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Abstract

- Kacie Wittke? - Letitia Naigles® - Ann M. Mastergeorge’

Young children with autism spectrum disorder (ASD) present with a broad range of spoken language abilities, as well as
delays in precursor skills such as gesture production and joint attention skills. While standardized assessments describe
language strengths, the Communication and Symbolic Behavior Scales (CSBS-DP) is a particularly robust measure as it
additionally characterizes precise aspects of social communication. This study provides a unique contribution by assessing
the interactional effects of CSBS-DP Social Composite performance with early language samples on later language outcomes.
Our results indicate that multiple social communication elements significantly interact with early spoken language to predict
later language. Our findings also highlight the transactional relationship between early spoken vocabulary and social com-

munication skills that bolster language development growth.
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Introduction

Autism spectrum disorder (ASD) is characterized by
impaired social interactions and atypical restricted and repet-
itive behaviors (American Psychiatric Association 2013);
however, a wide spectrum of social functioning can be seen
in children with ASD, and their language abilities are simi-
larly heterogeneous (e.g., Arunachalam and Luyster 2016;
Fein et al. 2013; Kjelgaard and Tager-Flusberg 2001; Tager-
Flusberg 2004; Yoder et al. 2015). That is, children with
ASD may have language abilities on one end of the spectrum
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characterized by minimal to no language, while others pre-
sent with an intact, comprehensive spoken language sys-
tem on the other end (Jones et al. 2014; Tager-Flusberg and
Kasari 2013; Talbott et al. 2018; Tek et al. 2014). Overall,
there is a large body of research exploring factors that may
help us understand or even predict language outcomes in this
population, particularly in regard to nonverbal communica-
tion. Gesture use is one such area, as gestures are strong pre-
dictors of current and future language skills in both typically
developing (TD) children (e.g., Iverson and Goldin-Meadow
2005) and children with ASD (e.g., Charman et al. 2003).
Joint attention behaviors, which include shared eye gaze and
affect with reference to an object or scene, also have been
demonstrated to predict current and future language in TD
children and children with ASD (Mundy et al. 1986, 2007,
Siller and Sigman 2008). The current study aims to better
understand the interactive relationship between early lan-
guage abilities and various nonverbal communication fac-
tors, including gesture and joint attention, in predicting later
language use.
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Nonverbal Predictors of Language Outcomes in ASD
Gesture

A major focus of language outcomes in autism has
explored the role that early gesture use plays in later lan-
guage abilities. Gesture is a broad term that encompasses
many different types, such as deictic gestures (e.g., show-
ing, giving, pointing, reaching), symbolic gestures (e.g.,
actions carried out on an object to depict the object and
its function), conventional or representational gestures
(e.g., waving hello, shaking head “no”), and iconic ges-
tures (e.g., when a form stands in for a referent, such as
flapping arms to represent a bird; Capone and McGregor
2004). Early gesture use is associated with later language
abilities and is considered to be a critical precursor to early
language production in TD children (Bates and Dick 2002;
Iverson and Goldin-Meadow 2005).

Not surprisingly, gestures reflect children’s social
communication functioning, and limited gesture use is
included in the diagnostic criteria for ASD under the
DSM-5 (American Psychiatric Association 2013). The
social communication deficits specific to autism inher-
ently restrict the development of early gesture and early
language skills, and typically also include limited use
of shared attention and eye gaze (Heymann et al. 2018;
Ozonoff et al. 2010; Parlade and Iverson 2015; Sowden
et al. 2013; Wetherby et al. 2004; Wetherby et al. 2007).
Although considered a hallmark deficit of autism, the use
of gestures in children with ASD is variable (Choi et al.
2019; Dimitrova et al. 2016; Morett et al. 2016). Some
children with ASD may produce gestures, but not integrate
them with their nonverbal and verbal communication,
while other children with ASD may present with a total
absence of gesture use (Manwaring et al. 2018; Ramos-
Cabo et al. 2019). Children with autism generally exhibit
a unique gesture profile including a lower rate of gesture
use (Colgan et al. 2006; Iverson et al. 2018; Mitchell et al.
2006; Parlade and Iverson 2015).

Several empirical studies have documented that vari-
ability in early gesture use is associated with variability in
later language abilities in children with ASD (e.g., Char-
man et al. 2003; Luyster et al. 2008; Veness et al. 2014).
These associations have been primarily based on gestural
data from parent reports, using the MacArthur-Bates
Communicative Development Inventories (M-CDI; Char-
man et al. 2003; Fenson et al. 1994; Luyster et al. 2008)
or the M-CDI in combination with the Communication
and Symbolic Behavior Scales — Developmental Profile
(CSBS-DP) Infant Toddler Checklist (Veness et al. 2012;
Wetherby and Prizant 2002). Recently, Manwaring et al.
(2017) used structural equation modeling with a large

sample of children (n=197) that included both TD chil-
dren and those with ASD and developmental delays. Their
study provided strong empirical support that early gesture
was strongly correlated with concurrent overall receptive
and expressive language skills. Importantly, their study
included measures of both parent report and direct obser-
vation of children’s actual behavior and gesture use. Their
results also indicated that fine motor ability, as included
in their construct of gesture use, also contributed to this
relationship between gesture and language abilities.

Joint Attention

Joint attention is another area of nonverbal communication
that has been explored for its relationship with language
outcomes. Prior to the emergence of joint attention skills,
both TD children and children with social communication
delays begin alternating visual attention between caregivers
and objects with gaze shifts (Braddock et al. 2015; Franchini
et al. 2017; Heymann et al. 2018; Hobson, 2005). Shared
attention and continuous monitoring of a social partner’s
interest in the context of joint attention is one of the ear-
liest opportunities that episodes of shared positive affect
occur, which has also been linked to early expressive lan-
guage growth (Adamson et al. 2019; Laake and Bridgett
2014; Poon et al. 2012; Yoder et al. 2015) and early social
skills (Heymann et al. 2018; Lee and Schertz 2019; Parlade
and Iverson 2015; Rollins 2018; Thorup et al. 2018). Joint
attention supports language development in many ways,
but particularly with word learning, as it allows children
to match linguistic input to referents in their environmental
context. Studies have indicated the emergence of the ability
to coordinate attention toward a social partner and an object
of mutual interest provides the child with the foundation for
later symbolically mediated conversations (e.g., Carpenter
et al. 1998; Hurwitz and Watson 2016; Jones et al. 2017;
Mundy and Newell 2007; Romero et al. 2018; Tomasello
1988; Vivanti, et al. 2017; Wong and Kasari 2012).

There is also ample empirical evidence supporting the
contribution of joint attention to language development in
both TD and disordered populations. For example, Mundy
and Gomes (1998) reported that TD toddlers’ frequency of
following an adult’s gaze and points was a significant pre-
dictor of their receptive language abilities 4 months later.
This basic effect has been replicated with new TD sam-
ples (e.g., Farrant and Zubrick 2012; Lieven 2017; Markus
et al. 2000), and with joint attention coded from naturalistic
play sessions (e.g., Abdelaziz et al. 2018; Kelty-Stephen
et al. 2014; Naigles et al. 2016; Rollins and Snow 1998;
Tomasello and Farrar 1986). Further, children with ASD
engage in joint attention with others much less frequently
and for shorter periods of time, compared to their TD peers
(e.g. Charman et al. 1998; Mundy et al. 1994; Mundy et al.
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2009; Naigles 2013). Empirical evidence suggests that such
an impairment affects their language skills (e.g. Carpenter
et al. 1998; Morales et al. 2000; Mundy and Gomes 1998;
Stone and Yoder 2001). Given the established contributions
of gesture and joint attention to language development, in
the current study we sought to disentangle discrete interac-
tions by comparing gesture and joint attention, among other
social communication measures, as moderators of language
growth in children with ASD. The choice of measures for
this comparison is not inconsequential, and below we expli-
cate the categories and content of language assessments.

Assessment of Nonverbal Communication in ASD

Assessing nonverbal communicative behaviors such as ges-
ture, joint attention, and positive affect requires a system-
atic approach in order to inform developmental language
outcomes (e.g., Carpenter et al. 1998; Iverson and Goldin-
Meadow 2005; Manwaring et al. 2017; Morales et al. 2000;
Mundy and Gomes 1998; Rowe and Goldin-Meadow 2009;
Stone and Yoder 2001). Traditional standardized assess-
ments of language do not always account for nonverbal
communicative attempts (e.g., Courchesne et al. 2015),
nor do interventions focused on nonverbal communication
consistently measure language growth (Kasari et al. 2008;
LeBarton et al. 2015). Systematic evaluation of nonverbal
communication is especially pivotal for children who are
minimally verbal (Bal et al. 2016; Capone and McGregor
2004; Crais et al. 2009; Kasari et al. 2013), as these behav-
iors may reveal more communicative intent than is shown
in their vocalizations.

Nonverbal measures of communication can include
caregiver report, such as the M-CDI in which caregivers
complete a checklist whose behaviors include pointing, wav-
ing, and other kinds of gestures. While historical use of the
M-CDI in particular has indicated caregivers are fairly accu-
rate reporters, reliance on caregiver report alone introduces
risk for biased reporting and inconsistencies in caregiver
sensitivity (Braddock et al. 2015; Franchini et al. 2018;
Iverson et al. 2018; Szatmari et al. 2016). Direct observa-
tions of nonverbal communication can also be recorded, via
the Mullen Scales of Early Learning (MSEL; Mullen 1995)
or the Early Social Communication Scales (ESCS; Mundy
et al. 2003); however, many such standardized behavioral
measures fail to denote nonverbal communicative behaviors
during in person social interactions (Ozcaliskan et al. 2016).

A well-established assessment for early communication,
the CSBS-DP, is particularly sensitive to examining gesture,
joint attention, and shared affect profiles, and evaluates a
variety of verbal and nonverbal communication behaviors,
such as gaze shifts, conventional and distal gestures, and
rate of communication (Wetherby and Prizant 2002). While
many communication measures yield vocabulary and gesture
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inventories, the CSBS-DP Social Composite also captures
information about joint attention and intentional commu-
nicative attempts, as they are foundational communicative
behaviors (see Table 1 for a review of the clinical behaviors
included in the Social Composite). Depicting this variety of
social behavior provides pivotal supplemental information
essential for describing a child’s communicative strengths
and weaknesses. Thus, we suggest that the CSBS-DP is an
ideal assessment tool for evaluating the wide range of non-
verbal communication skills in children with autism, includ-
ing gestures, eye gaze, joint attention, and social responsive-
ness to interactions.

While the CSBS-DP accounts for prevalence of observed
communicative acts, including communicative act means
and function, scoring is primarily completed by noting
absence or presence of a behavior within each of the six
sampling opportunities. In contrast, scoring for the previous
edition of this assessment, the Communication and Symbolic
Behavior Scales Normed Edition (CSBS; Wetherby and Pri-
zant 1993), also tabulates the total frequency of each type
of communicative act. In this study we propose to use the
CSBS-DP, as well as the frequencies of behaviors captured
in the Social Composite including gestural and social-affec-
tive signaling acts, to compare different types of nonverbal
communicative predictors to language outcome (see Table 2
for a review of the Communication Scales included in the
CSBYS).

Assessment of Language Outcomes in ASD

In the research cited above suggesting a relationship between
nonverbal communication and language, most studies have
used broad measures of language, such as the MSEL or
measures that focus specifically on parent report vocabulary
like the M-CDI. However, assessment of language in autism
is also inherently challenging, as many such standardized
assessments require particular behavioral responses to
stimuli, which demands may negatively impact performance
on the assessment, as children with ASD often struggle to
participate in adult-led activities. Additionally, there is the
potential for children to demonstrate floor level performance
(i.e., a standard score < 50), specifically those who are non-
verbal or minimally verbal (Volden et al. 2016). While
standardized measures of language remain useful tools for
understanding a child’s unique developmental profile, com-
prehensive analysis of communication abilities, expressive
skills in particular, necessitates supplemental observations
of spontaneous language use (Goffman and Leonard 2000;
Kim et al. 2014; Tommerdahl and Kilpatrick 2015; Tri-
bushinina et al. 2013). Language samples that are collected
during play-based, child-led interactions are an ideal oppor-
tunity to capture expressive language in children with ASD
(e.g., Condouris et al. 2003; Kover et al. 2014; Kover et al.
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Table 2 CSBS behavior sample
communication scales

Scale

Items

Communication function

Communicative means—Gestural

Communicative means—Vocal

Reciprocity

Social-affective signaling

Behavior regulation

Joint attention

Social interaction

Conventional gestures

Distal hand gestures

Coordination of gestures and vocalizations
Vocal acts without gestures

Inventory of Different Consonants
Syllables with consonants

Multisyllables

Inventory of different words expressed
Inventory of different word combinations
Respondent acts

Rate of communicative acts

Repair strategies

Gaze shifts

Shared positive affect

Episodes of negative affect

CSBS communication and symbolic behavior scales

2012; Tager-Flusberg et al. 2009; Tek et al. 2014; Wittke
et al. 2017). Language samples provide the opportunity to
examine a number of expressive language skills. Vocabulary
is of particular interest for children with ASD, as it is well-
documented that children with autism acquire fewer words
than their TD age-matched peers, although the amount and
types of words they use are similar to younger TD language-
matched peers (see Naigles and Chin 2015; Tek and Landa
2012). Some of this slower vocabulary development can be
attributed to the children with ASD’s difficulties with word
learning strategies such as the shape bias; that is, while TD
children show a preference to extend labels to same-shape
objects, children with ASD do not (Potrzeba et al. 2015;
Tek et al. 2008). Because word learning and word use are
so varied in children with ASD (Kover et al. 2014; Tek and
Landa 2012), their word production within a naturalistic
interaction provides a meaningful language outcome for the
current research question concerning the roles of nonverbal
communication behaviors in later language abilities.

Current Study

The current study aims to investigate the interactional,
moderating effects of nonverbal communication factors on
vocabulary growth in young children with a diagnosis of
ASD. Moderation analysis will allow us to not only examine
a causal or predictive link between the variables of inter-
est, but specifically to assess the conditions under which an
effect occurs.

@ Springer

In particular, this study aims to ascertain whether a sig-
nificant interaction between word use and social communi-
cation behaviors in a heterogenous group of toddlers diag-
nosed with ASD contributes to changes in lexical diversity
and complexity observed approximately three years later. To
date, no studies have used both a comprehensive measure of
nonverbal communication and language sampling assess-
ment that is more sensitive to capturing the range of possible
language abilities seen across the spectrum.

Due to the naturalistic context of our language samples,
we choose to use total word types for our measure of word
use, as opposed to word tokens, in order to avoid inflation of
language performance appraisal that can occur when sam-
ples include words used with a high frequency (Sperry et al.
2014). The following research questions are examined:

(1) how do the Social Composite subscales of the CSBS-
DP each interact with word use and therefore moderate
growth in vocabulary over three years?

(2) how do the frequencies of the aforementioned behaviors
each interact with word use and thus moderate growth
in vocabulary?

Methods
Participants

This study utilizes a subset of participants from the Autism
Phenome Project (APP; total N=54, 42 males, mean age at
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initial visit=33.9 months, SD =35.5), a longitudinal study
completed through the MIND (Medical Investigation of
Neurodevelopmental Disorders) Institute at the University
of California, Davis. The APP includes collection of genetic,
behavioral, language, and neurobiological features of chil-
dren with autism, in order to better define the broad autism
phenotype. Children were recruited for the APP from the
northern California region in close timing to initial ASD
diagnosis, around three years of age (Time 1). Participants
were invited to return one and two years later (Time 3) in
order to enable examination of developmental trajectory pat-
terns. While the APP is a large-scale project that included
189 children in the initial phase of the project (collected
between the years of 2007 to 2011), we are using a subset of

Table 3 Sample descriptive statistics

children for the current project based on inclusion criteria
to support our current aims. Inclusion criteria are limited to
participants with available spontaneous language samples
at Time 1 and Time 3, as well as CSBS-DP scores from
Time 1. All participants also had confirmed ASD diagnoses,
supported by scores in the autism range on the Autism Diag-
nostic Observation Schedule (ADOS; Lord et al. 1999). See
Table 3 for characteristics of the sample and performance on
developmental measures at Time 1 and Time 3.

Materials

The CSBS-DP Behavior Sample was administered to all par-
ticipants at Time 1 and video was recorded for subsequent

Mean Std. Deviation Range
Time 1
Age (in months) 33.87 5.512 23;43
Total word types 27.24 33.478 0; 150
Social composite RS 37.76 9.945 19; 60
Social composite SS 6.93 3.209 3; 16
Emotion and eye gaze scale RS 13.91 4.015 3; 18
Emotion and eye gaze scale SS 10.33 5.151 3; 17
Communication scale RS 14.57 5.989 0; 24
Communication scale SS 7.78 4.303 3,17
Gesture scale RS 9.28 3.253 2; 18
Gesture scale SS 6.65 1.963 3;13
Conventional gestures F 43.24 15.754 16; 86
Distal gestures F 4.72 4.582 0; 30
Gestures with vocalization F 10.94 12.886 0; 55
Communicative gestures F 58.91 21.150 22; 117
Gaze shifts F 7.11 6.723 0; 25
Shared positive affect F 291 4.099 0; 20
Episodes of negative affect F 2.93 3.806 0; 15
Social affective signaling F 12.94 9.230 2; 45
Behavior regulation F 12.93 6.762 2;34
Social interaction F 2.26 3.546 0; 16
Joint attention F 5.63 6.253 0; 24
Respondent acts F 16.52 9.148 1; 46
Repair strategies F 0.50 1.209 0;7
Communication rate 5.16 1.861 2; 10
MSEL expressive language RS 18.57 9.009 6; 41
MSEL receptive language RS 19.87 8.447 8;42
ADOS total RS 18.00 4.786 8;27
Time 3

Age in months 67.24 10.194 53; 96
Total word types 99.63 88.189 5,289
ADOS total RS 16.31 6.826 4,27

n=>54

RS raw score, SS standard score, F frequency value, MSEL Mullen Scales of Early Learning, ADOS Autism diagnostic observation schedule
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scoring. This measure was administered in a child friendly
laboratory play room by trained researchers who had demon-
strated experience with young children and test administra-
tion of standardized measures. The behaviors were elicited
based on six communicative temptation activities includ-
ing a wind-up toy, balloon, bubbles, jar of snacks, shared
book reading, and pretend play. Raw scores yielded three
subscales that include communication, gesture, and emotion
and eye gaze (see Table 1). Additionally, frequency data
for the comparable social elements assessed in the previous
version of the CSBS were also tabulated. These frequency
variables included communication forms: conventional ges-
tures, distal gestures, gestures with vocalization, gaze shifts,
shared positive affect, and episodes of negative affect. Fre-
quency coding was also completed for communication func-
tions: behavior regulation, social interaction, joint attention,
respondent acts, and repair strategies. That is, each com-
municative act was coded for both form and function and
is thereby accounted for with two different frequency vari-
ables. The reciprocity cluster score is measured in the CSBS,
but not the CSBS-DP, and includes rate of communicative
acts, respondent acts, and repair strategies. Respondent acts
indicate a child responded to an adult’s communicative act
within 2-3 s by continuing the same topic or focus of atten-
tion, such as answering a question or following an adult’s
point with a gaze shift. A repair strategy was observed if a
child promptly repeated or modified a previously unsuccess-
ful communicative act. For example, a modified act could
include using a different form of communication like com-
bining gesture and sound or changing the quality of a signal
such as increasing loudness.

Spontaneous language samples were obtained at both
Time 1 and Time 3, using video recordings of behavioral
testing from those time points. Spontaneous speech samples
at Time 1 were collected in the context of the CSBS-DP
behavior sampling opportunities. Similarly, speech sam-
ples at Time 3 were collected in the context of the ADOS.
Specific tasks on the ADOS were chosen that afforded the
most spontaneous and unprompted language production.
Although the exact tasks varied slightly depending on the
ADOS Module that the child was administered, the follow-
ing tasks were included in the language sample transcrip-
tions: Free Play, Birthday Party, Bubble Play, Snack, Make-
Believe Play, Conversation, Description of a Picture, Telling
a Story from a Book, Cartoons, and Creating a Story. For
more specific detail and information regarding the selection
criteria and transcription procedure for eligible participants
at Time 3, please see Wittke et al. (2017).

Both sets of spontaneous speech samples (from the
CSBS-DP at Time 1 and the ADOS at Time 3) were tran-
scribed by the first two authors and trained research assis-
tants using Computerized Language Analysis (CLAN) soft-
ware in CHAT format (MacWhinney 2008). Samples from
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Time 1 were analyzed by the first author and two trained
research assistants, while samples from Time 3 were ana-
lyzed by the second author and one research assistant for a
previous research study (Wittke et al. 2017); both authors
established coding reliability with line by line agreement
exceeding 90%. The transcription team used a consensus
coding procedure consistent with Shriberg et al. (1984) and
Wittke et al. (2017). All discrepancies were discussed by
the transcription team until at least 90% inter-rater agree-
ment (range of 92-98%) was achieved; if line agreement was
unable to be achieved, such utterances were consequently
coded as unintelligible.

Once all spontaneous language transcripts were double-
scored and both raters achieved line by line reliability, the
total number of word types (TWT) were calculated in CLAN
for each participant’s language sample. As described earlier,
TWT were used as a more sensitive measure of vocabulary
rather than total word tokens of these children’s expressive
language functioning.

Results
Preliminary Analyses

A series of moderation models was completed with the
intent of assessing interactions between early language status
and summative social communication skills, communication
patterns, affect and gaze behavior, and early gesture skills.
A preliminary basic data screening was completed to ensure
data entry accuracy and assess distribution normality. This
subset of participants was selected based on availability of
data for all variables of interest; therefore, no missing data
solutions were required. The dependent variable for all anal-
yses was TWT at Time 3, as predicted by the independent
variable TWT at Time 1. A simple regression was calculated
to predict TWT at Time 3 based on TWT at Time 1; signifi-
cance was found (F(2,52)=51.153, p <0.001), with an R%=
0.496, confirming the appropriateness to continue with the
moderation analyses.

To determine whether gender or receptive-expressive
language variables at Time 1 needed to be included as
covariates in the main analysis, gender and T-scores from
the MSEL expressive and receptive subtests were also indi-
vidually incorporated in a subsequent series of hierarchi-
cal multiple regressions analyses. While positive trends for
significant contributions were observed for higher receptive
language scores in greater TWT at Time 3, the proportion of
variance accounted for by these predictors consistently and
significantly declined in all moderation models with covari-
ate inclusion. Therefore, we did not include any covariates
in the main analyses.
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Moderator Analyses

All analyses were conducted using SPSS Version 25, with
moderation analysis conducted using the SPSS macro PRO-
CESS (Hayes 2018). A series of ordinary least square regres-
sion models were run with proposed moderators includ-
ing the CSBS-DP Social Communication subscales (see
Table 1), as well as frequency data for the following social
elements: conventional gestures, distal gestures, gestures
with vocalization, gaze shifts, shared positive affect, epi-
sodes of negative affect, behavior regulation, joint attention,
social interaction, respondent acts, rate of communicative
acts, and repair strategies (see Table 2). Separate hierarchi-
cal multiple regression analyses were performed for each
potential moderator variable. In Step 1, the predictor TWT at
Time 1 was entered into the model. In Step 2 of each model,
the potential moderator was added as an additional predic-
tor. In Step 3, a two-way interaction term between Time 1
TWT and the moderator was added to the model. Differ-
ences in R? between regression models with and without
the interaction term were compared across nested models to
evaluate proportion of variance uniquely explained by the
moderating two-way interaction term and to prompt further
investigation of conditional interactions. In order to probe
significant interaction effects, the Johnson-Neyman tech-
nique (Bauer and Curran 2005; Johnson and Neyman 1936;
Johnson and Fay 1950; Rogosa 1980) was implemented to

identify transition points in the range of moderator variables
where the effect of TWT at Time 1 on TWT at Time 3 was
significant and not significant.

Multiple moderation models indicated significant inter-
action effects, demonstrating a change in the magnitude or
direction of the relationship between TWT at Time 1 and
Time 3. For the CSBS-DP, a significant moderating inter-
action was identified for the Emotion and Eye Gaze Scale
(AR?>= 0.0550, F(3; 50)=6.1208, p=0.0168) and the
Communication Scale (AR?= 0.0754, F(3; 50)=6.1208,
p=0.0035); however, no significant moderation effect
was found for the Gesture Scale (AR*= 0.0218, F(3;
50)=2.2608, p=0.1390). The focal predictor, TWT at Time
1, had a significant effect across the entire range of values
for the Emotion and Eye Gaze Scale, and for Communica-
tion Scale standard scores below 15.6229 (88.89%; 17 is the
maximum). The interaction effect sizes and Johnson-Ney-
man threshold values for all completed moderation models
are presented in Table 4. If the interaction between TWT at
Time 1 and the moderator remained significant across all
values of the moderator, no significant transition points are
noted. However, if interaction significance was limited to
a range of observed moderator values, the threshold value
for significance is presented as well as the percentage of
observed moderator values above and below the threshold
value. Thus, variance in the Communication scale moder-
ated T3 TWT outcomes at all but the highest scores. The

Table 4 Moderation effect sizes w
. 2 .
as explained by R” increases

due to interaction

AR? F[1,50] p Johnson-Neyman value’
Emotion and eye gaze scale SS 0.0550 6.1208 0.0168* No significant transition points
Communication scale SS 0.0754 9.4187 0.0035%%* 15.6229 [88.8889, 11.1111]
Gesture scale SS 0.0218 2.2608 0.1390 No region of significance
Conventional gestures 0.000 0.007 0.9785 No region of significance
Distal gestures 0.0017 0.1663 0.6852 No region of significance
Gestures with vocalization 0.0731 8.5710 0.0051%** 22.5089 [81.4815, 18.5185]
Gaze shifts 0.0780 10.2496 0.0023%*%* 16.8401 [87.0370, 12.9630]
Shared positive affect 0.0176 1.9178 0.1723 No region of significance
Episodes of negative affect 0.0119 1.2178 0.2751 No region of significance
Behavior regulation 0.0592 6.9780 0.0110%* 29.5289 [96.2963, 3.7037]
Social interaction 0.0007 0.0775 0.7818 No region of significance
Joint attention 0.0813 11.9276 0.0011%*%* 14.9705 [88.8889, 11.1111]
Respondent acts 0.0476 6.1555 0.0165* 34.31375 [94.4444, 5.5556]
Repair strategies 0.0081 0.8738 0.3544 No region of significance
Communication rate 0.0023 0.2390 0.6271 No region of significance

n=>54

RS raw score, SS standard score, MSEL Mullen Scales of Early Learning

*p<.05. #p< 01

The Johnson-Neyman value' reflects the moderator value(s) at which the interaction was found to be signif-
icant. If the interaction between TWT at T1 and the moderator remained significant across the entire range
of moderator values, no significant transition points were observed. If the interaction was significant for a
limited range of moderator values, the threshold value is listed with the percentage of moderator values
observed below and above the threshold value, respectively, in brackets
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non-mean centered and mean-centered models with CSBS-
DP subscale standard scores as moderators are presented
in Online Tables 5 and 6. In each of these tables, Model 1
reflects Time 1 TWT as a significant predictor of Time 3
TWT and Model 2 incorporates the Emotion and Eye Gaze
(see Online Resource 1, Table 1) or Communication (see
Online Resource 1, Table 2) subscale standard scores as an
additional predictor. Model 3 presents a non-mean centered
moderation model, expanding upon Model 2 by including
the interaction term between the subscale standard scores
and Time 1 TWT. Model 4 includes all predictors reflected
in Model 3, but with a mean-centered interaction term: the
interaction term mean (W) is subtracted from each value of
the interaction term to produce a new variable (W') with a
mean of zero and a standard deviation equal to the standard
deviation of W. Therefore, mean-centered Model 4 has the
same model fit as Model 3 with reparameterization applied,
estimating the effect of Time 1 TWT on Time 3 TWT when
W'=0.

The same moderation model procedure was applied to
the frequency data for the social, gestural, and emotional
display elements described earlier (see Table 3 for raw
data). Frequency of conventional gestures (AR>= 0.000,
F(3; 50)=0.007, p=0.9785) and frequency of distal ges-
tures (AR?>=0.0017, F(3; 50)=0.1663, p =0.6852) were not
significant moderating variables. In contrast, frequency of
gestures paired with vocalization was a significant modera-
tor (AR?>=0.0731, F(3; 50)=8.5710, p=0.0051). The focal
predictor, TWT at Time 1, had a significant interaction effect
for gestures with vocalization when the observed frequency
of this behavior was 22.5089 or lower, which includes
81.48% of the sample participants. That is, for individuals
with fewer than 22.5089 observed occurrences of gestures
paired with vocalization (18.52% or approximately 10 indi-
viduals in this sample), the T1-T3 TWT trajectory was not
moderated by interaction effects. The non-mean centered
and mean-centered models for this measure is presented in
Online Resource 1, Table 3.

Further, a significant moderation effect was observed for
frequency of gaze shifts (AR?=0.0780, F(3; 50) =10.2496,
p=0.0023), but not for frequency of shared positive affect
(AR?= 0.0176, F(3; 50)=1.9178, p=0.1723) and epi-
sodes of negative affect (AR?= 0.0377, F(3; 50)=4.4287,
p=0.0404). The focal predictor, T1 TWT, had a significant
interactional effect for gaze shift frequencies below/lower
than 16.8401 (87.04%; max of 25). The non-mean centered
and mean-centered model for frequency of gaze shifts is
presented in Online Resource 1, Table 4.

Additionally, examination of behavior regulation (AR*=
0.0592, F(3; 50)=6.9780, p=0.0110) and joint attention
(AR?>= 0.0813, F(3; 50)=11.9276, p=0.0011) frequency
counts indicated a significant moderation effect for fre-
quencies lower than 29.5289 and 14.9705, respectively
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(with maximums of 34 and 24, respectively). However, fre-
quency of communicative acts with a social interaction func-
tion was non-significant (AR*= 0.0007, F(3; 50)=0.0775,
p=0.7818). Regarding reciprocity, frequency of respondent
acts (AR?>=0.0476, F(3; 50) =6.1555, p=0.0165) had a sig-
nificant moderating effect for frequencies fewer than 34.3175
(with a max of 46), whereas frequency of repair strategy was
nonsignificant (AR?= 0.0081, F(3; 50)=0.8738, p=0.3544).
Evaluation of communication rate, or average number of
communicative acts per minute, did not indicate a signifi-
cant moderation effect acts (AR?= 0.0023, F(3; 50)=0.2390,
p=0.6271) (see Online Resource 1, Tables 5, 6, 7 for the
depicted models).

Finally, further inquiry of moderation effects was carried
out by plotting interaction terms. Interaction plots for all
significant moderators indicate three consistent patterns of
interest based on low, medium, or high moderator values,
as presented in Figs. 1, 2, 3, 4 and 5. The low, medium,
and high moderator values in each of these interaction plots
reflects the moderator values at the 16th, 50th, and 84th
percentiles, respectively; that is, these plots are describing
interactions observed at specific moderator values (rather
than describing subgroups of participants as that exceeds
the scope of this analysis). The low and high values on the
x-axis represent TWT one standard deviation below and
above the mean at Time 1. For example, in Fig. 1 Part (b):
if children were observed to have a Communication sub-
scale score at the 16th percentile of this sample, those with
lower than average TWT scores at Time 1 also had low
TWT scores at Time 3. A similar pattern was observed for
children with a Communication subscale score at the 84th
percentile: children with higher than average TWT at Time 1
were observed to produce greater TWT at Time 3 than chil-
dren with lower than average TWT at Time 1. In contrast, if
children were observed to have a Communication subscale
score at the 16th percentile but also presented with higher
than average TWT scores at Time 1, they also had some-
what low TWT at Time 3. Another contrasting pattern was
observed for Communication subscale values observed at
the 50th percentile of this sample. That is, children with this
observed moderator value paired with lower than average
TWT at Time 1 had relatively high TWT at T3, and children
with higher than average TWT at Time 1 had relatively low
TWT at Time 3. These three general interaction trends were
observed, with subtle differences in scale, for the significant
moderators of Emotion and Eye Gaze and Communication
subscale standard scores (Fig. 1), frequency of gestures with
vocalization (Fig. 2), frequency of gaze shifts (Fig. 3), fre-
quency of behavior regulation and joint attention (Fig. 4),
and frequency of respondent acts (Fig. 5).

Conditional moderation effects yielded with the John-
son-Neyman technique (see Table 4) were further evalu-
ated. The thresholds and ranges of moderator values
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Fig.3 Modeled Time 3 total
word types (TWT) as a func-
tion of the interaction between
Time 1 TWT and CSBS-DP
moderator: a frequency of gaze
shifts. Designated low, medium,
and high moderator values are
indicative of the 16th, 50th, and
84th percentiles, respectively

Fig.4 Modeled Time 3 total
word types (TWT) as a function
of the interaction between Time
1 TWT and CSBS-DP modera-
tors: a frequency of commu-
nicative acts with a behavior
regulation function and b
frequency of communicative
acts with a joint attention func-
tion. Designated low, medium,
and high moderator values are
indicative of the 16th, 50th, and
84th percentiles, respectively
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Fig.5 Modeled Time 3 total 250

word types (TWT) as a function
of the interaction between Time

(a) Respondent

1 TWT and CSBS-DP modera- 200
tor: a frequency of respondent
communicative acts. Designated E
low, medium, and high modera- fac 150

tor values are indicative of the
16th, 50th, and 84th percentiles,
respectively
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Fig.6 Conditional interaction effects of CSBS-DP moderators and
total word types (TWT) at Time 1 on TWT at Time 3. Moderators
include: a Social Composite standard scores b Emotion and Eye Gaze
Scale standard scores and ¢ Communication Scale standard scores.

—ao—95% O Upper Limit - J-N Threshold

Shaded regions indicate moderator values at which interaction effects
were non-significant; significant moderator value thresholds are indi-
cated along with percentage of observed moderator values in region
of significance
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Fig.7 Conditional interaction effects of CSBS-DP moderators and
total word types (TWT) at Time 1 on TWT at Time 3. Moderator is:
a frequency of gestures with vocalization. Shaded regions indicate
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Fig.8 Conditional interaction effects of CSBS-DP moderators and
total word types (TWT) at Time 1 on TWT at Time 3. Moderator is:
a frequency of gaze shifts. Shaded regions indicate moderator values

in which significant moderating effects were observed
are presented in a series of conditional effect plots (see
Figs. 6, 7, 8, 9, 10). Combined, significant conditional
interaction effects were observed for at least 80% of all
observed values, with any non-significant regions occur-
ring at the upper limits of observed value ranges.

Discussion
This study aimed to examine whether and which nonverbal

communication behaviors moderate the relationship between
very early spoken language and later spoken language for
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95% Cl Upper Limit «wJ-N Threshold

at which interaction effects were non-significant; significant modera-
tor value thresholds are indicated along with percentage of observed
moderator values in region of significance

children with ASD. By combining spontaneous language
samples collected in a naturalistic context with comprehen-
sive observational measures of nonverbal communication
behaviors, we were able to critically evaluate the conditional
interactional effects of nonverbal communication factors on
word use trajectories during a fundamental period of social
communication and language development. Empirical sup-
port for collective interactional effects was indicated for the
CSBS-DP Emotion and Eye Gaze subscale and the Com-
munication subscale; however, significant interactional
effects were not found for the Gesture subscale. These find-
ings prompted further analysis using frequency counts of
relevant social communication behaviors as captured in
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Fig.9 Conditional interaction effects of CSBS-DP moderators and
total word types (TWT) at Time 1 on TWT at Time 3. Moderators
include: a frequency of communicative acts with a behavior regu-
lation function and b frequency of communicative acts with a joint

the prior CSBS measure. Significant conditional interac-
tion effects emerged for gestures paired with vocalization,
gaze shifts, joint attention (JA), behavior regulation, and
respondent acts, implying the presence of a dynamic rela-
tionship between early word use and specific forms of social
communication. We identified three distinct and consistent
interaction patterns across all significant moderation mod-
els: consistently low word use across time, moderate word
use with variable growth, and high word use with steady
growth. One trend described children who demonstrated low
social communication measure performance at T1 and ended
up with low word use at Time 3 regardless of how low or
high their word use was at Time 1. Another observed pattern
included children with high scores on social communica-
tion measures, who ended up with low or high word use at
Time 3 consistent with their low or high word use observed

attention function. Shaded regions indicate moderator values at which
interaction effects were non-significant; significant moderator value
thresholds are indicated along with percentage of observed moderator
values in region of significance

at Time 1. Of greatest interest is the final observed trend:
children with social communication measure performance in
the median range and low word use at Time 1 who produced
a high number of TWT at Time 3. We discuss these findings
with respect to our question about the relative strengths of
gesture and joint attention as social communication modera-
tors of language growth in children with ASD.

Gestures and Language Growth: Where’s the Link?

There were no significant interactional effects between
early language use and the Gesture subscale of the CSBS-
DP, although follow-up analyses with frequency counts for
specific gesture scales revealed one significant moderator.
While frequency of conventional gestures and distal gestures
did not significantly moderate the relationship between early
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Fig. 10 Conditional interaction effects of CSBS-DP moderators and
total word types (TWT) at Time 1 on TWT at Time 3. Moderator is:
a frequency of respondent communicative acts. Shaded regions indi-

and later language abilities, gestures paired with vocaliza-
tion did. This is consistent with findings from Parlade and
Iverson (2015), which indicated gesture-vocalization coordi-
nation develops differently in children with ASD compared
to children with language delays. More specifically, coor-
dination of gestures with vocalization occurs at a slower
growth rate and contributes to subsequent discrepant pat-
terns in social and language development. Other studies have
corroborated this finding (Iverson et al. 2018; Veness et al.
2012), showing that children with ASD are qualitatively dif-
ferent than children with language delay only based on their
slow gesture growth. Thus, it is not surprising the children
who used more gestures paired with vocalizations demon-
strated better language outcomes in our sample. Our findings
suggest the function of communication (e.g., use of a gesture
or vocalization for behavior regulation or joint attention) is
contributing to discrepant communication patterns.

Our finding regarding non-significant moderation effects
for gesture independent of vocalizations (conventional ges-
ture use and distal gesture use, as measured by the CSBS)
corroborates evidence from Braddock and Armbrecht
(2016), indicating early gesture use does not predict com-
munication growth. While Braddock et al. (2015) identi-
fied significant associations between gesture and language
abilities, this was specific to number of gesture types rather
than gesture frequency. Combined with our findings, this
suggests gesture may be more meaningful when assessed
as a repertoire of forms similar to a vocabulary inventory.
This is corroborated by Hughes et al. (2019) in their recom-
mendation to comprehensively profile very young children’s
gesture function rather than frequency during early assess-
ment and intervention. Similarly, Leezenbaum et al. (2014)
found maternal input in response to gesture production to be
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cate moderator values at which interaction effects were non-signifi-
cant; significant moderator value thresholds are indicated along with
percentage of observed moderator values in region of significance

variable based on infants’ gestural forms: mothers were more
likely to provide verbal translations in response to point or
show gestures compared to reach or give gestures. This,
along with our findings, again support that gesture may be
more meaningful when measured as a repertoire of varied
forms rather than in frequency.

Joint Attention and Language Growth: Significant
Moderators

While the Gesture Scale of the CSBS-DP was not signifi-
cant, the Communication subscale did have a significant
interactional effect between early and later language out-
comes. More precise inspections of these contributions with
frequency count data specifically underscored the interac-
tional effects of joint attention and behavior regulation, but
not communication rate or social interaction. In other words,
communication serving the purpose of directing others (i.e.,
protesting, reacting to an object of shared attention) appears
to be playing a unique conditional role in shaping language
growth. Similarly, the Emotion and Eye Gaze subscale was
also a significant moderator, but this effect was driven by the
frequency of gaze shifts, as the other two scales included in
that measure (frequency of shared positive affect and nega-
tive affect) were not. More subtle nonverbal communicative
behaviors like gaze shifts appear to play a conditional, supe-
rior role in language growth (McDaniel et al. 2018; Morett
et al. 2016; So et al. 2015).

These findings, that early spoken language is bolstered by
pivotal skills like joint attention, self-regulation, and gaze
shifts, point to the intertwined nature of social interest and
volitional use of communication. Particularly, the ability to
allocate attention to a shared object or person of interest
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while also actively attempting to shape others’ behavior
through verbal or nonverbal means likely creates positive
reciprocal interactions. Reciprocal interactions require effi-
cient attentional processes, such as visual perception, motor
coordination, verbal memory, and spatial memory (Chu et al.
2014; Goldin-Meadow 2009; Heimann et al. 2016; Hostet-
ter and Alibali 2007; Kuhn et al. 2014; Sassenberg et al.
2011; Schmalenbach et al. 2017). Further, these attentional
processes for reciprocal interactions are known to be more
compromised in young children with ASD within social con-
texts such as engaging with humans compared to objects
(Chawarska et al. 2013; Elsabbagh et al. 2009; Morett et al.
2016; Mundy 2018). Our findings are particularly meaning-
ful when connected to research on children with ASD who
are minimally verbal. Several research studies have affirmed
that minimally verbal children with ASD make progress with
speech and language intervention when a certain threshold
of joint attention skill is present (Abdelaziz et al. 2018; Daw-
son et al. 2004; Mundy et al. 1990; Paul et al. 2008, 2013;
Watt et al. 2006).

Interaction Patterns in Language Growth

Interaction plots for significant moderators discussed above
revealed distinct interactions patterns in this heterogeneous
sample of children with ASD. One pattern demonstrated
how low social communication measure performance at
T1 resulted in low word use at Time 3 regardless of their
word use was at Time 1. That is, it did not seem to mat-
ter how much they were talking at a younger age; rather,
if they presented with poor nonverbal social communica-
tion skills early on, their later language skills were poorer.
Another observed pattern included children with high scores
on social communication measures, who ended up with low
or high word use at Time 3 consistent with their low or
high word use observed at Time 1. This pattern showed that
for some children, better nonverbal social communication
skills did not seem to have an effect on language growth
over time. Thus, these two patterns indicate that for some
children, early social communication abilities are most pre-
dictive whereas for other children, early language abilities
are most predictive; both of these patterns are consistent
with the literature we have reviewed above (see also Hoff
and Naigles 2002). However, the most notable finding is the
final observed pattern: children with social communication
measure performance in the median range and low word use
at Time 1 who produced a high number of TWT at Time 3.
In other words, higher performance on the aforementioned
social communication measures interacted with early lan-
guage abilities to propel later language abilities above and
beyond early language alone.

As indicated in Figs. 6, 7, 8, 9 and 10, across all social
communication elements exerting influence, conditional

effects were observed for the majority of observed values
with some fading of effects for values in the upper limits.
Interactional effects remained significant for at least 80% of
all moderator values, ranging from 81 to 100% of the sample
between moderators. For children with social communica-
tion measure performance at T1 in the highest 10-20% of
our sample, moderation effects did not remain significant
for all communication measures. Perhaps this indicates that
children demonstrating the greatest strength with social com-
munication measures are progressing in language growth at
a relatively stable rate compared to children with modest
early social communication measure performance. Another
plausible explanation for this fading of effects could be that
these children are persistently repeating communicative acts,
albeit with a limited variety of forms. That is, a child could
present with a high frequency of acts for the purpose of
behavior regulation but these acts might recur similarly to
a restricted and repetitive behavior. In sum, these findings
nonetheless emphasize interactional effects are present for
the majority of observed values, and further investigation of
social communication measures with confirmed conditional
effects is recommended.

Clinical Implications

The clinical implications for these findings may be best
described by the role of communication partners in chil-
dren’s language growth. The intended outcome for these sig-
nificant moderators (gestures paired with vocalization, gaze
shifts, joint attention, behavior regulation, and respondent
acts) is to initiate, respond, and sustain social communica-
tive interactions. In other words, these nonverbal behaviors
help to elicit more language—and possibly more complex
language—from one’s communication partner. For that rea-
son, the bidirectionality of parent-mediated communication
and language is a critical component in understanding the
early trajectories of language development (e.g., Adamson
et al. 2001; Althoff et al. 2019; Bradshaw et al. 2017; Brad-
shaw et al. 2015; Chiang et al. 2016; Fusaroli et al. 2019;
Haebig et al. 2013; Heymann et al. 2018; Leezenbaum et al.
2014; Ozcaliskan and Goldin-Meadow 2005; Sameroff
2010; Siller et al. 2013). That is, parents strategically direct
children’s attention and provide language input while con-
tinuously monitoring their child’s interest. Further, parents
contingently respond to children based on situational fac-
tors like proximity, but more notably parent responses are
contingent on communicative context. For instance, Hey-
mann et al. (2018) emphasize the need for early promotion
of parents imitating and expanding child communication
attempts paired with gaze shifts during naturalistic inter-
actions, principally encouraging the pairing of gaze shifts
with ambiguous gestures and non-speech vocalizations. For
example, even if a child’s communicative intent is unclear,
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such as a wavering point or a grunt, if the attempt was paired
with a gaze shift it is a potential opportunity for parents
to acknowledge and shape into a communicative exchange.
Such responses provide exposure to progressive variations
in children’s demonstrated communicative forms and fos-
ter coordination of multiple communicative behaviors and
joint attention and are pivotal skills that can be honed in
prevention and intervention contexts (Goldstein et al. 2010;
Schreibman et al. 2015). Not surprisingly, infants at risk
for ASD were less likely to pair gaze shifts with more overt
communicative acts like speech or point and show gestures,
thus resulting in fewer word-learning opportunities in a
social parent—child context. Given the influence that these
nonverbal communication skills have on language growth,
these findings highlight the importance of contingent
responsiveness to communicative attempts in early inter-
vention contexts that bolster language skills.

Limitations

While we were able to confirm several proposed moderation
interactions in the present study, we were limited by miss-
ing data in the sample. Our sample selected from the larger
APP dataset was limited by missing data factors including
inconsistencies in baseline assessments administered (5%),
selective participant invited return at T3 (50%), missing or
damaged DVDs, and video playback issues limiting analy-
sis of the language samples retrospectively after Times 1
and 3 (23%; i.e., distorted sound, camera placement issues),
all of which are consistent with longitudinal studies of this
nature. While we anticipate the observed interaction pat-
terns and reported results would remain consistent with a
larger sample size, it is possible the interaction threshold
values might shift slightly with a smaller margin of error.
In addition, the frequency counts in our analysis were not
independent of each other since communicative acts were
coded for both form and function. That is, a child could have
produced an act that was first scored by form as a conven-
tional gesture and additionally scored by function as social
interaction. And, although the CSBS-DP is norm-referenced
for children with a chronological age of 6 months to 6 years,
standard scores for all children exceeding a chronological
age of 24 months are converted using the same table. The
developmental discrepancies between chronological age and
developmental age based on our sample characteristics may
have influenced variation in scores.

Conclusion
In summary, our results affirm the presence of a significant

interaction between very early spoken language production
and social communication behaviors including gaze shifts,

@ Springer

speech-gesture coordination, behavior regulation, and joint
attention. Notably, our findings specify the conditional influ-
ences of particular communication forms and functions on
language growth, emphasizing the role of how and why chil-
dren with ASD communicate rather than how often. The
contribution of gesture use frequency on language growth
was limited to gestures paired with vocalization, suggest-
ing delays in early gesture production do not necessarily
impede later spoken language skills. Thus, intervention tar-
geting language growth should incorporate a focus on under-
lying nonverbal and social cognition elements directly, as
indirect growth effects in language may co-occur (Hampton
and Kaiser 2016; Heymann et al. 2018). Further, nonverbal
expressions of social interest with joint attention and eye
gaze interact with early vocabulary status to impact language
growth, above and beyond gesture use. Future research stud-
ies should critically assess the contributions of intentional
communicative acts, both verbal and nonverbal, in unison
with underlying social interest when describing the strengths
of children with ASD. Additionally, the CSBS-DP provides
an optimal context for describing social communication
skills to inform language form, function, and frequency that
underlies early language risk in young children with autism.
Further, pairing the social communication profile observed
with the CSBS-DP with the more fine-grained analysis of
communicative acts with the CSBS can provide a compre-
hensive portrayal of complex social communication behav-
iors and the alignment with overall language development
profiles.
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