J Autism Dev Disord (2012) 42:1064-1074
DOI 10.1007/s10803-011-1349-z

ORIGINAL PAPER

To What Extent Do Joint Attention, Imitation, and Object
Play Behaviors in Infancy Predict Later Communication
and Intellectual Functioning in ASD?

Kenneth K. Poon - Linda R. Watson
Grace T. Baranek - Michele D. Poe

Published online: 20 August 2011
© Springer Science+Business Media, LLC 2011

Abstract The extent to which early social communica-
tion behaviors predict later communication and intellectual
outcomes was investigated via retrospective video analysis.
Joint attention, imitation, and complex object play behav-
iors were coded from edited home videos featuring scenes
of 29 children with ASD at 9—12 and/or 15-18 months. A
quantitative interval recording of behavior and a qualitative
rating of the developmental level were applied. Social
communication behaviors increased between 9-12 and
15-18 months. Their mean level during infancy, but not
the rate of change, predicted both Vineland Communica-
tion scores and intellectual functioning at 3-7 years. The
two methods of measurement yielded similar results. Thus,
early social communicative behaviors may play pivotal
roles in the development of subsequent communication and
intellectual functioning.
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Introduction
Despite the commonalities in symptoms associated with

diagnoses of autism spectrum disorders (ASD), the course
of development varies considerably among individuals
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with ASD. Research has consistently identified functional
language use and better intellectual functioning in young
children with ASD as robust predictors of positive outcome
in later childhood, adolescence, and adulthood (Anderson
et al. 2007; Baghdadli et al. 2007; Billstedt et al. 2007,
Howlin et al. 2000; Szatmari et al. 2003; Thurm et al. 2007,
Venterb et al. 1992). Despite this established link between
the preschool indicators and subsequent outcome, little is
known about the specific developmental mechanisms by
which these indicators impact positively upon develop-
ment. The examination of the relationship among earlier
indicators, developmental changes across time, and later
outcomes may help clarify the mechanisms and processes
involved. Furthermore, this knowledge may guide early
intervention by suggesting pivotal behaviors to target for
early intervention in order to optimize outcomes.

Of the early characteristics of young children with ASD
that may potentially predict language and intellectual
outcomes, the class of social communicative behaviors
comprising joint attention, imitation, and object play par-
ticularly merit investigation. All three of these behaviors
emerge and undergo rapid development from the end of the
first year through the second year of life (e.g., Belsky and
Most 1981; Carpenter et al. 1983; Crais et al. 2004). In
addition, these behaviors are associated with both language
and cognitive development among typically developing
children (Bates et al. 1979; Carpenter et al. 1998; Charman
et al. 2000; Laasko et al. 1999; McEwen et al. 2007;
Mundy et al. 2007). Of particular importance for the cur-
rent study, young children with autism are challenged in all
three of these areas (Charman et al. 1998; Lewis and
Boucher 1988; Mundy et al. 1994; Rogers et al. 2003;
Stone et al. 1997). Furthermore, individual differences in
joint attention, imitation, and object play skills in children
with ASD aged 18 months and above are associated with
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later language and intellectual functioning (Charman et al.
2003; Luyster et al. 2007; Shumway and Wetherby 2009;
Sigman et al. 1999; Stone and Yoder 2001; Wetherby et al.
2007).

Bates and colleagues (1979) suggested that symbolic
capacity may underlie the associations of early joint
attention, imitation and object play to later language and
cognitive development. Alternatively, these associations
may be due to a shared general maturational factor. The
current study is based on the assumption that joint atten-
tion, imitation, and object play are specifically linked to
later cognitive and language development in infants with
autism. If the predictive value of these variables is only
based on the extent to which they reflect infants’ overall
developmental status, the theoretical and clinical implica-
tions of any predictive associations would be less clear.
The removal of the variance in outcomes attributable to
global delay would allow a better understanding of the role
these predictors play in language and cognitive develop-
ment. A methodological challenge in studying the corre-
lation between social communicative behaviors in infancy
and later outcomes among children with ASD is how to
control for overall level of developmental delay during the
infancy period, before a diagnosis has been made. A pos-
sible index of general maturation within the nine to
18 month age period is the age the child began to walk, a
motor development skill. Early motor development and
language development are linked to one another (Ejiri and
Masataka 2001; Iverson 2010), reinforcing the need to
account for general maturational influences in a study such
as this one.

The trend towards earlier diagnoses (e.g., Lingam et al.
2003), practice guidelines emphasizing early screening for
ASD (e.g., Johnson et al. 2007), and the push towards early
intervention (National Research Council 2001) indicate a
corresponding need to study predictors of language and
intellectual outcomes in children with ASD under the age
of 20 months. Given that most children with ASD are
diagnosed past the age of 2 years, the observation of early
features of ASD in infancy requires methods providing data
prior to diagnosis. Such methods include prospective
studies of high risk infant siblings of children with ASD,
retrospective parent reports, and retrospective video anal-
yses (see review by Barbaro and Dissanayake 2009). To
date, the emphasis in these studies of the features of ASD
during infancy has been on predicting later diagnostic
outcomes of children (i.e., ASD versus non-ASD) rather
than on predicting later developmental outcomes within the
population of children with ASD.

The current study uses retrospective video analysis
(RVA) methods to investigate the longitudinal trajectories
of social-communicative behaviors, as well as their associ-
ations with later developmental outcomes. Specifically, we

aim to (1) measure overall levels, as well as rates of change,
in joint attention, imitation and object play from early
infancy (9-12 months) to later infancy (15-18 months) in
children who are later diagnosed with ASD, and (2) deter-
mine the extent to which overall levels and rates of change
across these three prelinguistic social-communicative
behaviors during infancy predict later language and intel-
lectual functioning in children with ASD in the 3- to 7-year-
old age range. Finally, we wished to explore the extent to
which quantitative (i.e., frequencies of occurrence) versus
qualitative (i.e., developmental ratings) methods of coding
have differential utility in measuring these early features.

RVA is an established and ecologically valid method for
sampling autistic features during the infancy period and is
not subject to the limitations of caregiver memory or post-
diagnosis recall biases (Baranek 1999; Baranek et al. 2005;
Clifford and Dissanayake 2008; Osterling et al. 2002).
Whilst there are methodological limitations to RVA (e.g.,
that the behaviours observed may be constrained to selec-
tive and narrow representations of the child’s behavior, or
that it is not possible to elicit specific behaviors such as
response to a social smile; see Baranek 1999), RVA also
has advantages of studying development in infants from
samples that are not necessarily at high genetic risk for
ASD. In addition, a recent comprehensive review of RVA
studies of infants with ASD (St. Georges et al. 2010)
concluded that the convergence of findings from RVA
studies with those of prospective studies supports the
validity of RVA methods.

Method
Participants

Home videos were collected from parents of 29 children
with ASD (see Table 1) participating in a larger research
study conducted by the second and third authors. All
children were previously diagnosed by a physician or
psychologist as having Autistic Disorder (27 cases), Per-
vasive Developmental Disorder-Not Otherwise Specified
(one case), or Asperger’s Disorder (one case). Diagnoses
were confirmed for the research study with at least one of
three instruments: the ADI-R (Rutter et al. 2003), the
Autism Diagnostic Observation Schedule (ADOS; Lord
et al. 1999), and/or the Childhood Autism Rating Scale
(CARS; Schopler et al. 1988). All participants met criteria
for ASD on at least one of these instruments. The ADI-R
was conducted for 22 of the participants and all but one met
the cutoff for autism. CARS scores were available for all
participants; all but two met the CARS cutoff for autism.
The five cases who completed the ADOS all met the
criteria for autism.
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Table 1 Demographics of study participants

Time point 1 Time point 2 Both time points Total
9-12 months 15-18 months 9-12 and 15-18 months (n = 29)
(n = 27) (n = 18) (n = 16)
Child demographics
Gender (%)
Male 23 (85.2) 15 (83.3) 14 (87.5) 24 (82.8)
Female 4 (14.8) 3 (16.7) 2 (12.5) 5(17.2)
CA 4.54 (1.52) 4.29 (1.57) 4.40 (1.64) 4.46 (1.49)
Child development
Cars score (SD) 34.5 (7.31) 35.69 (7.07) 35.38 (7.44)
Age walking (SD) 13.24 (3.48) 12.88 (3.15) 13.07 (3.16) 13.11 (3.47)
Other information
Mother education (%)
Partial college 5(33.3) 3(23.1) 2 (18.2) 6 (35.3)
College degree 4 (26.7) 5 (38.5) 4 (36.4) 5(29.4)
Graduate degree 6 (40) 5 (38.5) 5 (45.5) 6 (35.3)

Materials

Two instruments developed in our laboratory (see below)
were utilized for measuring the predictor variables (i.e., joint
attention, imitation, and object play). An additional variable
(covariate), the age when the child began walking, was based
on parent report. The developmental outcome variables were
based on assessment results using standardized published
instruments of communication and intelligence.

The Object Play Coding Scale (OPCS)

The OPCS (Baranek et al 2005) provided the algorithm for
the quantitative coding of occurrences of object play (Qty
OP). Data coded by Baranek and colleagues using the OPCS
were employed in this study, but the continuous method of
coding they employed was transformed into an interval
recording system for the current investigation. The Qty OP
measure represented a count of intervals wherein there was
an occurrence of the object play behaviors at the relational
level or higher. There are a total of 40 intervals per 10 min of
video footage; thus, the potential range was from 0 to 40.

The Naturalistic Observation Schedule of Infant/Toddler
Behaviors (NOSIB)

The NOSIB was developed for coding joint attention and
imitation quantitatively, and for providing developmental
ratings of joint attention, imitation, and object play. As in
the case of the OPCS, the quantitatively coded joint
attention and imitation behaviors (Qty JA and Qty IM,
respectively) reflect the frequency of occurrences of
intervals with the respective social-communicative
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behaviors with a range of 0 to 40. Joint attention behaviors
were defined as a set of behaviors whose functions are to
monitor or share attention with another person regarding an
external object, activity, or event (Mundy and Hogan
1996). Imitation was defined as the motor or verbal repe-
tition of actions or sounds previously performed by a
model (Yando et al. 1978). Both spontaneous as well as
elicited behaviors that occurred within 15 s of demon-
strated behavior were considered imitation behavior.

Developmental ratings of joint attention, imitation, and
object play were also recorded. For each of three predictors
(i.e., Dev JA, Dev IM, Dev OP), a rating from ‘1’ to ‘5’
was made, with each rating corresponding to a develop-
mental age range (see “Appendix”). The rating of joint
attention describes a range of social-communicative over-
tures that relate to the following and directing of attention,
drawing largely from work by Carpenter et al. (1998) and
Crais et al. (2004). Dunst’s (1980) operationalization of
UZzgiris and Hunt’s (1975) assessment protocol provided
the source of the developmental rating of imitation
behaviors. The object play categories at the relational,
functional, and symbolic levels and the corresponding
operational definitions of object play from the OPCS
(Baranek et al. 2005) were preserved in the developmental
rating of play. Coders assigned a global rating for each
variable for each video segment based on the highest level
skills observed in the segment.

Vineland Adaptive Behavior Scales, Communication
Subscale (VABS-Com)

The standard score of the Communication Subscale of the
Vineland Adaptive Behavior Scales (Sparrow et al. 1984)
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was used as an index of functional language skills between
3 and 7 years of age. The VABS-Com was reported to have
strong internal consistency (.89-.93) and test-retest reli-
ability (.86-.89) for children aged between 3 and 7 years
(Sparrow et al. 1984). The concurrent validity of the
VABS-Com was checked by correlating the VABS-Com
score of 15 young children with ASD (not part of the
current study) with the Total Language Score the Preschool
Language Scale (PLS-4; Zimmerman et al. 2002), reveal-
ing a strong association (r = .95, p < .01) between the two
measures.

Intellectual Functioning (IQ-Cat)

The intellectual abilities of 19 participants were ascertained
via the Mullen Scales of Early Learning (MSEL; Mullen
1995). The intellectual abilities of six additional participants
were ascertained via other varied measures of intellectual
and developmental performance. Two were tested on the
Bayley Scales of Infant Development—II (Bayley 1993) and
three children were tested on other intelligence tests: one
each on the Leiter-R (Roid and Miller 1997), the Stanford
Binet Intelligence Scales, fourth edition (Thorndike et al.
1986), and the Battelle Developmental Inventory (Newborg
et al. 1984). Four participants had no data regarding intel-
lectual abilities and were excluded from analyses involving
intellectual functioning. To circumvent potential problems
that may stem from the interchangeable use of IQ or DQ
scores from different measures, standard scores were con-
verted into four ordinal categories of intellectual function-
ing: average and above intelligence (IQ/DQ > 85), border-
line 1IQ/DQ = 70-84), mild mental retardation (IQ/DQ =
55-69), and moderate mental retardation to severe/profound
mental retardation (IQ/DQ < 54).

Procedure

Families of children diagnosed with ASD were recruited
via advertisements, direct mailings/brochure distributions
to community developmental evaluation clinics, hospital-
based clinics, public and private schools, early intervention
programs, and advocacy groups for children with ASD, as
part of the larger research program of the second and third
authors. Once families consented to participate, research
staff interviewed the parents and assessed the children.
Parents were asked to provide all home videotapes of the
target child when aged birth to 2 years. A research assistant
blind to the child’s diagnosis and to the research questions
coded each video scene for content regarding child age,
number of people present, social nature of the scene,
physical environment, amount of structure provided, and
situational content (e.g., bath, mealtime, first birthday
party; see Table 2). The age of children born prematurely

(i.e., under 36 weeks) was adjusted so the number of weeks
born premature was subtracted from the age for video
coding. Another research assistant, also blind to the
research questions and child’s diagnosis, edited the con-
tent-coded video footage. For each targeted age range (i.e.,
9-12 months and 15-18 months), two five-minute seg-
ments with two to nine quasi-randomly selected scenes of
quality home video footage (e.g., child visible, varied
contexts) were produced (see Table 2 for description of
footage content). In addition, footage was selected to rep-
resent the child at all available points within the targeted
age range. Audio cues marked 15-second scoring intervals
in the edited footage.

Quantitative coding of behaviors and developmental rat-
ings were completed for each 5-minute segment. The Qty OP
data were derived from preexisting data coded via the OPCS
(Baranek et al. 2005). The original data had been coded
continually using The Observer 3.0 (Software for Behavioral
Research 1996). For the purposes of the current study, the
continuous data in the Observer data file were transformed
using a customized computer program. For each interval,
the absence of the target behaviors was coded as ‘0’and the
presence of the target behaviors was coded as ‘1’. The
interval coding method was chosen to be consistent with
the methodology for quantifying Qty JA and Qty IM.

For coding and rating behaviors other than Qty OP, each
video segment was watched once for familiarization, again
to note target behaviors, and another three to six times to
complete quantitative coding and developmental rating for
joint attention and imitation, and developmental rating for
object play. A second coder coded a randomly selected
20% of the total segments for reliability purposes. Intra-
class correlations measuring reliability between coders
were .93, 94, and 1.0 for quantitatively-coded joint
attention, imitation, and object play, respectively, and .81,
.84, and .80, respectively, for developmental ratings.

Table 2 Description of video footage

9-12 months 15-18 months

(n = 27) (n = 18)

Mean percentage Mean percentage
(SD) (SD)

Average age of child in footage

Child age 11.08 (0.70) 16.08 (2.30)
Proportion of situations covered in video footage
Mealtime 13.3 (14.6) 8.6 (8.5)
Special event/party/ 26.3 (24.3) 6.0 (13.8)
holiday
Active play 50.7 (22.9) 70.6 (17.6)
Passive activity 5.4 (8.2) 3.3(5.3)
Bathtime/hygiene 3.1 (5.8) 7.5 (13.3)
Others 1.1 (4.3) 4.1 (8.0)
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Statistical Methods

For each of the analyses, a linear mixed model was fitted
with 6 or 12 repeated measures per child depending upon
whether s/he had data at one or two time points. In each
model the age (mean age for video footage coded at
9-12 months, 15-18 months), domain (joint attention,
imitation, object play), measure (quantitative vs. qualita-
tive developmental rating) and a covariate (i.e., age when
the child began walking based on parent report: agewalk)
were regressed on the observed social-communicative
behavior score. All interaction terms between the predic-
tors were also evaluated. The within person correlation
structure was assumed to be the same at times 1 and 2. The
Satterthwaite method was used to calculate the denomi-
nator degrees-of-freedom for all models and all analyses
were performed using SAS 9.1.

Two additional models were then fit to examine the
relationship between the two developmental outcome
variables (VABS-Com and IQ-Cat) and the social-com-
municative behaviors coded during the infancy periods.
These two models were identical to the previous model
except for the addition of the developmental outcome
variables. In each case the interaction between age and the
developmental outcome variable was examined to test
whether the change in the social-communicative behaviors
from 9-12 to 15-18 months was associated with later
developmental outcomes.

Results

The means and standard deviations of the observed social-
communicative behaviors, and those of developmental out-
come variables are reported in Tables 3 and 4, respectively.

Developmental Trends

The final model for this analysis (see Table 5) included all
2-way interaction terms but not the 3-way term
Age*Measure*Domain as it was not significant and not of
a priori interest. As seen in Fig. 1, the slope for the joint
attention domain appeared to be flatter than for the domains

Table 4 Descriptive statistics of outcome variables

Descriptive
statistics
Mean (SD)/
frequency

Vineland ABS—communication subscale (n = 29) 64.24 (22.01)
1Q category (n = 25)

Moderate to profound mental retardation (IQ < 55) 14

Mild mental retardation (IQ 55-69)

Borderline (IQ 70-84)

Average and above (IQ > 84)

of object play and imitation. However, the 2 degree-of-
freedom test for differences in slopes was not significant
(F241 = 1.07; p = .35). Furthermore, there was no differ-
ence in slopes between the quantitative measures and
qualitative developmental rating measures (p = .68). The
age when the child began walking was significantly related
to mean level of social-communicative behaviors (p =
.011) but not to the rate of change in these behaviors from
early to later infancy (p = .29).

Extent to Which Infant Social-Communicative
Behaviors Predict Childhood Communication

The Vineland Communication standard scores at 3—7 years
of age were significantly positively associated with the
mean levels of joint attention, imitation, and object play
during infancy (f = .0064, SE = .003, p = .035, stan-
dardized coefficient =.08). The correlation did not vary by
domain (joint attention, imitation, object play) (p = .92) or
measure (quantitative measures vs. qualitative develop-
mental ratings) (p = .62). There was no evidence that rate
of change in the prelinguistic social-communicative
behaviors between the two time points (9-12 to
15-18 months) was associated with the Vineland Com-
munication standard score (p = .79).

Extent to Which Infant Social-Communicative
Behaviors Predict Childhood Intellectual Functioning

Childhood intellectual level was associated with the mean
level of the joint attention, imitation, and object play

Table 3 Mean interval count and development rating of social-communicative behaviors

Mean interval count (SD)

Mean developmental rating (SD)

Time point 1
9-12 months (n = 27)

Time point 2

15-18 months (n = 18)

Time point 1
9-12 months (n = 27)

Time point 2
15-18 months (n = 18)

Joint attention 1.67 (2.15) 1.67 (1.37)
Imitation 1.52 (1.53) 2.78 (2.29)
Object play 0.30 (0.87) 1.61 (3.26)

2.59 (0.75) 2.89 (0.68)
2.74 (1.35) 3.44 (1.25)
2.00 (0.78) 2.72 (0.89)
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CT}?abnl;esinEiitg?litgzc?Ziate of Label Estimate Standard error DF t value Pr> I
communicative behavior Slope across domains 0.09 0.04 31 2.48 0.019
domains Test for differences between domains Frq = 1.07 0.353
IM slope 0.13 0.07 37 2 0.053
JA slope 0.04 0.05 37 0.94 0.355
OP slope 0.10 0.04 36 2.53 0.016

domains during infancy (p = .044). However, there was no
indication that the association varied by measure (p = .60)
or domain (p = .28). Neither was it related to the change
between the two time points (9-12 to 15-18 months) (all
p = .64).

Discussion
Developmental Trajectories

Based on the results of this study, there is distinguishable
growth in the social communication behaviors. Although
the developmental trajectory for joint attention seemed flat
in relation to imitation and object play behaviors, statistical
analyses of the slopes do not indicate any significant dif-
ference. Nevertheless, as seen in Fig. 1, the average gains
for this sample in joint attention are small; for example, the
quantitative data indicate that the average number of
intervals in which joint attention behaviors were observed
at 9-12 months is approximately 1.5, which increases to
only about 1.75 at 15-18 months. Studies of young chil-
dren with ASD have consistently found impairment in joint
attention in comparison to typically developing children or
children with other developmental disabilities (Baron-
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9-12 15-18

Time point (months)

Fig. 1 Rates of change in infant social-communication behavior
domains

Cohen et al. 1996; Mundy et al. 1994; Sigman et al. 1999;
Stone et al. 1997). This limited progress in joint attention
development during the 9 through 18 month age range,
when typically developing infants are showing rapid pro-
gress in these skills (Mundy et al. 2007) is consistent with
findings reported from research with high-risk samples by
Landa et al. (2007) and Sullivan et al. (2007). Their find-
ings demonstrated limited or no progress in joint attention
development among infant siblings (between the time
points of 14 months and 24 months) who themselves later
were diagnosed with ASD. Our study generalizes these
findings to a younger sample and to infants not selected due
to high genetic risk for ASD. Moreover, these findings
were based on observations in the context of natural daily
routines captured on video, which provide a more likely
representation of typical behavior for our sample.

The current findings demonstrating deficits in imitation
and object play across the 9-12 and 15-18 month periods
are consistent with prior literature documenting similar
deficits in older age groups (e.g., Charman et al. 1997,
Rogers et al. 2003), but support generalization to a younger
age group. In this study, the mean developmental rating
suggests that 9—12 month old infants with ASD have imi-
tation and object play skills representing the 3-9 month
age range, on average. By 15-18 months, the average
developmental rating for play skills rises slightly to the
high end of the 3-9 month age range, and the average
rating for imitation skills rises to the 9-12 month age
range. Although the qualitative ratings of developmental
levels were not validated on an independent sample of
typically developing infants, the ratings nevertheless were
based on developmental research and represented the typ-
ical ages at which different behaviors are observed. As
such, these findings support our hypothesis that infants who
are later diagnosed with autism are experiencing consid-
erable delays in developing imitation and play skills as
early as 9-12 months of age, and that although these skills
improve over time, they do so at a slow rate. The findings
from the current study do not address whether the sequence
of play development among children with ASD varies from
what is expected in typical development, or whether there
may be ‘gaps’ in the development of play skills even
though progress is occurring, as suggested by VanMeter
and colleagues (VanMeter et al. 1997).
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Social Communication Behaviors in Infancy
as Predictors of Childhood Functioning

The results of this study support the important role of three
social-communicative behaviors during infancy as predic-
tors of later developmental outcomes in children with
autism. Specifically, children with autism who display
higher levels of joint attention, imitation, and object play in
infancy are more likely to have stronger communication
and intellectual skills in the preschool or early school age
years. These findings are consistent with previous research
with older age groups reporting an association between
joint attention and subsequent language development (e.g.,
Charman et al. 2003; Mundy et al. 1990; Wetherby et al.
2007), and between imitation and subsequent language
(e.g., Charman et al. 2003; Stone et al. 1997; Stone and
Yoder 2001), but extend the evidence of these associations
to much earlier in infancy and in the context of naturally
occurring family routines. Contrary to expectations, the
rate of growth in social-communication behaviors between
9-12 and 15-18 months is not significantly associated with
later communication outcomes. The period between time 1
(9-12 months) and time 2 (15-18 months) may be too
short to establish stable growth trajectories, or possibly
early childhood outcomes are mediated by other interven-
ing factors such as the type and intensity of services a child
receives following a diagnosis of ASD.

Although many studies have established the predictive
association of preschool communication and cognitive per-
formance with later academic and adaptive outcomes in
school-aged children (e.g., Anderson et al. 2007; Baghdadli
et al. 2007; Billstedt et al. 2007; Howlin et al. 2000; Szatmari
et al. 2003; Venter et al. 1992), few have examined infant
precursors of later individual differences in functional com-
munication and intellectual performance among children with
ASD. Previous research has examined the onset of behavioral
symptoms of autism (Ozonoff et al. 2010), suggesting that
symptoms are not apparent at 6 months of age, but that by
12 months of age infants who will be later diagnosed with
ASD are distinguished as a group from other infants based on
several social features. Our findings contribute an important
extension to previous literature by examining more specifi-
cally the age at which early social-communicative features
become predictive of later developmental outcomes. The
findings of the present study suggest that by 9-12 months of
age, three key behaviors—joint attention, imitation, and
object play—play an important role in predicting later com-
munication and intellectual outcomes for children with ASD.

The mechanisms or processes through which these infant
social-communicative behaviors are linked to later com-
munication and cognitive functioning were not evaluated
in the current study; however, there has been previous debate
of the possible reasons for these linkages. For instance,
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infants who are better at responding to joint attention pre-
sumably can take advantage of more opportunities to both
learn to associate words spoken by communicative partners
with their appropriate referents, and to learn about the
functions of communication in the context of a shared focus
of attention (e.g., Luyster et al. 2008). Infants who initiate
more joint attention may benefit from additional experiences
with intentional control of social interactions, thereby
advancing both their cognitive and language development
(Mundy et al. 2007). Impairments in facial processing (e.g.,
joint attention) could weaken the link between attention to
faces and pleasure/rewards (Dawson et al. 2005), also neg-
atively impacting cognitive development. Similarly, when
appropriate play is lacking in infants and young children with
ASD, the likely result is fewer learning opportunities about
both the world of objects and the world of people. That is,
infants and toddlers who are not engaged in play have fewer
nonverbal learning opportunities from experiences acting on
objects, and fewer social-communicative learning opportu-
nities from others joining in play and talking about the
infant’s interests and actions. Infants and toddlers who
engage in more functional and pretend play may elicit more
facilitative interactions from their caregivers, whereby the
caregivers maintain and extend the child’s play rather than
redirecting it (Laasko et al. 1999). Turning to imitation,
McEwen et al. (2007) proposed that the association between
early imitation and later vocabulary observed in their study
might be due to an overlap in the genes controlling basic
processes such as attention to faces or motivation to engage
with others. Imitation has long been proposed as a strategy
through which children learn conventional behaviors,
including play and language (Meltzoff 2007); from this
perspective, an infant who infrequently imitates would be at
risk for later developmental delays in social-communicative
behaviors. It is possible that the relationship between these
three social-communicative behaviors represent earlier
manifestations of a more global impairment (e.g., motor
neurons) with impact in language, object play, motor skills,
and empathy (Oberman and Ramachandran 2007; Williams
et al. 2001). Another possibility is that the frequency of joint
attention, imitation, and object play occurrences is related to
a common root such as symbolic capacity (Sigman and
Ungerer 1984). In any case, this study’s finding of the
combination of the three social-communicative behaviors, as
opposed to them individually, predicting both communica-
tion and intellectual functioning requires further investiga-
tion. The finding may point to a global impairment (e.g.,
motor neurons), as opposed to one of a more specific nature,
at least from 9-12 and 15-18 months. As mentioned, the
current study was not designed to test these hypotheses so
they remain as postulations that require further research.
The findings of this study also have clinical implications.
They support the current consensus that imitation, play
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skills, and joint attention skills are important intervention
targets for children with ASD (e.g., Kasari et al. 2008;
National Research Council 2001). One surprising finding of
this study is the lack of difference between methods of
coding (i.e., quantitative interval counts versus qualitative
developmental ratings). Assuming that both types of
assessment are equally valid for characterizing social-
communication skills during infancy and predicting to later
developmental outcomes, the more efficient method may
prove to be clinically more useful. The developmental rating
scale used for this study, however, would require further
development and validation prior to any use as a clinical tool.

Limitations and Future Research

Findings from this study need to be interpreted with caution
given the relatively small sample that may limit the stability of
the results from the regression analyses; thus, replication with
larger samples of infants with ASD would be desirable. Fur-
ther examination of the developmental course of other aspects
of social-communication in ASD is also of interest. For
example, given that sound production predicts subsequent
language in typically developing children (Stoel-Gammon
1998), and may be coded from video footage, measuring
sound type (e.g., consonants, consonant-vowel combinations)
during the 9-12 and 15-18 month periods might be produc-
tive when there is sufficient footage with good audio quality.
Fuller assessment across multiple and interacting domains of
early development is needed to comprehensively test con-
current and predictive associations with later developmental
outcomes. Such measures would help to elucidate develop-
mental processes underlying core features of ASD that could
help to predict individual differences and inform interven-
tions. Another possible line of investigation arising from this
study would be the examination of the links between neuro-
logical development and these early social-communication
behaviors. Whilst it is known that the development of the
language areas of the cortex continues through early child-
hood (Friauf and Lohmann 1999) and that development of
early social-communication behaviors is impaired, little is
known about the neurological development of young children
with ASD. Such an understanding would guide further
research and interventions for ASD.
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Appendix

See Table 6.

Table 6 Operational definitions for developmental rating of social communication behaviors

Coding categories

Coding information

Object play (Baranek et al. 2005)

Imitation (Dunst 1980; Uzgiris and Hunt

1975)

Joint attention (Carpenter et al. 1998;

Crais et al. 2004)

Approximate age range of behaviors

Code

Exploratory use of objects:

A lack of or negative response to Oblivious to presence of others or attends to

Atypical behavior or 0-3

Indiscriminate actions

body actions/sounds performed by adult

but lacking imitation

opportunities for joint attention

presented by others

Exploratory use of objects: Simple

Vocalizes in response to cooing or babbling

Shows interest in others

3-8/9

manipulation of single objects

Imitation in response to babbling

Response to name

Imitates familiar act by matching own

Looking at others or object and

movements to the presented one

vocalizing

Relational use of objects: Takes

Partial imitation of familiar words

Responding to verbal attempts to

8/9-12

combination of objects apart

Partial familiar gestures (with or without

share focus on external object

object)

Alternating gaze

Partial imitation of unfamiliar, visible

Giving/showing

gestures (with or without object)

Giving/showing and vocalizing

Partial imitation of familiar invisible

Using word or approximation to

gestures

comment

@ Springer
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Object play (Baranek et al. 2005)

Imitation (Dunst 1980; Uzgiris and Hunt

Coding categories

Joint attention (Carpenter et al. 1998;

Crais et al. 2004)

Approximate age range of behaviors

Table 6 continued
Coding information

Code

@ Springer

1975)

Relational use of objects:

Imitation of familiar words or babbles

Pointing without eye contact

12-15

Partial of unfamiliar words/sound patterns Presentation/general combinations

Following distal pointing or gaze of

Full imitation of familiar visible gestures

others

(with or without object)

Using word w rising intonation

Full imitation of familiar invisible gestures

Using word or approximation and

alternating eye-contact

Protodeclarative pointing

Protodeclarative pointing with

vocalization

Functional use of objects: Object-

Full imitation of unfamiliar words and

Secondary intersubjectivity:

15-18

directed

sounds

Protodeclarative pointing with word

Full imitation of unfamiliar visible gestures

or word approximation

(with or without objects)

Gesture to clarify word

Partial imitation of unfamiliar, invisible

gestures

Partial imitation of invisible gesture with

object
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