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Children’s early language environments are related to later development. Little is known about this associa-
tion in siblings of children with autism spectrum disorder (ASD), who often experience language delays or
have ASD. Fifty-nine 9-month-old infants at high or low familial risk for ASD contributed full-day in-home
language recordings. High-risk infants produced more vocalizations than low-risk peers; conversational turns
and adult words did not differ by group. Vocalization differences were driven by a subgroup of “hypervocal”
infants. Despite more vocalizations overall, these infants engaged in less social babbling during a standardized
clinic assessment, and they experienced fewer conversational turns relative to their rate of vocalizations. Two
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ways in which these individual and environmental differences may relate to subsequent development are
discussed.

Early home language environments have a substan-
tial influence on later cognitive development (Hart
& Risley, 1995). One-on-one infant-directed speech,
where infants and adults are interacting, is espe-
cially predictive of emerging language skills
(Ram�ırez-Esparza, Garc�ıa-Sierra, & Kuhl, 2014;
Weisleder & Fernald, 2013). This strong association
between infant-directed speech and emerging lan-
guage reflects a “social feedback loop” wherein
speech-related infant vocalizations (e.g., babbling)
are more likely to elicit adult responses than non-
speech-related vocalizations (e.g., laughing, crying;
Warlaumont, Richards, Gilkerson, & Oller, 2014),
and thus infant vocalizations are continually rein-
forced by adult responses. Disruptions in this
reward-based social feedback loop are hypothe-
sized to lead to negative downstream effects on
language development. In children with autism
spectrum disorder (ASD), this loop could be nega-
tively impacted by deficits in social motivation,
reciprocal interaction, and reward processing (Che-
vallier, Kohls, Troiani, Brodkin, & Schultz, 2012).
Over time, a disrupted system of social feedback
might contribute to the language and communica-
tion delays frequently observed in these children
(Sigman et al., 1999). For example, when children
with ASD produce fewer speech-related vocaliza-
tions, they provide fewer opportunities for a par-
ent to respond and consequently receive less
contingent social feedback (Warlaumont et al.,
2014).

Two recent studies targeting infants at high risk
(HR) for ASD in the first year of life demonstrate
the effectiveness of very early intervention; both
treatment studies utilized parent-mediated pro-
grams designed to optimize social interactions
between the infant and parent, which resulted in
the treatment groups exhibiting lower ASD behav-
iors than the control groups (Green et al., 2015;
Rogers et al., 2014). These studies highlight the
importance of examining the early dyadic interac-
tions between caregivers and their infants during
the first years of life. One approach is to prospec-
tively study infant siblings of children with ASD.
It is estimated that 10%–20% of younger siblings
of children with ASD will develop the disorder
themselves (Ozonoff et al., 2011; Sandin et al.,
2014). An additional 20% of HR siblings who do
not develop ASD may experience clinically signifi-
cant language delays (Constantino, Zhang, Frazier,

Abbacchi, & Law, 2010; Toth, Dawson, Meltzoff,
Greenson, & Fein, 2007). Unaffected HR siblings
have also been found to display broader autism
traits as early as 12 months of age (Georgiades
et al., 2013).

Research on the early language environments of
infants at risk for ASD is mixed. Most studies find
that mothers of HR and low-risk (LR) infants pro-
vide equally enriched linguistic environments
(Campbell, Leezenbaum, Mahoney, Day, & Sch-
midt, 2015; Leezenbaum, Campbell, Butler, & Iver-
son, 2014; Northrup & Iverson, 2015; Talbott,
Nelson, & Tager-Flusberg, 2015). However, subtle
differences in parent–infant vocal and play interac-
tions have also been reported. Among 9-month-old
HR infants and their mothers, for example, a
greater amount of infant simultaneous speech (e.g.,
the mother is speaking and the infant interrupts)
was predictive of later language delay (Northrup &
Iverson, 2015). Furthermore, infants who went on
to have language delay displayed less vocal coordi-
nation with their mother, and these dyads had
longer latencies between speakers. In another
report, the play of HR and LR dyads was found to
be comparably synchronous when it was led by the
mother, although the HR dyads were less syn-
chronous than LR dyads during infant-led play
interactions (Yirmiya et al., 2006). In contrast, Wan
et al. (2012) did not find differences in dyadic syn-
chrony; however, HR infants appeared less lively
and their parents more directive during play as
compared to parents of LR infants. Taken together,
these results suggest that despite relatively compa-
rable early language environments of HR and LR
infants, some subtle differences in interaction tim-
ing and quality do exist and remain to be further
explored.

Critical language processes are in full swing at
9 months, making this time period a rich target for
research. For example, typically developing (TD)
infants begin reduplicative babbling (e.g., “baba,”
“gaga,” “bobo”) between 6 and 10 months, and
many utter their first words a few months later
(Iverson, Hall, Nickel, & Wozniak, 2007). Although
there is evidence that HR infants show behavioral
and motor differences as early as 6 months of age,
the literature regarding babbling and vocalizations
is mixed (Estes et al., 2015; Gammer et al., 2015).
Previous studies have found that HR infants were
slower to begin reduplicative babbling compared
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with LR infants (Iverson & Wozniak, 2007; Patten
et al., 2014). However, findings from other studies
examining rates of babbling during short parent–
child play interactions have been inconsistent, with
one study reporting less babbling and others
reporting no differences in babbling or vocaliza-
tions in HR groups relative to control groups
(Paul, Fuerst, Ramsay, Chawarska, & Klin, 2011,
vs. Northrup & Iverson, 2015; Talbott et al., 2015).
Further research is needed to determine whether
very early vocalizations and preverbal develop-
mental milestones such as babbling, are early man-
ifestations of ASD risk.

Characterizing the linguistic daily home life of
infants at risk for ASD may yield unique insights
into the role of reciprocal social communication
during a presymptomatic or prodromal period. To
date, studies of the home language environment of
infants at HR for ASD have relied on methods that
are limited in their ability to provide representative,
naturalistic samples of vocal behavior (e.g., record-
ings were either relatively short, less than an hour,
or recorded in the laboratory). Caregiver talk and
infant volubility fluctuate throughout the day (War-
ren et al., 2010), so short recordings may not accu-
rately represent the infant’s home language
environment. Our goal was to characterize the early
home language environment experienced by 9-
month-old infants at HR and LR for ASD using
unobtrusive full-day language recording in the
home. This study addressed three primary ques-
tions: Do infants at HR and LR for ASD differ in
the number of (a) vocalizations produced? (b) adult
words heard? and (c) turn-taking vocal interactions
engaged in?

Method

Participants

This study included 59 infants from the Infant
Brain Imaging Study (IBIS), an ongoing longitudi-
nal study of infants at high and low familial risk
for ASD. The IBIS Network is an Autism Center
for Excellence funded by the National Institutes of
Health (R01 HD055741). The network includes
four clinical sites: University of North Carolina,
Chapel Hill; University of Washington, Seattle;
The Children’s Hospital of Philadelphia; and
Washington University, St. Louis; and data coordi-
nation at Montreal Neurological Institute, McGill
University. Parents provided written informed
consent prior to participating in this study. Proce-
dures for this study were approved by the

institutional review boards at each clinical data
collection site.

HR infants (n = 40) had a sibling who met ASD
criteria on the Social Communication Question-
naire (Rutter, Bailey, Lord, Cianchetti, & Fancello,
2003), Autism Diagnostic Interview–Revised (Lord
et al., 1994), and diagnosis was confirmed by med-
ical records. LR infants (n = 19) had TD older sib-
lings as determined by the Family Interview for
Genetics (Maxwell, 1992). LR infants did not have
first degree relatives with ASD or related psychi-
atric disorders. Demographic information appears
in Table 1, including information on infant race
and ethnicity. Further exclusionary criteria for all
infants included significant medical conditions
known to affect brain development, sensory
impairment, low birth weight (< 2,200 g) or pre-
maturity (< 36 weeks gestation), perinatal brain
injury secondary to birth complications or expo-
sure to specific medication or neurotoxins during
gestation, non-English-speaking immediate family,
contraindication for MRI, adoption, and first
degree relative with psychosis, schizophrenia, or
bipolar disorder.

The present study included all IBIS infants who
contributed language recordings at 9 months of
age. At the time of home language recordings, the
age range of the siblings of HR infants was 39–
184 months (M = 77.85); these data were missing
for 15% of the sample. HR infants had a median of

Table 1
Participant Demographics

Low risk (%) High risk (%)

Sex
Male 47 65
Female 53 35

Maternal education
High school diploma 21 36
College degree 42 33
Graduate degree 32 26
Missing 5 5

Child race
White 53 70
African American 16 3
Asian 0 3
More than one race 21 12
Not answered 11 12

Child ethnicity
Non-Hispanic 90 88
Hispanic 0 0
Not answered 10 12
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two older biological siblings (range = 1–4) and LR
infants had a median of one older siblings
(range = 1–4). Data were collected between April
2012 and August 2015.

Procedures

As part of the larger, ongoing longitudinal
study, infants and their families were assessed
during a clinic visit at 6 or 9 months depending
on their visit schedule. Language recordings are
conducted in the home at 9 months for all infants
regardless of visit schedule. Infants in the current
sample have not yet reached the age at which
diagnostic outcome for ASD is assessed, hence
ASD outcome is unavailable.

Measures

Home Language Environment

Language samples for all infants were collected
using LENA digital recorders (Xu, Yapanel, & Gray,
2009). LENA recorders weigh 2 ounces and are
worn by the infant using clothing specifically
designed to provide optimal acoustic properties
and to hold the recorder. Families were mailed
packets containing LENA materials or provided
packets at the 9-month clinic visit, if applicable.
Packets were provided �3 to +1 weeks surrounding
the infant’s 9-month birthday (see Table 3 for age at
recording). Language recordings were recorded
continuously for 16 hr. Families were instructed to
start the recording when the infant woke up for the
first time in the morning and let the recording run
uninterrupted throughout the day and into the
night. The majority of families (52 of 59) recorded
two full days of recordings yielding an average of
15.84 hr of recording per day (SD = 0.97 hr). Four
families recorded one full day and three recorded
3 days. Previous research has found that data from
full-day recordings are highly stable even with only
1 day of recording for both TD and ASD children
(Yoder, Oller, Richards, Gray, & Gilkerson, 2013).
On average, there were 3 days in between record-
ing days (SD = 4.08, range = 1–18).

A recording was considered valid if it contained
at least 8 hr of audio data. This benchmark was
selected as it represents both the average waking
day and at least half of the maximum 16-hr record-
ing time. Two recordings (1.6%) were excluded
based on these criteria. Both of these recordings
were from HR infants. Of the remaining recordings,
97% were 16 hr.

Software developed by LENA Research Founda-
tion allows for automatic processing of infant and
adult vocalizations (LENA Pro software suite
V3.3.4; Oller et al., 2010; Xu et al., 2009). Infant
vocalizations are speech segments that are at least
0.6 s in duration and do not include nonspeech
sounds (e.g., crying, laughing, burping). The dura-
tion of infant nonspeech vocalizations (in seconds)
are also generated for each recording day. Adult
words are the number of adult words spoken to
and near the infant wearing the speech recorder.
Conversational turns are defined when the infant
vocalizes and an adult responds within 5 s, or vice
versa, an adult vocalizes and an infant responds.
Each variable is summed across the 16-hr recording
day and then averaged across both recording days
to generate an average daily count of infant vocal-
izations, adult words, and conversational turns.

We were interested in the association between
infant vocalizations and conversational turns. To
assess if the ratio of conversational turns to vocal-
izations was consistent for different infant volubility
levels, we created a variable called “conversational
turns per vocalization” which was computed by
dividing conversational turn counts by infant vocal-
ization counts. Lower proportions likely suggest
that fewer of an infant’s vocalizations were accom-
panied by adult speech (e.g., the infant has to pro-
duce many more vocalizations for a single
conversational turn compared to an infant with a
higher proportion). This variable does not directly
measure infant vocalizations that occurred in con-
versational turns alone and, therefore, is an index
of the relative number of infant vocalizations occur-
ring in the social context.

Cognitive Development

Infant cognitive development was measured
using standard scores from the Mullen Scales of
Early Learning (Mullen, 1995), a normed develop-
mental assessment applicable to children from birth
through 68 months. The Early Learning Composite
(Mullen ELC) as well as five subscales (visual
reception, fine motor, gross motor, receptive lan-
guage, and expressive language) were assessed at
either 6 or 9 months.

Early Behavioral Features of ASD

The Autism Observation Scale for Infants (AOSI;
Bryson, Zwaigenbaum, McDermott, Rombough, &
Brian, 2008) examines 16 features associated with
early ASD (e.g., social babbling, early social
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communication behaviors, behavioral reactivity,
visual tracking, and disengagement). Items are
scored 0 to 2 or 3, where 0 represents typical func-
tioning and 3 represents total absence of that behavior.
The AOSI also generates a total score (range = 0–
50), which takes into account both the number of
symptoms and the severity of each symptom. In
this study, we were particularly interested in the
AOSI total score and the social babbling item,
which ranges in value from 0 to 3, with 3 represent-
ing the absence of social babbling. This item is
designed to measure the degree to which an infant
is able to engage in reciprocal (back and forth)
vocalizations with the examiner. Infants were
assessed using the AOSI at either 6 or 9 months.
Administration and scoring procedures were identi-
cal at both time points.

Analytic Approach

Data were available for 40 HR and 19 LR infant
participants who enrolled in the study and com-
pleted home language recordings at 9 months of
age. Our primary objective was to answer three
main questions: Do infants at HR and LR for ASD
differ in the number of (a) vocalizations produced?
(b) adult words heard? and (c) turn-taking vocal
interactions engaged in?

General linear models (GLM) were fit to address
our primary research questions. We began this
model fitting by first testing for potential confound-
ing variables. Chronological age at clinic testing
and chronological age at LENA recording did not
contribute significantly to model fit and were thus
excluded as covariates from our final models.
Although we did not find significant group differ-
ences in maternal education and sex of the infant
using initial chi-square tests, both of these variables
are known to contribute to individual differences in
language development (Hart & Risley, 1995; Hut-
tenlocher, Haight, Bryk, Seltzer, & Lyons, 1991). To
ensure that these variables did not moderate or
explain associations of interest, we tested the effects
of maternal education and sex of the infant on our
models. These potential covariates did not signifi-
cantly alter results and did not contribute signifi-
cantly to the models, and were thus excluded.
Mullen ELC scores were added to all final GLM
models to adjust for observed group differences in
infant cognitive skills (Table 2).

Mullen and AOSI scores were obtained during
the clinic visit when infants were between the ages
of 6 and 9 months. Regarding the Mullen, 28
infants from the HR group contributed data at

6 months, and 12 infants contributed data at
9 months; within the LR group, 13 infants con-
tributed data at 6 months, and 6 contributed data
at 9 months. For the AOSI, 29 HR infants con-
tributed data at 6 months, and 11 infants con-
tributed data at 9 months; 12 LR infants
contributed data at 6 months, and 7 contributed
data at 9 months.

Preliminary analyses were conducted to assess
group differences in Mullen ELC and Mullen sub-
scale scores, number of biological siblings, chrono-
logical age at language recording, and a number of
variables probing the relative quality of the lan-
guage recording. Associations between (a) Mullen
scores and (b) the number of biological siblings and
the key language environment variables were also
tested. To answer our three main research ques-
tions, we first conducted Welch’s analysis of vari-
ance (ANOVA) to compare HR and LR groups on
infant vocalizations. Welch’s ANOVA was used to
examine group differences in infant vocalizations
due to heteroscedasticity in vocalization counts
across LR and HR groups. Prior to the analysis,
Mullen ELC was partialed out from individual
infant vocalization data, resulting in a residual
infant vocalization variable. Next, GLM was used
to compare HR and LR groups on adult words and
conversational turns.

For secondary analyses, three vocalization
groups were created based on infant vocalization
counts at 9 months. Infants who vocalized 2 SD or
more above the mean of the LR group were consid-
ered part of the hypervocal group. HR infants who
were below this cutoff were part of the HR average
vocal group; likewise LR infants who were below
this cutoff were part of the LR average vocal group.
GLM were used to test whether vocalization group
was associated with the language environment vari-
ables including adult words, conversational turns,
and conversational turns per vocalization. The omni-
bus vocalization group main effect was tested first
and followed up with pairwise comparisons using
an adaptive false discovery rate procedure (Hoch-
berg & Benjamini, 1990). Adjusted p values are
reported for all pairwise comparisons. The GLM
testing group differences in conversational turns per
vocalization controlled for Mullen ELC as well as the
number of adult words. To determine if increased
infant vocalization levels are associated with lower
proportion of conversational turns per vocalization,
partial correlations were conducted for each group
controlling for Mullen ELC and adult words. To
assess for group differences in social babbling, the
nonparametric Mantel–Haenszel test was used due
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to the ordinal nature of the social babbling scores.
Finally, to assess for group differences in AOSI total
scores, the nonparametric Welch’s ANOVA was
used due to heteroscedasticity in AOSI scores
across vocalization groups.

All analyses were done using SAS statistics soft-
ware, version 9.3 (SAS Institute, Inc., Cary, NC,
USA).

Results

The 19 LR and 40 HR infants in this study did not
differ in sex, v2 = 1.65, p = .197, or maternal educa-
tion, v2 = 1.63, p = .444. The proportion of HR and
LR infants contributing data at 6 and 9 months did
not significantly differ for the Mullen or AOSI,
v2 = 0.01, p = .902, v2 = 0.53, p = .466, respectively.

The Home Language Environment and Infant
Risk Group

Preliminary analyses revealed that Mullen ELC
and Mullen fine motor t scores both differed signifi-
cantly between HR and LR groups (Table 2), how-
ever, these two variables were not significantly
correlated with infant vocalizations, adult words, or
conversational turns, all ps > .05. HR and LR infant
participants did not differ on chronological age
at the time of the home language recording,
t(55) = �.40, p = .687, total length of recording
hours per day, t(21) = .72, p = .479, number of
recording days, v2(2) = 3.53, p = .170, total duration
of electronic noise, t(57) = 1.05, p = .296, total

duration of silent segments, t(57) = �.63, p = .533,
or number of hours that contained analyzable
infant vocalization data, t(57) = .22, p = .824 (see
Table 3 for means and standard deviations by risk
group). We did not find significant associations
between recording length and infant vocalizations,

Table 2
Infant Assessment Scores by Risk Group

Low risk
M (SD)

High risk
M (SD) df t p Cohen’s d

Mullen 6–9 months n = 19 n = 40
Mullen chronological age 7.81 (1.61) 7.27 (1.47) 57 1.28 .20 .35
Mullen ELC 104.20 (11.97) 96.68 (10.35) 57 2.48 .01 .67
Expressive language 46.32 (7.78) 43.65 (8.31) 57 1.18 .24 .33
Receptive language 46.84 (12.71) 44.48 (8.67) 26a 0.73 .46 .21
Visual reception 58.11 (8.64) 54.00 (8.86) 57 1.68 .09 .46
Gross motor 50.26 (11.47) 48.63 (9.14) 57 0.59 .55 .15
Fine motor 56.94 (10.51) 50.95 (8.31) 57 2.37 .02 .63
AOSI 6–9 months n = 19 n = 40
AOSI chronological age 7.74 (1.35) 7.30 (1.48) 57 1.10 .27 �.31
AOSI total score 5.63 (3.23) 9.47 (4.88) 57 �3.11 .002 .92
AOSI social babbling 0.94 (0.91) 1.80 (1.15) 57 �2.82 .006 .82

Note. ELC = Early Learning Composite; AOSI = Autism Observation Scale for Infants.
aEqual variances not assumed.

Table 3
LENA System Variables by Risk Group

Low risk
M (SD)

High risk
M (SD)

LENA system n = 19 n = 40
Chronological age at recording
(months)

9.53 (0.51) 9.45 (0.93)

Average daily length of
recoding (hr)

15.67 (1.43) 15.92 (0.67)

Infant vocalization (count) 1079 (278) 1301 (525)
Adult word (count) 15,297 (5,649) 11,916 (5,727)
Conversational turn (count) 278 (76) 272 (118)
Total duration
of infant vocalizations (s)

893 (282) 1044 (437)

Average length
of infant vocalization (s)

0.82 (0.06) 0.80 (0.09)

Total duration of
infant nonspeech
vocalizations duration (s)

855 (352) 854 (374)

Percentage of hours
that included
analyzable infant
vocalizations

79.80 (7.88) 80.41 (10.51)

Total duration of
silence detected (s)

18,965 (8786) 17,542 (7812)

Total duration of
electronic noise (s)

3,425 (3442) 4,413 (3334)

6 Swanson et al.



adult words, or conversational turns, all ps > .05.
HR and LR groups significantly differed in number
of biological siblings, v2 = 9.62, p = .022, however,
the number of siblings was not significantly corre-
lated with infant vocalizations, adult words, or con-
versational turns, all ps > .05.

Nine-month-old HR and LR infants differed sig-
nificantly on number of infant vocalizations pro-
duced, F(1, 56) = 5.25, p = .025, with HR infants
producing more vocalizations than LR infants (Fig-
ure 1A), controlling for Mullen ELC. HR and LR
infants did not experience a significantly different
number of adult words, F(1, 56) = 3.35, p = .072, and
Mullen ELC was not significant as a main effect, F
(1,56) = 1.44, p = .234 (Figure 1B). Finally, HR and
LR infants did not engage in a significantly different
number of conversational turns, F(1, 56) = 0.00,
p = .965, and Mullen ELC was not significant as a
main effect, F(1, 56) = 0.70, p = .407 (Figure 1C).

Secondary Analyses of Vocalization Groups

Visual inspection of the data revealed that a sub-
group of infants vocalizing at an extremely high
rate drove the significant risk group difference in
infant vocalizations (Figure 1A). Operationally
defining this group by vocalization counts of 2 SDs
above the mean of the LR group yielded a sub-
group of 12 “hypervocal” infants. This operational
definition identified 1 LR infant and 11 HR infants.
The LR infant was retained in the hypervocal group
in all remaining analyses. Three vocalization groups
were created based on this operational definition:
LR average vocal (n = 18), HR average vocal

(n = 29), and hypervocal (n = 12). On average,
hypervocal infants produced 90% more vocaliza-
tions than LR average vocal infants, but they only
experienced 36% more conversational turns and
8.5% fewer adult words.

Infants in these vocalization groups did not dif-
fer on chronological age at language recording, sex
of the infant, maternal education, or number of sib-
lings, all ps > .05 (Table 4). The vocalization groups
did differ significantly on Mullen ELC, F(2,
56) = 3.93, p = .025. Pairwise comparisons indicated
that the difference in Mullen ELC between the LR
average vocal and HR average vocal groups was
significant, t = 2.58, p = .024. The pairwise compar-
ison between LR average vocal and hypervocal did
not survive the multiple comparison correction,
t = 2.22, p = .060, and the HR average vocal and
hypervocal did not significantly differ in Mullen
ELC scores before or after multiple comparison
corrections, t = 0.15, p = .878.

We aimed to determine if adult words and con-
versational turns differed across the three vocaliza-
tions groups. Two linear models were used to
investigate this question, first with adult words as
the dependent variable and then with conversa-
tional turns as the dependent variable. The model
assessing associations between adult words and
vocalization group did not indicate main effects
that reached conventional levels of significance,
including the main effect for vocalization group,
F(2, 55) = 3.13, p = .051, g2

p ¼ :102, and Mullen
ELC, F(1, 55) = 0.31, p = .580.

The next model testing association between
conversational turns and vocalization group revealed

Figure 1. (A) Significant group differences in 9-month-old infant vocalizations. (B) Adult word count by risk status. (C) Conversational
turn count by risk status. Red diamonds indicate hypervocal group. High-risk average vocal infants are indicated with blue dots, low-
risk average vocal infants with green triangles.
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a significant main effect for vocalization group,
F(2, 55) = 12.70, p < .0001, g2

p ¼ :315. The main effect
for Mullen ELC was not significant, F(1, 55) = 1.27,
p = .265. Pairwise comparisons revealed that the
hypervocal group experienced more conversational
turns when compared to LR average vocal group,
t = 3.37, p = .001, and the HR average vocal group,
t = 5.05, p < .0001. The LR average vocal and HR
average vocal groups did not significantly differ on
conversational turns, t = 1.34, p = .185.

Next, we were interested in determining if there
were differences in the association between infant
vocalizations and conversation turns across the
three vocalization groups. To investigate this associ-
ation we used the conversational turns per vocalization
variable, which measures the proportion of conver-
sational turns that occur per infant vocalization. In
addition to controlling for Mullen ELC we also con-
trolled for number of adult words, because hearing
more adult words would result in more opportuni-
ties for vocal interactions between the infant and
adult. Results revealed that the proportion of con-
versational turns per vocalization significantly differed
by vocalization groups, F(2, 54) = 10.63, p = .0001,
g2
p ¼ :282. The model also yielded a significant

main effect for adult words, F(1, 54) = 69.39,
p < .0001, g2

p ¼ :562, however, Mullen ELC was not
significant as a main effect, F(1, 54) = 1.22, p = .275.
Table 4 includes least square means for conversa-
tional turns per vocalization. Pairwise comparisons
revealed that the hypervocal group had a lower
proportion of conversational turns per vocalization
when compared to both LR average vocal group,
t = 3.88, p = .0003, and HR average vocal group,

t = 3.49, p = .001. The LR average vocal and HR
average vocal groups did not significantly differ in
the proportion of conversational turns per vocalization,
t = 0.88, p = .380. Together, these results suggest
that although the hypervocal group generated more
vocalizations and engaged in more raw conversa-
tional turns than the LR average vocal and HR
average vocal groups in terms of raw numbers, a
relatively lower than expected proportion of their
vocalizations were associated with conversational
turn taking.

In order to determine if the lower proportion of
conversational turns per vocalization in the hyper-
vocal group was related to their overall higher
levels of vocalization, we computed partial correla-
tions for each group, controlling for Mullen ELC
and adult words. Results indicated that in the LR
average vocal group infant vocalization count was
negatively associated with the proportion of conver-
sational turns per vocalization, r(18) = �.63, p = .008.
However, this association was not significant in the
HR average vocal group, r(29) = �.24, p = .222, nor
the hypervocal group, r(12) = �.14, p = .703.
Results were similar when correlations did not
control for Mullen ELC and adult words.

Associations Between Infant Vocalization Group and
Early ASD Features

Finally, we aimed to determine if increased vocal-
izations by the hypervocal group were reflected in
differences on the AOSI, an early clinical assessment
of ASD features. The test of AOSI social babbling
revealed a significant main effect for vocalization

Table 4
Participant Demographics by Vocalization Group

LR average vocala

(n = 18)
HR average vocalb

(n = 29)
Hypervocalc

(n = 12)
Overall group
comparison

M SD M SD M SD df F/v2 p Post hoc1

Chronological age at
recording (months)

9.50 0.51 9.58 0.98 9.16 0.72 2, 56 1.51 .328

Mullen ELC 105.05 11.72 96.65 10.64 96.08 9.83 2, 56 3.93 .025 a > b2

AOSI social babbling 0.89 0.90 1.66 1.23 2.17 0.83 2 9.43 .002 a < b, c
Conversational turns
per vocalization

.253 .240 .182 4, 54 10.68 .0001 a, b > c

Number of siblings
(median, range)3

1 1–4 2 1–4 2 1–4 6 10.15 .118

% Male 50 65 58 2 1.14 .578
% Maternal education4 18/47/35 33/37/30 58/25/17 2 5.22 .264

Note. ELC = Early Learning Composite; AOSI = Autism Observation Scale for Infants. 1Pairwise comparisons using an adaptive
false discovery rate procedure. 2a > b, c before multiple comparison procedure. 3n = 55. 4Presented as High school diploma/college
degree/graduate degree.
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group, v2(2) = 9.61, p = .008. Follow-up pairwise
multiple comparisons indicated that the hypervocal
group had higher social babbling scores (which indi-
cate a lack of social babbling) when compared to the
LR average vocal group, v2(2) = 10.26, p = .001 (Fig-
ure 2 and Table 4). The HR average vocal groups
and LR average vocal group also significantly dif-
fered on social babbling scores, v2(2) = 4.77, p = .028.
The hypervocal and HR average vocal did not signif-
icantly differ on social babbling scores, v2(2) = 1.69,
p = .193. Together, these results suggest that
although infants in the hypervocal group generated
a high volume of vocalizations, they were less likely
to engage in social babbling.

As a final step, AOSI total scores were investi-
gated to determine if the findings associated with
AOSI social babbling were reflective of general
early ASD-related behaviors. The test of AOSI total
scores revealed a significant main effects for vocal-
ization group, v2(2, 30) = 5.58, p = .008. Follow-up
pairwise comparisons indicated that the HR aver-
age vocal group displayed more early ASD symp-
toms than the LR average vocal group, t = 3.18,
p = .004. The hypervocal group did not differ sig-
nificantly from the HR average vocal and LR aver-
age vocal groups on AOSI total scores, p > .05,
suggesting that their profile of early ASD signs

may not be general but rather specific to social
communication difficulties.

Discussion

Consistent with prior research, our findings suggest
that 9-month-old infants at HR and LR for ASD
experience similarly rich home language environ-
ments, with equivalent numbers of conversational
turn taking. However, a substantial subgroup of
infants (20%) produced significantly more vocaliza-
tions than expected (2 SD above the mean of LR
infants). These “hypervocal” infants produced 90%
more vocalizations than LR infants, comparatively
they experienced only 36% more conversational
turns and 8.5% fewer adult words. Furthermore,
hypervocal infants engaged in less social babbling
and had fewer instances of conversational turn tak-
ing for every vocalization when compared to their
peers. Atypical early patterns, like hypervocaliza-
tion, could lead to a diminished “social feedback
loop” (Warlaumont et al., 2014) whereby increased
vocalizations are not evoking reciprocal responses
from adults. These cascading effects over develop-
mental time could influence later language delay or
ASD.

Given that difficulty with social communication
is a hallmark of ASD, it seems intuitive to predict
that all infants at HR for ASD might vocalize less
than their LR peers. In contrast, our data suggest
that a significant subgroup of infants actually vocal-
ize more than average. Hypervocal infants did not
display the same exaggerated increase in conversa-
tional turns that they showed in vocalizations. Cru-
cially, we found that hypervocal infants produced a
lower proportion of conversational turns per vocal-
ization than HR and LR peers. One interpretation
of these findings is that, for hypervocal infants, a
relatively fewer number of vocalizations occurred
during a reciprocal interaction with a caregiver;
meaning, infants may have been vocalizing alone,
outside of the social feedback loop. We aimed to
determine if the lower proportion of conversation
turns per infant vocalization was an effect of the
higher number of vocalizations in the hypervocal
infants (e.g., the more infants vocalize the less par-
ents and infants engage in conversation). Results
did not provide support for this potential explana-
tion, suggesting that hypervocal infants experience
fewer conversational turns relative to their vocaliza-
tion level due to a more nuanced reason. These
hypervocal infants may be less sensitive to social
reinforcement contingencies involving language and

Figure 2. Vocalization group differences on the Autism Observa-
tion Scale for Infants (AOSI) social babbling scores. Higher AOSI
social babbling scores indicate less social babbling directed to the
examiner.
Note. *p < .001. +p < .05.
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therefore less likely to have their language behavior
shaped through dyadic interaction with a parent. In
an independent confirmation of these results, a clin-
ical assessment suggested that hypervocal infants
were less likely to engage in social babbling (e.g.,
direct babbling to the examiner). Taken together,
these data suggest that the increased vocalizations
seen in the hypervocal infants were not, in part,
socially directed.

If hypervocal infants are not engaging in as
much conversational turn taking as expected, it
raises the question, what are they doing? One pos-
sibility is that their excess vocalizations may be
characterized by features associated with repetitive
or stereotypic vocal output. Indeed, recent research
on HR infants that go on to develop ASD demon-
strate high rates of restricted and repetitive behav-
iors at 12 months of age (Elison et al., 2014; Wolff
et al., 2014). Similarly, Warren et al. (2010) found
that toddlers with ASD engaged in more “mono-
logues” than TD toddlers, meaning they had more
vocalizations that were not accompanied by other
adult speech. It is plausible that increased vocaliza-
tions in hypervocal infants precede the monologues
reported by Warren et al. (2010). It is also plausible
that hypervocal infants are not representative of
infants who will later go on to have ASD but rather
unaffected infants that go on to have language
delay or features of the broader autism phenotype
(Constantino et al., 2010; Toth et al., 2007). Based
on our current data, we are unable to determine if
hypervocal infants demonstrate delayed reduplica-
tive babbling or first-word acquisition; this is an
important target for future research.

Alternatively, it is also plausible that hypervocal
infants will go on to have better language skills
compared to their HR peers who vocalized at aver-
age rates. Hypervocal infants heard more conversa-
tional turns in terms of raw numbers, albeit fewer
than expected for how much they were vocalizing.
Previous literature in normative development has
indicated that increased adult-directed speech is
associated with positive language outcomes
(Ram�ırez-Esparza et al., 2014; Weisleder & Fernald,
2013). The current study was limited in its ability to
determine who, infant or adult, initiated conversa-
tional turn taking and if either infant or adult con-
tributions facilitated or hindered these social
interactions.

Hypervocal infants did not differ in 6- to 9-
month AOSI total scores or Mullen ELC when com-
pared to LR or HR infants that vocalized at average
rates. However, previous work has shown that
infants who go on to have ASD do not differ on

AOSI total scores at 6 months, but they do at
12 months, so a lack of early group differences in
total scores may be because global ASD risk signs
are not present until 12 months (Bryson et al., 2008;
Estes et al., 2015; Gammer et al., 2015; Zwaigen-
baum et al., 2005). Previous research on early group
differences in Mullen ELC scores is mixed, with
some studies detecting group differences (Brian
et al., 2014; Gammer et al., 2015) and others not
detecting group differences (Estes et al., 2015;
Ozonoff et al., 2010). Longitudinal follow-up of
these infants is needed to reveal the developmental
influences of early hypervocal behavior on cogni-
tion and emerging ASD symptoms.

Broadly speaking, results from the current study
showed that infants at HR and LR for ASD were
provided with equivalently rich linguistic environ-
ments in terms of parent–infant conversational
turns. We did, however, find areas of noteworthy
variation. Studies by Siller and Sigman (2002, 2008)
and Hirsh-Pasek et al. (2015) highlight the impor-
tance of this individual variation in their work on
the effects of maternal responsiveness and commu-
nication development in children with ASD and
children growing up in low-income households,
respectively. Both studies reported that mothers
who provided a responsive environment had chil-
dren that went on to demonstrate superior lan-
guage skills relative to peers whose mothers were
less responsive (Hirsh-Pasek et al., 2015; Siller &
Sigman, 2002, 2008). Nonhuman animal literature
has further highlighted the importance of the early
home environment. A rich social environment can
extend the duration of the sensitive period for song
learning in sparrows (Baptista & Petrinovich, 1986)
and rodent studies have shown that maternal–
infant interactions can modify brain development
and alter gene expression (Cameron et al., 2005;
Weaver, Meaney, & Szyf, 2006).

If the developing infant brain is shaped in part
by the linguistic environment, then it follows that
the home linguistic environment may be an ideal
target for intervention in cases of HR infants. To
date, there have only been two small treatment
studies of infants at high familial risk for ASD and
both studies included some component that tar-
geted sensitive parental responsiveness (Green
et al., 2015; Rogers et al., 2014). The use of the
LENA system as an effective change agent for the
language environment has received preliminary
support. Nonparental caregivers increased their
baseline words and conversational turns when pro-
vided with weekly feedback from the LENA system
(Suskind et al., 2013). These findings are promising

10 Swanson et al.



and highlight the need for further studies investi-
gating parental caregivers, postintervention fadeout
effects, and most importantly, intervention effects
on infant development.

The current study is a departure from previous
research involving infants at risk for ASD in which
we used LENA language recorders to capture full-
day recordings in the home environment. This
departure in methodology could explain why we
detected group differences in infant vocalizations
where others groups did not (Northrup & Iverson,
2015; Talbott et al., 2015). The automated analysis
developed by the LENA system eliminates the need
for labor-intensive hand coding. Automated pro-
cesses are accompanied by inherent limitations,
however, including the system’s ability to accu-
rately detect and label vocal behavior in a variety
of settings. Initial validation reports of the LENA
system indicated sensitivity of 82% for adult vocal-
izations and 76% for child vocalizations (Xu et al.,
2009). An independent group conducted hand cod-
ing and compared LENA-based data to hand-coded
data, with results indicating high correlation
between hand coding and LENA-based data
(Soderstrom & Wittebolle, 2013). The researchers
concluded that there was little evidence to suggest
that the LENA system resulted in substantive arti-
facts in both home and day-care settings, though
the LENA system tended to overestimate adult
words in the day-care setting (Soderstrom & Witte-
bolle, 2013). The chronological ages of infants in the
current study fall within the ages of infants and
children in the LENA validation study; however,
we did not conduct an internal validation study
using our own data.

Several limitations of this study warrant mention.
First, as mentioned earlier, we did not conduct an
internal validation study of the LENA system on
our data, although the system has been found to be
valid in two independent studies of similarly aged
infants (Soderstrom & Wittebolle, 2013; Xu et al.,
2009). Second, although the LENA feature detection
algorithm is designed to detect adult words spoken
to or near the infant wearing the recording as well
as eliminate distant or faint voices, it is not well
understood how the number of adults or children in
the home environment influence the performance of
the feature detection software. In the current study,
we did not ask families to report the number of
adults or children present during the language
recording session. Future efforts should weigh the
value of this information with the burden on the
family of collecting such data. Finally, infants in this
report are part of an ongoing study and have yet to

reach a developmental and chronological age where
a clinical diagnosis of ASD diagnoses may be ascer-
tained. As such we are unable to determine whether
early abnormal vocal behaviors are predictive of
later ASD or related developmental concerns.

An important area of future investigation
includes longitudinal follow-up, which would pro-
vide additional information as to how vocalization
patterns develop over time among LR and HR
infants. Warlaumont et al. (2014) reported children
with ASD aged 16–48 months displayed lower pro-
portion of speech versus nonspeech vocalizations
than TD peers. Interestingly, this group difference
emerged overtime, with groups diverging at later
time points. Continuing to follow infants in the cur-
rent study may reveal complex patterns of change in
communication over time, such that for a subgroup
of infants, the first year of life may be a period of
excess but possibly nonsocially contingent vocaliza-
tions, followed by a time of dynamic change result-
ing in overall lower levels of volubility.

Despite the noted limitations, our study has
many strengths. Our use of language recorders
allowed a window into the early home environment
of infants at high and low familial risk for ASD.
These full-day recordings potentially revealed
meaningful new insights into the vocal behavior of
HR infants, a substantial proportion of whom will
go on to develop autism or specific language
impairment. We found that HR infants vocalized
more than their LR peers and that some HR infants
showed highly atypical vocalizing behavior that did
not appear to be socially directed. Further investiga-
tion of the development of these HR infants is nec-
essary as is future independent studies to replicate
our findings. On a final note, targeting hypervocal
HR infants for personalized interventions (e.g.,
alerting parents to convert isolated infant vocaliza-
tions into parent–infant social exchanges) could
potentially strengthen a diminished social feedback
loop and alter aberrant developmental cascades.
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Appendix

The Infant Brain Imaging Study (IBIS) Network is
an NIH funded Autism Center of Excellence project
and consists of a consortium of eight universities in
the United States and Canada. Clinical sites: Univer-
sity of North Carolina—J. Piven (IBIS Network PI), H.

C. Hazlett, C. Chappell; University of Washington—
S. Dager, A. Estes, D. Shaw;Washington University—
K. Botteron, R. McKinstry, J. Constantino, J. Pruett;
Children’s Hospital of Philadelphia—R. Schultz, S.
Paterson; University of Alberta—L. Zwaigenbaum;
University ofMinnesota—J. Elison. Data coordinating
center: Montreal Neurological Institute—A. C. Evans,
D. L. Collins, G. B. Pike, V. Fonov, P. Kostopoulos,
S. Das. Image processing core: New York University
—G. Gerig; University of North Carolina—M.
Styner. Statistical analysis core: University of North
Carolina—H. Gu.
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