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Purpose: This study aims to assess changes in the receptive and expressive language skills and to determine if the baseline
characteristics such as communication, cognitive and motor skills, predict outcomes in preschool children with Autism Spectrum
Disorder (ASD) following early intervention.

Methods: We recruited 64 children participating in the Early Start Denver Model (ESDM) early intervention program at an Autism
Specific Early Learning and Care Center (ASELCC) in Australia. Baseline characteristics across various developmental domains was
measured using the Mullen Scales of Early Learning (MSEL), Vineland Adaptive Behaviour Scales, 2nd Edition (VABS-II), and the
ESDM Curriculum Checklist. Linear mixed-effects models were used to examine the effects of the intervention on outcomes. Fixed-
effects such as time, groups (verbal and minimally verbal), and time-by-group interactions were assessed whilst adjusting for
covariates. Further, multiple linear regression models were used to determine if the baseline characteristics were significant predictors
of the outcomes following the early intervention.

Results: Among the 64 children who participated in this study, 38 children were verbal, whereas 26 were deemed to have minimal
verbal skills. The mean age of the sample was 4.1 years with a significant male predilection (83%) and from a culturally and
linguistically diverse (CALD) background (64%). Findings of the linear mixed effects model showed significant within and between
group differences in the ESDM subscales, indicating higher magnitude of changes in the verbal group compared to the minimally
verbal group. Finally, the multiple linear regression models suggested that baseline MSEL visual reception and expressive language
scores were predictive of changes in the ESDM receptive and expressive communication scores.

Conclusion: Understanding a child’s baseline skill levels may provide valuable clues regarding what interventions would work best,
or which interventions may be less suitable for individual preschool-aged children with ASD.

Keywords: autism, early intervention, learning skills, early childhood

Introduction

Autism Spectrum Disorder (ASD) is a complex and heterogeneous condition that influences how people interact with and
experience the world.! ASD can sometimes be accompanied by language delay,” resulting in some children with ASD
using a more effortful, explicit problem-solving approach in learning when compared to their typically developing peers.*
Significant progress has been made in ensuring earlier diagnosis and improving case identification of ASD over the last
few decades.” ’ The rising prevalence of ASD detected in children is occurring at increasingly younger ages, which may
be attributed to increased reporting, advocacy, and the growing knowledge base of both verbal and non-verbal
manifestations of the condition.”®’ Recent research has also been motivated by the importance of starting interventions
early enough to capitalize on the ample neural plasticity of infants and preschool-aged children.'®'" There has been
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substantial evidence to indicate the value of early intervention in improving outcomes for children with ASD.'*"!° Early
intervention may lay the foundation for development, leading to positive outcomes, allowing improved engagement and
relationships with others, as well as increasing chances of realizing the full educational and employment potential.'®

Intensive early intervention is of particular importance in children with ASD who are identified as being non- or
minimally verbal. Difficulties with language development in children with ASD early in development have been shown
to extend into the school-aged years.'”'® Recent literature describes minimally verbal children as having less than 30
functional words or unable to use speech alone to communicate.'® For children between the ages of 20 and 48 months,
the criteria is reduced to 20 words.'” Minimally verbal children with ASD may also use echolalia, or word repetitions in
speech, possibly leading to communication breakdowns, such as being misunderstood and not supported during social
interactions.”’>*' The majority of studies of early intervention in ASD focus on children with functional expressive
language skills and higher intelligence quotient (IQ).** As such, little is known about children with limited language
skills. Classification is also challenging, as all children with ASD are different, and do not exhibit a single set of
definitive characteristics, specific skills or challenges.'®

Behavioural interventions, developmental interventions, technology-based interventions, cognitive-behavioral ther-
apy, and naturalistic developmental behavioural interventions have shown positive effects for children with ASD,
although no intervention is best for all children with ASD.** The optimal amount of an intervention for children with
ASD is dependent on various factors, including practicalities of a family’s situation, and the amount of time parents
are able to implement therapeutic strategies at home.”* Several communication interventions exist for children with
ASD, although more evidence is required regarding the ability of these interventions to improve verbal and nonverbal
language.'® A recent meta-analysis showed that early behavioural interventions are effective for children with ASD
across domains of adaptive behaviour, socialization, cognition, and communication.”> A child’s baseline developmental
characteristics, such as cognitive and communication abilities, may predict whether they respond well to an
intervention.”*® The Early Start Denver Model (ESDM) is a comprehensive behavioural intervention using specific
techniques to encourage joint attention and engagement between the facilitator and children during normal play.*”-*®
ESDM is generally delivered for up to 25 hours per week.”” Childcare workers and parents can also employ the
techniques in their interactions with children with ASD as, once learned, these techniques can be adapted, translated,
and generalized to suit environments familiar to the child, including childcare centers and the home. Evidence suggests
that the ESDM can be efficacious in enhancing child outcomes such as cognitive skills and adaptive functioning®®>?
while also improving maladaptive behaviours.>* Studies have also shown that these gains are maintained two years
post-intervention, particularly in core ASD traits such as social and communication difficulties and restricted and
repetitive behaviour that improved during this period.'? Children with ASD with lower symptom severity, higher
adaptive functioning, and receptive language abilities prior to intervention have shown greater improvement in
previous studies.>>*® However, there is limited research on the effectiveness of ESDM among minimally verbal
preschool aged children.?’

Further understanding is required regarding whether baseline characteristics in certain developmental areas are
predictive of intervention effectiveness. To address this knowledge gap, this study has two main aims. First, the study
will determine whether preschool aged children with ASD show improvement in receptive and expressive language,
following ESDM intervention. Second, the study will determine if baseline characteristics across developmental domains
will predict outcomes following ESDM intervention. The hypothesis is that children who have a higher level of language
skills, both expressive and receptive prior to intervention, will have improved outcomes in these and other developmental
domains after receiving the ESDM compared to children with a lower level of language skills. We also hypothesize that
the characteristics that children exhibit at baseline will be predictive of the progress achieved when exiting the early
intervention program. Findings of this study will determine if key characteristics in minimally verbal children with ASD
predict greater language, and global developmental gains to ensure optimal outcomes from intensive early intervention

programs.
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Methods

Participants

Participants in this study were preschool aged children with a confirmed diagnosis of ASD, attending an Autism-Specific
Early Learning and Care Center (ASELCC) in Australia. The center is one of the six ASELCCs established by the
Australian Government within the setting of a long day child care center for children aged 2—6 years. Children having

a DSM-IV-TR diagnosis of Autistic Disorder, made by a community-based physician, who enrolled in the ESDM early
intervention program any time from its inception at the ASELCC in 2010 until 2016 were included. These children would
all have met criteria for a DSM-5 diagnosis of ASD. Exclusion criteria included neurological (eg, uncontrolled epilepsy)
disorders, and significant vision, hearing, motor, or physical impairment that prevented full participation in the
intervention program.

A diagnosis of ASD was confirmed using Modules 1 or 2 of the Autism Diagnostic Observation Schedule — Second
Edition (ADOS-2),>® conducted by researchers trained in administration of the assessment. Module 1 is used for
assessing preverbal children who are yet to develop any spoken language, and Module 2 is for those who have a few
spoken words. Children were separated into two groups, “Verbal” and “Minimally Verbal” based on their score in
Question Al (overall level of non-echoed spoken language) of the ADOS-2.%° Those scoring 0, 1 or 2 on Module 1 of the
ADOS, or 0 or 1 on Module 2 were classed as “Verbal”, while those who scored 3 or 4 on Module 1, or 2 or 3 on Module
2 were classified as “Minimally Verbal”.

The total sample of 64 children consisted of 38 children in the “verbal” group and 26 children in the “minimally
verbal” group. The sociodemographic characteristics of the participants are shown in Table 1. The mean (+SD) age of the
sample at entry to the intervention was 4.1 (+0.6) years with a significant male predilection with 53 males (83%) and 11
females (17%). More than half of the children (64%) came from a culturally and linguistically diverse (CALD)

Table | Sociodemographic Characteristics of the Participants (Overall and by Groups)

Sociodemographic Characteristics | Total (N=64) | Verbal (N=38) | Minimally Verbal (N=26) | p-value
n (%) n (%) n (%)

Age at enrolment in years, Mean (SD) 4.1 (0.6) 4.0 (0.6) 4.2 (0.5) 0.437

Gender 0.039

Male 53 (82.8) 35 (92.1) 18 (69.2)

Female 11 (17.2) 3(7.9) 8 (30.8)

CALD background 0.426

No 20 31.3) 13 (37.1) 7 (26.9)

Yes 41 (64.1) 7 (62.9) 3 (73.1)

First born child 0.924

No 34 (53.1) 20 (52.6) 14 (53.8)

Yes 30 (46.9) 18 (47.4) 12 (46.2)

Mother’s age in years, Mean (SD) 36.5 (6.2) 36.6 (6.2) 36.3 (6.3) 0.864

Father’s age in years, Mean (SD) 40.2 (7.9) 40.8 (8.4) 39.5 (7.4) 0.583

Primary carer education 0.492

Primary/secondary 10 (15.6) 4 (10.5) 6 (23.1)

Tertiary 42 (65.6) 23 (60.5) 19 (73.1)

Missing 12 (18.8) 11 (28.9) 1 (3.8)

Family annual income 0.851

Less than or equal to 38K 39 (60.9) 24 (63.2) 15 (57.7)

More than 38K 22 (344) 13 (34.2) 9 (34.6)

Missing 34.7) 1 (2.6) 2(7.7)

Child developmental delay 0.028

No 45 (70.3) 31 (81.6) 14 (53.8)

Yes 18 (28.1) 7 (184) Il (42.4)

Missing 1 (1.6) 0 (0.0 I (3.8)

Note: p-value from Chi-squared or Fisher’s exact tests.
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background based on language spoken at home. The remaining primary characteristics were mostly proportionate
between the verbal and minimally verbal groups, except for gender and a diagnosis of developmental delay. The verbal
group were 92% male and 9% female, while the minimally verbal were 69% male and 31% female. In the verbal group,
only 7 (18%) children were diagnosed with a global developmental delay as well as autism whereas the minimally verbal
group had 11 children (42%) with a global developmental delay (Table 1).

Procedure
This study was a retrospective analysis of pre- and post-intervention data. Data were collected at two time points: at
participant entry into the ESDM program and again when participants exited from the program.

The average time in the intervention was similar across the two groups, with the total mean (+SD) duration of 15.1
(£6.3) months. The shortest and longest times spent in the intervention were 4 and 29 months, respectively. The
proportion of children in either group who were participating in other interventions while also participating in the
ESDM program was also similar (Table 2). Forty-seven children in total were participating in or receiving other
interventions.

Data Collection

Several measures were used to assess the children in this study, including the ESDM Curriculum Checklist for Young
Children with Autism, Mullen Scales of Early Learning (MSEL) and the Vineland Adaptive Behaviour Scales (VABS).
Parents were also asked to complete the ASELCC History Taking form that asked for demographic information.

ESDM Curriculum Checklist for Young Children with Autism

The ESDM Curriculum Checklist is a set of specific objectives categorized under various developmental domains such as
expressive and receptive language, joint attention, imitation, cognition, play and social skills, and fine and gross motor
skills, that allow the assessment of young children with ASD participating in the ESDM program.® It also facilitates the
development of individualized learning goals for each child to achieve which is continually updated as per progress being
made. In this study, childcare workers trained in the delivery of the ESDM provided the intervention to the children while
at the Autism Specific Early Learning and Care Center (ASELCC). The program was intensive, with both one-on-one
and group teaching occurring over periods ranging from 2 to 24 months in duration. The checklist was administered
every 12 weeks by the ASELCC staff delivering the intervention to the children. For the purposes of this study, change
scores of the ESDM subscales of Receptive Communication, Expressive Communication, and Social Skills were used as
the outcome variables of interest.

Mullen Scales of Early Learning

The Mullen Scales of Early Learning (MSEL) are a standardized assessment evaluating childhood development at any
time from birth to 68 months.*” The measure is separated into four subscales, each assessing a child’s skill level in
different developmental domains, including visual reception, receptive and expressive language, and fine motor abilities.
The measure allows raw totals from each subscale to be converted to age equivalent scores that indicate at what stage of
development a child is compared to a typically developing child. For the purposes of this study, the first three subscales

Table 2 Details of the Intervention Across Groups

Total (N=64) | Verbal (N=38) | Minimally Verbal (N=26) p-value
n (%) n (%) n (%)
Time in intervention in months, Mean (SD) 15.1 (6.3) 15.7 (6.5) 14.4 (6.2) 0.428
Participation in other intervention/s
No 17 (26.6) 11 (28.9) 6 (23.1) 0.602
Yes 47 (73.4) 27 (71.1) 20 (76.9)
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such as visual reception, receptive language, and expressive language were used in the analysis. High reliability of the
MSEL is shown through a test-retest reliability of 0.80 after two weeks. The MSEL also demonstrates good convergent

validity with the Differential Ability Scales in the verbal and nonverbal domains.*'

Vineland Adaptive Behaviour Scales

The Vineland Adaptive Behaviour Scales second edition (VABS-II) is a semi-structured interview used to measure
adaptive behaviour, which also includes a parent and teacher rating form.** In this study, the parent-completed
questionnaire was used, assessing their child’s ability in multiple developmental areas, such as communication, daily
living skills, social skills and relationships, and motor function. A higher score on these subscales indicates a higher level
of endorsed ability in this domain. The questionnaire also asks how often their child exhibits problem (maladaptive)
behaviours, where the higher the score, the more frequent the occurrence of maladaptive behaviours in the child. For the
purposes of this study, the maladaptive behaviour scores were used in the analysis as a key predictor. In a sample of
preschool children, excellent internal consistency of the VABS-II was found with Cronbach’s alpha ranging from 0.82 to
0.95 across the scales.*® Excellent concurrent validity is shown with high correlations with the Adaptive Behaviour
Scale- School Edition ranging from 0.77 to 0.85.**

ASELCC History Taking Form

Parents or carers of all children attending the ASELCC were required to complete this form as part of the service.
Information regarding their child or children, their diagnosis of ASD, and the ASD traits and behaviours they display
were recorded. The form also collected key sociodemographic information of the child and parents. Child’s characteristics
included age, gender of the child, culturally and linguistically diverse (CALD) background status, birth order, and diagnosis
of developmental disorder whereas parents’ characteristics included age, primary carer education, and family annual income.

Data Analysis
Data used for analysis was extracted from the MSEL, VABS-II, and ESDM Curriculum Checklist assessments performed
at baseline (just prior to intervention entry) and at exit.

Firstly, to identify significant differences in the sociodemographic characteristics, intervention details, and assessment
scores of the MSEL and VABS subscales between the verbal and minimally verbal groups at baseline, we used
independent samples #-tests and Pearson’s chi-squared tests or Fisher’s exact tests for continuous and categorical
variables, respectively. Secondly, an intention-to-treat (ITT) linear mixed effects model with Bonferroni correction for
multiple corrections was used to examine the effects of the intervention on ESDM subscales. Linear mixed-effect models
can effectively account for within-subject correlations and handle unbalanced data, making them well-suited for
analysing data with missing values. Fixed effects such as time, group, and time by group interaction were also assessed
separately for each outcome variable whilst adjusting for sociodemographic covariates. Significant effects were followed
up with pairwise contrasts comparing group differences in pre-to-post and pre-to-follow-up total scores. Finally, we used
a multiple linear regression analysis to determine if the baseline characteristics such as communication, cognitive and
motor skills, predict changes in the ESDM subscale scores following intervention. Adjusted R* values were checked for
the performance of the models as an equivalent measure of ROC. The significance level was set as 0.05, and all statistical
tests were two sided. All analyses were undertaken in Statistical Package for the Social Sciences (SPSS) version 28 (IBM
SPSS, IBM Corp., Armonk, NY, USA) and R studio version 4.1.2.

Results

Effectiveness of the Intervention

Changes in the ESDM, MSEL, and VABS Subscales

A comparison of mean scores of the clinical assessments between the verbal and minimally verbal groups at baseline and
exit is shown in Table 3. Findings of the analysis showed significant within group (between entry and exit) and between
group differences in mean scores for ESDM subscales of receptive communication, expressive communication, and
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Table 3 Comparison of Mean Scores of Clinical Assessments Between the Verbal and Minimally Verbal Groups at Baseline and

Exit

Assessments Verbal Minimally Verbal | Mean difference | t Statistic | p-value | Cohen’s d
Mean (SD) Mean (SD) (95% CI)

MSEL Visual Reception
Entry 22.7 (13.1) 15.9 (7.8) 6.8 (1.6, 12.1) 2.592 0.012 0.60
Exit 373 (154) 21.8 (4.6) 15.5 (9.6, 21.4) 5.321 <0.001 1.20
MSEL Receptive Language
Entry 19.5 (11.1) 11.5(5.8) 8.0 (3.2, 12.7) 3.755 <0.001 0.86
Exit 345 (243) 17.3 (5.3) 17.2 (8.1, 26.3) 3.838 <0.001 0.86
MSEL Expressive Language
Entry 21.9 (8.9) 10.0 (3.7) 11.9 (8.7, 15.2) 7.394 <0.001 1.64
Exit 312 (94) 17.4 (6.4) 13.8 (9.1, 18.5) 5.942 <0.001 1.63
VABS maladaptive behaviour score
Entry 19.3 (7.3) 20.8 (6.6) —1.5 (5.0, 2.1) —0.812 0.420 —-0.21
Exit 19.0 (8.5) 242 (13.7) =52 (-129,27) —1.343 0.189 —0.51
ESDM Receptive Communication
Entry 10.3 (8.0) 9.1 (6.2) 1.2 (2.6, 4.9) 0.617 0.540 0.16
Exit 27.8 (8.6) 19.3 (6.6) 8.6 (4.7, 12.4) 4.483 <0.001 1.09
ESDM Expressive Communication
Entry 8.9 (7.0 6.2 (5.3) 2.7 (0.6, 5.9) 1.652 0.104 0.42
Exit 25.9 (9.5) 14.9 (6.5) 11.0 (7.0, 15.0) 5.526 <0.001 1.31
ESDM Social Skills
Entry 7.3 (7.5) 6.4 (8.3) 0.9 (-3.1, 4.8) 0.433 0.667 0.11
Exit 25.5 (10.9) 16.6 (8.1) 8.9 (3.9, 13.9) 3.553 0.001 0.90

Abbreviation: MSEL, Mullen scale of Early Learning.

social skills. The between group differences suggest a higher magnitude of improvement in all the ESDM subscales in
the verbal group compared to the minimally verbal group (Table 3 and Figure 1).

There was also a significant within group and between group differences in the MSEL visual reception, receptive
language, and expressive language scores. Similar to the ESDM subscales, a higher magnitude of improvement is seen in
all the MSEL subscales in the verbal group compared to the minimally verbal group. However, no significant changes
were noted in the VABS maladaptive behavioural scores. Further, changes in the MSEL subdomains and VABS
maladaptive behavioural scores are graphically presented as Figure 2.

Findings of the Linear Mixed Effects Model

The results of the linear mixed-effects models for the ESDM subscales are presented in Table 4. The mixed-effects model
showed significant within group differences in the ESDM receptive communication (t=8.74, p<0.001), expressive
communication (t=8.99, p<0.001), and social skills scores (t=7.57, p<0.001) as indicated by the significant effect of
time. Further, the models also showed significant effect of group differences for expressive communication (t=—0.57,
p=0.038) and social skills scores (t=—0.151, p=0.050) but not for receptive communication scores. There were also
significant interactions between time and group for all three subscales. Consistently, posthoc pairwise comparisons also
showed significant differences in group and time for ESDM expressive communication and social skills scores but only
significant differences over time for receptive communication scores (Supplementary Table 1).

Predicting Outcomes Post-Intervention

The ESDM Curriculum Checklist subscale scores at Time 2 were subtracted from scores at Time 1 to determine overall
change in each developmental area (change scores). These figures were applied in a multiple linear regression model to
determine whether change scores could be predicted from baseline characteristics whilst adjusting for key sociodemo-
graphic covariates (Table 5). The results of the regression analyses indicated that MSEL visual reception scores on entry
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Figure | Simple scatter graphs depicting ESDM Curriculum Checklist change scores vs Intervention duration (months). Lines of best fit included for the Verbal and
Minimally Verbal groups. (A) Receptive Communication; (B) Expressive Communication; (C) Social Skills.

was a significant predictor and was negatively associated with the ESDM receptive communication change scores (B
—0.50, 95% CI —0.85, —0.15), meaning lower MSEL visual reception scores at entry was associated with higher
magnitude of improvement in the receptive communication following the intervention. Further, baseline MSEL receptive
language scores was also a significant predictor and was positively associated with the ESDM receptive communication
and expressive communication change scores meaning higher MSEL receptive language scores at entry was associated
with higher magnitude of improvement in the ESDM receptive communication and expressive communication following
the intervention. No significant associations were found between the social skills change score and MSEL variables. In
terms of key sociodemographic variables, age at enrolment was a key predictor where younger children showed higher
magnitude of improvement in ESDM receptive communication and expressive communication following the

intervention.

Discussion

The primary aim of this study was to determine whether preschool aged children with ASD improved their skills in
receptive and expressive language after attending an ASD-specific learning center and participating in an ESDM
intervention program. The verbal and minimally verbal groups showed significant improvements across the three
developmental domains in the MSEL of visual reception, receptive communication, and expressive communication,
and in the ESDM subscales of receptive communication, expressive communication, and social skills over time.
Moreover, significantly greater magnitude of improvement in these domains was seen in the verbal group compared
with the minimally verbal group. In addition, findings of the regression analyses showed baseline MSEL visual reception

scores were associated with greater improvement in ESDM receptive communication following the intervention.
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Additionally, baseline MSEL receptive language scores as well as sociodemographic factor such as younger age at
enrolment were related to greater improvement in ESDM receptive and expressive communication after the intervention.

Findings of this study are consistent with previous research showing improvements in children with ASD’s social
communication and expressive language skills following ESDM intervention.'>'>>*> Previous research shows that

Table 4 Linear Mixed-Effects Models

Outcomes B SE t value p-value
ESDM RC | Intercept 32.44 13.37 2426 0.023
Group (Ref = Verbal group) 0.72 3.28 0.221 0.827
Time (Ref = TO) 18.09 2.07 8.745 <0.001
Time x Group interaction —7.86 2.81 —2.798 0.009
ESDM EC | Intercept 18.82 10.65 1.767 0.090
Group (Ref = Verbal group) —-1.52 2.67 —0.57 0.038
Time (Ref = TO) 16.43 1.85 8.99 <0.001
Time x Group interaction -7.31 251 -291 0.006
ESDM SS | Intercept 7.52 12.18 0.617 0.543
Group (Ref = Verbal group) —0.50 329 —0.151 0.050
Time (Ref = TO) 21.13 2.79 7.57 <0.001
Time x Group interaction —9.76 3.79 —2.577 0.015

Notes: Models adjusted for covariates: child’s age, gender; CALD status, firstborn, diagnosis of developmental
disorder parental age, primary carer education, and family annual income.

Abbreviations: T0, entry; T1, exit; RC, Receptive Communication; EC, Expressive Communication; SS, Social
Skills.
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Table 5 Multiple Linear Regression Analysis

Predictors ESDM RC Change Scores | ESDM EC Change Scores | ESDM SS Change Scores
Model | Model 2 Model 3

B (95% CI) B (95% CI) B (95% CI)
Intercept 49.19 (16.86, 81.52) 26.46 (-0.64, 53.57) 25.65 (—27.82, 79.14)
MSEL VR score at baseline —0.50 (-0.85, —0.15)** —0.25 (-0.54, 0.03) —0.23 (-0.80, 0.34)
MSEL RL score at baseline 0.84 (0.27, 1.40)** 0.72 (0.25, 1.19)** 0.50 (—0.42, 1.44)
MSEL EL score at baseline —0.16 (-0.76, 0.44) —-0.32 (-0.82, 0.17) —0.22 (-1.21, 0.76)
VABS maladaptive score at baseline 0.03 (—0.41, 0.47) 0.15 (-0.21, 0.53) 0.15 (-0.57, 0.88)
Group (ref = verbal) —5.71 (=27.03, 15.60) —9.00 (—26.87, 8.86) —19.07 (-54.33, 16.17)
Time in intervention (in months) 0.09 (—0.82, 0.99) 0.19 (—0.56, 0.96) —0.10 (—1.61, 1.39)
Age at enrolment —6.65 (—11.16, =2.15)** —5.02 (-8.80, —1.24)** —5.49 (-12.94, 1.96)
Child gender (ref = Males) 6.22 (-3.73, 16.17) 7.63 (-0.70, 15.97) 10.73 (-5.72, 27.19)
CALD status (ref = non-CALD) 1.69 (—5.56, 8.93) 2.98 (—3.08, 9.06) 2.92 (—9.06, 14.90)
Firstborn (ref = no) —2.08 (-8.26, 4.11) —3.83 (-9.01, 1.35) —5.08 (-15.31, 5.13)
Developmental disorder (ref=no) 0.05 (-8.10, 8.20) —0.14 (—6.97, 6.68) 2.36 (—11.10, 15.83)
Mother’s age —0.31 (-0.96, 0.34) —0.16 (—0.70, 0.38) 0.07 (—0.99, I.15)
Primary carer education (ref = primary/secondary) —6.21 (—14.01, 1.58) —2.70 (-9.24, 3.83) —4.38 (—17.28, 8.50)
Income (ref = below or upto $38K) —4.18 (—9.66, 1.30) 0.70 (—3.88, 5.30) 3.86 (-5.19, 12.93)
Adjusted R? 0.60 0.65 0.37

Note: **p-value <0.05.
Abbreviations: RC, Receptive Communication; EC, Expressive Communication; SS, Social Skills; MSEL, Mullen scale of Early Learning; VR, Visual Reception; RL, Receptive
Language; EL, Expressive Language.

verbal children may have better language and communication skills, including receptive language, compared with
minimally verbal children.*® Therefore, it is perhaps unsurprising that verbal children in this study improved on social
skills and receptive and expressive communication skills to a greater degree than minimally verbal children. Minimally
verbal children on the other hand may encounter more barriers to improving their communication compared with verbal
children, such as difficulties with visual processing and atypical auditory behaviours that impact their linguistic
abilities.*”*® In this regard, it is interesting to note that those with lower visual reception score at baseline were able
to gain maximum benefit from the intervention as there was possibly more room for improvement. This coupled with the
finding that better baseline language skills of receptive and expressive communication and younger age at entry predicted
better intervention outcome seems to suggest that early intensive interventions focused on strengthening skills in the
visual reception area can help children reach their maximum potential.

More recent developments in interventions for ASD have looked at the possibility of baseline characteristics,
including cognitive and language abilities, being used to determine how they will perform on a specific
intervention.”?%333%4%-30 Eyrther, it has been shown that specific baseline characteristics such as social affect and play
skills predict better outcomes following intervention such as ESDM as these children are much more likely to engage in
sensory social routines and related relational elements that are characteristic of the ESDM program.>' This can guide
practitioners in directing parents and guardians towards interventions that their children are most likely to benefit from,
or conversely, that are unlikely to result in any positive outcome.’” Treatment guidelines for children with ASD could
incorporate pre-treatment characteristics to help practitioners provide timely strengths-based, person-centered
interventions.>>>* Providing intervention options based on a child’s current level of functioning could help to ensure
that the right support is provided, resulting in a potential reduction of wasted emotional and financial resources.’>>® In
this study, the ESDM Curriculum Checklist proved useful in investigating baseline characteristics, as its objectives
specifically assess abilities that a child should ideally have after participating in the ESDM program. This allowed us to
determine the difference between the ESDM Curriculum Checklist scores of each child from exit to entry, and thus the
overall change seen across developmental domains, including visual reception, and receptive and expressive language.

According to our results, level of skills in visual reception and receptive language at entry, along with age at
enrolment can successfully be used to predict the improvements that children will make in receptive communication by
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the end of their time in the ESDM program. Age and capacity for receptive language at baseline may also predict the
improvements children will make in expressive language skills. This aligns with previous research on the ESDM
program that shows a child’s baseline verbal developmental quotient at 18 to 48 months significantly predicts school-
age verbal cognition.”” Research investigating the active ingredients in the ESDM intervention relating to language skills
may help in understanding how they interact with the characteristics of the child to produce positive outcomes.’> Further,
improving valid measurement of communication skills in children with ASD may improve identification and early
intervention regarding language skills, including use of naturalistic approaches.”® For minimally verbal children,
incorporating parental education may be an important way to improve uptake of interventions, including training parents
to work on these skills in the home.>® As previously identified in the literature, children with ASD may benefit more from
interventions if they begin at a younger age, although more needs to be understood regarding the interactions between
predictor variables.®®"%* The finding of younger age predicting greater improvements following intervention also high-
lights the importance of continuing research on expressive and receptive communication in ASD in preschool children.
Other factors including cognition, prelinguistic communication skills, and comorbidities may also predict spoken
language outcomes for preschool aged children with minimally verbal language.®> Asta and Persico (2022) proposed
that a child with ASD’s social communication characteristics could be used to determine outcomes on the ESDM.*® We
did not reach the same conclusion, with MSEL expressive language scores on entry showing no significant predictive
values for receptive or expressive communication, or social skills change scores on the ESDM Curriculum Checklist.
A possible explanation for this is that there were no exclusion criteria for children involved in the study, such as medical
conditions, compared with previous intervention studies which may not replicate real-world clinical services.>

Limitations

The ADOS-2 was used to divide the children into the two groups, verbal and minimally verbal. This assessment was
administered by an independent assessor who is trained to research reliability.** However, different staff, including
psychologists, research fellows, and research assistants performed the pre and post assessment of children while at the
ASELCC over the study period. As the assessment was not carried out by the same individuals for each child, the degree
of inter-rater reliability is unknown. Furthermore, as an unfamiliar person assessed the children, they may not have as
readily showcased their verbal abilities, as they may have around family or ASELCC staff they are more familiar with.

An additional consideration that question the validity of studies involving preschool-aged autistic children is that the
verbal skills as assessed using standardized measures may not necessarily capture their “pre-verbal” skills. The term
refers to children who will eventually learn to use spoken language though do not yet exhibit it.'***> Consequently, the
question remains as to whether, due to their age, these children are rated as non-verbal or preverbal on assessment.
A systematic review further reported that assessing the improvement in language over time by raw scores may not be
possible.®® Being mindful of age being a confounder and aiming to reduce this effect, this study only used age equivalent
data from the MSEL in our analysis.

Further, the lack of a control group consisting of typically developing preschool children who had also undergone the
intervention may have provided more information in terms of the degree to which the autistic children improved. Future
research could reproduce this study with a larger, more diverse sample that is more representative of the young autistic
population, and a control group of typically developing children to allow for comparisons to be investigated.

About 73% of children were also participating in other interventions during the period of ESDM delivery, so we
cannot be certain whether the improvements noted are due to the effects of the ESDM alone. One other factor that could
not be corrected for was the large loss of results at entry, especially in the VABS-II assessment. We believe that this was
largely due to it being a parent-completed questionnaire, with parents having many other stressors in their lives
preventing them from completing it. As the VABS-II is a questionnaire filled out by parents, it is possible that there is
the impact of parental perception introducing an element of bias and that scores in the language subscales would not be
entirely representative of a child’s actual skill level. For example, parents may misinterpret echolalia as functional
expressive language. For these reasons, we did not include it as a measure for the entire sample. However, we did see the
merit of having parental perspectives in our study, so some analysis was still completed on the children who had entry
and exit data for the VABS-II test.
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Conclusion

The current study found that baseline skills in visual reception, receptive language, and expressive language are
predictive of receptive communication gains following ESDM intervention. Understanding a child’s baseline character-
istics may provide valuable clues regarding what interventions would work best, or which interventions may be less
suitable for individual preschool aged children with ASD. However, there is limited research evidence available on
minimally verbal children with a significant unmet need to guide clinicians on choosing the right intervention. A better
understanding of “what would work for whom and why” and what baseline characteristics are critical in predicting
outcomes should form important considerations for practice and policy makers and this should ideally include not only
the verbal skills but preverbal skills and prelinguistic vocal behaviours.
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