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Abstract This study evaluated the extent to which de-
velopmental change in coordination of social communica-
tion in early infancy differentiates children eventually
diagnosed with ASD from those not likely to develop the
disorder. A prospective longitudinal design was used to
compare nine infants at heightened risk for ASD (HR) later
diagnosed with ASD, to 13 HR infants with language delay,
28 HR infants with no diagnosis, and 30 low risk infants.
Hierarchical linear modeling analyses revealed that ASD
infants exhibited significantly slower growth in coordina-
tions overall and in gestures coordinated with vocalizations,
even relative to HR infants with language delay. Disruption
in the development of gesture—vocalization coordinations
may result in negative cascading effects that adversely
impact later social and linguistic development.
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Introduction

Infants with an older sibling who has a confirmed diagnosis
of autism spectrum disorder (ASD) are at elevated risk for
ASD and related social and communicative difficulties
(e.g., Messinger et al. 2013; see Jones et al. 2014, for a
review). These heightened-risk infants (HR) have an ASD
recurrence risk of approximately 18.7 % (Ozonoff et al.
2011). Even those HR infants who do not later receive an
ASD diagnosis are at significant risk for expressive lan-
guage delay (e.g., Gamliel et al. 2007; Sullivan et al. 2007);
and these delays are related to other difficulties in preverbal
communication and social behavior (e.g., play; Thal et al.
1991). Therefore, the prospective study of HR infants
during the first year of life may facilitate our understanding
of broader developmental difficulties (e.g., expressive
language delay) and also permit the delineation of subtle
behavioral risk markers for later ASD. One potential locus
for such risk markers can be found in the domain of social
communicative behaviors, behaviors that lie at the heart of
an ASD diagnosis (American Psychiatric Association
2013). Communicative behaviors take multiple forms (e.g.,
mutual eye gaze, facial expression, vocalization, and ges-
ture) and can occur in isolation or combine to express
communicative intentions (e.g., Parladé and Iverson 2011).

The ability to combine or coordinate communicative
behaviors such as gestures and vocalizations into a single
communicative act is a crucial component of communi-
cation and plays an important role in social interaction
(e.g., Crais et al. 2009). However, very little work to date
has examined coordinated social communication prospec-
tively in HR infants. The current study was designed to
describe the development of coordinated communication at
regular and frequent intervals during a time in infancy
when social communication typically emerges and begins
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to consolidate (i.e., 8—18 months). To address issues of
sensitivity and specificity, developmental trajectories were
modeled and compared in HR infants who develop ASD,
those who do not receive an ASD diagnosis but may (or
may not) experience other types of delays, and comparison
infants with no family history of ASD. Identifying behav-
ioral indicators of ASD that are both specific and unique to
ASD will allow for earlier identification and initiation of
more tailored treatment interventions. Moreover, this ap-
proach will offer a more comprehensive understanding of
HR infants as a group (and developmental risk more
generally).

Social Communication Behaviors in HR Infants

The extant literature on ASD has documented widespread
social communication impairments in early childhood.
However, research investigating early manifestations of
these deficits in HR infants is just emerging. Much of this
research has sought to characterize social communication
in HR infants as a group in comparison to low-risk infants
(LR) with no family history of ASD. With regard to gaze
and affect expression during face-to-face interaction,
Messinger and colleagues have reported a lower proportion
of smiling and longer durations of gaze away from faces
(i.e., non-face stimuli) at 6 months of age in HR relative to
LR infants (Cassel et al. 2007; Ibanez et al. 2008; see also
Yirmiya et al. 2006). With regard to gesture, several
studies have now shown that relative to LR peers, HR in-
fants as a group employ significantly fewer gestures (e.g.,
showing, pointing) to make behavioral requests and to
initiate joint attention (Cassel et al. 2007; Goldberg et al.
2005; Yirmiya et al. 2006). And in the first research to
assess the spontaneous production of communicative non-
word vocalizations in very young HR and LR children,
those in the HR group were found to produce commu-
nicative non-word vocalizations at lower rates than their
LR peers at both 13 and 18 months (Winder et al. 2013).

Coordinated Communication in HR Infants

When typically-developing (TD) infants communicate, they
not only do so through mutual eye gaze, facial expression,
gesture, and vocalization, they do so by combining these
communicative signals seamlessly into a single, multi-
modal act. They initiate eye gaze and smile; they smile and
vocalize; they vocalize and point; and, sometimes, they
initiate eye gaze, smile, gesture, and point. As Bates (1976)
demonstrated long ago, TD children are capable of fre-
quently and flexibly coordinating multiple communicative
behaviors across different modalities well before the first
birthday. Indeed, coordinated communication—or the co-
production of more than one communicative behavior in

time—is a crowning achievement in the early development
of social communication (e.g., Crais et al. 2009; Stone et al.
1997).

The relative importance of this emerging skill is evident
from the fact that communicative coordinations have been
shown to be powerful social stimuli with the potential to
redirect caregiver attention (e.g., Goldin-Meadow et al.
2007; Martinsen and Smith 1989) and from the fact that
young children’s ability to coordinate behaviors is predic-
tive of later language skill and social competence (e.g.,
Parladé et al. 2009; Rowe and Goldin-Meadow 2009). It is
of particular note, therefore, that in ASD, the ability to
combine communicative signals is known to be impaired,
with children with ASD much more likely to rely on iso-
lated communicative signals during social interactions
(Shumway and Wetherby 2009; Stone et al. 1997).

Given the importance of communicative coordinations
and their known impairment in ASD, it is surprising that
this topic has remained relatively unexplored in research on
social communication in HR infants. To date only three
known studies have reported data on coordinated commu-
nication in this population (Gangi et al. 2014; Ozonoff
et al. 2010; Winder et al. 2013). In the first, Ozonoff et al.
limited their focus solely to HR infants later diagnosed
with ASD. In the context of the Mullen Scales of Early
Learning (MSEL; Mullen 1995) administered at 6, 12, 18,
24, and 36 months, they examined the frequencies of two
types of “early emerging” coordinations: social smiles
(i.e., co-occurrence of gaze to face and smiles) and directed
vocalizations (i.e., co-occurrence of gaze to face and
vocalizations).

Results indicated that in comparison to a gender-matched
LR group, HR infants later diagnosed with ASD exhibited
declining developmental trajectories in communicative co-
ordinations. While frequencies of social smiles and directed
vocalizations were highly comparable between groups at
6 months of age, HR infants produced relatively fewer di-
rected vocalizations by 12 months and social smiles by
18 months. Because the study did not report data on HR
infants without a later ASD diagnosis, it is difficult to know
whether observed differences were specific to ASD or more
generally characteristic of HR infants as a group. Further-
more, since data in this study were generated from infant-
experimenter interaction during clinical administration of
the MSEL, it is also unknown whether reduction in com-
municative coordinations in HR infants is characteristic of
the child in the everyday environment.

In the second study of communicative coordination in
HR infants, Winder et al. (2013) coded spontaneous com-
municative behaviors (i.e., gestures, communicative non-
word vocalizations, words) and their coordinations as these
were produced by HR and LR infants at both 13 and
18 months during in-home naturalistic interaction and
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semi-structured play with caregivers. Results indicated that
as a group, HR infants (including 3 later diagnosed with
ASD) combined gestures with communicative non-word
vocalizations at a significantly lower rate than LR infants at
13 and 18 months of age and gestures with words at 18 but
not 13 months. HR infants also demonstrated a more re-
stricted repertoire of gesture-speech coordinations;
specifically, HR infants produced significantly fewer vocal
utterances (communicative non-word vocalizations and
words) coordinated with point gestures.

Finally, and most recently, Gangi et al. (2014) compared
the development of coordinated gaze and smiles within
episodes of joint attention in a group of HR and LR infants.
Within an examiner-led assessment designed to elicit acts
of joint attention (i.e., the Early Social Communication
Scales), the authors found that HR infants as a group
produced lower rates of coordinated acts in which the smile
precedes but overlaps in time with a gaze to face (i.e.,
anticipatory smiles; Parladé et al. 2009) than infants in the
LR group. Group differences in the rate of anticipatory
smiles remained similar from 8 to 12 months of age. Both
groups, however exhibited similar rates of reactive smiles,
or smiles that are coordinated with but produced slightly
after the gaze to a social partner. Further, within the HR
group there was no association between social smiles of
either type at 8 months and later ASD symptomatology at
36 months. The authors reported that 12 HR siblings re-
ceived a diagnosis of ASD at 36 months, and while they
demonstrated that results were unchanged with and without
the inclusion of the ASD infants, they did not specifically
compare coordinated communication between subgroups
of HR infants.

While the results of these studies are informative, they
are limited in three significant ways. First, all three focused
on a small subset of the communicative coordinations that
infants can produce (Ozonoff et al. on smile and gaze,
vocalization and gaze; Gangi et al. on smile and gaze;
Winder et al. on gesture and communicative non-word
vocalization, gesture and word). Second, none provided
data from groups of HR infants differentiated in terms of
outcome, i.e., those who received an eventual ASD diag-
nosis, those who received an eventual diagnosis of lan-
guage delay but not ASD, and those who received no
diagnosis. Finally, none assessed the growth of commu-
nicative coordinations over frequent and regularly spaced
intervals in the naturalistic environment. While Ozonoff
et al. (2010) observed infants at five time points from 6 to
36 months, they did so during administration of a stan-
dardized clinical assessment. Gangi et al. (2014) examined
communication during an examiner-led assessment during
a small window of time (8, 10, and 12 months); and
although Winder et al. (2013) observed infants in the
naturalistic environment, they did so only at two time
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points (i.e., 13 and 18 months; see Adolph et al. 2008, for a
discussion of the importance of sampling at multiple time
points). The present study was designed to transcend these
limitations.

The Present Study

Determination of the degree to which differences in the
development of early communicative coordinations is
specific to ASD or a marker of general language delay
requires differential assessment of coordinations in HR
infants who eventually receive an ASD diagnosis, HR in-
fants who receive a language delay (without ASD) diag-
nosis, HR infants who receive no eventual diagnosis, and
comparison with LR infants at no known risk for ASD.
Language and communication delays are one of the first
concerns raised by parents of children with ASD (De
Giacomo and Fombonne 1998), and many HR infants who
do not develop ASD nevertheless experience early delays
in communication (e.g., Yirmiya et al. 2006; Zwaigenbaum
et al. 2007). Therefore, if early behavioral markers of ASD
identified in HR samples are to be useful in guiding
screening efforts for early diagnosis in the general
population or in clinically referred samples, it is important
to know not only whether these markers can distinguish
ASD from typical development, but also whether they
distinguish ASD from language delay (see Zwaigenbaum
et al. 2007, for further discussion). The inclusion of a high
risk group that develops non-ASD difficulties is necessary
to begin to determine whether observed delays and/or
deficits in social communication skills among ASD infants
are both sensitive and specific to ASD.

Delineation of group differences in the growth of com-
municative coordinations among these various groups re-
quires a longitudinal approach with frequent observations of
both early emerging and developmentally advanced coor-
dinations in familiar, everyday environments. With this in
mind, the current study assessed developmental trajectories
of communicative coordinations in HR and LR infants as
these coordinations were spontaneously produced in the
home. Naturalistic observation is a standard and reliable
method that has been widely and successfully used in nu-
merous studies of early communicative development (e.g.,
Iverson et al. 1994; Iverson and Goldin-Meadow 2005).
There is also evidence that social communication behaviors
(e.g., vocalizations, gestures, speech) are maximally likely to
occur when infants are in familiar surroundings and engaged
in familiar activities with familiar adults (Iverson et al. 1994,
Lewedag et al. 1994; Thal and Tobias 1992). While many
have advocated for the study of communication of children
with ASD in natural, familiar settings (e.g., Tager-Flusberg
etal. 2009; Wetherby 1986), very few studies have employed
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this approach. Further, to better characterize the shape of
change in communicative coordination over time, observa-
tions took place at regular and frequent intervals from 8 to
18 months, the developmental period during which social
communication emerges and becomes more varied and
complex.

The purpose of this research was therefore to investigate
developmental change in the coordination of infant com-
municative behaviors in early infancy (i.e., between 8 and
18 months) as assessed in a naturalistic home setting. We
sought to address three primary research questions. First, do
infants with and without risk for ASD demonstrate differ-
ences in developmental trajectories of coordinated commu-
nicative behaviors that are observable between 8 and
18 months? Second, to what extent do differences in the
development of coordinated communication predict a later
language delay or ASD outcome in HR infants, and do any
such differences primarily represent delayed (i.e., slower) or
deviant (i.e., atypical) development (see Satz et al. 1981, for
further definition of delay versus deviance)? Third, is delay
and/or deviance in coordinated communication specific and
unique to ASD or a general marker of communicative delay?

Method
Participants

Two groups of infants participated in this study. The first
consisted of 50 HR infants (22 males) with an older full
biological sibling diagnosed with Autistic Disorder (AD;
DSM-IV-TR; American Psychiatric Association 2000)
verified using DSM-IV-TR criteria and scores above the
Autism threshold on the Autism Diagnostic Observation
Schedule-Generic (ADOS-G; Lord et al. 2000) adminis-
tered prior to infant enrollment in the study. HR infants
were recruited from western Pennsylvania by flyer, pro-
fessional referral, and word of mouth through the Autism
Research Program at the University of Pittsburgh, parent
support groups, and local agencies and schools serving
children with ASD. The second group consisted of 30 LR
infants (14 males) with no family history of ASD followed
longitudinally as part of a separate study of vocal-motor
coordination in infancy (e.g., Iverson et al. 2007). LR in-
fants were recruited through published birth announce-
ments and word of mouth.

All infants were full-term, from uncomplicated preg-
nancies and deliveries with normal 5-min neonatal Apgar
scores (9-10; Apgar 1953), and from monolingual, Eng-
lish-speaking homes. Demographic information is pre-
sented in Table 1. As is apparent, groups were similar in
terms of ethnicity, parental age, education, and occupa-
tional prestige (Nakao and Treas 1994).

Procedure

Following informed consent procedures, all infants were
observed at home at regular intervals with a primary
caregiver. HR infants were seen monthly from 5 to
14 months, with 18-, 24-, and 36-month follow-up visits
that included administration of standardized assessments of
cognitive, social, behavioral, and communicative function.
At 36 months, HR infants were also seen at the University
of Pittsburgh Autism Research Program for final diagnostic
assessment and classification by an experienced clinician
blind to all previous study data. LR infants were followed
bimonthly from 2 to 19 months of age; and while LR in-
fants did not undergo formal evaluation to confirm typical
development, no developmental concerns were noted by
caregivers or research staff. The present study utilized data
for both groups obtained at 8, 10, 12, 14, and 18 months
and, for HR infants, from standardized assessments at 24
and 36 months. A summary of home visit procedures for
the HR and LR groups is presented in Table 2.

Home visits occurred within 3 days of the monthly an-
niversary of the infant’s birth at times when parents thought
the infant would be alert and playful. Observations lasted
approximately 25 min and were video- and audio-recorded.
To enhance audio recording, infants wore a small wireless
microphone housed in a cloth vest and clipped at shoulder
level, and caregivers were asked to turn off the television.
When siblings were at home, a sibling-minder was assigned
to keep them occupied and out of the assessment room to
ensure that infants had caregivers’ undivided attention and
that coders were blind to group membership.

At all sessions, observations included two segments in
fixed order. The first consisted of 15 min of unstructured,
naturalistic observation during which caregivers continued
activities as usual for the time of day at which the visit took
place. Infants typically played on the floor with the care-
giver present but not specifically initiating involvement
with the infant. The second segment consisted of 10 min of
free play and social interaction between the caregiver and
infant. During this segment, caregivers and infants were
seated on the floor and asked to “play as you normally
would;” otherwise, there was no attempt to structure this
segment in any way.

Measures

MacArthur—Bates Communicative Development Inventory
(CDI; Fenson et al. 2007)

At each session, parents were asked to complete the CDI, a
parent report measure of language and communicative de-
velopment that has been successfully used in studies of TD
and atypically-developing children, including those with
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Table 1 Demographic

HR (n = 50) LR (n = 30)
information for high risk and
low risk groups Gender
Female (%) 28 (56 %) 16 (53 %)
Male (%) 22 (44 %) 14 (47 %)
Racial or ethnic minority (%) 7 (14 %) 2 (7 %)
Birth order
First born (%) 0 (0 %) 12 (40 %)
Second born (%) 24 (48 %) 14 (47 %)
Later than second born (%) 26 (52 %) 4 (13 %)
Multiplex family (%) 5 (10 %) n/a
Mean age for mothers (SD) 34.10 (4.43) 31.77 (4.58)
Mean age for fathers (SD) 35.70 (4.30) 32.83 (4.21)
Maternal education
Graduate or professional school (%) 15 (30 %) 16 (53 %)
Some college or college degree (%) 33 (66 %) 13 (43 %)
High school (%) 2 (4 %) 1 (3 %)
Paternal education
HR high risk, LR low risk Graduate or professional school (%) 18 (36 %) 12 (40 %)
@ Nakao-Treas occupational Some college or college degree (%) 27 (54 %) 15 (50 %)
prestige score; not calculated for High school (%) 3(6 %) 3 (10 %)

5 fathers in HR group and 4
fathers in LR group

Mean paternal occupational prestige (SD)*

60.40 (14.96) 57.79 (12 %)

ASD (e.g., Charman et al. 2003; Mitchell et al. 2006). From
8 to 14 months, caregivers of HR and LR infants completed
the Words and Gestures form of the CDI (CDI-WG). The
CDI-WG consists of a 396-item vocabulary checklist and a
list of early gestures (e.g., giving, showing, pointing) and
actions (e.g., games and routines, pretend play). Parents are
asked to check vocabulary items that their child only un-
derstands or both says and understands and to indicate those
gestures and actions produced by the child.

At 18 months, depending on the child’s language level,
caregivers of HR infants completed either the CDI-WG or
the CDI-WS (Word and Sentences). The CDI-WS is
normed for children from 16 to 30 months and consists of a
680-word vocabulary checklist (parents indicate words that
the child says) and a section on children’s use of English
morphology and syntax. If a child was producing relatively
few words (as indicated by the primary caregiver and ob-
served by the experimenter) and had no two-word combi-
nations at 18 months, the CDI-WG was administered. If a
child had a significant productive vocabulary and some
word combinations, the CDI-WS was administered. At
24 months, all caregivers of HR infants were administered
the CDI-WS; and at 36 months, the CDI-III. The CDI-III is
normed for children aged 30-37 months and consists of a
100-item vocabulary checklist, 12 sentence pairs assessing
grammatical complexity, and 12 yes/no questions con-
cerning semantics, pragmatics, and comprehension. At the
18-month session, caregivers of LR infants were adminis-
tered the CDI-WS; but because LR infants were followed
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as part of a separate study that concluded when infants
were 19 months of age, no CDI data are available for LR
infants at 24 or 36 months (see Table 2). All LR infants
scored at or within the normal range (>10th percentile) on
the CDI as administered monthly from 8 to 19 months.

Mullen Scales of Early Learning (MSEL; Mullen 1995)

The MSEL was administered to all HR infants at 18, 24, and
36 months. The MSEL provides a measure of general cog-
nitive functioning from O to 68 months. It consists of five
subscales: Visual Reception, Receptive Language, Expres-
sive Language, Fine Motor, and Gross Motor. Internal con-
sistency ranges from 0.83 to 0.95. Items involve structured
tasks, questions, and observation of the child’s reaction to
stimuli with verbal requirements ranging from none to one to
three word responses to sentence repetition. The MSEL was
not administered to LR infants (see Table 2).

Outcome Assessment and Classification

HR infants were classified into one of three outcome
categories: (a) HR-ASD; (b) HR-LD (Language Delay no
ASD); or (c) HR-ND (No Diagnosis). A diagnosis of ASD
was given if infants met or exceeded ADOS algorithm
cutoffs for ASD or AD and received a clinical best estimate
diagnosis of ASD from a trained clinician using DSM-IV-
TR criteria. To provide a continuous measure of ASD
symptomatology, ADOS severity scores were calculated
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Table 2 Summary and purpose of home visit procedures for high risk and low risk groups

Schedule (infant age Purpose
in months)
HR (n = 50) LR (n = 30)
Observational measures
Videotaped observations 8 8 Observe frequency of gestures, vocalizations, eye contact,
10 10 facial expressions, and Coordinated Bouts
12 12
14 14
18 18
Parent report instruments
MacArthur-Bates Communicative 8 8 Assess expressive and receptive vocabulary, use of early
Development Inventory (CDI) 10 10 action schemes, gestures, and grammar
12 12
14 14
18 18
24 -
36 -

Standardized assessments
Mullen Scales of Early Learning (MSEL) 18 -

24 -

36 -

Autism Diagnostic Observation 24 -
Schedule-Generic (ADOS-G) 36 _

Assess fine and gross motor, visuo-spatial, and language
function

Assess ASD symptomatology

HR high risk, LR low risk

for each child from ADOS scores based on Gotham et al.
(2009) criteria. Calibrated severity scores ranged from 1 to
10 and accounted for the child’s age and language level.
Severity scores are presented for the HR subgroups at the
bottom of Table 3. Nine HR infants (6 males) received a
diagnosis of ASD at 36 months." HR infants were assigned
to the LD subgroup if they did not receive a diagnosis of
ASD (many children classified with ASD also exhibited
delayed language) and met one of the following criteria:
(1) Standardized scores on the CDI-WS and CDI-III at or
below the 10th percentile at more than one time point
between 18 and 36 months (e.g., Ellis Weismer and Evans
2002; Heilmann et al. 2005) and/or (2) Standardized scores
on the CDI-III at or below the 10th percentile and stan-
dardized scores on the Receptive and/or Expressive sub-
scales of the MSEL equal to or greater than 1.5 standard
deviations below the mean at 36 months (e.g., Landa and
Garrett-Mayer 2006; Ozonoff et al. 2010). Thirteen HR

! The exception was for one HR-ASD infant who met clinical best
estimate criteria for ASD at 36 months but his 36-month ADOS
scores fell below the cutoff for ASD by one point (Severity
score = 3, Cut-off > 4). He was retained in the ASD category due
to clinically significant ADOS scores and clinical best estimate at
24 months. 36-month ADOS scores for two additional HR infants
were deemed invalid due to shyness and/or noncompliance; one child
was classified as HR-ND and one as HR-LD.

infants (8 males) were classified as LD. The remaining 28
HR infants did not meet any of the above criteria for ASD
or LD (9 males).2

Table 3 provides a characterization of the HR sample by
presenting relevant CDI, MSEL and ADOS scores for the
three HR groups at 18, 24, and 36 months. A series of
Kruskal-Wallis one-way analyses of variance (ANOVA)
revealed significant differences between HR outcome
groups, with the HR-ASD group scoring significantly lower
than the HR-ND group on all measures (see Table 3).
Further, the HR-ASD group had significantly lower scores
than the HR-LD group on MSEL Receptive Language,
MSEL Expressive Language, and ADOS severity scores at
36 months. As expected, the HR-LD group also scored
significantly lower than the HR-ND group on all language
measures (i.e., CDI and MSEL). And while the HR-ASD

2 Two HR-ND infants demonstrated nonspecific developmental
delays (“other delay”) as indicated by MSEL standard scores at or
below 1.5 SD from the mean on one or more non-language subscales
(e.g., Fine Motor) and/or elevated scores (albeit below clinical cut-
off) on the ADOS-G. Neither of these infants’ parents reported
concern, nor did they receive early intervention services. Further,
visual inspection of the data suggested that communicative patterns
for HR-ND “other delay” infants were not substantially different
from other HR-ND infants; thus, the decision was made to retain them
in this category.
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Table 3 Mean (SD) standardized scores at 18, 24, and 36 months for the HR outcome groups

HR-ND (N = 28) HR-LD (N = 13) HR-ASD (N =9) Xz

M (SD) n M (SD) n M (SD) n
18 m CDI words Produced percentile 38.33%¢  (26.24) 27 7.69¢ (8.07) 13 3.33% (5.000 9  25.93%xx
24 m CDI words Produced percentile 47.92%¢  (23.31) 24  18.85° (19.06) 13 6.11* (8.58) 9  23.59%x
36 m CDI words Produced percentile 32,00 (27.42) 25 3.85°¢ (4.63) 13 5.71% 9.76) 7 16.78%:%*
36 m MSEL Receptive Language T-score 54.14*¢ (9.08) 28  44.23b° (8.80) 13 24.00*° (9.80) 6  21.64%%*
36 m MSEL Expressive Language T-score ~ 58.35¢ (9.05) 26 48.54°¢ (8.89) 13 31.50*° (11.90) 6  25.93%*=*
36 m ADOS severity index 1.68% (1.36) 28 1.54° 0.97) 13 6.22%° (2.99) 9 17.34%xx

HR-ND high risk-no diagnosis, HR-LD high risk-language delay, HR-ASD high risk-autism spectrum disorder, CDI MacArthur—Bates Com-
municative Development Inventory, MSEL Mullen Scales of Early Learning, ADOS Autism Diagnostic Observation Schedule. All children
received either Module 1 (n = 5) or Module 2 (n = 45) based on their expressive language level at the time of the assessment

*##% p < .001. Differing superscript letters show significant differences between groups as indicated by Mann—Whitney U tests

group performed lower than the HR-LD group on the
MSEL language scales, they did not differ in expressive
language as measured by the CDI at any age.

A clinical referral for further evaluation was made at
36 months if the child received an outcome classification of
ASD or LD. In addition, HR infants were given a clinical
referral at any time during the course of the study if parents
indicated concern about the infant’s development and asked
for a referral, or the infant scored above diagnostic cutoffs on
the Modified Checklist for Autism in Toddlers (M-CHAT;
Robins et al. 2001) at either 18 or 24 months. Infants referred
for evaluation and possible intervention were retained in the
sample, and types and frequency of services were
documented. Percentages of HR infants receiving services
(HR-ASD = 77.78 %; HR-LD = 53.85 %; HR-ND =
66.67 %) and average numbers of services (HR-ASD: M =
2.00; HR-LD: M = 0.92; HR-ND: M = 1.17) were roughly
comparable among groups. None of the parents was system-
atically involved in a parent training regimen.

Observational Behavior Coding

All infant-initiated communicative behaviors (gestures,
vocal utterances, eye gaze, and smiles) and temporally
coordinated combinations of these behaviors were coded
using a time-linked, computer-based video interface system
(Noldus Observer Video-Pro version XT; Noldus 2000).
Only behaviors that were truly spontaneous (i.e., not ex-
plicitly elicited by an adult’) were coded. Coding cate-
gories and definitions for communicative behaviors are
presented below.

3 Elicited behaviors were those in which (a) the child was given
explicit instructions that involve a specific directive (e.g., caregiver
says “give me the ball” and child picks up the ball and hands it to her;
caregiver says “Say ball” and child says “ball”), or (b) the child’s
behavior was directly prompted by physical movement or touching by
the communicative partner (e.g., the caregiver tickles the child and
the child smiles and laughs).
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Gestures

Gesture was defined as a communicative hand movement
accompanied by a clear effort to direct the caregiver’s atten-
tion (e.g., through use of eye contact, vocalization, postural
shift, or repetition; Iverson et al. 2008). Because the focus of
this paper was on infant-initiated communicative behavior,
hand movements that were part of a ritual act (e.g., blowing a
kiss) or game (e.g., patty cake) produced in the context of play
were not coded (e.g., Butcher et al. 1991; Iverson and Goldin-
Meadow 2005). Also, with the exception of giving and
showing (see below), hand movements that involved direct
manipulation of a person or object (e.g., using the index finger
to activate a button on a toy) were not coded as gestures.
Gestures were classified into two main categories. Deictic
gestures (pointing, reaching, giving, showing) express intent
to request or declare (e.g., Bates et al. 1979) and indicate
referents (i.e., object, location, event) in the immediate envi-
ronment. Their meanings are thus context-bound. Represen-
tational gestures (e.g., nodding the head “yes;” raising the
arms high for “tall”) differ from deictic gestures in that they
represent (rather than indicate) specific referents and their
semantic content does not vary with context (e.g., Iverson
et al. 1994).

Vocal Utterances

All vocal utterances were coded in a manner consistent with
previous work examining infants’ prelinguistic sounds (e.g.,
Gros-Louis et al. 2006). Vocal utterances were classified into
two major categories: words and non-word vocalizations.
Words involved use of the same sound pattern to refer to a
specific referent on multiple occasions or in different con-
texts. They were either actual English words (e.g., “cat,”
“duck,” “hot”) or sound patterns that were consistently used
by a particular child to refer to a specific object or event (e.g.,
using “bah” to refer to a bottle in a variety of different
contexts). As indicated above, only spontaneously produced
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words were of interest here; words that were purely imitative
(i.e., words repeated immediately after being spoken by
another person) were not coded. All uninterpretable strings
of speech sounds (with the exception of sneezing, coughing,
breathing, and other vegetative noises) were coded as non-
word vocalizations (NWVs). NWVs included vowel strings
(e.g., [eeaa]), reduplicated babbling (e.g., [gaga]), and var-
iegated babbling (e.g., [bama]).

Eye Gaze

Instances in which the infant’s eye gaze was directed to-
ward another person’s face/eyes for at least one second
were coded as eye contact. Extremely brief, or fleeting,
glances toward another person were not coded as eye
contact.

Smiles

Based on research examining infants’ early attempts at
nonverbal communication (e.g., Yale et al. 2003), facial
expressions that involved the upward turning of the corners
of the lips often accompanied by narrowed/crinkled eyes
(i.e., eye constriction) and a widened mouth were classified
as smiles. (Oster 2000).

Coordinated Bouts

In addition to coding individual vocal, gestural, affective,
and eye gaze behaviors (i.e., those produced in isolation),
instances in which communicative behaviors co-occurred
in time were identified by coders with a single, unique code
(i.e., Coordinated Bout;, Parladé and Iverson 2010, 2011).
A communicative act was coded as a Coordinated Bout
when two (or more) behaviors overlapped temporally with
one another (e.g., a child points at a car and holds the point
while saying “car;” a child makes eye contact with his
mother and vocalizes, “dadada”). Temporal co-occurrence
was defined as when the duration of communicative be-
haviors overlapped at any point in time.

Coordinated Bouts were further described in terms of
their composition (i.e., identifying individual behavioral
forms appearing within a given coordination). Develop-
mentally-prior bouts included Social Smiles and Directed
Vocalizations. Social Smiles were defined as the co-oc-
currence of smiles and eye contact, while Directed Vo-
calizations were defined as the co-occurrence of NWVs
and eye contact (see Ozonoff et al. 2010, for similar
definitions). Three types of developmentally-advanced
bouts were identified. These included gestures combined
with smiles or eye contact (Gesture + Smile/EC), words

combined with smiles or eye contact (Word + Smile/EC),
and gestures combined with NWVs or words (Ges-
ture + NWV/W).

Reliability

To assess intercoder reliability, 58 videotapes (15 % of the
total; 29 HR, 29 LR) were chosen at random and inde-
pendently scored by 3 raters blind to one another’s codes.
One rater (first author) had some knowledge of which
group the tapes were from but was blind to diagnostic
outcome classification. The second and third raters were
blind to both group membership and outcome. Prior to
coding, secondary coders were trained to at least 80 %
agreement on all categories for three consecutive videos.
Reliability meetings were held regularly to prevent coder
drift and allow for estimation of reliabilities. Disagree-
ments were resolved by joint viewing and discussion.
Reliability data reflect the original codes. Intraclass cor-
relation coefficients (ICCs) between the raw total counts of
the three raters on each variable were calculated as an
index of agreement (e.g., Drew et al. 2007). Using this
procedure, ICCs were 0.78 for NWVs, 0.99 for words, 0.75
for gestures, 0.69 for eye contact, 0.74 for smiles, and 0.82
for Coordinated Bouts. For all variables, inter-rater re-
liability was good (>0.60) or excellent (>0.80).

Data Reduction and Analysis

This study was designed to explore developmental trajec-
tories in the communicative coordination of gestures, vo-
calizations, words, smiles, or eye gaze in HR and LR infants.
Although mean session lengths were highly similar across
outcome groups (LR: M = 25.00, SD = 1.05; HR-ND:
M = 24771, SD = 1.65; HR-LD: M = 24.77, SD = 1.52;
HR-ASD: M = 25.08, SD = 0.38), they sometimes varied
slightly among participants. All frequency variables were
therefore converted to rates per 10 min by dividing total
frequency by length of observation in minutes, then multi-
plying by 10. Because of missing visits (e.g., infant not yet
enrolled in study; visit missed due to illness or other unan-
ticipated family events) and/or malfunction of equipment,
8-month data were available for n = 74, 10-month data for
n = 78, 12-month data for n = 77, 14-month data for
n = 79, and 18-month data for n = 79 infants.*

* There were 6 missing sessions at 8 months (all HR); 2 missing
sessions at 10 months (both HR); 3 missing sessions at 12 months (2
HR, 1 LR); 1 missing session at 14 months (HR); and 1 missing
session at 18 months (LR).
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Analytic Approach

Hierarchical linear modeling (HLM; Bryk and Raudenbush
1992) was utilized to examine developmental trends with
respect to the frequency, variety, and complexity with
which communicative behaviors were produced in coor-
dination during the 25-min naturalistic and toy play context
over the observation period. Multilevel modeling tech-
niques were chosen because of the nested, hierarchical
nature of the data.’

In this study, analysis of five data points per infant
permitted exploration of linear, quadratic, and cubic
growth models. All models were estimated in HLM 6.08
using Full Information Maximum Likelihood estimation
(FIML; Raudenbush et al. 2004). The data in this study
contributed to a two-level hierarchical structure. The only
predictor of Level 1 variance (within sessions) considered
in this study was TIME. TIME was measured in months and
was centered at the individual level at the initial data col-
lection point (i.e., 8 months). The quadratic (TIMEZ) and
cubic (TIME®) age variables were calculated by squaring
and cubing the centered linear age variables, respectively.
At Level 2 (between-child) were time-invariant predictors
(i.e., a predictor that remained constant across observations
for a given infant) which included outcome group (i.e., LR,
HR-ND, HR-LD, and HR-ASD) and gender (MALE). The
LR group was used as the comparison group, thus coeffi-
cients reflect deviations in initial level (i.e., intercept),
slope, and/or acceleration from the average LR participant
in the sample. As a result, these analyses explicitly ex-
amined differences in growth trajectories among outcome
groups after controlling for infant gender.

For each analysis, a series of additional comparisons
was conducted to examine potential differences between
the HR-ND, HR-LD, and HR-ASD groups by system-
atically rotating the comparison group. Additional targeted
analyses were performed by re-centering time so that the
trajectories’ anchor, or intercept, systematically varied by
age (e.g., age;—10, age;—12, age;—14, age;—18). Cen-
tering improves the interpretability of the intercept (Singer
and Willett 2003), particularly in cases where behavior is
not expected to appear in typical development until after
the point of initial data collection (e.g., gesture-speech
combinations emerge between 8 and 12 months; e.g.,
Butcher and Goldin-Meadow 2000). This was also done to
determine the point at which the divergence of

5 Nested, hierarchical data violate assumptions of independence
required in traditional regression analyses. Violating assumptions of
independence can result in downwardly biased (smaller) standard
errors and alpha inflation. Thus, failure to account for nested and
hierarchical levels can result in more frequent, incorrect, rejections of
the null hypothesis and false positive results.
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developmental trajectories between outcome groups be-
came statistically significant.

Although details of the modeling process differed slightly
for each dependent variable (e.g., fixing the random Level 2
variation in intercept when no between-child differences
were detected in Level 1), the same general procedure was
used for all of the measures considered. The process began
with an unconditional means model (without predictors).
Model building continued with testing of functional form fit
for unconditional growth models by computing linear,
quadratic, and cubic growth models for each of the main
variables. Further assumptions underlying statistical models
were checked by assessing normality and homoscedasticity.
In cases where homoscedasticity assumptions were violated,
robust standard errors are reported instead. Finally, outliers
were identified by inspecting the Mahalanobis distance
plots. Extreme values were removed and models were fitted
again. In all cases, normality improved but results remained
unchanged (although significance levels may have at-
tenuated or strengthened).

Results

The overarching goal of this study was to examine the
developmental course of coordinated communication in
infants at heightened risk for ASD. In order to address the
primary research questions stated above, two sets of ana-
lyses regarding the nature of infants’ multimodal commu-
nication patterns during the 8- to 18-month period were
performed. The first focused on estimating growth in
overall production of Coordinated Bouts over time; the
second examined developmental changes in the specific
composition of Coordinated Bouts (developmentally-prior
vs. developmentally-advanced). For each variable, primary
analyses were complemented by additional comparisons
designed to evaluate differences in developmental trajec-
tories between (a) the LR and HR groups; (b) the LR and
HR-ASD groups; and (c) the HR-ASD and HR-LD groups.

Prior to conducting statistical analyses, potential effects
of birth order and early intervention (EI) were examined by
analyzing the mean rate of communicative attempts (i.e., a
behavior produced alone or a single Coordinated Bout) and
the mean rate of Coordinated Bouts (i.e., communicative
utterances in which two or more behaviors overlapped in
time). In light of prior research demonstrating differences
between first- and second-born children in some aspects of
language development (e.g., vocabulary, pronoun use;
Hoff-Ginsberg 1998; Oshima-Takane et al. 1996), birth
order was examined to ensure that any observed differ-
ences in communication between HR and LR infants were
not due to the higher frequency of first born infants in the
LR group. Mann—Whitney U tests revealed no effects of
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Table 4 Mean rate (per 10 min), standard deviations, and ranges of coordinated communicative behaviors for overall sample
Age

8 (n=74) 10 (n = 78) 12 (n =177) 14 (n=179) 18 (n =179)

M (SD) Range M (SD) Range M (SD) Range M (SD) Range M (SD) Range
Overall frequency
Coordinated Bouts 296 (3.75) 2292 635 (5.95) 23.11 3.65 (3.71) 1551 877 (7.11) 4035 9.62 (7.81) 37.22
Bout types
Social Smiles 0.77 (1.55) 1047 1.62 (2.68) 1992 0.73 (1.39) 621 150 (2.06) 1040 1.53 (2.37) 1036
Directed Vocalization 1.96 (2.26) 9.97 3.60 (3.63) 14.80 1.86 (2.04) 8.03 4.09 (3.30) 12.82 270 (2.54) 11.88
Gesture + Smile/EC 0.03 (0.13) 0.80 041 (0.66) 3.61 0.25 (0.51) 320 0.74 (1.00)0 438 081 (1.77) 1321
Word + Smile/EC 0.00 (0.00) 0.00 0.01 (0.09) 080 0.03 (0.16) 120 0.19 (0.65) 439 052 (0.95) 4.00
Gesture + NWV/Word 0.08 (0.21) 0.80 0.61 (1.23) 6.80 0.69 (1.02) 480 2.05 (2.85) 17.20 3.84 (4.06) 19.60

EC eye contact, NWV non-word vocalization

birth order (first born vs. later born) or EI services (yes vs.
no) on the rate of communicative acts or the rate of Co-
ordinated Bouts at any age.

Developmental Trajectories

Descriptive data on rates of Coordinated Bout production
and rates of occurrence of different types of Coordinated
Bouts are presented in Table 4, and the final model sum-
maries are presented in Table 5. As noted above, the LR
group was entered into all models as a reference group;
therefore, the coefficients generated for the HR-ND, HR-
LD, and HR-ASD groups reflect deviations in intercept,
slope and/or acceleration from the LR group.

Coordinated Bouts

To examine overall developmental change in coordination
of communicative behaviors, growth models were estimated
for the rate of production (per 10 min) of Coordinated
Bouts. Preliminary analyses indicated that while the inter-
cept term (i.e., starting point) was significantly different
from zero, it did not vary significantly between children; all
groups produced Coordinated Bouts at a similar rate at
8 months. The final HLM model included a fixed intercept
term and significant random effects of linear age, and out-
come group was included as a significant predictor
(P10 = 0.83, #(75) = 6.34, p < .001; see Table 5).° While
the rates of production of coordinated communication for

S Differences remained even after controlling for overall commu-
nicativeness. Further, variables of interest were calculated as propor-
tion of total communicative acts and raw data was plotted. Visual
inspection of the data suggested that proportion variables followed the
same developmental patterns (in terms of both overall developmental
pattern and group differences in trajectories) as those calculated as
rates.

the HR-ND and HR-LD groups were slightly lower than that
estimated for the LR comparison group (0.83 bouts per
10 min, per month), differences were not statistically sig-
nificant. However, relative to the LR comparison group, the
HR-ASD group grew at a significantly slower rate (3 =
—0.74, p < .001). In fact, the slope term was close to zero,
indicating that infants in the HR-ASD group showed almost
no growth in the production of Coordinated Bouts between 8
and 18 months (see Fig. 1). The difference between the HR-
ASD and LR group in the production of Coordinated Bouts
became significant at 12 months of age (p < .009). By
18 months, the level of Coordinated Bouts in the HR-ASD
group was almost 2 SD below that of the LR group.

To address the issue of specificity, additional analyses
examining differences between HR-ASD infants and other
HR outcome groups indicated that the growth rate in Co-
ordinated Bouts for the HR-ASD group also differed from
the HR-ND group (p =.001) and the HR-LD group
(p = .019). While group differences between the HR-ASD
and HR-ND groups were significant at 12 months
(p = .003), significant differences between HR-ASD and
HR-LD infants were not observed until 14 months
(p = .02). There were no other significant between group
differences in production of Coordinated Bouts.

Types of Coordinated Bouts

Next, the composition of Coordinated Bouts was examined
across the 8- to 18-month period by classifying coordina-
tions as developmentally-prior or developmentally-ad-
vanced based on the specific behaviors they included.
Descriptive statistics for each type of coordination for
the overall sample are presented at the bottom of Table 4.
These data indicate that infants produced Gesture + Smile/
EC and Word + Smile/EC Bouts at very low frequencies
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Table 5 Final growth models of gender and outcome group predicting growth trajectories for rate (per 10 min) of coordinated communicative

behaviors
All Coordinated Bouts® Social Smiles Directed Vocalizations Gesture + NWV/W
Coefficient SE Coefficient SE Coefficient SE Coefficient SE
Intercept
Intercept (Boo) 3.46%** 0.47 0.98*** 0.18 2.59%*% 0.26 0.08 0.07
Growth rate
Linear time (B;¢) 0.83%** 0.12 0.06 0.03 0.06 0.04 0.09 0.11
Male —0.08 0.13 —0.22 0.13
HR-ND —0.14 0.16 0.20 0.18
HR-LD —0.32 0.18 —0.11 0.15
HR-ASD —0.74%** 0.13 0.00 0.11
Acceleration
Quadratic time (B,o) 0.04* 0.02
Male 0.02 0.02
HR-ND —0.03 0.03
HR-LD —0.02 0.02
HR-ASD —0.05%* 0.02
Variance components
Var. in intercept (ro;) 0.29 0.71
Var. in growth rate (ry;) 0.35%** 0.02 0.01 0.47%**
Var. in acceleration (ry;) 0.07%**
Level-1 error (e;) 5.61 3.99 8.36 1.34
No. of parameters (FIML) 8 6 6 15
Deviance (FIML) 2463.70 1663.97 1929.90 1552.05

NWYV non-word vocalizations, HR-ND high risk-no diagnosis, HR-LD high risk-language delay, HR-ASD high risk-autism spectrum disorder,

FIML full information maximum likelihood
* p < .05; ** p < .0l; *** p < .001

# Contained one outlier

<
A O ®©® O N b
L L L L I |

Rate per 10 minutes

Age (in months)

IR == =HR-ND ====HR-LD scceeee HR-ASD

Fig. 1 Developmental trajectories of Coordinated Bouts by outcome
group from 8 to 18 months of age

throughout the observation period. In fact, the mean rate of
these types of bouts did not rise above 0.81 acts per 10 min
across the 8- to 18-month age range. As a result, it was not
possible to estimate reliable HLM models, even after data
transformation methods were attempted (i.e., reliability
estimates <.20).
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Developmental change in the mean rates of Social
Smiles and Directed Vocalizations was analyzed first. The
initial rate of Social Smiles at 8 months was significantly
different from zero (foo = 0.98, #79) = 5.53, p < .001),
but did not vary significantly between groups, (p > .10).
Further, little developmental change in this type of bout
was indicated (S, = 0.06, #(79) = 1.71, p = .090). This
suggests that, as expected, Social Smiles are a part of in-
fants’ communicative repertoires at 8 months, regardless of
diagnostic outcome, and remain so consistently over time.

The pattern of results was similar for Directed Vocal-
izations. While the initial rate of Directed Vocalizations
was significantly different from zero (foo = 2.59,
#(79) = 9.99, p < .001), and higher than that observed for
Social Smiles, no significant between-group differences
were detected for initial rate or growth rate over time. The
slope term was non-significant, indicating little change in
these types of behaviors over time (f;o = 0.06, #(79) =
1.40, p > .10). Thus, it appears that Directed Vocalizations
are a more prominent part of the communicative repertoire
than Social Smiles, and that infants in all outcome groups



J Autism Dev Disord (2015) 45:2218-2234

2229

3.5 q
3] /———/
2.5 A
2 4

1.5 A

——
1 4 — — —

Rate per 10 minutes

0.5 A

Age (in months)

Directed Vocalizations = =Social Smiles

Fig. 2 Developmental trajectories of developmentally-prior Coordi-
nated Bouts for all infants from 8 to 18 months of age

produced both types of developmentally-prior coordina-
tions at similar rates. Because between-child variation was
not indicated in the unconditional analyses, Level 2 con-
ditional models were not estimated for either type of bout.
Overall, these results indicate that all four groups showed
similar levels of Social Smiles and Directed Vocalizations
at 8 months, and that levels of these behaviors did not
change substantially with age (see Fig. 2).

Turning now to developmentally-advanced coordina-
tions, the rate of Gesture + NWV/W coordinations was
also low at 8 months but increased steadily with time (see
Table 4) so that by 18 months, all infants taken as a group
were producing, on average, 3.84 Gesture + NWV/W
Bouts per 10 min. Preliminary growth models for Ges-
ture + NWV/W Bouts revealed that the initial value (i.e.,
intercept at 8 months) was not significantly different from
zero and variance components indicated that there were no
significant between-group variation in intercept (i.e., level
at 8 months). The final HLM model therefore included a
fixed intercept and significant terms for linear and
quadratic effect of time (i.e., age). While significant var-
iation was detected in the linear term, group status was not
a significant predictor of this variance. However, sig-
nificant group differences were apparent in the quadratic
effect of time for Gesture + NWV/W Bouts (f,y = 0.04,
t(75) = 2.66, p = .01; see Table 5). This suggests that
there were systematic differences between outcome groups
in the acceleration (i.e., curvature) of Gesture + NWV/W
coordinations.

Further analyses indicated that the LR, HR-ND, and
HR-LD groups did not differ significantly in slope or ac-
celeration, suggesting that the acquisition and development
of Gesture + NWV/W coordinations is comparable for HR
infants without a later diagnosis of ASD and LR infants. By
contrast, infants who were later diagnosed with ASD ex-
hibited significantly slower acceleration in this type of
Coordinated Bout over time compared to the LR group,
(B3 = —0.04, ((75) = —2.87, p = .006).” As is apparent
in Fig. 3, the trajectory for the HR-ASD group remained

Rate per 10 minutes
w

Age (in months)

e |R === =HR-ND «====HR-LD

Fig. 3 Developmental trajectories of Gesture + NWV/W Bouts by
outcome group from 8 to 18 months of age

fairly flat throughout the 8- to 18-month period, indicating
little growth in this type of coordination over time. The
difference between the trajectories of Gesture + NWV/W
combinations for the HR-ASD and LR groups was sig-
nificant as early as 12 months (p = .002) and remained
significant through 18 months (p = .002). The HR-ASD
group was not significantly different from the HR-ND or
HR-LD groups in growth rate or acceleration.

Because visual inspection of the group trajectories de-
picted in Fig. 3 suggests that the HR-LD group began to
diverge from the HR-ASD group around 12 months of age,
a post hoc analysis was conducted with time re-centered at
12 months and the HR-LD group as the reference. More-
over, since gesture-speech combinations are a fairly low
frequency behavior at 8 months, re-centering the starting
point for the trajectory allowed us to improve the inter-
pretability of the intercept (thereby detecting group differ-
ences when present), while still utilizing any data points
prior to 8 months (Singer and Willett 2003).

This analysis resulted in a new set of intercept, slope,
and acceleration parameters that reflected the mean fre-
quency of Gesture + NWV/W Bouts at 12 (instead of 8)
months of age. Figure 4 illustrates the group trajectories
using the new parameters with time centered at 12 months.
Comparison of these parameters indicated that the inter-
cepts exhibited significant random variance and group
status was a significant predictor of variation. HR-LD and
ASD groups exhibited significantly lower intercepts than
LR and HR-LD groups but did not differ from one another
in rate of Gesture + NWV/W Bouts at 12 months. Im-
portantly, however, the HR-ASD slope was significantly
lower than that of the HR-LD group at 12 months (ff; =
—0.09, t(75) = —1.94, p = .044); there was also a non-
significant trend for acceleration of growth (f, =
—0.03, «(75) = —1.73, p = .087). When time was centered

7 Results were identical when assessing for group differences in
Gesture + NWV combinations alone. Gesture + Word combinations
were not analyzed separately due to their low frequency.
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Fig. 4 Developmental trajectories of Gesture + NWV/W Bouts by
outcome group from 8 to 18 months of age with time re-centered at 12
months

at 18 months, the group difference (at that specific point in
time; i.e., intercept) between HR-ASD and HR-LD in the
mean rate of production of Gesture + NWV/W Bouts
reached statistical significance (o = —1.76, #(75) =
—2.32, p = .023). Thus, it appears that both HR-LD and
HR-ASD infants demonstrated an initial delay in produc-
tion of Gesture + NWV/W Bouts. However, by 12 months
of age, Gesture + NWV/W Bouts began to emerge for
HR-LD infants and then developed at a rate comparable to
those for LR and HR-ND children (even though these types
of bouts were still produced less frequently overall). By
contrast, when examining the trajectory of these coordi-
nations at multiple points from 8 to 18 months, the de-
velopmental course appeared deviant (i.e., atypical) for
HR-ASD infants; this deficit in coordinating vocal utter-
ances and gestures was most clearly evident by 18 months.

Discussion

The goals of this research were to examine developmental
trajectories in coordination of social communicative be-
haviors from 8 to 18 months in HR and LR infants in order
to: (a) describe the development of coordinated commu-
nication in HR infants and identify any group differences
that might exist between HR and LR infants; (b) determine
whether differences in developmental trajectories during
early infancy may identify infants who receive a later di-
agnosis of ASD; and (c) examine whether delays and/or
deviance in the development and coordination of commu-
nicative behaviors are specific to ASD rather than an index
of general communicative delay. Overall, findings point to
the value of a comprehensive approach that examines the
communicative system as a whole by measuring both
preverbal and verbal aspects of communication. They also
underscore the importance of examining the course of de-
velopmental change over time.
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What is the Nature of Coordinated Communication
Development in HR Infants?

The current study extends previous findings on social
communication in HR infants by examining a wider range
of communicative behaviors, including the coordination of
gesture, smiles, eye contact, NWVs, and words, sponta-
neously initiated by the child in everyday communication
in the naturalistic environment of the home. One primary
finding was that no differences were detected between LR
and HR-ND groups in mean rates of Coordinated Bouts
overall or in mean rates of either developmentally-prior or
developmentally-advanced bouts. This stands in contrast to
previous reports of significantly lower rates of communi-
cation among HR infants relative to LR peers (e.g., Cassel
et al. 2007; Mitchell et al. 2006; Toth et al. 2007; Winder
et al. 2013; Yoder et al. 2009). However, prior studies have
adopted different approaches to characterizing HR infants.
Some did not separate HR infants later diagnosed with
ASD from those with no such diagnosis in their HR sample
(e.g., Cassel et al. 2007). Others failed to distinguish HR
infants with language delay but no ASD from those with no
diagnosis (e.g., Toth et al. 2007; Winder et al. 2013; Yoder
et al. 2009). The current study highlights the fact that a
sizeable portion of HR infants (56 %) appear indistin-
guishable from their LR peers. For a majority of children,
in other words, being at “heightened risk” (i.e., having an
older brother or sister with ASD) is not synonymous with
manifesting later delays or autism symptomatology (see
also Messinger et al. 2013).

Can Differences in the Development of Coordinated
Communication Identify Infants Later Diagnosed
with ASD?

The present investigation contributes to a growing body of
developmental research on early social communication
skills by evaluating the extent to which delayed and/or
atypical patterns of coordinated communicative behaviors
can be used to identify children eventually diagnosed with
ASD. By tracking development over time, it was possible
to identify with greater accuracy the point in development
where behavioral symptoms of ASD began to emerge.
Developmental trajectories modeled across the 8- to
18-month period for the HR-ASD group deviated in sig-
nificant ways from the HR-ND and LR groups for rates of
Coordinated Bouts and Gesture + NWV/W  Bouts.
Specifically, relative to comparison groups, HR-ASD in-
fants demonstrated virtually no growth in these behaviors
over time. ASD growth trajectories diverged from the LR
and HR-ND groups as early as 12 months of age (but not
before), and became more discrepant over time.
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This pattern of results is also consistent with previous
work demonstrating that older children with ASD are often
especially impaired in the coordination of communicative
behaviors (Adrien et al. 1987; Buitelaar et al. 1991;
Wetherby et al. 1989), and with more recent research with
toddlers indicating that children later diagnosed with ASD
demonstrate a lack of coordination of gaze, facial expres-
sions, gesture, and vocalization relative to TD and devel-
opmentally delayed children (e.g., Shumway and Wetherby
2009; Wetherby et al. 2004).

Are Deficits in Social Communication Coordination
Specific to ASD?

A unique aspect of the design of the current study was that
it identified a subset of infants from the original HR group
who did not receive an ASD diagnosis but met criteria for
language delay (i.e., HR-LD). Specific comparison of in-
fants and toddlers with LD versus ASD is important since
language delay is often the first developmental disruption
suspected by parents of children with ASD (Filipek et al.
1999). Not only were there significant differences between
the HR-ASD and HR-LD groups in frequency of Coordi-
nated Bouts overall; our data indicated specifically that
Coordinated Bouts involving gestures and vocal utterances
(NWYV or words) distinguished infants with ASD from HR-
LD infants. That is, Gesture + NWV/Words were the only
coordinated communicative behavior studied for which
HR-ASD infants also differed from HR-LD infants in de-
velopmental course. In comparison to LR and HR-ND in-
fants, the HR-LD group demonstrated similar starting
levels of these communicative behaviors at 8 months; and
despite a slight delay at first, these infants exhibited in-
creasing trajectories. By contrast, infants in the HR-ASD
group displayed persistent delays. This finding suggests
that infants with ASD have a specific and unique difficulty
coordinating vocal utterances and gestures, particularly
with one another. The coordination (i.e., temporal inte-
gration) of gesture with speech in older children with ASD
has also been identified as a distinct feature of the disorder.
Gesture-speech asynchrony is evident even when overall
levels of gestures are similar to comparison groups and has
been shown to negatively affect the perceived quality of
social interactions (de Marchena and Eigsti 2010).

Early gesture-vocalization combinations may have im-
portant consequences for later social and linguistic devel-
opment by more effectively establishing joint reference
between an infant and his/her social partner (i.e., joint at-
tention; Winder et al. 2013). Thus, an infant who not only
points at something of desire or interest but vocalizes while
doing so produces a powerful stimulus for parent behavior,
a stimulus likely to bring about a state of joint attention.
For example, a parent who is engaged in her own activities

might very well fail to notice her infant silently pointing to
a cat. But when the infant accompanies her point with a
vocalization, the parent is much less likely to miss the
gesture and may be more likely to shift attention to the
object of infant desire or interest, possibly then providing a
verbal label or comment about the object (e.g., “Yes, that’s
a kitty, look at the kitty, what a nice kitty”).

Prior work has established the importance of NWVs for
directing parental attention (e.g., Hsu and Fogel 2001;
Gros-Louis et al. 2006). Moreover, research showing that
mothers increase the length of their responses selectively to
specific types of gesture-speech combinations suggests the
value of coordinated NWVs for creating social learning
opportunities (Goldin-Meadow et al. 2007). Thus, coordi-
nated communication involving NWVs may serve to
establish episodes of joint attention in which important
input from a social partner may be elicited. Some evidence
for this possibility is provided by a recent study examining
maternal responses to coordinated communication pro-
duced by 12 HR and 15 LR infants during mother—child
play at home when infants were 18 months old (Leezen-
baum et al. 2014). Results indicated that mothers of HR
and of LR infants almost always responded verbally to
their infant’s gestures produced alone as well as to gestures
coordinated with NWVs. However, mothers in both groups
were significantly more likely to respond with translations
(i.e., verbally labeling a gesture referent) to infant gestures
that were coordinated with NWVs than to gestures pro-
duced alone.

If infants later diagnosed with ASD demonstrate re-
duced frequency of gesture-vocalization combinations,
they may also have fewer opportunities to establish shared
states of attention during which linguistic and social
learning occur. In other words, the deficit in coordinated
communication exhibited by ASD infants in this study may
have altered the input that these infants received from their
environment. Caregivers may have been less likely to
provide verbal labels and/or engage in episodes of shared
reference (i.e., joint attention) as a result of ASD infants
producing qualitatively less complex communicative bids.
The absence of such experiences and loss of timely
learning opportunities may negatively impact additional
aspects of communication and social development
(Mitchell et al. 2006; Yirmiya et al. 2006; Yirmiya and
Ozonoff 2007).

In summary, findings from this study suggest three
major conclusions. First, while a subset of non-ASD HR
infants also experienced delays in language (HR-LD), the
majority of HR infants demonstrated communication skills
more comparable to those of LR infants. Second, behav-
ioral symptoms of ASD within the social communication
domain appear to emerge over time, beginning just after
the first birthday and becoming more pronounced by
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18 months. Finally, infants with ASD do not appear to have
widespread difficulties in the production and coordination
of all social communication behaviors; rather, they
demonstrate a pronounced deficit in the coordination of
more developmentally advanced behaviors. In particular,
deviant trajectories indicating the absence of growth in
coordinated vocalizations and gestures emerged as a
unique predictor of ASD.

While more research with larger sample sizes, longer
sampling of behavior, and additional clinical comparison
groups (e.g., infants with cognitive delays but without
ASD) are needed to replicate and clarify the full import of
the findings presented here, these results underscore the
importance of examining the multimodal coordination of
communicative behaviors in naturalistic settings over time.
By identifying patterns of communicative behaviors that
are specific and unique to ASD (e.g., gesture-vocalization
coordinations), we can begin to isolate early markers of the
disorder. This will not only contribute to our understanding
of how ASD unfolds in early infancy but may also be
useful in refining and guiding more effective treatment
interventions.
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