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ABSTRACT

We examined music and language abilities in a group of children with Williams syndrome (WS, n = 19)
and a comparison group of normal children (n = 19) equivalent for receptive vocabulary. Consistent with
previous reports and the model of Nonverbal Learning Disabilities (Rourke, 1989), the children with WS
scored better on verbal than performance measures of the WISC-III, and performance on simpler verbal
tasks (e.g., receptive vocabulary) was superior to performance on more complex verbal tasks (e.g., compre-
hension). Performance on music tests was relatively good, being comparable to mental age based on recep-
tive vocabulary and similar to that of the comparison group. Music and language abilities were moderately
correlated for both groups of children. Compared to normal children, the WS group expressed greater
liking of music and a greater range of emotional responses to music.

The unusual constellation of characteristics that
typifies individuals with Williams syndrome
(WS) has captured the attention of scientists
(e.g., Bellugi, Bihrle, Neville, Jernigan, & Do-
herty, 1992; Levitin & Bellugi, 1998; Mervis,
Morris, Bertrand, & Robinson, 1999) and the
popular media (e.g., the television program 60
Minutes). Children with WS have ‘elfin’ facial
features and are often described as friendly and
talkative (Lowe, Henderson, Park, & McGreal,
1954; Mervis et al., 1999; Udwin, Yule, & Mar-
tin, 1987). Although these children are mentally
retarded, they have an unusual cognitive profile
with relatively preserved verbal abilities that
contrast markedly with their extremely poor
visuospatial skills (Bellugi et al., 1992; Lowe et
al., 1954; Mervis et al., 1999; Udwin & Yule,
1991). Clinical, experimental, and anecdotal
reports suggest that these children may also be

relatively musical (Anonymous, 1985; Lenhoff,
1996; Levine, 1992; Levitin & Bellugi, 1998;
Udwin et al., 1987; von Arnim & Engel, 1964).

For example, early descriptive studies re-
ported that children with WS have good singing
skills (von Arnim and Engel, 1964) and can eas-
ily learn songs (Udwin et al. 1987). More re-
cently, Lenhoff (1996) provided a qualitative
examination of the music skills of individuals
attending a ‘Music and Arts’ camp for children
with WS. The attendees displayed heightened
levels of interest and emotional responsivity
toward music, facility learning complex
rhythms, excellent memory for lyrics, ease in
composing song lyrics, ability with harmony,
and an unusual number had absolute (perfect)
pitch. In another study conducted at the same
camp, Levitin and Bellugi (1998) administered
a rhythm production test to 8 children with WS
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(mean age = 13.4 years, SD = 3.6 years) and
compared their performance to a control group
of children 5 to 7 years of age. Although the
groups were equivalent on the rhythm measure,
the individuals with WS were more likely to
produce musically ‘compatible’ rhythms when
they responded in error.

Unfortunately, the WS group was a select
cohort (music camp attendees) and groups were
matched using reported norms on Piagetian con-
servation tasks without verifying that the groups
were actually equivalent on these tasks. Thus,
one cannot draw firm conclusions about the
rhythm abilities of children with WS on the ba-
sis of this study. Nonetheless, the presence of
relatively intact verbal skills combined with the
possibility that such skills are accompanied by
relatively intact musical skills provided the im-
petus for our research questions: (1) Are chil-
dren with WS more musical than one would ex-
pect based on their overall cognitive abilities?
and (2) How do the music skills of children with
WS compare to their relatively intact language
skills?

WS is a rare genetic anomaly characterized
by a submicroscopic deletion on chromosome 7,
which contains the genes for elastin, LIMK, and
other genes (Ashkenas, 1996; Ewart, Jin, Atkin-
son, Morris, & Keating, 1994; Morris, Thomas,
& Greenberg, 1993; Tassabehji et al., 1996).
Individuals with WS exhibit vascular problems,
such as supravalvar aortic stenosis and hyperten-
sion, that are associated with the loss of the elas-
tin gene. The LIMK gene has been implicated in
neural-cell development and is believed to be
related to the deficits in visuospatial and visuo-
construction skills associated with WS. The
overwhelming majority of children with WS (86
to 96%) also exhibit hyperacusis, which is char-
acterized by aversive reactions to sounds that do
not cause such reactions in normal individuals
(Arnold, Yule, & Martin, 1985; Klein, Arm-
strong, Greer, & Brown, 1990; Udwin et al.,
1987).

Although the neuropsychological profile as-
sociated with WS suggests right-hemisphere
dysfunction, brain-imaging studies show mild
microcephaly without specific lateralized struc-
tural lesions or anomalies (Jernigan, Doherty,

Hesselink, & Bellugi, 1993). Neocerebellar
volumes and limbic structures are relatively
large, however, and comparable to normal con-
trols (Jernigan et al., 1993; Jernigan & Bellugi,
1990).

Exaggerated left-sided asymmetry of the pla-
num temporale has been reported in professional
musicians, particularly those with absolute pitch
(Schlaug, Janke, Hunag, & Steinmetz, 1995).
Because absolute pitch and relatively good mu-
sical skills have also been identified as possible
characteristics associated with WS, Bellugi,
Hickock, Jones, and Jernigan (1996) examined
the planum temporale of individuals with WS.
For the majority of their sample, the leftward
asymmetry fell between the two groups of pro-
fessional musicians (i.e., those with or without
absolute pitch). Replication and extension of
this finding could provide an anatomical basis
for the reported musicality of individuals with
WS.

Music
Musical skills are not typically associated with
specific brain structures. Amusia, or the loss of
music perception or performance abilities due to
brain damage, is often accompanied by aphasia
(Marin, 1982). In a review of 314 historical
cases, Henschen (1920, cited in Judd, Gardner,
& Geschwind, 1983) found that left-hemisphere
damage and aphasia were present in 97% of
cases of amusia. Because the cases of amusia
included a wide range of deficits (music perfor-
mance, composition, reading, music perception),
the association with aphasia is too general to
implicate localization of musical functioning.
Indeed, results of neuropsychological investiga-
tions of musical abilities are often contradictory
(Hodges, 1999), a likely consequence of the
complex nature of music.

Nevertheless, research based on listening
tasks, infant development, and lesion analysis
reveals clues to the neurobiology and neuroanat-
omy of music processing. For example, percep-
tion of melodic contours (changes in pitch direc-
tion) is reliably associated with right-hemi-
sphere functioning for both brain-damaged and
normal individuals (see McKinnon & Schellen-
berg, 1997). By contrast, rhythmic processing
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has been associated with left-hemisphere func-
tioning, although such findings are inconsistent
across studies (Peretz, 1990; Peretz & Morais,
1989). Despite the apparent links between apha-
sia and amusia, dissociations have also been re-
ported. In a review of lesion studies, Sergent
(1993) hypothesized that widely distributed, lo-
cally specialized neural substrates subserving
music are proximate to, but distinct from, verbal
areas. It is also possible that specific aspects of
music and language share a common processor,
with other aspects being independent. Indeed, a
study of patients with amusia without aphasia
demonstrated that processing of linguistic pros-
ody and music were linked (Patel & Peretz,
1997).

In normal development, prosodic and melodic
elements of speech and song directed to infants
and young children are similar (Trehub &
Trainor, 1998). Speech to infants typically in-
volves exaggerated prosody with relatively slow
and regular rhythmic patterns, shorter phrases,
and greater repetition than adult-directed speech
(Papousek & Papousek, 1981). It is also higher
in pitch with simple pitch contours that span a
greater range. Infant-directed singing is simi-
larly slow, high-pitched, and rhythmically exag-
gerated (Trainor, Clark, Huntley, & Adams,
1997). Moreover, young infants prefer infant-
over adult-directed speech (Cooper & Aslin,
1990; Fernald, 1985; Werker & McLeod, 1989),
just as they prefer infant- over adult-directed
singing (Trainor, 1996). Thus, adults’ style of
communicating in the auditory domain with very
young listeners appears to capitalize on innate
perceptual biases and preferences for particular
auditory patterns. These similarities across do-
mains are consistent with suggestions of a link
between language and musical skills.

An explanatory framework for the unusual
cognitive profile associated with WS is provided
by Rourke (1989, 1995), who describes the syn-
drome of Nonverbal Learning Disabilities
(NLD). NLD is thought to arise as the develop-
mental outcome of an interaction between pri-
mary assets in auditory perception, rote learn-
ing, and simple motor skills, and primary defi-
cits in tactile and visual perception, complex
psychomotor skills, and adaptation to novelty.

During early development, a child typically ex-
plores the world through touching, feeling, see-
ing, and hearing. For a child with NLD, how-
ever, weak tactile and visual perception accom-
panied by difficulty with complex psychomotor
skills render the world too confusing to assimi-
late through nonverbal processes. Instead, the
child with NLD explores the world primarily
with an auditory and verbally based approach.
This unbalanced development results in an indi-
vidual who has relative strength in skills
subserved primarily by systems within the left
cerebral hemisphere (e.g., simple language skills
and auditory memory). By contrast, deficits are
observed in skills that are thought to be
subserved primarily by systems within the right
hemisphere as well as in skills that require
intermodal processing (e.g., nonverbal, fluid, or
creative reasoning, abstract thinking, complex
language comprehension, and prosody).

Although the overall level of abilities is lower
for children with WS than for the typical child
diagnosed with NLD, the pattern of assets and
deficits is similar. Children with WS display
relative strengths in auditory perception, verbal
memory, speech articulation, and quantity of
speech, but deficits in psychomotor coordina-
tion, visual-spatial-organization, and adaptation
to novelty (Mervis et al., 1999). If one assumes
that some aspects of auditory processing for lan-
guage and music are shared, the NLD model
also provides a framework for explaining rela-
tive strength in music as well as language. In
other words, children with WS should demon-
strate relatively good memory for simple and
repetitive musical patterns in addition to their
relatively good language abilities. Moreover,
performance on simple language and music
measures should be superior to performance on
more complex measures. Some areas of reported
strength for children with WS, however, such as
facial memory and the perception and produc-
tion of speech prosody (Udwin & Yule, 1991;
Bellugi et al., 1988; Bellugi et al., 1994), are not
consistent with the NLD profile and suggestive
of relatively intact nonverbal functioning for
this population in specific areas. Regardless,
because these children appear to be ‘tuned into’
the melodies of speech (i.e., prosody), it is rea-
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sonable to expect that their music-perception
abilities might also be relatively good.

The linguistic abilities of children with WS
are well established, yet their musical skills
have not been empirically validated. On the one
hand, some aspects of music abilities may be
spared in this population relative to their overall
level of cognitive functioning, as are some as-
pects of language use. Indeed, music skills in
WS might even stand out as a strength in com-
parison to the normal population; if demon-
strated, this would imply that WS comprises a
group of musical savants. On the other hand,
music may appear to be a relative strength sim-
ply because these children often respond enthu-
siastically to music.

The purpose of the present study was to ex-
amine the language and music abilities of chil-
dren with WS. Because little is known specifi-
cally about music skills in individuals with WS,
we focused on quantitative measurement of such
skills. We expected that music and language
skills would be correlated and that both would
be better than nonverbal abilities. In addition,
children with WS were expected to be similar to
normal children of equivalent verbal level in
terms of their musical abilities. Finally, if the
cognitive profile associated with WS arises in
the manner proposed for NLD (Rourke, 1989),
intact auditory processing should be a primary
means by which children with WS develop an
understanding of the world. Thus, interest in
music might also be greater for children with
WS than for normal children.

To test the hypothesis that music and lan-
guage skills represent areas of relative strength
in children with WS, a comparison group with
equivalent language skills was chosen. The
choice of a language measure on which to
equate groups was particularly important be-
cause children with WS are relatively strong in
simple language skills yet weak in more com-
plex areas such as language comprehension and
pragmatics (Anderson & Rourke, 1995; Mervis
et al., 1999; Rourke & Tsatsanis, 1996). For ex-
ample, Verbal IQ as defined by the Wechsler
Intelligence Scale for Children, Third Edition
(WISC-III; Wechsler, 1991) measures simple
and complex language skills and is unlikely to

provide an appropriate basis for comparison. By
contrast, receptive vocabulary – a relatively sim-
ple verbal skill – better reflects the language
strengths observed in children with WS. Thus, a
measure of receptive vocabulary was chosen as
the basis for establishing between-group equiva-
lence.

METHOD

Participants
Children for the WS group were recruited from
Williams Syndrome Associations in Canada and
the United States through organization newsletters
or meetings. Children for the comparison group
were recruited through fliers posted at the Univer-
sity of Windsor and at local churches. All partici-
pants spoke English as their primary language and
were without significant sensory or physical handi-
caps.

The study group consisted of 19 children with
WS between 8 and 13 years of age (10 boys and 9
girls). Mean chronological age was 10 years, 6
months (SD = 1 year, 10 months) and mean mental
age – calculated using scores on the Peabody Pic-
ture Vocabulary Test-Revised (PPVT-R; Dunn &
Dunn, 1981) – was 8 years, 1 month (SD = 2 years,
2 months). The comparison group – equivalent for
mental age on the PPVT-R – was selected from a
larger group of 32 normal children between 5 and
12 years of age. Specifically, only children with
PPVT-R standard scores between 85 and 115 (av-
erage range) were included. The resulting group of
19 children (11 boys and 8 girls) had a mean chro-
nological age of 7 years, 11 months (SD = 2 years,
4 months) and mean mental age of 8 years, 1
month (SD = 2 years, 5 months), which was identi-
cal to that of the WS group.

Measures
Language and music skills were assessed through
standardized measures, a questionnaire, and a
semi-structured interview. Four language measures
(in addition to the PPVT-R) were selected to eval-
uate a variety of skills – ranging from relatively
simple to complex – in both groups of children.
The Auditory Closure Test (Kass, 1964), arguably
the least complex task, was included as a simple
measure of sound blending. On this task, the child
hears segmented sounds of a word and is asked to
blend the sounds to produce the corresponding
word. Verbal fluency, another relatively simple
verbal task, was assessed through the Controlled
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Oral Word Association to category (Animals)
(Halperin, Healy, Zwitchik, Ludman, & Weinstein,
1989, as cited in Spreen & Strauss, 1991), which
also provides a measure of perseverations. More
complex aspects of verbal skill requiring auditory
attention and working memory were measured
with the Digit Span subtest from the WISC-III and
Sentence Repetition (Spreen & Strauss, 1991). For
the WS group only, overall verbal and nonverbal
intellectual functioning was measured with the
complete WISC-III. The Comprehension subtest of
the WISC-III provided the most complex measure
of language skills for the children with WS.

Our choice of measures to assess musical skills
was limited because most music tests are designed
to examine the skills of individuals undergoing
formal music training. For our purposes, only
skills present in infancy or acquired implicitly
through exposure to music could provide a basis
for the evaluation of general auditory pattern pro-
cessing abilities. Gordon’s Primary Measures of
Music Audiation (PMMA) (Gordon, 1980) for chil-
dren in kindergarten through third grade met our
criteria. The test was standardized in 1978 on a
sample of 873 children residing in suburban New
York state. Test-retest reliabilities ranged from .73
to .76 with split-half reliabilities ranging from .72
to .86. The test has also been used to assess the
music abilities of mentally retarded adults, with
test-retest reliabilities at .81 or higher (Hoskins,
Kvet, & Oubre, 1988).

The PMMA comprises Tonal and Rhythm
subtests for which centile scores are computed.
Each subtest has 40 taped trials. Each trial (both
subtests) consists of a pair of short, monophonic
melodic or rhythmic phrases, and children are
asked to indicate whether the paired sequences are
the same or different. Standard and comparison
phrases are identical on same trials but not on dif-
ferent trials. Tonal phrases have 2 to 5 pure tones
(sine waves) that differ in pitch but not in duration
on ‘different’ trials; phrases are presented in either
major or minor tonality. Rhythm phrases have 2 to
11 pure tones that vary in duration but not in pitch
on ‘different’ trials; ‘macro’ or ‘tempo’ tones are
included to help establish the meter but these are
presented at a relatively low dynamic level and
with a different timbre. Practice items are provided
with each subtest.

A Child Music Interest Interview and a Parent
Music Questionnaire were constructed for this
study. Both contained questions pertaining to the
children’s musical interests, activities, knowledge,
and environment. The parent questionnaire in-
cluded additional items asking about the child’s
history of otitis media and hyperacusis.

Procedure
Participants were interviewed and tested at their
convenience, either at their homes or at the Uni-
versity of Windsor. After children were inter-
viewed about their musical background and inter-
ests, the two music and five language tests were
administered in standardized order (i.e., Tonal,
Sentence Repetition, Auditory Closure, Controlled
Oral Word Association, Digit Span, Rhythm, and
PPVT-R). When necessary, test order was modi-
fied to maintain the child’s interest, but the Tonal
subtest always preceded the Rhythm subtest. Par-
ents completed a questionnaire concerning their
child’s musical and auditory history. For all but
two of the WS group, a second session was re-
quired for administration of the WISC-III. For one
child with WS, results from a recent psychological
assessment (1 week prior to testing) were used;
another child declined WISC-III testing. All chil-
dren received a gift of a small toy upon completion
of each session.

Administration of the Tonal and Rhythm
subtests of the PMMA was adapted slightly to en-
sure understanding and to maintain interest. The
subtests were introduced as ‘Mr. Gordon’s tests’
and the child was asked, ‘When is Mr. Gordon go-
ing to start?’ before the tests began. Subtests were
administered after five practice trials or perfect
completion of one practice trial. For children who
failed to understand the concepts of same and dif-
ferent (i.e., 4 children in the WS group, 2 children
in the comparison group), right and wrong were
substituted. Because of attentional difficulties,
children in the WS group received more breaks and
cues to attend than did children in the comparison
group.

The Rhythm subtest proved to be especially dif-
ficult for a few children. Indeed, for 3 children
with WS and 1 comparison child, the measure was
unscoreable because of numerous ‘don’t know’
responses or multiple responses per item. Accord-
ingly, these children were given a score of 50%
correct (chance level). No child scored below
chance on the Tonal subtest.

RESULTS

Verbal Tests
The first set of analyses sought to confirm previ-
ously reported patterns of better verbal than
visuospatial performance in children with WS.
Table 1 provides means, standard deviations,
and ranges for the WS group on WISC-III Fac-



WILLIAMS SYNDROME, MUSIC, AND LANGUAGE 159

Table 1. Scores of Children with Williams Syndrome.

n M (SD) Range

PPVT-R
Verbal Comprehension Factor*
Perceptual Organization Factor*
VIQ*
PIQ*
FSIQ*

19
18
18
18
18
18

77.53
65.44
52.56
61.83
50.61
52.72

(18.33)
(9.65)
(3.94)

(10.27)
(4.84)
(7.60)

48-109
50-84
50-62
46-81
45-62
40-69

Note. PPVT-R = Peabody Picture Vocabulary Test-Revised; * From the Wechsler Intelligence Scale for Children.

tors, WISC-III IQ scores, and the PPVT-R. Con-
sistent with previous findings, a paired t test re-
vealed a superiority for verbal over visuospatial
skills as measured by the WISC-III Verbal Com-
prehension and Perceptual Organization Factors,
respectively, t(17) = 7.42, p < .001. The Verbal
Comprehension and Perceptual Organization
Factors of the WISC-III were used as additional
measures of overall verbal and visuospatial
functioning because they eliminate extraneous
factors (e.g., mental arithmetic, graphomotor
speed) present in the more commonly used VIQ
and PIQ. Nonetheless, a comparison of VIQ and
PIQ scores provided additional confirmation
that the verbal skills of children with WS were
superior to their visuospatial skills, t(17) = 6.03,
p < .001. Indeed, the pattern of higher verbal
than nonverbal performance was evident for all
children with WS but one, for whom verbal and
nonverbal performance were equal.

Additional analyses compared performance
on the PPVT-R (a measure of relatively simple
verbal skills) with performance on measures of
more comprehensive and complex verbal skills,
and with performance on nonverbal measures.
Consistent with predictions, PPVT-R scores
were significantly higher than Verbal Compre-
hension scores, t(17) = 4.27, p < .001, and VIQ
scores, t(17) = 5.53, p < .001. Scores on the
PPVT-R were also higher than Perceptual-Orga-
nization and PIQ scores, t(17) = 6.43, p < .001,
and t(17) = 7.35, p < .001, respectively. Pairwise
correlations between PPVT-R and WISC-III
scores are provided in Table 2. Although corre-
lations among Factor and related IQ scores and
Full Scale IQ were expected, all correlations
were significant, which implies that psychomet-

ric intelligence accounts for at least some of the
variance across measures.

The next set of analyses tested further the
hypothesis that the language abilities of the WS
group would be inversely related to the com-
plexity of the specific language task. Table 3
provides means and standard deviations for the
nine verbal measures administered to the chil-
dren with WS. A repeated-measures analysis of
variance (ANOVA) on standardized scores con-
firmed that performance varied widely across
measures, F(8, 128) = 17.28, p < .001, from
within normal limits on the Auditory Closure
task (the simplest task), to almost 3 standard
deviations below the norm on the most complex
language measure (WISC-III Comprehension).

By contrast, mean levels of performance for
the comparison group (see Table 4) were within
one standard deviation of the norm for each of
the four verbal measures on which they were
tested. A repeated-measures ANOVA with one
within-subjects factor (standardized scores on
the four verbal tests completed by both groups)
and one between-subjects factor (WS vs. com-
parison group) revealed a significant interaction
effect, F(3,90) = 3.63, p = .016, which con-
firmed that the WS and comparison groups ex-
hibited different patterns of responding across
the measures. Follow-up tests examined be-
tween-group differences separately for each of
the four verbal measures. As shown in Table 4,
the WS and comparison groups did not differ on
the simplest tests (Auditory Closure and Con-
trolled Oral Word Association). On measures
requiring additional mental processing that in-
volved attention and working memory (Sentence
Memory and Digit Span), the comparison
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Table 3. Descriptive Statistics for Children with Williams Syndrome on the Verbal Measures.

n M (SD)

Auditory Closure
Controlled Oral Word Association
PPVT-R
Similarities*
Digit Span*
Vocabulary*
Information*
Sentence Memory
Comprehension*

19
18
19
18
19
18
18
19
18

–0.27
–0.78
–1.50
–1.87
–1.88
–1.98
–1.98
–2.25
–2.74

(1.13)
(1.15)
(1.22)
(0.88)
(0.75)
(0.84)
(0.85)
(0.98)
(0.47)

Note. For comparison purposes, scores are converted to z-scores (number of standard deviations from the mean
for normal children of the same mental age).
* WISC-III subtest.

Table 2. Correlations between the Peabody Picture Vocabulary Test-Revised (PPVT-R) and the WISC-III Mea-
sures for Children with Williams Syndrome (n = 18).

VC PO VIQ PIQ FSIQ

PPVT-R
VC
PO
VIQ
PIQ

.768 .490
.713

.763

.982

.649

.628

.726

.939

.669

.792

.969

.783

.964

.835

Note. VC = Verbal Comprehension factor; PO = Perceptual Organization factor. All correlations were significant,
p < .05

group’s performance was superior to that of the
WS group, t(36) = 2.42, p = .021, and t(36) =
3.51, p = .001, respectively. Because of previ-
ously reported strengths in auditory memory
(Anderson & Rourke, 1995; Mervis et al., 1999),
performance on the Digit Span subtest was fur-
ther analyzed to examine group differences on
the less complex forward condition and the
more complex backward condition. On both
tasks, the comparison group’s performance was
significantly better than the WS group [forward:
t(36) = 3.14, p = .003; backward: t(36) = 3.10, p
= .004].

Music Tests
Means on the Tonal and Rhythm subtests of the
PMMA are also provided in Table 4 for both
groups of children. A repeated-measures

ANOVA with one within-subjects factor (Tonal
vs. Rhythm subtest) and one between subject-
factor (WS vs. comparison group) revealed a
main effect of subtest, F(1,34) = 45.59, p < .001.
Both groups performed better on the Tonal
subtest than on the Rhythm subtest [WS group:
t(17) = 6.19, p < .001; comparison group: t(17)
= 3.45, p = .003]. Consistent with predictions,
the WS and comparison groups did not differ in
their overall performance on the music tests.
Although the interaction between group and
subtest fell short of statistical significance,
F(1,34) = 2.92, p = .097, between-group com-
parisons revealed similar scores on the Tonal
subtest but a disadvantage for the WS group on
the Rhythm subtest, t(35) = 2.19, p = .036. Per-
formance on the Tonal and Rhythm subtests was
highly correlated for the children with WS, r =
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Table 4. Scores on the Verbal and Music Measures.

Williams Comparison

M (SD) M (SD)

Auditory Closure
Controlled Oral Word Association
Sentence Memory
Digit Span

Digit Span Forward
Digit Span Backward

Tonal
Rhythm

12.90
11.79
10.48

7.53
5.42
2.10

31.94
25.95

(5.03)
(4.24)
(2.44)
(2.50)
(1.35)
(1.37)
(5.80)
(4.38)

10.68
13.90
12.84
10.79

7.00
3.79

33.00
30.11

(6.16)
(5.22)
(3.50)*
(3.19)*
(1.73)*
(1.93)*
(6.17)
(6.99)*

Note. *Groups differed significantly, p < .05.

.702, N = 18, p = .001, as it was for the children
in the comparison group, r = .773, N = 18, p <
.001.

To compare performance of the WS group on
music measures with their performance on other
measures, mental-age based z scores for the
Tonal and Rhythm subtests of the PMMA were
calculated for the 14 children whose mental age
fell within the range of established norms (5.5 –
9.5 years). These children with WS had a mean
mental age (based on PPVT-R performance) of
7 years, 5 months. Mean scores on the Tonal
subtest (mental age z-score equivalent = .29)
and the Rhythm subtest (mental age z-score
equivalent = –.11) were not significantly differ-
ent from 0, and, thus, typical for mental age.
This finding provides additional confirmation
that overall performance on the music subtests
of the PMMA was consistent with simple verbal
abilities, as predicted.

To compare performance of the WS group on
music tests with their performance on other ver-
bal and visuospatial measures, z scores for chro-
nological age were estimated because test norms
did not extend to the chronological age of the
WS sample. To illustrate, consider a hypotheti-
cal child whose Tonal and Rhythm subtest
scores were 0.5 standard deviations above the
norm for mental age and 0.2 standard deviations
below the norm, respectively, and whose raw
PPVT-R score (from which mental age was de-
rived) was 1.5 standard deviations below the
norm for chronological age. For chronological
age, then, this child’s Tonal score was higher

than her PPVT-R score but her Rhythm score
was lower. To estimate her music abilities rela-
tive to chronological age, departures from the
norm (i.e., z scores, or SD units) were summed.
Thus, we estimated that this child would per-
form 1 (– 1.5 + .5) standard deviation below the
norm for chronological age on the Tonal subtest,
and –1.7 (– 1.5 + –.2) standard deviations below
the norm for chronological age on the Rhythm
subtest.

Mean estimated z scores for the Tonal and
Rhythm subtests were –1.17 (SD = 1.19) and
–1.75 (SD = 1.08), respectively, both of which
are significantly lower than average (i.e., z score
= 0), t(13) = 3.69, p = .003, and t(13) = 6.06, p <
.001, respectively. The finding that tonal and
rhythmic discrimination abilities – considered to
be indicators of musical aptitude – are well be-
low average for chronological age makes it clear
that, as a group, children with WS are not musi-
cal savants. Rather, their music skills are rela-
tively strong when compared to their marked
deficits in other areas. Indeed, paired t tests con-
firmed that estimated z scores on the Tonal
subtest were significantly higher than z scores
on the WISC-III measures [Verbal Comprehen-
sion: t(12) = 4.19, p = .001; VIQ: t(12) = 5.45, p
< .001; Perceptual Organization: t(12) = 6.02, p
< .001; PIQ: t(12) = –6.7, p < .001; and FSIQ:
t(12) = 7.02, p < .001]. Similarly, estimated z
scores on the Rhythm subtest were significantly
higher than Verbal Comprehension scores, t(12)
= 2.83, p = .015, VIQ scores, t(12) = 4.22, p =
.001, Perceptual Organization scores, t(12) =
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Table 5. Correlations Between Standardized Scores on the Music and WISC-III Measures for Children with
Williams Syndrome (n = 13).

Tonal Subtest Rhythm Subtest

Verbal Comprehension Factor
VIQ
Perceptual Organization Factor
PIQ
FSIQ

.465*

.511**

.245

.364

.552**

.599**

.618**

.193

.287

.603**

* p=.055, ** p<.05 (one-tailed tests)

4.71, p = .001, PIQ scores, t(12) = 5.37, p <
.001, and FSIQ scores, t(12) = 5.83, p < .001.
(Thirteen of the children in the WS group had
WISC-III results and z scores on the Tonal and
Rhythm subtests.)

The next set of analyses evaluated the hy-
pothesis that language and music skills would be
correlated. Correlations between estimated z
scores on the music tests and WISC-III scores
for the WS group are provided in Table 5. De-
spite the relatively small sample, significant
positive correlations were evident for the Tonal
subtest (i.e., with FSIQ and VIQ) and the
Rhythm subtest (i.e., with FSIQ, VIQ, and the
Verbal Comprehension factor). In general, mu-
sic abilities in our relatively small sample of
children with WS were significantly associated
with verbal abilities and overall intelligence but
not with visuospatial abilities.

Correlations for the language measures com-
pleted by both groups are provided in Table 6.
Perseverations on the Controlled Oral Word
Association Test (considered pathological) are
also included. Although the values in Table 6
provide suggestive evidence that the data from
the WS group were somewhat more variable and
less strongly correlated than those from the
comparison group, statistical comparisons of the
magnitude of the correlations revealed no differ-
ences between groups. For the groups combined,
all measures of language were moderately corre-
lated with the Tonal and Rhythm subtests of the
PMMA. Subsequent analyses examined whether
the observed associations between language and
music skills may have been influenced by medi-
ating variables. Specifically, a series of multiple
regressions confirmed that associations between

language and music were still evident when dif-
ferences in age, past history of otitis media, his-
tory of ear infection in the past year, past history
of hearing loss, current or past history of music
lessons, months of music study, or hours per
week spent listening to music were held con-
stant. In sum, moderately positive correlations
between music and language skills were evident,
as predicted, and such correlations were equiva-
lent for both groups.

Musical Experience and Interest
Responses on the Child Music Interest Inter-
views and the Parent Language and Music Ques-
tionnaires were used to evaluate and compare
groups in terms of their interest in music and
their auditory characteristics. The groups did not
differ in musical background or environment, or
in their history of creating music. In both
groups, almost all children (100% of the WS
group and 84% of the comparison group) re-
ported that music could make them feel happy.
One child in the WS group responded negatively
when asked if music could make him happy, but
his response was scored affirmatively after he
explained that music could not make him happy
because it made him more than happy. Children
in the WS and comparison groups differed, how-
ever, when asked if music could make them feel
sad. Whereas 79% of the WS group responded
affirmatively, only 47% of the comparison
group made the same response, P2(1, N = 36) =
3.95, p = .047.

Just as children with WS were moved to a
greater range of emotions by music than chil-
dren in the comparison group, they were also
more extravagant in rating their overall feelings
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Table 6. Correlations Between Raw Scores on Music and Language Measures for the Williams Syndrome Group,
the Control Group, and the Groups Combined.

Williams Syndrome
Group

Control Group Groups Combined

Tonal
Subtest

Rhythm
Subtest

Tonal
Subtest

Rhythm
Subtest

Tonal
Subtest

Rhythm
Subtest

PPVT-R
Auditory Closure
Digit Span
Controlled Oral Word Association
Perseverations
Sentence Memory

.374*

.375*

.386*

.243
–.740**

.461**

.395**

.426**

.261

.167
–.364*

.472**

.736**

.684**

.643**

.634**
–.358*

.671**

.507**

.490**

.586**

.608**
–.339*

.586**

.579**

.520**

.501**

.465**
–.606**

.572**

.436**

.373**

.551**

.489**
–.349**

.611**

* p < .05, ** p < .01 (one-tailed tests).

for music. When asked to describe their interest
in music on a scale from 1 (no interest) to 5
(love it), children in the WS group responded
more enthusiastically (M = 4.63, SD = .76) than
did those in the comparison group (M = 3.95, SD
= 1.08), t(36) = 2.26, p = .030.

The data also corroborated previous reports
of hyperacusis in children with WS. Indeed, a
history of hyperacusis was evident for all of the
WS group but for only 10% of the comparison
group, P2(1, N = 38) = 30.76, p < .001. Unusual
fearfulness toward sound was also evident in all
of the children with WS. Although this charac-
teristic distinguished them from the comparison
group, P2(1, N = 38) = 13.57, p < .001, a sub-
stantial number of comparison children (47%)
also had a history of unusual fear for certain
sounds. Unusual liking for specific sounds also
distinguished the groups, P2(1, N = 34) = 17.30,
p < .001; 75% of the children with WS but only
one child in the comparison group exhibited an
unusual liking for specific sounds. Because oti-
tis media can affect auditory characteristics, the
groups were compared on the basis of their his-
tory of otitis media, tubes in ears, and hearing
loss. No differences between groups were found.

DISCUSSION

We examined the music and language skills of a
group of children with WS and compared them
to those of a group of normal children with
equivalent levels of receptive vocabulary (as
measured by the PPVT-R). The findings con-
firmed previous reports that children with WS
perform better on verbal than on nonverbal
tasks. In fact, performance on all nonverbal
tasks, except for Picture Completion (a non-
motor visuoperceptual task), was below perfor-
mance on all verbal tasks. We also discovered
that children with WS did particularly well (i.e.,
within the normal range) on tasks measuring
relatively simple verbal abilities, but far less
well (i.e., about 3 SDs below the mean) on mea-
sures of more complex language skills. In fact,
performance of the children with WS on verbal
measures was negatively associated with the
complexity of the particular measure, a pattern
that distinguished the two groups of children.
These findings are completely consonant with
predictions arising from the NLD model
(Rourke, 1989).



164 AUDREY J. DON ET AL.

Fig. 1. Mean performance (± 1 Standard Deviation) for the WS group on language, music, and visuospatial
measures.

Although it could be argued that the contrast
between groups is simply a reflection of the dif-
ference in overall intellectual functioning (men-
tally retarded children are presumed to have dif-
ficulty with complexity), the pattern of perfor-
mance for the WS group is also different from
that of the majority of mentally retarded chil-
dren, who typically perform better on nonverbal
than on verbal tasks (Sattler, 1992).

A summary of the WS group’s performance
across all tasks (as assessed by z scores) is pro-
vided in Figure 1. Quantitative measures of mu-
sic skills revealed that children with WS are rel-
atively ‘musical’ – much like they are relatively
‘linguistic’ – with superior performance on the
music tests compared to all nonverbal tasks and
measures of complex verbal abilities. Within the
limited range of music skills tested, the perfor-
mance of children with WS was substantially
better than one would predict based on their Full
Scale, Verbal, or Performance IQs. Indeed, the
music skills of children with WS were commen-
surate with their relatively strong receptive vo-
cabulary (a relatively simple language skill).
Moderate correlations between language and
music skills were similar for both groups, which
implies that simpler aspects of language and
music skills are subserved by a common mecha-

nism that is used to process auditory patterns in
the general population as well as in the WS pop-
ulation. The present results also suggest that for
children with WS, basic pattern-perception
skills in the auditory modality are stronger than
their auditory rote-learning or working-memory
abilities, despite the fact that auditory working
memory tends to be a relative strength in the WS
population (Mervis et al., 1999).

The findings of the present investigation are
relevant to contemporary notions of modularity
(Fodor, 1983; Jackendoff, 1987). According to
Fodor (1983), the human mind consists of sev-
eral modules, which are hard-wired areas speci-
fied for functioning in a particular domain. One
obvious candidate for modularity is language
(e.g., Chomsky’s Language Acquisition De-
vice). Whereas children with WS have relatively
good language skills despite mild to moderate
mental retardation in most cases, aphasics often
exhibit good nonverbal skills despite their loss
of language. As such, children with WS have
often been viewed as the missing link in the
search for a double dissociation between lan-
guage and other abilities (e.g., Levitin &
Bellugi, 1998). Although it is possible that sepa-
rate music and language modules (see
Jackendoff, 1987) are both relatively spared in
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WS, we find it more parsimonious to speculate
that basic abilities to process auditory patterns in
general underlie the relatively good language
and music abilities of children with WS. Indeed,
because basic, general abilities are antithetical
to the modularity concept, we interpret our re-
sults as providing rather strong evidence against
the idea that WS is characterized by an intact
language module or the idea that music and lan-
guage are distinct modules.

Positive pairwise associations between verbal
and nonverbal measures of the WISC-III and
PPVT-R provided additional evidence against
the idea of modularity of functioning in WS.
Rather, the results indicated a role for psycho-
metric intelligence, sometimes hypothesized to
reflect general intelligence (g), such that chil-
dren with better verbal and music skills tended
to be less impaired overall, even on nonverbal
measures. The somewhat greater variability on
verbal measures compared to nonverbal mea-
sures could stem from floor effects on the non-
verbal measures. Alternatively, there could be a
greater range of ability in areas where children
with WS often perform relatively well.

Even though absolute levels of performance
were significantly lower, the WS group’s pattern
of performance largely paralleled that described
by Rourke (1989) for individuals with NLD.
Children in the WS group were functioning
within the Moderately Mentally Retarded range
for Full Scale IQ, Performance IQ, and the Per-
ceptual Organization Factor (see Fig. 1). Scores
on the VIQ and Verbal Comprehension Factor
were slightly higher, in the Mildly Mentally Re-
tarded Range. Performance on the less complex
verbal measure of receptive vocabulary (PPVT-
R) was even higher, with a mean score in the
upper half of the Borderline range. Thus, our use
of mental-age scores based on the PPVT-R –
which gave relatively high estimates of verbal
functioning – provided a conservative test of our
hypothesis that music and verbal abilities would
be equivalent.

Performance across language measures was
related to task complexity, as predicted on the
basis of the NLD model (Rourke, 1989). For the
WS group, performance on the Auditory Closure
test – arguably the least complex language mea-

sure – was closest to the norm. Basic auditory
pattern perception is required for this task be-
cause it requires children to identify words that
are presented in phonemic segments or clusters.
Nonetheless, familiarity with the lexicon also
affects performance. For example, when the seg-
mented version of the word ‘caterpillar’ was
presented, some children in both the WS and
comparison groups identified the word before
the last two sounds, ‘l’ and ‘ar’ were presented.
Because ‘caterpillar’ is the only English word
beginning with the sound pattern ‘caterpi,’ fa-
miliarity with the lexicon allowed these children
to identify the word early.

Interestingly, some children in the WS group,
but none in the comparison group, provided evi-
dence of accurately synthesizing sound patterns
despite lack of familiarity with the word. For
example, one child, after correctly responding,
‘tractor’, asked, ‘what is a tractor?’ Another
child, after responding correctly, asked, ‘is that
a word?’ Children with WS may attend
disproportionately to basic phonemic patterns
compared to normal children, who may be more
likely to rely on word familiarity. Recent reports
of relative strength in phonological fluency
among children with WS (Finegan et al., 1996;
Mervis et al., 1996; Vicari et al., 1996; Volterra
et al., 1996) lend support to the hypothesis that
basic auditory pattern perception is intact in
these children. Good phonological processing
could also help to explain some parents’ amaze-
ment at how fast their children with WS ‘learn’
to speak or sing in foreign languages. It is likely,
however, that understanding of a foreign lan-
guage would be very limited for these children.

According to the model of NLD (Rourke,
1989), secondary assets in auditory attention and
memory are expected as an outcome of the over-
reliance on primary assets in auditory perception
and rote learning. For the WS group, perfor-
mance levels on the Controlled Oral Word Asso-
ciation Test (Animal) were relatively good and
similar to levels on the Auditory Closure Test
(i.e., within 1 SD of the norm for chronological
age). Because rote learning and basic auditory
perception are considered primary assets within
the NLD model, relatively good performance on
this measure was expected.
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Although semantic fluency on the word-asso-
ciation task was within the average range, per-
formance of the WS group was inferior to that of
the comparison group. This finding implies that
semantic fluency and rote learning are less de-
veloped in children with WS compared to their
basic auditory pattern perception skills. Indeed,
poorer performance on measures that place even
greater demands on auditory attention or work-
ing memory (i.e., Digit Span, Sentence Mem-
ory) provides further support for our suggestion
that auditory memory is not as strong as simple
auditory perception among children with WS. In
individuals with WS, their overall level of cog-
nitive functioning may limit the full develop-
ment of the NLD syndrome such that skills de-
pendent on primary assets in auditory perception
are more fully developed than skills dependent
on secondary and tertiary assets of auditory at-
tention and rote memory. Nonetheless, the wide
range of performance exhibited by the WS
group on these measures leaves this speculation
open to further investigation.

The present study is the first to provide com-
pelling empirical evidence that music skills rep-
resent areas of relative strength for children with
WS. Although music skills were at a level typi-
cal for mental age based on receptive vocabulary
(also a relative strength), they were well below
that expected for normal children of equivalent
chronological age. In other words, musicality in
children with WS may stand out in some in-
stances to clinicians, parents, and teachers be-
cause of its relative strength, rather than because
of high, absolute or savant-like levels of skill.

Although the performance of children with
WS on the Tonal and Rhythm subtests was con-
sistent with their mental age, scores on the
Rhythm subtest were significantly lower than
those for the comparison group. One explanation
for this result concerns test order. In compliance
with a standardized testing procedure, the Tonal
subtest always preceded the Rhythm subtest.
Unfortunately, children with WS exhibited nota-
bly increased attention difficulties on the
Rhythm subtest that were not evident on the
Tonal subtest. Similar problems were not ob-
served in the comparison group. Thus, the de-
crease in Rhythm subtest scores for the WS

group relative to the comparison group may
have been caused by test order. This hypothesis
could be examined in future research by coun-
terbalancing the music subtests with testing or-
der.

The relatively strong music skills of children
with WS and the moderate correlations between
music and language measures provide support
for the hypothesis that relatively intact pattern-
perception abilities in the auditory domain un-
derlie both music and language skills in children
with WS. For the WS group, this interpretation
was further supported by the finding of rela-
tively weak correlations between the music tests
and measures of visuospatial or visuomotor abil-
ities. It is also important to note, however, that
the moderate correlations between language and
music skills were equivalent for both groups,
which implies that basic auditory-processing
abilities underlie some aspects of music and lan-
guage skills in the general population as well as
in the WS population.

The overwhelming prevalence of hyperacusis
among children with WS could mean that some
aspects of their relatively normal music and lan-
guage abilities are actually the product of atypi-
cal auditory processing. Unusual emotional re-
sponses to specific sounds were also characteris-
tic of the children with WS and distinguished
them from normal children. Specifically, all
children in the WS group exhibited unusual fear
of specific sounds, and almost two thirds exhib-
ited unusual liking for specific sounds. More-
over, interest in music was higher in the WS
group than in the comparison group, as we pre-
dicted. One possibility is that relatively intact
auditory-perception abilities combined with
large visuospatial deficits make auditory stimuli
especially salient compared to other stimuli for
children with WS. Such increased salience could
make it relatively likely for children with WS to
have unusual and strong emotional responses to
specific sounds, or abnormal sensitivity to par-
ticular auditory stimuli. This perspective is simi-
lar to the developmental trajectory described by
Rourke (1989) for children with NLD.

Questionnaire and interview responses pro-
vided additional evidence that emotional
responsivity to music may be related to emo-
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tional responsivity to sound in general. Although
not questioned specifically, 37% of children in
the WS group were described by their parents as
having an ambivalent relationship with certain
sounds. For example, despite extreme fear and
anxiety regarding the school fire alarm reported
for one child, this same child had an extreme
fascination with the same sound when he was
placed in charge of initiating the alarm for fire
drills. Intense emotional reactions to music were
also reported for some children in the WS group.
For 2 of the children with WS, a specific
love/hate relationship with music was described.
For 7 children, an unusual love and fascination
with music were reported. Unusual negative re-
actions to music were described for another 4
children. As babies, these children were reported
to scream or cry uncontrollably when they heard
lullabies or slow ‘relaxing’ music. Thus, the mu-
sic skills of children with WS may develop
along a pathway assisted by relatively intact au-
ditory perception abilities, accompanied by fas-
cination and heightened emotional sensitivity.

Implications for Musical Development in
Children with WS
The enthusiasm and emotional responsivity to
music demonstrated by children in the WS group
combined with their relatively intact music abili-
ties raises the possibility that purposeful devel-
opment of musical skills could help to enrich the
lives of these children. It should be noted, how-
ever, that there was considerable individual vari-
ability in responses toward music. Although
most children in the WS group responded enthu-
siastically toward music, 2 children were nota-
bly indifferent toward music and 1 child ex-
pressed intense dislike of music. Thus, it would
be unwise to apply suggestions for musical de-
velopment indiscriminately to all children with
WS.

In general, physical and cognitive limitations
of children with WS are expected to impede skill
development in many areas, including music
performance. For example, difficulties with fine
motor coordination would limit the choices of an
appropriate musical instrument for such a child.
Bowed stringed instruments generally require
high levels of fine motor control to produce

even the simplest recognizable song and would
be particularly poor choices for instrumental
instruction. Guitars require fewer fine motor
skills (fretting aids finger placement) and have
been a successful choice of instrument for some
children with WS when alternative (open) tun-
ings and bar chords were used (National Wil-
liams Syndrome Association, 1997); additional
instruments reported to be played successfully
by children with WS include keyboards, pianos,
drums, harmonicas, and trombones. Alterna-
tively, because articulation skills are intact,
singing might be an excellent route for the de-
velopment of musical skill.

Because most children with WS are mentally
retarded and because their cognitive profile par-
allels that of children with NLD (Rourke, 1989),
we speculate that music instruction would be
most useful if it involved simple tasks, imita-
tion, and an abundance of repetition. Visuo-
spatial-visuomotor impairments and difficulties
with complexity are likely to make reading mu-
sic an unrealistic goal. The fatigue and atten-
tional difficulties noted during testing indicate
that teaching sessions should be kept short with
breaks provided as necessary. Minimizing dis-
tractions and establishing a predictable sequence
of events during the music lesson could help to
focus and maintain the child’s attention.

Findings of creativity and emotional respon-
sivity toward music in children with WS provide
additional sources of potential on which musical
instruction could be based. For example, chal-
lenging a child to create a song using a specific
sound, feeling, or technique may help to moti-
vate musical growth. In addition, focusing atten-
tion on the sound quality and the emotional as-
pects of music may help the child to develop
productive and receptive musical-expression
abilities. Because sound preferences, aversions,
and emotional responses to music were quite
personalized in our sample, these suggestions
for teaching may need to be individualized to
help each child gain the most from his or her
musical experiences.

Limitations
Because our primary goal was to evaluate the
level of music skills among children with WS, it
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was necessary to use standardized measures of
such skills. Only a few measures proved to be
appropriate for assessing musically untrained
children. Consequently, only very basic melodic
and rhythmic discrimination skills were as-
sessed. Two limitations involving the adminis-
tration of the music tests were also observed.
One concerned the standardized testing order for
the subtests noted earlier. In addition, all chil-
dren received additional (non-standardized)
practice trials when necessary to ensure under-
standing of the task. Repeated practice trials
may have influenced results by inducing prac-
tice or fatigue effects. Although between-group
comparisons were not affected by this adapta-
tion, comparison with normative data may be
less valid than would otherwise be the case.

In a small clinical study such as this, sample
size and subject selection are always limitations.
Self-selection of subjects is a particularly seri-
ous limitation in the present context because the
decision to participate in the study might have
depended upon the child’s interest in music. The
possibility that this was an especially ‘musical’
subgroup from the WS population could not be
assessed. Nonetheless, the WS and comparison
groups were equivalent in musical background
and environment. Moreover, because few chil-
dren in either group had taken formal music les-
sons, ‘formalized’ musicality does not appear to
have influenced interest in participating. Indeed,
the possibility of self-selection based on musical
interest applies equally to both groups and could
not be eliminated without random sampling,
which is virtually impossible in a study of this
sort.

Conclusion
In conclusion, the present study provided an in-
vestigation of both a relatively well known and
a new area of auditory processing in children
with WS – language and music, respectively.
The findings yielded evidence of relative
strength in both simple music and language
skills as predicted based on deductions from the
NLD model. The overall pattern of results
across verbal tests suggests that skills dependent
on primary assets of auditory perception were
superior to skills requiring secondary and ter-

tiary assets in auditory attention and memory.
Overall, findings suggest that intact, basic audi-
tory-processing abilities may underlie the music
and language skills observed among these chil-
dren. In addition, findings suggest that the NLD
model may be extended to include relative
proficiencies in some simple musical skills.

REFERENCES

Anonymous (1985). Case history of a child with Wil-
liams syndrome. Pediatrics, 75, 962-968.

Anderson & Rourke (1995). Williams syndrome. In
Rourke B.P. (Ed.), Syndrome of nonverbal learn-
ing disabilities: The syndrome and the model (pp.
138-170). New York: Guilford Publications.

Arnold, R., Yule, W., & Martin, N. (1985). The psy-
chological characteristics of infantile hypercalcae-
mia: A preliminary investigation. Developmental
Medicine and Child Neurology, 27, 49-59.

Ashkenas, J. (1996). Williams syndrome starts mak-
ing sense. American Journal of Human Genetics,
59, (756-761).

Bellugi, U., Bihrle, A., Neville, H., Jernigan, T., &
Doherty, S. (1992). Language, cognition, and brain
organization in a neurodevelopmental disorder. In
M. Gunnar & C. Nelson (Eds.), Developmental
behavioral neuroscience (pp. 201-232). Hillsdale,
NJ: Erlbaum.

Bellugi, U., Hickock, G., Jones, W., Jernigan, T.
(1996). The neurological basis of Williams syn-
drome: Linking brain and behavior. Paper pre-
sented at the seventh international professional
Williams syndrome conference, Valley Forge, PA.

Bellugi, U., Marks, S., Bihrle, A., & Sabo, H. (1988).
Dissociation between language and cognitive func-
tions in Williams syndrome. In D. Bishop & K.
Mogford (Eds.), Language development in excep-
tional circumstances (pp. 177-189). London: Chur-
chill Livingstone.

Bellugi, U., Wang, P., & Jernigan, T. (1994). Wil-
liams syndrome: An unusual neuropsychological
profile. In S. Broman & J. Grafman (Eds.), Atypi-
cal cognitive deficits in developmental disorders:
Implications for brain function (pp. 23-56).
Hillsdale, NJ: Erlbaum.

Cooper, R. P., & Aslin, R. N. (1990). Preference for
infant-directed speech in the first month after birth.
Child Development, 61, 1584-1595.

Dunn, E.S. & Dunn, L.M. (1981). Peabody Picture
Vocabulary Test – Revised. Circle Pines, MN:
American Guidance Service.

Ewart, A.K., Jin, W., Atkinsons, D., Morris, C.A.,
Keating, M.T. (1994). Supravalvular aortic steno-
sis associated with a deletion disrupting the elastin



WILLIAMS SYNDROME, MUSIC, AND LANGUAGE 169

gene. Journal of Clinical Investigation, 93, 1071-
1077.

Fernald, A. (1985). Four-month-old infants prefer to
listen to motherese. Infant Behavior and Develop-
ment, 8, 181-195.

Fodor, J.A. (1983). The modularity of mind. Cam-
bridge, MA: The MIT Press.

Gordon, E.E., (1980). Manual for the Primary Mea-
sures of Music Audition and the Intermediate Mea-
sures of Music Audiation. Chicago: G.I.A.

Greenberg, F. (1989). Williams syndrome. Pediatrics,
84, 922-923.

Hodges, D.A. (1999). Neuromusical research: A re-
view of the literature. In D.A. Hodges (Ed.), Hand-
book of music psychology, 2nd ed. (pp. 197-284).
San Antonio: IMR Press.

Jackendoff, R. (1987). Consciousness and the compu-
tational mind. Cambridge, MA: The MIT press.

Jernigan, T.L., & Bellugi, U. (1990). Anomalous
brain morphology on magnetic resonance images
in Williams syndrome and Down syndrome. Ar-
chives of Neurology, 47, 529-533.

Jernigan, T. L., Bellugi, U., Sowell, E., Doherty, S., &
Hesselink, J.R. (1993). Cerebral morphologic dis-
tinctions between Williams and Down syndromes.
Archives of Neurology, 50, 186-191.

Judd, H., Gardner, H., & Geschwind, N. (1983).
Alexia without agraphia in a composer. Brain, 106,
435-457.

Kass, C.E. (1964). Auditory Closure Test. In J.J.
Olson & J.L. Olson (Eds.), Validity studies on the
Illinois Test of Psycholinguistic Abilities. Madison,
WI: Photo.

Klein, A.J., Armstrong, B.L., Greer, M.K., & Brown,
F.R. (1990). Hyperacusis and otitis media in indi-
viduals with Williams syndrome. Journal of
Speech and Hearing Disorders, 55, 339-344.

Lenhoff, H.M. (1996). Music and Williams syndrome:
A status report and goals. Paper presented at the
seventh international professional Williams syn-
drome conference, Valley Forge, PA.

Levine, K., (1992). Information for teachers.
Clawson, MI: The Williams Syndrome Associa-
tion.

Levitin, D., J., & Bellugi, U. (1998). Musical abilities
in Individuals with Williams syndrome. Music per-
ception 15, (357-389).

Lowe, K.G., Henderson, J.L., Park, W.W., &
McGreal, D.A. (1954). The idiopathic hypercalcae-
mic syndromes of infancy. Lancet, ii, 101-110.

Marin, O.S.M. (1982). Neurological aspects of music
perception and performance. In D. Deutsch (Ed.),
The psychology of music (pp. 453-477). New York:
Academic Press.

McKinnon, M. C., & Schellenberg, E. G. (1997). A
left-ear advantage for forced-choice judgements of
melodic contour. Canadian Journal of Experimen-
tal Psychology, 51, 171-175.

Mervis, C.B., Morris, C.A., Bertrand, J., & Robinson,
B.F. (1999). Williams Syndrome: Findings from an
integrated program of research. To appear in H.
Tager-Flusberg (Ed.), Neurodevelopmental disor-
ders: Contributions to a new framework from the
cognitive neurosciences. Cambridge, MA: MIT
Press.

Morris, C.A., Thomas, I.T., Greenberg, F. (1993).
Williams syndrome: Autosomal dominant inheri-
tance. American Journal of Medical Genetics, 47,
478-81.

Papousek, M., & Papousek, H. (1981). Musical ele-
ments in the infant’s vocalization: their signifi-
cance for communication, cognition, and creativ-
ity. In L.P. Lipsitt (Ed.), Advances in infancy re-
search, (pp. 163-224). Norwood, NJ: Ablex.

Patel, A. D., & Peretz, I. (1997). Is music autonomous
from language? A neuropsychological appraisal. In
I. Deliege and J. Sloboda (Eds.), Perception and
cognition of music (pp. 191-215). East Sussex,
UK:Psychology Press.

Peretz, I. (1990). Processing of local and global musi-
cal information by unilateral brain-damaged pa-
tients. Brain, 113, 1185-1205.

Peretz, I., & Morais, J. (1989). Music and modularity.
Contemporary Music Review, 4, 279-293.

Rourke, B.P. (1989). Nonverbal learning disabilities:
The syndrome and the model. New York: Guilford
Press.

Rourke, B.P. (1995). Introduction: The NLD syn-
drome and the white matter model. In Rourke B.P.
(Ed.), Syndrome of nonverbal learning disabilities:
The syndrome and the model (pp. 1-26). New
York: Guilford Publications.

Rourke, B.P. & Tsatsanis, K. (1996). Syndrome of
nonverbal learning disabilities: Psycholinguistic
asse ts and defici ts . Topics on Language
Disorders,16(2), 30-44.

Sattler, J.M. (1992). Assessment of children (3rd ed.).
San Diego, CA: Publisher, Inc.

Schlaug, G., Janke, L, Huang, Y., Steinmetz, H.
(1995). In vivo evidence of structural brain asym-
metry in musicians. Science, 267, 699-701.

Sergent, J. (1993). Mapping the musician brain. Hu-
man Brain Mapping 1, (20-38).

Spreen, O., & Strauss, E. (1991). A compendium of
neuropsychological tests: Administration, norms,
and commentary. New York: Oxford University
Press.

Tassabehji, M., Metcalfe, K., Mao, X., Proschel, C.,
Gutowski, N.J., Fergusson, W.D., Carette, M.J.,
Dore, J.K., Donnai, D., Read, A.P., & Sheer, D.
(1996). The LIMK gene is deleted in patients with
Williams syndrome. Paper presented at the seventh
international professional Williams syndrome con-
ference, Valley Forge, PA.

Trainor, L. J. (1996). Infant preferences for infant-
directed versus non-infant-directed play songs and



170 AUDREY J. DON ET AL.

lullabies. Infant Behavior and Development, 19,
83-92.

Trainor, L. J., Clark, E. D., Huntley, A., & Adams, B.
(1997). The acoustic basis of rpeferences for
infant-directed singing. Infant Behavior and Devel-
opment, 20, 383-396.

Trehub, S. E., & Trainor, L. J. (1998). Singing to in-
fants: Lullabies and play songs. In C. Rovee-Col-
lier, L. Lipsitt, & H. Hayne (Eds.), Advances in
Infancy Research (pp. 43-77). Stamford, CT:
Ablex.

Udwin, O., & Yule, W. (1991). A cognitive and be-
havioral phenotype in Williams syndrome. Journal
of Clinical and Experimental Neuropsychology, 13,
232-244.

Udwin, O., Yule, W., & Martin, N. (1987). Cognitive
abilities and behavioral characteristics of children
with idiopathic infantile hypercalcaemia. Journal
of Child Psychology and Psychiatry, 28, 297-309.

Von Arnim, G., & Engel, P. (1964). Mental retarda-
tion related to hypercalcaemia. Developmental
Medicine and Child Neurology, 6, 366-377.

Wechsler, D. (1991). Manual for the Wechsler Intelli-
gence Scale for Children (3rd ed.). San Antonio,
TX: The Psychological Corporation.

Werker, J. F., & McLeod, P. J. (1989). Infant prefer-
ence for both male and female infant-directed talk:
A developmental study of attentional and affective
responses. Canadian Journal of Psychology, 43,
230-246.


