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Abstract Patients with Williams–Beuren Syndrome
(WBS, also known as Williams Syndrome) show many
problems in motor activities requiring visuo-motor
integration, such as walking stairs. We tested to what
extent these problems might be related to a deficit in the
perception of visual depth or to problems in using this
information in guiding movements. Monocular and
binocular visual depth perception was tested in 33 pa-
tients with WBS. Furthermore, hand movements to a
target were recorded in conditions with and without
visual feedback of the position of the hand. The WBS
group was compared to a group of control subjects. The
WBS patients were able to perceive monocular depth
cues that require global processing, but about 49%
failed to show stereopsis. On average, patients with WBS
moved their hand too far when no visual feedback on
hand position was given. This was not so when they
could see their hand. Patients with WBS are able to
derive depth from complex spatial relationships between
objects. However, they seem to be impaired in using
depth information for guiding their movements when

deprived of visual feedback. We conclude that the
problems that WBS patients have with tasks such as
descending stairs are not due to an inability to judge
distance.
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Introduction

Williams–Beuren syndrome (WBS, also known as
Williams Syndrome; OMIM database #194050, see
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=
194050), is a genetically-based neurodevelopmental dis-
order, caused by a microdeletion on chromosome region
7q11.23 (Osborne et al. 1996; Francke 1999; Korenberg
et al. 2000). The WBS patients have several marked
features, such as mental retardation, dysmorphic facial
features, supravalvular aortic stenosis, and transient
infantile hypercalcemia (Bellugi et al. 1999; Lashkari
et al. 1999). Concentration and attentional difficulties
and high distractibility are common behavioral prob-
lems in WBS (Davies et al. 1998; Morris and Mervis
2000). Furthermore, a specific cognitive profile is often
observed in WBS (Bellugi et al. 2000; Mervis et al. 2000),
with relatively preserved verbal and visual recall skills
(Udwin and Yule 1991), but moderate to severe
impairments in visuo-spatial tasks, such as block copy-
ing (Atkinson et al. 2001; Farran et al. 2001; Nakamura
et al. 2001) and drawing (Stiles et al. 2000). The poor
performance on these tasks specifically suggests
deficits in processing the global configuration of objects
(Bihrle et al. 1989; Kovacs et al. 2001). For instance,
when patients with WBS copy drawings, local elements
and details are often correctly reproduced whilst the
global configuration (the spatial relationships between
the local elements) is altered or left out (Bellugi et al.
1999). The development of visual functioning is also
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found to be abnormal in many WBS patients, and is
marked by a high incidence of, for example, strabismus,
low visual acuity, and amblyopia (Atkinson et al. 2001).

Many individuals with WBS, especially children,
show difficulties in motor activities involving visuo-mo-
tor integration (MacDonald and Roy 1988; Trauner
et al. 1989; Chapman et al. 1996; Withers 1996), such as
walking on non-uniform surfaces and descending stairs.
These difficulties might be related to deficits in visual
processing that hamper the proper visual guidance of
one’s movements. Indeed, reduced stereopsis—the sub-
optimal perception of binocular depth—is likely to be
found in WBS (Sadler et al. 1996; Olitsky et al. 1997;
Atkinson et al. 2001). However, typically developed
individuals with no or sub-optimal binocularity can still
function well using only non-stereoscopic (monocular)
depth cues (von Noorden 1996).

Binocular depth cues arise from the slightly different
images projected onto our two eyes. Monocular depth
cues, such as occlusion, perspective and motion parallax,
normally also provide abundant information about
the relative distances between different objects and
the distance between objects and oneself. In order to
extract and use such information, one has to integrate
several features, such as the height of your eyes and the
height of an object if you intend to step onto it.

In this paper, we investigate the processing of visual
depth in patients with WBS. The noted problems in
global processing in WBS might suggest that the use of
relationships between visible structures to judge depth is
disturbed. On the other hand, inadequate use of visual
depth information for movements might also account
for the difficulties encountered in motor activities
requiring the integration of visual and proprioceptive
information. Here we will show that patients with WBS
are able to extract depth information from their visual
environment, but that the use of this information to
guide their movements seems to be impaired.

Methods

Experimental procedures

Subjects participated in four experiments. The first three
experiments were aimed at the perception of depth using
perspective, parallax and stereoscopic cues, respectively.
The fourth experiment was aimed at the use of depth
information to guide the movement of the hand. The
procedures were approved by the medical ethical com-
mittee of the ErasmusMC, in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki.

Fig. 1 The four conditions in the monocular depth experiment. See text for explanation
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Perspective cues

The perception of perspective cues was tested indirectly
by asking for judgments of size. If two objects have
retinal images that are the same size, the object that is
judged to be further away will be judged to be larger.
The perceived distance to an object is determined by its
spatial relationship with other objects. For instance, an
object seems to be further away when it is higher in the
field of view.

In each of the 60 trials of this paradigm, a colored
image was presented on a 21-inch computer screen
70 cm in front of the subject. Each image contained
two blue cubes placed on the left and the right side of
a textured room that was rendered with appropriate
perspective for the subject’s viewpoint. In each trial,
the subjects had to decide by forced-choice which one
of the two blue cubes in the room was the largest. The
order of the 60 trials and the side on which the
‘‘larger’’ cube was presented were both chosen ran-
domly.

There were four different conditions (see Fig. 1). In
the two control conditions, one of the two cubes was
actually larger than the other (in pixels on the screen).
The actual size difference could be large (18%; control-
easy, 24 trials) or small (9%; control-difficult, 12 tri-
als). These control conditions were included to verify
that the subjects understood the requirements of the
task.

In the two test conditions the two cubes had iden-
tical actual sizes (in pixels), but their sizes seemed dif-
ferent due to the configurations in the scene. Hence, if
this influences the subjects’ responses, we will have
evidence that they are able to perceive the monocular
depth cues. In the first test condition (test-distance, 12
trials), one of two identically-sized cubes was placed
higher on the screen than the other cube, and therefore
seemed to be further away and, hence, larger than the
other one. In the second test condition (test-support, 12
trials), one of the cubes was placed on a gray block,
and therefore seemed to be closer and, hence, smaller
than the other one (Meng and Sedgewick 2001). The
configurations in both test conditions were construed in
such a manner that a full appreciation of the depth
cues would yield an illusory size difference of 18%
between the two blue cubes, as in the ‘‘easy’’ control
condition.

Before the beginning of this paradigm, subjects were
shown several pairs of blue paper squares and were
asked to indicate the larger of the two. All subjects
were able to do this practice task correctly, showing
that they understood at least the nature of the task.
Note that a consistent response in this task can only be
given when a subject is sensitive to the depth cues
provided. The statistical chance of having less than
three errors when a subject is purely guessing is less
than 0.002% in the control-easy condition (24 trials),
and less than 2% in the other three conditions (12
trials).

Parallax: structure from motion

People can use motion cues alone to judge an object’s
shape, which requires the perceptual combination of
moving elements (Ullman 1979). On a computer moni-
tor, we presented two ‘‘circles’’ of dots with the same
average velocity of dot motion. In one circle, all dots
moved back-and-forth in the same direction, but the
velocities were lower for dots nearer to the edges, as if
they were placed on a rotating sphere. In the other circle,
all dots moved back-and-forth at the same velocity
(simulating a moving plane behind a disk-shaped aper-
ture). There were 500 dots in each image. The two
images were presented simultaneously on the left and
right side of a computer screen. In each of the 20 trials
presented, subjects had to report which image looked
more like a rotating sphere. The chance of making more
than 15 correct choices in 20 trials by guessing is less
than 1%.

Fig. 2A–B Schematic drawings of the experimental set-up in the
hand movement paradigm from the side (panel A) and from the top
(panel B). Subjects were seated in the center, in front of the tablet,
with the target about 20 cm directly in front. A movement was
initiated from 17 cm left or right, depending on the handedness of
the subject. Lateral and distance directions as used in the text are
indicated
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Stereopsis

The perception of stereoscopic cues was tested using the
commonly used Titmus Stereo Test (Stereo Optical Co.,
Chicago, IL, USA). In this test, a patient is provided
with properly-oriented Polaroid spectacles, so that each
eye sees only one of two images that are polarized at 90�
with respect to the other. This method induces a retinal
disparity that can lead to a perception of depth at
thresholds ranging between 300000 and 4000 of arc at a
viewing distance of 40 cm (see Von Noorden 1996,
pp 275–276 for a description). The Titmus Stereo Test is
especially suited for measuring stereopsis qualitatively in
children. However, it should be noted that a failure to
pass the test does not imply simply that the observer has
no stereopsis, and therefore a failure should not be re-
garded as entirely conclusive (von Noorden 1996;
Ohlsson et al. 2001). In the present study, performance
was scored into one of four categories: failed when no
stereoacuity could be measured; good when stereoacuity
was better than 100¢¢; medium when stereoacuity was
between 400¢¢ and 100¢¢; or coarse when stereoacuity was
above 400¢¢. Performance scores were analyzed statisti-
cally using a chi-square test, with the significance level
set at 0.05.

Movements

The use of depth information for guiding movements
was tested using a task in which subjects had to point to
a target with visual feedback (‘‘closed-loop’’) and with-
out visual feedback (‘‘open-loop’’) about the position of
their hand. The target was projected on a plane seen via
a see-through mirror. The target was at a fixed position
straight ahead of the subject. The subject had to move a
pen with the dominant hand on a digitizing tablet (Ul-
trapad A2, WACOM Technologies Corporation, Van-
couver, WA, USA) to the position at which the target
was seen to lie on the tablet (see Fig. 2 for a pictorial
description of the set-up).

Right-handed subjects (23 of the 30 WBS, 21 of the
22 CS, and three of the five MC subjects) started their
pointing movements from the left (17 cm to the left
and 20 cm below the target). Left-handed subjects
(seven WBS, one CS, and two MC subjects) started their
pointing movements from the right (17 cm to the right
and 20 cm below the target). In this way the required
movement of the whole arm was similar for left-handed
and right-handed subjects.

The task consisted of two blocks each of ten trials. In
the first block, the hand was visible through the mirror
(closed-loop condition). In this condition, subjects could
use both the visual information on the position of the
target and the visual and proprioceptive information on
the position of the hand to guide their hand to the target.
In the second block, visual information about the posi-
tion of the hand was removed by placing a sheet of paper
beneath the mirror, so that only the target remained
visible (open-loop condition). In this condition, subjects

could use all the visual information on the target posi-
tion, but only proprioceptive information on the hand to
guide their invisible hand to the target. In other words,
they had to integrate visual target information and
proprioceptive hand information in order to point to the
target.

The average and standard deviations of the lateral
and distance positions (see Fig. 2) to which the subject
pointed in each of the two conditions were calculated.
The differences in the lateral and distance directions
between the open-loop and closed-loop conditions were
calculated individually. For the left-handed subjects, the
sign of the lateral difference was reversed. A negative
lateral difference is a setting that is in the direction of the
starting position. A positive distance difference is a set-
ting that is above the target position. Statistics on these
differences were investigated using the Student’s t-test
with the significance level set at 0.01.

Subjects

Informed consent to participate in this study was ob-
tained from (the parents of) 33 patients with WBS (age
range of 10–39 years; mean 18.9±7.5 standard devia-
tion). All patients showed the deletion of all genes (ELN,
CYLN2, and so on) on the Williams Syndrome critical
region on chromosome band 7q11.23 when tested
genetically using fluorescent in situ hybridization (FISH)
with four probes that cover the whole critical region.
Furthermore, all patients showed the phenotypic char-
acteristics of WBS. Based on parent and school reports,
all WBS subjects were low functioning, with estimated
total IQs below 80. All WBS subjects participated in a
large number of behavioral experiments, including the
experiments presented here. Thirty of the 33 subjects
with WBS exhibited severe problems in descending
stairs. For instance, they put two feet on each step, and
made their movements slowly and carefully. All 33
subjects participated in the two experiments on per-
spective and stereoscopic cues. Seventeen subjects also
participated in the structure-from-motion task, which
was added later to the protocol. Thirty subjects
(including the three subjects without difficulties in
descending stairs) participated in the hand movement
task.

Twenty-three control subjects (CS; age range of
6–30 years; mean 15.9±9.0, matched as a group on
chronological age) were recruited from the clinics and
departments of the Erasmus MC. None of the CS had
any problems in walking stairs. All subjects partici-
pated in the experiment on perspective cues; nine CS
participated in the structure-from-motion task, and one
CS did not participate in the hand movement task.
Three control subjects who lack stereopsis were spe-
cifically recruited to participate in order to control for
the absence of stereopsis on the hand movement task.
They were excluded from the analysis of the stereopsis
test.
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A second group of atypical developing subjects of an
unknown etiology but without WBS consisted of five
subjects (MC: age range of 16–19 years; mean 17.7±1.2)
with a low level of cognitive functioning (mean total IQ:
75.8±7.8). This group served as a grossly matched
control group on age and IQ for the WBS group. None
of these five MC subjects had problems in walking stairs,
and all participated in the experiments described here.

Results

Depth perception

The results for the four conditions in the first monocular
depth task (perspective cues) are presented in Fig. 3.
Choices were considered to be ‘‘errors’’ if they were
inconsistent with the monocular depth cue provided.

In the control conditions, one of the cubes was
actually larger than the other. The statistical chance of
having less than three errors when a subject is purely
guessing is less than 0.002% in the control-easy condi-
tion (24 trials) and less than 2% in the control-difficult
condition (12 trials). All 23 CS and all five MC subjects
made fewer than three errors in these two control con-
ditions, but five of the 33 WBS subjects made three er-
rors or more in at least one of the control conditions.
Therefore, we removed these five WBS subjects from
further analysis of this task, since inability to respond
correctly in the control condition confounds the results
in the test conditions.

In the test conditions, the two cubes had identical
sizes, but their sizes seemed different due to the config-
uration of the scene. The statistical chance of having less
than three errors is less than 2% in these two conditions.
In the test-distance conditions, all 23 CS, all five MC
subjects and 24 of the 28 WBS patients included made
fewer than three errors. In the test-support condition, 22
of the 23 CS, all five MC subjects and 14 of the 28 WBS
patients included made fewer than three errors. Three of
the 14 failing WBS patients systematically chose the

Fig. 3 The percentage of
subjects that made a given
number of errors in the four
conditions of the monocular
depth perception task. The light
gray rectangles indicate the
range within the 95%
confidence interval for a subject
performing at chance. This
interval is different in the
‘‘control-easy’’ condition
because more trials were
presented in this condition (24
trials) than in the other three
(12 trials). The five WBS
subjects performing below
chance in the two control
conditions were removed from
the analysis of the two test
conditions. Note that three
WBS subjects systematically
indicated the wrong cube above
chance in the test-support
condition

Fig. 4 The percentage of subjects making a given number of errors
in the structure-from-motion task. The light gray rectangles
indicate the range within the 95% confidence interval for a subject
performing at chance
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‘‘wrong’’ cube, perhaps indicating that they were con-
sidering the support as part of the object. The other 11
failing WBS subjects did not perform above chance. No
correlation with age was observed (R2=0.03).

In the structure-from-motion task, 12 of the 17 WBS
subjects were able to indicate the simulated sphere on
more than 15 of the 20 trials (see Fig. 4), indicating that
these subjects could judge shape from the coherent
motion of the dots. Seven of the nine tested CS and three
of the five MC subjects made no errors at all, and the
other four control subjects made fewer than five errors.
Note that the chance of making less than five errors in 20
trials when a subject is guessing is less than 1%. No
correlation was found with the scores on the other
monocular depth task, nor with age (R2=0.08).

Stereopsis

Table 1 shows the distribution of the scores in the ste-
reopsis test in the WBS group and the control groups.
One subject in the MC group failed to pass this test.
Both groups contained subjects in all four nominal
categories of stereoacuity. Group analysis showed that,
although stereoacuity in WBS was lower than in control
subjects (X2=25.3), almost half of the patients with
WBS showed fair stereovision (better than 40000). The
three control subjects who were specifically selected for
lacking stereopsis (and, indeed, did not pass the stere-
opsis test) were excluded from this analysis. In the WBS
group, we did not observe any significant correlations

with the results on both monocular depth tasks, nor with
age (R2=0.01).

Hand movements

Figure 5 shows examples of hand movement traces of
two WBS patients and two control subjects in the con-
trol condition and in the test condition. All subjects
could accurately move to the target position when their
hand was visible (closed-loop condition), but they often
made systematic errors when the hand was invisible
(open-loop condition).

The differences in mean lateral and distance positions
between the closed-loop condition and the open-loop
condition for all subjects are plotted in Fig. 6. When
analyzed individually, a significant overshoot (move-
ment past the target in the distance direction) was ob-
served in 16 of the 30 WBS patients participating in this

Table 1 Stereopsis. The number of subjects (and percentages) in
the group with Williams–Beuren Syndroom (WBS) and the control
groups (CS and MC taken together) who failed the stereopsis test,
or coarse (>400¢¢), medium (100–400¢¢) or good (<100¢¢) stereoa-
cuity

Group N Failed Coarse Medium Good

WBS 33 16 (49%) 1 (3%) 13 (39%) 3 (9%)
CS+MC 25 3 (12%) 1 (4%) 3 (12%) 18 (72%)

The three control subjects who were selected to participate because
they were known to lack stereopsis are not included in this table

Fig. 5 Example of trajectories
and the endpoints of hand
movements toward the target
with visual feedback (dotted
lines, open circles) and without
visual feedback (solid lines,
filled squares). The two top
panels show control subjects.
The two bottom panels show
patients with WBS. Note that
the target coincided with the
endpoints in the closed-loop
condition
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experiment (versus six of the 22 CS, and none of the five
MC subjects). Furthermore, the radial differences be-
tween control and test condition (the absolute distance
between target and pointing position) was significantly
larger in the WBS group (4.7±2.7 cm) than in the CS
group (2.9±2.1 cm) or the MC group (2.8±1.8 cm).

Statistical group analyses across all 30 WBS subjects
and 27 control subjects showed that, for the lateral
direction, the WBS group did not differ significantly

from two control groups (�2.0±1.8 cm vs. �2.0±2.2
cm for the CS group, p=0.57; and vs. �0.9±3.1 cm for
the MC group, p=0.49). Both the CS and the WBS
group differed significantly from zero. This indicates
that both WBS and the CS group showed a lateral dif-
ference in end-point position in the direction of the
starting positions (for example, right-handed subjects
moved their hand too far to the left).

For the distance direction, however, the WBS group
(2.3±4.2 cm) differed significantly from the CS group
(�0.8±1.7 cm) and the MC group (�0.4±1.5 cm). On
average the WBS group moved their hand too far with
respect to the target position. The CS and MC groups
did not differ significantly from zero (p=0.03 and 0.60,
respectively). No correlation with age was observed in
any of the groups (all R2<0.2).

As can be seen in Fig. 6 and Table 2, subjects without
stereopsis did not differ from subjects with stereopsis,
neither within the same group nor across the groups,
and neither in the lateral nor the distance direction (all
p>0.3). Furthermore, we did not observe any correla-
tion between the performance on the perspective and
structure-from-motion tasks and the results from the
hand movement paradigm (maximum R2 obtained was
0.02, all p>0.5).

Finally, Table 2 shows that the three WBS patients
that did not have difficulties in walking stairs were
comparable to the CS group. These three patients
showed a negative lateral shift (in the direction of the
starting point) and a tendency to undershoot the target
in the distance direction. Their behavior contrasts to the
overshooting behavior of some (but not all) of the other
WBS patients who did have difficulties in walking stairs.

Discussion

In the present study, the perception of monocular and
binocular depth cues and the use of visual depth infor-
mation were tested in a group of patients with WBS. We

Table 2 Hand movements. The mean (and standard deviations) of the lateral and distance differences (in cm) in the hand movement task
for the WBS group and the control group (CS+MC combined), and for the two groups when split in several subgroups based on their
problems in walking stairs and their performance on the stereopsis task

Group Stairs Stereopsis N DLateral (cm) SL < 0 (%) DDistance (cm) SD > 0 (%)

WBS 30 �2.0 (1.8) 57 2.3 (4.2) 53
Problems 27 �1.9 (1.9) 52 2.6 (4.3) 59

Failed 13 �1.7 (2.1) 54 3.0 (3.3) 69
Low—good 14 �2.1 (1.7) 50 2.3 (5.2) 50

Normal 3 �2.5 (1.3) 100 �0.6 (0.4) 0
Failed 1 �2.3 100 �0.1 0
Low—good 2 �2.6 (1.8) 100 �0.8 (0.3) 0

Controls All normal 27 �2.0 (2.2) 57 �0.8 (1.7) 22
Failed 6 �1.4 (2.1) 50 �0.6 (1.1) 17
Low—good 21 �2.2 (2.2) 62 �0.8 (1.8) 24

N number of subjects in the group, SL<0 percentage of subjects showing a significant individual lateral shift in the direction of the starting
point, SD>0 percentage of subjects showing a individual significant (p<0.01) distance difference greater then the target position. Note
that the number of controls who failed the stereopsis test now includes the three subjects who were especially recruited for their lack of
stereopsis

Fig. 6 The differences in pointing to the target between the settings
in the closed-loop condition and the open-loop condition. For each
subject, the average distance difference is plotted against the
average lateral difference. For left-handed subjects, the sign of
the lateral difference was reversed. Filled symbols represent WBS
patients and open symbols represent control subjects (the combined
CS and MC groups). Squares represent subjects without demon-
strable stereopsis (stereoblind). The five control subjects of the
MC group are marked with crosses
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were inspired by their notable problems in descending
stairs, which are often regarded as deficits in the per-
ception of depth.

For the visual perception of depth, our results show
that patients with WBS were able to judge size and shape
from the (spatial) relationships between structures using
perspective and parallax cues. Half of the patients with
WBS did make more mistakes in the monocular depth
perception task when depth was induced by a rather
complex configuration of the elements in the room (the
‘‘test-support’’ condition). One might argue that the
noted problems with global processing encountered by
patients with WBS might hamper performance in such a
complex situation, which represents one of the more
extreme cues available in monocular depth perception.
On the other hand, this result could also be attributed to
more general deficits because the WBS group also made
more errors in the other conditions of this task. We
think that the poor performance of the five subjects who
were excluded from the analysis of the monocular depth
perception task is most likely due to a loss of interest,
attention and/or concentration, since they did not differ
obviously from the other patients in terms of the char-
acteristics of WBS. Nonetheless, 24 subjects of the 28
included subjects showed a performance in this task that
can only be reached when they can process monocular
depth cues properly.

About 49% of our WBS patients were unable to
perceive stereoscopic depth information properly, which
is congruent with the incidence of 44% reported previ-
ously (Atkinson et al. 2001). Such a high incidence of
reduced stereopsis in WBS is not surprising, since these
patients show a much higher incidence of common vi-
sual problems in childhood, such as strabismus (Kapp
et al. 1995) and reduced visual acuity (Atkinson et al.
2001), that are known to restrict the proper development
of binocular processing of visual information.

With respect to the use of depth in guiding move-
ments, we observed that patients with WBS could move
accurately to a target in depth when they could see their
hand (see Fig. 4), indicating that patients with WBS do
not show motor problems in performing this task.
However, their hand movements were impaired when
they had no visual feedback about the position of their
hand. On average they tended to move their hand too far
with respect to the target position. Although the mon-
ocular depth perception task and the pointing experi-
ment were not matched, it is striking to see that in the
pointing experiment in which subjects could use all
possible cues (and not only texture and perspective), the
performance of WBS subjects was the worst.

We can conclude that the majority of patients with
WBS are able to perceive and report depth, although
the scores of the WBS group are on average lower
than those of the control group. This suggests that
their difficulties in visuo-motor activities, such as
walking stairs, are not related to problems in the
perception of visual depth. Rather, the use of visual
depth information in guiding movements seems to be

impaired when the movement is executed without
continuous visual feedback (Atkinson et al. 1997,
2003). However, we cannot rule out the possibility that
problems in proprioception in WBS play a role in the
outcomes of the present study, although one might
argue that such proprioceptive problems are also likely
to show up in the control condition of the hand
movement task.

Relevance of stereoblindness to motor control

As mentioned in the ‘‘Introduction’’, depth information
can be extracted by both binocular and monocular cues
in the visual environment. We did not observe any effect
of the absence or presence of stereopsis on the accuracy
of hand movements in either WBS or control subjects.
Moreover, the five normal control subjects without ste-
reopsis did not report any problems with walking stairs
at all. Therefore, we conclude that the presence or ab-
sence of stereopsis is unlikely to have played an impor-
tant role in the outcomes of our hand movement task.
This is congruent with a previous report that stereo
deficits were uncorrelated with performances on tests of
spatial cognition (Atkinson et al. 2001). So, poor stere-
opsis cannot be the most prominent cause of the prob-
lems encountered when walking stairs in WBS. It seems
likely that other factors, like motor problems, play a
more significant role.

Relation to walking stairs

Problems in motor behavior have often been described
in the diagnostic literature concerning WBS (MacDon-
ald and Roy 1988; Trauner et al. 1989; Chapman et al.
1996; Withers 1996). Severe problems are commonly
noted in walking on stairs in a majority of patients with
WBS (for example, 30 of the 33 patients seen by our
group). Also, the parents of patients often reported the
problems in walking stairs when they were asked for any
motor abnormalities of their child.

Their inability to descend steps smoothly is the most
marked feature. They put two feet on the same step
before continuing to the next step, they often use two
hands to hold onto the banisters, and they tend to look
down constantly to the steps ahead. Ascending stairs
seems to pose fewer problems, although most of our
subjects still climbed carefully. This observation might
be related to the fact that a mis-step during climbing has
less serious consequences than a mis-step during
descending. Moving a foot too far during descending
leads to overshooting the next step of the stairs, and
yields the unacceptable risk of falling down. Such an
overshooting foot movement would correspond to the
overshoot observed in our hand movement task when
the hand was not visible. During ascending, a mis-step is
most likely to lead to a (harmless) touch of the next step
with your foot.
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Walking stairs adequately involves both the proper
perception of visual depth and subsequently the proper
use of the visual depth information in guiding one’s
movements. Normal subjects are quite able to descend
stairs using one foot per step and walk without much
direct visual feedback about the position of feet and
stairs. In contrast, patients with WBS seem to prefer
constant visual feedback about the relative positions of
their feet and the steps ahead. Hence, they are likely to
move more slowly and carefully. In this way they en-
sure that the stairs are walked safely without risk of
getting hurt. This is consistent with our finding that
WBS patients only perform their movements correctly
when visual feedback is present, although we
acknowledge that this analogy is somewhat speculative,
as the depth cues provided in our experiments and
those available in normal stair walking are quite dif-
ferent.

In our group, three patients with WBS did not show
any problems in walking stairs, and, interestingly, their
results in the hand movement task were similar to the
control group. This suggests that, in contrast to the
other patients, these three patients were able to use
depth information to guide their movements adequately,
although all patients shared the common genotype and
clinical symptoms of WBS.

Limitations

In order to investigate depth processing in WBS, we
employed four experimental procedures. This inevitably
puts limitations on the ecological validity of the
experiments. For instance, in real life, observers per-
ceive and act on the basis of a real three-dimensional
world with all depth cues provided simultaneously,
instead of being forced to use each one separately. On
the other hand, the procedures employed allowed for a
quantitative and controlled comparison between sub-
jects.

The procedures themselves might have introduced
some limitations. In the monocular tasks, for instance,
the sensitivity might be too low, since we were only
asking for ordinal relationships (rather than metric
depth). Therefore, it could be argued that monocular
depth vision in WBS might be subnormal, but still above
the threshold set in our task. Presenting a more elabo-
rated task is likely to reduce these limitations, and may
yield subtle deficits in WBS subjects. However, this has
the serious drawback of inducing loss of interest,
attention and concentration, which are common prob-
lems in WBS. These problems are probably the reason
for the errors made by the WBS patients in the present
experiments. This might be illustrated by the significant
correlation between the total number of errors made in
the two control conditions and the total number of er-
rors made in the two test-conditions of the monocular
depth perception task using the illusory room (R2=0.55,
p<0.001).

Finally, we should remark that no detailed matching
or scoring of IQ was done for the present experiments,
so we cannot relate the present results with the alleged
visuo-spatial deficits often observed in WBS. One has
to realize that matching a control group to subjects is
burdened with difficulty given the atypical cognitive
profiles of those with WBS. Nonetheless, in our opin-
ion, this possible shortcoming is unlikely to have had a
significant effect on the outcomes of the experiments.
For instance, age did not have a significant effect in
any of the experiments (all R2<0.2). Also, the group
of low-functioning subjects without WS (the MC
group) performed as well as the other subjects of the
control group (the CS group). Furthermore, it should
be noted that ten children were present too in that
control group. We can remark that the perception
tasks were designed such that a successful performance
is proof of the appreciation of depth cues. The control
conditions included in the tasks ensured that subjects
understood the requirements of the task, and by
comparing the results within subjects in the hand
movement task, each subject served as his or her own
control.

Neurophysiological basis

Although speculative, the observed problems in visuo-
motor coordination (hand movements and descending
stairs) may be related to cortical deficits in the dorsal
stream, since this occipitoparietal pathway is associated
with the visuo-spatial processing and the visual control
of action (Goodale and Milner 1992). Other studies
have already implicated substantial problems with
dorsal stream functioning in WBS [as well as in a
number of other disorders (see, for example, Braddick
et al. 2003)], whereas the ventral stream (occipitotem-
poral lobes), which is mainly involved in processing
object properties, seems to be largely spared in WBS
(Atkinson et al. 2001, 2003; Nakamura et al. 2002; Paul
et al. 2002). Moreover, it has been suggested that WBS
subjects seem to process visual information effectively
but show problems when translating it into actions,
which would be indicative of dorsal stream deficits
(Atkinson et al. 1997).

Our observations may also reflect deficits in cerebellar
functioning in WBS, since the cerebellum is strongly
involved in motor activities. Structural MRI studies
(Reiss et al. 2000; Schmitt et al. 2001) and neurological
observations (Trauner et al. 1989; Bellugi et al. 1990;
Chapman et al. 1996) do indeed suggest cerebellar dis-
turbances in WBS, which have been recently related to
the deletion of the gene CYLN2 in WBS (Hoogenraad
et al. 2002). However, we did not observe signs of gross
cerebellar deficits, such as the presence of ataxia, nys-
tagmus or vestibular dysfunction in our patients, al-
though the saccadic eye movements of subjects with
WBS seems to suggest some cerebellar disturbances
(Van der Geest et al. 2004).
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Conclusion

We conclude that most patients with WBS are able to
derive depth from spatial relationships between visual
objects, despite their alleged problems in global visual
information processing. Our results instead suggest
impairment when using visual depth information to
adequately guide movements, especially in conditions
where visual feedback on the movement is lacking.
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