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Objective: Naturalistic and neurophysiological assessments are relevant as outcome measures in
autism intervention trials because they provide, respectively, ecologically valid information about
functioning and underlying neurocognitive mechanisms. We conducted a systematic review to
highlight which specific neurophysiological techniques, experimental tasks, and naturalistic protocols
have been used to assess neural and behavioral functioning in autism intervention studies.
Methods: Studies were collected from four electronic databases between October 2019 and February
2020: MEDLINE (via PubMed), PsycINFO, LILACS, and Web of Science, and were included if they
used structured observational, naturalistic, or neurophysiological measures to assess the efficacy of a
nonpharmacological intervention for ASD.

Results: Fourteen different measures were used by 64 studies, with the Autism Diagnostic
Observation Schedule the most frequently used instrument. Thirty-seven different coding systems
of naturalistic measures were used across 51 studies, most of which used different protocols. Twenty-
four neurophysiological measures were used in 16 studies, with different experimental paradigms and
neurophysiological components used across studies.

Conclusions: Cross-study variability in assessing the outcomes of autism interventions may obscure
comparisons and conclusions about how different behavioral interventions affect autistic social
communication and underlying neurophysiological mechanisms.

Keywords: Autism; intervention; outcome measures; neurophysiology; naturalistic assessments

Introduction

Autism spectrum disorder (ASD) is a developmental
condition characterized by difficulties in social commu-
nication and interaction, restricted interests, and repetitive
behaviors.! These symptoms persist throughout life in
most individuals.? Many autistic individuals also have
mood and anxiety disorders® and impairments in cogni-
tive* and adaptive® skills. Autistic symptoms and asso-
ciated difficulties can result in reduced autonomy and
impaired quality of life.® The severity of autistic symptoms
varies considerably across individuals.” Correspondingly,
adaptive functioning skills and the amount of daily life
support required by autistic people vary from minimal to
substantial.® There is also a relationship between ASD
severity and intellectual ability, with lower intelligence
quotient (1Q) related to more severe autistic symptoms in
many cases.®?

Difficulties with social interaction include reduced ability
to initiate social interactions, engage in relationships, and
maintain social reciprocity.'® Communication problems
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include delayed or atypical speech and language devel-
opment, difficulties in nonverbal communication, and low
responsiveness in situations of shared attention.’®"!
Restricted and repetitive behaviors (RRBs) include
inflexibility and perseveration in interests and activities
(also called insistence on sameness), motor stereotypies,
and repetitive speech, routines, and rituals,'® as well as
hyper- or hypo-reactivity to sensory input or unusual
interests in sensory aspects of the environment.! These
symptoms are associated with difficulties in social
perception and cognition, as well as atypical patterns of
neurophysiological activity during social processing.'?®
Other neurocognitive alterations, such as reduced neural
connectivity, have also been associated with ASD.'"2°
These neurocognitive atypicalities seem to begin early in
life, likely as a result of an altered trajectory of neural and
behavioral development.?

ASD seems to emerge from an interaction between
pre-existing neurodevelopmental vulnerabilities (e.g.,
genetics) and the prenatal environment.?>2® However,
the postnatal environment is crucial in terms of managing
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ASD symptoms, coping with functional and neurocogni-
tive difficulties, and ensuring quality of life.2">2 Based on
this concept, several intervention programs have been
designed to enhance the development of autistic children,
some of them focusing on social communication and
parent-child interaction®*?” and others focusing on
sensory issues,?® RRBs,? or co-occurring difficulties like
anxiety.®3" In autistic adolescents and adults, interven-
tions based on social cognition training, cognitive-beha-
vioral therapy, mindfulness, and applied behavior analysis
have also been developed to target social communication
skills and cognitive and emotional functioning.*?

Given the range of intervention programs developed for
autism, it is challenging for parents, clinicians, and public
policy makers to select a particular intervention (or set of
interventions) for real-world implementation outside of the
research context. This problem is further compounded by
the variability in response to treatment reported across
intervention trials in autism.333* This variability likely
reflects the heterogeneity of the ASD phenotype as well
as differences in characteristics of intervention studies,
such as the age of the child when the intervention was
delivered and the type and intensity of treatment
approach.3334

Another factor that likely contributes to inconsistent
findings concerning the efficacy of autism interventions is
variability in the assessments used as outcome mea-
sures.®>3® For instance, to assess the effect of interven-
tions on social communication skills, some studies have
used observational instruments®”-*® and others have used
rating scales®**? or naturalistic measures.**** This
cross-study variability in outcome measure selection has
been highlighted in previous narrative and systematic
reviews.*¢4>*” For example, Anagnostou*® found that 37
different outcome measures of social communication
abilities had been used in clinical trials of autism
interventions, but concluded that only six of them were
appropriate. Likewise, McConachie*® reported that 188
different outcome measures had been used to assess
progress and outcomes in core autism symptoms
associated with interventions in children under 6 years
of age. Analyzing variability in the selection of outcome
measures in clinical trials, Provenzani®® found 327
different outcome measures of core ASD characteristics
and co-occurring psychiatric symptoms, 69% of which
were used only once.

However, those previous reviews focused on the use of
observational instruments or parent-report rating scales
as outcome measures. Although parent-report rating
scales provide easy, quick, and efficient measurements
of behaviors, they are also easily biased by factors such
as the rater’'s reading level or linguistic skills, learning
disabilities, psychological maturity, emotional awareness,
psychopathology, and other general contextual factors.*®
Moreover, parents are rarely blinded to intervention group
status. This is problematic because recent work has
shown that parents tend to report reductions in their
child’s autistic symptoms even in the absence of active
intervention.*® Thus, rating scales may not be the most
appropriate outcome measures for clinical trials testing
interventions for autism.

Nonpharmacological interventions for autism

Observational measures such as the Autism Diagnostic
Observation Schedule (ADOS)'® provide more objective
and standardized measures of autistic symptoms. How-
ever, there is evidence to suggest they may not be
sufficiently sensitive to detect intervention-related changes
in behavior.>° Furthermore, many observational measures,
such as the ADQOS, are expensive and require high levels
of training in administration and coding, which limits the
utility of these measures for low-resource settings where
interventions are urgently needed.

A promising alternative method of evaluating outcomes of
autism interventions is to assess the child’s functioning in
everyday situations, using naturalistic measures. Naturalistic
measures are ecologically valid behavioral observation
methods used to assess behaviors of interest during a
social interaction between the child and another person. The
interaction is videotaped and coded offline using a pre-
defined coding system.®! Naturalistic measures are particu-
larly relevant to evaluating the outcomes of autism interven-
tions because they provide a more realistic assessment of
the individual’s social communication functioning.®">2

Another approach to assessing outcomes of autism
interventions is to examine changes in neurophysiological
activity associated with the neural systems underlying
social-communicative functioning. Neurophysiological mea-
sures may be more objective than observer- or parent-
evaluated symptom assessments, less susceptible to
response bias, and are informative as to the underlying
mechanisms of symptom improvements, thereby enhancing
comprehension of intervention outcomes,*® although the
clinical salience of neurophysiological measures is less
clear. No prior systematic review has examined the extent
to which naturalistic measures have been used as outcome
measures in intervention studies, and only one review
investigated neurophysiological outcome measures, such
as electroencephalography (EEG).>*

Therefore, we aimed to conduct a systematic review of
naturalistic and neurophysiological outcome measures
that have been used in studies of nonpharmacological
interventions for ASD. We highlighted which specific
neurophysiological techniques, experimental tasks, and
naturalistic protocols have been used to assess neural
and behavioral functioning, and the consistency with which
those measures have been employed across intervention
studies. For completeness and comparison, we also
reviewed the specific observational outcome measures that
have been used across intervention studies. We focused
the review on nonpharmacological intervention studies,
since pharmacological treatments usually target co-occur-
ring difficulties, such as aggression, rather than autism itself.
The information produced by this review will be useful for
future intervention studies that aim to assess observational,
naturalistic, and neurophysiological outcomes in ASD.

Methods

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement and pre-registration

The protocol for this systematic review was pre-registered
on PROSPERO (CRD42019137004). The methodology

533

Braz J Psychiatry. 2022;44(5)



534

PBG Godoy et al.

and reporting of outcomes are consistent with the
PRISMA statement.

Search strategy and selection criteria

A systematic literature search was carried out to identify
studies that assessed the efficacy of nonpharmacological
interventions for ASD on structured observational, natur-
alistic, and neurophysiological outcome measures. Stu-
dies were collected from four electronic databases
between October 2019 and February 2020: MEDLINE
(via PubMed), PsycINFO, LILACS, and Web of Science.
The searches included full-length articles written in
Portuguese, English, or Spanish that were accepted for
publication in peer-reviewed journal up to February 2020.
Indexed terms were selected from the MeSH and DeCS
databases, and the electronic search was conducted
according to the PICO (Patient, Intervention, Comparison,
and Outcome) methodology. The search query used in all
four databases was: (“Autistic Disorder” OR “Autism
Spectrum Disorders” OR “autism spectrum disorder” OR
“ASD” OR “autism”) AND (“Social Communication
Disorders, Therapy” OR “Autistic Disorder, Therapy”
OR “Autism Spectrum Disorders, Therapy” OR “Com-
munication, Therapy” OR “Social Skill, Therapy” OR
“Social Behaviors, Therapy” OR “intervention” OR
“treatment” OR “therapy” NOT “Drug Therapies” NOT
“Therapy, Drug” NOT “Pharmacotherapy”) AND (“Social
Skill” OR “Communication” OR “Verbal Behaviors” OR
“Nonverbal Communications” OR “asd symptom sever-
ity” OR “social impairment” OR "communication impair-
ment” OR “social communication skills” OR “social
communication ability” OR “social cognition” OR “diag-
nostic techniques, neurologic” OR “neuroimaging, func-
tional” OR “neuroimaging” OR “electrophysiology” OR
“electroencephalography” OR “EEG” OR *“nirs” OR
“near-infrared spectroscopy” OR “fmri” OR “functional
magnetic resonance imaging” OR “magnetic resonance
imaging” OR “MRI”).

In the screening phase, the titles and abstracts of all
studies retrieved by the electronic search were eval-
uated. Studies were selected for full-text reading if they
reported the use of a nonpharmacological intervention
for ASD in the title or in the abstract. Reporting of the
use of an observational, naturalistic, or neurophysiolo-
gical outcome measure in the title or abstract was not
considered as an inclusion criterion in the screening
stage because we believed that studies might include
these measures but not report them in the abstract.
During full-text reading, studies were included if they
used structured observational, naturalistic, or neurophy-
siological measures to assess the efficacy of a non-
pharmacological intervention for ASD. Studies were
excluded if they were systematic reviews, case studies,
studies that used interventions that involved ingestion of
any substance, studies with interventions for conditions
other than ASD or for children “at risk” for ASD, studies
with interventions targeting symptoms not specifically
related to ASD (such as sleep problems, depression,
tone of voice, catatonia) or parental well-being, studies

Braz J Psychiatry. 2022;44(5)

that did not use at least one structured observational,
naturalistic, or neurophysiological measure, or studies
with n<10.

Data extraction, coding, and synthesis

Study eligibility and data extraction were conducted
independently by three investigators (PBGG, FMS, and
LS), with each paper reviewed by two authors. Disagree-
ments were resolved by discussion between the two
investigators. Extracted information included: study popu-
lation/design, participant characteristics (age, sex, socio-
economic status, race/ethnicity), clinical characteristics
(1Q, language skills), study objectives, intervention
description, measures used for clinical characterization
(diagnostic measures), outcome measures at pre- and
post-intervention assessments, and a descriptive sum-
mary of the results. A narrative synthesis of the findings
was then created, with studies grouped according to the
type of outcome measure used. The descriptive summary
of results is not presented here because this review
focused on outcome measures and assessment methods,
rather than trial outcomes.

Results

After full-text reading, 92 non-duplicate studies met the
inclusion criteria®®'*" (Figure 1, and Table S1, available
as online-only supplementary material.). A total of 75
different measures were used, consisting of 14 structured
observational measures (Table 1), 37 naturalistic mea-
sures with coding systems grouped into seven categories
(Table 2), and 24 neurophysiological measures (Table 3).
Fifty-six percent (k = 43) of the instruments/methods were
used only once to assess intervention outcomes. Few
studies (k = 4) combined more than one type of these
measures to assess intervention outcomes. One study
used a structured observational measure only, 20 used
naturalistic measures only, and three used neurophysio-
logical measures only. Most studies (k = 69) combined
one or more of these types of measure with rating scales
or cognitive assessment. Demographic information for the
samples of each study included can be found in Table S2,
available as online only supplementary material.

Structured observational measures

Structured observational measures are those in which an
examiner uses a structured script and a standardized set
of materials to interact with a child and classify a behavior
or ability as present or absent. Fourteen different
measures were used by 64 studies, with ADOS'4%143
being the most frequently used instrument (k = 26),
followed by the Early Social Communication Scales
(ESCS)'* (k = 10). Together, both instruments repre-
sented 56% of the structured observational measures
used.
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(n=1,279)

Full-text articles excluded (n=460)

— 82 did not use structured observational, naturalistic,
or neurophysiological meadures

— Intervention focused on co-occurring symptoms, not
ASD core symptoms n=15

— Intervention for children “at risk” for ASD n=6

— Intervention for other disorders, not ASD n=10

— Post-intervention assessment not included n=23

— Drug intervention n=5

-n<10=125

— Study protocol report n=14

— Implementation study n=14

— Observational study n=8

— Case report n=53

— Letter to the editor n=1

— Review n=2

— Duplicated n=4

— Did not describe the intervention n=1

— No full-text available n=5

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. ASD = autism spectrum

disorder.

Naturalistic measures

Fifty-one studies used naturalistic procedures as outcome
measures of the effect of autism interventions. As can be
seen in Table 2, video-recorded parent-child interaction
was the most frequently used procedure (k = 24), but
some studies also used teacher-child interactions (k = 2),
examiner-child interaction (k = 8), family-child interactions
during dinnertime (k = 1), child observation during normal
classroom routines (k = 3), and child interactions with
autistic or non-autistic peers (k = 13). A range of specific
behaviors were coded from these interactions, including
social communication skills, attachment-related beha-
viors, play behavior, joint attention, joint engagement,
and RRBs. Thirty-seven different coding systems were
used to quantify specific behaviors, and were rarely used

in more than one study. Further, they were often not
described in detail (Table 2).

Neurophysiological measures

Neurophysiological measures were used by 16 studies
and could be grouped into the following broad categories
(Table 3): event-related electrophysiological activity
derived from EEG (event-related EEG, k = 6), resting-
state EEG (k = 3), event-related blood oxygenation
level-dependent (BOLD) neural activity measured with
functional magnetic resonance imaging (event-related
functional magnetic resonance imaging [fMRI], k = 3),
resting-state fMRI (k = 2), and white matter microstruc-
ture measured with diffusion tensor imaging (DTI) (k =
1). Specific measures used within the event-related EEG
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Byford,®® Gengoux,”® Green®®

First author (reference)
Parsons,''® Wong'3#+13%

Kasari®®

Consists of an interactive assessment of receptive and expressive language
skills and behaviors considered to be language precursors during play tasks

with the examiner
Assesses the early skills required for language development through play

with miniature objects in four sets of toys that are presented to a child in a

The examiner sequentially introduces sets of toys in order to elicit child’s play
specific order

behaviors. The session is videotaped and later coded for the number of

different acts with toys within the same level of play

Procedure

Behaviors of assessed with

each measure
Receptive and expressive

language skills
Play behavior
Play behavior

Symbolic Play and Language
Comprehension in Autistic

Preschool Language Scale
Children

Structured observational

measure
Symbolic Play Test

Table 1 (continued)

Nonpharmacological interventions for autism 537

category were event-related potential (ERP) compo-
nents indexing error-monitoring (error-related negativity
[ERN] and error positivity, k = 2), ERP components
indexing early attentional and inhibitory processes (P50,
N1, N2, P3) (k = 1), ERP components reflecting face
processing (P1, N170, and N250 components in one
study and the P3 in another study), and oscillatory power
measured during working memory and self-referential
processing (k = 1). Of note, none of the studies mea-
suring these components used the same cognitive task
to elicit event-related EEG activity (Table 3). Likewise,
the three event-related fMRI studies examined BOLD
activity in different regions or networks of the brain
during three different cognitive tasks (reading network
during sentence reading, fusiform gyrus during face
processing, superior temporal sulcus during biological
motion perception).

All four resting-state EEG studies used a different
specific index of activity (inter-hemispheric coherence,
oscillatory power, hemispheric asymmetry, peak alpha
frequency), as did the two resting-state fMRI studies
(functional connectivity in the reading network in one
study, functional connectivity in frontotemporal networks
in the other). Only one study examined structural brain
metrics (using DTI) (Table 3). Most studies used
neurophysiological measures combined with rating scales
or observational or neurocognitive tools, but two studies
used EEG only'""'2® and two others used fMRI
only'”1%8 No study using near infrared spectroscopy
(NIRS) or functional NIRS was retrieved from the
databases, although the search strategy included a term
that covered this technique.

Discussion

To our knowledge, this is the first systematic review to
synthesize structured observational, naturalistic, and
neurophysiological assessments that have been used
as outcome measures of interventions for ASD. Consis-
tent with a recent review focused on the variability of
outcome measures in autism intervention trials,*® our
results revealed extensive variability in outcome mea-
sures employed to assess the efficacy of nonpharmaco-
logical interventions across studies. This was especially
true for naturalistic and neurophysiological methods, with
61 different naturalistic and neurophysiological methods
of assessment used across 66 studies. Since each
assessment instrument has a different framework, con-
tent, and rationale for its construction, comparing the
efficacy of interventions assessed with different outcome
measures is a challenging task.®® Future intervention
studies in autism should therefore consider including
assessments that have been used in previous trials,
perhaps as secondary outcome measures if a new
primary outcome measure is needed, to facilitate the
comparison of different interventions across studies.

In this regard, structured observational instruments
may represent the best choice for outcome measures
since they have most frequently been used in the
literature, facilitating cross-study comparisons of the
efficacy of autism interventions. In terms of specific

Braz J Psychiatry. 2022;44(5)
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structured observational instruments, the ADOS has most
often been used in previous intervention studies. How-
ever, this assessment tool is expensive (both in terms of
purchasing the materials and in training individuals in
administration and coding) and may not be sensitive to
intervention-related changes in behavior.*® On the other
hand, the ADOS is one of few autism assessment tools
that is available in a range of non-English languages,
such as Brazilian Portuguese'® and Polish.'*® The
unavailability of assessment instruments in languages
other than English is a major barrier to conducting autism
intervention studies in non-English-speaking countries.
However, it should be noted that instruments that
measure reductions of autism symptoms, such as the

Visualizing and

First author (reference)

Saaybi'"”

error positivity; TMS = transcranial magnetic stimulation; V/V

Ny} PN . .
o§ ADOS, have been criticized as intervention outcome
© 85y measures by the autistic community. This is because
S0 88 these are diagnostic assessment tools and there is the
§%§§§ risk that, with reduced symptom severity on these
%%Ev—a z measures, autistic individuals may no longer meet the
o3 .g*g S g diagnostic criteria for autism and, consequently, may no
g%%’% g5 longer receive support that is dependent on a diagno-
5| $585%88$ sis.'’ For this reason, instruments that assess autistic
S g%g-%gé people acting and interacting in their own environment
5 282889 have been suggested as key to better understanding the
S 5238 147
£ ZoLE=zma

real-life impact of interventions on autistic individuals.

Naturalistic outcome measures may be helpful in this
regard. Our results showed that 51 of the included studies
used such measures, which consisted of observation and
coding techniques to assess autistic individuals’ behavior
while interacting with another person (caregiver, teacher,
examiner or peers) or in their own real-life environment
(e.g., in the classroom). However, the studies varied
greatly in the specific procedures and coding systems
adopted during naturalistic assessments. The most
frequently used coding systems were the Dyadic Com-
munication Measure for Autism (DCMA),>® which was
used in three studies, and the Playground Observation of
Peer Engagement (POPE),*® which was also used in
three studies. A more standardized approach to the use of
naturalistic outcome measures, as well as rigorous and
widely available training resources, is needed. It will also
be important for future work to establish the extent to
which specific measures of social communication abilities
are comparable across different naturalistic paradigms
and coding procedures (e.g., DCMA vs. POPE).

In addition to the variation in the coding systems used
in naturalistic outcome measures, the interaction partner
varied considerably across studies. The majority of
naturalistic assessments involved interactions with the
autistic child’s parent or caregiver, or with the child’s
teacher. However, it is arguably most relevant to assess
the child’s social communication skills when interacting
with peers, since difficulties in social interactions and
communication with individuals of the same age are
considered when determining level of the impairment
associated with autism.” The POPE®® is one measure that
does assess children’s interaction behavior with peers in a
playground setting. Since this was also one of the more
frequently used measures across studies, it may be most
appropriate for use in future autism intervention studies in
terms of comparability to previous intervention work.

= event-related potential; Pe =

error-related negativity; ERP

blood oxygenation level-dependent; ERN =

Mean diffusivity, fractional anisotropy, axial diffusivity, and radial diffusivity measures of white matter tract

microstructure in 21 white matter fiber bundles

Verbalizing for Language Comprehension and Thinking.

Neurophysiological measure/procedure

Diffusion tensor imaging

BOLD

Table 3 (continued)
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It is also important to consider recent findings indicating
that autistic individuals do not show social communication
impairments when interacting with other autistic people.
These findings suggest that social communication diffi-
culties in autism might actually reflect a mismatch of
interaction styles between non-autistic and autistic people
in the majority of naturalistic interaction assess-
ments. #8149 Despite this evidence for the importance of
autistic-autistic interactions, our results showed that only
one study assessed social communication skills of autistic
children while interacting with other autistic children as an
outcome measure.®® This finding highlights the need for
further studies using naturalistic measures of autistic-
autistic interactions. Indeed, including such measures
could highlight which specific aspects of social commu-
nication are most challenging for autistic people during
interactions with both autistic and non-autistic individuals;
this, in turn, may lead to new intervention targets.'*®1%°

Concerning neurophysiological outcome measures, our
findings showed that the use of these assessments in
autism intervention trials has grown in the last 10 years.
However, they are still a minority choice for evaluating the
outcome of behavioral interventions for ASD. Further-
more, neurophysiological outcome measures vary widely
in the specific techniques and methods of quantification
used, which makes it difficult to understand how different
interventions affect neurophysiological activity or how and
whether different neurophysiological patterns influence
intervention outcomes.'®! Although there are limitations
to the use of neurophysiological indices as outcome
measures of interventions (e.g., it would be difficult to
establish their clinical relevance if intervention-related
changes were found in these but not in clinical assess-
ments), neurophysiological measures still provide impor-
tant information about neural mechanisms related to the
autistic phenotype. For example, the N170 ERP compo-
nent is a robust index of face processing (an important
aspect of social cognition) and has been shown to be
fairly reliably altered in at least some autistic indivi-
duals.? Indeed, the Autism Biomarkers Consortium for
Clinical Trials (ABC-CT) proposed the N170 component
as a candidate biomarker for ASD.'® Yet, only one
intervention study in the current review included the N170
as a neurophysiological outcome measure.”’

The only neurophysiological measure that was used in
more than one study was the ERN component, which was
examined in two studies from the same group.'?%123
While the ERN is a robust index of self-regulatory ability,
specifically of error monitoring,'®* there is little evidence
to indicate it is reliably altered in autism or should be used
as an intervention target.'®® Further, the ERN was
measured during different experimental paradigms across
the two studies, which limits cross-study comparisons of
intervention effects on error monitoring. The most
commonly used experimental paradigm, employed in six
studies, was the resting state. However, each of those
studies used a different method to quantify resting-state
EEG or fMRI activity. Furthermore, evidence indicates
that the stability of resting-state measures over time is

Nonpharmacological interventions for autism
low, as indicated by poor test-retest reliability."%1%7 |t is
therefore not clear whether resting-state activity is an
appropriate method of detecting pre/post-intervention
changes in neurophysiology. In contrast to resting-state
functional activity, structural neural measures appear to
have good test-retest reliability'®® and be sensitive to the
short-term changes in behavior that are tested in
nonpharmacological psychosocial interventions.'®® Yet,
structural brain metrics (white matter microstructure
assessed with DTI) were investigated in only one autism
intervention study.''” Future research using neurophy-
siological outcome measures should select measures that
have been extensively examined in ASD, such as the
N170, which have been shown to be reliably associated
with the condition and have good test-retest reliability.

Future directions for the selection of outcome mea-
sures in autism intervention trials should be in line with
autistic individuals’ desires and needs.'*” Along these
lines, future trials could prioritize naturalistic assessments
as outcome measures, particularly if they quantify
autistic-autistic communication and interaction as well
as autistic-non-autistic interactions. However, further
work is needed to standardize naturalistic assessment
protocols and coding systems. Qualitative interviews with
autistic participants receiving an intervention and their
caregivers should also be conducted to evaluate the
acceptability and usefulness of the intervention for autistic
people. For trials that include neurophysiological mea-
sures, paradigms and quantification procedures need to
be standardized, and more ecologically valid situations
(such as live social interaction) should be considered.

Some limitations of the current review should be noted.
We decided not to include an analysis on risk of bias
across studies because we did not focus on results
related to the efficacy of different interventions. Therefore,
although previous reviews have reported that the quality
of autism trials is generally low,® we did not examine how
study quality may have influenced outcome measure
selection (or vice versa) in the present review. We also
did not analyze the quality and psychometric properties of
individual outcome measures, nor the robustness of
different naturalistic and neurophysiological methods.
Magnetoencephalography (MEG) was not explicitly
entered as a search term, though we believe this
neurophysiological measure would have been covered
by other terms in the search. We did not discuss which
neurophysiological and naturalistic outcome measures
may be most appropriate for use with different interven-
tion protocols. Instead, we provide a broad overview of
the pattern of utilization of these different outcome
measures, which could be used to guide future outcome
measure selection in terms of choosing measures that
have most commonly been used in different studies, or
with specific interventions.
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