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Abstract

Conclusions about the efficacy of tele-therapy for parent-mediated intervention for children with Autism Spectrum Disorders
(ASD) are limited, due to the shortage of direct comparisons between tele-therapy and traditional face-to-face therapy. In
this study, we implemented a parent training program, which targeted on language facilitating intervention strategies. Fif-
teen parents of children with ASD participated in person, and 15 participated via online video conferencing. We measured
parents’ intervention fidelity and children’s initiations, responses, lexical diversity and morphosyntactic complexity. Results
indicated significant improvements in parents’ fidelity and children’s lexical diversity and morphosyntactic complexity. No
significant differences were detected between the two therapy delivery groups on any outcome measures. Finally, children’s
progress on morphosyntactic complexity was significantly correlated with parents’ improvement on fidelity.

Keywords Tele-health - In-person therapy - Parent training - Children with ASD

Introduction

Parent training has been found to yield improved linguistic
skills in children with Autism Spectrum Disorders (ASD)
(e.g., Gengoux et al. 2015). However, barriers like the geo-
graphical distance between specialists and patients restrict
service delivery to many families that are in need of help
(Boisvert et al. 2010). Tele-therapy takes advantage of com-
puter and Internet-based technologies, and potentially over-
comes the barriers (Pickard et al. 2016). Previous studies
have demonstrated the initial efficacy of tele-therapy (e.g.,
Ingersoll et al. 2016). However, as there is a shortage of
direct comparisons between tele-therapy and traditional
onsite therapy for parent training in children with ASD,
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conclusions about the efficacy of tele-therapy in this area
are limited (Boisvert et al. 2010; Boisvert and Hall 2014).
To address the gap, in this study, we compared the efficacy
of parent training for children with ASD that were delivered
in clinic and via Internet. In the following, we firstly con-
sidered significant areas of deficits in children with ASD to
specify focuses in our comparisons. We then reviewed the
extant literature of parent training and preliminary findings
of tele-therapy for parent-mediated intervention for children
with ASD before discussing the gap and raising our research
questions.

Significant Areas of Deficit

Language remains a major deficit for an overwhelming
majority of children with ASD (Kasari et al. 2008), even
though it has been removed from the defining criteria for
the diagnosis of ASD (American Psychiatric Association
2013). Children with ASD demonstrate reduced language
usage, which is associated with reduced social interactions
(Deitchman et al. 2010). Early language development has
been widely found to predict future social functioning, and
inversely relate to atypical behaviors among children with
ASD (Barokova and Tager-Flusberg 2018; Howlin et al.
2004; Lord et al. 2004). Therefore, language is still a major
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area of clinical practice and research focus for children with
ASD.

Among all different areas of language, pragmatics, the
social linguistic aspect, is the most affected domain (Geurts
and Embrechts 2008). Children with ASD show limited
communicative initiations and responses (e.g., Tager-Flus-
berg et al. 2005), which are predicative of future perfor-
mance on language. For example, Drew et al. (2007) found
that later performance on two standardized language tests
was correlated with earlier frequency of initiations and
responses in 40 children with ASD. See similar findings in
Charman et al. (2003).

Lexical diversity and morphosyntactic complexity are
vulnerable for children with ASD (e.g., Boucher 2012).
Lexical diversity is related to children’s productive vocabu-
lary. To increase vocabulary diversity, children need to build
semantic concepts and make distinctions among semantic
representations (e.g., different colors, sizes or shapes). Mor-
phosyntactic complexity is related to children’s grammati-
cal development, as reflected by morpheme usage (e.g., the
plural morpheme in books) and syntactic complexity (e.g.,
“door is open” compared to “door open”). A majority of
children with ASD, due to the high overlap between ASD
and language impairment (Leyfer et al. 2008), are found to
have smaller vocabulary and reduced morphosyntactic com-
plexity compared to typically developing children (Eigsti
et al. 2007). To measure these areas, number of different
words (NDW) and mean length of utterances (MLU) have
been widely used (e.g., Hogan-Brown et al. 2013). NDW
is an index of lexical diversity (Hao et al. 2018), and MLU
indicates morphosyntactic complexity and stages of lan-
guage development (Brown 1973). These measures have
been widely included in assessments for children with ASD
to identify language deficits, such as the MacArthur-Bates
Communicative Development Inventories (MCDI; Fenson
et al. 2006). In speech therapy, these measures are recom-
mended to be used to measure dynamic language progress
in children with ASD (Tager-Flusberg et al. 2009).

Language samples are a rich source to study children’s
skills in language and communication. They are more use-
ful to examine pragmatic skills than other measures (Tager-
Flusberg et al. 2009). Communication and language produc-
tion happen in a more natural and less demanding setting,
which potentially increases motivation and reduces anxi-
ety for children. Measures derived from language samples
are more sensitive to indicate dynamic changes than parent
reports and standardized tests (Casenhiser et al. 2013). Pre-
vious studies thus advocate for incorporating spontaneous
language sample when measuring linguistic skills in children
with ASD (e.g. Barokova and Tager-Flusberg 2018).

On the basis of the review, in the current study, we
focused on vulnerable areas of language, including fre-
quency of communicative initiations and responses,
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vocabulary diversity (i.e., NDW) and morphosyntactic
complexity (i.e., MLU). These measures were derived from
spontaneous parent—child interaction samples.

Parent training

The high incidence of ASD (i.e., 1/59) (Baio et al. 2018)
calls for resources and services for families of children with
ASD. In addition to clinicians, parents are an important
agent of intervention. Parent training aims to increase par-
ents’ access to evidence-based intervention strategies (Inger-
soll and Dvortscak 2010), which brings about multiple ben-
efits that may not be achieved by clinicians. Parents spend
more time with children than clinicians, yielding increased
hours and opportunities for therapy. Parents can apply the
learned intervention skills in children’s natural environment
on a wide range of behaviors. Compared to the clinician-
implemented therapy, parent-mediated intervention is cost-
effective and reduces financial burdens of the family. With
the assistance of parents, children’s skills are more likely to
be maintained and generalized.

A body of studies have shown the efficacy of parent
training in both parents and their children with ASD. It was
found that parents can administer learned strategies with
fidelity (Gengoux et al. 2015). Parent training results in
increased competence and reduced stress in parents (Keen
et al. 2010). For children, parent-mediated intervention is
related to improved syntactic complexity and vocabulary
size (Gengoux et al. 2015), as well as socialization skills
(Scahill et al. 2016; Baharav and Reiser 2010).

The Improving Parents As Communication Teachers
(ImPACT) is a parent training program,' which aims to pro-
mote children’s social engagement, language and play by
training parents to understand and then apply intervention
techniques in children’s natural environment (Ingersoll and
Dvortcsak 2010). The program has been found to lead to
positive changes in children’s language skills, which were
mediated by increased implementation fidelity in parents.
Ingersoll and Wainer (2013) trained eight parents using the
ImPACT. To measure parents’ and children’s progress, a
10-min play sample was collected from each session across
baseline, 12-week treatment and 1-month follow-up. Based
on the content of the training, clinicians rated parents’ fidel-
ity of implementation in five areas (i.e., making play interac-
tive, modelling and expanding language, providing oppor-
tunities for initiations, helping increase the complexity of
initiations, pacing the interaction). Children’s frequency of

! There are parent training programs based on other protocols, for
example the Functional Communication Training (Lindgren et al.
2016) and the Early Start Denver Model (Vismara et al. 2013). Here
we focus on the INPACT that was used in the current study.
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age-appropriate language production (e.g., 2-word phrases,
sentences) was monitored. The results showed that both
parents and children displayed improved performance from
baseline to treatment and follow-up. In addition, parents’
fidelity of intervention implementation was correlated with
children’s spontaneous language production.

Initial Efficacy of Tele-therapy

Although parent training has been found to be effective, bar-
riers prevent services from transporting to many families
of children with ASD. One of the most prominent obsta-
cles is the geographical distance between professionals and
families. Tele-therapy is flexible in time and location, which
potentially addresses the gap by taking advantage of high-
speed broadband Internet. The widespread usage of Internet
nowadays makes tele-therapy highly feasible. By 2015, 87%
US households had computers (e.g., desktop, laptop, hand-
held or others) and 77% households had access to Internet
(U.S. Census Bureau 2017).

A number of recent studies showed the initial efficacy
of tele-therapy for training parents of children with ASD.
For instance, Kobak et al. (2011) found that parents’ under-
standing of treatment concepts (e.g., modelling) significantly
increased after attending self-guided web-based tutorials.
Vismara et al. (2013) implemented a hybrid program inte-
grating self-guided website tutorials and clinician-guided
video conferencing using the Early Start Denver Model.
It was found that the training promoted parents’ fidelity of
implementation. However, children demonstrated slight
increase in communication initiations. The authors specu-
lated that children’s communication acts like initiations may
require more intensive treatment from trained specialists.
Parents, who received short-term training, may not sup-
port this skill very well. Significant correlations were found
between parents’ fidelity and child outcomes, indicating that
children benefited from parent-implemented intervention.

The Gap

Conclusions about the efficacy of tele-therapy in parent
training for children with ASD are limited, due to the short-
age of direct comparisons between on-site and online par-
ent training. Baharav and Reiser (2010) trained two parents
by combining in-person and online approaches. In the first
phase, parents participated in the traditional face-to-face
training for 6 weeks. In the second phase, they participated
in hybrid training for 6 weeks (i.e., the first session of each
week was in-person, and the second was tele-therapy).
Results showed that the two children demonstrated gains
in communicative responses and reciprocal social interac-
tions. However, as online training and in-person training

were mixed, it is impossible to determine the contribution
of individual delivery approach.

In Ashburner et al. (2016), four mothers of children with
ASD participated in a 1-week face-to-face training and then
a 1-week online video conferencing training. After the train-
ing, the researchers conducted interviews to understand the
mothers’ perceptions of in-person versus online training.
The mothers reported on benefiting from the online training,
being flexible in time and location and reducing financial
burden. They also mentioned occasional frustrations caused
by technical difficulties and the need to set up initial face-
to-face sessions to connect to the therapists before online
conferencing. Although the qualitative analysis in this study
is informative, quantitative data has not been collected to
reveal changes in parents and their children with ASD.

The ImPACT program has been provided to parents of
children with ASD via Internet (e.g., Ingersoll et al. 2016;
Ingersoll et al. 2017; Pickard et al. 2016; Wainer and Inger-
soll 2013). However, the efficacy of online training has not
been compared with that of in-person training. Instead, the
researchers compared two types of online training: thera-
pist-assisted (i.e., parents received online guidance from
therapists) and self-directed (i.e., parents participated in
the online program independently) (Pickard et al. 2016;
Ingersoll et al. 2016). Parents scored the therapist-assisted
training higher than the self-directed training regarding
intervention acceptability (Pickard et al. 2016). As the
intervention strategies became more complex towards the
end of the training, the therapist-assisted group reported on
receiving essential support, whereas the self-directed group
reported on needing help from specialists. In addition, the
therapist-assisted approach resulted in better parent per-
formance (i.e., fidelity of intervention and positive percep-
tions of children) and child performance (e.g., language and
social skills) (Ingersoll et al. 2016). Overall, the therapist-
assisted approach yielded more positive changes than the
self-directed approach. The results indicate that when ser-
vices are offered online, clinicians’ assistance is needed for
parents to accurately understand and implement the targeted
intervention strategies.

Comparisons between the two delivery approaches have
been made in therapists who were trained to learn the Den-
ver model of intervention. Vismara et al. (2009) compared
online and in-person training delivered to 10 community
therapists. Five of them participated in the training via Inter-
net, and the other five participated in person. Results showed
no significant differences between the two groups of thera-
pists in the implementation fidelity and level of satisfaction,
suggesting that the online training was as effective as in-
person training. As therapists in this study were specialists
who had at least 2 years of experiences treating children with
ASD, the training was equally well-received via different
delivery approaches. It is unknown if the delivery approach
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would have an influence on parents who typically do not
receive systematic training to provide treatment.

Research Questions and Predictions

In the current study, we intended to address the shortage of
direct comparisons between in-person and online therapy in
the realm of parent-mediated intervention for children with
ASD. We focused on outcome measures in both parents and
children. For parents, we explored fidelity of intervention
implementation, a widely used indicator of parents’ inter-
vention skills. For children, we analyzed dyadic parent—child
interaction samples and focused on significant areas of defi-
cits, including initiations, responses, lexical diversity and
morphosyntactic complexity. Our training was based on the
ImPACT Program (Ingersoll and Dvortcsak 2010), a parent
training program that targets on these vulnerable areas in
children with ASD. We asked three specific questions:

(1) Is the parent training program effective to improve per-
formance in both parents and children? Previous stud-
ies consistently showed that parent training yielded
improved parent fidelity of implementation (e.g., Inger-
soll and Wainer 2013), so we predicted the same. Parent
training was found to yield improved vocabulary, mor-
phosyntax and responses in children with ASD (e.g.,
Gengoux et al. 2015; Baharav and Reiser 2010), and we
predicted to see progress in children’s lexical diversity
(i.e., NDW), morphosyntactic complexity (i.e., MLU)
and frequency of responses. Findings on children’s ini-
tiations appear to be less conclusive. While a body of
studies showed positive changes on this measure (e.g.,
Ingersoll and Wainer 2013; Baharav and Reiser 2010),
Vismara et al. (2013) showed little progress in chil-
dren’s production of initiations. Therefore, it is likely
that children’s progress on communication initiations
would be relatively mild.

(2) Does tele-therapy yield improvements in parents and
children comparable to traditional in-person therapy?
As parent training has been widely found to be effective
in both online and in-person settings (e.g., Ingersoll
and Wainer 2013; Ingersoll et al. 2017), we predicted
that both approaches would result in positive changes
in parents and children. However, since there has been
a shortage of direct comparisons between in-person
and online training for parents of children with ASD,
we could not pose a prior prediction on the differential
influences of the two delivery approaches.

(3) Is children’s growth on language skills related to
improved fidelity of intervention implementation in
parents? Consistent evidence has shown this correla-

@ Springer

tion (e.g., Vismara et al. 2013; Ingersoll and Wainer
2013), so we predicted the same in the current study.

Method

Based on the ImPACT program (Ingersoll and Dvortscak,
2010), the Project Skills and Knowledge of Intervention for
Language Learning Success (SKILLS) was designed. Ethi-
cal approval for this project and this study was obtained from
the Human Subjects and Institutional Review Board of The
University of Texas at Austin. The Project SKILLS aimed
to offer free parent training to families of children with ASD
residing in Texas. It targeted on improving parents’ imple-
mentation of intervention and emphasized children’s lan-
guage and communication skills within the context of play
and daily routines. PhD level clinical faculty co-directed and
supervised graduate clinicians studying Speech-Language
Pathology (SLP) at a university clinic in Texas to administer
the project. The information of recruitment was dissemi-
nated via emails, local newscasts, posters and social media.
Families who were interested in participating contacted pro-
ject directors.

The therapy was offered in two formats, in-person or
online. Due to the structure of the larger community pro-
gram, random assignment of participants in this study was
not administered. Parents chose to receive in-person or
online training before the program started, mainly depend-
ing on their preferences and geographical distances from the
university clinic. Participants who received the face-to-face
training received live instructions at the university clinic.
Participants who received the online training participated
via Zoom, an online meeting software that is compliant to
the Health Insurance Portability and Accountability Act
(HIPAA) (Zoom HIPAA Compliance Guide 2017). The
families that received the in-person training were on aver-
age 21.6 miles (SD 22.7, range 2.9—89) from the clinic, and
the families that received the online training were on average
166.8 miles (SD 137.8, range 15-558) from the clinic.

Participants

The current sample was a part of a larger sample who par-
ticipated in the Project SKILLS between spring 2017 and
fall 2018. During this time, forty pairs of parents and their
children with ASD participated via online video confer-
encing. Sixty-five pairs of parents and children during the
period participated in the in-person training. All children
who had a diagnosis of ASD and lived in Texas who applied
were accepted into the program. There were no additional
exclusionary criteria to participate in the Project SKILLS.
Participants in the current study were selected from the
available pool of children who had completed the Project
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Table 1 Participant information by therapy delivery group

Group In-person Tele-therapy
Measure Mean (SD) Range Mean (SD) Range
n 15 15

Gender (F:M) 3:12 3:12

Age (in months) 57.3(15.9) 26-83 59.8(184) 23-85
Maternal Education 5.7 (0.9) 4-7 5.9 (1.1) 4-7

Maternal education was ranked into seven scales using the Hollings-
head education scale (Hollingshead, 1975): 7=graduate, 6 =standard
college or university graduation, 5=partial college, at least 1 year of
specialized training, 4 =high school graduate, 3 =partial high school,
10th or 11th grade, 2=junior high school, including 9th grade,
1 =less than 7th grade

SKILLS training. Once study inclusionary criteria were con-
sidered, fifteen participants remained as the online group for
the current study. The inclusion criteria were: (1) The chil-
dren had physicians’ diagnosis of ASD, as reported in the
parent questionnaire. Parents self-reported the ASD diagno-
sis and provided physicians’ contact information, including
names, addresses and phone numbers. (2) The age range
should be between 1 year and 10 years old. The age range
was relatively broad, given that the purpose of this commu-
nity project was to provide services to as many families as
we could. (3) Parents and children completed at least four
individual sessions out of a total of six individual sessions
(at least 67% of the training). This is to make sure that par-
ents received a majority of the training, and they had about
one month to practice the skills as guided by clinicians.

Parents provided complete information about children’s
age, gender and maternal education. The demographic
information was used to match participants between the two
delivery groups. Since there was a larger pool of participants
who received in-person training, we selected 15 in-person
participants to match the tele-therapy participants in chil-
dren’s age, gender and maternal education. Similar to the
tele-therapy group, all the 15 participants in the in-person
group had physicians’ diagnoses of ASD and completed at
least four individual sessions.

Independent t-tests showed that the two groups of chil-
dren were comparable in age (t(28)=0.40, p=0.69) and
maternal education (t(28)=0.36, p=0.72). The average
age was about 5-year-old, and the sample was highly edu-
cated with average maternal education at college level. Both
groups consisted of more boys than girls. See Table 1 for
detailed demographic information of the two groups.

Seven children were dual language users, and they spoke
a heritage language in addition to English, including Span-
ish, Chinese, Telugu and Russian. Three were in the tele-
therapy group, and four were from the in-person group. All
of them interacted with clinicians and parents in English
throughout the training. Two children in the tele-therapy

group were nonverbal, and the other children were verbal.
Among all participants, 14 completed all the six sessions
(6 in-person; 8 tele-therapy), 15 completed five sessions (9
in-person; 6 tele-therapy), and one completed four sessions
(1 tele-therapy).

Procedure

The training included two group sessions and 6 weekly 1-h
individual sessions. There were an introductory group ses-
sion and a closing group session with the parents run by the
project directors. For the two group sessions at the beginning
and the end, the in-person parents came to the university
clinic, and the tele-therapy parents attended the same group
sessions via online video conferencing. Between the two
group sessions, six individual sessions were provided for
both the parents and their children. Under the supervision of
clinical faculty, graduate SLP clinicians provided the parent-
directed intervention.

In the introductory group session, the supervisors intro-
duced the project SKILLS to parents and oriented their
expectations about topics being covered in the training. Two
clinicians were assigned to each parent—child pair. During
this group session, clinicians and parents established rap-
port. Before individual sessions started, the two clinicians
guided the parent to complete a parent questionnaire to col-
lect demographic information (e.g., age, gender, maternal
education, diagnosis).

Both the parent and the child participated in the six 1-h
weekly individual sessions across 6 weeks. Each session fol-
lowed the same procedure. In the beginning, one clinician
presented new intervention strategies to the parent (e.g., imi-
tation, modeling, playful obstruction, balanced turns) using
PowerPoint slides. Videos were incorporated to illustrate
the strategies. The slides and videos were from the InPACT
program (Ingersoll and Dvortscak 2010). Meanwhile, the
other clinician played with the child and applied the strate-
gies for demonstration. When the first clinician finished the
lecture, the parent practiced using the strategies by interact-
ing with the child. Clinicians provided feedback for whether
the parent accurately implemented the targeted intervention
strategies. Afterwards, clinicians recorded a 10-min par-
ent—child interaction for data collection, and clinicians pro-
vided additional feedback after the dyadic interaction. After
each individual session, clinicians rated parents’ application
of the targeted strategies using the Fidelity of Intervention
Implementation (FII) (Ingersoll and Dvortscak 2010). They
also transcribed the parent—child interaction and coded chil-
dren’s production of initiations and responses.

In the closing group session, the supervisors summarized
strategies for parents and explained how to integrate dif-
ferent strategies when interacting with their children. The
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supervisors addressed questions parents had and received
feedback to improve the project.

The in-person group strictly followed the previous pro-
cedure. Due to the format of delivery, the online training
was slightly different from the in-person training. First,
clinicians mailed the parent questionnaire to parents. To
guide parents to complete the forms, clinicians called and
explained the paperwork. After completing the form, parents
mailed back. Second, in online individual sessions, clini-
cians could not demonstrate the intervention strategies by
physically interacting with children. Instead, they provided
very detailed verbal explanations using PowerPoint slides
and video demonstrations. It may be hard for clinicians to
observe parents’ responses (e.g., facial expressions, body
language), so clinicians frequently encouraged questions
during the lecture. While the parent was interacting with
the child, clinicians carefully guided the implementation of
the targeted strategies.

Coding

The individual session interaction samples were video
recorded and later transcribed and coded for data analysis
by clinicians. Clinicians aimed to collect a 10-min language
sample of parent—child interaction in individual sessions.
However, in real situations, durations of samples varied
slightly across sessions and participants. Four child outcome
measures were derived from the interaction samples, includ-
ing frequency of initiations and responses, number of differ-
ent words (NDW), and mean length of utterances (MLU).
In the following, we introduce the coding for the outcome
measures evaluated using the individual session samples.

Initiations Per Minute

The child began a new topic or conversation by gestures or
verbalization without the assistance of the parent. For exam-
ple, the child said “hand me please” while pointing at a toy
without prompts from the parent. The number of initiations
may be influenced by the length of the language sample, so
we calculated frequency of initiations per minute.

Responses Per Minute

The child responded to a question or continued a topic
already in motion with the parent. For example, the child
nodded or responded “yes” to the parent’s prompt “want
tickle?”. To control for varied lengths of language samples,
we calculated frequency of responses per minute.

@ Springer

NDW Per Minute

All language production was entered into the Systematic
Analysis of Language Transcript (SALT) (Miller and Chap-
man 2002). NDW, the measure of lexical diversity, was
based on morpheme segmentation which followed the SALT
transcription conventions. As NDW is likely to be impacted
by the length of the language samples, we calculated NDW
per minute.

MLU

We divided children’s utterances into C-units containing a
main clause with all its dependent clauses (Loban 1976).
We distinguished subordinate clauses which could not stand
alone and coordinate clauses which should be broken down
into separate C-units. MLU, the measure for morphosyntac-
tic complexity, was calculated based on the total number of
morphemes divided by the total number of C-units. MLU is
stable, which is unlikely to be affected by the length of the
language sample.

In addition to tracking child behaviors, clinicians rated
parents’ fidelity of implementation after each individual ses-
sion. On the basis of the parents’ performance, both clini-
cians rated the parents’ performance using the FII (Ingersoll
and Dvortscak 2010). The FII consisted of five components,
including following child’s leads, modeling and expanding
language, providing opportunities for communication, help-
ing increase complexity of language, initiation or play, and
pacing interaction. There were three to eight subcomponents
to assist the rating of each of the five major components. We
only included the rating of the five main components in our
analysis. The FII is a 5-score rating, in which 1 indicates
parents do not implement during session, 2 indicates par-
ents implement occasionally but miss major opportunities, 3
indicates parents implement half of the time but miss many
opportunities, 4 indicates parents implement more than half
of the time but miss some opportunities, and 5 indicates
parents implement throughout session.

Analysis

We intended to study whether the Project SKILLS was
effective in improving children’s language skills and par-
ents’ fidelity of strategy implementation. We also planned to
study whether the two therapy delivery approaches yielded
different performance in children and parents. Therefore,
we conducted a mixed analysis of variance (ANOVA) with
time as the within-subject variable (first session vs. last ses-
sion®) and group as the between-subject variable (online vs.

2 The first session does not refer to week 1 session and the last ses-
sion does not refer to week 6 session. Recall that we had missing
data, and some families were not able to attend sessions on week 1
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in-person). In addition, we explored the interaction between
group and time.

We decided only to compare the first session and the last
session participants attended based on the following con-
sideration. It may be too ambitious to expect significant
changes in a weekly manner (e.g., children’s morphosyn-
tactic complexity in session 2 is significantly longer than
that in session 1). Research has shown that progress on child
outcomes can be gradual (Tager-Flusberg et al. 1990). It
is, however, reasonable to expect some positive changes
between the first session and the last session, as there were
on average 37 days (range 29 days to 53 days) between the
two individual sessions. In the first session, parents received
minimal training, and in the last session, parents had gained
much more knowledge and practiced the intervention strate-
gies for about one month. The duration of one month should
allow children to make some progress in the targeted areas.
We thus included in total 60 parent—child interaction sam-
ples for data analysis.

Reliability

We conducted a reliability check for the dependent vari-
ables (i.e., FII, initiations, responses, MLU and NDW). To
check the reliability of FII, a research assistant (RA), who
was completely blinded to the session sequence, randomly
selected 20% of the parent—child interaction samples (12
out of 60 sessions). She independently rated the selected
samples after receiving the same training on FII scoring
rubric as the clinicians did. Following Vismara et al. (2012),
an agreement occurred when the clinicians’ rating and the
RA’s rating were within one score difference. For example,
if clinicians scored 3 on a component and the RA scored
4, they were considered consistent. However, if clinicians
scored 3 on this component but the RA scored 5, they did
not reach consensus. Reliability was calculated using the
number of agreements divided by the sum of the number of
agreements and the number of disagreements. The agree-
ment on FII overall scores was 92%. The agreements on FII
component scores were 80% for following child’s lead, 100%
for modeling and expanding language, 90% for providing
opportunities for communication, 90% for helping increase
complexity of language, initiation or play, and 100% for pac-
ing interaction.

The two clinicians for each family coordinated to tran-
scribe the interaction samples, including the production of
language and nonverbal communicative acts. One clinician
transcribed the sample based on the video recording, and

Footnote 2 (continued)

or 6. Here, we included the very first session and very last session a
family attended.

the other clinician proof-read while watching and listening
to the video recording. The two clinicians had discussions
to solve disagreements on transcription. Afterwards, they
coded children’s communicative initiations and responses,
and they reached consensus on the coding. Any unsolved
disagreements between clinicians were addressed by pro-
gram supervisors. To check the reliability for initiations
and responses, the same RA coded the 20% selected sam-
ples after receiving the training for coding initiations and
responses. The agreements between clinicians and the RA
reached 93% for initiations and 100% for responses.

The two language measures, MLU and NDW, were
based on C-unit segmentation and morpheme segmenta-
tion. The RA entered all language transcriptions into the
SALT and segmented children’s utterances into C-units and
words into morphemes. A second RA randomly selected
20% of the samples for independent segmentation of C-units
and morphemes. The two RAs reached 96% agreement on
C-unit segmentation and 99% agreement on morpheme
segmentation.

Results

Assumptions for the mixed ANOVA (i.e., normality, homo-
geneity of variance, independent observations) were met
for all the outcome measures, except for NDW and MLU.
As normality was not met for NDW, we transformed the
original data. The assumption of normality was met after
the transformation. For MLU, there was a violation in the
homogeneity of variance. However, as the size of the two
groups was similar (i.e., largest/smallest< 1.5), ANOVA
was robust to this violation (Pituch and Stevens 2015). In
addition to p-value (i.e., 0.05) that determined significance,
we explored npartia12 (partial eta squared) to indicate effect
size: npa_rtia12>0'01 is small, npartia12> 0.06 is medium, and
Npartiar” > 0-14 is large (Huck 2009).

Child Measures

Figures 1, 2, 3 and 4 display children’s performance on lexi-
cal diversity (i.e., NDW), morphosyntactic complexity (i.e.,
MLU), initiations and responses in the first and last sessions
by therapy delivery group.

NDW Per Minute

There was a significant main effect of time with a large
effect size (F(1,26)=10.142, p=0.004, npmial2 =0.281).
Children’s performance on the last session was signifi-
cantly better than the first session. We did not find a main
effect of group (F(1,26)=1.364, p=0.253, npmalZ:o.OS)
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Fig. 1 Children’s number of
different words per minute
between the first and the last
session by delivery group. Note
The number in the bar is the
average on that session for that
group. Error bars are shown

Fig.2 Children’s mean length
of utterances between the first
and last sessions by delivery
group. Note The number in the
bar is the average on that ses-
sion for that group. Error bars
are shown

Fig. 3 Children’s frequency of
initiations per minute between
the first and last sessions by
delivery group. Note The num-
ber in the bar is the average on
that session for that group. Error
bars are shown
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Fig.4 Children’s frequency of
responses per minute between

the first and last sessions by 35
delivery group. Note The num- ’
ber in the bar is the average on 3
that session for that group. Error
bars are shown 2.5
2
1.5
1
0.5
0

Fig.5 Parents’ fidelity of inter-
vention implementation (FII)
overall scores between the first

and last sessions by delivery >

group. Note The number in the

bar is the average on that ses- 4

sion for that group. Error bars

are shown 3
2
1
0

or an interaction between group and time (F(1,26)=0.478,
p=0.495, 0" =0.018).

MLU

We detected a significant main effect of time with a large
effect size (F(1,26)=6.937, p=0.014, nparlia12 =0.211). Chil-
dren produced longer MLU in the last session than the first
session. There was a marginally significant main effect of
group with a medium to large effect size, F(1,26)=3.076,
p=0.091, npamalz =0.106. The in-person group outper-
formed the online group. There was no significant interac-
tion between group and time, F(1,26)=0.137, p=0.714,
Npartial” = 0-005.

Initiations Per Minute

Even though we did not find a significant main effect of
time, the effect size was medium to large (F(1,28)=2.53,

Responses/min

tele-therapy

in-person

B first session M last session

FIl Overall Scores

tele-therapy

in-person

M first session M last session

p=0.123, npartialz =0.083). The main effect of group
(F(1,28)=0.483, p=0.493, npamalz =0.017) and the inter-
action between time and group (F(1,28)=0.1.37, p=0.252,
npmialz =0.047) were not significant.

Responses Per Minute

The main effect of time was not significant with a medium
effect size, F(1,28)=1.921, p=0.177, npartialz =0.064.
Both the effect of group (F(1,28)=0.015, p=0.902,
npmialz =0.001) and the interaction between time and group
(F(1,28)=0.423, p=0.521, npmiaf =0.015) did not reach
significance.

Parent Measures
See Fig. 5 for FII overall scores and Table 2 for FII com-

ponent scores. From Table 2, among the five components,
clinicians scored parents relatively high on the component
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Table 2 Parents’ performance

Measures In-person Tele-therapy

on FII components between the

first and last session by therapy First Last Change First Last Change

delivery group
Follow 35(1.1) 42(0.7) 0.7 (0.9) 3.3(0.9) 4.10.7) 0.8 (1.0)
Model 3.1(0.9) 4.3 (0.6) 1.2 (1.1) 29(1.2) 4.2 (0.6) 1.3 (1.4)
Opportunity 2.2(0.9) 4.0(0.8) 1.8 (1.3) 1.8 (0.8) 4.1 (0.6) 2.3(0.9)
Complexity 1.4 (0.5) 4.2 (0.6) 2.8 (0.6) 1.4 (0.5) 3.9(0.9) 2.5(1.1)
Pace 24(1.1) 4.0 (0.8) 1.6 (1.3) 1.9(1.1) 3.7(1.3) 1.8 (1.1)

Bold values indicate the changes between the first and last sessions for each therapy delivery group

Numbers in parentheses are SDs. Follow =follow child’s leads, Model=model and expand language,
Opportunity = provide opportunities for communication, Complexity =helping increase complexity of lan-
guage, initiation or play, Pace =pace interaction

of following child’s lead and modeling and expanding lan-
guage in the first session. Parents were rated lower in the
first session on the other three components. In the last ses-
sion, parents were scored around 4 for all the component
scores in both groups.

Fll Overall Scores

The mixed ANOVA showed a main effect of time with a large
effect size, F(1,23)=104.869, p <0.001, npartialz =0.820.
No significant effect was found for group (F(1,23)=1.398,
p=0.249, npmia]2 =0.057), and no significant interac-
tion between group and time was found (F(1,23)=2.331,
p=0.14, 1> =0.009).

Fll Component Scores

For all FII components, there were main effects of time
with 1arge effect sizes (Follow: F(1,23)=16.774, p <0.001,
=0.422; Model: F(1,23)=26.979, p<0.001,

npamal =0.540; Opportunity: F(1,23)=77.987, p<0.001,

npamal 2=0.772; Complexity: F(1,23)=230.233, p<0.001,

=0.909; Pace: F(1,23)=50.783, p<0.001,

N partial = 0.688). There were no significant main effects of
group (Follow: F(1,23)=0.360, p= 0555 Npartial 2=0.015;

Model: F(1,23)=0.222, p =0.642, N4 ia —0 010; Oppor-
tunity: F(1,23)=0.270, p=0.608, npartlal 2=0.012; Com-
plexity: F(1,23)=0.253, p=0.620, npartlal 2=0.011; Pace:

F(1,23)=1.125, p=0.300, Mparia 2=0.047) or interac-
tions between tlme and group (Follow: F(1, 23)=0.027,

p=0.871, npdmdl =0.001; Model: F(1,23)=0.043,

p=0.837, npdmdl 2=0.002; Opportunity: F(1,23)=1.474,

p=0.237, npamal 2=0.060; Complexity: F(1,23)=0.601,

p= 0446 npama] =0.025; Pace: F(1,23)=0.136, p=0.716,

=0.006).

npdrtml

n amal

npartlal
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Correlations Between Child and Parent Measures

To investigate whether children’s progress on lexical diver-
sity, morphosyntactic complexity, initiations and responses
was related to parents’ improvement in fidelity of interven-
tion implementation, we examined correlations between par-
ents’ changes on FII overall scores and children’s changes
on NDW/min, MLU, initiations/min, and responses/min
(Table 3). As changes between the first and last sessions on
NDW were not normally distributed, we ranked changes of
NDW and FII overall scores and used the Spearman’s Rho
test to examine this correlation. Pearson’s tests were used
to examine the other correlations, as assumption were met
for the other variables. The results showed that FII over-
all changes were significantly correlated with children’s
improvement in MLU. Parents’ changes on the FII over-
all scores were not significantly correlated with children’s
changes on NDW, frequency of initiations and responses
per minute.

Table 3 Correlations of parents’ and children’s progress

Lexical Morpho- Initiation Responses
diversity syntactic
complexity
Parents’ fidel- r,=0.206 r=0.548 r=0.145 r=0.226
ity p=0.323 p=0.005 p=0.489 p=0.277

The measure for children’s lexical diversity is number of different
words/min, and the measure for children’s morphosyntactic complex-
ity is mean length of utterances. The measure for parents’ fidelity is
fidelity of intervention implementation overall scores. Spearman’s
Rho test was used to examine the correlation between lexical diver-
sity and parents’ fidelity. For the other correlations, we conducted
Pearson’s correlation tests
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Discussion

In this study, we compared the efficacy of a parent training
program that was delivered online and onsite for children
with ASD. The results showed that parents demonstrated
significant increase in the fidelity of intervention implemen-
tation, and children showed significant gains in lexical diver-
sity and morphosyntactic complexity. Comparisons between
tele-therapy and in-person therapy did not show significant
differences between the two therapy delivery groups for any
of outcome measures, indicating that tele-therapy can be as
effective as in-person therapy. Finally, increased fidelity of
implementation in parents was related to improved perfor-
mance on morphosyntactic complexity in children.

Positive Dynamic Changes in Children and Parents

Among the four child measures, we found significant
improvements in lexical diversity, as indicated by number
of different words, and morphosyntactic complexity, as indi-
cated by mean length of utterances. This is consistent with
previous findings that parent-mediated intervention facili-
tates children’s vocabulary diversity and syntactic complex-
ity (e.g., Gengoux et al. 2015; Ingersoll and Wainer 2013).
Our parent training program places a heavy emphasis on
how parents adjust the support to scaffold children’s expres-
sive language. A major emphasis on expressive language
may have resulted in significant improvements in lexical
diversity and morphosyntactic complexity in children.

Changes on frequency of communicative initiations and
responses were not significant between the first and last ses-
sions. Nevertheless, we want to note that the effect sizes
were medium or medium to large, indicating some progress
in the children’s production of initiations and responses. As
Vismara et al. (2013) pointed out, communicative acts, like
initiations, require joint attention between parents and chil-
dren. The ability may require more intense support from
specialists who are more experienced in providing treatment.
Parent intervention may not be sufficient to facilitate sig-
nificant changes in initiations and responses that are closely
related to joint attention. Moreover, given the increased
vocabulary diversity and syntactic complexity, children may
be able to communicate more complex needs and thoughts
in individual initiations and responses, which may limit the
opportunities for more initiations and responses.

Another possibility is that children’s frequency of initia-
tions and responses may have already been at ceiling in this

3 The two studies did not report frequency of initiations or responses
per minute. They documented frequency in a session and the duration
of a session. We calculated the maximum frequency using the data
they provided.

study, leaving little room for drastic improvements. We com-
pared current findings with previous findings. From Figs. 3
and 4, at the end of the training, children’s frequency of
initiations and responses were on average around three times
per minute, and the average age of children was at about
5 years of age. In Baharav and Reiser (2010), the two chil-
dren at the same age initiated at most 1.75 times per minute.
In another study (Meadan et al. 2016), the three children
between ages two and four produced at most four initiations
per minute.’ The maximum frequency in the two previous
studies is lower than that in our study, as one child in the
current study initiated six times within a minute.

Regarding dynamic changes in parents, from the first
session to the last session, parents were rated significantly
higher by clinicians. These positive changes were present
for not only parent fidelity overall scores but also individual
component scores, with very large effect sizes. The RA, who
was blinded to sample sequence, independently scored par-
ents’ fidelity. As the agreements on overall and component
scores were high, we should be able to exclude the possibil-
ity that the clinicians’ rating was biased by their expectations
of positive changes in parents. Therefore, by receiving the
training, parents gained increased knowledge of intervention
skills and became competent and skillful in applying these
strategies.

While the components of following child’s leads and
modeling and expanding language measured basic skills,
the other three parent fidelity components were more com-
plex and demanding. These three components examined
more advanced skills and required parents to actively inte-
grate different intervention strategies. The descriptive data
(Table 3) showed that the three relatively complex compo-
nents, including providing opportunities for communica-
tion, increasing complexity of language, imitation or play
and pacing interaction to keep children engaged were dif-
ficult for parents in the beginning. The average scores were
around 2, which indicated parents implemented occasionally
and missed major opportunities. In the last session, we saw
more drastic improvements in the three components. Actu-
ally, the last-session scores on the three components were
comparable to the scores on the two basic components. This
suggested that parents were able to integrate different skills
and implement relatively complex strategies after receiving
the training.

Influence of Delivery Approach

The second question we asked was whether the two delivery
approaches have differential impacts on parents and children.
No significant differences between the in-person and online
groups were found for any of the parent and child outcomes,
indicating that participants did not differentially benefit from
the two service delivery approaches. Our findings provide
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evidence for the usage of tele-therapy, which could be as
effective as traditional face-to-face therapy. As tele-therapy
is flexible in time and location, it potentially helps dis-
seminate services to more families of children with ASD,
especially those living in rural areas with less access to the
resources.

Nevertheless, readers should interpret the findings with
caution, and future replications are warranted. First, the sam-
ple size is small in each therapy delivery group (n=15).
The comparable efficacy of tele-therapy relative to in-person
therapy should be replicated in larger samples. Second, we
included a few outcome measures in parents and children.
Future research should expand the range of investigation
and include more outcome measures to continue exploring
if online training and in-person training are comparable. For
example, future studies may measure parents’ acceptability
and satisfaction of the parent training, children’s receptive
language in addition to expressive language, children’s lan-
guage and communication skills measured using standard-
ized tests in addition to language sampling. Third, since this
is not a randomized controlled trial, parental characteristics
could have contributed to the performance in the two groups.
Parents may have chosen the more desired and more suitable
approach for themselves, and they may not demonstrate the
same performance if they were assigned to the other service
delivery approach.

It is important to note that clinicians provided intensive
assistance for parents who received the online training. To
compensate that we could not have face-to-face interactions
with parents and children, we made efforts to provide very
detailed verbal explanations and invite questions frequently.
Our online training is different from many self-guided online
programs, in which parents independently learn intervention
strategies through web tutorials (e.g., Kobak et al. 2011).
As Pickard et al. (2016) and Ingersoll et al. (2016) found,
the self-guided parents reported on needing help from spe-
cialists, and their implementation fidelity was lower than
therapist-assisted parents. The comparable efficacy between
therapist-assisted online therapy and in-person therapy in
this study does not indicate self-guided online therapy can
be equally effective as in-person therapy. Instead, it is very
likely that the self-assisted online therapy is less effective
than in-person therapy.

Interestingly, a marginally significant main effect was
found in morphosyntactic complexity between the two deliv-
ery groups (p=0.09) with a medium to large effect size. As
shown in Fig. 2, the average mean length of utterances in
the in-person group were longer than the online group in
both the first and last sessions. It is likely that this difference
between therapy delivery approaches is clinically significant.
The pattern appears to be similar in the number of different
words, the measure for lexical diversity, although the main
effect of group was not marginally significant.

@ Springer

Recall that this study was not a randomized controlled
trial, and parents chose to receive the training in clinic or via
online video conferencing. We mentioned that geographi-
cal distance appeared to be the deciding factor for parents’
choices. As the university clinic is located in the center
of the city, participants of the in-person group were more
likely to reside in the city and outskirts, while the families
in the tele-therapy group may live in relatively far suburban
areas. There could be more resources accessible to the in-
person group than the tele-therapy group external to this
parent training program, leading to better performance in
the in-person group. It is unlikely that socioeconomic sta-
tus contributed to the marginal group differences. The two
groups were closely matched on maternal education, which
is a reliable indicator of socioeconomic status (Huttenlocher
et al. 2002). In the future, the amount of non-study training
children and parents receive should be measured and taken
into consideration.

Another possibility is also related to the non-randomized
design. Children in the in-person group may be higher
functioning than those in the online group in the beginning.
Since there was no formal assessment to define severity of
ASD in this study, we could not exclude this possibility.
Random assignment of participants should be administered
in the future to prevent this kind of potential prior training
differences between groups.

Correlation Between Parents’ Skills and Children’s
Performance

The last question we asked was whether children’s perfor-
mance on the four measures was related to parents’ fidel-
ity. The results showed that the improved fidelity in parents
was significantly correlated with increased morphosyntac-
tic complexity in children. This is consistent with previous
findings. For example, as we have reviewed, Vismara et al.
(2013) found a significant correlation between children’s
functional verbal utterances and parents’ fidelity. The strate-
gies that parents implemented in this study were particularly
helpful for children to increase sentence length. For instance,
we trained parents to expand children’s language by adding
one more word. When the child said “juice”, parents were
encouraged to expand it to “more juice”. We also taught
parents to use prompts in playful obstructions to elicit lan-
guage production. For example, the parent controlled a toy
car and prompted the child to say “go”. When the child said
“g0”, the parent expanded it to “car go”. These strategies or
combinations of different strategies appeared to be effective
to successfully improve children’s sentence complexity.
Significant correlations were not found between changes
on parents’ fidelity and frequency of initiations/responses in
children. Recall that there were no significant improvements
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in communication initiations and responses, whereas parents
demonstrated significant positive changes in intervention
fidelity. Thus, significant correlations may not be expected
if parents’ overall fidelity improved while children’s initia-
tions/responses did not. Our training heavily emphasized
expressive language more than communicative acts. Note
that we included nonverbal productions in addition to verbal
productions in the coding of initiations and responses. Since
our focus was verbal productions, the nonverbal productions
may not increase in the same degree, which may explain the
relatively mild improvements in initiations and responses.

Limitations and Future Directions

We acknowledge the limitations of the study, which warrant
future investigations. First, the families in this study were
relatively highly educated, on average college-level. This
sample may not be representative of families from lower
socioeconomic backgrounds, and the findings may not be
generalized into the entire population. We noticed that
biased sampling is not uncommon in the extant literature
(e.g., Ingersoll et al. 2017). A pressing need in the realm of
tele-practice is to reveal whether socioeconomic status could
have an influence on the engagement and achievement of
parents and their children. Second, there was no follow-up
to evaluate the maintenance of skills in parents and children.
As a free training program, our priority was to serve as many
families as we could. It is worth mentioning that there was
a long waiting list, and we were short of hands to follow
up individual clients. Based on the same consideration, our
program which was 8 weeks, was shorter than many other
programs which were 12 weeks typically (e.g., Ingersoll and
Wainer 2013; Pickard et al. 2016). However, even though the
duration of our program was shorter, there were significant
positive changes in both children and parents.

Moreover, since we did not include formal assessments,
ASD diagnosis was based on parent report, and severity
may differ across the in-person group and the tele-therapy
group. Due to the structure of the community project, the
participants were not randomly assigned into the tele-ther-
apy group or the in-person group. Potential prior training
differences between the two service delivery groups may be
related to the marginally significant difference on morpho-
syntactic complexity. A randomized controlled trial should
be conducted in the future to prevent these potential group
differences. Finally, the outcome measures were limited, and
future studies may expand the investigation to a wider range
of language and communication measures in children and
parents.

Conclusion

In this study, we addressed the shortage of direct compari-
sons between tele-therapy and in-person therapy provided
to parents of children with ASD. Our results showed that
parents demonstrated improved fidelity of strategy imple-
mentation, and children showed significant improvements
in lexical diversity and morphosyntactic complexity. Perfor-
mance of the tele-therapy group was comparable to that of
the in-person group in all the outcome measures we studied,
indicating that tele-therapy can be as effective as traditional
face-to-face parent training. The progress in parents was
found to relate to the positive changes in the child outcome
of morphosyntactic complexity. Overall, our findings poten-
tially provide more robust evidence to support the usage of
tele-therapy for parent-mediated intervention for children
with ASD.
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