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Abstract

Background and aims: Caregiver reports and standardized assessments have been the primary methods used to study
language development in autism. However, these forms of measurement are often coarse, complicated by floor effects
and reporter bias, and limited by the fact that they only capture how children can use language at a single moment in time,
rather than how children actually use language during everyday interactions. These limitations have led to recent calls for
the use of natural language sampling (NLS) as a fine-grained, developmentally appropriate, and contextually relevant meas-
ure of everyday communication. The number of studies using NLS to study language in autism has increased substantially
in the last |5 years, resulting in a wide array of sampling methods and measures. Given both the increasing prevalence of
NLS methods in the autism literature and the variability in sampling approaches and measures, this scoping review
addresses the following questions:

I. What populations have been studied using NLS?
2. Which data collection methods are most prevalent in NLS research?
3. How are measures of language derived from NLS?

Method: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, a search for studies
published in the last |5 years across three databases was conducted. After removing duplicates, 4,671 titles and abstracts
were screened and 59 papers met inclusion criteria. Sample characteristics, natural language collection methods, and
derived measures were extracted and tabled for each study. The most prevalent NLS methods and measures in autism
language research are reviewed and the benefits and drawbacks of various methods are discussed.

Main contribution: This scoping review highlights subgroups of the autistic population that have been
underrepresented in NLS studies—in particular, minimally/nonspeaking school-aged autistic children. This article also
examines means to collect a “naturalistic” sample of language. Notably, studies did not address whether autistic
children exhibit different social communication skills when talking to different types of social partners. Broadly,
research has underreported key methodological details, making comparisons across studies difficult.

Conclusions: This review highlights the appropriate use of NLS across development in autism and makes
recommendations for NLS future research.

Implications: Additional work is needed to address the gaps described in this article and replicate previous findings to
identify patterns of natural language across the literature.
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Autism & Developmental Language Impairments

Introduction

Autism spectrum disorder (ASD) is characterized by differ-
ences in social communication, and while expressive lan-
guage challenges are not included in the current
diagnostic criteria (American Psychiatric Association,
2013), many autistic children demonstrate language impair-
ments (Tager-Flusberg et al., 2005; Tager-Flusberg &
Kasari, 2013). Moreover, delays in language development
are among the most common first concerns reported by par-
ents, even before their children receive a formal diagnosis
(Herlihy et al., 2015; Kozlowski et al., 2011). Differences
and delays in language are predictive of a later autism diag-
nosis (Ozonoff et al., 2010; Plate et al., 2021; Warlaumont
etal., 2014; Yankowitz et al., 2019), and delayed expressive
language in particular, is associated with a variety of later
outcomes in autistic children. Language samples collected
in early childhood (3-6 years) have been shown to predict
language, verbal IQ, adaptive behavior, and autism symp-
toms in adulthood (LeGrand et al., 2021). Similarly,
parent-reported vocabulary at ages 2 and 3 predict autism
symptoms, as well as cognitive, adaptive, and language
abilities, at age 9, in autistic children (Luyster et al.,
2007). For these reasons, the development of language
and communication has been identified as a key develop-
mental process in the unfolding of autism in children.
Thus, a large body of research has focused on describing
expressive language skills and measuring developmental
changes in autism.

Given this pivotal role of language in the development
and characterization of autism, it is critical to identify valid
and reliable measures to quantify expressive language in
autistic children. Caregiver reports and standardized assess-
ments have been the primary methods for assessing expres-
sive language in children. However, these measures are
often coarse and complicated by floor and ceiling effects
and reporter bias (Barokova & Tager-Flusberg, 2018;
Laghi et al., 2022). Additionally, although some studies
have found that caregiver reports of language are consistent
with direct assessments (Miller et al., 2017), others have
found only moderate correlations with observational lan-
guage samples, with evidence that caregivers underestimate
child language, especially for verbs (Feldman et al., 2005;
Kover et al., 2018; Tardif et al., 1999). Moreover, while
caregiver reports from two vocabulary checklists completed
in the same visit were highly consistent, they were not per-
fect—caregivers endorsed that their child says a certain
word on one form, but not the other for 10% of words
(Arunachalam et al., 2022). Different questionnaires may
result in under, or over, reporting by caregivers, and it is
therefore important to use multiple measures to get accurate
estimates of language abilities. Additionally, Fenson et al.
(1994) identified that test—retest reliability on a common
vocabulary checklist (Fenson et al., 2007) is lower for chil-
dren who perform below the median. This evidence

suggests that caregiver report measures of expressive lan-
guage may be less accurate for children with language
delays, such as autistic children. Standardized assessments
are also limited by the fact that they only capture how a
child can use language at a single moment in time, but
not how the child actually uses language during everyday
interactions (Kasari et al., 2013; Naples et al., 2022;
Tamis-LeMonda et al., 2017). This limitation may be par-
ticularly salient for children on the autism spectrum, as their
performance on standardized measures may be more vari-
able than in other populations, and they may be more sen-
sitive to novel testing environments. Taken together, this
body of work underscores the importance of gathering
data from multiple sources (e.g., parent report, direct assess-
ment, and naturalistic observation) to obtain a complete pic-
ture of a child’s language abilities, particularly for autistic
children.

Natural Language Sampling

These methodological limitations have led to recent calls
for the use of natural language sampling (NLS) as a fine-
grained, developmentally appropriate, and contextually
relevant measure of everyday communication (Barokova
et al., 2020). NLS has been defined as “recordings of spon-
taneous expressive language that can be elicited in different
contexts (e.g., free play, conversation, narration) in differ-
ent settings (e.g., clinic, school, home, lab)” (Barokova &
Tager-Flusberg, 2018, p. 4). A limited body of research sug-
gests that NLS measures are reliable and valid (Hudry et al.,
2023; McDaniel et al., 2018). One advantage of NLS is
its ability to capture various levels of language,
including phonetics, syntax, and pragmatics (Barokova &
Tager-Flusberg, 2018).

Another strength of NLS methods is that they are more
contextually salient and ecologically valid compared to
standardized measures of language. Broadly speaking,
NLS methods capture language in the natural contexts in
which it is typically used, although setting, context, and
how “natural” these methods are may vary. Furthermore,
the measures derived from these methods are more fine-
grained than standard measures such as vocabulary inven-
tories. NLS measures can be used to assess minute changes
in behaviors, such as rates of vocalizations, lengths of utter-
ances, and consonant inventories (i.e., the diversity of con-
sonant sounds a child produces; Wetherby et al., 2007;
Woynaroski et al., 2016). Therefore, NLS methods provide
advantages for studies requiring measures sensitive to
change in expressive language (e.g., intervention studies).

NLS methods have been primarily used with infants to
measure vocal development before the production of spo-
ken words. A large body of work has described the devel-
opment of vocalizations and language in prospective
studies of infants with elevated likelihood of developing
autism (see Jones et al., 2014; Yankowitz et al., 2019 for
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reviews). Broadly, these studies analyzed vocalization rates,
social directedness (i.e., how much infants direct their voca-
lizations toward a social partner), canonical babbling (i.e.,
the combination of consonant and vowel sounds), and
acoustics of cries taken from NLS (Yankowitz et al.,
2019). These infant studies found that prelinguistic vocali-
zations, including atypical acoustics, can serve as markers
of early developmental differences and predict later diagno-
sis. However, NLS research beyond prospective infant stud-
ies is more varied and has not been well reviewed.

One group for whom NLS may be a more appropriate
measure than standardized assessments is individuals
with minimal or no spoken language (also referred to as
minimally/nonspeaking or minimally/nonverbal). These
individuals often score at floor on standardized measures
(Barokova & Tager-Flusberg, 2018; Kasari et al., 2013;
Trembath et al., 2019), which creates challenges in meas-
uring variability. Additionally, previous work indicates
that standard scores, percentiles, and age equivalent
scores are not appropriate for measuring meaningful
change over time in children with significant delays and
disabilities (Perry et al., 2009). This concern has led to
recommendations for using raw scores or growth scale
values when employing standardized assessments to
measure development, and more preferably, using obser-
vational methods when possible (Brady et al., 2020; Chen
et al., 2024; Farmer et al., 2020; Kasari et al., 2013; Perry
et al., 2009). Finally, children with minimal or no spoken
language and other challenges (e.g., limited mobility, dis-
ruptive behavior) have historically been deemed “untest-
able.” These challenges suggest that standardized
assessments may not accurately reflect the development
of skills in the individuals who are most significantly
affected by autism and has led to their underrepresenta-
tion in language research. To address these issues,
Kasari et al. (2013) evaluated measures of expressive lan-
guage and identified NLS as one of the most appropriate
methods for individuals with minimal or no spoken lan-
guage. For example, children who produce few to no
words often produce pre-speech sounds, such as babbles,
that may not be measured on a standardized assessment or
caregiver report. The flexibility of NLS methods, how-
ever, would allow for researchers to collect measures of
consonant inventories, canonical babbling ratios, and fre-
quency of vocalizations.

While NLS has been used extensively to study infants,
it is less regularly employed as a method to study lan-
guage in older children and adolescents, especially those
who are minimally/nonspeaking. Although previous
reviews have identified common sampling approaches
and measures in the infant literature, little is known about
how research has employed NLS in autistic children and
adolescents. Infant language is sampled primarily in the
context of caregiver—infant interactions, and the contexts
that are developmentally appropriate for capturing

language in older children are more varied. While the field
of child language development in autism appears to be
moving toward NLS methods, the recent increase in stud-
ies using NLS has consequently resulted in a wide array of
sampling methods and measures, leading to the current
review.

The Current Study

In the past 15 years, the number of studies using NLS to
measure the language of autistic children has increased sub-
stantially (see Figure 1). Based on both the increasing
prevalence of NLS methods in the autism literature and
the variability in sampling approaches and measures, a
scoping review is needed to describe the state of the field
and catalog the participant groups, methods, and measures
that have been included in this research to date. This review
will focus on studies of diagnosed autistic children older
than 18 months of age, excluding studies of NLS in infancy,
which have been the focus of prior reviews and
meta-analyses (see Jones et al., 2014; McDaniel et al.,
2018; Yankowitz et al., 2019). It will address the following
set of fundamental questions regarding how NLS methods
and measures are used to study language in autism: (a)
who is included in NLS research?; (b) how are natural lan-
guage samples collected?; and (c) how are measures of lan-
guage derived from NLS?

Who is Included in NLS Research?

A number of studies have used NLS methods to document
the emergence of expressive language in preschoolers and
the progression of language used for social communication
in autistic children and adolescents. This review will exam-
ine the prevalence of NLS studies in these age groups.
Additionally, it is common for studies to compare autistic
children to “typically developing” peers. However, for stud-
ies interested in identifying differences that are specific to
autism, rather than potentially driven by language or devel-
opmental differences more broadly, it may be appropriate to
include samples of children with developmental or lan-
guage delays who do not have autism. This review aims
to identify the composition of these participant samples.

It is also critical to evaluate the language level of parti-
cipants that are recruited for NLS research. Despite the fact
that individuals with minimal to no spoken language make
up an estimated 15-30% of the autistic population (Hughes
et al., 2023; Tager-Flusberg et al., 2005; Tager-Flusberg &
Kasari, 2013), and NLS is a recommended measure of
expressive language for minimally/nonspeaking children
(Kasari et al., 2013), little is known about how it has been
used in this population. The current review will identify
which subgroups of the autistic population have been
included in NLS studies, and which subgroups should be
prioritized for future research.
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Figure I. NLS Publications Over Time.

This figure displays the number of publications included in the current review by year published. The red line shows the moving

average, taking the average of the current year and prior year.

How are Natural Language Samples Collected?

There is currently no consensus on what constitutes a “nat-
ural” language sample. The following contexts have all
been described as “naturalistic” in previous work: language
produced in the context of a clinical assessment (Cola,
Yankowitz et al., 2022; Plate et al., 2021), language pro-
duced at home during unstructured time (Parladé &
Iverson, 2015; Warlaumont et al., 2014; Winder et al.,
2013), conversations with a novel social partner in a
research setting (Cola, Zampella et al., 2022; Song et al.,
2021), and vocalizations produced during semistructured
play with a caregiver in the lab (Hudry et al., 2023).
Moreover, relatively few studies address whether autistic
children exhibit different social communication skills
when talking to children versus adults, autistic versus non-
autistic social partners, and familiar versus novel social
partners (but see Hilvert et al., 2020; Kover et al., 2014).
Additionally, as children develop, their social worlds widen
to include peers, teachers, romantic partners, and commu-
nity members.

When considering using NLS methods, it is important to
identify who the “natural” and developmentally appropriate
conversational partners are for the population being studied.
The current paper will review studies from toddlerhood to
late adolescence to identify the most common approaches
to collecting NLS samples and review the advantages and
limitations of these methods. A developmental framework
is used to discuss which contexts are developmentally
appropriate for collecting NLS among autistic children.
Additionally, this review will examine the degree to which
the extant literature captures the natural interactions chil-
dren have with proximal adults and children in the child’s

immediate environment (e.g., teachers, siblings, peers, care-
givers other than mothers).

How are Measures of Language Derived from NLS?

Natural language samples yield a variety of dependent vari-
ables that capture different features of communication and
language. A recording of child language can be transcribed
to classify the types of words children use (Boorse et al.,
2019; Cola, Yankowitz et al., 2022), coded to determine
rate of vocalization production (Paul et al., 2011; Plate
et al., 2021), or analyzed acoustically to quantify variability
in pitch (Fusaroli et al., 2017). One major issue in NLS
work is whether automated analysis can be used on
recorded data or whether human coders are needed to con-
duct time-intensive transcription and vocalization coding
(Yankowitz et al., 2019). Research has suggested that auto-
mated vocalization identification, through programs such as
Language ENvironment Analysis (LENA; Xu et al., 2009)
is less accurate than human coding (Lehet et al., 2021).
However, automated coding is more efficient, may still pro-
vide a representative measure of an individual’s language,
and is more fine-grained than standardized measures.
Recent studies have suggested that human-coded sam-
ples are reliable and valid measures of language (Hudry
et al., 2023), but validity is often defined by existing stan-
dardized measures. Therefore, measurement validity is
likely to vary across samples of participants and collection
methods. For example, children identified as having min-
imal spoken language may produce a very small number
of words (as measured by a standardized parent question-
naire), but may vocalize frequently in an NLS context,
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Table 1. Search Terms for each Key Word.

Key word Search terms

9

Natural language  "natural language sampling,” “natural

(in title or language,” “NLS,” (“natural” AND
abstract) “language”), “Language Environment
Analysis,” “LENA,” “speech,” “speak,*”
“vocal,*” “conversati,*” “communicat,*”
“talkativeness,” “interact™®”’
Autism “autism,” “autistic,” “spectrum disorder,”
in ti s ivi Vi
n title and “Asperger,” “pervasive development
abstract) disorder,” “PDD,” “ASD”
Pediatric “adolescent,” “‘adolescence,” “teen,”
(in title or “teenager,” “young adult,” “toddler,”
abstract) “preschool,” “child,” “children,”
“kindergarten,” “middle school,” “high
school”
Recording “recordings,” “recording,” “tapes,” “taped,”
(in any field) “audio”, “video,” “measur*”

Note. NLS = natural language sampling; ASD = autism spectrum disorder;
LENA = Language ENvironment Analysis.

leading these measures to be weakly correlated. More work
is needed to identify gold-standard methods of extracting
measures of language from recorded samples that are reli-
able and valid. This article will take steps toward this
goal by identifying the most common measures of language
derived from NLS and reviewing studies that have com-
pared across NLS measures and against standardized
measures.

Following an examination of the above questions, the
review will conclude with a discussion of the remaining
gaps in the literature, recommendations for employing
NLS methods in research, and future directions for lan-
guage research in autism that can be uniquely addressed
using NLS.

Method

Search Strategy

To address the aims of this scoping review, a search of peer-
reviewed empirical articles using NLS to measure language
in samples of children diagnosed with autism was conducted
following the guidelines set out in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension
for scoping reviews (Tricco et al., 2018). A librarian con-
ducted a literature search on 8 August 2023 in three data-
bases: PsycInfo, Web of Science, and OVIDMedline.
Search terms were selected to identify publications that
included mentions of language, autism, children, and record-
ings (see Table 1). Search strategies and medical subject
heading terms were modified for each database format.
Searches were restricted to publications available in
English. The search was restricted to works published in
the past 15 years (after August 2008). After removing

duplicates, the search resulted in 4,671 publications, includ-
ing one paper recommended by an expert.

Inclusion and Exclusion Criteria

Papers were assessed to determine if they met the following
inclusion and exclusion criteria. First, only peer-reviewed
empirical research papers including a sample of children
with ASD were included. Therefore, papers with samples
of participants that were over 18 years old were excluded.
The criteria for ASD were broad; studies had to either assess
for autism and specify their inclusion criteria or have a sam-
ple of participants with an existing self-reported diagnosis.
Papers where NLS measures were collected prior to diagno-
sis (e.g., studies of infant siblings) and studies with samples
younger than 18 months old were excluded from this
review.

Studies had to include at least one natural language sam-
ple and at least one variable that was extracted from that
sample. We defined a natural language sample as any col-
lection of spontaneous language (i.e., sentence reading
and book narration tasks were excluded) and involved inter-
action with a social partner who was also able to use spon-
taneous language. Studies that collected samples where the
social partner was given scripted response were excluded.
For example, Unwin et al. (2022) had an experimenter as
the social partner who had a set of rote utterances they
spoke in each condition and otherwise kept responses to
the child to a minimum. Studies that measured samples
where the social partner had some structured language but
was also able to respond spontaneously were included.

One common method for collecting language samples
was the Autism Diagnostic Observation Schedule
(ADOS-2; Lord et al., 2012). The ADOS-2 is a diagnostic
assessment that includes several different tasks that vary
in how spontaneous, social, and flexible interactions are.
For example, multiple tasks involve asking the child to cre-
ate a narrative from provided materials such as a wordless
story book or from cartoon images. Therefore, studies that
only focused on the narration tasks or only reported findings
from across the entire ADOS-2 were excluded from this
review due to the limitations on spontaneity and social
interaction. However, studies that selected only the conver-
sation and questions (semistructured) sections of the
ADOS-2 are included in the current review. Due to the
focus on NLS as a measure of language, studies had to cal-
culate at least one variable that could be collected from
audio alone. Variables that required video coding were
excluded (e.g., rates of social initiations that included voca-
lizations and gestures together). Studies could still use
video to support coding, as long as one could in theory
code the variable of interest from audio alone (e.g., a study
may use video to support identifying who the speaker is
when the variable of interest is rates of vocalizations).
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Finally, case studies and reports on individual partici-
pants rather than group-level statistics were excluded. To
make screening more efficient, any studies with 10 or fewer
total participants were excluded. Additionally, papers that
did not provide key methodological details (e.g., did not
describe the NLS collection procedures) were excluded.

Screening Procedure

All titles and abstracts were reviewed by the first author;
4,441 abstracts were removed (see Figure 2 for reasons
for exclusion). Due to the focus of this review on research
methods, the Method section of the full texts were then
reviewed by a team of six undergraduate research assistants.
The full texts of the resulting 111 papers deemed possibly
eligible for inclusion were then reviewed by the first author.
A total of 59 publications met criteria for inclusion in the
current review (Figure 2). All included publications are
listed in Table 2 and denoted with a number that corre-
sponds to Tables 3-5. Full citations can be found in the
references section. Additional detailed results for included
publications can be found in Appendix A in Supplemental
materials.

Coding Procedure

Study characteristics for the variables of interest relevant to
each aim were coded by the first author. Participant charac-
teristics included age, sample groups, and language level.
Collection methods that were coded included social partner,
setting, context, length, and study goal. Both the methods of
analyzing and types of variables were extracted to identify
how measures of language were derived from NLS.
Additional details on coding methods for the primary vari-
ables of interest are included below. Sex distribution in the
ASD samples, sex of the caregiver, and the countries studies
were conducted in were also noted when available. Studies
that provided measures of reliability and validity were also
identified.

Aim | Codes. Participant age was categorized into
preschool-aged children (under 6 years old), Elementary
school aged children (6-12 years old), and adolescents
(12-18 years old). When participants span more than one
age grouping, the range is reported.

Studies were coded for the inclusion of only autistic chil-
dren, a typically developing comparison sample, and/or a
nontypically developing comparison sample, such as chil-
dren developmental delay but no ASD diagnosis.

Studies varied in the level of detail they reported about
their participants’ spoken language level at study entry.
Participant language levels were categorized using criteria
provided by Tager-Flusberg et al. (2009) and the ADOS-2
(Lord et al., 2012) descriptions of language levels, resulting
in four categories: preverbal, single words, phrase speech,

and fluent speech. Preverbal describes children who are
not yet producing words. Single words describes children
who are not yet combining words; this stage occurs around
12 to 18-month-olds in typically developing children
(Tager-Flusberg et al., 2009). Phrase Speech describes the
stage when children combine words into short phrases,
but are not yet speaking in full sentences. Finally, Fluent
Speech describes children who are speaking in complete
sentences and can have a conversation. In typical develop-
ment, children begin to exit the phrase speech phase around
30-36 months, and their fluency continues to develop
through the preschool years (Tager-Flusberg et al., 2009).
When publications did not describe participants’ language
levels, details provided about ADOS modules administered
and/or reports of expressive language age equivalents on
standardized assessments were used to estimate language
abilities (see Table 3). It is important to note that children
are typically not classified as being nonspeaking or minim-
ally speaking until after age 5. Additionally, studies of pre-
schoolers typically did not have specific inclusion criteria
related to language, but instead presented means and stand-
ard deviations of standardized assessment scores. This
made it difficult to evaluate the full range of language in
the sample. Therefore, we only describe the language
level(s) of participants in studies that included children
who were at least 6-years-old.

Aim 2 Codes. The social partner, setting in which the
NLS was collected, context of the NLS, length of the
NLS, and primary goal(s) of each study were identified.
If studies had more than one type of natural language
sample, we report the appropriate categories for each
sample type. Social partner was coded as Peers (i.e.,
other children), Caregiver, Examiner (i.e., typically in
an evaluation context), Interventionist or Teacher (i.e.,
a therapist, intervention provider, or classroom
instructor), or Adult Confederate (i.e., an adult who is
not a professional like an examiner and has some infor-
mation about the NLS task). When there was no restric-
tion on who the child could talk to, such as in daylong
naturalistic recordings, the social partner was coded as
Anyone.

Setting was coded as Lab when NLS were conducted in a
research context, Clinic when NLS were collected in a treat-
ment context, and Classroom when collected in a school
environment  (including  therapeutic = classrooms).
Home-based collections were coded as Home, except
when there were no restrictions on where participants could
be, such as for daylong recordings. In these cases, we coded
the setting as Anywhere.

We also identified the context of the language sample.
Structured assessments, such as conversational portions of
the ADOS-2, were coded as Assessment. We coded
Classroom Interactions when participants interacted with
peers and/or teachers in a classroom environment, and
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Figure 2. Publication Screening and Eligibility Process.

This PRISMA flow diagram displays the process for screening articles and assessing for eligibility and inclusion/exclusion criteria.
PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Intervention when the language sample was produced dur-
ing an intervention or treatment session. Samples with no
restrictions were coded as Everyday Life, whereas record-
ing of everyday play at home were coded as Naturalistic
Free Play. Play samples that included a standard set of
toys, but not instructions for the social partner, were coded

as Play with Standard Toys. When the social partner was
given instructions in addition to standard toys, or an estab-
lished play task was used, we coded Structured Play.
Finally, we coded context as Social Conversation when
the task was entirely conversation based and did not fit
any of the other contexts.
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Table 2. Key for Included Publications.

Number Citation (First author, year)
| Adams et al.,, 2021

2 Alak, 2021

3 Alkire et al., 2023

4 Asgari et al., 2021

5 Barokova et al., 2020

6 Barokova et al., 2021

7 Bauminger-Zviely et al., 2020
8 Berman et al,, 2018

9 Binns et al., 2022

10 Butler et al., 2022

Il Butler & Tager-Flusberg, 2022
12 Casenbhiser et al,, 2015

13 Cho et al., 2023

14 Clark-Whitney et al., 2022
15 Cola, Yankowtiz, et al., 2022
16 Cola, Zampella, et al., 2022
17 De Korte et al., 2020

18 DiStefano et al., 2016

19 Elder et al., 201 |

20 Fasano et al,, 2023

21 Fasano et al., 2021

22 Fusaroli et al., 2019

23 Fusaroli et al., 2023

24 Germone et al., 2019

25 Goodwin et al., 2012

26 Gordon et al., 2011

27 Harbison et al.,, 2018
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Natural language sample lengths were categorized as
10 min or less, greater than 10 min but less than 30, greater
than 30 min but less than 3 hr, and Daylong. No studies had
samples that were greater than 3 hr, unless they collected
daylong recordings.

Finally, we identified the primary study goals related to
NLS. Studies that primarily analyzed differences in NLS
variables across groups were coded as Compare Groups.
NLS measures often served as one component of a larger
study looking at the relationship between language and
other behaviors. In these cases, when NLS variables were
the outcome measure we coded Dependent Variable and
when these variables served as predictors, we coded
Independent Variable. For studies using NLS to test the
effects of an intervention we coded Intervention Effect.
Lastly, some studies explicitly sought to validate the use
of NLS as a measure of language. These studies were coded
as NLS Validation. Studies could be coded for more than
one primary goal.

Aim 3 Codes. To code the measures of language derived
from NLS we identified both the methods of analysis and
types of variables. Methods of analysis included Acoustic
(i.e., extracting variables such as pitch from audio),
Transcription (i.e., writing out words or phonemes), and
Coding (i.e., behavioral coding that identifies properties
of vocalizations). Additionally, if studies employed compu-
terized, automated methods to extract variables from audio
recordings, we coded Automated. Studies were coded for
all methods used.

We identified up to three primary types of variables that
were extracted from audio recordings. Variables categories
included Acoustic (e.g., fundamental frequency),
Vocalization Frequencies (e.g., rates of vocalizations),
and Mean Length of Utterances. Consonant/Canonical
was coded for variables such as consonant inventories or
proportion of syllables that were canonical. Function cap-
tured studies that coded a purpose of verbal behaviors
such as initiating or requesting. For studies that measured
contingencies between child vocal behavior and the social
partner, we coded Contingent. Studies that focused on the
use of specific categories of words such as verbs or nouns
were coded as Word Type. Finally, studies that focused
on specific variables not captured in these categories were
coded as Other.

Reliability. A second coder was trained on 12 files and provided
feedback. Reliability coding was conducted on nine files (15%
of'the full sample) that were randomly selected. Percent agree-
ment for each file was calculated and average agreement across
files was 90.38% (min = 78.26%, max = 100%). All disagree-
ments were discussed and consensus coded.



Plate

Results

Aim |: Who is Included in NLS Research?

Characteristics of Participants. The results of Aim 1 are pre-
sented in Table 3. The samples of the 59 included studies
included participants in the following age ranges: 25
(42.37%) preschool aged children (under 6 years old),
five (8.47%) elementary years (6—12 years old), and one
(1.69%) adolescents (12-18 years old). Many studies
(n =28, 47.46%) examined multiple age ranges, specifically
11 (18.64%) preschool to elementary aged children, 14
(23.73%) elementary children and adolescents, and three
(5.08%) preschoolers to adolescents.

Samples also varied in size, from small samples of 13 to
larger samples of up to 210. The average sample size across
all studies was 63 participants (M =62.86, SD=35.88).
Over half of studies (n =37, 62.71%) included only samples
of autistic children, 21 (35.59%) included a “typically
developing” comparison group, and four (6.78%) included
a nontypically developing comparison group (e.g., develop-
mental delay, Williams Syndrome, Fragile X). Autistic
participants were overwhelmingly male (mean percent
male =80.51, SD=10.85, Range: 55.56%—100%).

Samples primarily consisted of children in the United
States (n =44, 74.58%), but NLS autism studies were also
conducted in Norway (n=1), Belgium (n=1), Turkey
(n=1), Australia (n=2), Israel (n=1), Canada (n=3),

Table 3. Participant Characteristics for NLS Studies.

China (n=3), the Netherlands (n=1), and the United
Kingdom (n=2).

Representation of Autistic Children with Differing Language
Abilities. Table 3 describes the language levels of the 34
studies that included children who were at least 6-years-old.
Of those studies, 14 also included preschool aged children,
resulting in wide ranges in verbal abilities. Conversely, the
20 studies of children 6- to 18-years-old primarily included
only children with fluent speech (n =14, 70%). There is a
clear dichotomy between studies of young children and
studies of older children, such that children who do not
have fluent speech by the time they are school-aged (i.e.,
are minimally or nonspeaking) are not represented in NLS
research. Additionally, studies were highly variable in
both their age and language ranges, which limits our under-
standing of how age, language ability, and use of NLS
methods are related.

Aim 2: How are Natural Language Samples
Collected?

NLS collection methods are summarized in Table 4.
Language samples ranged in length from just a few minutes
to day-long recordings. The majority (n =46, 77.97%) of
samples were shorter than 30 min. NLS measures were
used for a variety of study goals, such as to compare groups

n, % Studies
Participant age n=59
Preschool 25, 42.37% 2,9, 12, 14, 21, 20, 22, 23, 25, 27, 29, 31, 36, 38, 39, 40, 44, 48,
51, 52, 53, 55, 57, 58, 59
Preschool-elementary 11, 18.64% I, 10, 11,17, 18, 19, 26, 33, 37, 47, 50
Elementary 5, 8.47% 4,8, 31, 34,43
Elementary-adolescence 14, 23.73% 3,5,7,13, 15, 16, 28, 35, 42, 45, 46, 49, 54, 56
Adolescence I, 1.69% 30
Preschool-adolescence 3, 5.08% 6, 24, 41
Sample composition n=>59
ASD only 37,62.71% 2,56,7,89 10, 11,12, 14,17, 18, 19, 24, 26, 27, 29, 30, 31,
33, 34, 36, 37, 38, 39, 40, 41, 42, 47, 48, 50, 51, 52, 53, 55, 56, 57
Typical comparison 21, 35.59% I, 3,4, 13, 15, 16, 20, 21, 22, 23, 25, 32, 35, 43, 44, 45, 46, 49, 54, 58, 59
Nontypical comparison 4, 6.78% 20, 21, 28, 32
Language level* n=34
Preverbal-single words 5, 14.71% 7,18, 26, 37, 47
Preverbal-phrase speech 2, 5.88% 56
Preverbal-fluent speech 3,8.82% 10, I'1, 34
Single words-fluent speech 3, 8.82% 17, 19, 33
Phrase speech-fluent speech 3, 8.82% 8, 28, 41
Fluent speech 16, 47.06% I, 3,4, 13, 15, 16, 30, 32, 35, 42, 43, 46, 49, 50, 54, 56
Not described 2, 5.88% 24, 45

Note. ASD =autism spectrum disorder; NLS = natural language sampling.
“Language level is not reported for studies that only included preschoolers.
Studies are listed by number which correspond with citations in Table 2.
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Table 4. NLS Collection Methods.

n, % Studies
Social partner
Adult confederate 6, 10.17% 13, 16, 43, 49, 56, 57
Anyone 2, 3.39% 27, 59
Caregiver 22,37.29% 2,5 9,10, 11,12, 14, 17, 19, 22, 23, 25, 29, 31, 33, 36,
44, 48, 50, 52, 55, 58
Examiner 16,27.12% 1,4,5,6, 15,28, 32, 35, 36, 37, 38, 39, 40, 41, 46, 51
Interventionist/teacher 10, 16.95% 8, 18, 20, 24, 26, 34, 42, 45, 47, 53
Peers 16, 27.12% 3,7,20, 21, 24, 26, 30, 41, 42, 45, 46, 47, 51, 53, 54, 57
Setting
Anywhere 2, 3.39% 27, 59
Classroom 8, 13.56% 7, 20, 21, 26, 45, 47, 53, 57
Clinic 15, 25.42% 1,3,8, 12, 14, 17, 18, 24, 31, 34, 35, 36, 42, 50, 56
Home 14, 23.73% 5,8, 10, |1, 14, 19, 22, 23, 25, 33, 36, 44, 48, 52
Lab 24, 40.68% 2,4,5 6,9, 13, 15, 16, 28, 29, 30, 32, 36, 37, 38, 40, 41,
43, 46, 49, 51, 54, 55, 58
Context
Assessment 9, 15.25% 1,4, 15, 32, 35, 37, 38, 46, 51
Classroom interactions 6, 10.17% 20, 21, 26, 47, 53, 57
Everyday life 2, 3.39% 27, 59
Naturalistic free play 10, 16.95% 2,10, 11,19, 22, 23, 25, 44, 52, 58
Intervention 6, 10.17% 8, 18, 24, 34, 42, 45
Play with standard toys I, 18.64% 9, 12, 14, 18, 29, 31, 33, 36, 48, 50, 55
Social conversation 11, 18.64% 3,7, 13, 16, 28, 30, 43, 49, 54, 56, 57
Structured play 12, 20.34% 5,6, 17,22, 23, 25, 39, 40, 41, 44, 52, 58
Length
Less than 10 min 15, 25.42% 3,7,8, 13, 16, 24, 30, 32, 35, 40, 43, 45, 49, 54, 56
10-30 min 31, 52.54% 1,2,4,56,9,10, |1, 12, 14, |5, 18, 19, 26, 28, 29, 31, 34, 36,
37, 38, 39, 41, 42, 46, 48, 50, 51, 55, 57, 58
30 min-3 hr 10, 16.95% 17, 22, 23, 25, 33, 44, 47, 52, 53, 57
Daylong 4, 6.78% 20, 21, 27, 59
Study goal
Compare groups 21, 35.59% 3,5 11,13, 15,16, 17, 19, 20, 21, 22, 25, 28, 32, 43, 44, 45,
46, 49, 54, 58
Dependent variable 10, 16.95% 2,9, 10, 11, 23, 29, 33, 44, 50, 55
Independent variable 6, 10.17% 20, 25, 31, 35, 51, 52
Intervention effect 16,28.81% 7,8, 12, 14, 18, 19, 24, 26, 30, 34, 41, 42, 48, 53, 56, 57
NLS validation 12, 20.34% 1, 4, 6,27, 35, 37, 38, 39, 40, 41, 47, 59

Note. NLS = natural language sampling.
Studies are listed by number which correspond with citations in Table 2.

(n=21, 35.59%), measure intervention effects (n=17,
28.81%)), or study the relations between language and other
behaviors (n=16, 27.12%). Additionally, 12 studies
(20.34%) explicitly aimed to validate NLS measures. For
example, one study validated measures of vocal communi-
cation (number of communication acts with a vocalization,
proportion of vocalizations that are communicative) and
vocal complexity (diversity of key consonants in communi-
cation acts, proportion of vocalizations with a canonical syl-
lable; McDaniel et al., 2020). The authors found that these
measures had convergent validity, divergent validity, and
sensitivity to change in a sample of preschoolers during
assessment and free play across a year (McDaniel et al.,
2020).

Other studies identified the length and/or number of
recordings needed to create a stable measure of language.
For a more complex measure—vocal reciprocity (likelihood
of a child responding to an adult)—stability was acquired
from two daylong recordings and vocal reciprocity was
related to other measures of language, such as how “speech-
like” the child’s vocalizations were (Harbison et al., 2018).
McDaniel and Brady (2022) found that different vocal mea-
sures required different sample lengths to reach reliable
measurement, and that sample length impacted convergent
validity. Broadly, 10-min samples were sufficient for estab-
lishing reliability and validity across all vocal measures in a
sample of children who did not yet have phrase speech
(McDaniel & Brady, 2022).
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Setting and Context. Participants interacted with a variety of
social partners, including caregivers, peers, interventionists,
examiners, and novel adult confederates. Most studies
included an adult social partner (n=54, 91.53%).
Additionally, most social partners were assumed to be neu-
rotypical; studies generally did not specify whether the part-
ner had a diagnosis of autism or other neurodevelopmental
disorder. Half of the studies examining interactions with
peers included autistic children as the social partners (n =
8, 50%), many of whom were other students in an interven-
tion classroom. For example, one study used LENA record-
ing devices to capture children’s language in an autism
intervention classroom where possible social partners
were peers and teachers (Trembath et al., 2019). Another
study more explicitly looked at how autistic children inter-
act with autistic versus nonautistic peers by having
ASD-ASD, non-ASD-non-ASD, and ASD-non-ASD
dyads engage in get-to-know-you conversations (Alkire
et al., 2023). This study used unfamiliar social partners,
but just over half of studies employed familiar social part-
ners (n =33, 55.93%). Finally, of the 22 studies looking
at caregiver—child interactions, 10 (45.45%) did not specify
who the caregiver was and eight included primarily mothers
(only mothers, n=15; over 80% mothers, n=3).

Samples were primarily collected in a research labora-
tory (n =24, 40.68%). Other settings included participants’
homes (n =14, 23.73%), clinical settings (15, 25.42%), and
classrooms (n=38, 13.56%). Two studies using daylong
recordings allowed participants to go about their daily lives,
and therefore the setting was not standardized across
children.

In addition to considering the setting, it is important to
consider the context in which NLS measures are collected.
Allowing children to play freely, either with their own toys
(n=10; 16.95%) or a standard set of toys (n=11; 18.64%),
was common. More structured play contexts were also
employed (n=12; 20.34%), such as the Eliciting
Language Samples for Analysis (Barokova et al., 2021) or
an adaptation of the Screening Tool for Autism in
Two-Year-Olds (Stone et al., 2004), administered by par-
ents. For older children, social conversations were a com-
mon context (n=11; 18.64%). However, other studies
used less naturalistic contexts, capturing language samples
during assessments (n=9; 15.25%) or interventions
(n=06; 10.17%). Intervention contexts varied and included
playing with peers with and without an animal present
(Germone et al., 2019; O’Haire et al., 2013), playing with
an interventionist and caregiver during Pivotal Response
Treatment (Berman et al., 2018), game time with peers dur-
ing a social skills group-based intervention (McMahon
et al., 2013), interactions with an interventionist during
communication intervention with and without a speech-
generating device (DiStefano et al., 2016), and music-
mediated and play-based interventions for language
(MacDonald-Prégent et al., 2023).

How Naturalistic are NLS Methods? Examining social part-
ners developmentally, preschoolers primarily interacted
with familiar adults, such as caregivers, teachers, and inter-
ventionists. Only six of the 39 studies that included children
under 6-years-old observed interactions with peers. Studies
of older children were more likely to include interactions
with unfamiliar adults (e.g., examiners, confederates) and
nine of the 34 studies that included children over age 6
sampled interactions with peers. These included peers
who were autistic, nonautistic, familiar, and novel.
Overall, social partners were highly variable, and while
there were trends in the utilization of different social part-
ners by age, many studies had children with a wide range
of ages interact with the same type of social partner, which
may not be developmentally appropriate.

Aim 3: How are Measures of Language Derived from

NLS?

After collecting recordings of natural language, samples
must be coded to extract measures of language. Table 5 pre-
sents both the methods used to analyze samples and the
types of variables that were extracted. NLS recordings
were primarily transcribed (n =34, 57.63%) and/or behav-
iorally coded (n=34, 57.63%). Additionally, many tran-
scription studies specified that they used standardized
formats and guidelines such as Computerized Language
Analysis (CLAN)/Codes for the Human Analysis of
Transcripts (CHAT; MacWhinney, 2000) or Systematic
Analysis of Language Transcripts (SALT; Miller &
Iglesias, 2012) guidelines. Behavioral coding designs var-
ied and were often study specific. Few studies made use
of acoustic analyses (n=3; 5.08%). Several studies used
automated methods such as LENA (n=7; 11.86%), only
one of which included participants older than preschool
age (McKernan et al., 2022). Of these studies, two exam-
ined the reliability of automated coding with human coding
(Fasano et al., 2021, 2023), which was high.

One of the many advantages of NLS is that researchers
can extract a large variety of variables from recordings.
These include frequencies of verbalizations (e.g., words,
vocalizations, babbles; n =44, 74.58%), functions of verbal
behaviors (e.g., initiate, request; n =13, 22.03%), conson-
ant inventories or the use of canonical syllables (n=35,
8.47%), and the use of different types of words (e.g., verbs,
pronouns; 7 =9, 15.25%). Several studies also calculated a
common measure of language ability from transcripts—
mean length of utterance (MLU), or the average number
of units of speech in an utterance (n=19, 32.20%).
Because NLS vocalizations are produced in the context of
a social interaction, studies also evaluated the contingencies
between the verbal behavior of social partners (n=7,
11.86%). Multiple measures from NLS were often used to
address study aims, and while there were some measure-
ments that were common (e.g., MLU, frequency of
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Table 5. Measures Derived from NLS.

n, % Studies
Method of analyzing
Acoustic 3, 5.08% 4,13, 35
Automated 7, 11.86% 20, 21, 27, 41, 53, 57, 59
Coding 34, 57.63% 2,3,6,7,8, 12, 14, 17, 18, 19, 24, 25, 26, 28, 29, 30, 31, 32, 33,
36, 37, 38, 39, 40, 42, 43, 44, 45, 47, 48, 54, 56, 57, 58
Transcription 34, 57.63% 1,3,5 6,9, 10, 1,12, 13, 14, 15, 16, 18, 22, 23, 25, 28, 31, 32,
33, 34, 35, 36, 39, 43, 44, 46, 48, 49, 50, 51, 52, 55, 58
Variables
Acoustic 2, 3.39% 4,13
Contingent 7, 11.86% 1,6, 13,18, 27, 30, 41
Consonant/canonical 5, 847% 36, 37, 38, 39, 40
Function 13,22.03% 8,12, 17, 18, 26, 30, 31, 33, 43, 47, 48, 54, 56
Frequencies 44, 74.58% 1,2,3,56,7,89, 10, |1, 12, 13, 14, 16, 18, 19, 20, 21, 22, 23, 24,
26, 28, 29, 31, 34, 36, 37, 38, 39, 40, 42, 43, 45, 47, 48, 49, 50,
51, 52, 53, 54, 55, 57
MLU 19, 32.20% 1,5 10, 11, 12, 14, 22, 23, 25, 28, 31, 33, 34, 43, 44, 50, 51, 52, 55
Word types 9, 15.25% 8, 15, 25, 32, 44, 46, 49, 52, 58
Other 3, 5.08% 28, 35, 59

Note. NLS = natural language sampling; MLU = mean length of utterance.
Studies are listed by number which correspond with citations in Table 2.

utterances, number of different words), studies also devised
unique measures to answer their questions of interest. These
include the ratio of “um” to “uh” utterances (Parish-Morris
et al., 2017), number of “wh-" questions (Goodwin et al.,
2012), and rating of topic maintenance (Nadig et al., 2010).

Are NLS Measures Reliable and Valid? One important ques-
tion when considering NLS as a measure of language in aut-
ism research is how reliable and valid these methods are.
When conducting behavioral coding or transcription of
audio, calculation and maintenance of intercoder reliability
is critical. However, examination of the included studies
revealed that there is no standard way to conduct interrater
reliability during training and data coding. Another concern
is that many studies reported very few details about reliabil-
ity, often including vague statements such as, “coders
attained research reliability.”

Some studies assessed the stability of NLS over time (see
McDaniel et al., 2021; Yoder et al., 2013), suggesting that
as little as one observation is needed to achieve stable mea-
sures of language. Others evaluated concurrent, construct,
and divergent validity, showing that NLS measures are
related to concurrent standardized measures of language
(Barokova et al., 2021; Harbison et al., 2018; McDaniel
et al., 2020; Yoder et al., 2013). For example, Barokova
et al. (2021) found that frequency of utterances and conver-
sational turns during structured play were correlated with
caregiver report measures of communication more broadly
and had high test-retest reliability. Similarly, variables such
as diversity of consonants and frequency of vocalizations
were found to predict composite expressive language scores
in preschoolers 12 months later (McDaniel et al., 2020).

One study also provided evidence that short samples (under
10 min) are valid measures of language (McDaniel &
Brady, 2022). These studies provide preliminary evidence
that NLS can be collected briefly and are a valid granular
measure of language development.

Discussion

With the rise of NLS methods in autism language research,
it is essential to review the current state of the field to iden-
tify common practices and future directions for advance-
ment of the understanding of language in autism. This
scoping review adds to the conversation about using NLS
methods in autism language research by discussing the
advantages and disadvantages of common methods in the
context of development and what it means to be “naturalis-
tic.” This review identified 59 studies that used NLS meth-
ods to measure expressive language in autistic children over
the past 15 years. These publications examined preschoo-
lers to adolescents, individuals with preverbal to fluent
speech, and sampled language for 3 min to multiple days
using a wide variety of methods. The discussion below
highlights how underreporting the details of study methods
complicates comparing and drawing conclusions across
studies. Despite the variability, several key patterns of com-
mon study designs emerged and are discussed below.

Who is Included in NLS Research?

In examining the publications in the current review, a
dichotomy emerged, where studies tended to sample either
younger children who have preverbal to phrase speech
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language abilities or older children and adolescents who use
fluent speech. School-age children and adolescents who do
not have fluent speech (i.e., minimally or nonspeaking)
were underrepresented. Although NLS is uniquely able to
capture language skills and variability that traditional stan-
dardized measures of language cannot, the advantages of
this method have not been realized across all age and ability
groups.

In addition, many publications included participants
with large age ranges. When studying skills that change
with development, such as expressive language, it is
important to consider age and developmental level.
Publications measuring language in children with autism
face a particular challenge of highly heterogeneous sam-
ples. While some studies included comparison groups
(37%), only three studies included both an age-matched
and a language-matched sample in the same study
(Fasano et al., 2021, 2023; Lai, 2020).

Samples were primarily male, which is in line with cur-
rent estimates that 3.8 boys are diagnosed autistic for every
one girl (Maenner, 2023). However, the decreased preva-
lence of autism in girls compared to boys is reinforced by
the male-centered conceptualization of autism, which is fur-
ther perpetuated by research findings that are based on pri-
marily male samples. Additionally, no studies reported
including gender-diverse individuals, even in samples of
adolescents. Finally, the majority of studies were conducted
in the United States, and all other countries in this review
were represented by three or fewer studies.

Based on these findings, future studies should consider
the following recommendations. First, more research is
needed that includes autistic females and examines gender
and sex differences in language in autistic youth.
Additionally, there is a large gap in the use of NLS cross-
culturally. Given that components of language, particularly
pragmatics, differ by culture, it is essential that future work
capitalize on NLS to study language in diverse samples
across the world. Studies should also focus on narrower
age ranges and language ability ranges. Sampling language
from 6- and 16-year-olds using the same NLS method may
not be developmentally appropriate because ratural inter-
action contexts differ for young children and adolescents.
Additionally, these large age ranges make it difficult to
draw conclusions about the development of expressive lan-
guage skills in autism. Similarly, many studies included
children who communicate with single words in samples
with children who have fluent speech. Therefore, research-
ers should consider focusing their samples on a particular
developmental stage or language level, or report results
both on the full sample and by age or language level (see
Barokova et al., 2021 and Butler & Tager-Flusberg, 2023
for examples).

It is also recommended that when comparison samples
are included, information is provided about whether the
sample is matched by age and/or language level. When

possible, study designs should include both age-matched
and language-matched comparison groups.
Language-matched samples are useful for separating out
differences that may be specific to autism, rather than driven
by differences in expressive language development.
Samples of children with other diagnoses, such as develop-
mental delay or Down syndrome, may be appropriate
depending on the study goal.

Publications should also report more explicitly on the
language abilities of their sample at study entry. For
example, some studies reported expressive language age
equivalents from a standardized assessment but did not
include the range for the sample. Similarly, many studies
included ADOS-2 administration in their study procedures,
but not all studies reported which modules were adminis-
tered. Very few studies explicitly stated language level
inclusion/exclusion criteria for participants. It is recom-
mended that studies provide more detailed descriptions of
the participants’ language levels, either by broad expressive
level (e.g., preverbal, single words, phrase speech, and flu-
ent speech) or provide a measure of language developmen-
tal age and report minimum and maximum observed values.
These descriptions are important because studies that exam-
ine language abilities in children with fluent speech are
likely to have very different findings compared to studies
of children who are preverbal or use single words. Failing
to provide these details makes it difficult for readers to con-
textualize the results of the study. Additionally, studies of
older autistic children might be assumed to be reporting
on children with fluent speech when information about lan-
guage ability is lacking, leading to the continued lack of
representation of autistic children with minimal or no spo-
ken language.

Finally, studying language in older children with min-
imal or no speech using NLS should be a research priority.
This review supports previous calls for using NLS in this
population (Kasari et al., 2013; Tager-Flusberg & Kasari,
2013) and highlights the significant lack of research in
this area. In line with evidence that NLS is one of the
most appropriate methods for measuring language in autis-
tic children with minimal or no spoken language (Kasari
et al.,, 2013), future studies with this population should
include a brief naturalistic language sample in their study
design. NLS methods can be used to identify components
of language, such as phonology (e.g., consonant inventor-
ies) and pragmatics (e.g., contingent vocalizations).
Additionally, researchers who already employ NLS meth-
ods for school-age children and adolescents should consider
expanding their research to include autistic individuals who
do not have fluent speech (Tager-Flusberg & Kasari, 2013).

How are Natural Language Samples Collected?

A primary goal of this review was to define “naturalistic”
language samples by identifying the most common methods
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and considering how naturalistic they are. To this end,
included studies were examined to identify the settings
and contexts in which, and the social partners with whom
NLS were collected. While there was variability in meth-
ods, broadly speaking NLS were collected during everyday
unstructured interactions (e.g., classroom interactions,
interventions, and everyday life) or in play-based interac-
tions (e.g., free play with or without standard toys). For
older children, social conversations were also a common
context. However, some studies had more structure to their
data collection, either using structured play to elicit lan-
guage, or using language collected during assessments.
While collecting language during assessments (e.g.,
ADOS-2) is convenient, the context is not one that children
experience in their daily lives. Further, the social partner has
limitations on how naturally they can respond. Given that
the majority of NLS are less than 30 min, and that several
studies collected samples of just 10 min or less, capturing
language using NLS in addition to typical standardized
assessments could strengthen study designs with limited
additional burden on participants and researchers.

Social Partners. While it is useful to understand how chil-
dren communicate with novel communication partners,
researchers must consider their research question and
whether a more naturalistic sample that reflects a child’s
typical daily interaction partners should be prioritized.
Children primarily interacted with adults in the studies
reviewed here, and these adults were usually familiar to
the child (e.g., caregiver, interventionist, and teacher).
Some studies also included peers both with autism (e.g.,
other participants in an intervention) and without autism
(e.g., other students in an inclusion classroom). Only two
studies (Ko et al., 2019; Usher et al., 2015) included novel
peers to observe how children got to know unfamiliar
children.

As few studies focused on different types of peers, future
research is needed to understand how autistic children inter-
act with other autistic children versus nonautistic children,
and novel versus familiar peers. This work is particularly
needed given recent literature describing the double
empathy problem in autistic adults. The double empathy
problem posits that challenges with communication, reci-
procity, and rapport between autistic and nonautistic indivi-
duals is due to mutual difficulty in understanding the other
person, rather than from deficits specific to the autistic per-
son (Davis & Crompton, 2021; Milton, 2012). Indeed,
research with adults has found that autistic—nonautistic
dyads have lower rapport, less effective communication,
and less self-disclosure that autistic—autistic dyads and non-
autistic—nonautistic dyads (Crompton et al., 2020; Morrison
et al., 2020; Rifai et al., 2022). Despite clear differences in
how same and different neurotype pairs interact, there is lit-
tle work to date examining social communication and the

double empathy problem developmentally (Davis &
Crompton, 2021).

Setting and Context. NLS were primarily collected in lab
settings, but leaving the lab and capturing language in the
community is important to validate whether lab-based
data reflect a child’s language ability. In fact, one study
(Barokova et al., 2020) showed that parents elicited more
language from minimally speaking children at home than
experimenters did in the lab. This difference calls into ques-
tion the generalizability of lab-based studies, particularly
for children who may be more sensitive to novel environ-
ments and people. Future work is needed to compare how
autistic children use language in settings of various levels
of familiarity.

Notably, more than a quarter of studies (28.81%) used
NLS to measure intervention effects. NLS provides several
advantages for measuring change in language compared to
standardized measures. Interventions are often short-term,
requiring outcome measures to identify changes over a
few months. Standardized measures are designed to be
stable over time and are often not sensitive to change.
Additionally, changes in social communication in response
to intervention may be nuanced, small, and gradual. For
example, a child who receives an intervention to improve
expressive language may only learn to say five more words
measured on an expressive language scale. However, that
same child may increase the number of vocalizations they
direct to a caregiver, the proportion of vocalizations that
includes word approximations, and use the words they do
know more frequently. In this case, NLS could capture
these changes during a brief caregiver—child interaction.
Additionally, behaviors produced in these samples can be
understood in their relationship to everyday behavior, while
standardized assessments do not have clear connections to
what children do in their everyday interactions.

NLS as a Developmentally Appropriate Measure of Language.
As noted above, children’s primary social partners change
with development, as do the contexts in which they typic-
ally interact with others. If researchers want to capture truly
naturalistic language, they must record children in their nat-
ural environments and with familiar interlocutors. One rec-
ommendation is that researchers take an ecological systems
approach when designing their studies (Bronfenbrenner,
1977) and consider the many environments and people in
the child’s microsystem.

First, while caregivers are important social partners,
especially in the early years, understanding how children
and adolescents communicate with caregivers is unlikely
to inform how they use language to interact with novel
adults, familiar peers, and new romantic partners. Thus,
we must consider including other people in the child’s
everyday environment. For example, once children begin
school, they spend a large portion of their time interacting
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with other students. Given the focus on peer interactions in
the clinical diagnosis of autism, opportunities for capturing
communication in the school environment are particularly
salient. And for adolescents, this may mean capturing
how they communicate with romantic partners, at
community-based activities, and at first jobs. What is
most “natural” will vary by the sample of participants one
is interested in studying.

Second, if we want to know about the social communi-
cation challenges autistic children face in everyday life,
we need to observe them in those contexts. While research
settings provide more control and consistency when collect-
ing samples, children may not behave as they typically
would due to the unfamiliar environment. To capture truly
“natural” language, we must sample children in their typical
environments—at home, at school, on the playground, and
at extracurricular activities. Similarly, while assessment and
intervention contexts are convenient for capturing language
given that they are often already recorded, researchers must
consider the limitations of these contexts. Assessments are
not necessarily representative of how children behave in
their everyday lives (Tamis-LeMonda et al., 2017). It is
recommended that researchers consider how the context
used to sample language may, or may not be, natural for
the child.

How are Measures of Language Derived from NLS?

While one advantage of NLS is that a very large number of
measures can be extracted to meet the goals of the study, a
disadvantage is that studies calculate and report very differ-
ent measures. To compare language across studies, publica-
tions must report similar measures. This review identified
the most common measures extracted from NLS, including
frequencies, mean length of utterance, and function of voca-
lizations. Most studies used transcription and/or behavioral
coding completed by human coders. Transcription studies
tended to use standardized and widely available procedures,
whereas behavioral coding procedures varied based on
study design and goal. Additionally, there was variability
in how much detail authors provided about coding and reli-
ability procedures, as well as coder training. This variability
makes it difficult for other researchers to replicate methods
across new samples and contexts. Therefore, it is
recommended that researchers provide details about coder
training, coding manuals, and information regarding calcu-
lation of primary measures either in the main publication
text or in supplemental materials. Additionally, CHAT/
CLAN (MacWhinney, 2000) and SALT (Miller &
Iglesias, 2012) are validated and widely used methods of
child language transcription. Future transcription studies
should utilize these methods and describe any deviations
from these procedures.

Regardless of the primary variables of interest, there are
a few language variables that all studies should report when
available. Based on the current prevalence in the literature,

it is recommended that, when possible, studies report mean
length of utterance (in morphemes or words), rate/fre-
quency of utterances, and number of different words (or
consonants if studying children who do not use words).
Providing these descriptive data will allow for future
work to compare findings from multiple studies.

Finally, 20% of publications explicitly aimed to validate
NLS measures. However, there was not consistency in the
variables that were studied, nor in the methods used.
Future work should continue to validate NLS measures in
different samples and contexts.

Future Directions

This review has highlighted the many advantages of using
NLS to study language in autism and the many gaps in
the current literature. There are endless novel questions
that NLS is well suited to help answer. To address these
open questions, research must continue to move out of the
lab and into children’s environments to ask about their
language-related strengths and challenges in everyday inter-
actions. How do autistic children communicate with
unfamiliar peers on the playground? How do they resolve
conflicts with friends? How do adolescents interact with
coworkers or get to know potential romantic partners?
Exploring questions like these, which focus on how autistic
children and adolescents use language to navigate everyday
interactions, will identify challenges and provide new direc-
tions for developing potential supports. Additional work
should also be conducted to ask autistic individuals and
their families about their research priorities with regards
to studying language in autism.

Additionally, while studies of infants have made exten-
sive use of acoustic measures to identify potential vocal
markers that portend later diagnosis, NLS research in autis-
tic children has made minimal use of these measures. For
example, the infant literature has made use of the automated
coding provided by LENA to identify adult and child voca-
lizations and validated this method for young infants later
diagnosed with autism (Dykstra et al., 2013; Wang et al.,
2017). However, there has been limited work validating
similar systems for older autistic children, and only one
study in this review employed automated methods in chil-
dren over 6 years of age. This dearth of research using auto-
mated methods with older children suggests that there is not
yet an automated measure that can be reliably used to meas-
ure expressive language characteristics in autistic children.
Availability of such measures and tools for language cod-
ing would increase the feasibility of collecting longer
samples from larger numbers of children. The rise of nat-
ural language processing and machine learning models in
other fields provides exciting new avenues for NLS
research in autism. To take advantage of these
cutting-edge methods however, we must validate them
with large datasets of language samples from well
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Figure 3. Recommendations for Future Research.

phenotyped autistic and nonautistic children. One recom-
mendation is that studies make their data and methods
publicly available through research repositories such as
Databrary (databrary.org) and Child Language Data
Exchange System (childes.talkbank.org). Additionally,
researchers who develop well-validated language models
should make those methods publicly available so that they
can begin to be used with other datasets. Improving auto-
mated methods would allow for more naturalistic studies
in which autistic children are provided with a small
recording device and both their language and the language
environment around them is captured for many hours
across many days.

Finally, NLS is a highly granular and sensitive measure and
should be used in studies where standardized measures, which
have floor effects and are insensitive to changes over time, may
not be appropriate. As is evident in this review, intervention
studies targeting language have already begun to use NLS as
a primary measure of intervention effects. One large gap in
the literature, however, has been the use of NLS with older aut-
istic children who produce minimal spoken language. NLS can
provide additional insight in these children’s communication,
above and beyond standardized language, by quantifying mea-
sures of developing speech, such as rates of vocalizations, fre-
quencies of prespeech sounds like canonical syllables, and
patterns of initiation with, and contingent responses to, social
partners. A clinical advantage of natural observation is that it
can provide clinicians with information about exactly where
a child’s skills are so they can promote increased use of new
skills during intervention.

Conclusions

While work across the past 15 years has made many
advancements in using NLS to measure expressive lan-
guage in autistic children, including validation of spe-
cific measures and using NLS to evaluate response to
intervention, there has been limited consensus around
the best methods and measures. The current review out-
lined recommendations for researchers to consider
when selecting participant groups, sampling methods,
and measures for NLS studies (Figure 3). This review
was limited in scope, specifically with regards to char-
acterizing the methods used but not evaluating the qual-
ity of the studies or results. Additional work is needed
to address the gaps described here and replicate previ-
ous findings to identify patterns of natural language
across the literature. In particular, there is an urgent
need to improve our understanding of autistic children
with minimal or no spoken language and high support
needs. Funding agencies have also taken notice of this
gap in the literature, as can be seen in the 2023
National Institutes of Health Notice of Special
Interest: Promoting Language and Communication in
Minimally Verbal/Non-Speaking Individuals with
Autism (NOT-DC-23-009). It is vital that we improve
NLS methods for this population to increase access to
research studies, as a deeper understanding of the lan-
guage and communication challenges in this population
can lead to clinical advancements to support those most
affected by ASD.
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