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Introduction

Young children with autism spectrum disorder (ASD) fre-
quently exhibit substantial language delays, and nearly 
one-third of children diagnosed with ASD remain mini-
mally verbal at 5 years of age (Tager-Flusberg and Kasari, 
2013). This is concerning because, in children with ASD, 
childhood language abilities predict important adult out-
comes such as social functioning and independence 
(Gillespie-Lynch et al., 2012). An improved understanding 
of language development is of significant interest to 
researchers, so that the developmental and environmental 
factors that may positively influence language acquisition 
can be maximized within intervention contexts (e.g. Yoder 
et al., 2015). For children in the earliest stages of language 
development, vocabulary size is a developmentally appro-
priate focus of research.

Children’s vocabulary knowledge can be represented in 
two modalities. Expressive vocabulary size refers to the 
number of words children can say, while receptive vocabu-
lary size refers to the number of words children can under-
stand. In this study, we use the term cross-modal to refer to 
the associations across expressive and receptive vocabu-
lary modalities. Studying children who are just beginning 

to learn words can help clarify how the early emergence of 
vocabulary in one modality influences the other modality 
over time. Examining children with ASD in relation to 
their typically developing (TD) peers can illuminate devel-
opmental differences associated with ASD which, in turn, 
could aid intervention efforts that target these differences 
in this clinical population.

Cross-modal, longitudinal correlations in 
vocabulary size

Prior theory posits that, in TD children, receptive language 
acts as a developmental catalyst for expressive language 
(Bornstein and Hendricks, 2012). Individual words are 
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thought to be understood first, and later used appropriately. 
Understanding what words mean is a logical precondition 
for using most words functionally at a later time point. 
There is some empirical evidence to bolster assumptions 
about this causal pathway. For example, in the early stages 
of spoken language development, children’s receptive 
vocabulary typically emerges first and remains larger in 
size than expressive vocabulary (Benedict, 1979). Early 
receptive language is also a significant predictor of later 
expressive language in TD children (Bornstein and 
Hendricks, 2012; Watt et al., 2006).

In contrast to this typical pathway, a recent study of 
preschool-age children with ASD showed that cross-modal 
correlations between early expressive and later receptive 
vocabulary were stronger than correlations between early 
receptive and later expressive vocabulary, even after con-
trolling for concurrent cross-modal correlations and longi-
tudinal within-modality correlations (Woynaroski et  al., 
2016b). That is to say, there is correlational evidence that 
the primary direction of effect is from expressive vocabu-
lary to receptive vocabulary in this group of children, 
rather than the reverse. This suggests that young children 
with ASD may show an “opposite” pattern in the strength 
of longitudinal, cross-modal associations than is expected 
for their TD peers, where the direction of effect is thought 
to be from receptive vocabulary to expressive vocabulary 
(see Figure 1 for an illustration). Woynaroski and col-
leagues suggest that the relative weakness of the early 
receptive to later expressive pathway may be because chil-
dren with ASD are unable to process linguistic input to 
build their vocabularies unless it is provided during opti-
mal caregiver–child engagement formats. However, we 
are not aware of any research that statistically compares 
the strength of longitudinal, cross-modal relations in chil-
dren with ASD and TD children. Therefore, it is unclear 
the extent to which the pathway found in children with 
ASD is indeed atypical. Additionally, we do not yet have 
an explanation for differences in the strength of cross-
modal associations that have been observed in children 
with ASD. This study is offered as an initial attempt to: (a) 
corroborate assertions that there are group differences in 
the strength of cross-modal, longitudinal associations; and 

(b) explore a potential mechanism for identified differ-
ences that can be tested further in future research.

Caregiver utterances and joint engagement

A potentially useful approach for understanding the rela-
tive strength cross-modal associations is to identify medi-
ating variables or variables that serve as intermediaries on 
the path from one language modality to the other 
(MacKinnon et  al., 2007). A candidate mediator is car-
egiver linguistic utterances provided at times when the car-
egiver and child are engaged in such a way that is thought 
to be “optimal” for language development (Bakeman and 
Adamson, 1984). Discerning caregiver utterances and 
joint engagement states that correlate with language learn-
ing has been of interest to developmental and ASD inter-
vention researchers alike (Adamson et  al., 2009; Siller 
et al., 2014). Recently, research has attempted to identify 
more precisely the types of caregiver language and engage-
ment states that appear to promote vocabulary learning in 
children with ASD, which we outline below (Bottema-
Beutel et al., 2014; McDuffie and Yoder, 2010).

The caregiver utterance type we focus on is follow-in 
utterances, which occur when the caregiver provides a 
comment or suggestion regarding the child’s current focus 
of attention (see Table 1 for definition and examples). A 
significant amount of research has indicated that, in chil-
dren with ASD, follow-in utterances lead to greater lan-
guage learning than other types of caregiver talk, such as 
utterances that don’t follow the child’s attentional focus 
(McDuffie and Yoder, 2010; Parish-Morris et  al., 2007; 
Siller and Sigman, 2002, 2008). Children with ASD often 
experience difficulty disengaging from a current focus of 
attention and shifting to a new focus of attention 
(Swettenham et al., 1998). This may inhibit the child from 
attending to and learning from interactional bids that are 
unrelated to their focus of attention. In turn, it may then be 
unlikely that the interaction will result in the child incorpo-
rating new vocabulary into their linguistic repertoire 
(either expressively or receptively).

Joint engagement states are modes of dyadic interaction 
around objects or events that extend over a period of time. In 
their seminal research, Bakeman and Adamson (1984) 
showed that supported joint engagement, where the car-
egiver influences and scaffolds the child’s play with toys but 
the child does not explicitly acknowledge the caregiver’s 
involvement, is more influential on later language than coor-
dinated joint engagement, where the child explicitly refer-
ences the adult within the interaction. This relation holds for 
children with ASD as well as TD children (Adamson et al., 
2009). In the early stages of development, explicit acknowl-
edgment of the caregiver is usually shown through gaze 
shifts from the object to the adult or vice versa. This form of 
coordinated attention to object and person is particularly dif-
ficult for children with ASD (Mundy et al., 1986).

Figure 1.  Longitudinal, cross-modal vocabulary associations.
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In more recent research (Bottema-Beutel et al., 2014), 
the supported joint engagement state has been further 
refined in order to parse the precise features of this state 
that are necessary for language learning. The joint engage-
ment state we focus on is higher order supported joint 
engagement (HSJE). In this state, the caregiver’s play 
impacts the child’s play, and the child reciprocally or col-
laboratively responds to the caregiver’s interactive or play 
moves, but without explicitly acknowledging the caregiver 
by alternating gaze between the caregiver and the toys. In 
contrast, in lower order supported joint engagement 
(LSJE), the caregiver and child are engaged with the same 
objects in such a way that the caregiver’s play impacts the 
child’s physical interaction with the toys, but the child 
does not reciprocally respond to or collaborate with the 
caregiver (see Table 1 for definitions and examples).1 In 
HSJE, but not in LSJE, the caregiver and child are in a 
state where appreciation of the intentionality of the other is 
mutual and both parties are aware of “doing something 
together” (Tomasello, 1999). In neither state, however, is 
the child explicitly acknowledging the adult with gaze.

In traditional measures of supported joint engagement, 
HSJE and LSJE sub-states are not separated out. However, 
a recent study found that follow-in utterances provided 
within HSJE (HSJE with caregiver follow-in utterances 
(HSJE + FI)) predicted later receptive language, while 
follow-in utterances provided within LSJE or when the 
child was otherwise engaged with objects did not (Bottema-
Beutel et al., 2014). This research underscores the need to 
examine not only the amount of follow-in utterances but 
also the joint engagement states that enable children with 
ASD to learn from linguistic input. HSJE + FI may be 
optimal for language learning because it represents a bal-
ance between two aspects of engagement: (a) it allows the 

child to simultaneously focus on the object labels and their 
referents, without also using cognitive resources to man-
age the interaction with the caregiver through gaze 
(Adamson et al., 2009; Bottema-Beutel et al., 2014), and 
(b) the social involvement with the caregiver that is 
indexed by child reciprocity within HSJE may increase the 
probability that the input is processed and is socially mean-
ingful to the child (Bottema-Beutel et al., 2014). In LSJE, 
although the caregiver is influencing the child’s play with 
objects, there is no readily apparent social involvement 
from the child. The lack of social engagement during the 
provision of follow-in utterances may reduce the child’s 
attention or processing of the input and thus hamper the 
child’s ability to learn the meaning of any new words they 
hear during LSJE.

It is possible that HSJE + FI mediates cross-modal, lon-
gitudinal vocabulary relations and that it does so to a greater 
extent for children with ASD than TD children (see Figure 
2 for a visual depiction of the hypothesized mediation 
effect). The rationale for this prediction is most apparent 
for the early expressive to later receptive direction. When 
children are beginning to build expressive vocabularies, 
their word use may be a strong recruiter of caregiver scaf-
folding around play. When children talk about what they 
are playing with, caregivers may perceive this as an oppor-
tunity to shape the play as a joint interaction. Furthermore, 
expressive vocabulary may be employed interactionally to 
reciprocate caregiver actions around toys in increasingly 
abstract and flexible ways, enabling the development of 
more frequent and longer bouts of HSJE (Adamson and 
Bakeman, 2006; Adamson et al., 2009).

Although the effects of expressive vocabulary on 
HSJE + FI may be similar for children with ASD and TD 
children, the effects of HSJE + FI on later receptive 

Table 1.  Operational definitions of observational codes.

Code Definition Examples

Follow-in utterance The caregiver provides linguistic input following 
the child’s current focus of attention, either by 
describing what the child is looking at or playing 
with, or makes a suggestion about how the child 
could play with the toy.

The child plays with a toy boat, and the caregiver 
says, “Look at the boat rocking in the water!” Or, the 
child plays with a baby doll, and the caregiver says, 
“Can the baby drink from the bottle?”

Higher order supported 
joint engagement

The caregiver and child are engaged with the same 
materials and the parent’s actions influence the 
child’s play, but the child does not visually reference 
the adult. The child reciprocates the adult’s play 
actions or collaborates with the adult in a play 
scheme.

Turn taking sequences (e.g. taking turns placing 
puzzle pieces on a board), child imitating parent (e.g. 
caregiver makes a toy pig drink water, child makes a 
toy cow drink water), or the child following through 
on a verbal directive made by the caregiver.

Lower order supported 
joint engagement

The caregiver and child are engaged with the same 
materials and the parent’s actions influence the 
child’s play, but the child does not visually reference 
the adult, nor does the child reciprocate the adult’s 
play actions or collaborate with the adult in the play 
scheme.

The child and caregiver play with the toy farm 
house, each moving a toy around the house in 
such a way that the child must adapt his or her 
play to accommodate the parent’s actions. This 
accommodation is incidental to the parent’s presence, 
and does not reflect collaboration or turn taking.
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vocabulary may differ between these two groups. Children 
with ASD may be dependent on highly specific engagement 
formats in order to learn what words mean, while TD children 
may process caregiver linguistic input in a variety of formats. 
Furthermore, TD children may experience HSJE + FI in 
greater amounts than is required for them to learn the mean-
ing of new words, which would weaken the association 
between HSJE + FI and later receptive vocabulary for this 
group. A recent meta-analysis supports this view, showing 
that joint attention (a broad construct that includes HSJE) is 
more highly correlated with language in children with ASD 
as compared to TD children (Bottema-Beutel, 2016). Finally, 
other research has shown that children with ASD are more 
dependent than TD children on talk that is consistent with 
their focus of attention in order to correctly map words to 
their referents (Baron-Cohen et al., 1997).

This study

The specific research questions examined in this study are 
as follows:

1.	 Are associations between early receptive and later 
expressive vocabulary sizes positive and condi-
tional on group membership, with a stronger asso-
ciation in the TD group?

2.	 Are associations between early expressive and 
later receptive vocabulary sizes positive and condi-
tional on group membership, with a stronger asso-
ciation in the ASD group?

3.	 Does HSJE + FI mediate the positive association 
between early expressive and later receptive 
vocabulary size, and to a greater extent in the ASD 
group?

Method

Study design

To address our research questions, we used longitudinal-
correlational and intact-group comparison design elements. 

Expressive vocabulary size, receptive vocabulary size, and 
the number of intervals in which caregivers provided fol-
low-in utterances during HSJE were assessed at study 
entry. Expressive and receptive vocabulary sizes were 
assessed again 8 months later (±2 weeks). TD and ASD 
children were group-wise matched on expressive and 
receptive vocabulary size at study entry.

Participants

Parental consent was obtained from all participants 
included in this study. Participants with ASD (n = 59; 48 
male) are a subset from a larger study of useful speech 
development in children with ASD who were initially in 
the pre-verbal stage of language development (Bottema-
Beutel et al., 2014; Woynaroski et al., 2016a, 2016b; Yoder 
et al., 2015). At Time 1 for this study, these children were 
between 28 and 53 months chronological age and had a 
clinical diagnosis of autism or pervasive developmental 
disorder not otherwise specified (PDD/NOS). If children 
had an existing diagnosis of autism or PDD/NOS through 
licensed and experienced community providers, their diag-
noses were confirmed using the Autism Diagnostic 
Observation Schedule (ADOS; Lord et  al., 2000), as 
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 clinical psychologist who was research reliable 
on the ADOS and experienced with evaluating young chil-
dren with ASD. Research diagnoses were based on best 
clinical judgment that the data from the ADOS and the 
clinical interview indicated that the child met criteria for 
autism or PDD/NOS according to the Diagnostic and 
Statistical Manual of Mental Disorders (4th ed., text rev.; 
DSM-IV-TR; American Psychiatric Association (APA), 
2000). Children with co-morbid conditions such as severe 
sensory or motor impairments, established metabolic or 
neurological disorders, or genetic syndromes were 
excluded from the study. To prevent floor effects, children 
from the larger study with a score of zero at Time 1 for 
either expressive or receptive vocabulary were excluded.

Figure 2.  Hypothesized indirect effect of early expressive vocabulary size on later receptive vocabulary size, through HSJE + FI, 
with group moderating the b path.
ASD: autism spectrum disorder; HSJE + FI: higher order supported joint engagement with caregiver follow-in utterances; TD: typically developing.
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The TD group included 46 children (24 male) who were 
between 8 and 24 months chronological age at Time 1. 
Children in the TD group were screened for prior evidence 
(i.e. professional diagnosis) or suspicion of developmental 
disabilities (i.e. referral for early intervention services or 
older sibling with a developmental disability) per parent 
report. They were also screened out if they received a 
score of zero on either expressive or receptive vocabulary 
measures. These TD controls were recruited for this study 
and were group-wise matched to the ASD group on expres-
sive and receptive vocabulary at Time 1. Following guid-
ance in Mervis and Klein-Tasman (2004), we used a 
threshold p-value of 0.50 in t-tests of means to indicate 
that groups were sufficiently matched on these two varia-
bles of interest at Time 1. Our groups met this criteria for 
expressive vocabulary (p = 0.72), but not receptive vocab-
ulary, where the ASD group mean was slightly higher. 
Therefore, in the analyses, in which early receptive vocab-
ulary was not controlled for, we dropped the participants in 
the ASD group with the three highest receptive vocabulary 
scores, which resulted in groups sufficiently matched on 
this variable (p = 0.51).

The groups were also approximately matched on mental 
age. However, the mental age assessment for the ASD 
group took place 4 months prior to the Time 1 vocabulary 
size and engagement state measures (i.e. at entry to the 
larger study of useful speech development), while the men-
tal age assessment for the TD group was taken during the 
same visit as the Time 1 vocabulary size and engagement 
state measures relevant to this study. To correct for this dis-
crepancy in timing of the mental age assessment, we calcu-
lated a “corrected MA” for the ASD group. We derived this 
correction by dividing the mental age equivalent by chron-
ological age to get an approximate index of mental age 
growth per month, multiplying the result by four and then 
adding the product to the child’s mental age. Groups did not 
differ on this approximate mental age assessment (p = 0.67). 
See Table 2 for a summary of group means and standard 
deviations for early and late variables.

Measures

Mental age.  The Mullen Scales of Early Learning (MSEL; 
Mullen, 1995) was administered at study intake by trained 
research staff (as indicated above, study intake was 
4 months prior to Time 1 measures for ASD group, and 
concurrent with Time 1 measures for the TD group). The 
MSEL is a standardized assessment normed for children 
from birth to 68 months. Mental age was calculated by 
averaging the age equivalency scores from visual recep-
tion, fine motor, receptive language, and expressive lan-
guage subscales.

Vocabulary size.  The MacArthur-Bates Communicative 
Development Inventories (MCDI; Fenson et  al., 2003), 

Words and Gestures version was administered at Time 1 
and again 8 months later at Time 2. The MCDI is a car-
egiver-completed checklist of words that young children 
are likely to understand and/or say. Receptive vocabulary 
was derived by summing the raw totals for “words under-
stands” and “words says and understands” columns. 
Expressive vocabulary was the raw total for the “words 
says and understands” column only. Vocabulary size is an 
appropriate measure of language for our samples, as chil-
dren were in the “preverbal” or “first words” stages of lan-
guage learning at study entry (Tager-Flusberg et al., 2009). 
Our data did not suggest that ceiling effects were an issue, 
as only one participant achieved maximum scores on 
expressive and receptive vocabulary at Time 2.

HSJE + FI.  HSJE and follow-in utterances were coded 
within a 15-min caregiver–child free play session, con-
ducted with a standard set of toys at Time 1 (toys included 
items such as blocks; a toy barn and animals; and a baby 
doll and a bottle). Refer back to Table 1 for operational 
definitions of HSJE and FI. After a brief warm-up period, 
caregivers were asked to play with their child as they nor-
mally would at home. The session was video recorded, and 
videos were coded in three passes using ProcoderDV soft-
ware (Tapp, 2003b). In the first pass, coders identified 
joint engagement states, using a mutually exclusive and 
exhaustive timed-event coding system described in Bot-
tema-Beutel et  al. (2014). In the second pass, coders 
divided supported joint engagement into higher and lower 
order variants. In a final pass, a 5-s partial interval coding 
system was used to record intervals in which the caregiver 
provided a follow-in utterance. Event and interval coded 
files were then merged together into a single file using 
Procoder Merger (Tapp, 2013). The number of intervals in 
which caregivers provided follow-in utterances during 
HSJE was then tallied for each file using MOOSES soft-
ware (Tapp, 2003a).

Independent coders overlapped on 20% of randomly 
selected files to calculate inter-rater reliability. Two-way 
random-effects models were used to calculate absolute 
agreement intraclass correlation coefficients (ICCs) for 
each coded variable. Individual ICCs were in the excellent 
range for all variables; 0.98 for supported joint engage-
ment, 0.87 for HSJE, and 0.91 for follow-in utterances.

Data analysis procedures

All analyses were conducted using Stata statistical soft-
ware (StataCorp, 2015). For each variable, missing data 
occurred <10% of the time; list-wise deletion was used to 
handle missing data. To examine cross-modal, longitudi-
nal relations according to group status, two multiple 
regression analyses were conducted. For the first model, 
later expressive vocabulary was entered as the outcome, 
and gender, chronological age, early receptive vocabulary, 
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group, and a group by early receptive vocabulary interac-
tion term were entered as predictors. For the second model, 
later receptive vocabulary was entered as the outcome, and 
gender, chronological age, early expressive vocabulary, 
group, and a group by early expressive vocabulary interac-
tion term were entered as predictors. Pair-wise Pearson’s 
correlations among continuous variables were computed 
prior to conducting each regression model (see Table 3). 
Correlations between predictor and outcome variables 
were significant and in the expected (positive) direction. 
Intercorrelations among predictors were not sufficiently 
high to warrant concerns regarding multicollinearity (i.e. 
⩽0.8). Variance inflation factors were computed following 
each regression and confirmed this assumption (i.e. ⩾10) 
(Mason and Perreault, 1991). Both regression models 
showed evidence of heteroscedasticity, so robust standard 
error estimation was used. Unlike ordinary least squares 
estimation, this procedure uses sandwich estimators, 

which do not impose assumptions regarding error variance 
(Hayes and Cai, 2007).

To determine whether the longitudinal, cross-modal 
associations found to differ between groups could be 
explained by an indirect effect of HSJE + FI that is stronger 
in the ASD as compared to the TD group (RQ3), a moder-
ated mediation analysis was conducted using procedures 
described by Hayes (2013). Structural equation modeling 
(SEM) was used to generate standardized coefficients for 
each path in the model. Bootstrap procedures were used to 
generate bias-corrected confidence intervals for the indi-
rect effects (i.e. the product term of the a and b path). 
Group membership was tested as a moderator on the asso-
ciation of HSJE + FI with later vocabulary controlling for 
early vocabulary (i.e. the b path) because we hypothesized 
that children with ASD might be more dependent on FI 
being presented in HSJE than children with TD. Computing 
bootstrapped confidence intervals is considered an 

Table 2.  Means, standard deviations, and group differences for continuous study variables by group.

TD (n = 46) ASD (n = 59)

  Mean SD Range Mean SD Range

ADOS Module 1 social 
communication total

– – – 22.24 4.29 6–28

Mental age at study entrya 14.21 3.67 4.19–28.64 14.61 5.23 4.19–28.64
Early chronological age* 14.72 3.94 28.73–24.13 39.36 6.81 28.73–52.57
Early receptive vocabularyb 100.73 71.76 11–258 112.80 94.45 2–389
Early expressive vocabulary 28.70 37.99 1–170 26.22 32.78 1–181
Early HSJE + FI** 6.76 10.33 0–41 3.93 6.20 0–46
Later receptive vocabulary* 318.04 63.08 118–395 169.34 106.75 6–396
Later expressive vocabulary* 212.04 110.00 7–384 78.7 91.60 0–396

TD: typically developing; ASD: autism spectrum disorder; SD: standard deviation; ADOS: Autism Diagnostic Observation Schedule; HSJE + FI: higher 
order supported joint engagement with caregiver follow-in utterances.
Vocabulary was assessed using the MacArthur-Bates Communicative Development Inventories: Words and Gestures checklist. Mental age was 
assessed using the Mullen Scales of Early Learning. HSJE + FI was measured as the number of 5-s intervals out of 180 possible intervals.
aCorrected mental age for the ASD group to account for the 4-month lag between study entry and Time 1 measures. Uncorrected mental age 
(mean) = 13.23 (4.79).
bn = 56 for the ASD group (three participants were dropped to better match groups on this variable).
Indicates group difference is significant at *p < 0.001; **p = 0.08.

Table 3.  Intercorrelations among continuous study variables by group.

TD (n = 46) ASD (n = 59)

  1 2 3 4 5 1 2 3 4 5

1. Time 1 chronological age  
2. Early expressive vocabulary 0.62*** 0.22  
3. Later expressive vocabulary 0.40** 0.49*** 0.19 0.66***  
4. Early receptive vocabulary 0.46** 0.62*** 0.55*** 0.24 0.73*** 0.53***  
5. Later receptive vocabulary 0.30* 0.38** 0.82*** 0.55*** 0.14 0.51*** 0.71*** 0.63***  
6. Early HSJE + FI 0.36* 0.34* 0.39** 0.34* 0.35* 0.02 0.17 0.47*** 0.43*** 0.41**

TD: typically developing; ASD: autism spectrum disorder; HSJE + FI: higher order supported joint engagement with caregiver follow-in utterances.
Vocabulary was assessed using the MacArthur-Bates Communicative Development Inventories.
*p < 0.05; **p < 0.01; ***p < 0.001.
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improvement upon those computed using t- or z-distribu-
tions, because it better reflects the sampling distribution of 
the indirect effects (Hayes, 2013).

Results

Cross-modal, longitudinal regressions

The first regression indicated that early receptive vocabu-
lary size was a significant predictor of later expressive 
vocabulary size, but the moderating effect of group did not 

reach statistical significance (p = 0.10 for the interaction 
term). Gender and chronological age were not significant. 
The second regression supported our hypothesis that early 
expressive vocabulary size was a significant predictor of 
later receptive vocabulary size, and the significant positive 
interaction term indicates that this association was stronger 
in the ASD group as compared to the TD group. Again, 
gender and chronological age were not significant. See 
Table 4 for coefficients and standard errors for each regres-
sion, and Figures 3 and 4 for regression lines generated 
from each model.

Moderated mediation analysis

In an attempt to further explore the different associations 
between early expressive vocabulary and later receptive 
vocabulary for the ASD and TD groups, an exploratory 
SEM model was computed with HSJE + FI as an indirect 
effect, and with group as a moderator of the b path. Since 
gender and chronological age were not found to be signifi-
cant in the regression models, they were not included in the 
mediation models. This analysis showed that the a path and 
group-moderated b path were significant. Standardized 
regression coefficients are indicated in the path diagram in 
Figure 5. The bootstrap, bias-corrected method for generat-
ing the conditional indirect effect (a*b) indicated that the 
indirect effect was significant for the ASD group, not sig-
nificant in the TD group, and non-overlapping between 
groups. This confirmed that the mediating effect of 
HSJE + FI on the association between early expressive 
vocabulary and later receptive vocabulary is moderated by 
group. Coefficients and standard errors are given in Table 5.

Discussion

This study examined associations across vocabulary 
modalities over an 8-month period, in young children with 

Table 4.  Results of cross-modal regression analyses for 
effects of early vocabulary size on later vocabulary size, with 
group as a moderator.

Coefficient Robust SE

Later expressive vocabulary size  
(ASD, n = 59; TD, n = 46)
  Early receptive vocabulary 0.80**** 0.20
  Gender (female = 1) 18.87 24.21
  Group (ASD = 1) –109.01* 60.18
  Time 1 chronological age 1.05 1.71
 � Group × Early receptive 

vocabulary
–0.39 0.25

  Constant 92.10*** 31.58
Later receptive vocabulary size  
(ASD, n = 56; TD, n = 46)
  Early expressive vocabulary 0.72**** 0.20
  Gender (female = 1) 18.63 17.64
  Group (ASD = 1) –156.53*** 52.96
  Time 1 chronological age –0.55 1.93
 � Group × Early expressive 

vocabulary
1.31** 0.56

  Constant 297.30**** 29.66

SE: standard error; ASD: autism spectrum disorder; TD: typically 
developing.
*p < 0.10; **p < 0.05; ***p < 0.01; ****p < 0.001.

Figure 3.  Association between early receptive vocabulary 
size and later expressive vocabulary size, with group as a 
moderator.

Figure 4.  Association between early expressive vocabulary 
size and later receptive vocabulary size, with group as a 
moderator.
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ASD and TD children who were initially matched on 
expressive and receptive vocabulary sizes. Within the con-
straints of correlational methods, we also examined 
whether children with ASD relied more on HSJE + FI to 
acquire receptive vocabulary than the TD children. This 
study corroborates and extends previously untested 
assumptions regarding longitudinal associations across 
vocabulary modalities in children with ASD that may dif-
fer in degree from associations in children with TD 
(Woynaroski et al., 2016b).

Results did not support our first hypothesis, that group 
would moderate associations between early receptive 
vocabulary and later expressive vocabulary, favoring the 
TD group. However, the sign of the coefficient for the 
interaction term was in the expected direction, and the 
p-value was near the critical value for significance 
(p = 0.10). It is therefore possible that subsequent studies 
with larger sample sizes may uncover small, but signifi-
cant group differences in associations that bear out our 
prediction. It is also possible that the influence of early 
receptive vocabulary on later expressive vocabulary is 
similar for children with ASD and TD children.

Results supported our second hypothesis, that the asso-
ciation between early expressive vocabulary and later 
receptive vocabulary is stronger for children with ASD as 
compared to TD children in the early phases of word learn-
ing. Woynaroski et  al. (2016b) proposed that expressive 
vocabulary may “drive” later receptive vocabulary in chil-
dren with ASD, because larger expressive vocabularies 

may index an ability to reciprocally collaborate with an 
interaction partner within HSJE. Furthermore, caregivers 
of children with larger expressive vocabulary sizes may 
more readily provide follow-in utterances during HSJE 
episodes. This would result in enhanced opportunities for 
learning new receptive vocabulary. In contrast, TD chil-
dren may not require such specific language-learning 
opportunities in order for expressive vocabulary to impact 
receptive vocabulary over time.

We tested this hypothesis in the context of a moderated 
mediation model and did indeed find that HSJE + FI medi-
ated the association between early expressive vocabulary 
size and later receptive vocabulary size, but only for the 
ASD group. Our findings show that the association 
between early HSJE + FI and later receptive vocabulary 
(i.e. the b path in the mediation model) was significantly 
lower for TD children relative to children with ASD. The 
latter could occur because TD children might be better 
able to process linguistic input in many different interac-
tional formats, which would greatly increase the frequency 
of occasions for word learning. It is possible that some 
children with ASD require very specific caregiver scaf-
folding in order to map words to their referents and make 
connections regarding what words mean in context.

Study strengths and limitations

A relative strength of this study is that the two samples 
were group-wise matched on two important dimensions 
(initial expressive and receptive vocabulary size) and 
approximately matched on mental age, limiting the extent 
to which variables that are not of interest to the study could 
explain our findings. An additional strength is the temporal 
precedence for the expressive vocabulary and HSJE + FI 
variables relative to receptive vocabulary. However, there 
are several limitations to the study design that should also 
be noted.

First, participants were not individually matched on 
control variables. Pair-wise matching is a more rigorous 

Figure 5.  Indirect effect of early expressive vocabulary size on later receptive vocabulary size, through early HSJE + FI, with group 
moderating the b path.
ASD: autism spectrum disorder; HSJE + FI: higher order supported joint engagement with caregiver follow-in utterances.
Values are standardized coefficients from a structural equation model.

Table 5.  Conditional indirect effects (a*b) from bootstrap 
method with percentile CIs (5000 replications).

Observed coefficient BC SE BC 95% CI

TD 0.11 0.005 –0.02, 0.28
ASD 0.57 0.010 0.29, 1.38

CI: confidence interval; BC: bias-corrected; SE: standard error; TD: 
typically developing; ASD: autism spectrum disorder.
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way to match groups and is particularly helpful in ruling 
out alternative explanations when between-group differ-
ences in associations are of interest. However, pair-wise 
matching on multiple variables is extremely challenging 
and can result in non-representative samples of a popula-
tion. Future research with individually matched groups 
should be conducted to confirm these findings.

Second, like all intact-group comparison designs, other 
variables on which the samples were not matched may 
have influenced group differences in associations. Such 
“third variable explanations” could include demographic 
factors such as socio-economic status (Hoff, 2003) or child 
factors such as nonverbal mental age. One way to rule out 
some of the third variable explanations is to include a third 
comparison sample (e.g. children with developmental 
delay without ASD). Doing so would determine whether 
the particularly strong association between early expres-
sive vocabulary and later receptive vocabulary is specific 
to children with ASD. In this analysis, however, we did not 
seek to test whether the pattern of associations was spe-
cific to ASD, as opposed to shared by other children with 
disabilities. A related issue is that it is possible that car-
egivers of children with ASD may have been less sure of 
their children’s receptive vocabularies than caregivers of 
TD children, because children with ASD may be less likely 
to explicitly respond and demonstrate their receptive 
vocabularies. This may have impacted our group-differ-
ence findings.

Third, the tests of between-group differences in associ-
ations did not account for concurrent associations between 
expressive and receptive vocabulary at both time points, or 
for associations within each variable across time. Such 
“cross panel analyses” are quite conservative methods of 
controlling common alternative explanations for differ-
ences between associations. However, they can result in 
controlling so much of the variance that analyses become 
underpowered, thus increasing type II error rates. Future 
research with larger sample sizes that is sufficiently pow-
ered to detect group differences while accounting for these 
variances is needed to increase the internal validity of this 
study findings. Ultimately, like all correlational design, we 
cannot rule out all alternative explanations for the associa-
tions and thus await future experiments to determine if the 
associations represent the causal influence of early predic-
tors on later outcomes.

Fourth, the children with ASD were selected for inclu-
sion in the larger study because they were language 
delayed and had initially very-low expressive vocabulary 
sizes. Developmental trajectories of language are known 
to differ between sub-populations of children with ASD 
(Pickles et al., 2014), so our findings can only be extended 
to children who are similar to those we included.

Fifth, we were unable to establish temporal precedence 
for the predictor variable (expressive vocabulary size) in 
relation to the mediator variable (HSJE + FI), as these 
variables were measured concurrently. Future research 

with at least three time points (with the mediator variable 
measured at a time point between the predictor and out-
come) could more confidently assert that expressive lan-
guage leads to an increase in HSJE + FI, rather than the 
reverse. Additionally, a single 8-month lag between assess-
ments is a relatively short period for predicting future 
vocabulary across modalities, particularly in children with 
ASD. A more complete quantification of cross-modal 
influences could be captured with additional time points, 
as the association we examined may change throughout 
early and late childhood. Prior research has, however, 
shown that cross-modal vocabulary associations appear to 
remain relatively stable into later childhood (Bornstein 
and Hendricks, 2012).

Finally, we acknowledge that HSJE + FI was measured 
during a brief caregiver–child play session, and we are 
therefore unable to provide information about how fre-
quently this form of engagement occurs over the course of 
a typical day for our sample. However, developmental 
constructs are routinely measured using assessments simi-
lar to ours, which involve sampling phenomena of interest 
in brief, observational procedures (e.g. Adamson et  al., 
2009). Importantly, such observations are merely samples 
of interaction style and thus do not afford estimates of the 
absolute rates or even proportional rates that typically 
occur. Instead, observational variables used to quantify 
generalized behavioral tendencies enable ranking (or eval-
uation of the relative standing) of participants on the meas-
ured phenomena, which is the type of information needed 
to answer our particular research questions. More on this 
logic is present in Yoder and Symons (2010).

Implications for future research

We now discuss the ways in which a clearer understanding 
of how vocabulary development differs between children 
with ASD and TD children will allow researchers to more 
specifically tailor intervention formats to meet the unique 
needs of children with ASD. Many children with ASD 
have receptive vocabulary sizes that are smaller than 
expected given their expressive vocabulary size (e.g. 
Woynaroski et al., 2016b). Identifying factors that lever-
age existing abilities (i.e. expressive vocabulary) to 
improve lagging development on other abilities (i.e. recep-
tive vocabulary) may bring expressive and receptive 
vocabulary levels in line with more typical expectations. 
Additionally, targeting an influential mediator on the path 
from expressive to receptive vocabulary may be an effec-
tive strategy for doing so. Of note is that HSJE + FI, the 
mediator we identified as important for children with ASD, 
is a malleable factor as it involves efforts of the caregiver. 
Caregivers are increasingly being recognized as effective 
administrators of early intervention supports for young 
children with ASD (Green et al., 2010). Of particular rel-
evance to our study is that caregivers are able to increase 
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the amount of time they jointly engage with their child 
with ASD after caregiver training (Kasari et  al., 2010). 
Interventions could be designed so that caregivers (or 
other adult interventionists) support the child in entering 
HSJE at increasing frequencies and durations. If caregiv-
ers are given training on: (a) the importance of HSJE; (b) 
how to identify when it occurs in their interactions with 
their children; (c) how to consistently respond within this 
state; and (d) how to purposefully arrange the types of play 
routines in which the child is able to demonstrate HSJE, it 
may be possible to maximize the probability that children 
with ASD process the linguistic input parents provide.

Although there are well-designed intervention studies 
that show increases in joint engagement correlate with 
concomitant or later increases in language, these studies 
combine several different types of joint engagement and 
do not record caregiver utterances during the engagement 
state (i.e. Kasari et al., 2008). Refining measures of joint 
engagement so that components critical to vocabulary 
development are included may increase the impact of these 
interventions on vocabulary outcomes. The HSJE variable 
we examined contains elements of reciprocity from the 
child; this may be an important component of engagement 
states that are influential on receptive vocabulary develop-
ment. Therefore, targeting interaction formats where the 
child is able to reciprocally collaborate in the activity with 
the adult, even if they are not visually referencing the 
adult, may be a critical “active ingredient” of engagement-
based interventions.

The potential role of expressive vocabulary size on later 
receptive vocabulary size through HSJE + FI will need to 
be clarified in future experiments designed to more defini-
tively test causal mechanisms. It is possible that caregivers 
are more likely to provide follow-in utterances within 
HSJE if their children have larger expressive vocabularies, 
which would then lead to later receptive vocabulary gains. 
Within the context of a randomized control trial, caregiv-
ers could be encouraged to engage the child within an 
HSJE + FI format, even if the child has quite low expres-
sive vocabulary. For these children, arranging enticing 
activities that allow for collaboration and reciprocity with 
an adult, but that are tailored to the child’s interests, may 
be a critical intervention component that allows for a shift 
in participation from LSJE to forms of engagement more 
conducive to language development (i.e. HSJE) (Kasari 
et al., 2008). This approach may “level the playing field,” 
so that even children with initially low expressive vocabu-
laries will experience gains in receptive vocabulary beyond 
change found in a control group.

Alternatively, it could be that expressive vocabulary 
size is indexing a more general child propensity for high-
level engagement, in which case it may be more difficult 
for caregivers to engage children who have low expressive 
vocabulary sizes in this format. Still, it may be that these 
children would benefit from even small increases in 

HSJE + FI relative to a control group of children with sim-
ilar expressive vocabulary sizes. In the future, more spe-
cific strategies to increase the frequency and duration with 
which children with initially low expressive vocabulary 
sizes engage in HSJE + FI should be developed and tested.

Finally, additional research could be conducted to spec-
ify even further the types of engagement formats, and car-
egiver utterances provided within engagement formats, 
that are best suited to mediate the association between 
expressive and receptive vocabulary in young children 
with ASD. We focused on HSJE + FI because of recent lit-
erature indicating that this is a particularly facilitative 
engagement format (Adamson et  al., 2009; Bottema-
Beutel et al., 2014). It is however possible that other, more 
frequently occurring engagement, formats also influence 
this pathway. We also examined “follow-in” utterances as 
a broad category of caregiver talk, but it is possible that 
follow-in comments and follow-in directives, when pro-
vided during HSJE, serve different purposes in develop-
ment. Indeed, recent work has demonstrated that follow-in 
directives better elicit child play with toys than follow-in 
comments (Bottema-Beutel et  al., 2017). It may be the 
case that one or the other type of follow-in utterance pro-
vided within HSJE is superior in facilitating receptive 
vocabulary development.

Conclusion

This study offers several important and novel findings. 
First, it supports the previously untested assumptions that 
longitudinal, cross-modal, vocabulary associations found 
in children with ASD are indeed atypical, at least in regard 
to the strength of associations in the early expressive to 
later receptive direction. Second, it identified an important 
mediator, HSJE + FI, which appears to more strongly 
mediate the pathway between early expressive and later 
receptive vocabulary in children with ASD as compared to 
TD children. The critical importance of HSJE + FI on this 
pathway for children with ASD, but not TD children, 
might at least partially explain the superior associations 
between early expressive vocabulary and later receptive 
vocabulary in children with ASD. Future experiments are 
needed to test whether this hypothesized causal relation 
exists in children with ASD in the early stages of language 
learning.
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Note

1.	 Note that lower order supported joint engagement (LSJE) 
differs from object engagement, where the child plays with 
objects without influence from the parent.
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