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Abstract

The role of language in autism spectrum disorder (ASD), more specifically, its function in social communication and strong
predictive power on future outcomes, warrants language assessments that have good psychometric properties that capture the
heterogeneity of language ability found among diagnosed individuals. Given the rapid growth in intervention and treatment
research, there is an urgent need for the development and implementation of outcome measures that are easily obtained and
sensitive to change. In this commentary, we argue for the use of natural language samples as measures of expressive language
and communication for this purpose and review the literature on their implementation in ASD research. Conceptual and
measurement issues are discussed and future developments are outlined.
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Introduction

Although language is no longer a defining criterion for the
diagnosis of autism spectrum disorder (ASD; American Psy-
chiatric Association 2013), it remains of great importance
for research purposes and clinical practice because of its cen-
tral role in development. From the earliest stages, language
serves two primary goals—communication with others and
transmission of information. Later in development language
plays an integral role in the development of higher order
cognitive processes including theory of mind and executive
functions (e.g., de Villiers 2007; Hale and Tager-Flusberg
2003). In the context of ASD, the emergence of expressive
language before the age of five or six has been identified as
one of the strongest predictors of positive long-term out-
comes for diagnosed children (e.g., Howlin et al. 2004; Ven-
ter et al. 1992) and is inversely related to atypical behaviors
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(Dominick et al. 2007). Because of its multifaceted role in
development and predictive power on future outcomes, lan-
guage has become an important target of ASD interventions
(e.g., Kasari et al. 2010; Tager-Flusberg and Kasari 2013).
Yet, measuring change in language ability still presents a
significant challenge in ASD research and has been limited
by relying on standardized tests or parent report measures.
In this commentary we argue that measures derived from
natural language samples (NLSs) hold the potential of useful
outcome measures because they can capture improvement in
language ability across the wide range of age and language
levels that may characterize participants in clinical trials and
can provide a more comprehensive view of language than
other types of measures.

We begin with a review of language and the different
ways of assessing language. We then turn to studies using
NLSs in ASD to characterize language in this, and related
disorders, and then focus on their use to obtain outcome
measures in a small number of behavioral intervention stud-
ies. We conclude with a discussion of the further research
needed to establish the psychometric properties of NLS-
derived outcome measures and with guidelines on how they
could be incorporated in future clinical trials.
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Language in Typical Development
and Autism Spectrum Disorder

Language is a system of communication governed by a
set of rules. It consists of structural and pragmatic com-
ponents, which follow separate, though intertwined devel-
opmental pathways. Phonology is the domain of language
concerned with speech sounds and how and in what lin-
guistic contexts they can be combined. The basic unit
of phonology, the phoneme, is defined as a contrastive
sound in a language. Phonemes combined together make
up morphemes, which are the smallest meaningful units of
speech. Morphology is the domain of language concerned
with how morphemes can be combined to form and change
the meaning of words. Words, in turn can be grouped into
phrases and sentences. The set of rules that govern this
highly systematic process comprise the syntax, or gram-
mar, of the language. The study of the meaning of the
formed sentences and their key building blocks, words,
constitutes the semantics of the language.

Phonology, morphology, syntax, and semantics are the
structural components of language that allow us to transmit
information. However, they do not function independently
because the language they comprise is used in specific con-
texts to serve specific communicative needs. Pragmatics is
the component concerned with how context contributes to
meaning, and, more generally, how language is used as a
tool for communication. It encompasses language and other
non-linguistic signals (e.g., prosody, gesture, facial expres-
sion) and includes rules for conversations and other forms of
discourse, as well as the functional roles of utterances (e.g.,
request, reprimand, comment, etc.) as used in a range of
contexts. Thus, the ability to use and integrate context with
the structural components of language places pragmatics at
the heart of social communication. Here it is important to
identify the distinction between spoken language, expres-
sive language, and expressive communication. Spoken lan-
guage refers to the speech produced by individuals. Most
research in the field of typical development and in autism
has focused on the study of spoken language. Expressive
language includes spoken language, as well as speech pro-
duced with the help of augmentative and alternative com-
munication (AAC) devices. Studying expressive language is
particularly important in autism considering the increasing
popularity of AAC devices and their inclusion in autism
interventions (e.g., Kasari et al. 2014). Finally, expres-
sive communication is an umbrella term, which includes
both verbal communication, i.e., expressive language, and
nonverbal communication, for example, facial expressions,
gestures, etc. Further efforts to better understand expressive
communication in autism are also warranted (e.g., Grossman
et al. 2013; Medeiros and Winsler 2014).
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The successful acquisition of the structural and pragmatic
components of language involves a set of hierarchically
organized skills as reflected in expressive communication.
Consider, for example, collecting a language sample from
a child playing with their mother. The child’s production of
speech sounds reflects their speech planning ability and pho-
nological development. The ability to combine morphemes
into words and words into phrases reveals the level of mas-
tery of morphology and syntax, respectively. The integration
of gestures and facial expressions with verbal language to
serve a communicative goal, and the child’s conversational
turn taking represent that child’s pragmatic skills and reflect
their degree of social engagement. These examples illustrate
how a sample of expressive language and communication
can be a versatile source of information about that child.
Much of what we know about typical language develop-
ment comes from the collection and analyses of expressive
language samples (e.g., Brown 1973). Furthermore, develop-
mental milestones within and across language domains have
been firmly established for typically developing children
(e.g., Gleason 2017; Oller et al. 2014), thus providing the
means for comparing the spoken language skills of children
with different language disorders, including ASD, to those
of typically developing children.

The fact that expressive communication provides infor-
mation about a speaker’s mastery of the major domains of
language and communication makes its assessment espe-
cially suitable for individuals at all ages with ASD (Kjel-
gaard and Tager-Flusberg 2001; Lord et al. 2004). Although
the structural components of language appear to be unaf-
fected in some individuals with ASD, the majority acquire
spoken language but are impaired relative to their peers, and
up to one-third fail to acquire spoken language skills beyond
a minimal level (Kim et al. 2014). Research suggests that, in
general, there are parallels between language development
in ASD and in typical or other language disordered chil-
dren (Kim et al. 2014). In contrast, the pragmatics domain
is deeply embedded in social context, thus individuals with
ASD whose core impairments are in the social domain,
exhibit a wide range of impairments including problems
using nonverbal communicative cues, deictic expressions
(Hobson et al. 2010), responding contingently in conversa-
tions (Tager-Flusberg and Anderson 1991), or reconstructing
the sequence of events in a narrative (Diehl et al. 2006) all
of which impact their ability to engage with other people.
For this reason, pragmatic impairments are included in one
of the criteria for social communication deficits under the
current DSM 5 definition of ASD (American Psychiatric
Association 2013).

In ASD, there is not only a wide range of language abili-
ties found among speakers across the spectrum, but also
in individual speakers’ mastery across language domains.
Thus, individuals with ASD often present with a mixed
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language profile, suggesting they are at different stages in
their development across the different language domains
(Tager-Flusberg 1994; Tager-Flusberg et al. 2009), and in
receptive and expressive language (Weismer et al. 2010). We
focus in this commentary primarily on expressive language
as it is more reliably assessed and is typically the target of
intervention studies, though we note that studies generally
do not include non-speech aspects of expressive language
(Tager-Flusberg et al. 2009; Tager-Flusberg 2000).

Measuring Expressive Language Change
in ASD

Perhaps the most significant potential use of expressive lan-
guage measures is in evaluating changes that are the result
of development over time or as a consequence of treatment.
Recognizing the potential of expressive language as an out-
come measure for treatment studies, Tager-Flusberg and
her colleagues, who formed a Working Group under the
direction of the National Institutes of Health, proposed a
developmental framework for the measurement and report-
ing of expressive language of individuals with ASD across
different domains of language (Tager-Flusberg et al. 2009).
The framework identifies spoken language benchmarks to
be used in determining the language ability of children and
a common terminology for its reporting to allow for the
comparison of outcomes across treatment and intervention
studies. In addition, Tager-Flusberg et al. (2009) advise the
use of a combination of different types of measures (NLSs,
standardized assessments, and parent report) for the com-
prehensive evaluation of expressive language in individuals
with ASD; a recommendation that has also been made for
other neurodevelopmental disorders such as Fragile X syn-
drome (FXS) (Berry-Kravis et al. 2013b).

ASD interventions and clinical trials often enroll het-
erogeneous samples, including participants across a wide
range of age and/or language ability (e.g., Siller et al. 2013;
Bent et al. 2012). Interventions can be broadly classified
as either long-term or short-term based on their duration
and may target core ASD symptoms, language, or other
co-occurring symptoms. With regards to their outcomes,
significant developmental changes are to be expected as a
result of longer-term interventions. For example, Estes et al.
(2015) reported gains in language, social functioning, and
1Q in young children after receiving a 2-year-long in-home
intensive comprehensive early intervention (the Early Start
Denver Model) that were maintained and had generalized to
other aspects of functioning at a 2 year follow up after the
intervention had ended. In contrast, interventions shorter in
duration would not be expected to yield the same extensive
gains. Nevertheless, many different kinds of interventions
might lead to changes in participants’ spoken language that

reflect improvements in social-communication, language,
repetitive behaviors, or even challenging behaviors. For
example, since expressive language is inversely related to
the severity of atypical behaviors in ASD (Dominick et al.
2007), interventions that reduce these behaviors may also
result in improvements in language use. Thus, measures
of language that capture both significant developmental
changes as well as those that are smaller but functionally
meaningful, have potential for use as outcome measures.
What is most important is that language outcome measures
should be psychometrically sound and meet established reli-
ability and validity standards.

When measuring change in spoken language, clinical tri-
als typically use standardized tests or parent questionnaires.
Although these assessments are appropriate for investigat-
ing language phenotypes in ASD, they are often less useful
as comprehensive and sensitive outcome measures. Stand-
ardized language tests (e.g., Peabody Picture Vocabulary
Test; Dunn and Dunn 2007; or the Comprehensive Assess-
ment of Spoken Language; Carrow-Woolfolk 2017) provide
direct assessments of language and have the advantage of
possessing empirically validated psychometric properties.
However, care must be taken to ensure that the norming sam-
ple for standardized tests included individuals from different
clinical populations, including ASD. With the exception of
vocabulary tests, standardized language tests typically have
a limited age range; thus, participants varying widely in age
and language ability could not be tested on the same out-
come measure. There are also limited options for measuring
changes in pragmatic skills using standardized tests since
many aspects of this domain cannot, by definition, be cap-
tured in a structured testing context. Because test scores have
a standard error of estimation, shorter duration clinical trials
may lie within the standard error of estimation of, for exam-
ple, age-equivalent scores, thereby limiting the ability of
such scores to capture genuine changes in spoken language.
Floor effects might further conceal changes for individuals
with ASD whose spoken language ability falls outside the
range of ability for which the test was designed. Other fac-
tors including motivation or anxiety can further influence
performance; consequently, test scores might misrepresent
an individual’s spoken language abilities. This is especially
relevant for individuals with ASD whose social and com-
municative impairments may directly influence their test
performance (Tager-Flusberg 2000). Finally, many language
tests should only be administered by trained experts and can
take a significant amount of time to administer, which could
make them a less feasible option for some clinical trials.

Information about a child’s spoken language and its
change over time can also be obtained from parent ques-
tionnaires such as MacArthur-Bates Communication Devel-
opment Inventories (Fenson et al. 2007) or the Children’s
Communication Checklist 2nd Edition (Bishop 2003), both
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of which have been validated for use with children with
ASD (e.g., Nordahl-Hansen et al. 2014). Parent measures
provide valuable information about children’s language use
in everyday situations as reported by someone who spends
considerable time with them, in contrast to the administra-
tion of a standardized test by a stranger, often in an unfa-
miliar environment. Nevertheless, one important limitation
of using parent questionnaires as outcome measures in
clinical trials is that they may be subject to placebo effects.
For example, in one striking randomized controlled trial,
Guastella et al. (2015) found that parents who believed their
children received oxytocin reported greater improvements
post-treatment compared to parents who believed their chil-
dren received the placebo, when in fact, standardized assess-
ments indicated no actual improvement for participants in
either condition. In this study, parents reported on their chil-
dren’s social responsiveness, developmental behaviors, and
emotional problems, nevertheless, it is likely that parents
reporting on changes in language could be subject to similar
placebo effects.

An alternative to standardized tests and parent question-
naires is NLS analysis. NLSs are recordings of spontaneous
expressive language that can be elicited in different contexts
(e.g., free play, conversation, narration) and collected from
different people (e.g., parent, examiner) in different settings
(e.g., clinic, school, home, lab). Once collected, these lan-
guage samples can be analyzed and coded for structural and
pragmatic features, which makes them especially useful in
ASD research considering the within and cross language
domain heterogeneity that is characteristic of the disorder.

NLSs are a rich source of information about language
phenotypes in autism, and they are excellent candidates for
outcome measures in clinical trials. For example, they can
be collected from participants spanning a wide range of age
and language ability, which allows for the comparison of
outcomes of heterogeneous samples of participants enrolled
in clinical trials. The same procedures for eliciting language
samples can be used at multiple time points over the course
of an intervention trial without running into the risk of prac-
tice effects (Abbeduto 2017). Furthermore, NLSs capture
the everyday speech of the speakers in contrast to standard-
ized tests, and thus reflect potential improvements of func-
tional importance to everyday social interactions, which are
often targets of ASD intervention studies. Measures derived
from NLSs may also be more sensitive to change in speech
compared to standardized assessments and parent report
measures, which is another advantage of using them as
outcome measures (e.g., Casenhiser et al. 2013; Kaiser and
Roberts 2013). Since they are collected in more naturalistic
settings, NLSs are often more fun for the participant com-
pared to standardized tests. Finally, they have the advantage
of requiring little training for their administration and can
be administered and coded by naive examiners, blinded to
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which arm of a trial the child is assigned and when (pre- or
post-intervention) the NLS was collected.

Natural Language Samples in ASD Research

Although NLSs are good candidates for outcome measures
in intervention studies, research using measures derived
from NLSs has primarily focused on describing the language
phenotypes of the disorder (e.g., Chiang 2009; Colle et al.
2008; Kover and Abbeduto 2010). Nevertheless, given the
parallels in the methods for collecting and analyzing lan-
guage samples for both types of investigations, the research
describing the language phenotype in ASD can be used as a
stepping-stone in the process of their selective utilization as
outcome measures. In this commentary, we review a sample
of studies from the field of autism and other neurodevelop-
mental disorders that use NLSs in their methodology and
either assess and describe language ability or report on a
randomized control trial. The specific articles were selected
to represent a wide range of NLS collection methods and
NLS-derived measures.

We present here, and in Table 1, an overview of how
NLSs have been used in the assessment of the expressive
language phenotype of individuals with ASD and related
neurodevelopmental disorders, including FXS. We focus on
the defining features of NLSs including the characteristics of
the target speakers, the context, setting, conversational part-
ner, length of samples, the measures derived from them, and
their potential use in the context of clinical trials. Table 2
provides a quantitative summary of how these NLS charac-
teristics are distributed across the reviewed studies.

Target Speaker Characteristics

NLSs have been used to evaluate the expressive language
of individuals with neurodevelopmental disorders covering
a broad range of ages and language ability. For example,
NLSs have been collected from toddlers with ASD as young
as 9 months of age (Patten et al. 2014) through adolescents
(Chiang 2009) and adults (e.g., Colle et al. 2008; McCabe
et al. 2013). Within a single study, NLSs were compared
across participants with ASD between the ages of 2 and
16 (Chiang 2009). Berry-Kravis et al. (2013a) collected
language samples from individuals with FXS spanning an
even wider age range 5-35 years. Furthermore, NLSs have
been used to assess the expressive language of individu-
als with ASD with different levels of productive language:
from children with fewer than five functional words and
use AAC devices (e.g., Chiang 2009) to children who use
phrase speech (Klusek et al. 2014) to adults who can narrate
a story (Colle et al. 2008). These examples illustrate how
NLSs can be applied to heterogeneous participant samples,
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Table 2 Quantitative summary of the characteristics of the NLSs
used in the studies included in Table 1

Number of
studies out
of 14

NLS characteristic Characteristic subcategories

Speaker’s age Infant and toddler (<2 years) 2
Preschooler (2—4 years) 4

Middle childhood (4-12 6
years)

Adolescence (12-18 years)

Adulthood (> 18 years)
Context Play

Conversation

Narrative

W oo b B~ L

Semi-structured/other assess-
ment

Setting Lab 12
Home 2

School/kindergarten 1

Conversational partner ~ Researcher 10
Parent 4
Whoever was around 2
Length 10-20 min 7
20-30 min 2

1

> 30 min

Note that many studies have collected NLSs from a wide range of
participants or relied on several contexts and/or conversational part-
ners. Also many studies do not report on the duration or setting of
their language samples

which in turn allows for a comparison of improvement in
language across participants while using the same NLS-
derived measures.

Context, Setting, and Conversational Partner

The most popular context in which NLSs have been col-
lected is play with developmentally appropriate toys, espe-
cially for younger participants, and these samples are usu-
ally elicited in conversation with a parent or examiner (e.g.,
Condouris et al. 2003; Hale and Tager-Flusberg 2005a; Kai-
ser and Roberts 2013; Kover et al. 2014). This elicitation
approach can be implemented in the home, clinic, school
or research lab. Other studies use naturalistic recordings,
which include routine activities the participants engage in on
a daily basis (e.g., Chiang 2009) or use home videos (Patten
et al. 2014) thus including as conversational partners differ-
ent family members, peers, or even teachers, which means
that the language samples are likely to be representative of
the language used daily by the participant.

Other studies use narratives as the context for eliciting
NLSs (e.g., Hogan-Brown et al. 2013; Kover and Abbeduto
2010; Kover et al. 2012; Suh et al. 2014). This context is

more suitable for older children, whose language skills
(including vocabulary and grammatical knowledge) are suf-
ficiently advanced to satisfy the demands required for the
narration of a story. Studies describing expressive language
in FXS have reported that language used in narratives is
characterized by more complex syntactic structures com-
pared to conversational interactions. However, conversations
elicit more lexically diverse utterances (Kover and Abbeduto
2010) and more utterances overall (Kover et al. 2012). These
qualitative and quantitative differences in expressive lan-
guage contingent on the elicitation procedure warrant cau-
tion in the choice of sampling context.

Other contexts that have been used for the collection
of NLSs are the semi-naturalistic free play and conversa-
tional segments of standardized assessments including the
Autism Diagnostic Observation Schedule (ADOS) or the
Communication and Symbolic Behavior Scales (e.g., Klusek
et al. 2014; Kover et al. 2014; Paul et al. 2013; Schoen et al.
2011). In the context of these more structured assessments
(Klusek et al. 2014; Kover et al. 2014) or during intervention
sessions (Kasari et al. 2014), NLSs, although convenient to
collect, might not be fully representative of the participant’s
expressive language. For example, Kover et al. (2014) com-
pared the characteristics of the language samples elicited
from young children with ASD varying both the communi-
cative partner (parent or examiner), and context (play session
or ADOS). Overall frequency of speech differed significantly
across these contexts with the highest number of utterances
and different words produced during parent—child free play,
followed by examiner—child free play, and the fewest elic-
ited during the ADOS. Pragmatic differences were also
found: children made more requests and comments, as well
as took more turns during free play than during the ADOS.
Kover et al. (2014) also categorized their participants into
language phases according to Tager-Flusberg et al.’s (2009)
benchmark framework separately for each language sample
collected (parent—child, examiner—child, and ADOS). In the
domains of phonology, vocabulary, and pragmatics, partici-
pants were categorized into lower language phases during
the ADOS compared to free play thus illustrating the clini-
cal implications associated with using different elicitation
contexts to evaluate the language ability of individuals with
ASD.

Overall, the results of this study suggest that NLSs col-
lected by parents during naturalistic interactions may be
optimal, at least for younger children with ASD. Neverthe-
less, the choice of sampling context should be guided by the
goals of the research, the language and developmental level
of the participants, and the properties of the protocol. For
studies of older children, Abbeduto and colleagues devel-
oped a standardized approach for the collection of language
samples from individuals with FXS that has excellent psy-
chometric properties (e.g., Berry-Kravis et al. 2013a) and

@ Springer
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they have begun examining its use with individuals with
other neurodevelopmental disorders including ASD and
Down syndrome with promising results (Abbeduto 2017;
Kover and Abbeduto 2010).

Length

There are two general guidelines typically followed when
determining the length of language samples: the minimum
number of utterances or minimum amount of time required
to yield reliable and valid measures. When assessing the lan-
guage ability of typically developing children, some studies
have provided recommendations based on the age/develop-
mental stage of the child, the specific measure in question, or
the sampling context (e.g., Heilmann et al. 2010). There is,
however, wide variation in the duration of language samples
used in the assessment of expressive language of TD chil-
dren and individuals with ASD. The length of the language
sample is usually determined by the aims of the study and
the sampling context. Home recordings tend to be longer,
for example, up to 2 hours (Chiang 2009), compared to lab-
based free play samples, which average around 30 min (e.g.,
Hale and Tager-Flusberg 2005a). Studies assessing expres-
sive language in FXS typically collect conversation sam-
ples that are 10 min long as well as narratives that vary in
duration based on the language ability of the speaker (e.g.,
Abbeduto et al. 1995).

Even though different sample lengths in terms of mini-
mum number of utterances or duration have been used across
different studies, the optimal length or duration, one that is
long enough to yield reliable and valid measures, has yet to
be empirically determined for participants with ASD across
different ages and elicitation contexts.

Measures Derived from Natural Language Samples

Measures derived from NLSs in the context of characteriz-
ing the language phenotype of ASD (summarized in Table 1)
or used as outcome measures in intervention studies (sum-
marized in Table 3) cover the different domains of expres-
sive language from phonology to pragmatics.

Phonological measures can capture the number of differ-
ent phonemes produced to assess early milestones of speech
development (e.g., Schoen et al. 2011). Utterance planning
and fluency have also been evaluated using NLS-derived
measures such as the proportion of intelligible utterances
(e.g., Kover et al. 2014).

Several different measures are used to evaluate morpho-
syntactic aspects of expressive language. Mean length of
utterance in morphemes (MLUm) or words (MLUw) is a
measure of grammatical complexity used to define stages
of language development for typically developing children
(Brown 1973) and is significantly related to the grammatical

@ Springer

complexity of the expressive language of children with ASD
with MLU of up to three morphemes (Scarborough et al.
1991). It has been widely used as a measure in ASD (e.g.,
Casenhiser et al. 2015; Condouris et al. 2003; Hale and
Tager-Flusberg 2005b; Hogan-Brown et al. 2013; Kaiser
and Roberts 2013; Kasari et al. 2014; Klusek et al. 2014;
Kover et al. 2014; Suh et al. 2014) and FXS research (e.g.,
Kover and Abbeduto 2010; Kover et al. 2013). MLU cor-
related with standardized test subscores relating to gram-
matical development on the Clinical Evaluation of Language
Fundamentals (CELF; Semmel et al. 1995) in a group of
4- to 14-year old children with ASD (Condouris et al. 2003)
providing evidence for the construct validity of this NLS-
derived measure. The Index of Productive Syntax (IPSyn)
(Scarborough 1990), which captures the occurrence of a
range of morphosyntactic constructions and is correlated
with MLU for children with ASD (Scarborough et al. 1991),
has also been used to measure grammatical complexity for
children with ASD (Condouris et al. 2003; Kaiser and Rob-
erts 2013). However, Condouris et al. (2003) reported that
for verbally fluent children with ASD, unlike MLU, IPSyn
was not correlated with standardized test scores and underes-
timated grammatical ability when compared to other meas-
ures calling into question the validity of this measure.

The number of different word roots (NDWR) is a measure
of lexical diversity that is often used in studies of ASD (e.g.,
Condouris et al. 2003; Kaiser and Roberts 2013; Kasari et al.
2014; Suh et al. 2014) or FXS (e.g., Kover and Abbeduto
2010). Although different variants of this measure have been
used including total NDWR (Kasari et al. 2014), number of
different words (Kaiser and Roberts 2013), number of differ-
ent words over total number of words (Suh et al. 2014), and
word production inventory (Schoen et al. 2011), they all cap-
ture the richness of a speaker’s expressive vocabulary and
are likely to be highly correlated with one another. NDWR
was strongly correlated with standardized vocabulary test
scores (Peabody Picture Vocabulary Test and Expressive
Vocabulary Test) and the lexical-semantic subscores on the
CELF, in a sample of children with ASD (Condouris et al.
2003), providing evidence for the good construct validity
of the measure.

NLS-derived measures of pragmatic skills are, perhaps,
the most important use of NLSs. One language sample can
capture many different aspects of this domain. For example,
NLSs have been used to classify different speech acts by
coding the function of utterances such as comments (e.g.,
Kasari et al. 2014), or acknowledgements (e.g., Kover et al.
2014). How well a speaker tailors their speech to the char-
acteristics and knowledge of the communicative partner can
be examined by coding for the use and clarity of deictic
expressions (e.g., personal pronouns; Colle et al. 2008).
The ability to tell a narrative has been evaluated by cod-
ing the NLS for narrative plot elements included, character
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naming, and unusual references among others (e.g., Suh
et al. 2014). Conversational skills have been studied by cod-
ing for the rate of contingent and noncontingent responses
(e.g., Hale and Tager-Flusberg 2005a) or topic-related utter-
ances (Tager-Flusberg and Anderson 1991). Furthermore,
the content of the speech like repetition of topics has been
evaluated by determining the proportion of topic repetitions
in the language sample (e.g., Murphy and Abbeduto 2007).
Other pragmatic deficits associated with ASD such as speech
perseveration, echolalia, use of neologisms, or inappropri-
ate use of deictic expressions can also easily be coded and
analyzed from a NLS.

Numerous ASD treatment studies have used NLS-derived
pragmatic outcome measures. For example, in their study
evaluating the effectiveness of a social initiation training,
Deitchman et al. (2010) found differences in the frequency
of verbal social initiations including commenting, request-
ing, trying to attract attention, and introducing a new idea
to peers pre- and post-training. Casenhiser and colleagues
found intervention-related increases in total number of utter-
ances with different communicative purpose and in rate of
responding to one’s communicative partner (Casenhiser
et al. 2015). Still another intervention study found differ-
ences in the total number of comments when comparing the
outcomes of different training programs (Kasari et al. 2014).
In these examples, NLS-derived measures that have been
used to describe pragmatic ability in autism were used as
outcome measures by investigating change from pre- to post-
intervention. They have primarily focused on assessing the
ability of children with autism to use utterances with differ-
ent communicative functions in different contexts. However,
change in other aspects of pragmatics could be evaluated just
as easily from NLSs.

One advantage of using NLS-derived outcome measures
is their sensitivity to change. Thus, a number of studies have
reported no change as a result of intervention in standardized
language scores but a significant change in NLS-derived lan-
guage measures of children with ASD (e.g., Casenhiser et al.
2013; Kaiser and Roberts 2013). These results demonstrate
how the choice of language outcome measure could affect
the evaluation of the effectiveness of a specific interven-
tion and favor the use of NLS-derived measures. For exam-
ple, Kaiser and Roberts (2013) compared the effects of two
interventions (parent + therapist Enhanced Milieu Training
(EMT) vs. therapist only EMT) on the communication of
children with intellectual disabilities of different etiology
(ASD, Down syndrome, and developmental delay). The two
intervention groups did not differ post-intervention on any
of the standardized assessments. However, one group, par-
ent + therapist EMT intervention, made more gains in MLU
and NDWR post-intervention as measured in a NLS.

In another study reporting on the effectiveness of a social-
interaction-based ASD intervention, Casenhiser et al. (2013)

found that the intervention group and the control group
made similar gains on standardized test scores. However,
later analyses of NLSs from the participants found that on
measures including MLU, number of different communica-
tive acts, rate of responding to partner, and contingency of
responses the intervention group made more gains than the
control group (Casenhiser et al. 2015).

These studies along with those discussed earlier that vali-
date NLS-derived measures against standardized tests have
begun to pave the way for the use of NLS-derived outcome
measures in ASD intervention research.

NLS-Derived Language Outcome Measures:
Guidelines and Future Directions

Before using NLS-derived outcome measures in ASD inter-
vention and clinical trial studies, a number of conceptual
and measurement issues still need to be addressed. These
can be divided into two main categories: ones that concern
the establishment of standard elicitation protocols and ones
that concern the evaluation of the psychometric properties
of the measures derived from such protocols.

Standard Elicitation Protocol

Extensive research has demonstrated that the context, set-
ting, and conversational partner used in the collection of
language samples all lead to systematic differences in the
amount and kind of language being elicited. Therefore, it is
essential that equivalent elicitation procedures are followed
for the collection of the pre- and post-samples in clinical tri-
als (and, when possible, at regular time intervals during the
trial to provide richer information on change over time). The
key here is to follow equivalent though not necessarily iden-
tical procedures in order to avoid the risk of practice effects.
The contexts (free play, conversation, narrative) should be
consistent, but the specific toys, conversation topics, or nar-
rative elicitation method (e.g., book) can be different, if they
have been shown to elicit similar language samples. Further-
more, the utilization of a standardized elicitation protocol
across different intervention studies or clinical trials will
allow for a more rigorous comparison of the effectiveness
of different interventions.

Two key characteristics for this protocol to meet are: good
test—retest reliability, i.e., no practice effects of the protocol
and good inter-tester administration fidelity, i.e., the protocol
is administered consistently in the same manner across test-
ers and time as to not introduce changes that might affect the
quality and quantity of the elicited language.

Efforts in the field have already been made to create a
standardized elicitation protocol across neurodevelopmental
disorders and wide ranges of ability (e.g., Abbeduto 2017).
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Abbeduto and colleagues (2017) have designed a protocol
that includes a semi-structured conversation and story nar-
rative to be used with children and adolescents with FXS,
ASD, and Down syndrome. Their NLS has good test-retest
reliability, and its NLS-derived measures have been cross-
validated with standardized measures of language and com-
munication. This protocol is a great starting point and a
promising direction for researchers in the field of autism.
Yet, further research efforts are necessary to expand this
protocol to include a more naturalistic free play context and
a familiar conversational partner and to adapt it to be suit-
able for much younger children and older children and adults
with more limited verbal abilities.

Outcome Measures

Outcome measures derived from NLSs to be used in ASD
clinical trials should also possess good psychometric prop-
erties including construct validity, ability to detect change,
reliability, and validity. Furthermore, the extent to which lan-
guage-based outcome measures reflect core ASD symptoms
including social communicative impairments or restricted
interests and repetitive behaviors should be explored fur-
ther. While some progress has been made validating struc-
tural and pragmatic measures derived from language sam-
ples (e.g., Abbeduto 2017; Condouris et al. 2003; Hale
and Tager-Flusberg 2005a, b), these studies have focused
on children with fluent (though often impaired) language.
Future research should aim to assess the construct validity of
NLS-derived measures for individuals that reflect the entire
spectrum of language ability in ASD, including minimally
and low verbal children, adolescents and adults by examin-
ing their relationship with already-established standardized
assessment measures or parent report measures that reflect
the construct of interest.

A key measurement issue to be taken into account in the
choice of NLS-derived outcome measures is their ability
to detect change, as has been demonstrated in a few studies
(e.g., Casenhiser et al. 2013; Kaiser and Roberts 2013). Nev-
ertheless, an important question remains as to what consti-
tutes a meaningful change, one that has real-life implications
for the individual. One way to address this is to establish
the associations between changes in outcome scores and
changes in clinical judgment and/or parent- or self-reported
daily functioning, which has yet to be done in ASD research.

The reliability and validity of NLS-derived measures
also needs to be examined further with a focus on ensuring
that the psychometric properties of the measures are con-
sistent for males and females, and across the range of age
and language ability of participants that could be enrolled
in clinical trials. This can be accomplished with studies
carefully designed to assess the psychometric properties
of the NLS-derived measures by following procedures

@ Springer

long employed to psychometrically validate standardized
assessments and parent reports. Furthermore, with the
increased implementation of intervention and clinical tri-
als in countries beyond North America, more research is
needed to validate NLS-derived measures for languages
other than English and to systematically examine the role
of the specific cultural context on the qualitative and quan-
titative characteristics of the NLS-derived measures.

Once future research establishes the validity of NLS-
derived outcome measures, the specific choice of which
ones to use in clinical trials should ultimately be driven by
their applicability to use with the target population, their
ability to detect meaningful change, and their potential
to address the research questions of interest in the most
informative and cost-effective way.

Conclusion

Language outcome measures derived from NLSs are excel-
lent candidates for evaluating change in many aspects
of language and communication and for comparing the
effectiveness of interventions across studies and partici-
pant groups. NLSs can be collected and outcome meas-
ures evaluated from individuals with ASD across the entire
spectrum of the disorder following the same sampling pro-
cedure. The choice of specific outcome measures can be
easily tailored to the goals of the specific project. A single
language sample depending on the level of analysis can
measure change in language ability, including pragmatic
skills, as well as in other core symptoms of ASD.
Although a promising and potentially better alterna-
tive to standardized assessments, NLS-derived outcome
measures have yet to be widely adopted in ASD research.
Before this happens, research needs to determine the best
practices for their implementation. Language sampling
guidelines need to be established (e.g., context, commu-
nicative partner, duration) with potentially developing and
adopting a standard elicitation protocol across studies.
Recommendations need to be made about the coding and
computation of the sample-derived measures. Their valida-
tion against standardized assessments and parent reports
is also necessary. Even though further research on the
psychometric properties of NLS-derived measures is war-
ranted, based on what has already been done in the field,
we argue that NLSs have the potential to play an instru-
mental role in ASD treatment and intervention research.
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