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Williams syndrome (WS) is a neurodevelopmental disorder associated with impaired visuospatial repre-
sentations subserved by the dorsal stream and relatively strong object recognition abilities subserved by
the ventral stream. There is conflicting evidence on whether this uneven pattern in WS extends to work-
ing memory (WM). The present studies provide a new perspective, testing WM for a single stimulus using
a delayed recognition paradigm in individuals with WS and typically developing children matched for
mental age (MA matches). In three experiments, participants judged whether a second stimulus
‘matched’ an initial sample, either in location or identity. We first examined memory for faces, houses
and locations using a 5 s delay (Experiment 1) and a 2 s delay (Experiment 2). We then tested memory
for human faces, houses, cat faces, and shoes with a 2 s delay using a new set of stimuli that were better
controlled for expression, hairline and orientation (Experiment 3). With the 5 s delay (Experiment 1), the
WS group was impaired overall compared to MA matches. While participants with WS tended to perform
more poorly than MA matches with the 2 s delay, they also exhibited an uneven profile compared to MA
matches. Face recognition was relatively preserved in WS with friendly faces (Experiment 2) but not
when the faces had a neutral expression and were less natural looking (Experiment 3). Experiment 3 indi-
cated that memory for object identity was relatively stronger than memory for location in WS. These
findings reveal an overall WM impairment in WS that can be overcome under some conditions. Abnor-
malities in the parietal lobe/dorsal stream in WS may damage not only the representation of spatial loca-
tion but may also impact WM for visual stimuli more generally.

© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Williams syndrome (WS) is a rare genetic disorder character-
ized by physical anomalies, a friendly personality, and an uneven
cognitive profile (Bellugi, Lichtenberger, Jones, & Lai, 2000; Mervis
et al., 2000; Meyer-Lindenberg, Mervis, & Berman, 2006). This un-
even profile consists of relatively strong skills on tasks related to
social interaction, including visual tasks such as face recognition
and the perception of biological motion, and severe deficits on
other types of visuospatial processing, most often in block con-
struction and drawing tasks (Atkinson et al., 1997; Bellugi, Lichten-
berger, Jones, Lai, & George, 2001; Hoffman, Landau, & Pagani,
2003; Jordan, Reiss, Hoffman, & Landau, 2002; Landau et al,,
2005; Reiss, Hoffman, & Landau, 2005; Tager-Flusberg, Plesa-Skw-
erer, Faja, & Joseph, 2003; Wang, Doherty, Rourke, & Bellugi, 1995).
Previous evidence has indicated that the pattern of performance on
visual tasks in WS may reflect selective damage to dorsal stream
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areas that subserve visual processing of ‘where’ or ‘how’ informa-
tion (i.e., spatial location) with relative sparing of ventral stream
areas in the temporal lobe that subserve visual processing of ‘what’
information (i.e., object recognition: Atkinson et al., 1997; Dilks,
Hoffman, & Landau, 2008; Meyer-Lindenberg et al., 2004).

The present paper explores whether the uneven deficit in
visuospatial tasks evident in WS extends to working memory
(WM), with memory for location more impaired than memory
for object identity, including face identity/recognition. We tested
individuals with WS and typically developing children matched
for mental age in three experiments using a delayed match to sam-
ple paradigm. Participants remembered either the location or the
identity of the stimulus, similar to tasks used previously to exam-
ine perceptual processing in WS (Paul, Stiles, Passarotti, Bavar, &
Bellugi, 2002). We tested memory for a single stimulus to simplify
task demands for younger and lower functioning participants. To
examine whether the uneven pattern was evident across memory
demands, we used both a 5s (Experiment 1) and a 2 s (Experi-
ments 2 and 3) delay. To test the generality and specificity of the
previously proposed expertise for faces in WS, we changed the
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set of stimuli used between Experiments 1/2 and Experiment 3.
The new stimuli used in Experiment 3 included a wider range of
stimulus types and face stimuli that were better controlled for
hairline, orientation, and expression.

Paul and colleagues (2002) did a behavioral study using the
well-established ‘face/place’ paradigm to examine the perception
of human faces compared to locations in children, adults, and a
group of individuals with WS. Since this paradigm is known to dif-
ferentially activate dorsal and ventral streams in typical adults and
children (Haxby et al., 1994; Passarotti et al., 2003), Paul and col-
leagues hypothesized that, if dorsal stream function was more af-
fected by WS than ventral stream function, perception of location
would be relatively more impaired in WS than the perception of
human faces. Participants saw two stimuli and then, after a 0.5 s
delay, judged whether the identity or the location of the third stim-
ulus matched either of the previous ones. Their results suggested
that the representation of location was more impaired than face
recognition in WS, consistent with their hypothesis. While sugges-
tive, there were several limitations to this experiment: the faces in-
cluded hair which could be used for recognizing the faces without
processing the internal features; it tested only face recognition not
other kinds of objects; and the comparison to the control group
was difficult to interpret, as the controls were not individually
matched to the WS group on intellectual ability and were older
(M age of 9-years-old) than controls in other studies (generally
mental age matches are around 6 years of age—Jarrold, Phillips, &
Baddeley, 2007; O’Hearn, Landau, & Hoffman, 2005; Vicari, Bell-
ucci, & Carlesimo, 2006).

Evidence on the structure and function of the brain in WS sup-
ports the proposal of dorsal stream dysfunction (Eckert et al., 2005;
Meyer-Lindenberg et al., 2004, 2006; Reiss et al., 2000). Studies of
WS have reported decreased gray matter volume (Eckert et al.,
2005; Meyer-Lindenberg et al., 2004; Reiss et al., 2000), sulcal
depth (Kippenhan et al., 2005; Van Essen et al., 2006), and func-
tional activation (Meyer-Lindenberg et al.,, 2004; Mobbs et al.,
2004) in the parietal and dorsal occipital regions. For instance, a
neuroimaging study of WS (Meyer-Lindenberg et al., 2004) used
a face/place task to compare functional activation in the dorsal
and ventral streams in adults with WS, who had IQs in the normal
range, and controls matched on both age and IQ. This study used
stimuli similar to that of Paul and colleagues, but with minimal
hair included (same stimuli as those used in the present Experi-
ments 1 and 2, from Haxby et al., 1994). Participants reported
whether two sequential stimuli were at the same vertical position
(i.e., location task) or were the same object (i.e., identity task)
while in the scanner. No behavioral differences were found on
either task. However, there were differences in the level of func-
tional activation during the location task. The group with WS dis-
played decreased activation in bilateral parietal lobe when
compared to controls during the location > identity contrast.
While, controls exhibited significant activation in the parietal lobe
during the location task relative to the identity task, individuals
with WS did not. In contrast to these effects for the location task,
the level of activation in ventral stream areas during the iden-
tity > location contrast did not differ between groups. Specifically,
there were similar patterns of activation across groups in the tem-
poral lobe for both face recognition (e.g., in fusiform face area, FFA)
and house recognition (e.g., parahippocampal place area, PPA). A
path analysis associated the differences in functional activation
in the parietal lobe found in WS with decreased gray matter vol-
ume in the intraparietal sulcus (IPS), a dorsal stream area posterior
to where significant functional activation was evident in controls.

Meyer-Lindenberg and colleagues’ (2004) results suggest intact
ventral stream function in people with WS for faces and houses,
raising the possibility that the strength for faces in WS extends
to houses and possibly other objects. A recent study using passive

viewing with the same set of stimuli (Sarpal et al., 2008) also found
that the pattern of activation in the ventral stream areas was com-
parable for individuals with WS and matched controls. However,
Sarpal and colleagues also found differences between the two
groups. People with WS showed decreased activation in dorsal
stream areas (IPS) when they viewed houses, relative to viewing
scrambled pictures (house > scrambled contrast), compared to
controls. In addition, there were group differences in the functional
connectivity between ventral stream and other regions, with the
WS group exhibiting increased connectivity among temporal lobe
regions and decreased connectivity between temporal regions
and parietal and prefrontal cortex, compared to controls. While
the group differences in functional connectivity was evident for
both house and face stimuli, differences between the WS group
and controls in the magnitude of activation in IPS was specific to
the house stimuli, since face stimuli did not activate this area in
either group. This result suggests that individuals with WS might
show uneven ability across object types, with specific deficits evi-
dent with object types that activate the parietal lobe such as
houses.

Vicari and colleagues propose that uneven performance is also
evident across working memory (WM) tasks in individuals with
WS, with WM for location more impaired than WM for identity
(Vicari, Bellucci, & Carlesimo, 2003; Vicari et al., 2006). However,
this claim is controversial (Jarrold, Phillips et al., 2007). WM pro-
vides short-term maintenance of immediately pertinent informa-
tion, and is thought to be subserved by limited capacity storage
buffers that are specialized for different types of information
(Baddeley, 1993), including distinct visual WM stores for spatial
location and object identity (Carlesimo, Perri, Turriziani, Tomaiuol-
o, & Caltagirone, 2001; Humphreys & Riddoch, 2001; Riddoch,
Humphreys, Blott, Hardy, & Smith, 2003; Wilson, Clare, Young, &
Hodges, 1997). One possibility is that uneven WM performance re-
flects uneven perceptual processes rather than WM per se, which
may help account for the inconsistent evidence as perceptual de-
mands differ across the studies. For instance, parietal lobe dysfunc-
tion in WS could impair the encoding of location information used
for subsequent memory maintenance more than it affects the
encoding of other types of information (Picchioni et al., 2007;
Smith et al., 1995; Ungerleider & Haxby, 1994). Alternatively, the
uneven impairment could extend to WM, possibly reflecting par-
ticular damage to dorsal frontal regions representing spatial WM
and/or to frontoparietal circuitry (Courtney, Petit, Maisog, Ungerle-
ider, & Haxby, 1998; Courtney, Ungerleider, Keil, & Haxby, 1996;
Haxby, Petit, Ungerleider, & Courtney, 2000; Munk et al., 2002;
Sala, Rama, & Courtney, 2003; van Leijenhorst, Crone, & van der
Molen, 2007). Impaired frontoparietal circuitry in WS could lead
to decreased communication from parietal lobe to dorsal frontal
regions required for spatial WM. This possibility is consistent with
previous proposals that frontoparietal connectivity subserving vis-
uospatial WM is impaired (Atkinson et al., 2003).

In the current study we tested whether, in a face/place task, WM
for location was relatively poorer than WM for object identity in
individuals with WS, as previously indicated by the work of Vicari
and colleagues. To examine whether this profile was different across
memory demands, indicating a WM impairment rather than per-
ceptual encoding impairments affecting WM task performance,
we varied the delay between Experiments 1 (5s) and 2 (2 s). Also,
on the basis of relatively normal performance with houses in
Meyer-Lindenberg et al. (2004), we hypothesized that the relatively
strong performance in WS on face recognition would extend to non-
face objects. We first used faces and houses to examine this proposal
because houses seemed the strongest test of our hypothesis: Houses
are more likely to be impaired in WS than other objects because
they are particularly spatial objects (Sala et al., 2003) and they en-
gage hippocampal or parietal areas that are abnormal in WS
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(Meyer-Lindenberg et al., 2005). We expanded the object types
used in Experiment 3 to include shoes (a man-made object like
houses, but clearly very different from houses) and cat faces (to
examine whether expertise with faces included non-human
faces). In Experiment 3, we also used face and house stimuli in
which orientation, expression and hairline were more tightly con-
trolled and internally consistent, to test whether the performance
profile in Experiment 2 generalized to other face and house stim-
uli. In particular, the faces in Experiment 3 had less engaging
expressions than those in Experiment 2; since people with WS
are particularly interested in the social aspects of faces, we
hypothesized that reducing this dimension (i.e., the friendliness)
of the stimuli might influence the results.

2. Experiment 1: 5 s delay
2.1. Participants

The WS group included 8 males and 6 females (M age 16 years,
2 months: range 10;5-22;7), positively diagnosed by a geneticist
and the fluorescence in situ hybridization (FISH) test. The FISH test
is a blood test identifying whether a region on chromosome 7,
associated with the protein elastin, is missing from one of the
two copies of chromosome. This deletion occurs in approximately
95% of individuals diagnosed with WS (Ewart et al., 1993; Meyer-
Lindenberg et al., 2006). Typically developing controls were 7
males and 7 females (M age 6 years, 1 month: range 4;11-7;11).
They were individually matched to the WS participants on mental
age (MA matches), using the raw scores on the matrices subtest of
the Kaufman Brief Intelligence Test (KBIT; Kaufman & Kaufman,
1990). The Matrices subtest requires picture-based category
matching and has few spatial items; therefore it does not overly
penalize WS people for their spatial deficit (M: WS=21.5+3.9;
controls =21.2 £4.5; t(26) = .18, p = .86). The two groups also per-

.5 s presentation

time

2 or 5 s delay

Sample houses

formed similarly on the verbal subtest of the KBIT which tests pic-
ture naming, a relative strength in WS (M: WS=39.9+7.8;
controls =36.3 £ 5.1; t(26) = 1.44, p = .16). The WS profile was typ-
ical (Mervis et al., 2000), with a mean IQ of 64 + 15.6 (KBIT), and a
median block construction score at the 1st percentile for age (M at
the 2nd percentile; Differential Abilities Scale, DAS, Elliott, 1990).
People with WS were recruited through the Williams Syndrome
Association; controls had previously participated in our studies
or were recruited through local preschools.

2.1.1. Participation across experiments

Experiments 1 and 2 were most often done on the same day
with a break in between (each study took approximately
45 min), but with at most 3 months between Experiments (due
to the spacing of multiple visits by individuals with WS to our
lab). The order of these experiments was counterbalanced. Four-
teen participants with WS participated in both experiments, and
one individual with WS did only Experiment 2 (Exp. 1, N=14;
Exp. 2, N=15). Twelve of these participants, along with six addi-
tional participants with WS, participated in Experiment 3 between
1 and 1.5 years later.

2.2. Stimuli and procedure

As in previous studies (Meyer-Lindenberg et al., 2004; Paul
et al, 2002; Sarpal et al., 2008), we used naturalistic photos of
real-life objects known to differentially activate dorsal and ventral
visual processing regions (Courtney et al., 1996; Haxby et al., 1994;
Sala et al., 2003; Ungerleider & Haxby, 1994). Stimuli were 24 black
and white photos of each of three types (faces, houses, or scram-
bled faces) presented in 1 of 24 possible locations on the computer
screen. The photos were presented against a gray background
using Superlab software (Cedrus, USA) on a MacIntosh computer.
Of the faces, half were male and half were female: of the houses,
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Same or different? our appreciation to James Haxby and his laboratory for the above stimuli (except cats).

Fig. 1. Illustration of task and the stimuli used.
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Task Design

Experiment 1 (5 s Delay) & 2 (2 s Delay)
2 Tasks/ 5 Conditions

Stimulus Type

Face stimuli Identity task (16 trials)
Face stimuli Location task (16 trials)
House stimuli Identity task (16 trials)
House stimuli Location task (16 trials)

Scrambled stimuli Location task (16 trials)

Experiment 3 (2 s Delay)
2 Tasks | 9 Conditions

Stimulus Type

Face stimuli Identity task (12 trials)
Face stimuli Location task (12 trials)
House stimuli Identity task (12 trials)
House stimuli Location task (12 trials)

Cat face stimuli Identity task (12 trials)

Cat face stimuli Location task (12 trials)

Identity task (12 trials)

Shoe stimuli

Shoe stimuli Location task (12 trials)

Scrambled Stimuli Location task (12 trials)

Fig. 2. Task design.

half were wooden beach houses and half were brick colonial
houses (see Sala et al., 2003). The same sort of face or house
(e.g., male face, beach house) was used within a trial. Scrambled
faces were the same faces phase-scrambled; thus, they had the
same luminance, spatial frequency content, and contrast as the
faces but were unidentifiable. The location condition with scram-
bled faces (i.e., scrambled location condition) was a control to en-
sure that attention to the objects themselves did not enhance or
impair accurate location judgments.

For each trial, one photo was presented, followed by a 5 s delay,
and then a second photo was presented (Fig. 1). There were 16 con-
secutive trials in each of the five conditions (face location, face
identity, scrambled location, house location, and house identity:
Fig. 2). The same trials were used in both the face identity and
the face location condition (and these locations were also used in
the scrambled face condition), and in the house identity and the
house location condition. Thus, the only difference between the
two tasks was the information that was remembered. Since the
stimuli in these conditions were identical, two other conditions

Experiment1: 5s

100
‘ @ WS @ control children

« 90
3}
£
o 80
o
S 70
o
]
o 60

50

face id house id face loc house loc  scram loc
Condition

Fig. 3. Percent correct in all conditions in Experiment 1, with a 5 s delay. All error
bars are the standard error of the mean.

were always presented in between them creating four possible or-
ders for the conditions (e.g., house identity, face identity, scram-
bled location, house location, face location). For each condition,
there were eight possible trial orders—these were sets of 16 trials
using a random order of stimuli and locations, with the constraint
that the same stimuli or locations could not be used in consecutive
trials. Both the condition order and the trial order were counterbal-
anced across-subjects and matched between groups (i.e., each sub-
ject and his/her match saw the same condition order and trial
order).

Participants reported whether the location or identity (depend-
ing on the task instructions for that block of trials) of the second
photo was the same or different from the first one. The experi-
menter entered the participant’s verbal response. All subjects were
encouraged to ‘remember the location’ or ‘remember the face/
house’ throughout the delay. At least two practice trials were done
before each condition, and breaks were taken as needed between
the conditions.

2.2.1. Statistical analyses

To examine differences in percent correct between groups, we
used two mixed model analyses of variance (ANOVAs) in each
experiment, followed by post hoc tests when appropriate. Group
(WS or controls) was always a between-subjects factor. The first
ANOVA used Condition as a within-subject factor (five conditions
in Experiment 1/2, nine conditions in Experiment 3: see Fig. 2),
including the scrambled location condition. The goal of this ANOVA
was to identify Group by Condition interactions, indicating that the
two groups performed differently across the conditions, as well as
main effects of Group indicating an overall impairment in WS. In
the second ANOVA, we excluded the scrambled condition, and
used Task (2 Tasks—location or identity—in all Experiments) and
Object Type (2 Types—face and house—in Experiments 1/2: 4
Types—face, house, shoe and cat face—in Experiment 3) as with-
in-subject factors. This second analysis had two benefits: (1) it in-
creased our power to detect group differences common across Task
or Object Types and (2) without the scrambled location condition,
the stimuli were identical, thus perfectly matched, across the two
Tasks.

2.3. Results

People with WS performed more poorly than MA matches in
this experiment regardless of the task or the type of object
(Fig. 3). A mixed model repeated measures analysis of variance
with Group (WS, MA matches) and Condition (face identity, face
location, scrambled location, house identity, house location) on
percent correct revealed a main effect of Group [F(1,26)=4.23,
p=.05], but no effect of Condition [F(4,104) = .85, p=.50] nor an
interaction between Group and Condition [F(4,104) = .80, p =.53].
To further examine this, we did another repeated measures analy-
sis of variance excluding the scrambled location condition, with
the factors of Group (WS, MA matches), Task (Identity, Location)
and Object Type (Face, House). If identity was remembered more
accurately than spatial location, as we hypothesized, a Group -
Task interaction would be expected. However, like the first analy-
sis, this analysis also failed to reveal an interaction between Group
and Task, or Object Type. The only significant effect was the main
effect of Group (Group [F(1,26)=4.16, p=.05]; Task
[F(1,26)=2.37, p=.14]; Object Type [F(1,26)=.84, p=.37];
Group x Task [F(1,26)=.85, p=.37]; Group x Object Type
[F(1,26)=.84, p =.37]; Object Type x Task [F(1,26)=.88, p=.36];
Group x Task x Object Type [F(1,26)=1.24, p=.28]). Thus, the
WS group was similarly impaired across WM for identity and loca-
tion with a 5 s delay, though they were above chance—50%—on all
conditions.
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3. Experiment 2: 2 s delay
3.1. Participants

The group with WS included 8 males and 7 females (M age, 17
years, 8 months: range 10;5-38;10), including all 14 participants
from Experiment 1 plus one additional participant. Typically devel-
oping controls were 8 males and 7 females (M age, 6 years, 3
months: range 4;4-8;10: 10 participated in Experiment 1) who
were matched individually to individuals with WS on the basis of
raw score on the matrices subtest of the KBIT. These groups scored
similarly on both the Verbal and the Matrices subtests of the KBIT
(Verbal: M: WS=39.3+7.9; controls=36.0+6.8; t(28)=1.22,
p=.23—Matrices: M: WS=213+38; controls=21.5%3.5;
t(28)=—.01, p=.92). The WS group had a mean IQ of 63 +15.2
(KBIT), and a median block construction score at the 1st percentile
for age (M at 2nd percentile; Elliott, 1990).

3.2. Stimuli and procedure

This experiment was identical to Experiment 1 (Figs. 1 and 2),
except that the delay was 2 s instead of 5s.

3.3. Results

In this experiment, people with WS performed relatively better
on the face identity condition than on the other conditions. We
again carried out a repeated measures analysis of variance on per-
cent correct (Fig. 4), with the between-subject factor of Group (WS,
MA matches) and the within-subject factor of Condition (face iden-
tity, face location, scrambled location, house identity, house loca-
tion). This analysis revealed a main effect of Condition
[F(4,112)=4.28, p=.003] and Group [F(1,28)=6.78, p=.01].
Importantly, and in contrast to Experiment 1, there was also an
interaction between Group and Condition [F(4,112)=3.34,
p=.01].! To examine whether this interaction reflected differences
between groups specific to a Task or Object Type, we did a second
repeated measures ANOVA with Group, Task (location, identity)
and Object Type (face, house). This analysis found only a main effect
of Task, but no Group x Task interaction, with both groups perform-
ing better on the identity than on the location conditions, nor a
Group x Object Type interaction (Group [F(1,28)=3.26, p=.08];
Task [F(1,28)=14.71, p=.001]; Object Type [F1,28)=.53,
p =.47]); Group x Task [F(1,28) = 1.55, p =.22]; Group x Object Type
[F(1,28)=2.75, p=.11]; Task x Object Type [F(1,28)=.0, p=1.0];
Group x Task x Object Type [F(1,28)=.10, p=.76]). To examine
the Condition x Group interaction further, post hoc comparisons
using t-tests on each condition separately were done. These revealed
that people with WS performed more poorly than MA matches on
the scrambled location [t(28) = —4.59, p =.001] and the house loca-
tion [t(28)=-2.38, p =.02] conditions, and there was also a trend
for poorer performance on the house identity condition
[t(28) = —1.82, p = .08]. Faces appeared to be better represented than
other stimuli in WS, and this was particularly true of the face iden-
tity condition (see Fig. 4).

In contrast to the general impairment found in Experiment 1
with a 5 s delay, people with WS showed an uneven pattern across

! To ensure that the pattern of performance found in individuals with WS did not
simply reflect immature performance (i.e., face recognition reaching mature levels
earlier than the other conditions), we compared the WS group to 12 younger typically
developing children (M age 4 years, 10 months: 4;4-5;2). Again, we found an
interaction between Condition and Group [F(4,100)=5.49, p <.01], but no main
effects of Condition [F(4,100) = 1.79, p = .14] or Group [F(1,25) =.21, p =.65]. Post hoc
comparisons (t-tests) revealed that the WS group performed significantly better at
face identity than the younger group [t(25) = 2.09, p <.05], while the younger children
performed significantly better at scrambled location [t(25) = —2.91, p <.05].

Experiment2: 2 s
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Fig. 4. Percent correct in all conditions in Experiment 2, with a 2 s delay.

conditions with a 2 s delay. In Experiment 2, with a 2 s delay, peo-
ple with WS performed more poorly than MA matches on most
WM tasks, including location memory and house recognition, but
were comparable to MA matches on face recognition. Since we
only used faces and houses, we were unable to distinguish whether
the WS group performed better with faces than with other objects,
or more poorly with houses than with other objects. If the highly
social personality found in WS leads to increased attention to faces
(Meyer-Lindenberg et al., 2006), this increased attention might aid
encoding of and memory for faces but not other objects. Alterna-
tively, houses might be remembered more poorly than other ob-
jects because they are particularly spatial objects (Sala et al.,
2003), requiring activation in hippocampal and parietal areas that
may be abnormal in WS (Meyer-Lindenberg et al., 2005). To distin-
guish these possibilities, we carried out another experiment with a
new set of stimuli that included shoes and cat faces in addition to
houses and human faces. Using these additional types of objects al-
lowed us to distinguish among the two possible explanations for
the results in Experiment 2: that human faces are remembered
better than other objects in WS or that houses are remembered
more poorly than other objects. Since we used cat faces in addition
to human faces, we could also investigate whether the strong per-
formance with human faces extends to cat faces (but not houses or
shoes).

Experiment 3 utilized a new set of stimuli that has been re-
cently used to examine ventral stream activation (used in Haxby
et al., 2001, while those in Experiment 1 and 2 were used in Haxby
etal., 1994, Meyer-Lindenberg et al., 2004, and Sarpal et al., 2008).
These new stimuli were more internally consistent in expression
(neutral), orientation (front-facing), and did not include any hair
(Fig. 1). Since these dimensions may influence face recognition
(Duchaine & Nakayama, 2005; Lander & Metcalfe, 2007; Pascalis,
de Schonen, Morton, & Deruelle, 1995; Troje & Bulthoff, 1996),
we wanted to examine whether the results from Experiment 2
generalized to this new set stimuli in Experiment 3. Whether the
pattern of results is specific to the stimuli used (i.e., one set of
faces) or general to the object type examined (i.e., all faces) pro-
vides crucial information about what aspect of the stimuli is influ-
encing performance in WS.

4. Experiment 3: 2 s delay with new stimuli
4.1. Participants

This study included 18 participants with WS (9 M: M age, 20; 8:
range, 10;5-48;6) and 18 typically developing controls (8 M; M
age, 6; 4: range, 5;2-7;11). While we tested 12 of the same individ-
uals with WS in Experiment 1 and 2 (M age=16;7: M verbal
score = 40.5, SD =4.9: M matrices score = 20.5, SD =4.1), we also
included six new WS participants to increase our power to detect
differences in WM (M age=28;11: M verbal score=41.5,
SD=4.0: M matrices score=19.0, SD=2.8). Groups were again
matched on the Matrices subtest of the KBIT and had comparable
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scores on this section (M: WS =20.0 +3.7; controls =20.56 +4.3;
t(34) = —.41, p=.68). In contrast to the previous experiment, these
two groups differed significantly on the Verbal subtest (M:
WS =40.8 + 4.6; controls = 34.7 + 4.6; t(34) = 4.05, p < .01). Overall,
the WS group had a mean IQ of 62 + 14.6, and their median DAS
block construction score was in the 1st percentile for their age, typ-
ical for this syndrome (Mervis et al., 2000).

4.2, Stimuli and procedure

This experiment was identical to Experiment 2, except for the
photos used as stimuli (see Fig. 1), the number of conditions (9 in-
stead of 5: see Fig. 2), and the number of trials (12/condition in-
stead of 16/condition). The faces faced forward, were unsmiling
and slightly smaller than in Experiments 1 and 2, and had all traces
of a hairline removed. Again, the stimuli consisting of human faces
were half male and half female. House stimuli were now shown di-
rectly from the front. New object types included cat faces (images
collected and cropped from the web to include only frontal views
of cat faces) and men’s shoes from the side (Haxby et al., 2001).
All stimuli had background information removed.

4.3. Results

Fig. 5 shows the percent correct by condition in Experiment 3.
Since raw score on the verbal subtest of the KBIT differed between
groups, this factor was used as a covariate in the analyses. Our first
question was whether performance differed across conditions for
WS, compared to MA matches, leading to an interaction between
Condition and Group. A mixed model repeated measures ANOVA,
with the between-subject factor of Group (WS, MA Matches) and
within-subject factor of Condition (face identity, house identity,
cat face identity, shoe identity, scrambled location, face location,
house location, cat face location, shoe location), suggested that
people with WS were impaired across all conditions. This analysis
showed a main effect of Group [F(1,33) = 6.46, p =.02], but no ef-
fect of Condition [F(8,264) = 1.22, p =.29] nor a Condition by Group
interaction [F(8,264)=1.31, p = .24].

Experiment 3: Identity conditions

We furthered examined performance across group using a re-
peated measures ANOVA that included within-subject factors of
Task (Location, Identity) and Object Type (Human face, house, cat
face, shoe), in addition to the between-subject factor of Group.
The analysis effectively collapsed across object type to increase
power to detect a difference in performance between the identity
and location tasks. The analysis resulted in a significant Group by
Task interaction ([F(1,33)=3.99, p=.05]), indicating relatively
poorer performance in the WS group than in MA Matches on loca-
tion tasks compared to identity tasks, as well as a main effect of
Group [F(1,33)=6.91, p=.01].2 There were no other significant
main effects or interactions. Importantly, there was not a significant
Group x Object Type ([F(3,99)=.35, p=.78]), nor Group x Object
Type x Task interaction ([F(3,99) = .30, p = .82]). Additional repeated
measures ANOVAs examing the identity conditions compared hu-
man faces to all other stimuli (houses, cats, shoes), houses to all
other stimuli (faces, cats, shoes), all faces (human/cat) to all other
objects (houses/shoes), and human faces to houses; these analyses
failed to reveal any significant interactions involving Group and Ob-
ject Type (all p’s >.25). With these stimuli, people with WS did not
represent faces better than other objects or houses worse than other
objects.

Since the pattern of results differed from Experiment 2, we
wanted to examine whether this difference was due to the slightly
older sample of individuals with WS (see Section 4.1), compared
to the previous Experiments. To examine this, we analyzed the
12 individuals with WS who had participated in the previous
studies and their MA Matches. We found the same pattern of re-
sults in this smaller sample. There was again an interaction be-
tween Task and Group, with the WS group performing more
poorly on the Location Tasks than on Identity Tasks, but no effect
of Object Type (Group [F(1,22) =3.64, p =.07]; Task [F(1,22)=.07,
p=.79]; Object Type [F(3,66)=1.05, p=.39]; Group x Task
[F(1,22)=6.53, p=.02]; Group x Object Type [F(3,66)=.86,
p=.47]; Object Type x Task [F(3,66)=1.44, p=.24]; Group -
Task x Object Type [F(3,66) =.50, p =.69]).2

5. Discussion and conclusions

The present studies examined the proposal that people with WS
have a specific impairment in WM for location, which has received
mixed support in previous studies (Jarrold, Phillips et al., 2007; Vi-
cari et al., 2006). Vicari and colleagues argue that WS is associated
with uneven WM ability, with location memory relatively more
impaired than memory for identifying a set of features (Vicari
et al., 2003, 2006), while Jarrold and colleagues find that the WS
group in their studies perform like MA matches both when remem-

2 Without the covariate of verbal score, there was only a main effect of Group
(Group [F(1,34) = 8.78, p <.01]; Condition [F(1,34) = .46, p = .50]; Group x Condition
[F(1,34)=2.29, p=.14]). Inclusion of this covariate did not affect the results in

3 Practice effects could be a concern with these experiments. Experiment 1 and 2
were counterbalanced, and thus practice effects could not explain the different results
in these 2 experiments (i.e., practice with Experiment 1 could not have led to the
improved performance in Experiment 2, thus delay must have been the crucial
variable). Experiment 3 was done between 1 and 1.5 years after Experiment 1 and 2,
so practice is unlikely to have influenced the results. Nonetheless, we compared
performance on Experiment 2 and Experiment 3 in the 12 participants with WS and
11 controls who participated in both Experiments (only 4 were MA matches in both).
There were no significant differences in performance between the two Experiments
(all p's>.10), despite the fact that all the participants were at least 1 year older,
except for the scrambled location condition in the WS group (t{11] = 3.0, p = .01). We
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Fig. 5. Percent correct in all conditions in Experiment 3, with a 2 s delay. Top graph
shows the identity conditions and bottom graph shows the location conditions.

are not sure why this occurred, possibly by chance or because they developed a new
strategy with increasing age. However, the fact that there was no improvement in 9
out of 10 analyses suggests that there was not a general effect of practice. In addition,
the scrambled location condition was not included in the ANOVAs with Task and
Type, so this improvement could not have affected the pattern of significant results in
Experiment 3.
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bering locations and when remembering features (Jarrold, Phillips
et al., 2007). However, the experimental methods supporting both
these proposals had complex task demands, requiring memory for
multiple stimuli and using abstract patterns for the identity condi-
tions. Furthermore, the conflicting results are less surprising con-
sidering that Vicari and colleagues examined memory for
sequential stimuli, while Jarrold examined memory for multiple
simultaneously shown stimuli. These two types of spatial WM
may be dissociable (Finke, Bublak, & Zihl, 2006; Mammarella
et al., 2006). In addition, using multiple stimuli increases the like-
lihood that participants are using alternate strategies, which may
differ across sequential and simultaneous presentations.

The present studies provide a new perspective, testing WM for a
single stimulus with a delayed recognition paradigm. To discrimi-
nate the nature of working memory maintenance in people with
WS, Experiments 1 and 2 differed only in the length of the delay.
To examine the effects of object type, Experiments 2 and 3 differed
only in the stimuli used. This allowed us to examine proposals that
people with WS are particularly skilled with human faces, com-
pared to other types of objects, using two distinct sets of stimuli.
Our results indicate that there is an overall WM impairment in
people with WS, with the severity of the deficit modulated by
the length of delay, the type of information, and the details of
the stimuli.

Experiment 1 demonstrated that, with a 5 s delay, individuals
with WS have a broad WM impairment, regardless of task (iden-
tity, location) or object type (houses, faces). Experiments 2 and 3
indicated that, with a 2 s delay, this impairment was uneven. In
Experiment 2, memory for human faces was relatively preserved
in WS, compared to location and houses. This is consistent with re-
cent results from Sarpal and colleagues (2008) indicating that
house stimuli are associated with decreased activation in IPS that
could affect WM performance. Experiment 3 revealed that the
strong performance on face identity in WS did not hold when the
face stimuli were more tightly controlled for expression, orienta-
tion and hairline. With this set of stimuli, people with WS did
not remember faces better—nor houses more poorly—than other
objects. In Experiment 3, an uneven pattern was evident across
identity and location tasks, with memory for identity stronger than
memory for location in WS. While this pattern was not evident in
Experiment 2, this difference between experiments may reflect the
increased number of trials and therefore increased power to detect
a difference in Experiment 3 (i.e., 48 trials instead of 32).

A generalized WM impairment in WS is not surprising consider-
ing that abnormalities in the parietal lobe, and possibly impaired
frontoparietal connectivity (Atkinson et al., 2003; Sarpal et al.,
2008), could affect not only location memory but also WM more
broadly. In addition to representing spatial location (Burgess, Jeff-
ery, & O’Keefe, 1999), parietal areas are also crucial for attentional
selection and WM updating for both location and identity informa-
tion (Crone, Wendelken, Donohue, van Leijenhorst, & Bunge, 2006;
Klingberg, 2006; Roth & Courtney, 2007; Roth, Serences, & Courtney,
2006; Serences, Schwarzbach, Courtney, Golay, & Yantis, 2004).
Thus, the parietal abnormalities in WS could contribute not only
to impairments in spatial WM but also to impairments in remem-
bering identity information. The possibility of a general WM impair-
ment is supported by studies showing a memory deficit in people
with WS compared to mental age matches on a wide range of tasks,
including long-term memory (Jarrold, Baddeley, & Phillips, 2007;
Sampaio, Sousa, Fernandez, Henriques, & Goncalves, 2008); verbal
memory (Jarrold et al., 2007; Sampaio et al., 2008); binding of loca-
tion and featural information (Jarrold, Phillips et al., 2007); and im-
plicit memory (Vicari, Verucci, & Carlesimo, 2007). Some of these
WM deficits seem to be related to mental retardation or learning
disabilities more generally (Jarrold et al., 2007; Jarrold, Phillips
et al., 2007; Kittler, Krinsky-McHale, & Devenny, 2008).

While our results indicate a general impairment in WM in WS,
we also found evidence that this deficit was mitigated by delay,
stimuli, and whether the task was to remember location or iden-
tity. That the WM deficit would be more generalized at longer de-
lays makes sense, as longer delays require increased activation in
posterior parietal cortex (as well as other areas) during both loca-
tion and identity judgments (Picchioni et al., 2007). Uneven
impairments may reflect impaired perceptual representation of
location, compared to identity, in individuals with WS. However,
with longer delays, this uneven functioning in perceptual process-
ing may be overwhelmed by a general WM impairment, reflecting
parietal abnormalities and dysfunctional frontoparietal circuitry.

The results from Experiment 2 suggest that object type influ-
ences WM ability in WS, with face recognition an area of particular
strength, while the results from Experiment 3 indicates that this
pattern does not generalize to all face stimuli. That this pattern
was only evident with the more inviting faces in Experiment 2
indicates that strengths in face processing in WS do not reflect
the intrinsic visual properties of a face (e.g., the internal configura-
tion of eyes, nose and mouth). We hypothesize that the strong per-
formance with faces in Experiment 2, and the discrepancy between
the results with faces in Experiment 2 and 3, reflects enhanced
attention to smiling faces (over neutral faces and other objects)
in individuals with WS. This is consistent with the high sociability
found in this disorder. Enhanced attention has been shown to in-
crease activation in ventral visual stream areas in the temporal
lobe (e.g., Lepsien & Nobre, 2008), and frontoparietal areas (Asta-
fiev et al., 2003; Serences et al., 2004). Thus, the increase in atten-
tion with friendly faces may help compensate for brain
abnormalities in WS. Alternately, other circuits for face processing
(Haxby, Hoffman, & Gobbini, 2002) may support the strong perfor-
mance in face recognition including neural systems associated
with facial or emotional expression (but see Plesa-Skwerer, Faja,
Verbalis, & Tager-Flusberg, 2008).

Results from Experiment 3 also indicated that, with a 2 s delay,
people with WS remember location more poorly than they remem-
ber identity, consistent with previous claims (Vicari et al., 2006).
However, this pattern was not evident in Experiments 1 and 2.
While this may reflect that Experiments 1 and 2 had fewer trials,
and thus less power to detect an uneven pattern, it also suggests
that the effect may be weaker than previously claimed, helping
to explain the inconsistent results from other studies (Jarrold, Phil-
lips et al., 2007; Vicari et al., 2006). We think the poorer perfor-
mance on the location task reflects the initial encoding of the
stimuli, which may be worse for location than for identity, consis-
tent with previous behavioral and neurophysiological evidence on
perceptual processing (Meyer-Lindenberg et al., 2004; Paul et al.,
2002).

The present paper reveals that, with a simpler paradigm, WM
performance is generally impaired in WS, especially with longer
delays (Experiment 1). In addition, we found some evidence of un-
even WM ability. Face recognition was strong in Experiment 2, but
not with the neutral faces in Experiment 3, suggesting that addi-
tional attention to social stimuli (i.e., smiling faces) might help
individuals with WS to compensate for WM deficits under some
circumstances. The greater impairment in location than in identity
judgments in Experiment 3 may reflect difficulties with the initial
encoding of spatial information. However, these uneven patterns of
performance on WM tasks depended crucially on the characteris-
tics of the stimuli, and appear to be overwhelmed at longer delays
by a generalized WM deficit in WS.
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