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People watching: visual, motor,
and social processes in the
perception of human movement
Maggie Shiffrar∗

Successful social behavior requires the accurate perception and interpretation
of other peoples’ actions. In the last decade, significant progress has been
made in understanding how the human visual system analyzes bodily motion.
Neurophysiological studies have identified two neural areas, the superior temporal
sulcus (STS) and the premotor cortex, which play key roles in the visual perception
of human movement. Patterns of neural activity in these areas are reflective of
psychophysical measures of visual sensitivity to human movement. Both vary
as a function of stimulus orientation and global stimulus structure. Human
observers and STS responsiveness share some developmental similarities as both
exhibit sensitivities that become increasingly tuned for upright, human movement.
Furthermore, the observer’s own visual and motor experience with an action as well
as the social and emotional content of that action influence behavioral measures
of visual sensitivity and patterns of neural activity in the STS and premotor cortex.
Finally, dysfunction of motor processes, such as hemiplegia, and dysfunction of
social processes, such as Autism, systematically impact visual sensitivity to human
movement. In sum, a convergence of visual, motor, and social processes underlies
our ability to perceive and interpret the actions of other people.  2010 John Wiley &
Sons, Ltd. WIREs Cogn Sci 2011 2 68–78 DOI: 10.1002/wcs.88

INTRODUCTION

We spend enormous sums of money to watch
other people move. For example, in the United

States in 2009 alone, Major League Baseball and
the National Football League had combined revenues
of over 12 billion dollars.1 Of course, baseball and
football fans could have saved the vast majority of
this money, not to mention hours and hours of time,
by simply reading the scores and statistics after each
game. Instead, they paid impressive sums to watch
games unfold on television broadcasts, or even better,
to attend games in person. Why? Because human
beings are fascinated by the ways in which other
people move. Watching outstanding athletes perform
is simply captivating. Observing a talented dancer can
be mesmerizing. In terms of interpersonal attraction,
the lyrics of numerous songs attest to the fact that
there is something in the way she (or he) moves.
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How do we perceive and interpret the
movements of other people and why is their movement
so engaging? Modern research addressing these ques-
tions started in the 1970s when Gunnar Johansson
constructed movies of point-light-defined people in
action. Johansson attached small lights to an actor’s
major joints and head and then filmed that actor’s
actions so that only the lights were visible (Figure 1(a)
and (b)). When naı̈ve observers viewed these point-
light movies, they accurately detected the underlying
actions in as little as a fifth of a second.2 Although
Johansson’s goal was to construct a model of visual
motion perception that applied equally well to all cat-
egories of visual motion, 3 he nonetheless noted that
percepts of human motion were significantly more
vivid than percepts of other types of motion.2

Many researchers in the vision sciences have
approached the question of how observers analyze the
movements of other people in the same way that they
studied the visual analyses of object movement. At
first blush, the human body is, of course, a physical
object. Yet, as Johansson first hinted, there seems to
be something a little different about our perception
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FIGURE 1 | (a) A series of static outlines depicts the changing shape
of a walking person’s body with point-lights attached to the major
joints and head. (b) A point-light walker is constructed by removing
everything from each image except the point-lights. When static, these
displays are difficult to interpret. Once set in motion, typical observers
readily detect the presence of a walking person. (c) When point-light
movies are inverted, visual sensitivity drops significantly. (d) The
locations of the points defining a point-light walker can be randomized
within the same area. These scrambled walkers, which can be used to
construct point-light masks, contain the same local motion information
as coherent walkers but lack the global structure of the human body.

of human actions. This difference can be readily
understood if one starts with the premise that the goal
of perception is to help people function within their
environments. Perception clearly facilitates our ability
to navigate environments and manipulate objects. The
detection of trees for collision avoidance may be fairly
similar to the detection of stationary people so that
you can avoid colliding with them. But unlike trees,
humans are locomotive and inherently social creatures
who interact with other people in complex and subtle

ways. The human visual system appears to be well
tuned for the detection of both physical and social
characteristics of the human body in motion.4

TYPICAL DEVELOPMENT

Early preferential looking studies demonstrated that
typical infants between the ages of four and six months
can differentiate between point-light depictions of
human motion and random motion and between
upright and inverted point-light displays of human
motion.5 More recent work indicates that even
2-day-old infants show a preference for upright human
motion, suggesting that the capacity to orient toward
other people’s actions may be innate.6 Nonetheless,
visual sensitivity to point-light displays of human
motion evolves during an observer’s development.
For example, 3-month-old observers can detect
perturbations in the phase relations between the
points defining a coherent point-light walker. But
their detection abilities are equivalent for upright
and inverted point-light walkers (Figure 1(b) and (c)).
However, just 2 months later, at the age of 5 months,
observers demonstrate specialization in their visual
sensitivity to upright human motion.7

Additional evidence in support of the hypothesis
that the human visual system becomes increasingly
tuned for analyses of human motion comes from tasks
comparing infants’ visual sensitivity to point-light
displays of human and animal motions. At the age
of 3 months, infants demonstrate equivalent patterns
of visual sensitivity to a point-light person, spider, and
cat. By 5 months of age, patterns of visual sensitivity
shift significantly and infants demonstrate greater
sensitivity to point-light displays of human motion
than to point-light displays of animal motion.7

Perceptual sensitivity to simple, unmasked point-
light displays of human movement starts to reach
adult levels in observers as young as 5 years old.8

When point-light walkers are hidden within point-
light masks (Figure 2(b)), walker detection improves
significantly from 6 to 9 years of age and again from
9 years of age to adulthood.9

PERCEPTUAL SENSITIVITIES IN ADULT
OBSERVERS

Orientation Dependence
A significant characteristic of the visual perception of
human motion that has been repeatedly documented
is its orientation dependence. Observers demonstrate
greater visual sensitivity to upright human motion
than to inverted human motion.10 For example,
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FIGURE 2 | (a) Motion coherence detection tasks are
frequently used to measure visual sensitivity to point-light
displays of human motion. In these tasks, half of the trials
depict (b) a coherent point-light walker hidden within a
mask. In the other half of the trials, the starting locations of
the points defining the walker are scrambled and the
resulting scrambled or incoherent walker (c) is placed
within a mask. Because the mask is constructed from the
point-light walker that appears within it, the individual
points defining the mask and walker (whether coherent or
scrambled) have identical motions.

an observer’s ability to identify coherent walkers11

and other complex actions drops when point-light
displays are inverted (Figure 1(c)). Visual experience
is insufficient to account for this orientation effect.
In a study of this issue, dog trainers and seal
trainers were asked to detect the presence of coherent
dog, seal, and human motion in masked point-light
displays.12 To the extent that visual experience drives
orientation dependence, dog trainers should exhibit
more orientation-dependent sensitivity to dog motion
than to seal motion while seal trainers should show
more orientation-dependent sensitivity to seal motion
than to dog motion. In contrast to this prediction,
both dog trainers and seal trainers demonstrated the
most sensitivity and orientation dependence to point-
light human motion, significantly less to point-light
dog motion, and the least sensitivity and orientation
dependence during the perception of point-light seal
motion.12

Visual Experience
However, visual sensitivity to human motion is
not independent of visual experience. Indeed, in
his original studies, Johansson2 conjectured that
the especially vivid percepts that observers readily
experience when viewing point-light displays of
human movement reflect observers’ extensive prior
experience looking at human movement outside of
the laboratory. Consistent with this, computational
modeling suggests that various aspects of visual
sensitivity to human motion can be explained by visual
experience alone.13 As inherently social animals,
humans necessarily spend more time watching other
people act than they spend watching drifting clouds
or wind blown leaves. The results of several
psychophysical studies suggest that this tendency to
direct our gaze toward other people has perceptual
consequences. In one such study, observers viewed
point-light walkers and rated the degree to which
each figure looked human.14 As long as point-light

walkers retained normal two-dimensional projections,
observers rated the walkers as human, even when the
displays had three-dimensional anomalies in depth.
Such data suggest that visual experience is sufficient
to override significant depth distortions.

Substantial levels of visual experience are needed
to modify our visual percepts of human movement.
For example, observers in one study viewed point-
light displays of friends and strangers walking
with commonly occurring gaits and unusual gaits.15

Walkers were more accurately identified when they
performed their naturally occurring gaits. However,
enhanced sensitivity to frequently observed gaits
required over a dozen hours, per week, of face-to-
face, real-world interaction between the observer and
the person depicted as a point-light walker.

Global Analyses
Another fundamentally important characteristic of
the visual perception of human movement is global
processing. When a point-light-defined person walks
within a point-light mask (Figure 2), observers can
reliably detect the person.10 Point-light masks are
typically constructed by duplicating a point-light
walker and then randomizing the starting locations
of the duplicate points. Because the points in the mask
have the same size, luminance, and velocities as the
points defining the walker, local or point-by-point
analysis cannot be used to detect the walker. Instead,
only the global spatiotemporal configuration of the
points distinguishes the walker from the mask. Thus,
the ability to detect masked point-light walkers, as
well as other findings,16 indicates that the detection of
point-light walkers involves the integration of motion
cues over space and time.

The ability of adult observers to analyze human
motion over extended temporal intervals has been
examined by expanding the amount of time in between
the frames depicting a point-light walker.17 Naı̈ve
observers are significantly above chance in their
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detection of the direction in which a point-light person
faces while walking in place even when the inter-frame
interval is as long as 120 ms.17 This is not to say
that temporally local analyses are not used during
the perception of point-light displays. Indeed, under
most conditions, our visual percepts of other peoples’
actions depend upon both local and global motion
analyses.

Studies of apparent motion with displays
containing substantial bodily form cues (Figure 3)
confirm that the visual perception of human motion
occurs over long temporal extents. For example,
when presented with two rapidly alternating pictures
of a moving person, observers generally perceive the
shortest path of motion connecting the two body
postures, even if that path requires the perception of
a physically impossible action, such as a hand passing
through a person’s head. However, when pictures
of two body postures are presented at slower rates
of alternation that are consistent with the temporal
characteristics of normal human actions, observers
tend to perceive paths of apparent motion that are
consistent with physically possible paths of human
movement.18 Conversely, when control objects are
shown at the same slow rates, the shortest, physically
impossible path of apparent motion is perceived.
Taken together, these results indicate that human
movement is analyzed by processes that operate over
relatively large spatiotemporal windows and that
take into account the biomechanics of the human
body.19

Finally, global processing is not a characteristic
of the perception of all categories of complex visual
motion. The detection of complex, nonhuman motion
differs from the detection of human motion in a
mask. For example, when the ability to detect a point-
light person and a point-light horse walking within
a mask is compared, observers demonstrate greater
visual sensitivity to the presence of coherent human
motion.20

Attention
The visual perception of point-light displays of
human movement also depends upon attention.
Focused attention is required for the detection of
a point-light walker within a point-light mask.21

Nonetheless, unattended point-light walkers influence
the perception of attended walkers.22 Thus, both
bottom-up and top-down processes are employed
during the perception of point-light displays of human
motion.4

Motor Experience
Another fundamental aspect of the visual perception
of human movement is its dependence on the
observer’s own motor experience. For example, the
production of simple hand and arm movements within
a plane is described by the two-thirds power law that
defines the relationship between the hand trajectory’s
instantaneous velocity and radius of curvature.23

Visual motion percepts are systematically distorted

Apparent motion stimulus

Blank 
Inter-Stimulus 

Interval

Path through head Path around head

Blank 
Inter-Stimulus 

Interval

Possible percepts (as viewed from above)

FIGURE 3 | Two frames from an apparent motion display depict a woman’s arm in front of and behind her head. When these two images are
presented in repeated alternation, the arm appears to move straight through the woman’s head along the shortest path of apparent motion even
though that path is physically impossible. As the rate of alternation slows, the arm appears to move naturally around the woman’s head along a
longer, but physically possible, path of apparent motion.
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whenever dynamic stimuli violate this fundamental
principle of movement production.23 Another law
of motor production, known as Fitt’s law, defines
how quickly a person can move between two targets
as a function of target width and separation. Visual
percepts of apparent human motion between targets
conform to this motor law.24 Furthermore, the
perception of motor outcomes reflects each observer’s
own motor processes. For example, when observers
try to predict where a thrown dart will land, their
predictions are most accurate when they observe
dart throws that they themselves had previously
performed.25 Such evidence indicates that motor pro-
cesses systematically constrain the visual perception
of human movement. Indeed, it has been convincingly
argued that the human visual system is optimized for
the analysis of movements generated by humans.23

Additional support for the hypothesis that motor
processes impact the visual perception of human
movement comes from interference effects during the
simultaneous production and perception of the same
human actions. In one such study, walking observers,
relative to stationary observers or observers riding a
bicycle, showed deficits in their visual sensitivity to the
walking speeds of an observed person.26 Furthermore,
the perceived weight of an invisible box being lifted
by a point-light-defined person depends on the weight
of the box being lifted by the observer.27 Thus,
action production interferes with action perception.
Conversely, action perception also interferes with
action production. For example, the variability of
an individual’s sinusoidal arm movements increases
during the observation of another person’s sinusoidal
arm movements in a tangential direction.28 Consistent
with the importance of velocity profiles,23 this inter-
ference effect depends upon the similarity between
the velocity profiles of simultaneously observed and
produced arm movements.29 Finally, motor learning
significantly influences action perception. Observers
can improve their visual sensitivity to point-light
displays of unusual actions by learning to execute
those actions while blindfolded.30

Taken together, the results of these studies are
consistent with the hypothesis that action perception
and action production are tightly coupled. But, how
does this coupling actually work? Current evidence
and theoretical models suggest that action–perception
coupling reflects the sharing of body representations
by the motor and visual system.31,32 When the visual
and motor systems must compete for access to the
same body representation, interference occurs.31

However, interactions between the visual and motor
systems can also have facilitatory effects. For example,
when observers try to discriminate between pairs

of body postures, their visual sensitivity to postural
differences improves when they move limbs corre-
sponding to the observed limbs that they are visually
analyzing.33 Interestingly, the amount of available
processing time determines whether perception–ac-
tion coupling is facilitatory or inhibitory. When
processing time is brief, inhibition results. When
processing time is extended, facilitation occurs.33 It
has been suggested that33 this shift from inhibitory to
facilitatory interactions between the visual and motor
systems may reflect the gradual decay of sensorimotor
representations within working memory.34

When observers move, they often do so with
the goal of coordinating their actions with those of
another person. Consider, for example, handshakes
and kisses. The potential for action coordination
also shapes visual sensitivity to human movement.
When action coordination is possible, visual analyses
of the observer’s own gait speed relative to the gait
speed of a nearby point-light walker depend upon
the observer’s own gait speed, motor exertion, and
level of physical fitness.26 Conversely, when action
coordination is impossible, perceptual comparisons
between self and other movement are independent of
these motoric constraints. Thus, interactive observers
can perform visual analyses of human movement that
are distinct from the visual analyses performed by
noninteractive observers.

The above results all converge in suggesting
that both visual and motor experiences contribute
to our visual sensitivity to human movement.
Normally, visual and motor experiences are inherently
confounded. Observers tend to perform the same
actions that they see others perform. Monty Python’s
famous skit, the Ministry of Silly Walks, provides
an amusing counterexample. Under such conditions
that decouple motor and visual experience, motor
experience appears to contribute more to our percepts
than visual experience. For example, when observers
view point-light displays of themselves, friends and
strangers individually performing various actions,
they are best able to identify their own actions even
though they have the most visual experience with
their friends’ actions.35 Enhanced sensitivity to self-
generated actions can be attributed to contributions
from the observer’s own motor system.25,35 Studies of
person and action recognition across egocentric and
allocentric viewpoints suggest that visual experience,
per se, cannot account for enhanced visual sensitivity
to one’s own actions.36

Social Processes
Traditional models of the visual system describe
it as a general-purpose processor that analyzes all

72  2010 John Wiley & Sons, L td. Volume 2, January /February 2011



WIREs Cognitive Science People watching

categories of moving objects similarly.37 In contrast
to this homogeneous approach, more recent social
brain theories suggest that the visual system is tuned
for the detection and analysis of socially relevant
information.38,39 The movements of the human body
convey cues that are important for successful social
interaction. Imagine, e.g., the trouble that would arise
if an observer were unable to rapidly differentiate
between the arm movements of a punch and a
handshake. Two general predictions can be made
from social brain theories. First, if the human visual
system is tuned for the detection of socially relevant
information, then observers should be able to detect
substantial social information from the movements
of other people. Second, to the extent that brain
structure reflects social constraints,38 social cues
should influence perceptual analyses. Evidence in
support of both of these predictions is outlined below.

Detection of Social Information
Observers can detect an impressive array of social
information in point-light displays of human move-
ment. For example, naı̈ve observers are above chance
in their ability to detect the gender and the iden-
tity of point-light-defined walkers in motion but not
when static.35,40 Observers are also able to detect sex-
ual orientation from body movements alone.41 Other
studies have demonstrated that untrained observers
can detect another person’s intention to deceive,42

potential reproductive fitness, psychological openness,
age, social dominance, and vulnerability in point-light
displays (see Ref 4 for review). In sum, when people
move, their movements express extensive social infor-
mation that the human visual system is capable of
detecting.

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 body43 or
just an arm.44 Affective states are most recognizable
when a point-light person appears in a social
interaction with another point-light person.45 Thus,
social and emotional cues appear to be integrated
during the visual perception of human movement.

Influences of Social–Emotional Content
In studies of the visual perception of the human
body in apparent motion, visual context changes
the onset of perceived motion. For example, when
apparent motion stimuli depict a person performing
a simple action, observers report more compelling
motion percepts and earlier motion onsets (as opposed
to the perception of static flashing) when those
actions are presented within social contexts than

within object contexts or in isolation.46 In other
words, the perception of human movements directed
toward another person is enhanced relative to human
movements directed toward an object. These results
are consistent with the hypothesis that social processes
change fundamental aspects of the visual perception
of human movement. Given that human movement is
an inherently social stimulus, it certainly makes sense
that social context would contribute to its analysis.

Affective cues also modulate visual sensitivity
to human movement. When point-light walkers
expressing different emotional states are placed within
point-light masks that equate the velocity information
between each walker and the mask in which it appears,
observers demonstrate greater visual sensitivity to the
presence of angry point-light walkers than they do
to the presence of happy, sad, fearful, or neutral
emotional state point-light walkers.43 An angry person
is potentially a threatening stimulus. As outlined
in the Neurophysiological section, heightened visual
sensitivity to potentially threatening human actions
is consistent with direct neural connections between
threat detection mechanisms and visual mechanisms
involved in the perception of human movement.

NEUROPHYSIOLOGICAL
MECHANISMS

In recent years, substantial progress has been made
in defining the neural mechanisms underlying visual
analyses of human motion. Research with stroke
patients has demonstrated that at least two areas,
the superior temporal sulcus (STS) and the premotor
cortex, are required for the accurate detection of
coherent point-light displays of human motion.47

The STS is understood as a largely visual area that
integrates form and motion information within the
visual domain and integrates visual information with
other sensory information. The premotor cortex is a
part of the ‘mirror neuron’ system that is thought
to link action production with action perception.48

Experimental evidence connecting these areas with
the visual perception of human motion is described in
the following section.

Visual
From single cell recordings in the macaque cortex,
David Perrett and his colleagues first discovered that
STS neurons are selectively responsive to the human
body in motion (see 49 for review). More recent brain
imaging data indicate that the posterior region of the
STS, or STSp, reacts strongly to point-light depictions
of coherent, but not scrambled, human movement
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(Figure 1) in a manner that is modulated by visual
experience.50 STSp responsiveness is greater during
the perception of upright displays of point-light people
in motion than during the perception of the same
displays when inverted.51 STSp activity appears to be
hemisphere dependent as the right STSp frequently
responds more strongly than the left.52 Finally,
research with transcranial magnetic stimulation
indicates that functionality within area STSp is
required for the accurate perception of point-light
displays of human movement in typical observers.53

Motor
Visual perception of point-light displays of human
movement also selectively triggers activity in the
human premotor cortex.54 Electroencephalography
(EEG) data indicate further that the premotor cortex,
part of the mirror system, plays a critical role in the
perception of coherent, but not scrambled, point-light
displays of human motion.55 Motor system activity
during action perception is modulated by whether
an observed action is humanly possible to perform56

and by the observers’ past motor experience with the
observed action.57

Social
STSp activity is clearly involved in the analysis
of visual cues to socially relevant information.58

Indeed, overlapping neural circuitry is involved in
the visual perception of emotions, social cues, and
human action. For example, the STSp responds more
strongly during the perception of emotional actions
than during the perception of instrumental actions.59

The responsiveness of STSp to social and emotional
information likely reflects the considerable feedback
that STSp receives from the amygdala, a subregion
of the limbic system involved in the assessment
of social–emotional cues.38,60 Consistent with this
prediction, STS activity is strongly modulated by the
degree of potential threat in visual stimuli.61 Indeed,
this area may contribute to the determination of the
social significance of observed actions.

IS THE PERCEPTION OF HUMAN
MOTION ‘SPECIAL’?

The evidence summarized above indicates that
the perception of human motion depends upon a
convergence of visual, motor, and social processes.
This convergence, in turn, implies that the perception
of human movement differs, at least in some ways,
from the perception of other types of complex

movement. As inherently social creatures, humans
typically spend more time looking at and attending
to other humans than any other category of moving
objects or creatures. Furthermore, the human motor
system obviously codes extensive information about
human movement and little if any information about
the movements of rolling rocks or wind blown trees.
Finally, human social interactions are largely with
and about other humans. Thus, each of these systems,
visual, motor, and social, can be understood as
tuned for the analysis of human information. To the
extent that this holds true, the perception of human
motion should differ in fundamental ways from the
perception of other types of complex motion.

As an aside, it is important to note a potentially
confusing issue of nomenclature. The term ‘biological
motion’ has been traditionally used to describe point-
light displays of human motion.2 This term implies
that the visual system analyzes all biological motions
similarly, whether human, animal, or plant. Yet, as
discussed in the following section, increasing evidence
suggests that different types of ‘biological’ motions
are processed in dissimilar ways. Thus, while the term
‘biological motion’ has historical significance, the term
‘human motion’ is a more precise and as such, is being
increasingly adopted.

Neurophysiological and psychophysical evi-
dence indicates that the visual perception of human
and object motions differ in several respects. For
example, the mirror system responds during the per-
ception of actions but not objects.48 STSp activity is
greater during the perception of human motion than
during the perception of object motion.52 Magnetoen-
cephalography (MEG) activity indicates that analy-
ses of point-light displays of human movement and
object movement diverge approximately 200 ms after
stimulus onset.62 MEG activity further demonstrates
dissociable cortical processing between coherent and
scrambled point-light displays of human movement.63

The results of psychophysical studies converge with
these neurophysiological results in suggesting that typ-
ical observers exhibit qualitatively different patterns
of visual sensitivity to global human motion and to
object motion.19

Other studies have compared the perception
of human and nonhuman, animal motions. Naı̈ve
observers can readily identify and classify animals
depicted in dynamic point light displays.64 Nonethe-
less, adult observers demonstrate greater visual sen-
sitivity to human motion than to animal motion
in point-light displays.20 By the age of 5 months,
infants respond to phase differences in upright human
gaits but not in upright animal gaits.7 Indeed, the
developmental trajectory of sensitivities to human
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and animal motions suggests that the infant visual
system becomes specialized or tuned for the detection
of canonical human motion.7 Consistent with this,
STSp activity becomes increasingly tuned to human
motion as typical children age.39 In adults, STSp activ-
ity is greater during the perception of human motion
than during the perception of animal-like creature
motion.65 Furthermore, the mirror system is engaged
during the visual perception of human motion but not
animal motion.66 Taken together, these results suggest
that increased neural activity in the STSp and mirror
system may differentiate visual sensitivity to human
and animal motions.

INDIVIDUAL DIFFERENCES IN VISUAL
SENSITIVITY TO HUMAN MOTION
If visual sensitivity to human motion depends upon
motor and social processes, then disruptions to
those processes should lead to decrements in visual
sensitivity to point-light displays of human action.
Studies of patients with motor disorders support the
impact of motor processes on action perception. For
example, children with motor impairments resulting
from Down syndrome show decrements in their
visual sensitivity to point-light displays of human
motion relative to age-matched control observers.67

Hemiplegic patients with motor system lesions exhibit
degraded visual sensitivity to point-light actions that
correspond to their compromised limbs but not to
point-light actions that correspond to their functional
limbs.68 Finally, when observers born without hands
view apparent motion displays of hands, their percepts
of apparent hand rotations depend upon whether
they have a mental representation or ‘body schema’ of
their own physically absent hands. Observers lacking
a mental representation of their congenitally absent
hand perceive physically impossible paths of apparent
hand rotation. Those with hand schema perceive
physically possible paths of apparent hand rotation.69

Evidently, internal representations of one’s own limbs
influence the visual perception of other people’s
actions performed with corresponding limbs.

The impact of social dysfunction on visual
sensitivity to human movement has been assessed
in observers with Autism Spectrum Disorder (ASD).
ASD is characterized by a triad of symptoms including
dysfunctional social behavior, communication impair-
ments, and repetitive or stereotyped behaviors.70

Although ASD presents differently in different people,
social dysfunction is at its core. Recent evidence
indicates that observers with ASD experience selective
deficits in their visual sensitivity to point-light displays
of human movement. For example, children with

ASD perform more poorly than matched control
observers in the detection of coherent human motion
but not in the detection of coherent static form.8

Furthermore, young adults on the Autism Spectrum
show no difference in their visual sensitivity to human
motion and object motion while, consistent with the
social brain theories, typically developed observers
show greater visual sensitivity to human movement
than to object movement.71

Brain imaging data support compromised visual
processing of point-light displays of human motion by
observers with ASD. The STSp exhibits structural and
processing deficits in observers with ASD (see Ref 71
for review). Furthermore, the STSp in children with
ASD, relative to typical control children, shows less
response selectivity to human motion.39 The mirror
neuron system48 also appears to be compromised in
observers with ASD,72 although that point is more
controversial.

The presence of autistic traits is not a dichoto-
mous phenomenon. Instead, the magnitude of autistic
traits varies normally within the typically developing
population.73 When visual sensitivity to human and
object motions is assessed in typical observers as a
function of the magnitude of their autistic tendencies,
a consistent pattern of results emerges. Specifically, as
the magnitude of a typical observer’s autistic tenden-
cies increases, their visual sensitivity to human motion
decreases while their visual sensitivity to object motion
is unchanged.74 Assuming that human movement is a
socially relevant stimulus, these results are consistent
with social brain theories38,39 in suggesting that the
typical human visual system is tuned for the detection
of socially relevant information.

CONCLUSION
In conclusion, our ability to perceive and interpret the
actions of other people depends upon a convergence of
information from visual, motor, and social processes.
As inherently social beings, we appear to come into
this world ready and able to detect the actions of
the people around us.6 After a few years of typical
experience, the visual systems of children become
tuned for the detection of human motion relative to
the detection of objects and animals in motion.7,39

While reflecting real-world phenomena such as a
lifetime of experience watching other people move and
the need for successful social interactions, observers’
percepts of human movement can also be understood
as embodied in that people use their own motor
experience to perceive the actions of others.4,19,31,32

Additional studies of the visual perception of
human action are needed to tackle numerous issues
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with important applied and theoretical implications.
For example, aging populations raise the question of
how visual sensitivity to human movement evolves
when observers age beyond the age of typical research
participants—university students. As wars trigger
increases in the number of amputees, more research
is needed to understand the impacts of limb loss and
prosthetic use on visual sensitivity to other people’s
movements. Because cell phone use increasingly dis-
tracts drivers, the need rises for studies of pedestrian
detection under conditions of divided attention.

In a final point, the interconnected triad of
motor, visual, and social factors that define our per-
cepts of the human body in motion highlights a poten-
tial cost of studying the visual perception of abstract

stimuli such as random-dot kinematograms and plaid
patterns. While these stimuli have long dominated
studies of visual motion perception, our visual sys-
tems did not evolve for their detection. While abstract
stimuli can be precisely defined and controlled, it is
unclear how one might come to understand the com-
plex interactions between real-world behaviors and
sensorimotor processes with stimuli that do not corre-
spond to behaviorally relevant entities found outside
the laboratory.75

NOTES

This work was supported by Simons Foundation
Award #94915 and NSF grant #0730985.

REFERENCES

1. Plunkett Research Limited. Available at: http://www.
plunkettresearch.com/Industries/Sports/SportsStatistics
/tabid/273/Default.aspx. (Accessed May 10, 2010).

2. Johansson G. Visual perception of biological motion
and a model for its analysis. Percept Psychophys 1973,
14:201–211.

3. Johansson G. Spatio-temporal differentiation and inte-
gration in visual motion perception: an experimental
and theoretical analysis of calculus-like functions in
visual data processing. Psychol Res 1976, 38:379–393.

4. Blake R, Shiffrar M. Perception of human motion. Ann
Rev Psychol 2007, 58:47–74.

5. Fox R, McDaniels C. The perception of biological
motion by human infants. Science 1982, 218:486–487.

6. Simion F, Regolin L, Bulf H. A predisposition for bio-
logical motion in the newborn baby. Proc Natl Acad
Sci USA 2008, 105:809–813.

7. Pinto J. Developing body representations: a review of
infants’ responses to biological-motion displays. In:
Knoblich G, Grosjean M, Thornton and I, Shiffrar M,
eds. Perception of the Human Body from the Inside
Out. Oxford University Press; 2006, 305–322.

8. Blake R, Turner L, Smoski M, Pozdol S, Stone W.
Visual recognition of biological motion is impaired in
children with Autism. Psychol Sci 2003, 14:151–157.

9. Freire A, Lewis TL, Maurer D, Blake R. The devel-
opment of sensitivity to biological motion in noise.
Perception 2006, 35:647–657.

10. Bertenthal BI, Pinto J. Global processing of biological
motions. Psychol Sci 1994, 5:221–225.

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

12. Cohen LR. The role of experience in the perception
of biological motion, Unpublished dissertation. Temple
University, Philadelphia, PA; 2002.

13. Giese MA, Poggio T. Neural mechanisms for the recog-
nition of biological movements. Nat Rev Neurosci
2003, 4:179–192.

14. Bulthoff I, Bulthoff H, Sinha P. Top-down influences
on stereoscopic depth-perception. Nat Neurosci 1998,
1:254–257.

15. Jacobs A, Pinto J, Shiffrar M. Experience, context,
and the visual perception of human movement. J Exp
Psychol Hum Percept Perform 2004, 30:822–835.

16. Neri P, Morrone C, Burr DC. Seeing biological motion.
Nature 1998, 395:894–896.

17. Thornton I, Pinto J, Shiffrar M. The visual percep-
tion of human locomotion. Cogn Neuropsychol 1998,
15:535–552.

18. Shiffrar M, Freyd JJ. Apparent motion of the human
body. Psychol Sci 1990, 1:257–264.

19. Shiffrar M, Pinto J. In: Prinz W, Hommel B, eds. The
Visual Analysis of Bodily Motion. Common Mecha-
nisms in Perception and Action: Attention and Per-
formance, vol. XIX. Oxford: Oxford University Press;
2002, 381–399.

20. Pinto J, Shiffrar M. The visual perception of human
and animal motion in point-light displays. Social Neuro
2009, 4:332–346.

21. Thornton IM, Rensink RA, Shiffrar M. Active ver-
sus passive processing of biological motion. Perception
2002, 31:837–853.

22. Thornton IM, Vuong QC. Incidential processing of
biological motion. Curr Biol 2004, 14:1084–1089.

76  2010 John Wiley & Sons, L td. Volume 2, January /February 2011



WIREs Cognitive Science People watching

23. Viviani P. Motor competence in the perception of
dynamic events: a tutorial. In: Prinz W, Hommel B,
eds. Common Mechanisms in Perception and Action:
Attention and Performance, vol. XIX. Oxford: Oxford
University Press; 2002, 406–442.

24. Grosjean M, Shiffrar M, Knoblich G. Fitts’ Law Holds
for Action Perception. Psychol Sci 2007, 18:95–99.

25. Knoblich G, Flach R. Predicting the effects of actions:
interactions of perception and action. Psychol Sci 2001,
12:467–472.

26. Jacobs A, Shiffrar M. Walking perception by walking
observers. J Exp Psychol Hum Percept Perform 2005,
31:157–169.

27. Hamilton A, Wolpert D, Frith U. Your own action
influences how you perceive another person’s action.
Curr Biol 2004, 14:493–498.

28. Kilner J, Paulignan Y, Blakemore SJ. An interference
effect of observed biological motion on action. Curr
Biol 2003, 13:522–525.

29. Kilner J, Hamilton AF, Blakemore SJ. Interference effect
of observed human motion on action is due to veloc-
ity profile of biological motion. Social Neuro 2007,
2:158–166.

30. Casile A, Giese MA. Non-visual motor learning influ-
ences the recognition of biological motion. Curr Biol
2006, 16:69–74.

31. Prinz W. Perception and action planning. Euro J Cogn
Psychol 1997, 9:129–154.

32. Wilson M, Knoblich G. The case for motor involve-
ment in perceiving conspecifics. Psychol Bull 2005,
131:460–473.

33. Reed CL, McGoldrick JE. Action during body percep-
tion: processing time affects self-other correspondences.
Social Neuro 2007, 2:134–149.

34. Wilson M. Perceiving imitatable stimuli: consequences
of isomorphism between input and output. Psychol Bull
2001, 127:543–553.

35. Loula F, Prasad S, Harber K, Shiffrar M. Recogniz-
ing people from their movement. J Exp Psychol Hum
Percept Perform 2005, 31:210–220.

36. Prasad S, Shiffrar M. Viewpoint and the recognition
of people from their movements. J Exp Psychol Hum
Percept Perform 2009, 35:39–49.

37. Marr D. Vision: A Computational Investigation into
the Human Representation and Processing of Visual
Information. San Francisco: W. H. Freeman; 1982.

38. Brothers L. Friday’s Footprint: How Society Shapes the
Human Mind. London: Oxford University Press; 1997.

39. Pelphrey KA, Carter EJ. Brain mechanisms for social
perception: lessons from autism and typical develop-
ment. Ann NY Acad Sci 2008, 1145:283–299.

40. Pollick FE, Kay JW, Heim K, Stringer R. Gender recog-
nition from point-light walkers. J Exp Psychol Hum
Percept Perform 2005, 31:1247–1265.

41. Johnson KL, Gill S, Reichman V, Tassinary LG. Swag-
ger, sway, and sexuality: judging sexual orientation
from body motion and morphology. J Pers Soc Psychol
2007, 93:321–334.

42. Sebanz N, Shiffrar M. Detecting deception in a bluffing
body: the role of expertise. Psychol Bull Rev 2009,
16:170–175.

43. Chouchourelou A, Matsuka T, Harber K, Shiffrar M.
The visual analysis of emotional actions. Social Neuro
2006, 1:63–74.

44. Pollick FE, Paterson HM, Bruderlin A, Sanford AJ.
Perceiving affect from arm movement. Cognition 2001,
82:51–61.

45. Clarke TJ, Bradshaw MF, Field DT, Hampson SE,
Rose D. The perception of emotion from body move-
ment in point-light displays of interpersonal dialogue.
Perception 2005, 34:1171–1180.

46. Shiffrar M, Kaiser M, Chouchourelou A. Seeing human
movement as inherently social. RB, In: Adams Jr.
Ambady N, Nakayama K, Shimojo S, eds. The Sci-
ence of Social Vision. New York: Oxford University
Press; 2010, 262–277.

47. Saygin AP. Superior temporal and premotor brain areas
are necessary for biological motion perception. Brain
2007, 130:2452–2461.

48. Rizzolatti G, Fabbri-Destro M, Cattaneo L. Mirror
neurons and their clinical relevance. Nat Clin Pract
Neurol 2009, 5:24–34.

49. Puce A, Perrett DI. Electrophysiological and brain imag-
ing of biological motion. Philos Trans R Soc Lond B
Biol Sci 2003, 358:435–445.

50. Grossman ED, Blake R, Kim CY. Learning to see bio-
logical motion: brain activity parallels behavior. J Cogn
Neurosci 2004, 16:1669–1679.

51. Grossman ED, Blake R. Brain activity evoked by
inverted and imagined biological motion. Vision Res
2001, 41:1475–1482.

52. Beauchamp MS, Lee KE, Haxby JV, Martin A. fMRI
responses to video and point-light displays of mov-
ing humans and manipulable objects. J Cogn Neurosci
2003, 15:991–1001.

53. Grossman ED, Battelli L, Pascual-Leone A. Repeti-
tive TMS over STSp disrupts perception of biological
motion. Vision Res 2005, 45:2847–2853.

54. Saygin AP, Wilson SM, Hagler DJ, Bates E, Sereno
MI. Point-light biological motion perception acti-
vates human premotor cortex. J Neurosci 2004,
24:6181–6188.

55. Ulloa ER, Pineda JA. Recognition of point-light biolog-
ical motion: mu rhythms and mirror neuron activity.
Behav Brain Res 2007, 183:188–194.

56. Stevens JA, Fonlupt P, Shiffrar M, Decety J. New
aspects of motion perception: selective neural encod-
ing of apparent human movements. Neuroreport 2000,
11:109–115.

Volume 2, January /February 2011  2010 John Wiley & Sons, L td. 77



Advanced Review wires.wiley.com/cogsci

57. Calvo-Merino B, Glaser D, Grezes J, Passingham R,
Haggard P. Action observation and acquired motor
skills: an fMRI study with expert dancers. Cereb Cortex
2005, 15:1243–1249.

58. Allison T, Puce A, McCarthy G. Social perception from
visual cues: role of the STS region. Trends Cogn Sci
2000, 4:267–278.

59. Gallagher HL, Frith CD. Dissociable neural path-
ways for the perception and recognition of expressive
and instrumental gestures. Neuropsychologia 2004,
42:1725–1736.

60. Amaral DG. The amygdala, social behavior, and danger
detection. Ann NY Acad Sci 2003, 1000:337–347.

61. Wheaton KJ, Pipingas A, Silberstein RB, Puce. A.
Human neural responses elicited to observing the
actions of others. Vis Neuro 2001, 18:401–406.

62. Virji-Babul N, Cheung T, Weeks D, Kerns K, Shiffrar
M. Neural activity involved in the perception of human
and meaningful object motion. Neuroreport 2007,
18:1125–1128.

63. Pavlova M, Lutzenberger W, Sokolov A, Birbaumer
N. Dissociable cortical processing of recognizable and
non-recognizable biological motion: analyzing gamma
MEG activity. Cereb Cortex 2004, 14:181–188.

64. Mather G, West S. Recognition of animal locomotion
from dynamic point-light displays. Perception 1993,
22:759–766.

65. Pyles JA, Garcia JO, Hoffman DD, Grossman ED.
Visual perception and neural correlates of novel ‘‘bio-
logical motion.’’ Vision Res 2007, 47:2786–2797.

66. Martineau J, Cochin S. Visual perception in children:
human, animal and virtual movement activates different
cortical areas. Int J Psychophysiol 2003, 51:37–44.

67. Virji-Babul N, Kerns K, Zhou E, Kapur A, Shiffrar M.
Perceptual-motor deficits in children with Down syn-
drome: implications for intervention. Downs Syndr Res
Pract 2006, 10:74–82.

68. Serino A, Casavecchia C, De Fillippo L, Coccia M,
Shiffrar M, Ladavas E. Lesions to the motor sys-
tem affect action understanding. J CognNeuro 2010,
22:413–426.

69. Funk M, Shiffrar M, Brugger P. Hand movement
observation by individuals born without hands: phan-
tom limb experience constrains visual limb perception.
Exp Brain Res 2005, 164:341–346.

70. American Psychiatric Association. Diagnostic and Sta-
tistical Manual of Mental Disorders. 4th ed. (DSM-IV-
TR). Washington, DC: APA; 2000.

71. Kaiser M, Shiffrar M. The visual perception of motion
by observers with ASD: a review and synthesis. Psychol
Bull Rev 2009, 16:761–777.

72. Hadjikhani N, Joseph RM, Snyder J, Tager-Flusberg
H. Anatomical differences in the mirror neuron system
and social cognition network in autism. Cereb Cortex
2006, 16:1276–1282.

73. Hurst RM, Mitchell JT, Kimbrel NA, Kwapil TK,
Nelson-Gray RO. Examination of the reliability and
factor structure of the Autism Spectrum Quotient
(AQ) in a non-clinical sample. Pers Individ Dif 2007,
43:1938–1949.

74. Kaiser M, Shiffrar M. Visual sensitivity to human move-
ment is related to observer social abilities. Submitted
for publication.

75. Gibson JJ. The Ecological Approach to Visual Per-
ception. Hillsdale, NJ: Lawrence Erlbaum Associates;
1986.

FURTHER READING
Adams RB, Jr, Ambady N, Nakayama K, Shimojo S. The Science of Social Vision. New York: Oxford University Press;
2010.

Knoblich G, Thornton IM, Grosjean M, Shiffrar M. Human Body Perception from the Inside out. New York: Oxford
University Press; 2006.

78  2010 John Wiley & Sons, L td. Volume 2, January /February 2011


