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Abstract—

 

Williams syndrome (WS) is a rare genetic disorder that re-
sults in profound spatial cognitive deficits. We examined whether indi-
viduals with WS have intact perception of biological motion, which
requires global spatial integration of local motion signals into a uni-
tary percept of a human form. Children with WS, normal mental-age-
matched children, and normal adults viewed point-light-walker (PLW)
displays portraying a human figure walking to the left or right. Chil-
dren with WS were as good as or better than control children in their
ability to judge the walker’s direction, even when it was masked with
dynamic noise that mimicked the local motion of the PLW lights.
These results show that mechanisms underlying the perception of at
least some kinds of biological motion are unimpaired in children with
WS. They provide the first evidence of selective sparing of a special-

 

ized spatial system in individuals with a known genetic impairment.

 

Williams syndrome (WS) is a rare genetic disorder (1:20,000 live
births) resulting from a hemizygous submicroscopic deletion on chro-
mosome 7q11.23. It is typically confirmed using FISH (fluoride in situ
hybridization) screening (Ewart et al., 1993; Frangiskakis et al., 1996;
Lowery et al., 1995). The syndrome is associated with moderate men-
tal retardation (mean composite IQ 

 

�

 

 55–60; Mervis, Morris, Ber-
trand, & Robinson, 1999) and a range of phenotypic characteristics,
including congenital defects in connective tissue that result in heart
disorders, characteristic “elfin” facial features, and a distinctive cogni-
tive profile including profoundly impaired spatial cognition together
with relatively spared language abilities (Bellugi, Marks, Bihrle, &
Sabo, 1988; Mervis et al., 1999). Deficits in the spatial domain are
particularly evident in performance on construction tasks, which re-
quire people to duplicate a model, either by drawing it (e.g., the De-
velopmental Test of Visual-Motor Integration, or VMI; Beery &
Buktenica, 1967) or by constructing a copy using parts (e.g., Differen-
tial Abilities Scale, DAS, Pattern Construction subscale; Elliot, 1990).
Adolescents with WS are severely impaired on these tasks, with their
scores typically falling in the 1st percentile (Bellugi, Marks, et al.,
1988; Bellugi, Wang, & Jernigan, 1994; Mervis et al., 1999). In con-
trast, their language abilities are relatively spared (Bellugi, Marks, et
al., 1988; Bellugi, Sabo, & Vaid, 1988). This combination of spared lan-
guage and impaired spatial capacities is consistent with the notion that
selective breakdown can occur across cognitive domains—in this case,
in conjunction with genetic impairment (Bellugi, Marks, et al., 1988).

The reasons for visuospatial constructive deficits in individuals
with WS remain unclear, although there is some evidence that they are
impaired in representing the global arrangement of local elements. For
example, Bellugi and colleagues (Bellugi et al., 1994; Bihrle, Bellugi,
Delis, & Marks, 1989) asked adolescents with WS to reproduce draw-

ings of hierarchical visual stimuli, that is, figures in which individual
local elements were arranged to form various global shapes. Although
the teens tended to reproduce the local elements (dots) accurately, they
did not place these elements accurately, thus violating the overall con-
figurations (see Fig. 1 for examples of similar results with younger
children). This pattern of performance has been replicated in other
studies, is consistent with performance in the DAS and VMI tasks, and
is now considered to be characteristic of WS (Mervis, 1999). This def-
icit cannot be accounted for by problems with any low-level vision or
motor impairment thus far measured. Although visual defects (e.g.,
strabismus, amblyopia, and refractive errors) are more common in in-
dividuals with WS than in the general population, there is no correla-
tion between the severity of these defects and performance in
visuospatial construction tasks (Atkinson et al., 2001). In addition, in-
dividuals with WS can accurately trace models that they are unable to
reproduce, so defective motor coordination cannot be the sole cause of
their visuospatial constructive deficits (Bellugi, Sabo, & Vaid, 1988).

Recent studies have also shown that individuals with WS have dif-
ficulty integrating dynamic visual information. Atkinson et al. (1997)
asked people to detect coherent motion of signal dots embedded in a
background of physically identical, but randomly moving, noise dots.
Individuals with WS were less accurate than control participants, sug-
gesting they had a deficit in the capacity to integrate individual mov-
ing lights into a coherent percept. The groups performed comparably,
however, in a task requiring detection of coherence in an array of
static lines differing in orientation (see also Pani, Mervis, & Robinson,
1999), suggesting that impairments in spatial integration were re-
stricted to the motion system. Another study (Milner & Goodale,
1995) found that subjects with WS were also impaired in the posting
task, in which a card has to be inserted into a slot that is presented in
various orientations, although they performed comparably to control
subjects in a corresponding perceptual matching task (see also Dilks,
Landau, Hoffman, & Siegfried, 2001).

 

Atkinson et al. (1997) noted that this pattern of results is consistent
with Ungerleider and Mishkin’s (1982) proposed distinction between a

 

ventral visual system governing object perception (the 

 

what

 

 system)
and a dorsal system governing location and motion processing (the

 

where

 

 system). Each of these systems, in turn, can be decomposed into
narrower specialists concerned with particular classes of stimuli, such
as faces (Moscovitch, Winocur, & Behrmann, 1997) and objects (Ishai,
Ungerleider, Martin, Schouten, & Haxby, 1999). Individuals with WS
have relative strengths in face processing (Wang, Doherty, Rourke, &
Bellugi, 1995) and object identification (Hoffman & Landau, 2000),
both of which are presumably mediated by the ventral stream. In con-
trast, deficits in motion perception and visually guided action impli-
cate an impaired dorsal stream in WS. This pattern of impaired and
preserved abilities in different visual tasks provides additional evi-
dence for the existence of independent, specialized subsystems of spa-
tial cognition. In addition, a careful analysis of this pattern in a subject
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group with a known genetic deficiency may shed light on the link be-
tween specific genetic disorders and selective developmental emergence
of particular aspects of cognitive architecture. It should be emphasized,

however, that the correspondence between these abilities and the dor-
sal-ventral distinction remains highly speculative.

One domain that could provide further insights into the nature of
spatial breakdown in WS is the perception of biological motion. Inter-
preting the motion of lights that make up a point-light walker (PLW)
requires integrating information across individual moving stimuli to
extract the form of the animate figure (Johansson, 1973; see Fig. 2).

Fig. 1. Examples of reproductions of a hierarchical figure from the
Developmental Test of Visual-Motor Integration (Beery & Buktenica,
1967) by two children with Williams syndrome (WS) and a mental-
age-matched (MA-matched) peer. Both of the individuals with WS
were participants in the experiment reported here. The model (top)
was visible until the children reported that they had completed their
reproduction; they were under no time pressure to complete the task.
The reproductions produced by the children with WS are typical of
those seen with this group. Although the children attended to the parts
of the figure, the reproductions show little evidence of the spatial ar-
rangement of these parts relative to one another in the model. The
faithful reproduction of the local forms, in the absence of the global
configuration, has prompted suggestions that individuals with WS
have a deficit in global processing. Also shown are the children’s
scores on the Kaufman Brief Intelligence Test (KBIT; Kaufman &
Kaufman, 1990).

Fig. 2. Scale illustrations of the point-light walker used in pilot work
(top), as well as the 1:1 (center) and 1:3 (bottom) signal-to-noise condi-
tions of the current experiment. In all cases, the signal and noise ele-
ments appeared as white lights on a black background.
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When the PLW is in motion, any single light is insufficient to specify a
particular motion. For example, a light attached to the elbow will sim-
ply oscillate horizontally like a pendulum, providing little clue about
its true origin. However, when its motion is perceived relative to that
of the shoulder and wrist joints, the two pairs of lights can be per-
ceived as the ends of connected, rigid rods (upper and lower arm).

Although the motion characteristics of the individual lights at-
tached to a hand, an elbow, and a shoulder may be very different, the
visual system integrates this information across the triad to produce
the percept of an arm. Similarly, the entire arm can be seen in motion
relative to the body. This hierarchical nesting of reference frames for
the perception of motion ultimately yields the unmistakable global
percept of a person walking. PLW displays are visually compelling to
most observers, including infants (Bertenthal, Proffitt, Kramer, &
Spetner, 1987), and people can extract a wide variety of social infor-
mation, including the gender and affective state of the walker, from
this degraded visual information (Dittrich, Troscianko, Lea, & Mor-
gan, 1996; Mather & Murdoch, 1994).

Research demonstrating the orientation selectivity (upright vs. in-
verted) of biological motion perception (Bertenthal & Pinto, 1994;
Pavlova & Sokolov, 2000) suggests that global spatial analyses are the
primary means of extracting biological motion from this type of visual
information, much as faces are analyzed globally (Farah, Tanaka, &
Drain, 1995). Because people with WS appear to have a deficit in the
ability to globally integrate motion across spatially distributed ele-
ments, they might be expected to have difficulty seeing PLW displays.
However, other factors suggest that this ability may be spared. First,
perception of biological motion in a PLW display, unlike detection of
motion coherence, involves the extraction of a three-dimensional
shape from the moving lights. Surprisingly, this kind of higher-order
motion perception appears to be separable from the ability to detect
motion coherence. Vaina, LeMay, Bienfang, Choi, and Nakayama
(1990) described a patient who could see biological motion and other
structure-from-motion but was severely impaired in motion-coherence
tasks similar to those used by Atkinson et al. (1997). Conversely,
Schenk and Zihl (1997) studied a group of patients who could not see
form-from-motion but had normal motion-coherence thresholds.
Thus, it may be possible for people with WS to perceive biological
motion even if their perception of motion coherence is impaired.

Second, there is evidence from single-cell recordings in monkeys
and brain-imaging experiments with humans that an area of the brain
in or near the superior temporal sulcus (STS) may be specialized for
perceiving “human actions” (Allison, Puce, & McCarthy, 2000). Be-
cause perceiving the direction of another person’s gaze or actions is
important in inferring that person’s intentions, STS is thought to be an
important component of the system responsible for the perception and
interpretation of socially relevant stimuli (Allison et al., 2000). Given
the pronounced proclivity of WS children for social stimuli (Mervis et
al., 1999; Tager-Flusberg & Sullivan, 2000), one might expect this
area to be preserved in WS. It might also mediate preserved perception
of biological motion.

A key component of perceiving biological motion in PLW displays
is finding the appropriate correspondences between lights (e.g., the
wrist and shoulder lights), even though other (false) correspondences
may be obtained for lights that are actually closer together (e.g., those
on the wrist and hip). Introducing noise lights into PLW displays com-
plicates this correspondence process. If the signal and noise lights are
identical in terms of such features as color, shape, and local motion, a
process that computes relative motion between pairs of nearby lights

will occasionally establish an incorrect correspondence between sig-
nal and noise lights, thereby producing an “illusory” candidate part,
which can be rejected only when it violates the constraints of coherent
biological motion across all the parts making up the figure.

In pilot work, we presented participants with 10 brief animated
videos of PLWs carrying out five different actions, doing a back hand-
spring, doing a cartwheel, performing jumping jacks, slipping on a ba-
nana, and waving. Children with WS, as well as control participants,
accurately described the action of the PLW, with expressions such as
“He’s doing jumping jacks” and “He fell over,” indicating that the ani-
mated PLWs were indeed perceived as humans engaging in action. In
a second experiment, we presented side views of a PLW and required
observers to indicate the direction in which the figure was walking. All
three groups tested were highly accurate at reporting the PLW’s direc-
tion of apparent motion: adults, 100%; mental-age-matched (MA-
matched) children, 98.5%; and children with WS, 100%.

In the current experiment, we introduced noise lights in ways that
should incrementally increase the difficulty of the correspondence
process. First, we varied the ratio of signal to noise lights, which is di-
rectly related to the number of false correspondences that must be
considered and rejected. Even though individuals with WS can cor-
rectly perceive PLW displays without noise, they might have “fragile”
global integration capacities that would lead to a breakdown in perfor-
mance at signal-to-noise (S/N) ratios that still yield perfect perfor-
mance in control subjects. Second, we varied the type of noise,
including additional elements that were static, moving randomly, and
moving in yoked fashion relative to the signal lights contained in the
PLW. Each of these variations should have made it more difficult for
all observers to perceive the PLW’s direction of motion (Cutting,
Moore, & Morrison, 1988), and hence allowed us to determine
whether the capacities of children with WS are more fragile than those
of normally developing children.

 

METHOD

Participants

 

Ten children with WS (mean age 

 

�

 

 11 years 7 months, range: 9
years 4 months to 15 years 7 months), 10 MA-matched normally de-
veloping children (mean age 

 

�

 

 6 years 0 months, range: 4 years 3
months to 7 years 3 months), and 10 undergraduates (ages 19–21
years) participated. Children with WS were identified through the Na-
tional Williams Syndrome Association, and had been positively diag-
nosed by a geneticist, the FISH test, or both. The normally developing
children were matched individually to the children with WS, using the
Kaufman Brief Intelligence Test (Kaufman & Kaufman, 1990), which
yields Verbal and nonverbal (Matrices) scores. The Matrices subtest
does not have many spatial items, and hence does not unfairly penalize
children with WS for their spatial impairment. The children with WS
had a mean verbal score of 33.15 (

 

SE

 

 

 

�

 

 1.93) and a mean Matrices
score of 18.50 (

 

SE

 

 

 

�

 

 0.81); corresponding scores for the MA-matched
control subjects were 31.60 (

 

SE

 

 

 

�

 

 2.48) and 19.10 (

 

SE

 

 

 

�

 

 1.45). The
mean IQ scores for the two groups were 62.60 (

 

SE

 

 

 

�

 

 4.97) for the
children with WS and 116.40 (

 

SE

 

 

 

�

 

 3.11) for the control children. In
addition, both groups were tested on the DAS Pattern Construction
subtest, which is the hallmark test used to diagnose WS spatial im-
pairment (DAS scores were unavailable for 1 of the MA-matched chil-
dren). The DAS scores were as follows: children with WS, 

 

M

 

 

 

�

 

 85.80,
percentile 

 

�

 

 2.00, 

 

SE

 

 

 

�

 

 4.70; MA-matched children, 

 

M

 

 

 

�

 

 106.78,
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percentile 

 

�

 

 56.00, 

 

SE

 

 

 

�

 

 5.90. All but 2 of the children with WS fell
into the 1st percentile of performance. The scores of the children with
WS are similar to those reported in other studies of WS (see Mervis et
al., 1999). All participants signed informed assent forms.

 

Stimuli and Procedure

 

On each trial, participants observed a side view of a PLW that per-
formed a walking motion directed toward either the left or the right of
the screen, although it remained in the same location throughout the
trial (and therefore appeared to walk as if on a treadmill). Participants
were asked to indicate whether the PLW was walking to the left or
right, by raising their corresponding hand and by verbally reporting
which of two icons (heart-left, diamond-right) was the PLW’s destina-
tion. Children were pretrained to make these responses, and none had
any difficulty or confusion doing so. Participants heard computer-
produced applause on correct trials.

The PLWs were computer-generated using the Character Studio
R2.2 plug-in for 3D Studio Max R3.1 and consisted of 13 white lights
(each subtending 0.25

 

�

 

 visual angle) attached to the joints, head, and
trunk of an invisible human form. Each animation showed the person
walking for 2 s (see Fig. 2, top panel) and was played three times in a
continuous loop, at the rate of 20 frames/s. Each PLW subtended 6.20

 

�

 

visual angle in height when at full stride and viewed from a distance
of approximately 92 cm.

 

1

 

Each PLW was presented in one of two locations in the display
(left or right of midline); location was randomly selected on each trial.
The PLW walked toward the left or right of the display with equal
probability. The same figure was viewed from cameras placed in mir-
ror-symmetric locations on either side of the figure to create the sepa-
rate left and right views.

In the high-S/N condition (S/N ratio 

 

�

 

 1:1), the PLW was embed-
ded in 13 noise lights (Fig. 2, center panel). In the low-S/N condition
(S/N ratio 

 

�

 

 1:3), there were 39 noise lights (Fig. 2, bottom panel).
The two S/N conditions were presented in separate blocks (1:1 and
then 1:3). This factor was combined with three different noise types
(static, random, and yoked). Within each S/N condition, all partici-
pants were tested in 12 trials per noise type, for a total of 36 trials, pre-
sented in random order. The experiment lasted approximately 15 min.

In the static condition, all noise elements remained static as the
PLW elements moved. Such noise elements should produce little in-
terference, because false correspondences with noise lights can be
eliminated on the basis of the single feature of motion. Random noise
consisted of lights moving through random trajectories at the same
mean velocity as the signal lights. False correspondences based on this
kind of noise will often result in parts that may not be rigid or whose
motion may not correspond to the motion of known parts such as an
arm. In the yoked condition, each noise element was paired with a sig-
nal light and moved with the same velocity and on the same trajectory
(either in or out of phase) as that signal. This type of noise should of-
ten produce correspondences between pairs and triads of lights. In
some cases, the resulting parts can be rejected only when they fail to
fit into the global figure defined by all of the parts taken together. In
the 1:1 displays, each yoked noise light moved 180

 

�

 

 out of horizontal-
axis phase with its paired signal light. In the 1:3 display, two noise el-

ements moved 180

 

�

 

 out of horizontal-axis phase with their paired sig-
nal light, and one noise element moved in phase with the same paired
signal light. For example, if a signal light was moving up and to the
left of the displays, one of the paired noise lights would also move up
and to the left while the other two paired noise lights would move up
and to the right. Therefore, the noise lights moved with the same ve-
locity and on the same trajectory (either in or out of phase) as the cor-
responding signal light. This method produced drift-controlled
displays (Chubb & Sperling, 1988), in which the average direction of
motion in each horizontal direction was equal across the entire array.

In all conditions, the noise elements were randomly dispersed
across the display. The camera view was divided into 16 equal three-
dimensional volumes, and noise elements were randomly distributed
among these volumes. So that the density of lights across the display
would be as equivalent as possible, only a limited number of noise el-
ements was placed in volumes containing the walker. Following in-
spection of the animation, individual noise elements were repositioned
to provide relative homogeneity of density. For example, individual
noise elements were repositioned if an element moved out of the cam-
era view during the animation or if obvious “holes” were created by
the elements’ movement.

 

RESULTS AND DISCUSSION

 

Percentage correct (PC) in a two-alternative, forced-choice task
can be reduced by extreme bias toward one of the alternatives. We
evaluated this possibility by converting our PC measure to a bias-free
measure, PC

 

max

 

, using the method of Green and Swets (1966, p. 410).
Group averages changed by less than 2%, and none of our reported
significance levels were affected by this procedure. Therefore, we re-
port our results in terms of the uncorrected PC scores.

The percentages of correct judgments across groups and conditions
are shown in Figure 3. Two of the children, 1 in each of the WS and
MA-control groups, completed the study but exhibited diminishing at-
tention to the task. Their scores fell more than 3 

 

SD

 

s below the mean
for the remainder of their group in the static condition by the second
block (the low-S/N condition), and data from these 2 subjects were ex-
cluded in the following analyses. However, the overall pattern of their
data was consistent with the patterns illustrated in Figure 3.

The data were submitted to a 3 (group) 

 

�

 

 2 (S/N ratio) 

 

�

 

 3 (noise
type) mixed-model repeated measures analysis of variance. There
were main effects of all three factors. The adults performed best
(95.97%), followed by the children with WS (90.90%) and the MA-
matched children (83.49%), 

 

F

 

(2, 25) 

 

�

 

 11.33, 

 

p

 

 

 

�

 

 .001. Tukey HSD
post hoc comparisons showed that the adults and children with WS
performed reliably better than the normally developing children (

 

p

 

s 

 

�

 

.001 and .05, respectively). There was no reliable difference between
the adults and the children with WS. Participants also performed reli-
ably better with less noise (1:1 ratio, 

 

M

 

 

 

�

 

 95.30%; 1:3 ratio, 

 

M

 

 

 

�

 

84.94%), 

 

F

 

(1, 25) 

 

�

 

 73.20, 

 

p

 

 

 

�

 

 .001. Finally, a significant S/N Ratio 

 

�

 

Noise Type interaction revealed that the type of noise lights had differ-
ent effects depending on the S/N ratio, 

 

F

 

(2, 50) 

 

�

 

 19.81, 

 

p

 

 

 

�

 

 .001. To
further analyze this interaction, we conducted a separate 3 (group) 

 

�

 

 3
(noise type) mixed-model repeated measures analysis of variance for
each S/N ratio (1:1 and 1:3).

In the high-S/N condition (1:1 S/N ratio), a main effect of noise
type, 

 

F

 

(2, 50) 

 

�

 

 7.76, 

 

p

 

 

 

�

 

 .005, showed that participants performed
better when the noise lights were static (

 

M

 

 

 

�

 

 99.39%) than when they
were moving (average of random noise, 

 

M 

 

�

 

 93.83%, and yoked

 

1. Examples of the stimuli used in this experiment can be found on the Web
at http://hoffman.psych.udel.edu/research/emdemo/WilliamsPage.htm.
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noise, 

 

M

 

 

 

�

 

 92.69%), 

 

F

 

(1, 25) 

 

�

 

 13.40, 

 

p

 

 

 

�

 

 .005. Random and yoked
noise did not differ, 

 

F

 

(1, 25) 

 

�

 

 0.45, n.s. A group effect, 

 

F

 

(2, 25) 

 

�

 

9.11, 

 

p

 

 

 

�

 

 .005, showed that adults performed the best (99.17%), fol-
lowed by children with WS (97.54%) and MA-matched control chil-
dren (89.20%). Tukey HSD post hoc comparisons showed that, once
again, adults and children with WS outperformed MA-matched chil-
dren (

 

p

 

s 

 

�

 

 .005 and .01, respectively), whereas adults and children
with WS were not different from each other. Finally, a Group 

 

�

 

 Noise
Type interaction (static vs. the average of random and yoked), 

 

F

 

(2, 25) 

 

�

 

4.93, 

 

p

 

 

 

�

 

 .05, showed that the presence of moving lights (either ran-
domly or yoked) affected the groups differently. As can be seen in Fig-
ure 3 (left panel), performance of MA-matched control children was
dramatically reduced by the presence of moving noise lights, but both
adults and WS children showed only small decreases in accuracy.

Analysis of performance in the low-S/N condition (1:3 S/N ratio)
revealed, once again, an effect of noise type, 

 

F

 

(2, 50) 

 

�

 

 37.68, 

 

p

 

 

 

�

 

 .001,
with accuracy being better when the noise lights were static (

 

M

 

 

 

�

 

99.69%) than when they were moving (average of random noise, 

 

M 

 

�

 

80.52%, and yoked noise, 

 

M

 

 

 

�

 

 74.60%), 

 

F

 

(1, 25) 

 

�

 

 112.81, 

 

p

 

 

 

�

 

 .001.
Random and yoked noise did not differ, 

 

F

 

(1, 25) 

 

�

 

 2.81, n.s. A group
effect, 

 

F

 

(2, 25) 

 

�

 

 9.45, 

 

p

 

 

 

�

 

 .005, showed that adults performed the
best (92.77%), followed by children with WS (84.26%) and MA-
matched control children (77.78%). Unlike in the previous analyses,
Tukey HSD post hoc comparisons showed that although adults outper-
formed MA-matched control children (

 

p

 

 

 

�

 

 .005), children with WS
did not (

 

p

 

 

 

�

 

 .18). Additionally, the difference between performance of
adults and children with WS was marginally significant (

 

p � .054).
The significant Group � Noise Type (static vs. average of random and
yoked) interaction, F(2, 25) � 8.90, p � .005, suggests that adding
movement to the noise lights affected the groups differently. Figure 3

(right panel) illustrates this point. Although all three groups performed
at or near ceiling in the static condition, adding movement to the noise
lights had negligible effects on adults, but reduced the performance of
both children with WS and MA-matched control children.

The present experiment examined whether the capacity to perceive
biological motion is spared in children with WS. Biological motion
stimuli are of interest because they require the perceiver to integrate
the local motion of lights in different locations into a global percept of
a walking person. Previous research (Bellugi, Sabo, & Vaid, 1988) us-
ing stationary stimuli suggests that children with WS are impaired at
processing the spatial configuration of local elements. In addition,
they appear to have deficits in perceiving coherent motion of dots em-
bedded in random noise (Atkinson et al., 1997). Therefore, it is sur-
prising that our results show that children with WS performed as well
as or better than MA-matched children, and in many cases achieved
performance comparable to that of normal adults. Even in cases in
which adults were below ceiling performance, children with WS per-
formed comparably to MA-matched control children and only margin-
ally worse than normal adults. In contrast, on the hallmark block
construction task, children with WS perform much worse than MA-
matched children (Hoffman, Landau, & Pagani, 1998; Mervis et al.,
1999). Most important, the excellent performance of children with WS
in the present experiment shows that they possess the capacity to ex-
tract a global figure and its direction of motion from a highly complex
set of motion signals. The basic mechanisms underlying the percep-
tion of biological motion appear to be intact in these children.

The results indicate a selective sparing of biological motion per-
ception in a population with a genetic disorder resulting in impairment
in the perception of some kinds of coherent motion (Atkinson et al.,
1997), as well as the ability to integrate visual information across

Fig. 3. Mean percentage accuracy of reporting the walking direction of the point-light walker in each of the three noise conditions for the three
groups of participants (adults; children with Williams syndrome, WS; and children matched for mental age, MA). Results are shown separately
for high (1:1; left) and low (1:3; right) signal-to-noise ratios. Chance performance lies at 50%.
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space (Bellugi, Sabo, & Vaid, 1988; Bellugi et al., 1994; Hoffman et
al., 1998; Mervis et al., 1999). Perception of biological motion may
depend on a specialized system that is preserved in people with WS,
and this selective sparing may be linked to their genetic profile. For
example, the relative sparing of social functions, such as perception of
faces and other social stimuli, could well be linked to other aspects of
their cognitive profile, in particular, the relative preservation of lan-
guage in WS. This possibility of selective sparing is consistent with
findings from human brain imaging (Bonda, Petrides, Ostry, & Evans,
1996) and single-cell recording in nonhuman primates (Oram & Per-
rett, 1994), which suggest functional specialization subserving the
perception of biological motion. Such selective sparing is also consis-
tent with the claim that people with WS are particularly acute in per-
ceiving social stimuli (Frith & Frith, 1999; Tager-Flusberg & Sullivan,
2000). To conclusively determine whether the perception of biological
motion is the only form-from-motion ability that is spared in WS—or
one of a few such abilities—would require further tests. Impairment in
a variety of form-from-motion tasks, combined with sparing in the
perception of biological motion, would constitute especially strong
evidence for the claim that there is specialization within the domain of
spatial cognition.

In conclusion, our experiment provides evidence that there are spe-
cialized subsystems in spatial cognition, that selective sparing of one
such subsystem might be linked to a specific genetic syndrome, and
that this pattern of selectivity can be observed relatively early in devel-
opment.
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