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Abstract
We examined whether infants’ preference for speech at 12 months is associated with autistic-like
behaviors at 18 months in infants who are at increased risk for autism spectrum disorder (ASD)
because they have an older sibling diagnosed with ASD and in low-risk infants. Only low-risk
infants listened significantly longer to speech than to nonspeech at 12 months. In both groups,
relative preference for speech correlated positively with general cognitive ability at 12 months.
However, in high-risk infants only, preference for speech was associated with autistic-like
behavior at 18 months, while in low-risk infants, preference for speech correlated with language
abilities. This suggests that in children at risk for ASD an atypical species-specific bias for speech
may underlie atypical social development.
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Early diagnosis of autism is key to treatment and outcomes for people living with Autism
Spectrum Disorders (ASD; Dawson, 2008; Motiwala, Gupta, Lilly, Ungar, & Coyte, 2006;
National Research Council, 2001). But indices of autism-like behaviors in the first year of
life remain elusive. Currently, concerns about atypical language and social function, two of
the main characteristics of ASD, rely on children’s explicit productive abilities, which only
emerge reliably after the first year of life (DeGiacomo & Fombonne, 1998). As a result,
ASD is typically diagnosed around the age of 3-5 years (Mandell, Novake, & Zubritsky,
2005; Ozonoff et al., 2009). Recently an observational checklist (the CSBS-DP Infant
Toddler Checklist; Pierce et al., 2011; Wetherby & Prizant, 2002) shows promise for
identifying ASD relevant behaviors at 1 year of age, suggesting that certain behaviors may
be present early in development. In this study, we examine whether atypical behaviors that
emerge in infants at risk for ASD at 1 year of age can predict autistic-like behaviors.

To successfully acquire language, infants must orient to the relevant signals in the
environment early in development. Typically developing (TD) infants have fundamental
species-typical perceptual biases that direct their attention to socially relevant stimuli such
as voices and faces. The biases that human infants show for biological stimuli at birth such
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as speech and faces over non-speech and non-faces (Butterfield & Siperstein, 1970; Johnson
et al., 1991; Valenza, Simion, Cassia, & Umilta, 1996; Vouloumanos & Werker, 2007) are
sharpened further over 3 months, with TD infants attending preferentially to the
vocalizations and faces of conspecifics over those of a closely-related primate, the rhesus
macaque (Heron, Wirth, & Pascalis, 2011; Vouloumanos, Hauser, Werker, & Martin, 2010).
By 5 months, infants connect conspecific voices and faces–they expect speech to be
produced by humans, and not other animals (Vouloumanos, Druhen, Hauser, & Huizink,
2009), and by 12 months, infants understand that speech has a specific communicative
function that other vocalizations lack (Martin, Onishi, & Vouloumanos, 2012). Thus, the
trajectory of typical human development is characterized by early perceptual biases for
orienting to speech and faces, which may have functional consequences for learning about
and interacting with others.

Children diagnosed with ASD show apparent deficits in basic processing of the voices and
faces of their own species (Behrmann, Thomas & Humphreys, 2006; Chawarska, Volkmar,
& Klin, 2010; Kuhl, Coffey, Padden, & Dawson, 2005; Paul, Chawarska, Fowler, Cicchetti,
& Volkmar, 2007; Whitehouse & Bishop, 2008). Children at risk for ASD might also show
atypical speech preferences early in development. This suggests a key theoretical proposal:
that an early basic impairment in preferential processing of speech could form the basis of
deficits in social communication skills that are characteristic of ASD (Kuhl, et al., 2005;
Surian & Siegal, 2008). As such, examining early emerging differences between at-risk and
TD infants’ processing of relevant social stimuli such as speech may provide fundamental
insights into divergent developmental behaviors.

Despite the relatively high prevalence of ASD, studying a sufficient number of individuals
within the general population to characterize early individual differences that can lead to
ASD behaviors is not feasible. However, familial transmission rates are notably higher: the
recurrence risk in a later-born sibling of a child diagnosed with ASD was recently estimated
at 19% (Ozonoff et al., 2011), with an additional 15% probability of cognitive or language
difficulties (Elsabbagh & Johnson, 2010; Ritvo et al., 1989; Zwaigenbaum et al., 2005). The
higher prevalence of ASD behaviors in high-risk later-born siblings allows us to identify a
reasonable number of cases from a feasible sample size (Zwaigenbaum et al., 2007). Here
we examine whether an atypical preference for speech at 12 months is associated with
language ability and autistic-like behaviors at 18 months of age.

Specifically, we tested infants who are at elevated risk for ASD because they have an older
sibling diagnosed with ASD (SIBS-A) and infant siblings of TD children (SIBS-TD) on
their preference for speech over non-speech sounds. We hypothesize that deficits in a bias
for speech may be associated with autistic-like behaviors at 18 months of age. Discovering
that autistic-like behaviors correlate with earlier atypical preferences for speech could help
inform early detection strategies and better target early interventions.

Method
Participants

Participants were 62 healthy, full term infants (32 females) with at least one older sibling
(Mean age: 12.45 months, SD = .27). High-risk infants with an older sibling diagnosed with
ASD (SIBS-A; N = 31; 15 females) were recruited from several local ASD treatment
agencies and pediatric clinics including: Health Services’ Early Child Development Team,
Society for Treatment of Autism, Renfrew Educational Services, Parent-Link, and other
local service organizations. Low-risk infant siblings (SIBS-TD; N = 31; 17 females) of
typically developing children were recruited from local parent fairs, flyers, and
advertisements. Parents of the low-risk infants completed a questionnaire to ensure that ASD
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was not present in any family members. Data were collected from infants at 12 and 18
months of age. Exclusionary criteria included the presence of a neurological disorder of
known etiology, significant sensory or motor impairment, major physical abnormalities, and
history of serious head injury and/or neurological disease. Hearing status of the infants was
confirmed with an otoacoustic emissions screening procedure at each session prior to the
observational tasks. There were no infants who were unable to be tested due to middle ear
fluid.

Infants’ general development at 12 months was assessed using the Mullen Scales of Early
Learning (Mullen, 1995), a laboratory-based observational measure. The Mullen is a
comprehensive assessment of language, motor, and perceptual abilities for children of all
ability levels. The Mullen consists of five scales: visual reception, receptive language,
expressive language, fine motor and gross motor skills. The Mullen Early Learning
Composite (ELC) score is based on the first 4 scales, which are designed to measure
cognitive ability and has a mean of 100 and a standard deviation of 15. This is standardized
for children aged 0-69 months. The gross motor scale covers children from 0-29 months of
age. We included only those infants who had a standard score of at least 70 (two SD below
the mean) on the Mullen ELC (n= 31 per group), which excluded 1 infant in the high-risk
group. As a result, our risk groups did not differ on the Mullen ELC score at 12 months (see
Table 1 for details).

Data collection varied for each task depending on whether the infant was able to complete
all tasks at each visit. As such, sample size varied for each task. Of the 62 infants, 53
completed the Speech/NonSpeech task (25 SIBS-A). See Table 2 for participant numbers for
measures of language (MacArthur Bates-Communicative Development Inventories;
Feldman et al., 2000; Fenson et al., 1994) and autistic behaviors (Autism Observation Scales
Infancy; Bryson, Zwaigenbaum, McDermott, Rombough, & Brian, 2008; Zwaigenbaum et
al., 2005).

Stimuli
Infants heard two types of auditory stimuli: a speech set composed of nonsense words, and a
non-speech set composed of complex non-speech analogues (used in Vouloumanos &
Curtin, under review; Vouloumanos & Werker, 2004; 2007), all delivered at 65 dB +/− 5
dB. Speech stimuli included 12 tokens of monosyllabic nonsense words spoken by a female
native English speaker. Tokens varied in intonational contour (average minimum and
maximum pitch: 197 Hz and 350 Hz, respectively) and duration (525–1155 ms). Complex
non-speech stimuli included 12 time-varying sinusoidal waves tracking regions of
significant energy in natural speech (i.e., the fundamental frequency and the first three
formants). Non-speech analogues retained the amplitude envelope, relative formant
amplitude, relative intensity and pitch contour of their speech counterparts.

Procedure
Infants were tested using a modified version of the sequential looking preference (SLP)
procedure (Cooper & Aslin, 1990, 1994, Vouloumanos & Curtin, under review;
Vouloumanos & Werker, 2004). Infants sat on a parent’s lap in front of a monitor. A movie
of a flashing light attracted the infant’s attention to the screen. Once the infant fixated on the
screen, the experimenter initiated the trial. A black and white checkerboard was displayed
concurrently with each of the two sound types. Five speech trials and five non-speech trials
were presented, with order counterbalanced across infants. A full trial consisted of different
tokens of either speech or nonspeech separated by 300 to 450 ms of silence, for a full trial
length of 40 s. Stimulus presentation was of a fixed length. Auditory and visual stimuli were
presented using Habit X (Cohen, Atkinson, & Chaput 2000). Looking time was scored
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online, and then coded offline from infant videos collected during the study. Since the visual
stimulus was always a checkerboard, but the sounds varied in each trial, the main dependent
measure was looking time to the checkerboard for each sound type: speech and non-speech.

Observational Measures of linguistic development and autistic-like behavior
We assessed language development using the MacArthur-Bates Communicative
Development Inventory (MB-CDI; Feldman et al., 2000; Fenson et al., 1994). This is a
parental report that measures children’s word comprehension and production, and gesture
production (e.g., giving, showing, pointing). The MB-CDI is a widely used parental report
measure that has been validated in both typically developing and in high-risk populations.

To assess autistic-like behavior we used the Autism Observation Scales Infancy (AOSI:
Bryson et al., 2008; Zwaigenbaum et al., 2005). The AOSI is an 18-item direct observational
measure of autistic symptomatology, developed to detect and monitor early signs of autism
as they emerge in high-risk infants (having an older sibling diagnosed with ASD) in infants
aged 6 to 18 months. The administration of the standard set of semi-structured activities
allows for an interactive context in which the infant is engaged in play, while the examiner
conducts a set of systematic presses to elicit particular target behaviors. Behaviors are rated
on a scale from 0 to 3. A score of 0 suggests typical function with higher scores indicating
increased deviation from typical behavior (Bryson et al., 2008). Furthermore the number of
markers is calculated by adding up the number of items with a non-zero score. Inter-rater
reliability is excellent (0.94 for total score at 18 months), and the AOSI has fair to good test–
retest reliability at 12 months (0.61 for total score; Bryson et al., 2008). Using a cut-off point
of 7 markers, the AOSI has shown sensitivity of 84% and specificity of 98% for autism in
siblings (Zwaigenbaum et al., 2005). Six of our participants, 2 low-risk infants and 4 high-
risk infants, presented 7 or more risk markers on the AOSI.

Results
We examine whether an atypical preference for speech at 12 months is associated with
language ability and autistic-like behaviors at 18 months of age. We first test for group
differences for each of the factors of interest: preference for speech assessed using the
experimental task, linguistic development assessed with the MB-CDI, and autistic behaviors
assessed with the AOSI while reporting each factor’s relationship with general development
using the Mullen ELC scores. We then examine, within separate sections, how speech
preference relates to linguistic development and autistic behaviors, adjusting for general
development if necessary.

Experimental speech/non-speech task
Overall, infants listened to speech significantly longer than to non-speech. A 2 (Sound Type:
speech, nonspeech) × 2 (Group: SIBS-A, SIBS-TD) univariate analysis of variance
(ANOVA) revealed a main effect of sound type at 12 months, F (1,51) = 6.23, p = .016,
ηp

2= .109, but no group differences or interactions. However, there was a significant
difference in the amount of variance observed across groups (p = .004), suggesting that
despite no overall group differences, groups differed in their intragroup variability. To
examine whether one group was driving the preference for speech, we looked at each
group’s performance individually (see Table 2). Infants in the SIBS-TD group listened to
speech significantly longer overall than to non-speech (t(27) = 2.16, p = .040, Cohen’s d = .
48), but infants in the SIBS-A group did not listen reliably longer to speech than to non-
speech (t(24) = 1.37, p = .19).
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We next created a speech preference index for each infant by subtracting the overall looking
time during nonspeech trials from overall looking time during speech trials (speech minus
nonspeech). A positive score reflects a preference for listening to speech while a negative
score reflects a preference for listening to nonspeech. This speech preference index was used
in subsequent analyses.

Speech preference index correlated positively with Mullen ELC scores, r(51) = .432, p = .
001, across the entire sample, and within each group (SIBS-A: r(25) = .405, p = .040; SIBS-
TD: r(27) = .480, p = .011).

Observational tasks
Linguistic development—MB-CDI scores varied considerably between individuals and
groups (see Table 2). Groups did not differ at 12 months, however, at 18 months, groups
differed on receptive language, F(1,40) = 6.96, p = .012, η2 = .148, and expressive language,
F(1,49) = 4.32, p = .043, η2 = .08 (see Table 2).

Across the entire sample, the Mullen ELC score at 12 months correlated with parental
reports of expressive vocabulary on the MB-CDI at both ages (12 months: r(54) = .486, p < .
001; 18 months: r(49) = .368, p = .009), and with infants’ total gestures at 12 months, r(54)
= .453, p = .001. This suggests that infants with higher Mullen standard scores had greater
expressive vocabularies at 12 and 18 months and produced more gestures at 12 months.

Autism-like behaviors—AOSI scores differed marginally between groups at 18 months
for the number of markers, F(1,50) = 3.70, p = .058, η2 = .07, and for the total score F(1,50)
= 2.78, p = .102, η2 = .053 (see Table 2).

Across the entire sample, the Mullen ELC Score at 12 months negatively correlated with the
number of AOSI markers at both ages (12 months: r(51) = −.305, p = .029; 18 months: r(51)
= −.488, p < .001), and with the total AOSI score marginally at 12 months r(50) = −.265, p
= .060, and reliably at 18 months, r(51) = −.446, p < .001, suggesting that infants with
higher Mullen standard scores produced fewer autistic-like behaviors.

Relationships between speech preference index and language
Speech preference index correlated positively with the MB-CDI expressive language score
at 18 months, r(46) = .386, p = .008, across the entire sample, although this relationship did
not reach significance within each group.

After adjusting for the Mullen ELC score, speech preference index was only marginally
correlated with the MB-CDI expressive language measures at 18 months, r(43) = .290, p = .
056, across the entire sample. While this appears surprising, the Mullen ELC includes 2
scales measuring receptive and expressive language. Thus some of the variance that is
partialled out when we adjust for the Mullen ELC score necessarily reflects language skill
(as measures by the Mullen subscales).

Specific relationship between speech preference index and autistic-like behavior
Our primary question is whether a relationship exists between a preference for speech and
atypical behaviors associated with ASD. We explored relationships within the groups
separately because the sibling groups differ in their risk profile: the SIBS-A group is at
elevated risk for ASD. Since all of our measures significantly correlated with the Mullen
ELC score obtained at 12 months, we conducted partial correlations adjusting for this factor.
We included all infants for whom we had AOSI data at 12 and at 18 months (SIBS-A: n=
22; SIBS-TD: n = 21).
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In the SIBS-A group, preference for speech correlated negatively with AOSI scores at 18
months of age (Figure 1). That is, infants who preferred listening to speech at 12 months had
lower AOSI total scores (r(19) = −.512, p = .018), and fewer total markers (r(19) = −.424, p
= .056) at 18 months. There was no relationship between preference for speech and AOSI
scores at 18 months in the SIBS-TD group (Figure 2; AOSI total score: r(18) = .084, p = .
725; AOSI total markers: r(18) = .163, p = .494). No other significant correlations were
obtained. This suggests that even when adjusting for general cognitive ability (i.e., Mullen
ELC scores) infants who are at greater risk for ASD who show a greater preference for
speech at 12 months are less likely to exhibit autistic behaviors at 18 months of age.

Of the 6 infants who scored above the 7-marker tentative cut-off for the AOSI
(Zwaigenbaum et al., 2005), the 2 low risk infants both preferred speech, while 3 of 4
infants in the high-risk group preferred nonspeech, with the remaining infant showing a
looking time difference of less than 1 s.

Discussion
Infants’ relative preference for speech at 12 months significantly correlated with
performance on the AOSI at 18 months for infants at elevated risk for ASD. Although the
groups did not differ on their overall preference for speech over nonspeech, the correlation
between speech preference and AOSI suggests that, in some siblings at elevated risk for
ASD, a basic bias for listening to speech might be atypical and related to autistic-type
behaviors. This relationship, however, did not surface for siblings of TD infants, suggesting
that speech preference is not associated with autistic-type behaviors in this group.

As a group, SIBS-TD showed an overall listening preference for speech over nonspeech (as
in other studies, e.g., Vouloumanos & Curtin, under review; Vouloumanos & Werker, 2004,
2007). In contrast, despite being in the same direction of preference, the SIBS-A as a group
did not listen reliably longer to speech. This lack of preference at the group level likely
reflects greater heterogeneity in the SIBS-A group: only a subset of SIBS-A, but not all, will
develop ASD (Ozonoff et al., 2011; Young, Merin, Rogers, & Ozonoff, 2009), and within
the subset of SIBS-A who will not develop ASD, only some will have language impairments
(Toth, Dawson, Melztoff, Greenson, & Fein, 2007). Moreover, the difference between
listening patterns between groups is striking: rather than listening less to speech, SIBS-A
tended to listen longer to non-speech (although this difference was not significant) with
greater variance in listening times to nonspeech. This parallels recent findings on looking
times for faces and checkerboards in which we find that SIBS-A and SIBS-TD look at faces
equally, but SIBS-A look at non-social checkerboards more than SIBS-TD do (Droucker,
Curtin, & Vouloumanos, in press). Some studies of children with ASD show impaired
attention to social stimuli (e.g., Chawarska, et al., 2010; Dawson, Meltzoff, Osterling,
Rinaldi, & Brown, 1998; Osterling, Dawson, & Munson, 2002; Whitehouse & Bishop,
2008), while others show unimpaired processing of social stimuli (e.g., van der Geest,
Kemner, Verbaten, & van Engeland, 2002). Indeed, studies investigating selective attention
for social (faces) and non-social (houses) visual stimuli have found that unlike controls,
individuals with ASD only show attentional modulation for non-social stimuli (Bird,
Catmur, Silani, Frith, & Frith, 2006). We tentatively suggest that SIBS-A, as a group, might
be more interested in non-social stimuli (nonspeech and checkerboards), rather than being
less interested in social stimuli (speech and faces).

Two different and separable aspects of listening to speech at 12 months may predict
different aspects of development at 18 months. Overall attention to speech predicts language
ability at 18 months in TD infants (Vouloumanos & Curtin, under review). In contrast,
relative preference for speech over non-speech more specifically predicts autistic-like
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behaviors at 18 months in high-risk infants in the current study. This latter pattern of
findings is consistent with studies showing that infants’ ability to inhibit attention to
irrelevant stimuli is correlated with general indices of development (e.g., Lalonde & Werker,
1995; Conboy, Sommerville, & Kuhl, 2008). Overall attention and relative preference for
speech may be separable aspects that might reflect two different underlying processes: a
mechanism for fixating attention on particular stimuli and a mechanism for selecting
between competing stimuli (see also Vouloumanos & Curtin, under review). Attention to
speech may direct attention to linguistically relevant information and facilitates
communicative development, while relative preference for speech in infants at risk for ASD
may facilitate social development.

Although infants in our study have not yet been assessed for ASD, and atypical speech
preference cannot yet be linked to ASD diagnosis, our findings provide a compelling
association between atypical speech preference and autistic-like behaviors that can be
assessed in 18-month-olds at risk.

Our findings provide support for the role of early perceptual biases in directing attention to
linguistic and socially relevant information. Atypical attention to speech in children with
ASD is correlated with delays or impairments in language development (e.g., Kuhl et al.,
2005; Paul, et al., 2007), supporting a link between speech biases and language
development. Our results are consistent with the possibility that an atypical bias for speech
in a high-risk population may have cascading effects on development, specifically on
autistic-like behaviors, and these effects may be observable prior to 2 years of age.
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Figure 1.
Partial regression plot of speech preference index on AOSI total score (centered) adjusting
for Mullen ELC score for the SIBS-A group, (r(19) =−.512, p = .018).
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Figure 2.
Partial regression plot of speech preference index on AOSI total score (centered) adjusting
for Mullen ELC score for the SIBS-TD group, r(18) = .084, p = .725.
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Table 1

Participant Information and Mullen Scores

SIBS-TD SIBS-A

Number of Participants 31 31

Number of Females 17 15

Chronological Age in
months 12.47 (.26) 12.43 (.28)

Gross Motor T Score 49.73 (13.54) 51.53 (11.50)

Fine Motor T Score 55.10 (9.96) 57.10 (11.71)

Visual Reception T Score 51.33 (7.82) 50.10 (8.12)

Receptive Language T
Score 45.97 (7.11) 42.16 (7.14) *

Expressive Language T
Score 53.93 (10.47) 49.87 (11.04)

Early Learning Composite
Standard Score 103.47 (9.52) 99.90 (11.75)

Note. For age and Mullen scores, we report the mean and standard deviation (in parentheses). Measures for which means differ between groups are
noted with symbols

*
p < .05.
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Table 2

Descriptive statistics for observational and experimental tasks.

SIBS-TD SIBS-A

12 months

Language (MB-
CDI)

Receptive Language 68.1 (48.3) 27 62.8 (72.5) 28

Expressive Language 7.6 (7.2) 27 4.9 (5.3) 28

Gestures 25.2 (8.0) 27 21.6 (9.9) 27

Autism
(AOSI)

AOSI - Score 4.8 (3.8) 27 6.0 (4.3) 25

AOSI - Markers 2.9 (2.0) 27 3.7 (2.4) 25

Listening
Time (s)

Speech 11.7 (5.3) 28 11.4 (6.5) 25

Non-Speech 9.5 (3.8) 28 10.3 (7.2) 25

18 months

Language (MB-
CDI)

Receptive Language 214.2 (88.5) 25 136.1 (102.1) 17 *

Expressive Language 75.2 (72.4) 26 37.5 (55.7) 25 *

Gestures 44.3 (7.8) 24 52.2 (49.3) 17

Autism
(AOSI)

AOSI - Score 4.7 (4.1) 26 6.4 (3.3) 26 †

AOSI - Markers 3.0 (2.1) 26 4.1 (2.1) 26 †

Note. Means, standard deviations (in parentheses), and sample size (offset) for MB-CDI, AOSI and speech and non-speech listening task. Parents
did not always complete the full MB-CDI forms for receptive language and gestures, especially at 18 months.Measures for which means differ
between groups are noted with symbols

*
p < .05

†
p ≤ .10.
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