UC Davis
UC Davis Previously Published Works

Title
Infants with Williams syndrome detect statistical regularities in continuous speech

Permalink
https://escholarship.org/uc/item/7hs6h5t0

Authors

Cashon, Cara H
Ha, Oh-Ryeong
Estes, Katharine Graf

Publication Date
2016-09-01

DOI
10.1016/j.cognition.2016.05.009

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7hs6h5t0
https://escholarship.org/uc/item/7hs6h5t0#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cognition. Author manuscript; available in PMC 2017 September 01.

-, HHS Public Access
«

Published in final edited form as:
Cognition. 2016 September ; 154: 165-168. doi:10.1016/j.cognition.2016.05.009.
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Abstract

Williams syndrome (WS) is a rare genetic disorder associated with delays in language and
cognitive development. The reasons for the language delay are unknown. Statistical learning is a
domain-general mechanism recruited for early language acquisition. In the present study, we
investigated whether infants with WS were able to detect the statistical structure in continuous
speech. Eighteen 8- to 20-month-olds with WS were familiarized with 2 minutes of a continuous
stream of synthesized nonsense words; the statistical structure of the speech was the only cue to
word boundaries. They were tested on their ability to discriminate statistically-defined “words”
and “part-words” (which crossed word boundaries) in the artificial language. Despite significant
cognitive and language delays, infants with WS were able to detect the statistical regularities in the
speech stream. These findings suggest that an inability to track the statistical properties of speech
is unlikely to be the primary basis for the delays in the onset of language observed in infants with
WS. These results provide the first evidence of statistical learning by infants with developmental
delays.
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1. Introduction

William syndrome (WS) is a rare genetic disorder caused by a sporadic microdeletion of 26
genes on chromosome 7g11.23 (Hillier et al., 2003). WS has a prevalence of 1 in 7,500
(Stremme, Bjgrnstad, & Ramstad, 2002). It is a multisystem disorder associated with
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cardiovascular disease, facial dysmorphology, social disinhibition, and developmental delay
(e.g., Mervis & Becerra, 2007).

WS is associated with mild to moderate intellectual disability or learning difficulty with a
relative strength in language, especially concrete vocabulary (Mervis & John, 2010).
However, notably, the onset of language acquisition is considerably delayed in young
children with WS. For example, the median age of acquisition of 10 expressive words is 13.5
months for typically developing (TD) infants (Fenson et al., 2007). In contrast, the median
age of acquisition of a 10-word expressive vocabulary is 28.2 months for children with WS
(Mervis, Robinson, Rowe, Becerra, & Klein-Tasman, 2003). However, the reasons for the
language delays observed in young children with WS are not known. On the one hand, it is
possible that TD infants and young children with WS use the same language learning
mechanisms, but the onset of language is simply delayed for children with WS. In this case,
researchers could expect to find equivalent mechanisms being used at equivalent stages of
word learning, but delayed with respect to chronological age (CA). On the other hand, it is
possible that language is acquired using fundamentally different mechanisms by children
with WS, either throughout development or at any one point during language development.
In fact, seemingly small differences in underlying cognitive mechanisms early in
development could have a cascading effect on the development thereafter (Karmiloff-Smith
& Farran, 2012).

Statistical learning is a domain-general mechanism that TD infants recruit for detecting
words in speech, as well as other aspects of early learning (e.g., Kirkham, Slemmer, &
Johnson, 2002; Krogh, Vlach, & Johnson, 2013; Romberg & Saffran, 2010; Saffran, 2003).
TD 8-month-olds can exploit statistical patterns to distinguish words from sequences
spanning word boundaries in fluent speech (Saffran, Aslin, & Newport, 1996). More recent
evidence, based on event-related potentials, indicates that even sleeping TD newborns are
sensitive to the statistical structure of linguistic input (Teinonen, Fellman, N&&tanen, Alku,
& Huotilainen, 2009).

Given the intellectual disability of those with WS and the fundamental nature of statistical
learning it is possible that the language delay in WS is due to a statistical learning deficit
early in life. Lacking access to efficient statistical learning mechanisms early in development
may put children with WS at a disadvantage in fundamental language acquisition processes
such as segmenting words (Saffran et al., 1996) and associating word forms with referents
(Graf Estes et al., 2007; Lany & Saffran, 2011). To address this possibility, we used the
statistical learning task previously used with 8-month-old TD infants (Saffran et al., 1996,
Experiment 2) to test infants with WS who are in the early stages of language acquisition.
We reasoned that failure to take advantage of the statistical information in the continuous
speech stream would suggest that a statistical learning deficit may be an important
contributor to the language delays observed in children with WS. Alternatively, it is also
possible that infants with WS can perform statistical learning; the ability to detect
distributional patterns in syllable sequences may not be impaired. If this is the case, it would
suggest that the delayed onset of language associated with WS is likely caused by other
factors.
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2. Method

2.1 Participants

Eighteen 8- to 20-month-olds (12 females, 6 males) with genetically-confirmed WS and
normal or corrected-to-normal vision and hearing participated in this study. All participants
had classic-length deletions as determined by FISH or qPCR. The racial/ethnic background
of the participants was: 13 White/Non-Hispanic, 3 White/Hispanic, and 2 biracial Non-
Hispanic (1 African American/White, 1 American Indian/White). Mean chronological age
(CA) was 15.5 months (SD = 4.1, range: 8.1 — 20.6 months). Mean Mullen Scales of Early
Learning (MSEL; Mullen, 1995) Early Learning Composite (ELC; similar to developmental
quotient, DQ) was 64.1 (SD = 9.7), indicating mild developmental delay. ELC standard
scores ranged from 51 (moderate developmental delay) to 85 (low average for the general
population). The mean of 64.1 was almost identical to that for a sample of 144 infants and
toddlers with WS reported by Mervis and John (2010). Thus, the performance of the
participants on the MSEL in the present study is consistent with that expected for young
children with WS. Seven additional infants were excluded for the following reasons:
fussiness (/7= 1), lost interest (1= 2), distracted during test phase (77 = 2), outlier [attending
the maximum trial length on 6 of 8 test trials (x7=1)], and computer error (7= 1).

2.2 Materials

2.2.1 Vocabulary assessment—The 396-word vocabulary checklist from the
MacAurthur-Bates Communicative Development Inventory: Word and Gestures (CDI-WG;
Fenson et al., 2007), a parent report measure, was used to assess receptive and expressive
vocabulary. The CDI-WG was normed for infants aged 8 — 18 months in 1-month intervals.
Fenson et al. provide percentiles separately for receptive and expressive vocabulary sizes.
Age equivalents were determined based on the vocabulary size at the 50t percentile for a
given chronological age.

2.2.2 Statistical learning stimuli—We used familiarization and test stimuli modeled
on those used by Saffran et al. (1996, Experiment 2). The familiarization stimulus consisted
of a 2-minute stream of speech in an artificial language composed of four trisyllabic
nonsense words (pabiku/tibudo/golatu/tibudo/daropi/pabiku...). The speech stream was
spoken by a synthesized female voice and offered no acoustical cues to word boundaries,
such as pauses or stress. Each nonsense word was repeated 44—48 times in a pseudo-random
order with the constraint that no item was repeated twice in succession. There were four test
trial stimuli: 2 “words” (pabiku, tibudo) and 2 “part-words” (pigola, formed from the across-
word sequence daropi/golaty, and tudaro, formed from the across-word sequence golatu/
darops). Within the words, the transitional probability from one syllable to the next was 1.0
at each syllable transition; the order was fully consistent. In contrast, within the part-words,
the transitional probability from syllable 1 to syllable 2 was .33 and from syllable 2 to 3 was
1.0. Thus, the word and part-word test items differed in their statistical structure, but both
occurred in the speech stream. In each of the test items, the word (or part-word) was spoken
by the same synthesized voice repeatedly with a brief pause between each repetition of the
word or part-word.
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We made two slight modifications to the visual stimuli used by Saffran et al. (1996): (1)
Instead of using a blinking light to get infants’ attention prior to familiarization and each test
trial, a movie clip of a laughing baby was presented on the monitor in front of them. (2) A
video of a rotating orange teardrop on a white background was presented throughout the
entire familiarization phase and during each test trial.

2.3 Procedure

Each mother filled out the CDI-WG vocabulary checklist within one day of when her child
completed the statistical learning procedure.

The procedure for the statistical learning task was similar to that used in Saffran at el. (1996,
Experiment 2). In this task, participants were familiarized with 2 minutes of a continuous
stream of speech made up of four three-syllable nonsense words presented repeatedly. The
only cues to word boundaries were the probabilities with which syllables co-occurred, which
were high within words and low between words. In the test phase, participants were
presented with two kinds of three-syllable stimuli: “words” and “part-words.” The word
stimuli were composed of syllables that consistently occurred together in sequence during
familiarization. The part-word stimuli were composed of the final syllable of one word
paired with the first two syllables of another word. Longer listening times to part-word test
trials compared to word test trials would be taken as evidence that participants were sensitive
to the statistical information in the speech stream. For the present study, two modifications
were made: (1) Both the familiarization and test auditory stimuli were presented from
speakers in front of the infant. Thus, looking times were measured based on infants’ visual
fixations toward the screen in front of them. (2) To give participants enough time to process
the test stimuli, the maximum duration of each test trial was increased by 5 seconds to 20
seconds.

At the time of testing, each participant was seated on an adult’s lap approximately 120 cm
from a Panasonic 50” color plasma screen (1,024 x 576 pixels) in a dimly lit room. The
adult was instructed not to talk, point, or otherwise influence the infant. The adult, who was
either an undergraduate student from another laboratory or a parent, was not aware of the
research hypothesis. No data had to be excluded because an adult interfered with testing.

A closed circuit Canon VC-C50i camera hidden just below the center of the plasma screen
was connected to a 15” JVC monitor in an adjacent control room, allowing the experimenter
to view the infant and the direction of the infant’s eye gaze. Habit X software (Cohen et al.,
2004) running on a Macintosh Power Mac G5 was used by the experimenter to control
stimulus presentation and calculate listening times based on the experimenter’s key presses.
The experimenter was unable to hear the auditory stimuli presented in the testing room. All
sessions were recorded to a DVD and inter-rater reliabilities were computed for data from 10
of 18 participants. The correlation between the listening times recorded by the original and
reliability experimenters was r=.99.

Each session began by presenting the laughing-baby video clip. When the participant looked
at the center of the screen, the experimenter pressed “enter” on the keyboard. The
familiarization speech stream and rotating teardrop video then played for 2 minutes,
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regardless of where the infant was looking. At the end of 2 minutes, the laughing-baby
attention-getter automatically replaced the familiarization stimuli. When the experimenter
could see that the infant was gazing at the monitor, the experimenter pressed “enter” to begin
the test phase. In the test phase, infants were presented with 3 blocks of 4 test trials (2 words
and 2 part-words). The test stimuli within each block were ordered randomly, as determined
by Habit. During each trial, the experimenter held down the “5” key when the infant was
looking at the monitor and lifted the “5” key when the infant looked away. Each trial lasted
until the participant looked away for at least 1 continuous second or until the maximum trial
length had been reached.

3. Results

Some data were not normally distributed. Thus, nonparametric analyses were performed.

Descriptive statistics for participants’ receptive and expressive vocabulary sizes and their
relations to the CDI general-population norms are shown in Table 1. Note that although the
CA:s of the participants ranged from 8 to 20 months, their median receptive language age
equivalent was < 8 months (the age of the infants in Saffran et al., 1996).

To determine if infants with WS detected the statistical patterns in the speech stream, we
compared their listening times during the word and part-word test trials using a Wilcoxon
signed rank test. Overall, they looked significantly longer to trials containing part-words
(Mdn =11.43, 1QR: 8.63-14.34) than words (Mdn= 8.28, IQR: 6.70-12.94), Z=2.42, p=.
016. As shown in Figure 1, the correlation between CA and difference score (part-word
minus word listening times) was close to zero (5= .08, p=.77), indicating that the part-
word preference was not associated with CA. Moreover, 15 of the 18 participants —
including the four youngest, aged 8 — 11 months — evidenced the part-word listening
preference that is shown by TD 8-month-olds in this type of task (e.g., Aslin, Saffran, &
Newport, 1998; Saffran et al., 1996), indicating that the current finding was not driven by the
oldest infants.

4. Discussion

In the present study, we found that 8- to 20-month-olds with WS -- whose median receptive
vocabulary age equivalent was < 8 months -- were able to detect the statistical structure of a
continuous speech stream. Like TD 8-month-olds (Saffran et al., 1996), infants with WS
were able to track patterns of syllable probabilities that marked word boundaries. The
present findings begin to address the important question of whether language delays in WS
may be due to difficulties with statistical language learning.

The success of the infants in our study indicates that an inability to track statistical
regularities in continuous speech is not likely the primary cause of their language delays. At
the same time, research addressing the robustness of the ability of infants with WS to use
statistical learning for language acquisition is still needed. It is not clear whether infants with
WS are able to apply the representations that they form as the output of statistical learning to
support key acquisition processes such as learning new vocabulary items. There are at least
two areas that could be studied further. First, TD 17-month-olds have been shown to engage
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in statistical learning to extract words from continuous speech and then use those extracted
words to form word-object associations (Graf Estes, Evans, Alibali, & Saffran, 2007; Hay,
Pelucchi, Graf Estes, & Saffran, 2011). Results of a recent study of 12- to 35-month-olds
with WS indicated that those with expressive vocabulary sizes greater than 10 words could
form word-object associations (Ha, Cashon, Holt, Helton, & Mervis, 2014). However, the
task in that study did not require sequential statistical learning; the names for the novel
objects were presented in isolation, using intonation characteristic of infant-directed speech.
Whether infants and toddlers with WS can use words they extracted using statistical learning
to then form word-object associations is not yet known. Research is needed in this area to
help determine if the language delay observed in infants with WS is related to a deficit in an
ability to make use of the statistical patterns they are able to detect in linguistic input.

Second, even after young children with WS have built a vocabulary, they appear to be more
reliant on prosody to identify words than are TD infants. Nazzi, Paterson, and Karmiloff-
Smith (2003) found that young children with WS (CA mean: 33 months; range: 15 to 48
months) whose native language was English could segment words from a speech stream if
the words had a strong-weak stress pattern (the predominant pattern in English), but not if
the words had a weak-strong pattern. In TD infants whose native language is English,
strong-weak words can be segmented by 7.5 months and weak-strong words by 10.5 months.
That is, by 10.5 months of age, TD infants may be able to incorporate additional
distributional cues, such as allophonic (Jusczyk, Hohne, & Bauman, 1999) and phonotactic
patterns (Mattys & Juszcyk, 2001), to detect words even if they do not follow the typical
stress pattern. It will be important to determine if infants and toddlers with WS can also
integrate word segmentation cues in this way. If they are not able to use their ability to detect
syllable probability patterns in conjunction with other distributional and prosodic patterns as
effectively as TD infants, this deficit may partially account for the delays and differences in
language acquisition observed in young children with WS,

5. Conclusion

In sum, the present findings provide evidence that infants with WS — who had receptive
vocabulary sizes less than those of TD 8-months-olds -- detect the statistical patterns in
fluent speech. The findings indicate that the ability to use statistical learning at the level
tested here is not likely the primary factor in the early language delays seen in infants with
WS. Future studies are needed to determine how effectively infants and toddlers with WS
are able to use the information they have gained through statistical learning to build their
vocabularies and acquire grammar.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Chronological Age in Months

Scatterplot of chronological age and difference score (part-word minus word listening times
during test trials) for infants with WS (A=18). The solid line represents a difference score of
zero. Data points above this line (/=15) are consistent with a part-word preference.
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Table 1

CDI: Words and Gestures Vocabulary Sizes and Relations to CDI General-Population Norms

Vocabulary Type dn Size 10R Percentile Mdn Age Equivalent

Receptive od 3-19 b < 8 months?

Expressive 0 0-3 b d 9 months?

laFor the four youngest participants (aged 8 — 10 months), receptive vocabulary size was 0 words.
bLowest possible score on CDI
CAII 18 infants scored below the 5th percentile

d15 of 18 infants scored below the 5t percentile
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