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Introduction

Approximately 25–30% of children with autism spectrum 
disorder (ASD) will fail to develop flexible, spontane-
ous, communicative expressive language abilities over 
the course of their lifetime (Anderson et  al. 2007; Tager-
Flusberg and Kasari 2013). This is an issue of vital con-
cern, because the development of expressive language by 
school age (i.e., 5–6 years) has been associated with better 
long-term life outcomes and improved adaptive functioning 
(DeMyer et al. 1973; Gillberg and Steffenburg 1987; Kob-
ayashi et al. 1992; Paul and Cohen 1984). A greater under-
standing of the factors that contribute to early expressive 
language development, particularly in children with ASD, 
could pave the way for the development of newer and more 
effective interventions for this population.

The Role of Intentional Communication 
in Language Development

In the effort to understand the complex processes sur-
rounding the language development of young children with 
ASD, much attention has been given to skills that precede 
and predict the emergence of language, such as intentional 
communication. Intentional communication describes the 
purposeful use of both verbal and nonverbal acts (such 
as gestures, sign language, prelinguistic vocalizations, or 
words) to convey a message to another person (Wetherby 
et  al. 1988). For example, a child may point towards an 
item, vocalize, and gaze toward their communication part-
ner to indicate their desire to request or comment on the 
item. Alternatively, a child might bring their hand to their 
mouth in an exaggerated motion to request food (using 
the standard American Sign Language sign for this word), 

Abstract  Intentional communication has previously been 
identified as a value-added predictor of expressive language 
in preverbal preschoolers with autism spectrum disorder. In 
the present study, we sought to identify value-added pre-
dictors of intentional communication. Of five theoretically-
motivated putative predictors of intentional communication 
measured early in the study (at study entry and 4 months 
after), three had significant zero-order correlations with 
later intentional communication (12 months after study 
entry) and were thus added to a linear model that predicted 
later intentional communication scores controlling for ini-
tial intentional communication scores at study entry. After 
controlling for initial intentional communication, early 
motor imitation was the only predictor that accounted for a 
significant amount of variance in children’s later intentional 
communication.

Keywords  Autism spectrum disorder · Intentional 
communication · Motor imitation · Predictors · 
Longitudinal

 *	 Micheal Sandbank 
	 michealpaigesandbank@gmail.com

1	 Department of Special Education, University of Texas 
at Austin, 1912 Speedway, STOP D5300, Austin, TX 78712, 
USA

2	 Hearing and Speech Sciences Department, Vanderbilt 
University Medical Center, Nashville, TN, USA

3	 Department of Speech and Hearing Sciences, University 
of North Carolina at Chapel Hill, Chapel Hill, NC, USA

4	 Vanderbilt Kennedy Center, Vanderbilt University, Nashville, 
TN, USA

5	 Special Education Department, Vanderbilt University, 
Nashville, TN, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s10803-017-3052-1&domain=pdf


1582	 J Autism Dev Disord (2017) 47:1581–1594

1 3

or shake their head up and down (a conventional gesture 
indicating agreement) when a parent asks if they want to 
eat. As typically developing children progress through the 
prelinguistic stage of development towards the use of multi-
word referential speech, their transition is dominated by the 
use of intentionally communicative acts (Bates 1979; Cog-
gins and Carpenter 1981; Wetherby et  al. 1988). Initially 
these acts are largely gestural in nature, but as development 
progresses these acts become increasingly complex, inte-
grating prelinguistic vocalizations and single word utter-
ances (Carpenter et al. 1983; Wetherby et al. 1988). Thus, 
intentional communication is an early social communica-
tive skill that sets the stage for the development of flexible, 
spontaneous, communicative expressive language in typi-
cally developing children.

In comparison to their typically developing peers, chil-
dren with ASD exhibit deficits in the use of nonverbal com-
municative behaviors that comprise the majority of early 
intentional communication acts, particularly those used 
to share positive affect (sometimes referred to as “com-
ments” or “declaratives”; McEvoy et  al. 1993; Mundy 
et  al. 1987; Stone et  al. 1997). However, both requesting 
and commenting intentional communication acts have 
been shown to correlate with later language production 
(McDuffie et  al. 2005; Sigman and Ruskin 1999; Plumb 
and Wetherby 2013; Yoder 2006). A recent longitudinal 
correlational investigation showed that intentional commu-
nication, collapsed across behavior regulatory (i.e., request-
ing) and declarative (i.e., commenting) functions, predicts 
expressive and receptive language growth in initially pre-
verbal preschoolers with ASD, even when controlling for 
several other correlates of language growth (Yoder et  al. 
2015). Thus, intentional communication can be consid-
ered a “value-added” predictor of language abilities in this 
population.

The Utility of Identifying Value‑Added Predictors 
of Intentional Communication

Given the importance of intentional communication in the 
development of language, it is appropriate to consider ways 
to effect change in this skill in young children for whom 
it is delayed or absent. To this end, it is useful to consider 
factors that precipitate the development of intentional com-
munication, particularly in young children with ASD. This 
consideration begins with the identification of value-added 
predictors of intentional communication. Value-added pre-
dictors are those that explain significant variance in out-
comes of interest after controlling for other correlated pre-
dictors (Yoder et al. 2015). Sechrest (1963) referred to these 
predictors as those that “add to or increase the validity of 
predictions” made based on other available data. Compared 

to zero-order correlates (i.e., variables that are significantly 
correlated with the outcome when no other variable is con-
trolled for), value-added predictors are better candidates 
for true causes of variance in outcomes of interest, because 
they allow us to rule out some alternative explanations for 
the observed association. Identifying child skills and par-
ent behaviors that significantly predict the development of 
intentional communication allows us to chart out potential 
influences on intentional communication development. 
Identifying which of those predictors have added value 
allows us to limit our focus to child and/or parent behav-
iors that are potentially causal. This is a preliminary step 
towards the focused development of interventions that tar-
get important parent behaviors or child prerequisite skills, 
in order to facilitate the cascading development of language 
outcomes observed in typically-developing children.

Theoretical Support for Putative Predictors 
of Intentional Communication

We chose five putative predictors based on theory that 
supports their role in the development of communication. 
Because the transactional model of development posits that 
both child- and parent-centric factors contribute and inter-
act to influence communication development, we selected 
both child-focused and dyadic variables (i.e., those track-
ing parent behaviors that were dependent on child behav-
iors to some extent) as putative predictors (McLean 1990; 
Sameroff 2009; Woynaroski et  al. 2014). Child-centric 
putative predictors included responding to joint atten-
tion (RJA), motor imitation, and object play. Dyadic puta-
tive predictors were parent linguistic responses and parent 
responsive physical play.

RJA

RJA refers to a child’s tendency to respond to bids from 
another person for shared attention around an object or 
event by following the direction of the other person’s point 
or gaze, and visually attending to the referent of that point 
or gaze (Scaife and Bruner 1975; Bakeman and Adamson 
1984). Both theory and the sequence of typical develop-
ment support RJA as a foundational skill upon which the 
emergence of intentional communication depends. Typi-
cally developing children first learn to respond to bids for 
joint attention from their caregiver, and subsequently begin 
to initiate their own bids for joint attention through com-
municative gestures. In fact, much of early intentional com-
munication by typically developing toddlers serves the pur-
pose of establishing or engaging in shared attention around 
an object or event (Bruner 1981; Wetherby et  al. 1988). 
RJA can be viewed as the ability to understand declarative 
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intentional communication acts, and this ability is theo-
retically prerequisite to the ability to initiate declarative 
intentional communication acts, which make-up a portion 
of intentional communication as a whole. This theory moti-
vated our selection of RJA as a putative predictor of inten-
tional communication.

Motor Imitation

The ability to mimic the movements and actions of others 
has been proposed as a fundamental skill for early cogni-
tive and social development (McDuffie et  al. 2007). It is 
the foundation of reciprocal actions between children and 
adults, which serve as the primary context in which chil-
dren learn to communicate (Stone et al. 1997). Nadel et al. 
(1997) have argued that motor imitation is inherently com-
municative and should be viewed as a developmental mile-
stone which “underlies the shift from primary (i.e., pre-
intentional) to pragmatic (i.e., intentional) communication.” 
Motor imitation is indicative both of attention to others and 
of an ability to learn through observation (Carpenter 2006). 
Intentional communication hinges on a child’s awareness 
of the interaction partner as a potential recipient of com-
municative actions, as well as their ability to learn by imi-
tating communicative acts modeled by parents (Carpenter 
et  al. 1998). Motor imitation may also be pivotal in the 
development of the understanding of the individual agency 
and intentions of others (Meltzoff and Gopnik 1993; Car-
penter et al. 1998). Such an understanding is essential for 
the development of intentional communication, because 
intentionally communicative acts imply the capacity to rec-
ognize and influence the attentional state of an interaction 
partner (Carpenter 2006). These theoretical links motivated 
our selection of motor imitation as a putative predictor of 
intentional communication in this population.

Object Play

The way that young children explore and play with objects 
also has theoretical ties to the development of communica-
tion in young children and those with ASD (Baranek et al. 
2005). Object play refers to the manner in which young 
children engage with objects and toys. Early in life, object 
play is characterized by sensory exploration (e.g., bang-
ing, mouthing, shaking; Uzgiris 1976; Belsky and Most 
1981). As children develop, they add increasingly complex 
levels of object play to their developmental repertoire. For 
example, they use toy objects functionally, in a manner 
that is consistent with their cultural purpose (e.g., “driv-
ing” a toy car by moving it, or “feeding” a doll by putting a 
spoon to the doll’s mouth; Weisler and McCall 1976; Bel-
sky and Most 1981). Children also exhibit symbolic play 
with toys, by substituting one object to represent another 

(e.g., pretending a block is a brush and “brushing” a doll’s 
hair), or assigning absent attributes to objects (e.g., pre-
tending there is soup in a bowl and that it is hot; Weisler 
and McCall 1976; Belsky and Most 1981). Higher levels 
of object play are theorized to be indicative of representa-
tional thinking and symbolic capacity (Mundy et al. 1987). 
Experimental evidence suggests that even early experi-
ences with object exploration are tied to the development of 
social interest and theory of mind (Sommerville et al. 2005; 
Libertus and Needham 2011). All of these are component 
skills that are essential to the development of intentional 
communication. Furthermore, objects are often the “subject 
matter” of intentionally communicative acts, so children 
with greater familiarity with the properties and functions of 
this subject matter may have more reason to initiate shared 
engagement around these objects for declarative purposes. 
For these reasons, we included object play as a putative 
predictor of intentional communication.

Parent Linguistic Responses and Parent Responsive 
Physical Play

Two dyadic predictors (parent linguistic responses and 
parent responsive physical play) were chosen because 
of theory and evidence that supports the role of parental 
responsiveness in the development of language and social 
communication, both in typically developing children and 
those with disabilities (Tamis-LeMonda et al. 1996, 2001). 
Theory suggests parental responsiveness could foster early 
intentional communication in a variety of ways. Parents 
that respond to their child’s attentional leads with language 
and play signal to their child that they are willing interac-
tion partners who share their focus of attention (Kaye and 
Charney 1980; Dunham et  al. 1991). By responding with 
linguistic input, they provide a model for the child’s future 
communicative attempts, and teach the back and forth 
nature of conversation (Kaye 1982; Dunham et  al. 1991). 
By responding with play actions, parents draw the child’s 
interest back to the “subject matter” of the conversation 
(objects and events), and their physical response may serve 
as a signal for the child to take their own turn, possibly by 
intentionally communicating about the objects or events of 
play.

Parental responsiveness is particularly beneficial 
because it “stays on topic” or pertains to the child’s focus 
of attention (Bloom 1993). For example, parent linguistic 
responses involve parents providing verbal input that “stays 
on topic” by describing or commenting on the actions or 
objects being referenced by the child. Parent responsive 
physical play involves parents “staying on topic” dur-
ing play exchanges by responding to a child’s use of a toy 
with physical play that imitates the child’s play actions or 
expands on the child’s play actions with the same object. 
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To our knowledge, this type of physical play response (here 
termed “parent responsive physical play”) has not yet been 
examined separately from parent linguistic responses as a 
predictor of intentional communication. However, the com-
bination of these two responses has been theorized to facili-
tate a supported state of joint engagement between the par-
ent and the child (Bruner 1981; Tomasello and Farrar 1986; 
Bakeman and Adamson 1984), which has been implicated 
as a context that heightens the probability children with 
ASD will benefit from linguistic responses, which in turn 
affect language development in young children with ASD 
(Bottema-Beutel et al. 2014).

Purpose and Research Question

The purpose of this investigation was to identify theoret-
ically-supported predictors that accounted for significant 
variance in later intentional communication outcomes, after 
controlling for initial intentional communication scores 
and intercorrelation among predictors. Our research ques-
tion was as follows: Out of five putative predictors of inten-
tional communication (RJA, motor imitation, object play, 
parent linguistic responses, and parent responsive physical 
play), which are value-added predictors of later intentional 
communication in preverbal preschool children with ASD, 
when initial intentional communication is controlled?

Method

Participants

The current study was conducted using data taken from 
a longitudinal study examining language develop-
ment in preverbal preschoolers with ASD (Yoder et  al. 
2015). Participants were 61 young children with ASD 
(10 female, 51 male), a subset of the 87 participants of 
a larger study for whom estimates of the outcome vari-
able, intentional communication, were available from 
key measurement periods (Yoder et  al. 2015). At study 
outset, participants were between the ages of 24 and 48 
months. If children had an existing diagnosis of autism 
or PDD/NOS through licensed and experienced com-
munity providers, their diagnoses were confirmed using 
the revised diagnostic algorithm on Autism Diagnos-
tic Observation Schedule Module I (ADOS; Lord et  al. 
2000; Gotham et al. 2007), administered by research staff 
who were research reliable on this instrument. Children 
who did not enter the study with a previous diagnosis 
were assessed and diagnosed by a licensed clinician on 
the research team who was independently research reli-
able on the ADOS and who had experience with evaluat-
ing young children with ASD. Research diagnoses were 

based on best clinical judgment that the child met criteria 
for autism or PDD/NOS according to the Diagnostic and 
Statistical Manual of Mental Disorders, Fourth Edition-
Text Revision (American Psychiatric Association 2000), 
which was confirmed by ADOS and a clinical interview. 
No participants had additional auditory, visual acuity 
or motor impairments, metabolic or progressive neuro-
logic disorders, or identified genetic syndromes. At study 
entry, all participants used 20 words or less, according to 
parent report on the MacArthur-Bates Communicative 
Development Inventories: Words and Gestures checklist 
(Fenson et al. 2007) and used no more than five different 
words during a 15-min language sample. No intervention 
was provided as part of the study, but parents of partici-
pants reported that their children received an average of 
14.25  h of therapy (e.g., physical therapy, speech and 
language therapy) per month. Parents of participants also 
reported achieving a mean formal education level of 1–2 
years of college or technical school. Additional partici-
pant descriptive information is summarized in Table 1.

Study Design

For the larger study (Yoder et al. 2015), participants were 
given a battery of assessments at several time points. For 
the present study, we used a longitudinal correlational 
design to examine five theoretically-motivated predic-
tors of intentional communication. Measures of initial 
intentional communication were taken from study entry, 
and measures of later intentional communication were 
taken 12 months after study entry. Variables represent-
ing each predictor were derived from measures taken at 
study entry and 4 months later (measures of predictors 
of interest were collected across two early time points in 
the larger study in order to reduce the burden on fami-
lies during the initial assessment). Measurement periods, 
procedures, variable derivation, and descriptive statistics 
are presented for all predictor and outcome variables in 
Table 2.

Measures

This investigation used a combination of parent reports, as 
well as standardized tests and observational assessments, 
to measure constructs of interest. Some measurement pro-
cedures were used to assess several constructs, and when-
ever possible, variables used in analyses were derived from 
multiple measurement procedures. The rationale for the use 
of composite variables to represent constructs of interest is 
described later. The measurement procedures relevant to 
the current investigation are described here.
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ADOS

Module 1 of the ADOS, originally developed as the 
Prelinguistic ADOS (DiLavore et  al. 1995), was used 
to verify ASD diagnoses of participants at study entry. 
The ADOS is a semi-structured, standardized assess-
ment of social interaction, communication, and play, and 
has well-established diagnostic reliability and validity 
(Gotham et  al. 2007; Lord et  al. 1994). Diagnostic cut-
offs were chosen based on revised scoring algorithms 
published by Gotham and colleagues (2007). The cali-
brated severity scores (Gotham et al. 2009) were used to 
describe our sample.

Mullen Scales of Early Learning (MSEL; Mullen 1995)

The MSEL was designed to assess early cognitive develop-
ment in children ages 0–5 years, and provides a score for 
mental age, which is the age equivalency score as averaged 
from four subscales: Visual Reception, Fine Motor, Recep-
tive Language, and Expressive Language. Strong evidence 
for the convergent validity of age-equivalency scores pro-
vided by the MSEL was documented by Bishop et  al. 
(2011). This assessment was administered at study entry, 
and the mental age and developmental quotient (mental 
age/chronological age ×100) were used to describe our 
sample.

Unstructured Communication Sample (UCS; Yoder 
et al. 2015)

The UCS was administered at study entry and 12 months 
later, in order to obtain a naturalistic measure of child 
intentional communication. The UCS is a lab-specific com-
munication sampling procedure. In the UCS procedure, the 
child interacted with a researcher around a standard set of 
developmentally appropriate toys for 15  min. Research-
ers responded naturally to communicative actions from 
children with topic-following comments, and periodically 
asked questions that were relevant to child play behav-
iors. Researchers refrained from redirecting child play or 
directly prompting child language.

Communication and Symbolic Behavior Scales‑ 
Developmental Profile Behavior Sample (CSBS‑DP; 
Wetherby and Prizant 2002)

The CSBS-DP is a structured assessment that was 
designed to assess the communicative and symbolic abili-
ties of children with functional communication skills 
between developmental levels of 6 months and 2 years. In 
the behavior sample, an examiner presented each partici-
pant with a series of structured communication tempta-
tions, with the child’s parent present. The CSBS-DP was 
administered at each assessment period in the larger study 
(Yoder et  al. 2015). The CSBS served as an additional 

Table 1   Participant 
characteristics

ADOS Autism Diagnostic Observation Schedule; CSS Calibrated Severity Score; DQ Developmental Quo-
tient (mental age/chronological age ×100); M Mean; Max Maximum value in distribution of participant 
scores; MCDI MacArthur Bates Communicative Development Inventories: Words and Gestures; Min Mini-
mum value in distribution of participant scores; SD Standard Deviation; UCS Unstructured Communica-
tion Sample
a In months
b Per month

Time Period Measure Min Max M SD

Study entry
Chronological agea 20.67 47.86 34.92 7.19
Mental age 3.75 26.50 12.43 4.97
DQ 12.90 75.18 36.58 14.96
Parent-reported total hours of therapyb 0 90 14.26 -0.11
MCDI words understood 0 367 85.58 89.87
MCDI words said 0 18 4.31 5.45
UCS # different words 0 5 0.75 1.21
Intentional communication 5 49 22.63 11.89
ADOS CSS 5 10 8.32 1.62

1 year later
MCDI words understood 0 396 119.12 103.11
MCDI words said 0 396 60.7 88.77
UCS different words 0 36 6 7.96
Intentional communication 9 153 61.30 37.15
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sampling context for child intentional communication. In 
addition, the attention following subscale score from the 
behavior sample contributed to the aggregate variable for 
RJA. The variable quantifying object play was derived in 
part using the weighted raw score of the object play sub-
scale (Scale 17) from the behavior sample.

Early Social Communication Scales (ESCS; Mundy 
et al. 2003)

The ESCS is a structured assessment that was given 4 
months after study entry. Administration of the ESCS 
involves approximately 20 min of videotaped interaction 
between the child and a researcher, during which time 
the researcher presents a series of prescribed situations 
intended to elicit child communication in three domains: 
social interaction, joint attention, and behavioral regula-
tion. The RJA score from this procedure contributed to 
the aggregate variable representing RJA.

Motor Imitation Scale (MIS; Stone et al. 1997)

Motor imitation ability was assessed at study entry using 
the MIS, a structured observational measure that involves 
examiner presentation of 16 motor imitation items. Items 
included body movements, such as clapping hands and 
waving, as well as meaningful and nonmeaningful object 
actions, such as shaking a noisemaker and tapping a 
spoon on a table. During the assessment, the examiner 
demonstrated each target item, and then immediately ver-
bally prompted the child to repeat the action, by saying, 
“You do it.” Child responses to each item were scored 
as follows: 2 points for immediate and accurate imita-
tion, 1 point for partial imitation, and 0 points for failed 
or delayed imitation. The MIS has strong inter-rater and 
inter-item reliability, and strong MIS test-retest reliability 
has been demonstrated in a sample of 30 young children 
with developmental disorders (Stone et al. 1997).

Table 2   Constructs, Measurement procedures, and variables derived for predictors and outcome

CSBS Communication and Symbolic Behavior Scales-Developmental Profile Behavior Sample; DPA Developmental Play Assessment; ESCS 
Early Social Communication Scales; IC Intentional Communication; MIS Motor Imitation Scale; PCFP Parent–Child Free Play; RJA Respond-
ing to Joint Attention; UCS Unstructured Communication Sample
a At study entry
b 4 months after study entry
c 12 months after study entry

Construct Variable type Procedure Variable Min Max M SD

Object Play Component CSBSa 1st object use subscale 0 8 2.1 2.15
Component DPAa Number of different play actions exhibited 2 27 12.3 6.27
Analyzed Composite Average of z-scores of component variables -1.3 2.3 0 0.9

Motor Imitation Analyzed MISa Total raw score 0 29 8.5 6.7
RJA Component CSBSa Attention following subscale 0 6 1.9 2.1

Component ESCSb Number of correct responses to eight bids for shared 
attention

0 8 2.4 2.7

Analyzed Composite Average of z-scores of component variables −0.9 1.9 0 0.9
Parent Linguistic Responses Analyzed PCFPb Number of 5-s intervals with responsive adult utterance 

that pertains to child’s referent
5 121 43.2 26.3

Parent responsive physical Play Analyzed PCFPb Number of 5-s intervals with responsive adult physical 
play which involved the object or action referenced by 
the child

2 116 53.2 25.7

Initial IC Component UCSa Number of 5-s intervals with intentional communication 
acts

0 18 4.3 4.6

Component CSBSa Number of 5-s intervals with intentional communication 
acts

4 36 18.3 8.5

Analyzed Composite Sum of scores from component variables 5 49 22.6 11.9
Later IC Component UCSc Number of 5-s intervals with intentional communication 

acts
0 67 16.9 15.2

Component CSBSc Number of 5-s Intervals with intentional communication 
acts

8 130 44.2 25.6

Analyzed Composite Sum of scores from component variables 9 153 61.3 37.1
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Developmental Play Assessment (DPA; Lifter 2000)

The DPA was administered at study entry to assess play 
abilities of participants. A 10  min video recorded sample 
of the child’s spontaneous play was collected. Two groups 
of toys were presented in the presence of a researcher, 
who commented descriptively on the child’s play actions 
but refrained from directing the play. Play actions, which 
ranged from functional to symbolic play, were counted 
and scored using adapted DPA scoring procedures. A copy 
of the scoring manual is available upon request from the 
first author. This assessment yielded a score reflecting the 
number of unique functional play actions exhibited by each 
participant, and this score was used in combination with 
the play score from the CSBS to derive a variable for child 
object play.

Parent–Child Free Play (PCFP; Yoder et al. 2015)

The PCFP is a lab-created assessment procedure that was 
intended to serve as a naturalistic measure of parent and 
child play and linguistic behaviors. The procedure is a 
loosely structured assessment, which consists of 10 min of 
free play with toys and 5 min of book-sharing. During the 
procedure, parents were asked to play with their child “as 
[they] would at home,” and provided with a standard set of 
developmentally appropriate toys. After providing instruc-
tions, the researcher left the parent–child dyad to play in 
the room. The researcher returned after 10 min with three 
age-appropriate books for the dyad to “look at” for 5 min. 
Both parent variables (parent linguistic responses and par-
ent responsive physical play) were derived from this assess-
ment. The PCFP was administered 4 months after study 
entry.

Variable Derivation and Rationale for Use 
of Composite Variables

Six variables (representing five theoretically-motivated 
predictors and one predicted outcome) were derived using 
scores taken from one or a combination of assessments. 
Table  2 lists variables chosen to quantify each construct, 
corresponding assessments, and methods of derivation. 
When possible, multiple measures of a single construct 
were used to derive the variable intended to quantify that 
construct.

Measurement theory asserts that the average of multiple 
scores taken from different measures of the same construct 
is more likely to be representative of a person’s true score, 
because random measurement error is averaged out of the 
score (Shavelson et  al. 1989). In addition, when scores 
are meant to represent generalized abilities, particularly 
for a behavior that is likely to be exhibited across multiple 

environments and with multiple interaction partners (such 
as communication or play), then it is better to use scores 
derived from multiple measures that vary across relevant 
contextual aspects (such as structuredness or interac-
tion partners). These scores are more likely to represent a 
generalized ability than scores taken from a single assess-
ment context (Sandbank and Yoder 2014). Finally, it has 
been consistently shown that aggregating measures longi-
tudinally across occasions and assessment formats (e.g., 
structured or unstructured) yields gains in reliability and 
validity, which is a particularly important consideration for 
criterion variables in tests of incremental validity (Huns-
ley and Meyer 2003). Specifically for young children with 
disabilities, variables derived from multiple measures of a 
construct have been shown to be more stable than variables 
derived from a single measure (Sandbank and Yoder 2014). 
This was the rationale that motivated our a priori decision 
to create composite measures of constructs whenever pos-
sible, even when the effort required that we aggregate over 
separate testing occasions (i.e., study entry and 4 months 
later), or assessment format (i.e., highly structured and 
semi-structured).

Component variables were required to be moderately 
correlated (i.e., above 0.4) to be considered for aggrega-
tion (Cohen 1988). Component variables that were taken 
from procedures that used incomparable scales or that pro-
vided participants with different numbers of opportunities 
to exhibit a given behavior were z-transformed to ensure 
equal weighting prior to aggregation. Z-transformed com-
ponent variables were averaged, and untransformed scores 
were summed, to create composite variables for use in anal-
yses (See Table 2).

Variable Derivation

The total raw score from the MIS was used as the metric for 
motor imitation. All other measurement procedures used 
for variable derivation were video-recorded, and resulting 
media files were coded using Procoder DV (Tapp 2003) or 
Playcoder (Tapp and Yoder 2000) and extensive observa-
tional coding manuals (which can be requested from the 
corresponding author). Twenty percent of all videos were 
randomly chosen for recoding by a second coder to meas-
ure inter-observer reliability. Coding discrepancies were 
discussed to prevent observer drift. Reliability is reported 
as intraclass correlation coefficients (ICCs), which were 
computed using a two-way random model for absolute 
agreement.

Intentional Communication

Intentional communication was coded from the UCS and 
the CSBS using a 5-sec partial-interval coding method. 
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Because of the differing physical arrangement of the 
UCS and the CSBS (i.e., playing on the floor vs. seated 
at a table), intervals from the UCS were first marked 
for “code-ability,” based on whether both the child and 
adult were visible on the screen. Code-able intervals were 
then marked for the presence of intentional communica-
tion acts, which were defined as any of the following: 
(a) words, (b) conventional signs, (c) conventional ges-
tures that inherently convey a culturally-defined messages 
(such as a wave, shoulder shrug, or shh gesture) coupled 
with attention to an adult, (d) unconventional gestures 
that demonstrated coordinated attention to an object and 
adult (such as giving or showing an object), or (e) non-
word vocalizations coupled with coordinated attention 
to object and person. This yielded a score indicating the 
number of code-able intervals with intentional communi-
cation acts exhibited during the UCS procedure. Reliabil-
ity estimates for intentional communication acts coded 
from the UCS at Times 1 and 3 were 0.99 and 0.99, 
respectively. Because of the structured seating arrange-
ment of the CSBS, it was not necessary that videoed 
media first be marked for code-able intervals. Instead, the 
entire videoed procedure was coded for intentional com-
munication using the same partial-interval coding method 
used for the UCS. Reliability estimates for intentional 
communication acts coded from the CSBS at Times 1 
and 3 were 0.97 and 0.99, respectively. The final variable 
used to represent intentional communication was derived 
by summing scores from both component variables.

Object Play

The variable for object play was derived from two pro-
cedures: the CSBS and DPA. For the CSBS, a score of 
object play skills was taken from the play subscale (Scale 
17), following scoring procedures outlined in the CSBS-
DP manual. Reliability for object play acts from the 
CSBS was 0.97. For the DPA, play actions were coded 
from an extensive predetermined list of possible object 
actions afforded by the toy sets (coding manual avail-
able upon request from corresponding author), using 
a timed-event behavior sampling method on specially-
developed custom software (Playcoder; Tapp and Yoder 
2000). Banging, shaking, mouthing, and atypical examin-
ing actions were not coded as play actions, unless they 
were consistent with the function of the toy (e.g., banging 
a hammer). This yielded a score that reflected the number 
of different play actions exhibited during the DPA. Relia-
bility for play actions coded from the DPA was 0.99. The 
final variable reflecting object play was derived by aver-
aging the z-scores of the two component variables from 
the CSBS and the DPA.

RJA

RJA was aggregated from two scores taken from the CSBS 
and ESCS. For the CSBS, the score from the attention fol-
lowing subscale (Scale 3) was used as a measure of RJA. 
Reliability for RJA coded from the CSBS was 0.97. For the 
ESCS, event behavior sampling was used to code instances 
of RJA, defined as any instance in which the child looked in 
the direction of the adult’s bids for shared attention, across 
a series of eight presses. This yielded a score that reflected 
the number of correct RJA responses out of eight possible 
opportunities. Reliability for RJA coded from the ESCS 
was 0.99. Z-scores of the two component variables were 
averaged to create the analyzed RJA variable.

Parent Linguistic Responses and Parent Responsive 
Physical Play

Both parent linguistic responses and parent responsive 
physical play were coded from the PCFP. Media files of 
the procedure were divided into 5-s coding intervals. On 
the first pass, coders identified intervals in which the child 
and parent were visible on the screen as “code-able,” using 
a momentary interval coding method. On the second pass, 
coders used a partial-interval coding method to examine 
code-able intervals and to flag those intervals that had at 
least one child attention or communicative lead. Child 
attention leads were defined as active looks or touches of 
an object, which were initiated or adopted by the child. 
Child communicative leads were any intentional communi-
cation act. On the third pass, flagged intervals were coded 
for the presence of parent linguistic responses (parent ver-
bal responses which pertained to the object or action refer-
enced by the child lead) or parent responsive physical play 
actions (parent physical play which involved the object or 
action referenced by the child lead) or both. To calculate 
the total number of intervals featuring parent linguistic 
responses, intervals with only parent linguistic responses 
were added to intervals with both parent linguistic 
responses and parent responsive physical play. Reliability 
for parent linguistic responses was 0.97. Similarly, parent 
responsive physical play was calculated as the total number 
of intervals featuring only parent responsive physical play 
plus intervals that featured both parent responsive physical 
play and parent linguistic responses. Reliability for parent 
responsive physical play was 0.99.

Data Analysis Plan

To identify value-added predictors of intentional commu-
nication, we first examined zero-order correlations between 
theoretically motivated putative predictors and the pre-
dicted outcome. Theoretically motivated putative predictors 
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included (a) RJA, (b) motor imitation, (c) object play, 
(d) parent linguistic responses, and (e) parent responsive 
physical play. All theoretically motivated predictors that 
were significantly correlated with later intentional com-
munication were entered in the same analysis step in a lin-
ear model that predicted later intentional communication 
scores and controlled for initial intentional communication. 
This method allows us to test the added value of each pre-
dictor after controlling for the intercorrelation among pre-
dictors. Predictors that failed to account for significant vari-
ance in the predicted outcome were then dropped from the 
model. A final model that featured only significant predic-
tors and initial intentional communication scores was then 
compared to a model that included only initial intentional 
communication scores. Data that were missing at random, 
which accounted for 0–11% of cases depending on the 
variable, were handled using multiple imputation (Enders 
2010).

Although no intervention was delivered as part of the 
study, the number of hours of therapy received by the child 
in the community was considered as a background varia-
ble that might potentially explain variance in the outcome 
we wished to predict. To explore whether this background 
variable should be included as a covariate in our model, 
we examined whether parent-reported hours of therapy 
per month received by the child at study entry was corre-
lated with later intentional communication. The two vari-
ables were not significantly correlated, so number of hours 
in therapy was not included as a covariate in any of the 
models.

Results

Preliminary Analyses

All analyses were conducted using the statistical program 
R (R Core Team 2013). To check that our data satisfied the 
assumptions of multivariate normality and homoscedastic-
ity, we examined plots of standardized residuals against 

fitted values, and normal QQ-plots. The data met these 
assumptions; consequently, no variables were transformed 
for the purposes of satisfying assumptions of the linear 
model. To identify the potential presence of multicollinear-
ity in our dataset, we examined condition indices for each 
variable. This method is suggested by Belsley et al. (1980) 
as a robust alternative to the examination of intercorrela-
tion among variables, since correlation is neither a neces-
sary nor a sufficient condition for collinearity. Condition 
indices for the full model ranged from 1 to 9.78. Condition 
indices with values below 10 are thought to indicate weak 
near-dependencies, or low collinearity among variables 
(Belsley et  al. 1980). Undue influence was monitored via 
inspection of leverage plots. No evidence of undue influ-
ence was found.

Correlations among predictors are presented in Table 3. 
In addition to initial intentional communication, the vari-
ables that were significant zero-order correlates of the 
outcome variable included RJA, object play, and motor 
imitation. Neither of the dyadic variables (parent linguis-
tic responses or parent responsive physical play) were 
significantly correlated with later intentional communica-
tion. Thus, three theoretically motivated predictors were 
identified for the linear model predicting later intentional 
communication and controlling for initial intentional 
communication.

Primary Analyses

Results from the regression model with all four correlated 
predictors indicated that motor imitation and early inten-
tional communication were the only significant predictors 
after controlling for the other correlated predictors. Thus, 
our reduced model included only initial intentional com-
munication scores and motor imitation. We then compared 
this reduced model to one that included only initial inten-
tional communication scores. The model which included 
both motor imitation and initial intentional communication 
scores accounted for significantly more variance among 
later intentional communication scores than a model that 

Table 3   Intercorrelations 
between predictor and outcome 
variables

PLR parent linguistic responses; PRPP parent responsive physical play; RJA responding to joint attention; 
Int Comm intentional communication
* p < .05. ** p < .01

RJA Motor imitation Object play PLR PRPP Initial Int Comm

Motor imitation 0.52**
Object play 0.24 0.54**
PLR 0.09 0.22 0.00
PRPP 0.07 0.20 −0.04 0.49**
Initial Int Comm 0.54** 0.48** 0.40** 0.09 −0.15
Later Int Comm 0.40** 0.51** 0.28* −0.08 0.15 0.59**
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included only initial intentional communication scores 
(Adjusted R2 change = 0.064, p = .01). Results are detailed 
in Table 4.

Discussion

The goal of this study was to identify value-added predic-
tors of intentional communication, which has been shown 
to be a value-added predictor of language development in 
preverbal children with ASD (Yoder et  al. 2015). Identi-
fying predictors that account for variance in outcomes of 
interest helps to highlight those predictors whose manipu-
lation may have an effect on the outcomes of interest. 
Specifically, the identification of a value-added predictor 
of intentional communication allows us to better under-
stand the factors that may contribute to the development of 
prelinguistic communication skills. This can set the stage 
for the development of interventions that use this knowl-
edge to effect change in intentional communication, which 
might in turn affect language outcomes.

Our results indicated that motor imitation was the only 
theoretically-motivated predictor that emerged as a value-
added predictor of later intentional communication in chil-
dren with ASD. These results add to mounting evidence 
suggesting imitation is a pivotal skill that serves as a foun-
dation for subsequent intentional communication develop-
ment in children with ASD. Previous work has shown that 
imitation is a core deficit in this population (Rogers 1999; 
Rogers et  al. 1996; Smith 1998; Smith and Bryson 1994; 
Stone et al. 1997), and is associated with the development 
of joint attention (Carpenter et  al. 2002), communicative 
gestures (Carpenter et  al. 2002), and expressive language 
(Stone and Yoder 2001). Taken together, these results 

suggest imitation should serve as a primary target for early 
intervention in preschoolers with ASD.

It is useful to consider the mechanism by which motor 
imitation may contribute to the development of intentional 
communication in children with ASD. Some research sug-
gests that the developmental sequence of intentional com-
munication and other social communication skills differs 
for children with ASD relative to their typically developing 
peers. In small longitudinal studies of skill emergence, Car-
penter et  al. (1998) documented imitation skills emerging 
after responsive joint attention and communicative gestures 
in typically developing children, while Carpenter et  al. 
(2002) observed a reversed pattern of emergence (in which 
motor imitation emerged prior to responsive joint attention 
and communicative gestures) in a majority of their sample 
of children with ASD. As well, single subject studies of 
interventions that targeted imitation in children with ASD 
have documented collateral effects on coordinated joint 
attention and spontaneous language (unprompted meaning-
ful word use; Ingersoll and Schreibman 2006). Thus, chil-
dren with ASD that learn to imitate may use it as a means 
to learn to share, follow, and eventually direct (through 
intentional communication) the attention of others.

Limitations and Future Investigations

Although the current study illuminates the potential impor-
tance of motor imitation in the development of intentional 
communication in young children with ASD, it should be 
noted that there are limits to the definitive conclusions that 
can be drawn from the identification of predictors that have 
added value. That RJA and object play were not identi-
fied as value-added predictors of intentional communica-
tion should not be construed as evidence that those skills 
are not important learning targets in and of themselves, 

Table 4   Unstandardized 
coefficients, standard errors, 
and t values for full model 
predicting later intentional 
communication

Int Comm intentional communication; RJA responding to joint attention

Model Variable Coefficient SE t p Adj R2

Base model 0.339
Initial IntComm 1.85 0.33 5.56 0.000
Intercept 19.77 8.50 2.33 0.000

Full model 0.387
Initial Int Comm 1.45 0.41 3.55 0.000
RJA −0.56 5.53 −0.10 0.919
Motor Imitation 1.86 0.84 2.21 0.033
Object Play −2.65 5.39 −0.49 0.624
Intercept 12.82 11.69 1.10 0.279

Final model 0.403
Initial Int Comm 1.39 0.36 3.83 0.000
Motor imitation 1.68 0.68 2.48 0.016
Intercept 15.63 8.24 1.90 0.063
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as they may be pivotal to the development of other social 
communication skills. As well, Yates and Taub (2003) 
suggest it is important to consider the applied value of the 
validity increment added by the criterion variable (in this 
case, motor imitation). That is, tests of incremental valid-
ity may highlight predictors that are not highly malleable 
and are therefore inappropriate targets for intervention. In 
such a case, we might choose to ignore a value-added pre-
dictor and instead focus intervention efforts on other pre-
dictors that we know to be highly malleable. Fortunately, 
motor imitation is a malleable skill that has been success-
fully targeted and increased with intervention (Ingersoll 
and Schriebman 2006; Ingersoll 2010).

This study does not provide definitive evidence of a 
causal influence of motor imitation on intentional com-
munication. Longitudinal correlational investigations are 
a valuable tool for highlighting potentially causal explana-
tions for variance in outcomes of interest by documenting 
the association, establishing temporal precedence of a puta-
tive cause before a putative affected variable, and control-
ling some of the alternative explanations for the association 
of interest (e.g., early intentional communication possibly 
driving the association of interest). However, no correla-
tional study can account for every alternative explanation. 
Future correlational investigations should seek to replicate 
this result to determine whether this finding is generaliz-
able to other samples of initially preverbal children with 
ASD. Experimental investigations could examine whether 
changes in intentional communication caused by inter-
vention were preceded and mediated by changes in motor 
imitation.

It would be especially useful to conduct high quality 
studies that rigorously examine whether interventions that 
target imitation effect generalized changes in motor imita-
tion that translate to gains in subsequent intentional com-
munication skills. Traditional behavioral approaches have 
taught motor imitation using discrete trial training and a 
single discriminative stimulus, such as “do this” (Leaf and 
McEachin 1999; Maurice et  al. 1996), but this approach 
has been criticized because its use of a highly structured 
learning environment and artificial reinforcers are likely to 
bring target behaviors under tight stimulus control, limit-
ing the extent to which those behaviors generalize across 
multiple relevant contexts (Ingersoll and Schreibman 2006; 
Ingersoll 2010). Our goal in teaching motor imitation is 
to effect generalized change in a child’s ability to imitate 
functional actions with and without objects. This goal can 
be accomplished if researchers attend to the functionality 
of imitation targets, the extent to which the intervention 
programs foster generalization, and the extent to which out-
come measures capture generalized (as opposed to context-
bound) changes in behavior. If the functionality of imitation 
targets is considered, “teaching motor imitation” can be 

reimagined as teaching children to imitate communicative 
gestures (functional actions) and play with toys (functional 
actions with objects). To effect generalized change in these 
behaviors, researchers may use a naturalistic intervention 
such as Reciprocal Imitation Training, which employs loose 
teaching, the use of natural reinforcers, and multiple com-
mon discriminative stimuli to program for generalization 
(Ingersoll 2008). To verify that the intervention has caused 
a generalized change in motor imitation ability (rather than 
rote acquisition of a handful of targeted actions), research-
ers should track outcomes using structured assessments of 
motor imitation (such as the MIS or the Preschool Imitation 
and Praxis Scale; Vanvuchelen et al. 2011) that are deliv-
ered outside of the context of the intervention and feature 
test items that were not directly taught.

Conclusion

To our knowledge, this is the first study to examine multi-
ple putative predictors of intentional communication in an 
effort to identify those that have added value. Past work had 
identified several early child skills and parent behaviors as 
factors that precede and potentially influence the develop-
ment of communication in children with ASD. However, it 
may be difficult and inefficient to target all of these factors 
directly in therapy. In this study, motor imitation emerges 
as a key predictor of intentional communication develop-
ment in children with ASD. Further work should examine 
the extent of this association, as well as the possibility that 
it is causal.
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