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a b s t r a c t

Williams syndrome (WS) is a genetic condition often paired with abnormal social functioning and
behavior. In particular, those with WS are characterized as being relatively hypersocial, overly emo-
tional/empathic, and socially uninhibited or fearless. In addition, WS is associated with abnormal
amygdala structure and function. Very little is known however about the relationship between spe-
cific social behaviors and altered amygdala function in WS. This study was designed to compare three
models that relate abnormal social behavior with amygdala function in WS (indiscriminate sociability,
emotional and empathic sociability and social fearlessness). We used a social behavior assessment pro-
cedure (Salk Institute Sociability Questionnaire), functional magnetic resonance imaging and an implicit
emotion face processing task to test these models. Our findings provide support for a model of abnor-
mal social fearlessness by showing that in WS, abnormal amygdala response to fear is paired with an
increased tendency to approach strangers. Specifically, individuals with WS that exhibited less amyg-
dala response to fearful facial expressions (compared to neutral) also exhibited an increased tendency to
approach strangers. These findings contribute to our understanding of social and emotional functioning in
neurodevelopmental conditions and provide evidence that in WS, amygdala response to fear modulates
social behavior.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Williams syndrome (WS) is a neurodevelopmental condition
caused by a hemizygous microdeletion on chromosome 7q11.23.
WS is often paired with a distinctive, abnormal social and emo-
tional phenotype. In particular, those with WS are often described
as being relatively hypersocial (Bellugi, Adolphs, Cassady, & Chiles,
1999), overly emotional/empathic (Klein-Tasman & Mervis, 2003)
and socially uninhibited or fearless (Gosch & Pankau, 1994; Meyer-
Lindenberg, Mervis, & Berman, 2006). In terms of the brain,
evidence suggests that alterations of the amygdala may in part con-
tribute to the observed abnormal social and emotional phenotype
in WS (Haas et al., 2009; Martens, Wilson, Dudgeon, & Reutens,
2009; Meyer-Lindenberg et al., 2005). Recently, brain-imaging
studies have begun to explore the neural correlates of individ-
ual differences of social behavior in WS. For example, Martens
and colleagues (2009) demonstrated that in WS, individual differ-
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ences in social behaviors, such as with approachability biases, are
associated with alterations in amygdala volume. Although stud-
ies have indicated that functional abnormalities of the amygdala
occur in WS (relative to healthy controls) and that individual dif-
ferences in social behaviors are associated with amygdala structure
in WS (Martens et al., 2009), very little is known regarding the
relationship between individual differences in social behavior and
amygdala function in WS. This study was designed to investigate
the relationship between social behavior and amygdala function in
WS. We used functional Magnetic Resonance Imaging (fMRI) and
an implicit emotion face processing task to test three models that
relate abnormalities of social behavior with amygdala function in
WS (Fig. 1).

One model posits that individuals with WS tend to display
abnormal indiscriminate sociability (Doyle, Bellugi, Korenberg, &
Graham, 2004; Einfeld, Tonge, & Florio, 1997). This model describes
those with WS as being abnormally social and driven towards social
interaction independent of emotional valence or arousal and is sup-
ported by studies showing that relative to mental and age-matched
controls, individuals with WS tend to be rated as generally more
“overly-friendly” (Mervis & Klein-Tasman, 2000), people-oriented
and gregarious (Klein-Tasman & Mervis, 2003). In addition, as com-
pared to controls, those with WS rate facial expressions as more
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Fig. 1. Model based hypotheses relating social behavior with amygdala function in
WS. We predicted that if abnormal indiscriminate sociability is associated with amyg-
dala function in WS (A), we would observe a relationship between social approach
scores and amygdala response to facial expressions (fearful, happy and neutral com-
bined) compared to scrambled images. We predicted that if abnormal emotional
and empathic sociability is associated with amygdala function in WS (B), we would
observe a relationship between emotional/empathic sociability scores and amyg-
dala response to emotional facial expressions (fear and happy, combined) compared
to neutral. We predicted that if abnormal social fearlessness is associated with amyg-
dala function in WS (C), we would observe a relationship between social approach
towards strangers and amygdala response to fearful facial expressions compared to
neutral.

approachable (Bellugi et al., 1999) and tend to exhibit greater
gaze duration towards socially relevant scenes (Riby & Hancock,
2008) and faces (Riby & Hancock, 2009). Some studies however,
have also found normal approachability towards both negative and
positive expressions in WS (Porter, Coltheart, & Langdon, 2007).
Taken together, several studies provide evidence that WS is asso-
ciated with abnormalities in overt social behavior and attention
towards socially relevant information such as facial expressions.
We predicted that if functional abnormalities of the amygdala are
associated with indiscriminate sociability in WS, then we would
observe a positive relationship between individual differences in
social approach related behaviors and amygdala response to all
facial expressions (fearful, happy and neutral combined compared
to scrambled images) (Fig. 1A and Fig. 2).

A second model posits that individuals with WS tend to display
abnormal emotional and empathic sociability. This model describes
those with WS as being highly emotionally responsive and partic-
ularly tuned to the affective states of others and is supported by

studies showing that relative to controls, those with WS are rated
higher in empathy (Klein-Tasman & Mervis, 2003), temperamental
intensity (Tomc, Williamson, & Pauli, 1990) and tend to be relatively
over-affectionate (Davies, Udwin, & Howlin, 1998). In addition, as
compared to controls, those with WS are more emotionally respon-
sive during social interaction (Fidler, Hepburn, Most, Philofsky, &
Rogers, 2007), rate happy facial expressions as more approachable
(Frigerio et al., 2006) and utilize more emotionally expressive lan-
guage (Jones et al., 2000; Losh, Bellugi, Reilly, & Anderson, 2000).
Other studies however, have demonstrated reduced expressive
language in WS (Laws & Bishop, 2004). Together, several studies
provide evidence that WS is associated with abnormalities in emo-
tional and empathic processing. We predicted that if functional
abnormalities of the amygdala are associated with the tendency to
display emotional and empathic sociability in WS, we would observe
a positive relationship between individual differences in emotional
and empathic approach related behaviors and amygdala response
to emotional (both fearful and happy) facial expressions (compared
to neutral faces) (Fig. 1B and Fig. 2).

Lastly, a third model posits that individuals with WS are socially
uninhibited with strangers and that they display abnormal social
fearlessness. This model describes those with WS as being rela-
tively unresponsive to social fear paired with an inappropriate
tendency to approach strangers and is supported by studies show-
ing that relative to controls, those with WS exhibit an inability to
detect and respect social danger signals (Meyer-Lindenberg et al.,
2006) and are less reserved towards strangers (Gosch & Pankau,
1994). In addition, as compared to controls, those with WS exhibit
lower amygdala response to fearful facial expressions (Haas et al.,
2009; Meyer-Lindenberg et al., 2005) and are less able to perceive
negatively valenced emotional facial and vocal expressions (Plesa-
Skwerer, Faja, Schofield, Verbalis, & Tager-Flusberg, 2006). Taken
together, these studies provide evidence that WS is associated with
an abnormal social fear response and an increased tendency to
approach strangers. We predicted that if functional abnormalities
of the amygdala are associated with the tendency to display social
fearlessness in WS, we would observe a relationship between indi-
vidual differences in social approach related behaviors towards
strangers and amygdala response to fearful facial expressions (com-
pared to neutral) (Fig. 1C and Fig. 2).

2. Methods

2.1. Participants

Twelve adult participants with WS (8 females; mean (M) age = 29.46, standard
deviation (SD) = 8.07, range = 18.03–43.58, 8 right handed) were recruited for this
study. Subjects were excluded if they reported any current use of mood-altering
medication, substance abuse during the 6 months prior to scan or any standard MRI
contraindications. Each participant was recruited as part of an ongoing multicenter

Fig. 2. Examples of stimuli used in the experimental paradigm. Participants were presented with photographs of faces conveying fearful, happy, neutral expressions and
scrambled images. Participants were instructed to judge if each stimulus was either male, female or scrambled as quickly and as accurately as possible. Behavioral responses
were collected within the 2000 ms following the onset of each stimulus.
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