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Abstract

Williams syndrome (WS) is a neurodevelopmental disorder characterized by severe visuospatial deficits, particularly
affecting spatial navigation and wayfinding. Creating egocentric (viewer-dependent) and allocentric (viewer-independent)
representations of space is essential for the development of these abilities. However, it remains unclear whether egocentric
and allocentric representations are impaired in WS. In this study, we investigate egocentric and allocentric frames of
reference in this disorder. A WS group (n = 18), as well as a chronological age-matched control group (n = 20), a non-
verbal mental age-matched control group (n = 20) and a control group with intellectual disability (n = 17), was tested
with a computerized and a 3D spatial judgment task. The results showed that WS participants are impaired when
performing both egocentric and allocentric spatial judgments even when compared with mental age-matched control
participants. This indicates that a substantial deficit affecting both spatial representations is present in WS. The egocentric
impairment is in line with the dorsal visual pathway deficit previously reported in WS. Interestingly, the difficulties found
in performing allocentric spatial judgments give important cues to better understand the ventral visual functioning in WS.
(JINS, 2013, 19, 54-62)
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INTRODUCTION

Williams syndrome (WS) is a genetic neurodevelopmental
disorder resulting from a hemideletion on chromosome
7q11.23 (Bayes, Magano, Rivera, Flores, & Perez-Jurado,
2003; Korenberg et al., 2000). This rare syndrome is character-
ized by a specific cognitive profile defined by a predominant
visuospatial impairment while language processing is relatively
spared (Bellugi, Lichtenberger, Jones, Lai, & St George, 2000).

Visuospatial deficits have been widely reported in WS, par-
ticularly concerning the perception of two-dimensional (2D)
form-from-motion stimuli (Reiss, Hoffman, & Landau, 2005),
the discrimination of coherent motion and action planning
(Atkinson et al., 2003). Furthermore, a decreased efficiency in
visual search was reported and is characterized by a less
structured scan-pattern. This involves an increase in fixation
duration and number of fixations which results in more time
required to process the visual scene (Montfoort, Frens, Hooge,
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Haselen, & van der Geest, 2007). WS participants were
also found to be impaired on visual working memory tasks
requiring the recognition of the location of a previously
presented object appearing in one of four quadrants
(Vicari, Bellucci, & Carlesimo, 2005). These deficits
regarding the processing of spatial information have been
demonstrated in small-scale as well as in large-sale environ-
ments (Farran, Courbois, & Cruickshank, 2009). WS
participants were found to be slightly impaired in learning
a route in the real world (Farran, Blades, Boucher, &
Tranter, 2010) and in correctly performing wayfinding tasks
(Atkinson et al., 2001). The aforementioned weaknesses have
important outcomes for the daily life of these patients which
are evidenced by their parents’ reports revealing difficulties
in following directions and establishing their perceptual
organization of space (Semel & Rosner, 2003). The develop-
ment of the spatial representation of the surrounded
space under different frames of reference is pivotal for the
acquisition of spatial navigation and wayfinding abilities.
Nardini, Atkinson, Braddick, and Burgess (2008), defined
developmental trajectories of different spatial frames of
reference in WS by using a spatial memory paradigm
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including either array-, body-, or environment-based frames
of reference judgments. Results demonstrated that spatial
memory coding in WS was slow and incomplete compared to
controls, although it did not follow an anomalous develop-
mental pattern. WS of all ages were severely impaired on
this task, particularly when a local landmark was used as
reference frame.

Two main classes of reference frames to represent
spatial information can be distinguished, namely egocentric
and allocentric representations. Egocentric coordinates
represent positions of locations that are related to the position
of the viewer (viewer-dependent). In contrast, allocentric
information computes the positions of objects in relation to
other objects in the environment, independent of the position
of the viewer (viewer-independent). There is the evidence
that the dorsal visual stream is responsible for processing
egocentric information while the ventral visual stream
processes spatial information from an allocentric perspective
(Goodale & Haffenden, 1998). Accordingly, neuroimaging
studies, which have explored the neural basis of egocentric
and allocentric reference frames, have confirmed different
neural structures and pathways underlying these systems
(Galati et al., 2000; Holdstock, Mayes, Cezayirli, Aggleton,
& Roberts, 1999; Vallar et al., 1999).

Egocentric encoding of space has been shown to recruit a
fronto-parietal network along the dorsal stream (Galati et al.,
2000; Vallar et al., 1999), which plays an important role
for spatial processing and mediates visual control of
skilled actions directed at objects (Milner & Goodale, 2008).
Patients with lesions along the dorsal visual pathway
(parietal-lobe regions) were described to be less accurate in
navigating through computer-simulated tunnels shown from
a first person perspective than frontal lobe patients and
age-matched control participants, supporting the role of the
parietal lobe in processing egocentric information (Seubert,
Humphreys, Muller, & Gramann, 2008). These findings are
in line with neurophysiological approaches in the monkey in
which neurons coding viewer-dependent spatial positions
have been found in the posterior parietal and premotor
cortices (Cohen & Andersen, 2002).

On the other hand, allocentric spatial processing is thought
to recruit ventromedial temporal structures along the ventral
visual stream (Holdstock et al., 1999) which is mainly
responsible for the perception of object properties (Milner &
Goodale, 2008). However, the cortical representation of the
allocentric information seems to be more diffuse than that of
the egocentric reference frame (Grimsen, Hildebrandt, &
Fahle, 2008). Patients who underwent unilateral temporal
lobectomy showed impairments in performing allocentric but
not egocentric spatial memory tasks suggesting that the
anterior temporal lobe, as well as the hippocampus play an
important role in allocentric coordinates (Feigenbaum &
Morris, 2004). Involvement of the hippocampal and para-
hippocampal regions was found exclusively in allocentric
spatial memory processing (van Asselen et al., 2006). These
findings are in line with the theory of O’Keefe and Nadel
(1978), who stated that the hippocampus is pivotal in the
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processing of allocentric spatial information. In fact, the
hippocampal formation has been described as crucial for the
processing of spatial navigational information and was found
to have an abnormal functioning in WS. Meyer-Lindenberg,
Mervis, and Berman (2005) reported abnormal function and
metabolism of the anterior hippocampal formation despite
preserved volume and subtle altered shape evidencing the
neural basis for spatial navigation dysfunction in this dis-
order. Additionally, the dorsal visual stream, associated with
the processing of information from an egocentric perspective,
has been described as impaired in WS. Indeed, the noticeable
deficits in the visuospatial domain reported in WS have been
explained by developmental impairments within the dorsal
visual pathway (Jackowski et al., 2009; Meyer-Lindenberg
et al., 2004). The ventral visual stream has been described to
be relatively less affected in WS (Paul, Stiles, Passarotti,
Bavar, & Bellugi, 2002), resulting in fairly normal object
recognition, color processing and recognition of faces
(Bellugi et al., 2000).

The goal of the present study was to explore how WS
participants use both egocentric and allocentric reference
frames. Although several studies addressed spatial process-
ing in WS, until now, no study has explicitly differentiated
between the use of egocentric and allocentric reference
frames. To achieve this goal, we used a computerized
spatial judgment task as well as a 3D spatial judgment task.
The 3D spatial judgment task was introduced to control for
weaknesses in performing the task due to the difficulty in
interacting with the computer. Thus, this 3D spatial task
involves high ecological validity, in which the materials and
setting approximate a real-life situation. This ecological
approach is important keeping in mind that this clinical
group is characterized by mild to moderate mental retarda-
tion and these patients are not familiar with computerized
environments.

Considering the importance of the posterior parietal
cortex for processing spatial information from an egocentric
perspective, we hypothesized that WS participants will be
impaired on tasks involving viewer-dependent judgments.
Furthermore, since processing information from an allo-
centric perspective is associated with areas along the ventral
visual pathway and hippocampal formation, we expected
that performance on viewer-independent tasks may also be
affected in this disorder.

METHODS

Participants

Eighteen WS participants (11 males and 7 females) partici-
pated in this study. The WS participants were recruited from a
database used in previous studies (Castelo-Branco et al.,
2007; Mendes et al., 2005). All patients were diagnosed
based on clinical and genetic examinations. Fluorescence
in situ hybridization (FISH) analysis was used, which
demonstrated the hemizygous Elastin deletion. Additional
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Table 1. Characteristics of patient and control groups

WS (n= 18) TD_CA (n =20) TD_NVMA (n =20) ID (n=17)

Mean Range SE  Mean Range SE Mean Range SE  Mean Range SE
CA (years) 18.00 8-34 1.9 17.25 9-34 1.7 6.00 4-9 02 19.53 9-35 1.59
Education (years) 5.06 0-12 1.0 7.95 4-14 0.7 0.90 0-4 0.2 7.00 0-9 0.80
Standard FSIQ 5394 42-75 20 11071  95-120 19 106.14 89-119 39 5359  40-77 247
RCPM score 18.56 9-30 1.3 33.56  30-36 0.4 21.10 13-30 1.2 1971 12-28 1.20
Gender (m:f) 11:7 11:9 9:11 8:9
Handedness (right:left) 15:3 19:1 19:1 12:5

genetic analysis revealed the same deletion size ( ~1.55 Mb)
in all WS participants. None of the WS participants was
diagnosed with attention-deficit/hyperactivity —disorder
(ADHD) or was taking medication to control for attentional
and behavioral problems.

Three control groups were created. A chronological
age-matched control group (TD_CA), in which 20 typically
developing participants were matched for chronological age
(#(36) = 0.346; p = .732) and handedness (Fisher’s exact test,
p=.328) with the WS group. A non-verbal mental age
matched control group (TD_NVMA), in which 20 typically
developing participants were matched for non-verbal mental
age (#(36)= —1.442; p=.158) and handedness (Fisher’s
exact test, p = .328) with the WS group. Non-verbal mental
age was defined on the basis of the score on the Ravens
Colored Progressive Matrices (RCPM; Raven, 1947).
The RCPM are recognized as a non-verbal measure of fluid
intelligence and were previously described as being a useful
tool to make an adequate match between WS and respective
control groups (Van Herwegen, Farran, & Annaz, 2011). None
of the control participants had a history of psychiatric, neuro-
logic and ophthalmologic illness and all were naive concerning
the testing procedures. They were recruited from local schools
and were individually tested at their own schools. Finally,
a control group with intellectual disability (ID) was included,
in which 17 participants were matched for chronological
age (Mann-Whitney test, p =.630), Full-Scale Intelligence
Quotient (FSIQ) (#(33)=0.113; p =.911), education level
(1(33) = —1.494; p = .145), Raven score (#(33) = —0.641;
p = .526), and handedness (Fisher’s exact test; p = .443) with
the WS group. The FSIQ score was obtained by using the
Portuguese adapted version of the Wechsler Intelligence
Scales, namely the Wechsler Intelligence Scale for Children —
3rd edition (WISC-III) or the Wechsler Adult Intelligence
Scale — 3rd edition (WAIS-III), according to the participant’s
age (Wechsler, 2003, 2008). These participants were
recruited from local special education institutes. None of
these participants were taking selective serotonin reuptake
inhibitor or neuroleptic medications. Participants with
co-morbid conditions were excluded (epilepsy, brain injury,
sensory deficits, associated genetic syndromes, and motor
deficits that could interfere with task response). The char-
acteristics of the patient and control groups are summarized
in Table 1.
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Informed consent was obtained from parents of partici-
pants or, when appropriate, the participants themselves. The
study was approved by our local ethics committee and was
conducted in accordance with the declaration of Helsinki.

Procedure

Participants were asked to perform two experimental tasks: a
computerized and a 3D spatial judgment task. Two different
tasks were used to explore both egocentric and allocentric
spatial frames of reference.

Computerized spatial judgment task

In the computerized spatial judgment task, participants were
individually tested in a quiet and darkened room, seated in a
comfortable chair. The room was totally darkened for the
computerized spatial judgment task to prevent that partici-
pants use the borders of the monitor or other landmarks as
reference frame when performing the task. Stimuli were
shown on a 33.8 X27.1cm computer screen using the
software package Presentation (Neurobehavioral systems).
After instructions were given, participants were asked to
place their chin in a chin rest that was positioned at a distance
of =50 cm from the computer screen. Two different experi-
mental tasks were included: an egocentric task and an
allocentric task.

In the egocentric task, an image of a tiger was shown
during 300 ms on a dark screen after which participants
had to indicate whether the tiger appeared on their left or on
their right, using their own body as a frame of reference
(Figure 1a). No time limit was used to respond. All partici-
pants were able to differentiate between left and right direc-
tions. The distance between the tiger and the center of the
screen was manipulated by defining eight different positions
across the horizontal axis. The defined locations were 0.57°,
1.72°, 3.02°, and 4.23° from the center of the screen on both
left and right side, representing different levels of task diffi-
culty. On each trial, the tiger was randomly presented on one
of the eight locations. A total of 64 trials was included for
the egocentric task. Eight practice trials were given and the
practice phase was repeated whenever the subjects did not
understand the instructions or had difficulties in coordinating
the motor response.
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Fig. 1. Example of the display used on (a) egocentric and (b) allocentric
computer tasks.

In the allocentric task, participants were also required to
judge the position of a tiger that appeared during 300 ms.
However, in this task, the judgments were performed in relation
to two flowers that appeared on the screen (Figure 1b). Partici-
pants had to indicate whether the tiger was closer to the left or to
the right flower. The distance between the two flowers was
22.90°. On each trial, the position of the flowers changed across
the horizontal axis, although the distance between them
remained constant to avoid body-centered spatial judgments.
The position of the tiger was never in the center of the screen,
but could be positioned in one of four locations on either left or
right side of the center (0.57°, 1.72°, 3.02°, and 4.23°). A total of
64 trials was included as well as the eight practice trials.

3D spatial judgment task

In the 3D spatial judgment task participants were individually
tested in a quiet and illuminated room, seated in a comfortable
chair in front of a table where a white board was positioned.
This task also included an egocentric and an allocentric task, as
occurred in the previous task. For both tasks, three small toys
were arranged on a white board of 42 X 29 cm.Ten trials were
conducted and the position of the toys was manipulated on each
trial. In the egocentric task, participants had to indicate which of
the three toys was closer to their own body (Figure 2a). In the
allocentric task, the procedure was the same as used in the
egocentric task but including one additional toy (a white plane)
(Figure 2b). No time limit was used for stimulus presentation or
response. Subjects were instructed to indicate which of the
three toys was closer to the white plane. This task also included
ten trials.
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Fig. 2. Example of the display used on (a) egocentric and (b) allocentric
three-dimensional tasks.

RESULTS

Separate analyses were performed for the computerized and
3D spatial judgment tasks, using percentage of incorrect
responses and reaction times in ms as dependent variables.
For the computerized spatial judgment task, a repeated-
measures analysis of variance (ANOVA) with Group
(WS, TD_CA, TD_NVMA, ID) as between-subject factor and
Task (egocentric, allocentric) and Condition (0.57°, 1.72°,
3.02°, 4.23°%) as within-subject factor was conducted on the
percentage of incorrect responses (Figure 3a,b), including age
as covariate. No significant effect was found for Task
(F(1,71) = 1.30; p > .05, n2 = 0.018) nor an interaction effect
for Task X Group (F(3,71)=0.190; p>.05; m>=0.008).
These data suggest that, for the three groups, performance on
both egocentric and allocentric tasks did not differ. Importantly,
an overall effect of Group was found (F(3,71)=31.19;
p <.001; % =0.569). Tukey’s post hoc testing showed that
the WS group performed significantly worse than all control
groups (TD_CA: p<.001; d =2.69; TD_NVMA: p <.001;
d=1.13;1ID: p <.001, d = 1.43). A main effect for Condition
was found (F(3,71) =232.732; p <.001; m*>=0.766), indi-
cating that the different conditions that were used really repre-
sent different levels of task difficulty. Furthermore, the
interaction effect for Condition X Group (F(9,71)=4.398;
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Fig. 3. Computerized task: percentage of error and standard errors
of the mean for Williams syndrome (WS), chronological age-
matched control group (TD_CA), non-verbal mental age matched
control group (TD_NVMA), and control group with intellectual
disability (ID) groups as a function of task difficulty (0.57°, 1.72°,
3.02°, and 4.23°) on (a) egocentric and (b) allocentric tasks.

p<.001; m*>=0.157) suggest that the WS group made
relatively more errors in the more difficult trials. Additionally,
age did not show a significant contribution to explain the
present findings (p > .05). Together, these results indicate that
the WS group made significantly more errors than all control
groups when asked to perform both egocentric and allocentric
spatial judgments in this computer task.

In a complementary analysis, we fit a psychometric
function to each subject’s response to understand the effect of
the different levels of difficulty introduced in the task on
the subject’s performance. As can be seen in Figure 4, the
function that best fitted the pattern of performance in response
to this task was the Gaussian function. Thus, the conditions
that evoked more errors are those in which the tiger appeared
near to the center of the screen and the easiest conditions are
those in which the tiger appeared in both extremes, on left
and right sides. The Gaussian fitting was performed by using
the Curve Fitting Toolbox of the Matlab software (7.10.0
version). The function used to obtain the fitting was al*exp
(—=(x—=bl)/c1)*2), in which “a” corresponds to the peak
intensity, “b” gives the peak position and “c” represents the
“width” of the Gaussian curve. Additionally, we obtained
the r-square (the correlation between the response values and
the predicted response values) for each fitting, which measures
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how successful the fit is in explaining the variation of the data.
The values of the r-square were between 0.85 and 1 for the
egocentric task and between 0.88 and 1 for the allocentric task.

All these parameters were obtained for each subject in both
egocentric and allocentric tasks. For the analyses including
the parameters from the Egocentric task, a one-way ANOVA
revealed a group effect for the “width” of the curve measure
(F(3,70) = 7.23; p < .05; m* = 0.237), while no group effect
was found for the peak intensity (F(3,70) =2.63; p > .05;
m%=0.101) and the peak position (F(3,70) = 1.30; p > .05;
1]2 =0.053). Post hoc analyses (Tukey’s test) revealed
that significant differences concerning the “width” of the
curve occurred between the WS group and all control
groups (TD_CA: p <.001; d=1.08; TD_NVMA: p <.05;
d=0.93; ID: p <.05; d = 0.85) (see Figure 4a).

Regarding the analyses including the parameters from the
Allocentric task, a one-way ANOVA did not show a group
effect for the peak intensity (F(3,70)=1.69; p>.05;
Mm% =0.069), but revealed a group effect for the position of
the peak (F(3,70) = 31.05; p <.001; Mm% = 0.578) and for the
“width” of the curve (F(3,70) = 14.21; p < .05; 1> = 0.385).
Post hoc testing indicated that concerning the peak position,
the WS group differed from the TD_NVMA (p <.001;
d= —1.93) and the ID (p <.001; d = —2.95) control group,
but not from the TD_CA (p>.05; d= —1.13) group.
Concerning the “width” of the curve, the WS group differed
from the TD_CA (p <.001; d = 2.57) and the ID (p <.001;
d=1.46) group, but not from the TD_NVMA group
(p > .05; d = 0.63) (see Figure 4b).

Since we found a significant main effect for Group for the
peak position in the allocentric task, we performed a One-
Sample r-test, for each group, comparing the value of the
peak position with O (corresponding to the center of the
screen) to identify a possible bias for one of the sides
of the screen (left or right sides). Interestingly, significant
differences were found for all control groups (TD_CA
(t(19) = 3.60; p <.05), TD_NVMA (#(19) = 5.764; p <.001)
and ID (#(16) = 8.38; p <.001)), but not for the WS group
(#(17) = —1.93; p>.05). These results revealed that control
participants showed a left visual hemifield advantage, whereas
WS participants did not. The differences found concerning the
“width” of the curve revealed that WS participants made more
errors in the intermediate and in the easiest conditions when
compared with the controls, although in the allocentric task
the performance was similar to the TD_NVMA controls.
Additionally, the peak intensity results indicated that the
difficulty of the task has the same impact on the performance of
both WS and control groups with all groups showing more
errors on the more difficult conditions (0.57° left and right).

To analyze the reaction times of the computerized spatial
judgment task, a repeated measures ANOVA with Group
(WS, TD_CA, TD_NVMA, ID) as between-subject factor
and Task (egocentric, allocentric) and Condition (0.57°,
1.72°, 3.02°, 4.23°) as within-subject factor was conducted
(see Figure Sa,b), including chronological age as covariate.
Results revealed no significant main effect for Task
(F(1,71) = 0.06; p > .05; T]2 =0.001), nor a significant
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Fig. 4. Gaussian fitting [al *exp (—((x—b1)/c1)*2)] to the error responses of the Williams syndrome (WS), chronological
age-matched control group (TD_CA), non-verbal mental age matched control group (TD_NVMA), and control group with
intellectual disability (ID) groups for the (a) egocentric and (b) allocentric tasks.

interaction effect for Task X Groups (F(3,71)=0.264;
p>.05; n2 =0.011). On the other hand, a significant
main effect for Condition (F(3,71)=27.594; p<.001;
m? =0.280) was found as well as a significant interaction
effect for Condition X Group (F(3,71)=2.486; p<.05;
m? = 0.095). Additionally, a significant effect of Group was
also found (F(3,71) = 5.094; p <.05; n* = 0.177). Tukey’s
post hoc testing revealed that the WS group is significantly
slower than the TD_CA group (p <.05; d = 1.04), but need
the same time to respond as both the TD_NVMA (p > .05;
d=0.32) and the ID (p>.05; d=0.46) control group.
Again, age did not contribute to explain the results (p > .05).

For the 3D spatial judgment task, the pattern of results
was similar to those obtained in the computerized spatial judg-
ment task (Figure 6). A repeated measures ANOVA with Group
(WS, TD_CA, TD_NVMA, ID) as between-subject factor and
Task (egocentric vs. allocentric) as within-subject variable
showed a significant effect for Task, (F(1,71)=15.457;
p<.001; m*>=0.179). However, no significant interaction
occurred for Task X Group (F(3,71)=0.15; p>.05;
m? = 0.006). Moreover, a significant effect of Group was found
(F(3,71) = 6.53; p<.05; 1]2 = 0.216). Tukey’s post-hoc tests
indicated that WS participants made significantly more
errors than TD_CA (p<.001; d=1.43) but performed
similarly as both TD_NVMA (p>.05; d=0.53) and ID
(p>.05; d=0.61) control groups. Age did not contribute to
explain the results (p > .05). The WS group exhibited deficits
in perceiving egocentric as well as allocentric information
when compared with chronological age-matched controls
but achieved the level of performance exhibited by participants
with intellectual disability and with matched non-verbal
skills when tested in more ecological environments and without
time-limits.
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DISCUSSION

The current study was aimed at investigating visual
processing of egocentric and allocentric spatial relations
between objects in WS. We conducted two experimental
tasks requiring subjects to perform visual spatial judgments
of the location of objects using their own-body or external
objects as frames of reference.

In the first task, subjects needed to discriminate locations
of objects that appeared on a computer screen using allo-
centric as well as egocentric frames of reference. The results
of this task indicate that the ability to make egocentric and
allocentric spatial judgments is impaired in WS participants.
Interestingly, no interaction effect emerged for Group and
Task, indicating that the impairment exhibited by WS partici-
pants is equally serious for both egocentric and allocentric
spatial judgments. WS participants performed significantly
worse than all control participants on all levels of task
difficulty for both reference frames. These results were found
even when the groups were matched for non-verbal mental
age and also for intellectual disability. Thus, WS participants
were consistently impaired in all conditions. Importantly, the
larger number of errors exhibited by WS group is not related
to faster responses due to attentional problems and impulsive
responses, as was demonstrated by reaction time analysis.
Indeed, WS participants were slower than control participants
matched for chronological age and needed the same time as
both control participants matched on non-verbal mental age
and intellectual disability. It remains, however, important to
analyze the qualitative pattern of results especially taking into
account the different levels of complexity introduced in the
task. The fitting analysis demonstrated that the WS group
show similar results as both control groups in the more
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Fig. 5. Computerized task: reaction times (ms) and standard errors
of the mean for Williams syndrome (WS), chronological age-
matched control group (TD_CA), non-verbal mental age matched
control group (TD_NVMA), and control group with intellectual
disability (ID) groups as a function of task difficulty (0.57°, 1.72°,
3.02°, and 4.23°) on (a) egocentric and (b) allocentric tasks.

difficult conditions (peak intensity measure), but committed
more errors in the intermediate and in the easiest conditions
(“width” of the curve measure). Additionally, for the allo-
centric task, the peak position analysis revealed a left visual
hemifield advantage for all the control groups, but not for
the WS participants. The left hemifield advantage found in
control participants is in line with some studies suggesting
that neurologically normal participants exhibit a pheno-
menon similar to that found in neglect patients called
“pseudoneglect” (Bowers & Heilman, 1980). In fact, this left
visual hemifield advantage has been demonstrated in several
tasks that involve visual attention (McCourt & Garlinghouse,
2000) and is thought to be the result of the dominant role of
the right posterior parietal cortex in visuospatial attention.

It should be noted that the computerized spatial judgment
task, particularly the egocentric task, required a well established
knowledge of left and right directions which might introduce
additional confounds for WS participants, even though they all
were able to correctly discriminate between left and right.

In the second task, a more ecological approach was used by
using 3D small toys that were displayed on a board. Subjects
were again asked to make either an egocentric or allocentric
spatial judgment. The results of this task were similar to those
found in the computer task confirming the egocentric and
allocentric impairments in WS participants. Indeed, no
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Fig. 6. The 3D Task. Number of errors and standard errors of the
mean for Williams syndrome (WS), non-verbal mental age matched
control group (TD_NVMA), control group with intellectual
disability (ID), and chronological age-matched control group
(TD_CA) groups for the egocentric and allocentric tasks.

interaction effect was found between the tasks and the
groups, suggesting equal impairment for both egocentric
and allocentric tasks. In this 3D spatial judgment task, WS
participants achieved similar results to those found in
participants with the same level of intellectual disability and
non-verbal mental age. This suggests performance improves
when using more ecological approaches and by giving them
unlimited viewing time.

These findings indicate that egocentric as well as allo-
centric perception is impaired in WS. These results are in line
with the study of Nardini et al. (2008), who showed that both
body- and landmark- spatial memory representations are
impaired in this disorder. Our results indicate that the deficit
found in WS participants regarding the spatial memory
coding of egocentric and allocentric information might not
only be a result of memory component requirements but it is
present even when only perceptual judgments are involved.

The impairment in representing egocentric information is in
agreement with existing literature suggesting a dorsal stream
dysfunction in WS (Atkinson et al., 2003; Castelo-Branco et al.,
2007; Meyer-Lindenberg et al., 2004). Moreover, the evidence
of impaired processing concerning allocentric information
suggests impaired ventral stream and hippocampal and
parahippocampal functioning. That is, neural correlates of
allocentric spatial representations are thought to include the
ventral stream and hippocampal and parahippocampal regions
(Holdstock et al., 2000). The latter regions have been found to
be affected in WS participants (Meyer-Lindenberg et al., 2005),
although a ventral stream weakness is less documented.
Although psychophysical and neuroimaging studies have
provided important insights into the ventral functioning in WS
(Paul et al., 2002), thus far most studies have focused on face
perception and recognition skills of WS participants, who
demonstrate an overall good performance on these tasks which
seems to be comparable to typically developing individuals,
albeit conducted by differing mechanisms (Deruelle, Mancini,
Livet, Casse-Perrot & de Schonen, 1999; Karmiloff-Smith
et al., 2004). Moreover, the involvement of both egocentric and
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allocentric spatial representations was found to be determinant
for face processing (Chang, Harris, & Troje, 2010). More
research is still needed to understand the role of egocentric and
allocentric frames of reference in face processing, thereby add-
ing to our understanding of visual pathway functioning in WS.

It is interesting to note, however, that studies exploring the
developmental trajectories for egocentric and allocentric
representations as well as classical developmental literature
(Piaget & Inhelder, 1948) suggest that the spontaneous use of
allocentric representations develops during the school years,
while the egocentric spatial coding emerges in early infancy.
Bullens, Igéi, Berthoz, Postma, and Rondi-Reig (2010)
demonstrated that the correct use of allocentric representations
arises between 7 and 10 years of age, reaching the ability to
elaborate complex representations of the environment from
10 years onward. On the other hand, the spontaneous use of
egocentric spatial representations is established at 5 years
of age (Bullens et al., 2010), although Nardini, Burgess,
Breckenridge, and Atkinson (2006) have proposed that the
viewer-dependent spatial judgments are present as early as
3 years. This suggests a progressive shift from body-centered
perspectives to world-centered representations between 5 and
10 years of age. Accordingly, it was recently suggested by
Zaehle et al. (2007) that the allocentric representations develop
late in phylogenesis as well as in ontogenesis. The authors
proposed that allocentric coding develops based on egocentric
coding and partly shares the same neural sources (precuneus),
although it recruits additional brain areas, namely right parietal
areas, the bilateral ventral visual stream and the hippocampal
formation. Therefore, although there are some studies claiming
the parallel development of egocentric and allocentric spatial
representations (Igldi, Zaoui, Berthoz, & Rondi-Reig, 2009),
other studies argued that some dependencies occur between the
two frames of reference and they interact to process complex
representations of the environment (Burgess, 2006). Based on
these findings, we could hypothesise that the egocentric deficits
found in WS, as a result of dorsal visual stream impairment,
might also be contributing to the difficulties evidenced in the
allocentric spatial judgment tasks. Thus, the lack of body-
centered spatial representations in WS participants could be an
important factor for determining the incomplete development
of external reference frames. In fact, the use of landmarks
as a complement of the body-centered reference frame in
wayfinding tasks has been consistently found to be impaired in
this disorder (Atkinson et al., 2001).

Concluding, the current study demonstrated that percep-
tion of both egocentric and allocentric spatial relations is
impaired in WS participants. The impairment concerning
the processing of egocentric information confirms the dorsal
visual pathway deficit extensively reported in WS. On the
other hand, the difficulties found in performing allocentric
spatial judgments are in line with the hippocampal dysfunc-
tion and may suggest impaired ventral visual stream function.
However, further research is still needed to contribute for a
better understanding of the ventral visual stream functioning
in WS and its possible implications for the development of
spatial representations in this disorder.
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