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a b s t r a c t

Williams syndrome is a neurological condition associated with high levels of auditory reactivity and emo-
tional expression combined with impaired perception of prosody. Yet, little is currently known about the
neural organization of affective auditory processing in individuals with this disorder. The current study
examines auditory emotion processing in individuals with Williams syndrome. Hemispheric organiza-
tion for positive and negative human non-linguistic sound processing was compared in participants with
eywords:
illiams syndrome

ffect
emispheric asymmetry
ateralization

and without the disorder using a dichotic listening paradigm. While controls exhibited an expected right
cerebral hemisphere advantage for processing negative sounds, those with Williams syndrome showed
the opposite pattern. No differences between the groups emerged for the positive stimuli. The results
suggest aberrant processing of negative auditory information in Williams syndrome.

© 2009 Elsevier Ltd. All rights reserved.

rosody
peech

. Introduction

Williams syndrome (WS) is a multisystem neurogenetic dis-
rder caused by a hemizygous deletion of 25–30 genes on
hromosome 7q11.23 (Ewart et al., 1993; Korenberg et al., 2000).
t is manifested by a wide range of clinical symptoms, which
ncludes distinct facial features and a complex profile of cognitive
nd behavioral characteristics, most notably hyper-sociability (see
ärvinen-Pasley et al., 2008; Meyer-Lindenberg, Mervis, & Berman,
006). Individuals with WS tend to have IQs between 40 and 90
Searcy et al., 2004), with better performance in verbal as com-
ared with performance tasks (e.g., Howlin, Davies, & Udwin, 1998).
oreover, in general, individuals with WS show higher levels of

erformance in tasks pertaining to social as compared to non-

ocial information processing (Bellugi, Lichtenberger, Jones, Lai, &
t. George, 2000; Martens, Wilson, & Reuters, 2008). The deficits in
isual–spatial functions have been linked to dorsal stream dysfunc-
ion (e.g., Atkinson, Braddick, Anker, Curran, & Wattam-Bell, 2003),

∗ Corresponding author at: Laboratory for Cognitive Neuroscience, The Salk Insti-
ute for Biological Studies, 10010 North Torrey Pines Road, La Jolla, CA 92037-1099,
SA. Tel.: +1 858 453 4100x1224; fax: +1 858 452 7052.

E-mail address: pasley@salk.edu (A. Järvinen-Pasley).

028-3932/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2009.12.002
whereas the relatively better processing of, e.g., language functions
reflect relatively less affected ventral stream function (e.g., Gothelf
et al., 2008).

A notable aspect of the WS phenotype is an unusual profile of
auditory processing. Individuals with WS show a high affinity to
music and musical activities (Dykens, Rosner, Ly, & Sagun, 2005;
Levitin, Cole, Chiles, et al., 2005). WS is also usually accompa-
nied by hyperacusis to moderate intensity sounds, reflecting highly
selective and specific sound aversions and attractions (Gothelf,
Farber, Raveh, Apter, & Attias, 2006; Levitin, Cole, Lincoln, & Bellugi,
2005). Moreover, Individuals with WS are often described as very
expressive, with strong abilities to socially engage the listeners
through increased use of prosodic effects (Reilly, Losh, Bellugi,
& Wulfeck, 2004). For example, while individuals with WS have
been found to perform similarly to matched TD controls on an
experimental battery involving affective prosody imitation, their
spontaneous speech is characterized by increased emotionality
and higher as well as wider pitch range (Setter, Stojanovik, Van
Ewjik, & Moreland, 2007). A growing body of research has specif-

ically examined receptive prosodic processing skills in individuals
with WS. For example, Plesa-Skwerer, Faja, Schofield, Verbalis, and
Tager-Flusberg (2006) used The Diagnostic Analysis of Nonver-
bal Accuracy test (DANVA2; Nowicki & Duke, 1994) to evaluate
recognition of happy, sad, angry, and fearful prosodic expressions.

http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:pasley@salk.edu
dx.doi.org/10.1016/j.neuropsychologia.2009.12.002
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ndividuals with WS exhibited poorer performance than chrono-
ogical age (CA)-matched typically developing (TD) controls with
ll but the happy expressions. Thus, while individuals with WS
xhibit greater than typical use of emotional speech effects, they
ave difficulties in processing such information in the speech of
thers.

Structural magnetic resonance imaging (MRI) evidence on the
eurobiological underpinnings of auditory function in WS show
hat such individuals have smaller left planum temporale (part of
he auditory association cortex) relative to controls (Eckert et al.,
006). Conversely, larger volumes of the ventral–orbital prefrontal
egion have been associated with greater use of social-affective
anguage in individuals with WS (Gothelf et al., 2008). While
ytoarchitectonic evidence has shown relative preservation in cell
acking density and cell size in the primary auditory cortex in indi-
iduals with WS relative to TD controls, interesting between-group
ifferences with implications for laterality have been reported
Holinger et al., 2005). In areas associated with language function,
symmetries in neuronal packing density were found in controls,
hereas they were lacking in the brains of individuals with WS.
oreover, an excessively large layer of neurons in an area receiving

rojections from the amygdala suggested that the auditory cortex
ay be more limbically connected in WS than in controls. This may

nderlie the heightened emotional reactivity to certain sounds in
ndividuals with WS.

The current study is aimed at addressing the question of why
ndividuals with WS are “hypersocial” in terms of affect production
e.g., Järvinen-Pasley et al., 2008) but impaired at affect percep-
ion. We evaluated perceptual asymmetries for the processing of
ositive and negative affective vocalizations in individuals with
S relative to TD controls. Thus, in the current study, the dichotic

istening (DL) technique was used as a preliminary step for eluci-
ating the hemispheric asymmetries for the processing of affective
ocalizations in individuals with WS.

The DL technique is a reliable method for examining
emispheric lateralization by presenting different information
imultaneously to both ears. Based upon the differential tempo-
al resolution of the left hemisphere (LH) and the right hemisphere
RH), verbal non-emotional material is typically preferentially pro-
essed through the right ear (RE, to the LH), whereas words with
motional content are preferentially processed through the left ear
LE, to the RH) reflecting each hemisphere’s specialization (Bryden,
988; Schirmer & Kotz, 2006; Voyer & Flight, 2001). The main prin-
iple underlying this procedure is that when the brain is presented
ith more information than can be processed the two hemispheres

ntegrate the information received into a single percept (Hugdahl,
000; Kimura, 1961). The DL method exploits the contralateral neu-
al organization of the auditory pathways: that is the connection
etween the RE and the LH, and between the LE and the RH. The

psilateral pathways can also transmit sensory information, albeit
ess efficiently. Resulting data is termed an ear asymmetry, or an
ndex of which ear (and hence hemisphere) holds an advantage
ver the other in its readiness to analyze the incoming material.
hus, when an individual reports hearing the material presented
o the LE, increased activation of the RH may be inferred, and like-
ise, attention to the message presented to the RE implicates LH

ctivation.
The general issue to be examined in present study concerns

hether individuals with WS have differential difficulty perceiving
motional information when linguistic (but not semantic) content
s removed. Non-linguistic human vocalizations with either neg-

tive or positive emotional meaning, such as giggles and grunts,
ill be used as stimuli. A more specific hypothesis tests whether
egative emotional information is particularly challenging for peo-
le with WS to perceive. This hypothesis is motivated by the
lesa-Skwerer et al.’s (2006) findings of adequate performance by
hologia 48 (2010) 1047–1052

individuals with WS on accurate recognition of happy prosodic
information. In addition, two recent functional MRI (fMRI) stud-
ies indicate that WS individuals have reduced amygdala and
orbitofrontal cortex (OFC) activation in response to negative face
stimuli as compared to TD controls (Meyer-Lindenberg et al., 2005).
Additionally, combined event-related potentials (ERPs) and fMRI
evidence show that brain responses to negative facial expressions
are attenuated in WS, while neural activity to positive facial expres-
sions is enhanced (Haas et al., 2009). These data raise the possibility
that the valence-specific neural activation patterns observed in the
visual domain may also apply to the auditory domain.

The valence-specific hypotheses described below are consistent
with the existing DL literature (e.g., Pollak, Holt, & Wismer Fries,
2004), and are based upon electroencephalographic (EEG) evidence
indicating individual differences in affectivity within the TD pop-
ulation such that, prominent activity over the LH frontal regions
is associated with positive emotional states, whereas prominent
activity over the RH frontal areas is associated with negative
affective states (Davidson, 2004). Further, evidence from typical
adults shows that the direct communications between the anterior
prefrontal cortex and the posterior regions associated with per-
ception are mediated by the amygdala (Amaral, Price, Pitkänen,
& Carmichael, 1992). These communications between the anterior
and posterior affective areas are reciprocal, in that augmented acti-
vation in one area is associated with an attenuated activity of the
other (e.g., Davidson & Hugdahl, 1996). Specifically, we hypothe-
sized that the TD controls would show the normative pattern of
perceptual asymmetries (e.g., Pollak et al., 2004): for positive stim-
uli presented to the LE a LE advantage was predicted, reflecting the
RH posterior system activation; positive stimuli presented to the RE
were hypothesized to activate the left anterior system, implicating
a RE advantage. No ear advantage was predicted for the negative
stimuli presented to the LE, as this represented the only condition
implicating both anterior and posterior activation within the same
hemisphere; for negative stimuli presented to the RE a LH advan-
tage was predicted. Finally, the presentation of neutral information
to either RE or LE was predicted to activate neither anterior nor pos-
terior emotion areas. We predicted that individuals with WS would
exhibit similar processing of positively valenced auditory informa-
tion to the TD controls, but reduced RH efficiency at processing
negative auditory information. The rationale was that neurobiolog-
ical data point to reduced leftward asymmetry in WS (Holinger et
al., 2005), and decreased neural responses to negative visual stim-
uli in such individuals relative to TD controls (Haas et al., 2009;
Meyer-Lindenberg et al., 2005). At the same time, neural activity in
response to positive face stimuli is preserved or even enhanced in
individuals with WS relative to TD controls (Haas et al., 2009).

2. Method

2.1. Participants

Eighteen individuals with WS (8 males) were recruited through a multicenter
program based at the Salk Institute. Only right-handed participants were included
in the study, and handedness was established on the basis of the hand that the
individuals used for writing. For all participants, genetic diagnosis of WS was estab-
lished using fluorescence in situ hybridization (FISH) probes for elastin (ELN), a gene
invariably associated with the WS microdeletion (Ewart et al., 1993). In addition,
all participants exhibited the medical and clinical features of the WS phenotype,
including cognitive, behavioral, and physical features (Bellugi et al., 2000). Eighteen
right-handed TD individuals (9 males) were matched to those with WS for CA. The
participants were screened for the level of education, and those with more than
2 years of college-level education were excluded from this study. Each participant
was screened for current and past psychiatric and/or neurological problems, and

only those deemed clinically asymptomatic were included in the study. A small DD
comparison group of five individuals with a learning and intellectual disability of
unknown origin was included (3 males). As right-handedness was a prerequisite for
being included in this study, the recruitment of the DD participants proved diffi-
cult, as a large proportion of our available population was left-handed (cf. Grouios,
Sakadami, Poderi, & Alevriadou, 1999). Although the small sample size precluded
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Table 1
Mean characteristics of the three participant groups (SD; range in parentheses).

CA (SD; range) VIQ (SD; range) PIQ (SD; range)
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WS (n = 18) 27.8 (7.4; 18–42) 71 (9.5; 55–91) 62 (8.1; 44–78)
TD (n = 18) 27.7 (9.1; 19–49) 108 (11.8; 88–139) 105 (13.9; 87–125)
DD (n = 5) 24.1 (4.4; 21–31) 62 (6.3; 55–70) 57 (4.3; 53–62)

nclusion in the statistical analyses, the data from this group are reported as ref-
rence. Participants with DD were recruited from the San Diego area, and were
xtensively screened for the absence of severe motor, visual, and auditory deficits, as
ell as traumatic brain injury, epilepsy and seizures, multiple sclerosis and autism

pectrum disorders. Furthermore, no individuals with diagnoses of any one spe-
ific disorder (e.g., Down syndrome) were included in the study. Thus, the stringent
election criteria employed in this study were aimed at increasing the likelihood of
aving a comparison group with a cognitive profile characterized by developmental
elay and intellectual impairment without etiology-specific or focal impairments to
rain functioning.

The participants’ cognitive functioning was assessed using the Wechsler Intelli-
ence Scale. Participants were administered either the Wechsler Adult Intelligence
cale Third Edition (WAIS-III; Wechsler, 1997) or the Wechsler Abbreviated Scale of
ntelligence (WASI; Wechsler, 1999), depending upon time constraints. Participants

ere also administered a threshold audiometry test using a Welch Allyn AM232
anual audiometer, which was calibrated to ANSI s.3.21 (2004) standards. Audi-

ory thresholds were assessed at 250, 500, 750, 1000, 1500, 2000, 3000, 4000, 6000,
nd 8000 Hz, monaurally. The hearing of all participants included in the study was
ithin the normal range. In addition, all participants were native English speakers,

nd gave written informed consent before participation. Written informed assent
as also obtained from participants’ parents, guardians, or conservators. All exper-

mental procedures complied with the standards of the Institutional Review Board
t the Salk Institute for Biological Studies.

Table 1 shows the demographic characteristics of the three groups of partic-
pants. The participants with WS and TD were well matched in terms of CA (F(1,
4) = .001, p = .98). As predicted, the TD individuals had significantly higher mean VIQ
F(1, 34) = 102.8, p < .001) and PIQ (F(1, 34) = 129.8, p < .001) scores as compared to
heir counterparts with WS. Predictably, for participants with WS, mean VIQ scores
ere significantly higher than mean PIQ scores (t(17) = 3.56, p = .002), while this was
ot the case for the TD group (t(17) = .83, p = .42).

.2. Dichotic listening stimuli

The stimuli, drawn from Pollak et al. (2004), comprised 48 positive, negative,
nd neutral sounds lacking in linguistic content. Non-linguistic affective vocaliza-
ions, such as laughs, gasps, and screams are important in social communication, as
hey represent innate behaviors to communicate affective states (Barr, Hopkins, &
reene, 2000; Kreiman, 1997). These stimuli carry semantic content without acti-
ating bilateral linguistic processes. Two sounds were compiled from the set of 48
ffective stimuli to create the dichotic tokens: one sound for the presentation to the
E, and another for the presentation to the LE. For each dichotic token, the affective
alence differed between the ears.

.3. Procedure

Participants first completed the DL task and then an identification test of the
L stimuli. The rationale for administering the DL task prior to the identification

ubtest was to prevent familiarity effects occurring in the DL context. The stim-
li were presented via circumaural noise-reducing headphones at a comfortable

oudness level of approximately 75 dB SPL, using the PsyScope software (Cohen,
acWhinney, Flatt, & Provost, 1993). The DL task consisted of two blocks of stim-

lus trials comprising identical stimuli. Dichotic pairs were randomized and not
epeated within the trial blocks. The headphones were reversed after the first block

f the DL task to minimize channel effects. Each trial block consisted of four tokens
f the following dichotic pairs: positive–neutral, neutral–positive, negative–neutral,
eutral–negative, positive–negative, negative–positive (total of 24 trials per block).
onsistent with Pollak et al. (2004), participants were not explicitly informed about
he dichotic nature of the stimuli, but instead instructed that although the stim-
li may sound odd, “We are interested in how you think the person making the

able 2
symmetry values for DL experiment by affect and stimulus conditions, for individuals w

Stimulus condition % RE identification % LE iden

Negative to LE/RH .44 (.30) .27 .36 (.69)
Negative to RE/LH .40 (.62) .45 .35 (.35)
Positive to LE/RH .20 (.30) .27 .59 (.67)
Positive to RE/LH .60 (.67) .48 .21 (.29)

E = left ear; RE = right ear; LH = left hemisphere; RH = right hemisphere.
* Difference from zero is significant at p < .05.
Fig. 1. Mean f-index values for participants with WS, TD, and DD across the negative
and positive affective stimuli and ear of presentation (LE/RH and RE/LH). Negative
f-index values indicate an LEA, whereas positive f-index values indicate a REA (error
bars represent ±1 standard error mean (SEM)).

sound probably feels.” Participants were shown three cartoon line-drawing faces
(happy, sad, neutral), which represented the LE input, the RE input, and a foil. The
response screen appeared on the computer screen 50 ms after the stimulus delivery,
and the placement of the line-drawing faces was counterbalanced so that LE inputs,
RE inputs, and foils appeared in a random order across the screen. Participants indi-
cated their responses by pointing, and the experimenter keyed the responses into
the computer on the participants’ behalf. The computer recorded the responses.
After each response, a 2.5-s interstimulus interval (ISI) followed. No feedback was
given during the experiment. For the identification subtest of the DL experiment,
each of the 16 negative and 16 positive affective sounds was presented to both ears
simultaneously via headphones, binaurally, free of the dichotic competition. Partic-
ipants were asked to identify the valence of the sound as either happy, unhappy,
or neither, using the three cartoon line-drawing faces (happy, sad, neutral). The
response screen appeared on the computer screen 50 ms after the stimulus delivery,
and procedures were as described above for the DL task.

3. Results

3.1. Perceptual asymmetries

Table 2 displays the percentages of the participants’ LE and
RE identifications within each affect category and stimulus con-
dition in the DL task. Consistent with Pollak et al. (2004), as the
difference in accuracy for the RE and LE is correlated with the partic-
ipants’ overall performance level (Chapman & Chapman, 1988), an
asymmetry score entitled the f-index, was calculated. This index is
calculated as: (right ear performance − left ear performance)/(right
ear performance + left ear performance). RE advantages (REA) were
deemed to be present when the f-index value was positive and
significantly greater than zero, whereas LE advantages (LEA) were
linked to a negative, significantly below zero, f-index value (a ratio
score not significantly different from zero reflects no asymmetry).
The resultant f-index scores for each condition (negative to LE, neg-

ative to RE, positive to LE, negative to RE) were normally distributed
(Levene’s test for equality of variance F-statistic for all variables:
p > .11); see Fig. 1.

Perceptual asymmetry data were analyzed by a 4 × 2 repeated-
measures analysis of variance (ANOVA), with the f-index scores

ith WS, TD (in parentheses), and DD (italics).

tification Error f-Index

.53 .20 (.01) .20 .19* (−.38*) −.40

.32 .25 (.03) .23 .11 (.32*) .25

.60 .21 (.03) .13 −.34* (−.37*) −.30

.37 .19 (.04) .15 .42* (.32*) .11
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ig. 2. Accuracy of participants’ ability to identify the binaurally presented individ-
al negative and positive non-linguistic affective sounds used in the DL experiment
error bars represent ±1 SEM).

ith condition (negative to LE, negative to RE, positive to LE, neg-
tive to RE) entered as a within-participants factor, and group as
between-participants factor. This analysis revealed a significant
ain effect of f-index (F(3, 102) = 22.74, p < .001), reflecting higher

egative f-values for the LE presentations relative to the RE presen-
ations. In addition, an f-index by group interaction emerged, (F(3,
02) = 5.81, p = .001). Follow-up Bonferroni corrected t-test analy-
es (significance set at p ≤ .025) showed that the interaction effect
as due to the WS group – but not the TD group – exhibiting a

ignificantly more positive f-index value (t(34) = 4.43, p = .001), and
hus an RE/LH advantage when participants were presented with
egative stimuli. There were no other between-group differences
all p > .21).

As the data from the DD participants were excluded from the
tatistical analyses, correlations (Pearson’s, two-tailed tests) were
arried out between the four f-index scores and IQ for both the WS
nd TD groups to examine the potential contribution of intelligence
pon performance. For the WS group, all correlations between the
IQ and the four f-index scores failed to reach significance (all
< .23, p > .36), as did all the correlations between the PIQ and the
our f-index scores (all r < .28, p > .27). For the TD comparison group,
gain all correlations between the VIQ and the four f-index scores
ailed to reach significance (all r < .19, p > .46), as did all the cor-
elations between the PIQ and the four f-index scores (all r < .37,
> .17).

.2. Affect identification subtest of the DL experiment

This subtest assessed each participant’s ability to identify the
alence of the positive and negative sounds used in the DL experi-
ent. Instead of dichotic presentation, the stimuli were presented

inaurally. Data were missing for one participant with WS, and
or four participants with TD because of equipment failure. Fig. 2
isplays the affect identification scores that were entered into
2 × 2 repeated-measures ANOVA, with affect category (posi-

ive/negative) as a within-participants factor, and group (WS/TD) as
between-participants factor. This analysis revealed a main effect
f affect category (F(1, 29) = 2.61, p = .05), a main effect of group
F(1, 39) = 9.80, p = .004), and a category by group interaction (F(1,
9) = 7.67, p = .01.) The main effect of affect category was due to a
igher overall performance with the identification of positive stim-
li as compared to the negative stimuli, and the main effect of group

as due to the TD group outperforming their counterparts with WS.

ollow-up Bonferroni corrected t-test analyses (significance set at
≤ .0125) showed that the interaction effect was due to the WS
roup exhibiting lower recognition accuracy for negative stimuli
t(29) = −3.59, p = .001), while no between-group differences were
hologia 48 (2010) 1047–1052

in evidence for the processing of the positive stimuli (t(29) = −.35,
p = .73). While the TD group showed similar levels of performance
across the positive and negative stimuli (t(13) = −.54, p = .60), par-
ticipants with WS were significantly better at identifying positive,
as compared to negative, stimuli (t(16) = 3.32, p = .004).

4. Discussion

The aim of the current study was to examine perceptual
asymmetries for the processing of positive and negative affective
vocalizations in individuals with WS. We also evaluated receptive
affect processing abilities across positively and negatively valenced
stimuli. We hypothesized that individuals with WS would show
weaker perceptual asymmetries relative to the TD group. In addi-
tion, we hypothesized to observe valence-specific effects such that
more marked between-group differences would be apparent with
the negative, as compared to the positive stimuli (cf. Haas et al.,
2009; Meyer-Lindenberg et al., 2005). As we had predicted, individ-
uals with WS displayed a less pronounced perceptual asymmetry
for the negative stimuli as compared to controls, but a similar
pattern of perceptual processing as controls for positive stimuli.
Consistent with our hypotheses, TD controls exhibited a LE advan-
tage for the processing of negative sounds presented to the RH.
In contrast, surprisingly, those with WS showed a RE advantage,
implicating LH activation. Individuals with WS also showed poorer
accuracy in identifying negative non-linguistic stimuli, while no
between-group differences emerged for the positive stimuli. Taken
together, the current findings highlight first known evidence within
the auditory domain of significantly more aberrant processing of
negative, as compared to positive, social auditory stimuli in individ-
uals with WS, which may be linked to the atypical neurobiological
characteristics (e.g., Haas et al., 2009; Holinger et al., 2005; Meyer-
Lindenberg et al., 2005; Reiss et al., 2004). Evidence from a small
group of DD participants, whose data were excluded from the sta-
tistical analyses, suggested that the pattern observed for the WS
group was not accountable by intellectual impairment alone. This
was supported by a correlational analysis between the IQ measures
and experimental variables.

The surprising finding that individuals with WS demonstrated
a RE advantage for negative stimuli presented to the RH may be
linked to the evidence indicating diminished neural activity to neg-
ative visual social stimuli (Haas et al., 2009; Meyer-Lindenberg et
al., 2005). The current pattern implicated the activation of the LH
anterior system, which reflects an ipsilateral pathway, linked to
the processing approach-related positive emotions. It may thus be
that the negative stimuli failed to activate the RH anterior affect
processing system in individuals with WS, which may manifest as
attenuated neural activity as measured by ERPs and fMRI (Haas et
al., 2009). Consistent with the data from the controls, a LE advantage
was predicted for this condition, as the RH anterior system is asso-
ciated with processing of avoidance-related negative experience.
As the perceptual asymmetries for the positive stimuli were simi-
lar between individuals with WS and TD, this may suggest that the
hemispheric organization for the positive LH-associated processes
as compared to negative RH-associated processes is relatively less
affected in WS. In light of the neurobiological data indicating sig-
nificantly increased neural activity to positive social stimuli in
individuals with WS (Haas et al., 2009), it may thus be that such
enhanced neural processing was reflected in the current results by
greater behavioral accuracy in identifying positive as compared to
negative non-linguistic sounds, and a relatively strong perceptual

asymmetry specifically for the LH-associated positive emotional
processes. However, the specific laterality effects reported by Haas
et al. (2009) indicated that while participants with WS exhib-
ited significant right amygdala activity to positive expressions, no
laterality effects were observed for the controls. Whereas no lat-
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rality effects were evident for negative stimuli in the WS group,
he controls displayed significantly greater right amygdala reactiv-
ty. Taken together with the current findings, the pattern of data
rom the TD controls indicating LE advantage for negative stimuli
s consistent with that of Haas et al. (2009), showing significant
ight amygdala activity for such stimuli. The apparent discrepan-
ies between the laterality effects found in the current study and
hose reported by Haas et al. (2009) may be due to the fact that in
he latter study, only amygdala reactivity was measured while acti-
ation in the other neural structures implicated in the processing of
motion were ignored. Further, the emotions included by Haas et
l. (2009) were happy and fearful, of which the latter in particular
as been linked to amygdala activation (Adolphs, 2003), while the
egative stimuli in the current study included sad, angry, and fear-

ul vocalizations. Finally, the stimuli utilized by Haas et al. (2009)
ere visual, while the current study used auditory material. It is

lso noteworthy that there is some controversy in the literature
oncerning the model of emotion as used for the framework for
he current study, specifically with regard to the anterior/posterior
ivide (Murphy, Nimmo-Smith, & Lawrence, 2003; Wager, Phan,
iberzon, & Taylor, 2003; see also Barrett & Wager, 2006). More
euroimaging studies are needed to better understand the brain
ases of processing positive versus negative emotion. At the same
ime, the current framework is consistent with those used in the
xisting DL literature (e.g., Pollak et al., 2004).

It is also important to consider the atypical auditory sensitivity
n individuals with WS in context of the current findings. Interest-
ngly, Marler, Elfenbein, Ryals, Urban, and Netzloff (2005) reported
n incidence of 70–77% of mild sensorineural hearing loss in the
igher frequencies (6000–8000 Hz) in their sample of individu-
ls with WS. However, a standard hearing test up to 8000 Hz was
arried out as screening procedure in the current study, and all
articipants tested were deemed as functioning within the normal
ange. In the context of the Marler et al. (2005) study, the current
attern of results indicating more aberrant processing of negative
han positive sounds in individuals with WS may appear surprising,
s the processing of positive stimuli may have been expected to be
ore affected. This is because the positive stimuli (e.g., laughs and

iggles) were of higher frequency in general as compared to the
egative (e.g., grunts and groans) sounds.

As the differential hemispheric processing advantages are based
pon differences in temporal resolution, one possibility is that
he RH specialization is more aberrant in comparison to the LH
pecialization in individuals with WS. The LH is specialized for tem-
oral information, and thus is well equipped for processing rapidly
hanging information such as speech. By contrast, the RH oper-
tes at a lower temporal resolution and is specialized in spectral
rocessing, such as pitch (Schirmer & Kotz, 2006). In fact, investiga-
ions into musical pitch processing in individuals with WS indicate
eficits in musical pitch discrimination (e.g., Don, Schellenberg, &
ourke, 1999; Deruelle, Schön, Rondan, & Mancini, 2005; Hopyan,
ennis, Weksberg, & Cytrynbaum, 2001). Thus, it is possible that

hese impairments may also contribute to a greater LH involve-
ent than is typical in negative vocal affect processing in this

opulation. A second possibility is that the perceptual processing
ifferences reflect differences in developmental maturity of the RH
Pollak et al., 2004). On this view, the condition in which nega-
ive stimuli were presented to the RH was predicted to lead to a
omputational overload, resulting in increased LH involvement in
hild participants. Other studies utilizing more complex stimuli,
uch as linguistic prosody, have shown that activation of multiple

pecialized systems within the same hemisphere may also result
n a processing advantage for the opposite hemisphere, or in bilat-
ral processing (e.g., Banich & Belger, 1990; Mitchell, 2006; Pollak
Wismer Fries, 2001). However, as affective prosody is commonly

xamined within the linguistic context, the processing of such stim-
hologia 48 (2010) 1047–1052 1051

uli including both affective content linked to RH processes, and
linguistic content associated with LH processes, would inevitably
result in more bilateral processing than would be the case for
non-linguistic emotion. However, the current stimuli only carried
affective information in the absence of linguistic content.

Given that the majority of neuroimaging studies of individuals
with WS to date have involved visual stimuli, studies examining the
processing of emotion in music may provide further clues for the
neuroanatomical localization of the current findings. For example,
a small-scale fMRI study investigated the neural correlates of audi-
tory processing in adults with WS and five TD controls using music
and noise stimuli (Levitin et al., 2003). The results highlighted atypi-
cal neural activation to music in the participants with WS: while the
STG and middle temporal gyri showed more activation in response
to music than to noise in controls, the only region associated with
greater activity during music versus noise processing in the WS
group was the right amygdala. However, as activation patterns
were not analyzed by emotion, it is difficult to consolidate these
findings with those from the current experiment. Nevertheless, this
finding may be linked to the notion that RH dominance is linked
functions that are of specific importance for processing socially
relevant information (Bowers, Bauer, & Heilman, 1993), and/or to
the notion that the amygdala has been suggested to activate in
order to enhance the perception of emotionally salient informa-
tion (Anderson, Adam, Phelps, & Elizabeth, 2001), as both social
and emotional functions have been suggested to be increased in
individuals with WS. Indeed, findings from a case study of a patient
S.M. with complete bilateral amygdala damage have indicated that
amygdala plays a necessary role specifically in the processing of
fearful emotion in music (Gosselin, Peretz, Johnson, & Adolphs,
2006). However, at the same time, S.M. shows unaffected pro-
cessing of affective prosody; stimuli most similar to those used in
the current experiment. The current finding of particularly aber-
rant perceptual asymmetry for negative auditory information in
individuals with WS may thus have implications for the abnormal
amygdala structure and function, as discussed above (e.g., Haas et
al., 2009; Levitin et al., 2003; Reiss et al., 2004). For example, the
amygdala may have atypically extensive connections to the audi-
tory cortex (cf. Holinger et al., 2005).

In the context of the clinical presentation of WS, the current find-
ings of relatively preserved processing of positive affect coupled
with atypical processing of negative affect suggest that the well-
documented receptive affect processing impairments (e.g., Plesa-
Skwerer et al., 2006) and hyper-sociability (e.g., Järvinen-Pasley et
al., 2008) may at least partially stem from deficits in detecting neg-
ative affective states, within both the visual and auditory domains.
Indeed, a failure to process negative signals in the context of social
interaction may result in both socially inappropriate and overly
social behavior, both of which are characteristics of WS. However,
further studies are needed to establish the processing of both lin-
guistic and non-linguistic auditory aspects of social interaction in
this population. Limitations of the current study include the small
size of the DD comparison group; however, the performance pro-
file of these participants as well as data from child participants
reported by Pollak et al. (2004) suggest that the processing pattern
of individuals with WS was markedly different from these groups.

In conclusion, the current study provided first known evidence
on the processing of auditory aspects of social interaction in indi-
viduals with WS. Specifically, present results extend the existing
literature on WS by providing initial evidence of atypical processing
of negative affect within the auditory domain. The results impli-

cated a reduced RH involvement in the processing of negative
affective vocalizations in these individuals, as well as behavioral
identification deficits in the processing of such stimuli. The pat-
tern of results fits in well with current neurobiological evidence
from the visual domain indicating attenuated neural activity to
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egative, and increased neural activity to positive, social stimuli
n individuals with WS, relative to TD controls (Haas et al., 2009;

eyer-Lindenberg et al., 2005). Future research should be directed
owards further elucidating the neural correlates of auditory affect
rocessing in individuals with WS. These questions aimed at illu-
inating the complex neurobiology underlying the aberrant, albeit

ighly intriguing, profile of social functioning in WS would be ide-
lly addressed experimentally using fMRI.
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