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CHAPTER 14

Seeing Human Movement as Inherently Social

Maggie Shiffrar, Martha D. Kaiser, and Areti Chouchourelou

THE OBJECTIFICATION OF HUMAN
MOVEMENT

For many decades, vision scientists objectified

thehumanbody. Thatis, studies of the perception
of the human body, in motion and in static pos-
tures, adopted the same theoretical approaches
and experimental methodologies as those used
in the study of object perception. There are cer-
tainly several reasons for this, one being his-
torical. Gunnar Johansson, the researcher who
first captured the attention of vision scientists
with point-light displays of human movement
(see Figure 14.1), does not appear to have been
particularly interested in the visual perception
of human motion, per se. Instead, his primary
goal was to define the motion processing algo-
rithms that direct grouping for all categories of
visual motion (Johannson, 1976). Nonetheless,
Johansson (1973; 1976) discovered that in as
little as 200 msec, observers could identify spe-
cific human actions from the movements of a
few points depicting the dynamic locations
of a moving person’s major joints and head.
Johansson (1973) attributed the especially vivid
percepts that observers of point-light displays of
human movement readily experience to observ-
ers’ extensive prior visual experience with those
movements. Such a conclusion suggests that,
at least in terms of visual processing, there is
nothing particularly special or distinctive about
human action other than its prevalence. Thus,
the study of human motion perception started
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with the assumption that the human body is

just another complex object.

that "processes" all |

Johansson was certainly not alorre—rrrrrr
approach to the human visual gystem as a gen-
eral purpose processor that s all categories
of the visual stimuli in the same way. Indeed,
many classic models of the visual system have
made the same assumption. For example, David
Marr (1982) developed a very influential model
of the visual system as a hierarchical system
that applies a fixed set of visual processes to all
retinal images. Roger Shepard (1984) targeted
visual motion perception directly and argued
that all types of visual motion are similarly ana-
lyzed. This argument continues to the present
day as evidence is interpreted as suggesting that
the visual perception of human movement does
not differ from the visual perception of moving
objects and surfaces (e.g., Hiris, 2007).

Of course, not all scientists understood
the visual system in this way. J. J. and Eleanor
Gibson conceptualized the visual system in
functional terms. Accordingto theirapproaches,
perception and action are intrinsically cou-
pled such that visual perception depends upon
the observer’s motor activities and capabilities
(e.g., E. Gibson, 1969; ].J. Gibson, 1986). Thus,
Gibsonian theories emphasize the functional
relationships between what a person sees and
what that person can do, or is doing. On a func-
tional level, human movement must be defined
as social, especially when compared to the
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movements of objects such as wind blown trees
and crashing waves. Because social processes
drive much of human behavior, social psy-
chologists with a Gibsonian approach began to
study the relationships between social processes
and visual perception (e.g., McArthur & Baron,
1983; Zebrowitz & Collins, 1997). The field of
social neuroscience emerged around this same
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Figure 14.1 (a) A series of static
outlines depicting the changing
shape of a walking person’s body with
° points positioned on the major joints
° and head. (b) A point light walker is
constructed by removing everything
from each image except the points.
® ®  When static, these displays are difficult
® ¢ tointerpret. However, once set in
motion, observers readily detect the
presence of a walking person.

Fiorentini, Maffei, & Sandini, 1983; Goffaux &
Rossion, 2006). Yet, social interaction certainly
doesn’t stop in the evening or when heads turn.
Because bodies are bigger than faces, observ-
ers can detect social information from bodily
motions whenever facial cues are difficult to
detect. As will be described later in this chapter
and in the chapter by Kerri Johnson (this vol-

time and one of the field’s pioneerine research-
ers, Leslie Brothers (1997; ats—

cesses that sbape.d them. Indeed, delete "this
that neuroscientists are doomed .
their quest to understand neurorn volume

If Brothers doesn't

vincingly argued that neural systhave a Chapter in
be understood independently of t|this hook please

ume). such large-scale signals convey a surpris-
of socially relevant information. Of
ces are almost always attached to bod-
e chapter by Beatrice de Gelder (this
makes clear, visual percepts of faces
es are interdependent. Nonetheless,
er will focus on the visual perception

as long as they ignore social constraints on the
development and evolution of the brain.

The ways in which individuals hold and
move their facial features conveys extensive
social information and, as several of the chap-
ters in this text have beautifully demonstrated,
the human visual system is finely tuned for
the detection and analysis of facial informa-
tion. However, social cues are not limited to the
face and the visibility of a social partner’s facial
features is not guaranteed. The high spatial
frequency content of a face become less detect-
able and face perception becomes difficult, for
example, when light levels decrease, individu-
als turn their heads, and distance between the
observer and an observed face increases (e.g.,
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tem §the movements of the human body, four

topics will be addressed. Section 2 describes
differences between the perceptual and neuro-
physiological analyses of moving people and
moving objects. The goal of this section will be
to make a convincing argument against vision
scientists’ general tendency to objectify human
movement. Indeed, evidence will be reviewed
that suggests that the human visual system uses
distinct mechanisms during the perception of
objects and people in motion. Next, Section 3
will briefly describe some of the social and emo-
tion information that observers can detect from
highly degraded displays of human motion.
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For a more extensionﬁs@ﬂfn of this topic,
the reader should consult the thapter bv Kerri
Johnson in this [extensiVE rather  jon
an argument thalthan extensiON.  [ci-
entists may find disagreeable. That 1s, classic
models of the visual system are largely modu-
lar in that visual perception depends exclusively
upon visual processes (e.g., Fodor & Pylyshyn,
1981). The output of visual processes may be
passed onto higher-level mechanisms that
process social and cognitive information, but
those higher-level processes cannot feed back
to change visual processes. Instead, social and
cognitive processes can only change the deci-
sions that observers make about their percepts.
In conflict with this traditionally bottom-up
approach, this section will review evidence
suggesting that social and emotional processes
change the visual perception, per se, of human
movement. Section 5 describes investigations
of the relationships between observers’ social
capabilities and their visual sensitivity to other

THE SCIENCE OF SOCIAL VISION

Marey’s measurement needs so he added lumi-
nous markings or small lights to the actor whose
movements he wanted to measure (Verfaillie,
2000). In this way, measurements of limb dis-
placements over time became more accurate.
Johansson (1976) adapted this technique for the
study of visual motion perception and over the
subsequent decades, scientists from around the
world used point-light displays to study the per-
ception of human motion (see Blake & Shiffrar,
2007 for review). Such research has shown that
the visual perception of point-light depictions
of human motion depends upon analyses that
are spatially global, rather than local or point-
by-point. For example, when a point-light
defined person appears to walk within a point-
light mask, as shown in Figure 14.2, observers
can reliably detect the walking person (e.g.,
Bertenthal & Pinto, 1994; Cutting, Moore, &
Morrison, 1988). Because the points in the mask
have the same size, luminance, and velocities as
the points defining the walker (indeed, masks

1.2 43
\r|RemovaI of header numbers is fine.

are generally made by duplicating the point-
|1ight walker and then scrambling the starting
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DIFFERENCES IN THE VISUAL

ANALYSIS OF HUMAN AND
OBJECT MOVEMENT

Movement, by definition, is a change in loca-
tion over time. Therefore, the visual perception
of motion depends upon analyses of luminance
across both space and time. Evidence from sev-
eral studies, summarized below, indicates that
these processes of spatio-temporal integration
differ during the perception of object movement
and physically possible human movement.

The integration of visual motion information
over space has been studied with point-light

locations of that walker’s points), local analyses
of the motions of individual points cannot be
used to detect the walker. Instead, only the glo-
bal spatiotemporal configuration of the points
distinguishes the walker from the mask. As a
result, detection of point-light walkers in a mask
depends upon on the integration of motion cues
over space (Bertenthal & Pinto 1994). When the
same masking technique is used with complex,
nonhuman motions (Hiris, Krebeck, Edmonds,
& Stout, 2005), detection sensitivity drops sig-
nificantly. This combination of results suggests
that visual sensitivity to human and object
movements differ. We’ll return to this point in

displays and multiple-aperture displays. The Section4.  |Dglete "Because"
point-light technique that Gunnar Johansson Studies us ys fro-
. . ) . . _._|land start sentence [_.
made famous in the vision sciences durine the _vide additio = = 7 B vidual
1970s was a modifi{Replace the comma with a with "All. lagger

oped by Etienne Juldperiod and end the

xtentsthan object motion. Because all

study of locomotiolgantence with "receptors.” pstems meagyre motion through spa-
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period as Eadweard Muybridge (1830-1904),
Marey developed a system for achieving mul-
tiple photographic exposures on a single
plate. The resulting images were too blurry for

trally Iimited receptors, motion information
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reads: "Yet, motion information...."
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Figure 14.2 (a) Visual sensitivity to point-light displays of human motion is frequently measured with
motion coherence discrimination tasks. Within the tasks, half of the trials depict a coherent point light
walker. (c) In the other half of the trials, the starting locations of the points are scrambled. (b,d) Then,
these scrambled and coherent point-light walkers are presented within point-light masks. The masks are
usually constructed by duplicating the walker and then scrambling that duplicate walker(s). As a result,
the same motion energy is present in the mask and walkers (whether coherent or scrambled).

spatial locations provides one solution to this
so-called aperture problem (Hildreth, 1984).
However, this solution comes with its own set of
problems because while motion integration may
be needed to integrate motion measurements
within an object, it must often be inhibited
across different objects (Shiffrar & Lorenceau,
1996). As a result, the visual system must strike
a delicate balance between motion integra-
tion and motion segmentation. Interestingly,
the visual system does not appear to adopt the
same balance point for human motion and
object motion. When observers view a walk-
ing person through a set of apertures, they
perceive coherent motion, suggesting that they
have integrated motion information across
the disconnected regions of space. However,
when observers view complex objects, such as
cars or scissors, through apertures, they per-
ceive incoherent motion that indicates a lack
of integration across space (Shiffrar, Lichtey, &
Heptulla-Chatterjee, 1997). Interestingly, only
physically possible human motions appear to
be integrated across such spatially extended
windows. Human movements that are impos-
sibly slow, fast, or oriented appear to be ana-
lyzed by local motion mechanisms (Shiftrar
etal., 1997).
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Neurophysiological evidence further sup-
ports the hypothesis that the perception of
human movement depends upon the global inte-
gration of motion measurements. For example,
the perception of point-light displays of human
motion is associated with elevated activity in
the posterior region of the superior temporal
sulcus or STSp (e.g., Bonda, Petrides, Ostry,
& Evans, 1996, Puce & Perrett, 2003). If STSp

STSP activzityy Inctea uthen the point—lights

that def] Insert
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volume"
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tructure of

the points1s broken, STSp activity drops signif-
icantly (Grossman et al., 2000). Thus, the neu-
ral processes underlying action perception in
point-light displays appear to depend upon the
global relationships between moving points.
Magnetoencephalography (MEG), a brain
imaging technique with high temporal resolu-
tion, has been used to directly compare neural
activity during the perception of point-light
displays of human motion and object motion.
Resultant analyses have identified both over-
lapping and divergent areas of neural activity.
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Specifically, while human motion and object
motion appear to be initially analyzed by over-
lapping neural areas (given the spatial resolu-
tion of MEG), their analyses diverge about 200
msec after stimulus onset (Virji-Babul et al.,
2007). Only human motion is associated with
subsequent activity in the right temporal lobe,
suggesting that the visual system differentiates
human and object motion.

As stated earlier, the visual perception of
movement also involves the integration of infor-
mation over time. Apparent motion, or the illu-
sion of movement between brief static images
(Wertheimer, 1912), is a classic technique for
investigating the temporal characteristics of
visual motion perception. In classic demonstra-
tions of apparent motion, two spatially sepa-
rated objects are sequentially presented. Within
certain temporal parameters, this sequential
presentation of static objects gives rise to the
perception of a single moving object. While
there are an infinite number of paths that might
connect any two object locations, perceived
paths of apparent motion usually follow the
shortest possible path (Burt & Sperling, 1981).
Because human limbs follow approximately
pendular trajectories (because we are jointed),
human movement cannot follow direct, recti-
linear trajectories. Consistent with this conflict,
something interesting can happen when images
of people replace images of objects in apparent
motion displays.

When observers view apparent motion dis-
plays depicting a person with a limb in two dif-
ferent positions (Figure 14.3), their apparent

Time

THE SCIENCE OF SOCIAL VISION

motion percepts depend upon the display rate.
When pictures of the human body are pre-
sented at temporal rates that fall within the
temporal range for the production of normal
human actions, observers tend to perceive paths
of apparent motion that are consistent with the
biomechanical constraints on human move-
ment (Shiffrar & Freyd, 1990; 1993). That is, they
perceive physically possible paths of apparent
human motion rather than the shortest, phys-
ically impossible path of human movement.
When these same pictures are presented at rates
that are inconsistent with the possible speeds
of human movement, then observers perceive
the shortest possible paths of apparent motion,
even if those paths are physically impossible.
Conversely, when control objects are shown at
different apparent motion display rates, observ-
ers always perceive the shortest possible paths of
apparent motion. This pattern of results suggests
that human movement is analyzed by motion
processes that operate over relatively large tem-
poral windows and that take into account the
biomechanical limitations of the human body.
Brain imaging data support this conclusion
(Stevens, Fonlupt, Shiffrar, Decety, 2000). When
observers of apparent motion displays perceive
physically possible paths of limb movement
(slower display rates), neural activity increases
in motor planning areas and body representa-
tion areas. When display rates increase, so that
observers perceive physically impossible paths
of apparent human motion, neural activity
does not increase in these areas. Furthermore,
these areas remain relatively inactive during
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Figure 14.3 An apparent motion display of an arm on either side of a persorsTreatwr—rrrrong oS TIIeaTT
appears to move around the head. At short ISIs, the arm appears to move through the head following the

shortest possible path of apparent motion.
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THE VISUAL DETECTION OF
SOCIAL AND EMOTIONAL
INFORMATION FROM HUMAN
MOVEMENT

Most studies of the visual perception of human
movement have focused on the detection of
physical features. Given the traditional assump-
tion that object movement and human body
movement are similarly, if not identically, pro-
cessed, it is not surprising that the perception of
physical features (shared by objects and humans)
has been emphasized. For example, participants
viewing point-light displays of human move-
ment are frequently asked to discriminate the
location, presence, coherence, or direction of
their moving target. A few studies have asked
observers to categorize the actions that a point-
light actor performs (e.g., Dittrich, 1993).
Importantly, an impressive variety of social
features can also be detected from degraded
displays of human movement. For example,
naive observers are above chance in their ability
to detect a walking person’s gender from point-
light displays (Barclay, Cutting, & Kozlowski,
1978; Pollick, Kay, Heim, & Stringer, 2005;
Johnson,_thi indivi ’

orientatf Change to: Weisbuch &
leyﬁ_c Ambady, this volume

Ambady, this volume, Johnson, Gill, Reichman,
& Tassinary, 2007; Johnson, this volume).
Numerous studies have showji that observers
can recognize the identities of\other people, as
well as themselves from dynamic, but not static,
point-light displlchange to i,
1977; Jacobs, Pint johnson, Pollick & [

Daum, & Troje, 2 ; &
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that untrained observers can detect another
person’s potential reproductive fitness (Brown
et al,, 2005), degree of psychological open-
ness (Brownlow, Dixon, Egbert, & Radcliffe,
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point-light displays. Such findings indicate that
when people move, their movements express
extensive social information that the human
visual system is capable of detecting.
Intentionality is another complex psycho-
logical state that naive observers can detect in
point-light displays of human movement. In
a now classic study, individuals were asked to
move in a manner that was either consistent
or inconsistent with their own gender. When
naive observers viewed point-light displays of
these deceptive actions, they readily detected
the deceptive intentions (Runeson & Frykholm,
1983). In this same set of studies, point-light
displays were created of people who lifted an
empty box normally and in a manner that
erroneously suggested that the box was heavy.
Again, observers accurately detected the deceit-
ful lifts. Visual sensitivity to the intention to
deceive is experience dependent. For example,
the accuracy with which a stationary observer
can determine whether a point-light defined
basketball player illchange to 2009 |
or to fake a pass depends upon fhe observer’s
motor and visual experience plagjng the game
of basketball (Sebanz & Shiffrar, 2008).
Affective state can also be reliably detected
in point-light displays of human movement.

Observers can readily identify the emotions
felt by point-light defined individuals who
move their entire bodies (Atkinson, Dittrich,
Gemmell, & Young, 2004; Dittrich et al., 1996).
Even more impressively, naive observers can
identify the emotional state of a person knock-
ing on a door when only the knocking, point-
light arm is visible (Pollick, Paterson, Bruderlin,
& Sanford, 2001). The affective states of point-
light defined individuals appear to be most
recognizable when they are presented within a
consistent social context. For example, when a
point-light defined person expresses some emo-
tional state during an interaction with another
person, that emotional state is most accurately
detected when point-light displays show both
individuals rather than only the emotional
individual (Clarke, Bradshaw, Field, Hampson,
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& Rose, 2005). Thus, social and emotional cues
appear to be integrated during the visual analy-
sis of human movement. Neurophysiological
evidence supports this conclusion. The STSp is
required for the visual perception of point-light
displays of human movement (Saygin, 2007).
Interestingly, the STSp responds more strongly
during the perception of emotional than instru-
mental actions (Gallagher & Frith, 2004).
Furthermore, STSp activity is clearly involved
in the analysis of visual cues to socially relevant
information (e.g., Allison, Puce, & McCarthy,
2000). Thus, overlapping neural circuitry is
involved in the visual perception of emotion,
social cues, and human action (Puce & Perrett,
2003). Because people express emotional states
and behave socially, whereas physical objects do
not, these results provide additional evidence
that the human visual system differentiates its
analyses of human and object motion.

To interact successfully with other people, it
would be helpful if one could detect other peo-
ple’s social, affective, and intentional states. The
results summarized earlier indicate that such
detection is possible with only a few moving
points. Sensitivity to social and emotional cues
in significantly degraded visual stimuli suggests
that the human visual system is well tuned for
the detection and analyses of essentially human
information. Thus, the results summarized here
suggest that the visual system plays a critical role
in allowing and promoting human interaction.

SOCIAL AND EMOTIONAL
PROCESSES CHANGE HUMAN
MOVEMENT PERCEPTION

The previous section focused on the types of
social and affective information that naive
human observers can detect from whole body
human movements, especially those depicted
in point-light displays. The ability to detect
such high-level information presents no chal-
lenge to traditional models of the visual system.
According to such modular, feed-forward mod-
els, the outputs of low-level visual processes
are simply passed along to subsequent social
and affective mechanisms that extract socially
relevant information. However, although the

THE SCIENCE OF SOCIAL VISION

visual system has been traditionally understood
as a feed-forward system, neurophysiological
support for feedback processes has long been
available (e.g., Rockland & Pandya, 1979). At
least within the visual system, feedback con-
nections appear to be more extensive than feed-
forward connections (Salin & Bullier, 1995).
Interestingly, and contrary to many long held
assumptions, feedback connections can modify
lower level visual processes very quickly, indeed,
in as little as 10 msec (Hupe et al., 2001). Recent
researchers have made significant advances in
understanding core visual processes, such as
object recognition, by taking feedback or top-
down processing into account (e.g., Kveraga,
Ghuman, & Bar, 2007). The visual area that is
critical for the perception of point-light displays
of human motion—namely, the STSp (Saygin,
2007)—is tightly connected with the neural
areas involved in social and emotional processes
(e.g., Adolphs, 1999; Allison et al., 2000). If feed-
back from social and emotional mechanisms
can rapidly modify lower-level visual analyses,
then one would expect to find that social and
emotional information can change visual sen-
sitivity to human movement. This proposal was
tested in the following experiments.

Social Processes

Does the visual perception of human movement
change as a function of the social context within
which that movement appears? Recall that social
context enhances visual sensitivity to a point-
light actor’s emotional state (Clarke et al., 2005).
Furthermore, fMRI data suggest that people
spontaneously and continuously monitor visual
scenes for their social content. When people
passively observe a human action within a social
context, increases in neural activity are found
in the medial parietal and medial prefrontal
cortices, areas that are interconnected with the
STS (Iacoboni et al., 2004). However, when that
same human action is presented in social isola-
tion, that is, in the absence of another person, no
activation increases are found. Thus, something
changes when human actions are presented
within social contexts. But, does visual sensitiv-
ity to human movement change, per se?
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Figure 14.4 Apparent motion stimuli adapted from Chouchourelou & Shiffrar (2008). The same hu-
man movement appears in three different static contexts. (a) On the top row, two frames of an apparent
motion sequence depict a person on the right gesturing towards a static person. Notice that the person
on the left remains stationary while there is a displacement of the right arm of the other person. (b) The
same human gesture appears in isolation or (c) within the context of a stationary object. When asked to
judge how much motion is depicted in these apparent motion displays, observers who view the move-
ments within social contexts, as in (a), report the perception of significantly more motion than observers
who view the identical displacements in non-social contexts, as in b and c.

To determine whether social context influ-
ences the visual perception of human move-
ment, Areti Chouchourelou conducted the
following studies of apparent motion percep-
tion. In the first study, naive participants viewed
a set of two-frame apparent motion stimuli
depicting a woman performing various simple
actions, such as reaching, pointing, or kicking
(Figure 14.4). These stimuli were constructed by
filming two people interacting with each other.
The resulting digital video clips were systemat-
ically edited. First, two static frames, separated
by 150 msec, were pulled from the video clip of

15-Adams-Chap14.indd 269

each action. These static frames were edited so
that everything from each frame was removed
except the person performing the action. Then,
graphic editing was used so that each two-frame
action sequence appeared in isolation, directed
toward a static object, or directed toward a static
person. The assumption was made that the pres-
ence of another person created a social context,
whereas the presence of an object did not.

Each participant saw all of the actions pre-
sented in one of the different contexts. Across
trials, the display rate of the apparent motion
stimuli was varied. Each picture in an apparent
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motion stimulus pair was displayed for a 100
msec and the time between each picture, or
inter-stimulus-interval, ranged from 10 to 600
msec. Participants were lead to believe that
they were taking part in a study of the dynamic
image quality of various computer monitors.
That is, the phenomenon of apparent motion
was explained to them. Then participants were
told that monitors vary in the quality of appar-
ent motion that they produce. Participants were
then asked to watch various apparent motion
sequences for 5 seconds each and to rate how
much motion they saw on a scale from 1 (no
motion) to 7 (smooth motion) in each apparent
motion sequence. Participants who viewed the
actions \./v1th11.1 a so Change to 2011
ent motion display
more motion than participant
the same actions in the nonlgecial contexts
(Chouchourelou & Shiffrar, 2008). That is, even
though participants viewed identical physical
displacements, because the same human dis-
placements appeared in every context, motion
percepts were enhanced for social human
actions relative to isolated actions or actions
directed toward objects. This result is consistent
with the hypothesis that social processes change
fundamental aspects of the visual perception of
human movement.

There is, however, an alternative interpre-
tation of the these results. That is, all of the
apparent motion stimuli were constructed from
human actions that were originally directed
toward another person. So maybe more com-
pelling motion percepts were reported in the
social context simply because the actions made
the most sense within that context. To address
this confound, another study was conducted.
Stimulus construction began with the digital
videotaping of human actions directed toward
objects and toward people. As before, two static
frames were pulled from the video depicting
each action. These frames were edited so that
only the central moving person was visible.
Then, a pilot study was conducted with these
two sets of isolated actions. As before, naive
observers rated the amount of movement (as
compared to stationary flashing) they perceived
when they viewed each action in isolation. The

who viewed
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resulting judgments were used to equate stimuli
for the amount of perceived movement they pro-
duced. Once the stimuli were equated, graphic
editing was used to reintroduce the stationary
images of the original object or person toward
which each action had been directed. Then a
new group of participants rated the amount of
movement they observed in the two types of
apparent motion sequences. The results of this

experiment showed that ng<=e—b ;
nificantly more motion w]Change to 2011

displays depicted actions directed |toward
another person than actions directed tgward an
object (Chouchourelou & Shiffrar, 2008). This
finding is consistent with the hypothesis that
the neural analysis of object-directed actions
differs from the analysis of person-directed
actions (Jacobs & Jeannerod, 2003). Indeed, the
results of these two studies suggest that social
processes, per se, spontaneously enhance the
visual analysis of human motion. Given that
human movement is an inherently social stim-
ulus, it certainly makes sense that social context
would contribute to its analysis.

Emotional Processes

Is the visual analysis of human action simi-
larly modulated by the emotional content of
that action? Neuroanatomical connections
between visual and emotional areas suggest
that such modulation is possible. The STSp, a
visual area that plays a critical role in the per-
ception of human movement (e.g., Grossman
et al.,, 2000; Saygin, 2007), is extensively inter-
connected with the amygdala, a region of the
limbic system that is involved in the analysis
of the emotional content of sensory informa-
tion (Brothers, 1997; Amaral, 2003). Recurrent
processing between the amygdala and the STSp
(Amaral, 2003) raises the possibility that the
visual analysis of human movement is system-
atically modified by the emotional content of
that movement. A series of psychophysical stud-
ies by Chouchourelou and her colleagues (2006)
produced data that are consistent with this
prediction. Stimulus construction began when
trained actors walked within a motion capture
system while expressing five different emotional
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states: happy, sad, angry, fearful,and neutral. The
motion-capture data were converted into point-
light displays. In the first study, naive observers
viewed the emotional point-light walkers one
by one and reported each walker’s emotional
state. Performance in this emotion recognition
task was well above chance, confirming pre-
vious findings (Atkinson et al., 2004; Dittrich
et al,, 1996). Then, point-light movies with at
least 83 percent interparticipant agreement in
this emotion recognition task were selected for
use in subsequent studies.

In the main study, point-light walkers with
readily recognizable emotional states were
placed within specially constructed point-light
masks. Each walker was presented within its own
mask. Each mask was constructed by scram-
bling the starting locations of the points defin-
ing the walker that appeared within that mask.
Thus, a happy walker was presented within its
own happy mask and a sad walker was presented
within its own sad mask. As a result, for each
stimulus, there was no net velocity difference

sensitivity to the presence of angry walkers
(Chouchourelou, Matsuka, Harber, & Shiffrar,
2006). This finding is particularly interesting
because researchers have argued that the amyg-
dala is most responsive to potentially threat-
ening stimuli (Amaral, 2003; Whalen et al,,
2004). An angry person is clearly a threatening
stimulus. Thus, these results suggest that emo-
tional processes automatically contribute to and
indeed help to define visual sensitivity to the
actions of other people.

SOCIAL BEHAVIOR AND THE
DETECTION OF HUMAN
MOVEMENT

Most researchers who study the visual percep-
tion of human movement motivate their experi-
ments with the argument that successful social
behavior requires the rapid and accurate per-
ception of other people’s actions (e.g., Blake &
Shiffrar, 2007). Although this assertion seems
simple enough, it nonetheless predicts that there
isa direct relationship between visual sensitivity

between the points defining the walkepand-th

points defining the mask. This manip Capitalize )
important because different emotions [Spectrum Disorder

vement and social behavior. This
been tested with studies of the

ciated with different patterns of movement
(Pollick et al., 2001). For example, sad people
tend to move slowly whereas happy people move
more quickly. The technique described ensured
that walker detection performance could not be
driven by the differences in_cai i i-
ated with different emotion|Change "with"
In one half of the tri to "within"

walker was present with its point-Iight mask.
On the other half of the trials, the walker was
scrambled, like the mask, so that no coherent
walker was present. Participants viewed each
masked display and reported whether a coher-
ent point-light walker was present within the
mask. No feedback was provided. Importantly,
participants were not asked to judge any emo-
tional information. Indeed, the experimenter
never mentioned emotion. Participants sim-
ply reported whether a walker was present or
absent. The results showed that walker detec-
tion was systematically modulated by the emo-
tional content of the walkers’ gaits. Specifically,
participants demonstrated the greatest visual
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ceptual capabilities of people with Autism
spectrum disorder (ASD). ASD is an inherently
social disorder thataffects, to varying degrees, an
individual’s ability to communicate and interact
with other people (DSM-IV TR, 2000). If visual
sensitivity to human action is directly related to

successful social behavior._then observers with

ASD should show deficjlnsert reference:
observers, in their visualKaiser & Shiffrar,
movement. Yet, previodon0Q

have not resolved whethe
are compromised in their visual sensi{jvity to
point-light displays of human movement.

Autism Spectrum Disorder

Moore, Hobson, and Lee (1997) were the first to
examine the visual perception of human move-
ment by observers with ASD. In their studies,
children and adolescents with autism or non-
autistic retardation viewed variable-duration
point-light displays of people and objects and
verbally described each display. No significant
differences were found in the amount of time
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that observers with ASD and controls needed
to accurately describe each movie’s content.
Observers with ASD did show, however, a non-
significant trend toward delayed recognition of
moving people when defined by only 5 point
lights. Children with ASD were significantly less
likely to describe a point-light person’s emotional
state (e.g., happy, sad) than nonautistic control
observers, but those with ASD showed no differ-
ence from controls in their tendency to describe
the type of action being performed (e.g., walk-
ing, running). This finding was replicated with
observers with Asperger’s Syndrome (Hubert
et al., 2007). These researchers concluded that
young observers with ASD exhibit normal per-
ceptual sensitivity to human movement, per se,
but they exhibit impairments in the attribution
of mental states to human movement. However,
because autism is strongly associated with lan-
guage deficits (DSM-IV-TR, 2000), it is difficult
to interpret the results of verbal measures.
Motivated by concerns about the sensitiv-
ity of descriptive measures, Blake and his col-
leagues (2003) conducted a two-alternative
forced-choice study of visual sensitivity to
point-light displays of human motion by young
observers with ASD and matched controls. On
half of the trials, observers viewed brief point-
light movies of a person performing some action
such as running, throwing or jumping. On the
other half of the trials, the points defining the
point-light actors were temporally scrambled
to disrupt the hierarchy of pendular motions
that define the human body. Children viewed
these point-light movies in random order and
reported whether the dots moved like a person.
As a control for grouping processes, these same
observers also performed a global form task by
pointing to which of four quadrants contained
a static, circular target shape among an array
of distractor line segments. These researchers
found that children with ASD performed the
human motion detection task more poorly than
matched controls and the global form detection
task as well as controls. Impressively, a signifi-
cant correlation was found between children’s
severity of autism and their performance on the
human motion detection task. These research-
ers concluded that children with ASD are

THE SCIENCE OF SOCIAL VISION

compromisedin theirability to perceive coherent
human motion. However, alternative interpre-
tations remain. Given the diagnostic language
and communication impairments in ASD, chil-
dren with ASD may have performed relatively
poorly on the human motion task compared to
the static form task because the first required
a verbal response whereas the second did not.
Furthermore, because a static control task was
used, the results of this experiment are consis-
tent with the hypothesis that observers with
ASD show deficits in global motion processing,
in general, and not in human motion process-
ing, in specific. Consistent with this alternative
explanation, several studies have reported that
observers with ASD show deficits in their abil-
ity to perceive global motion in random dot cin-
ematograms (Milne et al., 2002; Pellicano et al.,
2005; Spencer et al., 2000).

There is, nonetheless, neurophysiological
evidence suggesting that autism does impact
the visual analysis of human movement.
Recent studies have identified associations
between ASD and abnormalities in the STSp
(e.g., Boddaert et al., 2004; Pelphrey, Morris,
McCarthy, & LaBar, 2007). If abnormalities in
the STSp impact the visual analysis of human
movement, then observers with ASD should
show selective deficits in their visual perception
of human movement.

Martha Kaiser and her colleagues recently
began a series of experiments designed to avoid
the pitfalls that have complicated previous stud-
ies. In these studies, observers with ASD and
controls are asked to perform a motion coher-
ence discrimination task with point-light depic-
tions of human motion and object motion. The
human stimuli depict a point-light-defined per-
son walking and/or reaching over to pick up an
object. The object stimuli depict a point-light-
defined tractor with a front bucket that moves
forward while the bucket does or does not
reach down to pick up an object. Across trials,
these stimuli are presented as either coherent
or scrambled by a rearrangement of the start-
ing positions of the point-lights. In the human
condition, participants report with a button
press whether the point lights were stuck to a
person. In the object condition, participants
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similarly report whether the point lights were
stuck to |4 tractor. The preliminary results
(Kaiser & Shiffrar, 2007) indicate that observ-
ers with ASD and controls show no significant
difference in their visual sensitivity to the pres-
ence of coherent object motion. Conversely,
in the human motion condition, task perfor-
mance by control observers is significantly bet-
ter than performance by observers with ASD.
These results suggest that observers with ASD
have a specific deficit in their visual sensitivity
to human motion. This deficit in visual sensi-
tivity to human movement cannot be attributed
to a general deficit in global motion perception
because observers with ASD performed as well
as typical observers in the tractor motion detec-
tion task. Furthermore, task performance in the
human motion condition cannot be attributed
to cognitive deficits in task comprehension or
response production because the same task and
response were used in the object motion con-
dition where observers with ASD performed
as well as controls. Such evidence supports the
hypothesis that visual sensitivity to human
movement is related to, or may even be a pre-
cursor to, successful social behavior.

Typical Observers

Although the described results are useful for
understanding perceptual processing in autism,
they do not inform us about the relationships
between action perception and social behavior
intypical observers. To address thatissue, Kaiser
took advantage of the fact that autistic symp-

toms appear in both clinical and ngnclinical
populatiorinsert dash here In other
wordg{aut|"non-autistic" s typical,

non autistic individuals. Interestingly, nonau-
tistic scientists, mathematicians, and engineers
exhibit more autistic traits than scholars in the
humanities and social sciences (Baron-Cohen
et al., 2001). The Autism-Spectrum Quotient
or AQ is a short questionnaire that measures
the extent to which individuals with normal
IQs exhibit autistic traits (Baron-Cohen et al.,
2001). To investigate the relationship, if any,
between visual sensitivity to human move-
ment and social behavior, typical univer-
sity students performed the same point-light
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keep the second

human-myior—arra—tracror-mmotromr=uctectoT
tasks described already described and then
completed the AQ questionnaire. The results
showed that as scores on the AQ increased, indi-
cating the increasing presence of autistic traits,
performance on the human motion detection
task decreased. Importantly, performance on
the tractor motion detection task did not vary
with scores on the AQ (Kaiser, Fermano, &
Shiffrar, 2008). These data suggest that visual
sensitivity to human motion is indeed related
to social behavior in the typical population.
The directionality of that relationship remains
to be determined. That is, we do not yet know
whether enhanced visual sensitivity to human
movement promotes more successful social
behavior or whether successful social behavior
leads to improvements in visual sensitivity to
human movement, or both.

GENERAL CONCLUSION

In conclusion, the results of the studies summa-
rized here indicate that the visual perception
of human motion differs in fundamental ways
from the visual perception of object motion.
First, multiple psychophysical measures indicate
that visual analyses of human motion involve the
integration of information over greater spatio-
temporal extents than the visual analysis of com-
plex object motion. One result of such expanded
integration capacities may be the ability to tol-
erate more noise during action perception. The
lifetime of visual experience that observers gain
from watching the actions of other people likely
enhances noise tolerance (Bulthoff, Bulthoff, &
Sinha, 1998), as does disambiguating input from
motor, social and emotional centers (see Blake &
Shiftrar, 2007 for review). Second, neurophysio-
logical evidence shows that distinct neural areas
are involved in the visual analysis of human
motion. Although the perception of meaning-
ful objects and people in motion initially rely
on overlapping mechanisms, divergent process-
ing is found soon thereafter (Virji-Babul et al.,
2007). Third, naive observers are able to detect
an impressive variety of surprisingly complex
and subtle types of socially relevant informa-
tion from the movements of the human body.
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Obviously, the detection of such information
in object motion is not possible because objects,
unlike people, do not vary, for example, in their
social dominance, sexual orientation, psycho-
logical openness, or affective state. Instead, the
visual perception of dynamic stimuli that are
structurally and/or biomechanically consistent
with an observer’s own body appears to trig-
ger social, emotional, and motor analyses that
help to define visual sensitivity to those stimuli
(Shiffrar, 2006). This is not to say that objects
cannot be interpreted as having human-like
characteristics (Hieder & Simmel, 1944). Indeed,
perception of geometric figures can trigger activ-
ity in the STSp (Castelli, Frith, Happe, & Frith,
2002). Fourth, social and emotional processes
significantly modify visual sensitivity to human
movement. The dynamic cues to emotion that
are produced by an individual’s bodily actions
alter an observer’s ability to detect the presence
of that person’s moving body. Furthermore, the
ability to detect the presence of human motion
within apparent motion displays depends upon
the social context within which that motion is
presented. And finally, visual sensitivity to the
presence of coherent human movement, but
not coherent object movement, correlates with
observers’ autistic tendencies. Because autism
is an inherently social disorder (Schultz, 2005),
this result suggests that an observer’s social abil-
ities are related to that observer’s visual sensitiv-
ity to the actions of other people.

For the past several decades, vision scien-
tists and psychologists have been fascinated by
point-light displays of human movement. These
displays are surprisingly engaging. The results
of the studies described in this chapter suggest
that point-light displays of human motion may
be especially compelling because their visual
analysis is deeply intertwined with human social
behavior. Indeed, the human visual system

—to_datactvaflact—and promote the com-
delete "Autism efine us as human.

Speaks (grant

#1414)" and INT

replace it with "the T Speak
H . fhan utism eaKs

Simons Foundation al Science Foundation

(grant #94915). ort.

15-Adams-Chapl4.indd 274

THE SCIENCE OF SOCIAL VISION

REFERENCES
AdolphsR. (1999). Social cognition and the human

brai rep tive | =
Allison, TSR INsert missing comma

perception from visual cues: Role of the STS
region. Trends in Cognitive Science, 4, 267-278.
Amaral, D. G. (2003). The amygdala, social behav-
ior, and danger detection. Annual New York
Academy of Science, 10007337-347.
Ambady, N., Hallahafi; M., & Conner, B. (1999).
Acgn indbaaante af caxual orienta-

vacs of
tiogShould be "Annals }. Journal of

Periof the New York..." | 77 538-547.
Atkinson, AP, Dittrich, W.H., Gemmell, AJ., &

Young, A.W. (2004). Emotion perception from
dynamic and static body expressions in point-
light and full-light displays. Perception, 33,
717-746.

Barclay, C., Cutting, J., & Kozlowski, L. (1978).
Temporal and spatial factors in gait perception
that influence gender recognition. Perception
& Psychophysics, 23, 145-152.

Baron-Cohen, S., Wheelwright, S., Skinner, R.,
Martin, J., & Clubley, E. (2001). The Autism-
Spectrum Quotient (AQ): Evidence from
Asperger syndrome/high functioning autism,
males and females, scientists and mathemati-
cians. Journal of Autism and Developmental
Disorders, 31, 5-17.

Bertenthal, B.I., & Pinto, J. (1994). Global process-
ing of biological motions. Psychological Science,
5,221-225.

Blake, R., & Shiffrar, M. (2007). Perception of
human motion. Annual Review of Psychology,
58, 47-74.

Blake, R., Turner, L., Smoski, M., Pozdol, S., &
Stone, W. (2003). Visual recognition of biologi-
cal motion is impaired in children with autism.
Psychological Science, 14, 151-157.

Boddaert, N., Chabane, N., Gervais, H., Good, C.
D., Bourgeois, M., Plumet, M. H., et al. (2004).
Superior temporal sulcus anatomical abnor-
malities in childhood autism: A voxel based
morphometry MRI study. Neuroimage, 23,
364-3609.

Bonda, E., Petrides, M., Ostry, D., & Evans, A.
(1996). Specific involvement of human parietal
systems and the amygdala in the perception of
biological motion. Journal of Neuroscience, 16,
3737 - 3744.

Brothers, L. (1997). Friday’s footprint: How soci-
ety shapes the human mind. London: Oxford
University Press.

5/3/2010 4:28:49 PM


maggieshiffrar
Callout
delete "Autism Speaks (grant #1414)" and replace it with "the Simons Foundation (grant #94915).

maggieshiffrar
Callout
insert missing comma

maggieshiffrar
Callout
Should be "Annals of the New York..."


®

OUP UNCORRECTED PROOF - FIRST-PROOF, 03/5/2010, NEWGEN

SEEING HUMAN MOVEMENT AS INHERENTLY SOCIAL 275

Brown, W.M,, Cronk, L., Grochow, K., Jacobson, A.,
Liu, C.K,, et al. (2005). Dance reveals symmetry
especially in young men. Nature, 438, 148-150.

Brownlow, S., Dixon, A.R., Egbert, C.A., & Radcliffe,
R.D. (1997). Perception of movement and dancer
characteristics from point-light displays of
dance. Psychological Record, 47, 411-421.

Bulthoff, I, Bulthoff, H., & Sinha, P. (1998). Top-
down influences on stereoscopic depth-per-
ception. Nature Neuroscience, 1, 254-257.

Burt, P., & Sperling, G. (1981). Time, distance, and
feature trade-offs in visual apparent motion.
Psychological Review, 88, 171-195.

Castelli, F., Frith, C., Happe, F., & Frith, U. (2002).
Autism, Asperger syndrome and brain mecha-

nisms for the attr

animated shapes. B Change from 2008
Chouchourelou, A., Jto 2011

tional actions. Social Neurosciencéyl, 63-74.

Chouchourelou, A., & Shiffrar, M. (2008). Social
context influences the visual perception of
apparent human motion. Manuscript under
revision.

Clarke, T.J., Bradshaw, M.F,, Field, D.T., Hampson,
S.E., & Rose, D. (2005). The perception of emo-
tion from body movement in point-light dis-
plays of interpersonal dialogue. Perception, 34,
1171-1180.

Cutting, J., & Kozlowski, L. (1977). Recognizing
friends by their walk: Gait perception without
familiarity cues. Bulletin of the Psychonomic
Society, 9, 353-356.

Cutting, J. E., Moore, C., & Morrison, R. (1988).
Masking the motions of human gait. Perception
& Psychophysics, 44, 339-347.

Diagnostic and statistical manual of mental disor-
ders (DSM-IV-TR). (2000). Washington, DC.:
American Psychiatric Association.

Dittrich, W.H. (1993). Action categories and the
perception of biological motion. Perception,
22,15-22.

Dittrich, W.H., Troscianko, T., Lea, SEG., &
Morgan, D. (1996). Perception of emotion from
dynamic point-light displays represented in
dance. Perception, 25, 727-738.

Fiorentini, A., Maftfei, L., & Sandini, G. (1983). The
role of high spatial frequencies in face percep-
tion. Perception, 12, 195-201.

Fodor, J.A., & Pylyshyn, Z. (1981). How direct is
visual perception? Cognition, 9, 139-196.

Gallagher, H.L., & Frith, C.D. (2004). Dissociable
neural pathways for the perception and

Shiffrar, M. (2006). The visual ant;sis of emo-

15-Adams-Chap14.indd 275

recognition of expressive and instrumental
gestures. Neuropsychologia, 42, 1725-1736.

Gibson, E. (1969). Principles of perceptual learn-
ing and development. New York: Meredith
Corporation.

Gibson, J.J. (1986). The ecological approach to
visual perception. Hillsdale, NJ: Lawrence
Erlbaum Associates.

Goffaux, V., & Rossion, B. (2006). Faces are
“spatial’-Holistic face perception is sup-
ported by low spatial frequencies. Journal of
Experimental Psychology: Human Perception &
Performance, 32, 1023-1039.

Grossman, E., Donnelly, M., Price, R., Pickens, D.,
Morgan, V., et al. (2000). Brain areas involved
in perception of biological motion. Journal of
Cognitive Neuroscience, 12, 711-720.

Gunns, R.E., Johnston, L., & Hudson, S. (2002).
Victim selection and kinematics: A point-light
investigation of vulnerability to attack. Journal
of Nonverbal Behavior, 26, 129-158.

Heider, F., & Simmel, M. (1944). An experimental
study of apparent behavior. American Journal
of Psychology, 57, 243-259.

Hildreth, E. (1984). The measurement of visual
motion. Cambridge, MA: MIT Press.

Hiris, E., Krebeck, A., Edmonds, J., & Stout, A.
(2005). What learning to see arbitrary motion
tells us about biological motion perception.
Journal of Experimental Psychology: Human
Perception & Performance, 31, 1096-1106.

Hiris, E. (2007). Detection of biological and non-
biological motion. Journal of Vision, 7, 1-16.

Hubert, B., Wicker, B., Moore, D.G., Monfardini,
E., Duverger, H., Da Fonseca, D,, et al. (2007).
Recognition of emotional and non-emotional
biological motion in individuals with autis-
tic spectrum disorders. Journal of Autism and
Developmental Disorders, 37, 1386-1392.

Hupe, J.M., James, A.C., Girard, P., Lomber, S.G.,
Payne, B.R., & Bullier, J. (2001). Feedback
connections act on the early part of the
responses in monkey visual cortex. Journal of
Neurophysiology, 85, 134-145.

lacoboni, M., Lieberman, M., Knowlton, B.,
Molnar-Szakacs, 1., Moritz, M., Throop, J.
et al. (2004). Watching social interactions
produces dorsomedial prefrontal and medial
parietal BOLD fMRI signal increases com-
pared to a resting baseline. Neuroimage, 21,
1167-1173.

Jacobs, A., & Jeannerod, M. (2003). Ways of seeing.
New York: Oxford University Press.

5/3/2010 4:28:50 PM


maggieshiffrar
Callout
change from 2008 to 2011


15-Adams-Chap14.indd 276

®

OUP UNCORRECTED PROOF - FIRST-PROOF, 03/5/2010, NEWGEN

276

Jacobs, A., Pinto, J., & Shiffrar, M. (2004).
Experience, context, and the visual perception
of human movement. Journal of Experimental
Psychology: Human Perception ¢ Performance,
30, 822-835.

Johansson, G. (1973). Visual perception of bio-
logical motion and a model for its analysis.
Perception & Psychophysics, 14, 201-211.

Johansson, G. (1976). Spatio-temporal differen-

THE SCIENCE OF SOCIAL VISION

Journal of Child Psychology and Psychiatry, 43,
255-263.

Montepare, J.M., & Zebrowitz—McArthur, L.A.
(1988). Impressions of people created by
age-related qualities of their gaits. Journal of
Personality and Social Psychology, 55, 547-556.

Moore, D. G., Hobson, R. P, & Lee, A. (1997).
Components of person perception: An investi-
gation with autistic, non-autistic retarded and

tiation and
ception: A

data pr

379-393.
Johnson,

L.G.

Please add new reference: Kaiser, M.D., &
analysis of |Shiffrar, M. (2009). The visual perception of
motion by observers with autism spectrum
disorder: A review and synthesis. Psychonomic

d adolescents.
tal Psychology,

M., Kevin, D., &
global process-
\way in autism:
pk visuospatial

Lod

2007 Bulletin & REViEW, 16, 761-777.

L. 2 AL

Judging sexual oy

r, M. D., & Shi

change this reference to:
Kaiser, M.D., Delmolino, L., Tanaka, J.,
Jokisfh, D, Daum, | @ Shiffrar M. (2010). Comparison of
Visual Sensitivity to Human and Object
Motion in Autism Spectrum Disorder,
Autism Research, in press.

ologia, 43, 1044-1053.

, McCarthy, G., & LaBar,
n of dynamic changes
entity in autism. Social,
INeuroscience, 2, 140-149.
H.M., Bruderlin, A., &
Perceiving affect from
fion, 82, 51-61.

perception ofhum T TTTOVETTIETTL I7T OO LISITL. T aperl
presented at the 6th International Meeting for
Autism Research, Seattle, WA.

Kaiser, M., Fermano, Z., & Shiffrar, M. (2008,
May). Visual sensitivity to human movement
and the magnitude of autistic traits. Paper
presented at the 7% International Meeting for
Autism Research, London, England.

Kveraga, K., Ghuman, A. S., & Bar, M. (2007).
Top-down predictions in the cognitive brain.
Brain and Cognition, 65, 145-168.

Loula, F, Prasad, S., Harber, K., & Shiffrar, M.
(2005). Recognizing people from their move-
ment. Journal of Experimental Psychology:
Human Perception & Performance, 31,210-220.

Marey, E. J. (1895/1972). Movement. New York:
Arno Press & New York Times. (Originally
published in 1895).

Marr, D. (1982). Vision: A computational investiga-
tion into the human representation and process-
ing of visual information. San Francisco: W. H.
Freeman.

McArthur, L.Z., & Baron, R. M. (1983). Toward
an ecological theory of social perception.
Psychological Review, 90, 215-238.

Milne, E., Swettenham, J. Hansen, P., Campbell, R.,
Jeffries, H., & Plaisted, K. (2002). High motion
coherence thresholds in children with autism.

TOICK, I.Lo INdy,; J.VV., I eim, K., & Stringer, R.
(2005). Gender recognition from point-light
walkers. Journal of Experimental Psychology:
Human  Perception & Performance, 3I,
1247-1265.

Puce, A., & Perrett, D. (2003). Electrophysiological
and brain imaging of biological motion.
Philosophical Transactions of the Royal Society,
London B, 358, 435-445.

Rockland, K. S., & Pandya, D. N. (1979). Laminar
origins and terminations of cortical connec-
tions of the occipital lobe in the rhesus mon-
key. Brain Research, 179, 3-20.

Runeson, S., & Frykholm, G. (1983). Kinematic
specification of dynamics as an informa-
tional bias for person-and-action perception:
Expectation, gender recognition, and decep-
tive intent. Journal of Experimental Psychology:
General, 112, 585-615.

Salin, P-A., & Bullier, J. (1995). Corticocortical
connections in the visual system: Structure and
function. Physiological Review, 75, 107-154.

Saygin, A. P. (2007). Superior temporal and pre-
motor brain areas are necessary for biological
motion perception. Brain, 130, 2452-2461.

Schultz, R. (2005). Developmental deficits in social
perception in autism: The role of the amygdala
and fusiform face area. International Journal of
Developmental Neuroscience, 23, 125-141.

5/3/2010 4:28:50 PM


maggieshiffrar
Callout
change this reference to:
Kaiser, M.D., Delmolino, L., Tanaka, J., 
& Shiffrar, M. (2010). Comparison of Visual Sensitivity to Human and Object Motion in Autism Spectrum Disorder, Autism Research, in press.  

maggieshiffrar
Callout
Please add new reference: Kaiser, M.D., & Shiffrar, M. (2009). The visual perception of motion by observers with autism spectrum disorder: A review and synthesis.  Psychonomic Bulletin & Review, 16, 761-777.



®

OUP UNCORRECTED PROOF - FIRST-PROOF, 03/5/2010, NEWGEN

SEEING HU Change to 2009 ERENTLY SOCIAL

Sebanz, N., & Shiffrar, M. (2008). Detecting decep-
tion in a bluffing body: The role of expertise.
Psychonomic Bulletin & Review, in press.

277

Spencer, J., O’Brien, J., Riggs, K., Braddick, O,
Atkinson, J., & Wattam-Bell, J. (2000). Motion
processing in autism: Evidence for a dorsal

Shepard, R.N. (1984). Ecological constrai
internal representation: Resonant kinem
ics of perceiving, imagining, thinking, a

change to:
16, 170-175.

Cognitive Neuroscience and
, 2765-2767.
P., Shiffrar, M., & Decety,

dreaming. Psychological Review, 91, 417-447.

Shiftrar, M. (2006). Body-based views of the world.
In G. Knoblich, M. Grosjean, I. Thornton, & M.
Shiffrar (Eds.), Perception of the human body
from the inside out. Oxford University Press,
135-146.

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

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

Shiffrar, M., Lichtey, L., & Heptulla—Chatterjee,
S. (1997). The perception of biological motion
across apertures. Perception & Psychophysics,
59, 51-59.

Shiffrar, M., & Lorenceau, J. (1996). Increased
motion linking across edges with decreased
luminance contrast, edge width and duration.
Vision Research, 36, 2061-2067.

J. (2000). New aspects of motion perception:
Selective neural encoding of apparent human
movements. NeuroReport, 11, 109-115.

Verfaillie, K. (2000). Perceiving human locomo-
tion: Priming effects in direction discrimina-
tion. Brain and Cognition, 44, 192-213.

Virji-Babul, N., Cheung, T., Weeks, D., Kerns, K.,
& Shiffrar, M. (2007). Neural activity involved
in the perception of human and meaningful
object motion. NeuroReport, 18, 1125-1128.

Wertheimer, M. (1912). Experimentelle stuidien
uber das Sehen von Beuegung. Zeitschrift fuer
Psychologie, 61, 161-265.

Whalen, P. J., Kagan, J., Cook, R. G., Davis, F. C,,
Kim, H., Polis, S., et al. (2004). Human amyg-
dala responsivity to masked fearful eye whites.
Science, 306, 2061.

Zebrowitz, L. A., & Collins, M. A. (1997). Accurate
social perception at zero acquaintance: The
affordancesofaGibsonianapproach. Personality
and Social Psychology Review, 1,203-222.

15-Adams-Chap14.indd 277

AQ1: We have deleted the numbers in the headings of this chapter to make it consistent
with the other chapters in the book. Please do confirm if this is okay.

5/3/2010 4:28:50 PM


maggieshiffrar
Callout
change to:
16, 170-175.

maggieshiffrar
Callout
change to 2009




