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Abstract

This systematic review examined the effectiveness in a hybrid telehealth model for adolescents with autism spectrum disorder
(ASD), exploring the evidence base, methodology, and outcomes of health and behavior-related interventions for adolescents
with ASD. The 11 included studies (a) were quantitative, (b) evaluated interventions delivered through a hybrid telehealth
model (i.e., combined remote intervention with minimal in-person procedures), (c) measured health and behavior-related
outcomes, and (d) considered adolescence as ages 12 through 25 years. The studies were a mixture of designs, methods, and
outcome measures, and participant numbers were extremely low. Results demonstrated an overall lack of empirical evidence
on the efficacy of hybrid-delivered interventions for adolescents with ASD, and more studies are needed to explore their

effectiveness.
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An increasing number of individuals with autism spectrum
disorders (ASD) are entering adolescence and require inter-
ventions to address health and behavior-related outcomes.
Given the increase in telehealth-delivered interventions due
to the COVID-19 pandemic, practitioners need to under-
stand the evidence of hybrid telehealth-delivered (i.e., com-
bination of in-person and remote) interventions for ado-
lescents with ASD. Although interventions often promote
activities of daily living, social participation, academic and
work skills, and well-being (Tomchek & Koenig, 2016), it
is unclear whether those delivered in a hybrid telehealth
approach are rooted in evidence. Therefore, the purpose of
this systematic review was to identify and evaluate studies
related to interventions delivered through a hybrid telehealth
model for adolescents with ASD.

Telehealth refers to the use of information and commu-
nication technologies to deliver health care and behavioral
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services by professionals (World Health Organization
[WHO], 2010). Telehealth services are rendered using real-
time or store-and-forward techniques (Bradford et al., 2016),
and may include video- and audioconferencing, chat messag-
ing, wearable and sensor technologies, virtual reality, robot-
ics, and therapeutic gaming (Rispoli & Machalicek, 2020).
There was a rapid increase of telehealth during the COVID-
19 pandemic, which precluded in-person contact due to
social distancing and quarantine demands. As of today, the
COVID-19 pandemic is still present, and telehealth remains
an available and active service-delivery model. Practition-
ers, families, and service-delivery systems are grappling
with which intervention elements are most efficaciously
delivered in-person versus remotely. For example, given the
emerging nature of reliability and validity of remote assess-
ment procedures (see Ellison et al., 2021), researchers may
administer diagnostic and language assessments in-person
and then deliver intervention components remotely. In this
review, hybrid telehealth interventions are considered those
that include both in-person and remote components; remote
components may occur synchronously or asynchronously.
An examination of the evidence related to hybrid telehealth
interventions is vital to inform future research of which ele-
ments of interventions for adolescents with ASD may be
efficaciously delivered and through which mechanism (in-
person vs. remote).
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In the next 10 years, an estimated 707,000 to 1,116,000
teens (70,700 to 111,600 each year) in USA will enter
adulthood and age out of school-based autism services
(Autism Speaks, 2021). Adolescence is a period of psy-
chosocial, cognitive, physical, and sexual maturation char-
acterized as an advancement towards social and economic
independence (Curtis, 2015; Meeus, 2016; Sawyer et al.,
2018;WHO, 2007). The WHO (2013) initially defined ado-
lescents as individuals between 10 and 19 years of age;
however, an expanded and more inclusive definition—that
of individuals from 10 through 25 years old—aligned with
contemporary patterns of adolescent growth (Sawyer et al.,
2018).

The adolescence period can be particularly challenging
among youth with ASD, who struggle with difficulties in
identity-development processes, adaptive behaviors, transi-
tion to independent living, and development of autonomous
behaviors (Cooper et al., 2017; Hume et al., 2014; Seltzer
et al., 2003; Smith & Anderson, 2014). Compared to the
general population, adolescents with ASD are more likely to
have cooccurring mental health conditions and are less likely
to manage activities of daily living or prepare for college or
employment (e.g., Roux, 2015). The COVID-19 pandemic
has had an unprecedented effect on life around the world.
The closure of schools, clinics, and community programs
puts individuals with ASD at increased risk for negative
outcomes. Thus, the delivery of services and therapies in an
online or remote format may partially ameliorate the impact
of secondary effects of COVID-19 on adolescents with ASD
(White et al., 2021).

A growing body of research has evaluated the effective-
ness and benefits of telehealth to deliver services to indi-
viduals with ASD (Ellison et al., 2021; Rodriguez, 2020).
Studies have tested a variety of interventions, such as teach-
ing functional communication skills (Simacek et al., 2017)
and treating challenging behaviors (Lindgren et al., 2016).
Others explored opportunities for these interventions to sup-
port children and adolescents in their daily lives, notably in
school settings (Mazon et al., 2019; Tomchek & Koenig,
2016). Telehealth has been shown to be cost-effective (Little
et al., 2018) and to address provider shortages (Baweja et al.,
2021; Shulver et al., 2016). Parents of children with ASD
report high acceptability, satisfaction (Little et al., 2018),

Table 1 Search term strategy

convenience, and feelings of empowerment (Wallisch et al.,
2019) with telehealth.

Several literature reviews published about the use of
technology in interventions with children and adolescents
with ASD (e.g., Grynszpan et al., 2014; Odom et al., 2015;
Sutherland et al., 2019) indicated that interventions largely
target preschool- or school-aged children with ASD (Mazon
et al., 2019). There is, however, a paucity of intervention
studies on the use of hybrid telehealth interventions among
adolescents with ASD (Odom et al., 2015). Additionally,
hybrid telehealth-intervention studies are limited by small
sample sizes, use of nonstandardized measures, and the
absence of comparative control groups (Mazon et al., 2019).
Yet, outcomes of various services via telehealth (including
diagnostic assessments, preference assessments, early inter-
ventions, applied behavior analysis, functional assessment,
functional communication training, and parent training)
were found to be equivalent to or better than face-to-face
services (Ellison et al., 2021).

In sum, adolescents with ASD have considerable need
for intervention, especially towards the end of compulsory
education and during their transition to adulthood (Odom
et al., 2015). Hybrid interventions provide an innovative way
to offer cost-effective and client-centered interventions from
a distance. Due to the imminent and ongoing impact of the
COVID-19 pandemic and increasingly expansive improve-
ments in telehealth platforms and technology, there is a need
to review the literature on the use and efficacy of hybrid
services for adolescents with ASD. Therefore, the purpose
of this systematic review was to evaluate existing empiri-
cal studies of hybrid interventions for individuals with ASD
aged 12 through 25 years.

Method

The preferred reporting items of systematic reviews and
meta-analyses (PRISMA; Moher et al., 2009) document was
used to guide this systematic review. The review was reg-
istered in the International Prospective Register of System-
atic Reviews (PROSPERO) database (http://www.crd.york.
ac.uk/prospero). Table 1 shows the search terms used. The
databases to conduct searches were MEDLINE, PubMed,

Field Terms (all fields)

1 ASD, autistic, autism, autistic disorder, autism spectrum disorder, Asperger, pervasive developmental disorder

2 adolescents, youth, teens, teenagers, youngsters, young people, young adults, emerging adults, young adult-
hood, secondary school, middle school, high school

3 hybrid, remote, telehealth, telemedicine, telerehabilitation, tele-practice, telecare, tele-exercise, teleconfer-

ence, e-health, mobile health, m-health, web-based, internet-based, digital health, tele education, telemoni-
toring, telecommunications, teleconsultation, telepsychiatry
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CINAHL, PsycINFO, Web of Science, Cochrane Library,
ERIC, Scopus, and EBSCO Discovery Service. All titles and
abstracts were imported into Covidence systematic review
software (Veritas Health Innovation, n.d.), which was used
for screening.

Inclusion Criteria

Only quantitative studies that empirically evaluated inter-
ventions delivered in a hybrid approach (i.e., that included
some in-person time, but the main intervention occurred
remotely) were included. The interventions could address
any adolescent outcome (e.g., health, education, or work).
A study was included only if at least 30% of that study’s
participants were described as diagnosed with ASD (DSM-
V; American Psychiatric Association [APA], 2013) or one of
the autistic spectrum diagnoses according to the DSM-1V-R
(e.g., autism, Asperger syndrome, and pervasive develop-
mental disorders; APA, 1994) and age 12 through 25 years
(Jaworska & MacQueen, 2015; Steinberg, 2014; WHO,
2020). However, studies about females with Rett Syndrome
were excluded. All studies must have been available in Eng-
lish and peer reviewed, without limit to year of publication.

Exclusion Criteria

Reviews, meta-analyses, dissertations, study protocols,
and conference proceedings were excluded. In addition,
assessment studies that investigated telehealth delivery of
diagnostic measures and studies whose outcomes were not
focused on adolescents (e.g., parent or teacher measures)
were excluded. Studies examining interventions that only
integrated technology into sessions conducted in person or
in the same space (e.g., videomodeling studies) were also
excluded, as were feasibility studies without any examined
intervention.

Fig.1 PRISMA summary of
the screening process

4,618 studies screened

7,781 studies imported for screening

Study Selection

Following the Cochrane guidance (Higgins et al., 2011), two
reviewers independently assessed the titles and abstracts to
select articles for further assessment based on the inclu-
sion criteria. In this phase, duplicates were removed. When
there was a doubt about an article, a third reviewer provided
another opinion. Next, the three reviewers reviewed and
decided about including full texts according to the inclusion
criteria (N=259). In cases of disagreement, the final deci-
sion was made through discussion. This method reduced the
chance of error and ensured proper conduct (Tawfik et al.,
2019). Figure 1 illustrates the review process and reduction
of studies to the 11 studies ultimately included in the review.

Results
Descriptive Information of Study Characteristics

The preliminary search phase yielded 7781 articles; 3163
duplicates articles were deleted. The full-text review phase
comprised 259 articles. Examination of the full-text articles
yielded a total of 11 studies that met all inclusion criteria
and were subsequently analyzed. All included studies had
been published between 2012 and 2021.

Evaluation of the Risk of Bias in the Included Studies

To conclude whether the data and results from the
included studies were valid, it was essential to evalu-
ate the risk of bias. Therefore, as in similar works (e.g.,
Benevides et al., 2020), the risk-of-bias criteria proposed
by the Cochrane group (Clarke & Oxman, 2002; Hig-
gins et al., 2011) was used. Regarding design, six studies
included a control group (Hatfield et al., 2017; Hayes

3,163 duplicated removed

259 full-text studies assessed for eligibility

11 studies included
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et al., 2015; Hepburn et al., 2016; Sehlin et al., 2020;
Strickland et al., 2013; Tang et al., 2021); in four of those
studies, the division into groups was random. Two stud-
ies were pretest—posttest single-group designs (Backman
et al., 2018; Wentz et al., 2012). Three studies used a
single-subject design that include a multiple-baseline
design as a control, which was considered to have a low
risk of bias (Bross et al., 2020; Ford et al., 2020; Joseph
et al., 2021). No study used blinding of participants and
personnel, but three studies blinded the outcome asses-
sors. All 11 included studies appeared to complete the
outcome data and provide full-results reporting. Table 2
summarizes the risk-of-bias assessment.

Table 2 Summarized risk of bias in all reviewed studies (N=11)

Summary of Key Features of Included Studies

Table 3 summarizes the key features of the reviewed 11 stud-
ies, including the author(s); country in which the study was
conducted; descriptions of participants, examined interven-
tions, and controls; desired outcomes; outcome measures
(dependent variables only), and technologies (hardware and
software) used.

Countries

Because hybrid telehealth interventions might be influenced
by geographical environments, the country in which each
study was conducted was examined. Most (six) studies were
conducted in the United States, three in Sweden, and two in
Australia.

Author(s) (Year) Study design Control* Random Allocation  Blinding of Blinding of Incomplete Selective
sequence conceal- participants and  outcome asses- outcome data reporting
generation ment personnel sors (attrition)

Backman et al. Mixed-meth- - - - - - + +

(2018) ods + pretest—
post-test single
group
Bross et al. Multiple baseline + - - - - + +
(2020) (MBL) single
design
Ford et al. (2020) Nonconcurrent + - - - - + +
MBL across
participants
design
Hatfield et al. Quasi-rand- + + - - - + +
(2017) omized con-
trolled trial
Hayes et al. Mixed-methods + + + — - + +
(2015) with two group
Hepburn et al. Pretest—posttest ~ + - + - + + +
(2016) with equivalent
control group
Joseph et al. Single-subject + - - - ? + +
(2021) MBL design
Sehlin et al. Nonrandomized + - - - - + +
(2020) control study
Strickland et al. ~ Pretest—posttest ~ + + + - + + +
(2013) with control
group
Tang et al. (2021) Mixed-methods — + + + - + + +
with control
group
Wentz et al. Pretest—posttest  — - - - - + +
(2012) with follow-up

in single group

+ =Low risk of bias; —=High risk of bias; ?=Unclear risk of bias

A comparison group that was equivalent to the intervention group upon pre-testing was assessed as a low risk of bias. For single-subject
designs, we marked low risk of bias for use of a stable baseline and a stable withdrawal phase
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Participants

Among the 11 studies, a total of 190 participants were
enrolled in intervention groups and 95 in control groups.
Most participants were between the ages of 12 through
25 years, as defined in the inclusion criteria. However, in
studies that included younger or older participants, the mean
age fell within the defined age range (i.e., Hepburn et al.,
2016; Sehlin et al., 2020).

Intervention Goals

The intervention goals of the hybrid telehealth programs
were reviewed. Some interventions focused on one area;
others aimed to promote multiple areas. Most hybrid-inter-
vention goals focused on reducing core ASD symptoms
or cooccurring mental health conditions (Hepburn et al.,
2016; Sehlin et al., 2020; Tang et al., 2021; Wentz et al.,
2012) or promoting identity-related subjects, such as self-
determination, self-esteem, sense of coherence, and knowl-
edge of ASD (Backman et al., 2018; Hatfield et al., 2017;
Sehlin et al., 2020; Wentz et al., 2012). Some intervention
outcomes aimed at increasing quality of life (Hatfield et al.,
2017; Sehlin et al., 2020; Wentz et al., 2012). Others focused
on promoting social skills (Bross et al., 2020; Joseph et al.,
2021; Tang et al., 2021) or acquiring or promoting employ-
ment/job skills (Hatfield et al., 2017; Hayes et al., 2015;
Strickland et al., 2013). Only one study’s outcome measure
focused on the promotion of daily living skills (Ford et al.,
2020). Many studies included outcomes that spanned inter-
vention goals (e.g., knowledge of ASD, as well as quality
of life).

Intervention Outcome Measures

Analysis of intervention outcome measures showed that four
studies did not include validated tools but used only tools
developed specifically for the study (Bross et al., 2020; Ford
et al., 2020; Hayes et al., 2015; Joseph et al., 2021). Another
three studies combined validated tools and new tools devel-
oped for study purposes (Backman et al., 2018; Hatfield
et al., 2017; Strickland et al., 2013). The last four used only
validated and standardized tools to measure intervention out-
comes (Hepburn et al., 2016; Sehlin et al., 2020; Tang et al.,
2021; Wentz et al., 2012).

Intervention Efficacy Results by Goal Area

From the articles included in this review, it appeared that a
variety of goals were set for promotion among adolescents
with ASD, and some studies included multiple goals. As
detailed in the following paragraphs, five studies addressed
symptoms, four each addressed identity and social skills;

@ Springer

three each for quality of life and employment skills, and one
for daily living skills.

Symptoms of ASD and Cooccurring Mental Health Condi-
tions Only one of the four studies that addressed this cat-
egory indicated the hybrid intervention efficacy as a reduc-
tion in ASD symptoms, anxiety, or depression symptoms
(Hepburn et al., 2016). The remaining four studies presented
partial results, insignificant trends, or no changes.

Identity-Related Subjects Of the four studies aimed to pro-
mote participants' identity-related subjects (such as self-
determination), three presented significant improvement in
outcome measures following a hybrid intervention (Back-
man et al., 2018; Sehlin et al., 2020; Wentz et al., 2012).

Quality of Life Only one of the three related studies pre-
sented a significant increase in quality of life following a
hybrid intervention (Wentz et al., 2012). The remaining two
studies presented partial results, insignificant trends, or no
changes.

Social Skills Inconsistent results for the efficacy of hybrid
interventions in promoting social skills were found: Two of
the three studies presented significant improvement among
participants following the intervention (Joseph et al., 2021;
Tang et al., 2021).

Employment and Job Interview Skills All the three studies
that aimed to promote job-interview skills reported a signifi-
cant improvement in the intervention groups (Hatfield et al.,
2017; Hayes et al., 2015; Strickland et al., 2013).

Daily Living Skills The only study aimed to promote daily
living skills also showed a significant improvement in the
outcome measures (Ford et al., 2020).

Table 4 presents a summary of the interventions’ dura-
tions, goal areas, significant efficacy results, and technology
evaluations, summarized according to outcome measures.

Technology Types

The hybrid-delivered interventions necessitated the use
of hardware and software to conduct the studies. Of the
11 studies, seven evaluated the technology or referred to
the participants' ability to use and access the technology
and indicated good feasibility, usability, and acceptability
(Table 4). The following paragraphs address the hardware
and software.

Hardware Four of the described remote interventions could
be applied on any available device equipped with a webcam
and headsets or built-in microphones available to the par-
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ticipants (Bross et al., 2020; Ford et al., 2020; Hatfield et al.,
2017; Hepburn et al., 2016). In addition, one intervention
was designed for laptops or computers but could be used on
a mobile device in a case of technical issues (Joseph et al.,
2021); four could be applied only on a computer (desktop
or laptop) with an Internet connection (Sehlin et al., 2020;
Strickland et al., 2013; Tang et al., 2021; Wentz et al., 2012);
and one lacked specificity but referred to the intervention as
“computer-based” (Backman et al., 2018). One intervention
could apply only on a mobile device with iOS (Hayes et al.,
2015).

Efficacy
results®

Software The reviewed studies indicated the use of com-
mercial software for remote communication, such as Zoom,
Facebook, various chat and mail programs, or a national
platform for Internet-delivered treatments (e.g., Backman
et al., 2018). For seven of the presented interventions, the
researchers had developed software specifically for the
intervention goals, such as the BOOST-A™ online program
(Hatfield et al., 2017) and MindChip™ (Tang et al., 2018).

Evaluation of technology was not

Evaluation of technology
presented

Discussion

(i.e., ability to cope with stressful
situations) significantly improved

Intervention main efficacy finding
postintervention

Self-esteem and sense of coherence

Adolescent self-reported global qual-
ity of life significantly improved
postintervention

Participants reported no significant

change in depression

Adolescence is a period of transition to adult life in the
community. Given that the literature indicated that adoles-
cents with ASD exhibit less independence in daily living
skills (Lamash & Josman, 2020; Spith & Jongsma, 2020)
and poorer community participation (Lamash et al., 2020;
Tint et al., 2017) than their typical peers, there is a strong
rationale for interventions in this area. Surprisingly, only
one intervention designed to promote these adolescents’
independence in daily activities and preparation for adult
community life (Ford et al., 2020) was found in this review.

In the last decade, there has been growing interest in the
use of telehealth among various populations. However, the
COVID-19 pandemic and subsequent isolation and restric-
tions expedited the need to implement evidence-based
remotely delivered services. The aim of this review was to
examine hybrid delivery of interventions designed to pro-
mote health- and behavioral-related outcomes for adoles-
cents with ASD. Although some evidence suggested that
telehealth-service outcomes may be effective (Ellison et al.,
2021), rigorous research is still needed to capture and evalu-
ate feasibility, acceptability, and efficacy of telehealth inter-
ventions to this population.

Findings from the current systematic review demonstrate

no significant improvement

Reducing symptoms of ASD, anxiety,
or depression

Identity-related issues
Quality of life

Goal area

Duration range of intervention
Two face-to-face meetings and
8 weeks of biweekly 30—-60 min
support and coaching (chat sessions)
significant improvement; ? =partial improvement or tendency; —

S a that research is still in the early stages of investigating the
Q . . . .

2 3 efficacy of hybrid-delivered interventions for adolescents
= N . . . .

g = with ASD. The reviewed studies had been conducted in a
) < . . . . .

~ 2 limited number of geographic areas; hence, their findings
< & 2 f are limited for generalization to this population in wider

3] . .
s | & 3 + geographical areas or from different cultural backgrounds.
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In addition, most of the reviewed studies included an array
of individual subjects or small samples. The total num-
ber of participants who received hybrid interventions (in
all included studies) was extremely low. Although the dif-
ficulty of recruiting participants with complex conditions,
especially with ASD, is understandable and even supported
by the literature (e.g., Ahmed et al., 2020; Lord et al., 2005;
Vozenilek, 1999), further studies with larger samples and
more robust designs are needed to provide strong evidence
supporting the efficacy of hybrid interventions for adoles-
cents with ASD.

There was great variability regarding intervention targets
within and across the studies in this review. Although the
studies’ targets were relevant and recommended for ado-
lescents with ASD in nonremote formats (e.g., Tomchek
et al., 2017), the inclusion of multiple outcomes within
studies with relatively low sample sizes makes it challeng-
ing to draw conclusions. For example, some interventions
aimed at promoting identity-related components (e.g., self-
determination, sense of ability, and sense of coherence) and
emotional-psychological components (e.g., reduction in
depression and anxiety; increase in quality of life). Future
research with increased sample sizes may illuminate the
extent to which various remote interventions best suit vari-
ous outcomes.

Across the studies, there appeared to be underlying
assumptions related to how increased knowledge among
adolescents would lead to increased performance in activi-
ties. Two studies that used outcome measures focused on
advancing more functional-based interventions found sig-
nificant improvements (e.g., Ford et al., 2020; Hayes et al.,
2015). Other studies, which relied on self-report measures
related to identity and mental health, found varying levels of
change. This finding is consistent with literature indicating
the need for and the efficacy of interventions that are more
focused and task-oriented among adolescents with ASD
(Hodgetts & Park, 2017; Lamash & Josman, 2020; Odom
et al., 2015).

Further, knowledge did not necessary translate to changes
in behavior across the reviewed studies. This may indicate
that remote interventions may be able to capitalize on ado-
lescents’ everyday environments to promote functional
behavior, as opposed to only knowledge. For example, par-
ticipants’ knowledge of the content of an employment inter-
view did not result in increased performance at the interview
(Strickland et al., 2013). Additionally, increased knowledge
of ASD characteristics did not translate to an acceptance
of the diagnosis or a decrease in anxiety and depression
(Backman et al., 2018). Lastly, increased planning skills
did not equate to increased weekly social outings (Bross
et al., 2020). It seems that targets of hybrid interventions
may benefit from a focus on directly promoting adolescents’
performance or engagement.

@ Springer

No significant changes in social-skills or quality-of-life
indices or reductions in autism, depression, or anxiety symp-
toms were noted. Thus, the effectiveness of hybrid interven-
tion programs was equivocal for those purposes. Some litera-
ture suggested that efficient interventions for clinical anxiety
or depression of adolescents with ASD require standardized
approaches to improve their outcomes (Vasa et al., 2016).
Moreover, findings on the efficacy of social-cognitive and
social-skills interventions were inconsistent, and the authors
recommended further investigations of existing and novel
interventions (Tseng et al., 2020). Because ASD represents
heterogeneous characteristics and a wide variety of difficul-
ties and strengths (Fuentes et al., 2021), interventions for
adolescents with ASD should focus on their abilities and
strengths, which can be important and positive bases for
any intervention (Donaldson et al., 2017; Lee et al., 2020).

One area of need for hybrid interventions is evaluation
of components related to access to telehealth (or hybrid)
interventions. In the recent PACE Framework, which out-
lines domains of measurement needed within telehealth
interventions specific to Population and Health Outcomes,
Access to Care, Costs and Cost Effectiveness, Experiences
of Practitioners and Clients, Little et al. (2021) presented
nine subdomains specific to Access to Care issues that may
influence participant outcomes. In the studies reviewed, the
researchers did not formally evaluate participants for digital
literacy, and they inconsistently described how the partici-
pants obtained the hardware for the study purpose. Given the
rapid increase in the use of telehealth to serve individuals
with ASD, future studies must consider how to ensure that
participants can access the interventions. Access considera-
tions may include (a) ensuring hardware is included in the
study (e.g., provide hardware to participants), (b) addressing
varying levels of digital literacy among adolescents and car-
egivers, and (c) applying interventions that use participants’
everyday materials and do not require specialized materials.

Hybrid interventions are of great value to adolescents
with ASD due to the interventions’ potential to increase
collaboration, expand the diversity and number of custom-
ers, and connect in the adolescents’ natural environments.
Clinicians should intensively develop and implement hybrid
interventions for adolescents with ASD to promote their
transition processes to independent adult living in the com-
munity. Researchers should further expand and substantiate
evidence among larger samples worldwide.

Limitations

Any systematic review includes a selection of articles from a
wide variety, and the exclusion process may create a bias in
the results. The authors of this review endeavored to reduce
this bias by adhering to Cochrane guideline recommenda-
tions for teamwork. An additional limitation was the large
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heterogeneity of the reviewed studies’ designs, methodolo-
gies, and participant characteristics. Although such hetero-
geneity provided a full overview of the literature to date, it
also affected the ability to collectively synthesize the data.
Finally, the quality of the included studies' evidence and
the high risk of bias for many of the studies greatly limited
the ability to make definitive conclusions. Additionally, par-
ticipants’ age ranges were variable and some studies in this
review included a percentage of participants that fell outside
the targeted ages. Although single-subject designs play an
important role in autism research, they must be systemati-
cally replicated to contribute to understandings in this field.
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