthy, age-matched controls
(five men; four left handed; mean age = 52.42 years, range 41-66 years) took part
in this experiment. IW had suffered a complete large sensory-fibre peripheral
neuropathy about 33 years previously. The illness resulted in a complete loss of
the senses of movement or position, cutaneous touch or proprioceptive or cuta-
neous reflexes below the neck down. Nociceptive and thermoceptive afferents
were largely spared as well as his motor fibres. As a result, IW depends heavily
on visual feedback to control his movements. The control of his movements is
achieved at the cost of a large attentional demand. For a detailed description of
IW’s clinical history, see Cole (1995) and Cole and Sedgwick (1992).

2.1.2. Apparatus and stimuli

All stimuli were three-dimensional figures of human bodies, faces or houses
(cf. Reed et al., 2003 for more details of creating stimuli). Body stimuli con-
tained 16 male and 16 female figures in different postures. They were created
by using Fractal Design Poser 2.0™. The size of each picture was approxi-
mately 14 cm x 10 cm. For each stimulus, a “different” stimulus, or distractor,
was created varying the position of one or two body parts: arm, leg, or head.
Face stimuli were 16 black-and-white photographs of male or female Caucasian,
African-American, or Asian faces. Size of each face was about 8 cm x 9 cm.
Each face distractor stimulus matched the stimulus with which it was paired in
both gender and ethnicity, but differed in one or two features (e.g., facial hair).
House stimuli were line drawings of houses created on a Macintosh computer.
Each of 16 different houses measured approximately 12 cm x 17cm. House dis-
tractor stimuli were created by altering the following elements: position of door,
steps, chimney, main or small window. Stimulus presentation and data acquisi-
tion were controlled by PsyScope 1.2.5 PPC running on a Macintosh computer
(MAC OS DA-9.2.2), permitting a pixel resolution of 1024 x 768 pixels. The
visual stimuli were presented centrally on a 21-in. (53.34 cm) monitor with a
vertical refresh rate of 100 Hz.

Table 1

2.1.3. Design and procedure

Body, face and house stimuli were presented in separate 32-trial blocks in
pseudorandomized order. Each participant received 128 trials of each stimulus
type, for a total of 384 trials. In each block, 16 stimuli pairs were presented
in upright orientation and the other 16 stimuli pairs were presented in inverted
orientation. Stimulus orientation varied randomly within each block. Further,
on half of the trials two stimuli were same, on the other half of the trials they
were different. The first experimental block started with four practice trials
for each stimulus type that were different from the ones used in the critical
experimental trials. Participants sat at a distance of about 75 cm from screen and
were instructed to determine as quickly and accurately as possible whether two
faces, two bodies or two houses were same or different. On each trial and for all
types of stimuli, the first stimulus was presented for 250 ms, than a blank screen
appeared for 1000 ms, followed by the second stimulus that was shown until the
participant responded. Half of the participants pressed the left key on a button
box with their left index finger if the stimuli were different and the right key with
their right index finger if the stimuli were the same. The other half of participants
received the reverse judgment-key mapping. After each block participants had
the opportunity to rest.

2.2. Results and discussion

For IW and each control participant, we calculated median
reaction times (RTs) and the mean proportion of correct
responses for each condition. The results are summarized in
Table 1 and in Fig. 2. Only correct trials were included in the
analysis of response times.

2.2.1. Data analysis of controls

Separate analyses of variances (ANOVAs) on median RT data
as well as on proportion of correct responses were carried out for
each stimulus type. Faster reaction times and a higher proportion
of correct responses to stimuli presented in upright orientation
than in inverted orientation indicate the presence of an inver-
sion effect. For the median RT data, a significant body inversion
effect, F(1, 11)=6.46, p=.027, and a significant face inversion
effect, F(1,11)=29.92, p <.001 occurred. The ANOVAS on pro-
portion of correct responses also confirmed a significant body
inversion effect, F(1, 11)=17.22, p=.002 and a significant face
inversion effect, F(1, 11)=40.85, p <.001. The inversion effect
for houses was not significant for either median RTs (p =.068)
or proportion correct (p=.442). In sum, age-matched controls
replicated the pattern inversion effects reported by Reed et al.
(2003). Recognition performance of body postures was faster
and more accurate when presented in upright than in inverted
orientation.

Median reactions times (MD RT), percentage proportion of correct responses (PC) and respective standard errors (S.E.) for controls and IW as a function of stimulus

type and stimulus orientation

Bodies Faces Houses
Inverted Upright Inverted Upright Inverted Upright
MD RT (S.E.)
Controls (n=12) 921 (44.7) 880 (44.0) 926 (41.4) 839 (37.8) 1029 (30.9) 975 (39.1)
w 813 781.5 738 683 949 838
PC (S.E.)
Controls (n=12) 80.8 (3.0) 89.3(1.9) 83.4(1.8) 94.5(1.2) 73.3(2.8) 76.1 (3.0)
w 81.3 81.3 85.9 90.6 57.8 65.1

Note: Only the control group allows for calculating standard errors.
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Fig. 2. Difference in median reaction times (top panel) and percentage propor-
tion of correct responses (bottom panel) between inverted and upright body, face
and house stimuli for IW and controls.

2.2.2. Comparison of IW with controls

The analysis of IW’s data revealed that his performance did
not differ from controls. In order to compare the IW’s inversion
effects with those of controls we used a modified #-test devel-
oped by Crawford and Howell (1998). This test allows one to
compare an individual’s score against a norm derived from a
small sample of control participants and more importantly, pro-
vides an unbiased estimate of the abnormality of an individual’s
score. This test uses the ¢-distribution rather than the standard
normal distribution and the sample statistics are treated as sam-
ple statistics and not as a population parameter. In other words,
in this method the individual is treated as a sample of n=1, and
therefore does not contribute to the estimate of the within group
variance. The problem of using the standard (z-score) method
is that with small samples the abnormality of an individual’s
score might be exaggerated (cf. Crawford & Garthwaite, 2002).
There were neither significant differences between IW and con-
trols regarding the inversion effect on median RTs for bodies,
faces, and houses (all s < 1.2 and p’s>.2) nor for the inversion
effects on the proportion of correct responses for all types of
stimuli (all £s< 1 and p’s>.5).

To summarize, there was little difference between IW and
neurologically healthy controls regarding the inversion effect
for human bodies, faces, and houses. Like the controls, IW used
configural processing to recognize human body postures and

faces, but not houses. Given that IW has afferent information for
his face but not his body, this result suggests that the recognition
of human body postures does not require a current afferent input
to the on-line multimodal representation of one’s own body and
that long-term body multimodal body representations may be
sufficient for recognizing static human body postures.

3. Experiment 2

One issue not addressed by Experiment 1 was whether the use
of non-meaningful, abstract body postures might have biased IW
to use a vision-based strategy he had to acquire to compensate
his lack of an on-line body representation. Abstract postures
may not have evoked a strong need to simulate the postures
and to map his body onto the stimulus’ postures. In Experi-
ment 2 we address this concern. We compare the body inversion
effect for meaningful body postures that might more strongly
evoke the need for on-line body representations to interpret and
evaluate the postures. In addition, we manipulate the familiarity
of the meaningful postures to further accentuate the potential
need to use current bodily inputs for the visual processing of
human body postures. If meaningful body postures require the
use of afferent inputs to create a simulation of that meaning-
ful posture, then IW may not show configural processing for
meaningful stimuli in general. However, afferent inputs and sim-
ulation processes may be even more important for rare postures
for which IW has less visual experience viewing the postures and
less prior bodily experience assuming the postures. As a result,
current afferent input and embodied simulation may be more
important for the configural processing of rare body postures
for which IW has less expertise. If this is the case, IW should
produce greater inversion effects for common than for rare
body postures and the need for embodied simulation would be
demonstrated for the recognition of unfamiliar body postures. In
contrast, IW’s performance would be different from control sub-
jects who can use their on-line body representation to simulate
the rare postures. Control subjects should show equivalent inver-
sion effects for common and rare postures (Reed, Nyberg et al.,
2006).

IW and age-matched control participants observed images of
common and rare human body postures (cf. Fig. 3) in upright and
inverted orientations. Additionally, this experiment uses a slight
variation on the paradigm of Experiment 1: the target image was
rotated 90° along its vertical axis, relative to the stimulus image,
to reinforce the need to create a three-dimensional representation
of the body posture.

3.1. Method

3.1.1. Participants

IW and 12 neurologically healthy, age-matched controls (6 men; 2 left
handed; mean age=158.17 years, range 4670 years) took part in this experi-
ment. Five of the controls also participated in Experiment 1.

3.1.2. Apparatus and stimuli

Similar body posture stimuli as in Experiment 1 were used, displaying human
bodies in common or rare postures. Stimuli were pre-rated by volunteers on a
10-point scale as to how common each posture was for humans. Mean highest
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Fig. 3. Examples of familiar and unfamiliar human posture stimuli used in the second experiment. The second posture is rotated 90° from the orientation of the first
posture. The correct response for the familiar stimulus pair is “same” and the correct response for the unfamiliar stimulus pair is “different”: (A) familiar human

posture and (B) unfamiliar human posture.

and mean lowest rated postures were selected (see Reed, Nyberg et al., 2006
for details). To minimize low-level visual differences between the two types of
stimuli, they were both presented in mono-chromatic gold tones.

3.1.3. Design and procedure

Rare and common stimuli were presented in four separate 24-trial blocks
in pseudo-randomized order, resulting in a total of 192 trials. In each block, 12
stimuli pairs were presented in upright orientation, the other 12 stimuli pairs in
inverted orientation. Stimulus orientation varied randomly within each block.
On half of the trials the two stimuli were “same,” on the other half they were
“different.” The first experimental block started with four practice trials for each
stimulus type that contained stimuli not included in the experimental blocks.
The procedure was the same as in Experiment 1 with the following exceptions.
After an inter-stimulus interval of 1000 ms, on each trial the second picture
appeared until participants indicated whether the two postures were the same or
different by pressing a key. Furthermore, the second stimulus appeared rotated

Table 2

90° along its vertical axis (cf. Fig. 3). As in Experiment 1 speed and accuracy
were recorded.

3.2. Results and discussion

As in Experiment 1 for IW and each control participant,
median RTs and mean proportion of correct responses were cal-
culated for each condition. Results are summarized in Table 2
and in Fig. 4. Again the RT analysis was based only on correct
responses.

3.2.1. Data analysis of controls
Two viewing frequency (common, rare) X orientation
(inverted, upright) ANOVAs were carried out on median RTs

Median reactions times (MD RT), percentage proportion of correct responses (PC) and respective standard errors (S.E.) for controls and IW as a function of stimulus

type and stimulus orientation

Familiar bodies

Unfamiliar bodies

Inverted Upright Inverted Upright
MD RT (S.E.)
Controls (n=12) 1120 (49.1) 1068 (42.7) 1115 (28.5) 1052 (40.4)
w 1286 990 1049 922
PC (S.E.)
Controls (n=12) 69.3 (3.8) 81.3 (3.0 72.3 (2.4) 83.1(2.3)
w 77.1 75.0 68.8 68.8

Note: Only the control group allows for calculating standard errors.
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Fig. 4. Difference in median reaction times (top panel) and percentage propor-
tion of correct responses (bottom panel) between inverted and upright familiar
and unfamiliar human postures for IW and controls.

and proportion correct. The ANOVA for median RT did not
reveal an effect of viewing frequency (p =.681) but a significant
main effect of orientation, F(1, 11)=5.23, p=.043 occurred.
Response times in the upright condition were faster than the
RTs in the inverted condition (1060 ms versus 1118 ms). The
interaction was not significant (p =.867). The second ANOVA
for proportion correct also did not reveal a significant effect of
viewing frequency (p=.197), but a significant main effect of
orientation, F(1, 11)=19.63, p=.001. Accuracy was better for
upright postures (0.82 versus 0.71 proportion correct). Again,
the interaction between viewing frequency and orientation did
not reach significance (p =.865). Consistent with Reed, Nyberg
et al. (2006), control participants showed inversion effects for
human body postures regardless of viewing frequency.

3.2.2. Comparison of IW with controls

IW’s data showed the same pattern as controls’ data (cf.
Table 2 and Fig. 4). Crawford and Howell’s modified #-tests
(1998) revealed no significant difference between IW and con-
trols with regard to median RTs (all #’'s< 1.6 and p’s>.16) and
proportion accuracy (all £s<1 and p’s>.4).

In sum, IW showed again the same pattern of results as
the controls—his recognition performance was faster and more
accurate for human postures presented in an upright orientation,

regardless of viewing frequency. The use of common and rare
meaningful postures as stimuli did not change IW’s use of con-
figural processing from the abstract postures used in Experiment
1. One alternative explanation for this lack of effect for view-
ing frequency is that the manipulation was not sensitive enough
to produce differences in inversion effects. However, in Reed,
Nyberg et al. (2006) this manipulation did produce inversion
effect differences for the recognition of common and rare dog
postures. Thus, the overall pattern of results from Experiments 1
and 2 and prior findings lead to the conclusion that IW used his
long-term body representations and knowledge obtained prior
to his illness to perform this task. It does not appear that cur-
rent afferent inputs are necessary to recognize even rare human
postures, such as humans in dog postures.

4. General discussion

The purpose of this study was to investigate whether current
afferent inputs and on-line body representations were necessary
for recognizing human body postures or whether long-term body
representations would suffice. We took advantage of the condi-
tion of a haptically deafferented subject, IW, who selectively lost
the senses of touch and proprioception from all of his body and
is therefore deprived of all proprioceptive experience (except
neck and head). If processing of human bodies in the external
world requires a mental simulation that makes use of an on-line
multimodal body representation and afferent inputs, IW should
differ from controls in his processing of human body postures;
in particular, he should not show the body inversion effect. How-
ever, he should show body inversion effects if he were able to
use long-term, multimodal body representations for recognition.

In Experiment 1, we presented IW and controls with pictures
of human bodies, faces or houses in upright or inverted orien-
tation. IW produced a body inversion effect that was similar to
faces and unlike houses. Like the control participants he was
faster in judging whether two abstract postures were the same
or different when they were presented in upright than inverted
orientation. These findings confirmed that IW processed body
postures configurally and that the configural processing of static
human postures may make use of long-term body representa-
tions in the absence of current afferent inputs. It appears that
embodied simulation may not be necessary for body posture
recognition. In Experiment 2, we emphasized the need for an
on-line body representation by comparing inversion effects for
common and rare postures. The rationale was that rare body pos-
tures would rely more on current body inputs and simulation;
IW should show a difference in configural processing between
common and rare because he would not be able to rely as much
on stored body representations acquired prior to his illness for
these rare postures. Similar to the results for the control group,
IW showed inversion effects for human bodies presented in both
common and rare postures. Even under conditions in which the
potential need for embodied simulation was emphasized, IW’s
use of long-term spatial body representations that include both
visual and proprioceptive information (Reed, 2002) appear to be
sufficient for both common and rare body posture recognition
and embodied simulation does not appear to be necessary.
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The recognition of static human body posture does not require
embodied simulation in which an active mental reconstruction
of a posture is created via an on-line multimodal body represen-
tation that relies on current proprioceptive input. However, this
does not mean that people do not use embodied simulation when
viewing others in more naturalistic conditions. Recent studies
have demonstrated that our bodily self-awareness is not only
constituted by afferent (i.e., peripheral) information but also
by efferent (i.e., central) information (cf. Bermidez, Marcel,
& Eilan, 1998; Tsakiris, Haggard, Franck, Mainy, & Sirigu,
2005). Thus, typical visual processing of human bodies may still
be mediated by a representation that contains efferent motoric
information which is intact in IW. Such efferent signals gen-
erated along with motor commands could provide sufficient
information for maintaining a multimodal body representation
that supports perceiving others’ bodies.

Although IW does not receive any sensorimotor feedback
about his body movements, he is still able to produce body
movements using constant visual control. In fact, in order to
execute a body movement he highly relies on predictions of feed-
forward mechanisms, which are assumed to be derived from
copies of efferent signals (cf. Cole & Paillard, 1995; Stenneken,
Aschersleben, Cole, & Prinz, 2002). Thus, IW is still able to
build the efferent motor commands for overtly or covertly per-
forming body movements.

One could test the hypothesis that visual processing of human
bodies is mainly mediated by efferent motoric information by
investigating the body inversion effect in long-term tetra- or
quadriplegic patients who are deprived from both afferent and
efferent information. First support for this hypothesis is pro-
vided by the data of a quadriplegic patient we have tested. A
quadriplegic since she was 9-year-old, this now 20-year old
showed no body inversion effects for the tasks used in Experi-
ments 1 and 2.

Further, in another recent study we did find evidence that
peripheral bodily sensations can play a role in the recognition
of acting bodies, that is, actions performed by other people
(Bosbach, Cole, Prinz, & Knoblich, 2005). The deafferented
patients IW and GL both showed a selective deficit in detecting
the expectation of weight of another person when seeing him/her
lifting a box. One obvious difference between this study and the
present study is that dynamic action information (videos) was
provided in the former. Thus, there is a possibility that the obser-
vation of dynamic action information, but not the observation of
static posture information, leads to the activation of processes
in the observer’s motor system that simulate the observed action
(cf. Fischer, 2005).

To conclude, the results of this study rule out a necessary con-
tribution of current afferent, somatosensory information about
one’s own body, and thus the involvement of a dynamic, imme-
diate body representation when recognizing static human body
postures. Instead, our results can be interpreted as evidence that
prior visual and proprioceptive experience with human bod-
ies contributes to the configural processing of static human
body postures (cf. Diamond & Carey, 1986; Tanaka & Gauthier,
1997). The visual system is tuned to the structural characteristics
of upright but not inverted bodies; thus it has learned to extract

the typical configural relations characterizing human bodies. In
addition, our findings suggest that knowledge of the biomechani-
cal limitations and possibilities of a human body also contribute
to the configural processing of visual body images (cf. Reed,
Nyberg et al., 2006; Shiffrar & Freyd, 1990, 1993).

References

Astafiev, S. V., Stanely, C. M., Shulman, G.I., & Corbetta, M. (2004). Extrastriate
body area in human occipital cortex responds to the performance of motor
actions. Nature Neuroscience, 7(5), 542-548.

Bavelas, J. B., Black, A., Lemery, C. R., & Mullett, J. (1986). I show how you
feel: Motor mimicry as a communicative act. Journal of Personality and
Social Psychology, 50, 322-329.

Bermudez, J. L., Marcel, A., & Eilan, N. (Eds.). (1998). The body and the self.
Cambridge, MA: The MIT Press.

Bernieri, F. (1988). Coordinated movement and rapport in teacher—student inter-
actions. Journal of Nonverbal Behavior, 12, 120-138.

Blakemore, S.-J., Frith, C. D., & Wolpert, D. (1998). Central cancellation of
self-produced tickle sensations. Nature Neuroscience, 1, 635-640.

Blakemore, S.-J., Frith, C. D., & Wolpert, D. (2002). Abnormalities in the aware-
ness of action. Trends in Cognitive Sciences, 6, 237-242.

Boker, S. M., & Rotondo, J. L. (2002). Symmetry building and symmetry break-
ing in synchronized movement. In M. I. Stamenov & V. Gallese (Eds.),
Mirror neurons and the evolution of brain and language (pp. 163-171).
Philadelphia: Benjamins.

Bosbach, S., Cole, J., Prinz, W., Paillard, J., & Knoblich, G. (2005). Under-
standing another’s expectation from action: The role of peripheral sensation.
Nature Neuroscience, 8(10), 1295-1297.

Cole, J. (1995). Pride and a daily marathon. Boston: MIT Press.

Cole, J., & Paillard, J. (1995). Living without touch and peripheral information
about body. Position and movement: Studies with deafferented subjects. In
J. L. Bermudez, A. Marcel, & N. Eilan (Eds.), The body and the self (pp.
255-266). Cambridge, MA: The MIT Press.

Cole, J. D., & Sedgwick, E. M. (1992). The perception of force and of movement
in a man without large myelinated sensory afferents below the neck. Journal
of Physiology, 449, 503-515.

Crawford, J. R., & Garthwaite, P. H. (2002). Investigation of the single case in
neuropsychology: Confidence limits on the abnormality of test scores and
test score differences. Neuropsychologia, 40, 1196-1208.

Crawford, J. R., & Howell, D. C. (1998). Comparing an individual’s test score
against norms derived from small samples. The Clinical Neuropsychologist,
12, 482-486.

Diamond, R., & Carey, S. (1986). Why faces are not special: An effect of exper-
tise. Journal of Experimental Psychology: General, 115, 107-117.

Downing, P. E., Jihang, Y., Shuman, M., & Kanwisher, N. (2001). A cortical
area selective for processing of the human body. Science, 293, 2470-2473.

Farah, M. J., Tanaka, J. W., & Drain, H. M. (1995). What causes the face inver-
sion effect? Journal of Experimental Psychology: Human Perception and
Performance, 21(3), 628—634.

Fischer, M. H. (2005). Action simulation for others is not constrained by one’s
own postures. Neuropsychologia, 43, 28-34.

Gallese, V. (2001). The “shared manifold” hypothesis: From mirror neurons to
empathy. Journal of Consciousness Studies, 8(5-7), 33-50.

Gallese, V. (2005). Embodied simulation: From neurons to phenomenal experi-
ence. Phenomenology and the Cognitive Sciences, 4, 23-48.

Gallese, V., & Goldman, A. (1998). Mirror neurons and the simulation theory
of mind-reading. Trends in Cognitive Sciences, 2, 493-501.

Head, H., & Holmes, G. (1911). Sensory disturbances from cerebral lesions.
Brain, 34, 102-254.

Keysers, C., Wicker, B., Gazzola, V., Anton, J.-L., Fogassi, L., & Gallese, V.
(2004). A touching sight: SII/PV activation during the observation and expe-
rience of touch. Neuron, 42, 246-335.

Knoblich, G., Thornton, I., Grosjean, M., & Shiffrar, M. (Eds.). (2005). Human
body perception from the inside out. New York, NY: Oxford University Press.

Marr, D. (1982). Vision. New York: Freeman.



2958 S. Bosbach et al. / Neuropsychologia 44 (2006) 2950-2958

Pavlova, M., & Sokolov, A. (2000). Orientation specificity in biological motion
perception. Perception & Psychophysics, 62, 889-899.

Reed, C. L. (2002). What is the body schema? In W. Prinz & A. Meltzhoff (Eds.),
The imitative mind: Development, evolution, and brain bases (pp. 233-243).
Cambridge, UK: Cambridge University Press.

Reed, C. L., & Farah, M. J. (1995). The psychological reality of the body
schema: A test with normal participants. Journal of Experimental Psychol-
ogy: Human Perception and Performance, 21, 334-343.

Reed, C. L., Stone, V. E., & McGoldrick, J. E. (2005). Not just posturing: Config-
ural processing of the human body. In G. Knoblich, I. Thornton, M. Grosjean,
& M. Shiffrar (Eds.), Perception of the human body. New York, NY: Oxford
University Press.

Reed, C. L., Stone, V. E., Bozova, S., & Tanaka, J. (2003). The body inversion
effect. Psychological Science, 14, 302-308.

Reed, C. L., Nyberg, A., & Grubb, J., 2006. The embodiment of perceptual
expertise and configural processing, submitted for publication.

Reed, C. L., Stone, V. E., Grubb, J. D., & McGoldrick, J. E. (2006). Turning
configural processing upside down: Part and whole body postures. Journal
of Experimental Psychology: Human Perception and Performance, 32, 73—
87.

Rizzolatti, G., Fadiga, L., Gallese, V., & Fogassi, L. (1996). Localization of grasp
representations in humans by PET: Observation versus execution. Experi-
mental Brain Research, 3, 131-141.

Shiffrar, M., & Freyd, J. J. (1990). Apparent motion of the human body. Psy-
chological Science, 1,257-264.

Shiftrar, M., & Freyd, J. J. (1993). Timing and apparent motion path choice with
human body photographs. Psychological Science, 4, 379-384.

Shockley, K., Santana, M.-V., & Fowler, C. A. (2003). Mutual interpersonal
postural constraints are involved in cooperative conversation. Journal of
Experimental Psychology: Human Perception and Performance, 29, 326—
332.

Stekelenburg, J. J., & de Gelder, B. (2004). The neural correlates of perceiving
human bodies: An ERP study of the body-inversion effect. Neuroreport,
15(5), 777-780.

Stenneken, P., Aschersleben, G., Cole, J., & Prinz, W. (2002). Self-induced ver-
sus reactive triggering of synchronous movements in a deafferented patient
and control subjects. Psychological Research, 66(1), 40-49.

Sumi, S. (1984). Upside-down presentation of the Johansson moving light-spot
pattern. Perception, 13, 283-286.

Tanaka, J. W., & Farah, M. J. (1993). Parts and wholes in face recognition.
Quarterly Journal of Experimental Psychology, 46A, 225-245.

Tanaka, J. W., & Gauthier, I. (1997). Expertise in object and face recognition. In
R. L. Goldstone, P. G. Schyns, & D. L. Medin (Eds.), Psychology of learning
and motivation: Perceptual mechanisms of learning: Vol. 36, (pp. 83-125).
San Diego, CA: Academic Press.

Tsakiris, M., & Haggard, P. (in press). Experimenting with the acting self. Cog-
nitive Neuropsychology.

Tsakiris, M., Haggard, P., Franck, N., Mainy, N., & Sirigu, A. (2005). A specific
role for efferent information in self-recognition. Cognition, 96(3),215-231.

Valentine, T. (1988). Upside-down faces: A review of the effects of inversion
upon face recognition. British Journal of Psychology, 79, 471-491.

Wallbott, H. G. (1991). Recognition of emotion from facial expression via imi-
tation? Some indirect evidence for an old theory. British Journal of Social
Psychology, 30, 207-219.

Wilson, M. (2001). Perceiving imitatible stimuli: Consequences of isomorphism
between input and output. Psychological Bulletin, 127, 543-553.

Wilson, M., & Knoblich, G. (2005). The case for motor involvement in perceiv-
ing conspecifics. Psychological Bulletin, 131, 460—473.

Wolpert, D. M. (1997). Computational approaches to motor control. Trends in
Cognitive Sciences, 1,209-216.

Yin, R. K. (1969). Looking at upside-down faces. Journal of Experimental Psy-
chology, 81, 141-145.



	Body inversion effect without body sense: Insights from deafferentation
	Introduction
	Viewing others' bodies: a matter of embodiment?
	The present study: visual perception of body postures without proprioception

	Experiment 1
	Method
	Participants
	Apparatus and stimuli
	Design and procedure

	Results and discussion
	Data analysis of controls
	Comparison of IW with controls


	Experiment 2
	Method
	Participants
	Apparatus and stimuli
	Design and procedure

	Results and discussion
	Data analysis of controls
	Comparison of IW with controls


	General discussion
	References


