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Abstract

Background and aims: Understanding the unique expressive language profiles of children with phenotypically
similar, but distinct neurodevelopmental disorders, such as idiopathic autism spectrum disorder and fragile X syn-
drome with a co-diagnosis of autism spectrum disorder (fragile X syndrome + autism spectrum disorder), has both
clinical and theoretical implications. However, comparative studies of these two clinical groups have been limited, and
results have been inconsistent, partially as a result of different assessment methods being utilized. Thus, the current
study compared the expressive language profiles of boys with idiopathic autism spectrum disorder and boys with
fragile X syndrome + autism spectrum disorder and examined whether a similar linguistic profile emerged across
different language sampling contexts: a semi-structured conversation and the Autism Diagnostic Observation
Schedule.

Methods: Eighteen boys with autism spectrum disorder (Mg = 13.25 years) and |9 boys with fragile X syndro-
me -+ autism spectrum disorder (Mg = 12.19 years), matched on autism spectrum disorder symptom severity and
similar in terms of chronological age and mean length of utterance, participated in this study. Boys produced two
language samples: one semi-structured conversation and one taken from the Autism Diagnostic Observation
Schedule. Language samples were coded for talkativeness, lexical diversity, mean length of utterance, intelligibility,
and repetitive or perseverative language.

Results: Analyses revealed that boys with autism spectrum disorder produced language samples that were more
lexically diverse and intelligible, and that included less topic perseveration compared to boys with fragile X syndro-
me +-autism spectrum disorder. With regards to sampling context, boys in both groups were more talkative and
produced longer and more intelligible utterances in their conversation sample compared to their Autism Diagnostic
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Observation Schedule sample. However, boys with autism spectrum disorder and fragile X syndrome + autism spectrum
disorder used a higher proportion of topic perseveration during the conversation sample.

Conclusions: Overall, we found similarities as well as distinctions in the expressive language profiles of boys with fragile
X syndrome + autism spectrum disorder and boys with idiopathic autism spectrum disorder. Moreover, the Autism
Diagnostic Observation Schedule sample elicited a relatively different language profile than the conversation sample for
boys in both groups.

Implications: These findings help to further elucidate the unique language phenotypes of boys with idiopathic
autism spectrum disorder and boys with fragile X syndrome + autism spectrum disorder. Moreover, our findings
indicate that multiple language samples may be needed to obtain a comprehensive account of a child’s expressive

language ability.
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The ability to express oneself through language is an
essential part of the human experience. Through the
development of spoken language, children are able to
communicate their wants and needs, express their
thoughts and feelings, and engage in interactions with
others. Expressive language skills are also predictive of
academic outcomes (e.g. reading and writing; Berninger
& Abbott, 2010). As a result, impairments in expressive
language can greatly impact these processes, and lead to
difficulties throughout the lifespan. Children with autism
spectrum disorder (ASD) have core impairments in social
communication; however, outside of social communica-
tion, expressive structural language abilities vary greatly.

Expressive language difficulties, however, are not
unique to children with ASD. Language delays or
impairments are common across children with other
neurodevelopmental disorders, such as fragile X syn-
drome (FXS). FXS is the leading inherited cause of
intellectual disability and is the result of a single gene
mutation (FMRI) on the X chromosome (Verkerk et al.,
1991). FXS is an interesting comparison group for chil-
dren with ASD because there is a high comorbidity
between FXS and ASD (FXS+ ASD). Depending on
the diagnostic measures used, recent rates have estimat-
ed that 27-75% of males with FXS have a co-diagnosis
of ASD (FXS+ ASD; e.g. Bailey et al., 2008; Clifford
et al., 2007; Klusek et al., 2014a). Thus, comparative
studies between children with FXS + ASD and idiopath-
ic ASD provide a unique opportunity to investigate
whether ASD influences expressive language in a similar
way in children who also have FXS. Therefore, the pre-
sent study explored whether boys with FXS 4+ ASD have
a distinct expressive language profile compared to boys
with idiopathic ASD and examined whether this differed
depending on sampling context.

Expressive language in children with
idiopathic ASD and children with FXS

Autism spectrum disorder

ASD is diagnosed on the basis of impairments in social
communication and restricted interests and repetitive
behaviors (American Psychiatric Association, 2013).
Although not a part of the diagnostic criteria, delays
in language acquisition are present in the majority of
young children with ASD; in fact, delayed language
abilities are often the primary reason for initial diag-
nostic referral (Richards et al., 2016). While pragmatic
language deficits are considered universal, the presen-
tation of expressive language impairments in vocabu-
lary and grammar are more variable in verbal children
with ASD (Tager-Flusberg et al., 2011). Specifically, a
substantial number of children with ASD (as many as
60%) demonstrate impairments in one or more of these
domains compared to children with typical develop-
ment (TD), and many children present with uneven
expressive language profiles (e.g. better vocabulary
than grammar; see Boucher, 2012; Tager-Flusberg
et al., 2011). For example, research has shown that
many children with ASD often produce a fewer
number of different words in spontaneous language
samples than chronological age-matched peers with
TD (Condouris et al., 2003), but are similar to children
with TD when matched on nonverbal mental age or
receptive language (Eigsti et al., 2007). In terms of
grammar, though, studies have shown that many chil-
dren with ASD use less complex and diverse sentences
compared to chronological age-matched and mental
age-matched children with TD (Bacon et al., 2019;
Eigsti et al., 2007; Park et al., 2012).
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Fragile X syndrome

Expressive language impairments are also common in
FXS. Like other X-linked disorders, males are differen-
tially affected compared to females, and the effects are
often more severe in males because they do not have an
additional unaffected X chromosome to help to buffer
the effects of the mutated X chromosome (Loesch et al.,
2002). Due to these sex differences, the present study
and the following discussion are focused on males with
FXS. In general, males with FXS have greater deficits in
language production than comprehension (Roberts
et al., 2001), and all aspects of expressive language are
delayed relative to chronological age expectations,
including pragmatics, vocabulary, and grammar (e.g.
Martin et al., 2013; Roberts et al., 2001). Moreover,
studies typically show that the expressive vocabulary
and grammatical abilities of boys with FXS are
impaired compared to younger children with TD
matched on nonverbal mental age (e.g. Kover et al.,
2012; Martin et al., 2013). Spontancous expressive lan-
guage in males with FXS has also been characterized as
more rapid, unintelligible, and perseverative or repeti-
tive than mental age-matched peers with TD (Klusek
et al., 2014b; Kover et al., 2012; Martin et al., 2012).
Yet, these findings depend in some cases on the ASD
severity of boys with FXS. In fact, research suggests that
boys with FXS + ASD present with a rather distinct phe-
notype of social behavior, with similarities to ASD in the
general population (Budimirovic et al., 2006; Hernandez
et al., 2009). In terms of language, differences in expres-
sive language are often even more pronounced for boys
with FXS+ ASD, who tend to have greater pragmatic
deficits (Klusek et al., 2014b; Losh et al., 2012; Martin
et al., 2013, 2017), speech that is less intelligible (Kover
& Abbeduto, 2010), and language that is more persev-
erative (Martin et al., 2012, 2018) compared to boys with
FXS-Only. In terms of vocabulary and grammar, boys
with FXS + ASD often do not differ significantly from
boys with FXS-Only (e.g. Kover et al., 2012; McDuffie
et al., 2012; Price et al., 2008; Roberts et al., 2007a,
2007b). However, several studies found that after
controlling for nonverbal mental age, boys with
FXS + ASD had significantly lower expressive vocabu-
lary and grammatical abilities compared to boys with
TD, whereas the performance of boys with FXS-Only
did not differ from TD controls in some cases, suggest-
ing a negative influence of ASD beyond the effect of
FXS (Price et al., 2008; Roberts et al., 2007a, 2007b).

Comparisons between boys with
idiopathic ASD and boys with FXS + ASD

Given the differences in language ability between boys
with FXS-Only and FXS + ASD, and the number of

boys with FXS who meet criteria for a comorbid ASD
classification, previous work has examined if boys with
FXS + ASD have a distinguishable language pheno-
type compared to idiopathic ASD. Although limited,
research on expressive language abilities in these
groups has been mixed, making it difficult to discern
the areas of linguistic overlap and distinction in boys
with FXS + ASD and idiopathic ASD. For example,
after controlling for nonverbal cognition, ASD severi-
ty, and chronological age, Thurman et al. (2017) found
that boys with FXS+ ASD had better standardized
expressive vocabulary scores than boys with idiopathic
ASD. However, the boys with FXS 4+ ASD and idio-
pathic ASD did not differ on a standardized measure of
grammar. Similarly, after controlling for nonverbal
mental age, receptive vocabulary, and expressive
vocabulary and grammar, others have found that
boys with FXS+ ASD and idiopathic ASD do no
differ in terms of the overall frequency (Martin et al.,
2018) or rating of perseverative language (Klusek et al.,
2014b). Interestingly, Martin et al. (2018) found that
boys with FXS + ASD and ASD had a higher frequency
of perseveration than boys with FXS-Only but not boys
with TD. In contrast, Klusek et al. (2014b) found that
ratings of perseverative language were similar across
boys with FXS-Only, FXS + ASD, and ASD, and all
groups were more perseverative than boys with TD.
Other comparative studies have documented poorer
expressive language abilities in children with
FXS+ ASD compared to children with idiopathic
ASD. Haebig and Sterling (2017) found that boys with
idiopathic ASD had significantly higher expressive
vocabulary growth scores than the boys with
FXS 4+ ASD who were matched on ASD symptom
severity. Also, when boys with FXS + ASD and idio-
pathic ASD are similar or matched on ASD symptom
severity, boys with FXS+ ASD demonstrate greater
impairments in the production of specific morphemes
(i.e. auxiliary be verbs; Sterling, 2018) and use more
single-utterance perseverations (Friedman et al., 2018).
Additionally, analysis of language samples has indicat-
ed that the language of boys with FXS + ASD is less
intelligible than boys with idiopathic ASD, as well as
boys with FXS-Only and TD (Klusek et al., 2014b).
These inconsistencies between studies appear to be
partially reflective of differences in matching methods
and/or assessment type utilized. In terms of matching,
a greater number of language deficits have been iden-
tified in boys with FXS+ASD when studies have
matched on criteria such as ASD severity, instead of
controlling for factors such as nonverbal mental age.
The motivation for comparing these groups on ASD
severity instead of nonverbal mental age is rooted in
that fact that impaired cognition is a core impairment
in males with FXS, but not children with idiopathic
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ASD. Therefore, comparisons that control for cogni-
tion can be difficult to interpret given that intellectual
disability is inseparable from the disorder (Dennis
et al., 2009). Matching on ASD severity can be infor-
mative because this is a behavioral phenotype that is
shared by boys with idiopathic ASD and FXS + ASD.

Beyond matching considerations, it is also impor-
tant to consider the way in which language is being
assessed as each technique can serve a different purpose
and provide unique information. For example, while
standardized assessments can provide a quick appraisal
of language performance, many measures tend to pro-
vide a single score that aggregates performance across a
range of language domains. Some standardized assess-
ments are also prone to floor effects in individuals with
intellectual disabilities (Mervis & Robinson, 2005). In
contrast, other measures, such as spontaneous lan-
guage samples, are often more in line with real-world
practical contexts and are sensitive to small differences
in more narrowly defined, but perhaps clinically mean-
ingful domains of language. As such, language samples
may be well-suited for comparing and characterizing
the language profiles of children with phenotypically
similar developmental disorders. With these points in
mind, the first aim of the study was to compare the
expressive language profiles of boys with FXS + ASD
and idiopathic ASD matched on ASD severity using
spontaneous language samples.

Language sampling methods: Using the
Autism Diagnostic Observation Schedule

Traditionally, language sampling contexts have includ-
ed narration as well as conversations elicited through
free play or semi-structured interviews with an exam-
iner or a caregiver. More recently, an increasing
number of studies have begun to use other assessment
tools, such as the Autism Diagnostic Observation
Schedule (ADOS, ADOS-2; Lord et al., 1999, 2012),
to examine the language abilities of children with
FXS and ASD (e.g. Estigarribia, et al., 2011; Klusek
et al., 2014b; Martin et al., 2018; Park et al., 2012;
Roberts et al.,, 2007a). Indeed, Tager-Flusberg and
expert colleagues (2009) noted the value of using mul-
tiple language samples in the assessment process, and
recommended the ADOS as a way to collect natural
language samples in children with ASD. The ADOS is
a diagnostic assessment designed to evaluate ASD
symptomology. However, it may also provide a practi-
cal way to obtain language samples in individuals with
ASD and FXS given that it is often administered as
part of a study procedure. The ADOS includes numer-
ous social presses and activities which can provide an
excellent opportunity to evaluate pragmatics, as well as

semantics, morphology, and grammar (e.g. responses
to questions, responses to examiner comments, descrip-
tions of a picture). Moreover, given the semi-structured
nature of the ADOS, administration is uniform across
children while also allowing the examiner to flexibly
follow the child’s lead, making it a potential context
for obtaining a naturalistic language sample (Tager-
Flusberg et al., 2009).

It is currently not well understood though how the
linguistic samples obtained from the ADOS may com-
pare to those obtained using more traditional language
sampling techniques. It is important to examine this
because different language sampling contexts may
influence the language that a child produces, which
can have implications in both clinical and research set-
tings. For example, previous research has shown that
children often produce more grammatically complex
sentences during narrative contexts compared to con-
versational contexts, but children are generally more
talkative (producing more words or utterances) in con-
versational contexts (e.g. Abbeduto et al., 1995; Kover
& Abbeduto, 2010; Kover et al., 2012; Murphy &
Abbeduto, 2007; Westerveld et al., 2004). Thus, the
intrinsic properties of the method selected may yield
different information in terms of language perfor-
mance, and impact the conclusions reached about
children’s expressive language profiles (Abbeduto
et al., 1995; Finestack et al., 2014; Kover et al., 2012;
Southwood & Russell, 2004). Given that the structure
of the ADOS differs from both a narrative as well as a
traditional conversation sample, it would not be sur-
prising for language performance to differ when com-
paring the ADOS to these other sampling techniques.

Only two studies have compared children’s language
samples from the ADOS to more traditional sampling
contexts to directly assess whether the properties of the
ADOS may in fact yield different linguistic profiles.
One of these studies included school-age boys with
FXS (Martin et al.,, 2012) and the other included
preschool-age children with ASD (Kover et al., 2014).
Martin et al. (2012) used a language sample from the
ADOS, as well as a separate narrative task, to examine
differences in the frequency of perseveration in 6-16-
year-old boys with FXS-Only, FXS + ASD, and Down
syndrome (DS), and boys with TD between 3 and
6years of age. Nonverbal mental age was controlled
for in the analyses. Boys with FXS-Only and
FXS + ASD used a greater frequency of topic persev-
eration during the ADOS sample compared to the nar-
ration task. Moreover, boys with FXS + ASD, DS, and
TD used more conversational device perseveration
during the ADOS sample (e.g. “hmm”, “I don’t
know”, “oh man”). In contrast, boys with TD used
more utterance level perseveration during the narrative
task than the ADOS. Using a younger sample of
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preschool children with ASD, Kover et al. (2014) com-
pared a language sample from the ADOS to two con-
versational play-based language samples (parent—child
play and examiner—child play). Assessing a wider-range
of expressive language features, they found that children
with ASD produced language with more grammatical
and semantic complexity, and made more comments
and requests in the examiner-and/or parent-child play-
based language samples compared to the ADOS.
Additionally, the parent-child play-based language sam-
ples yielded increased turn-taking utterances compared
to the ADOS. As a result, the authors noted concerns
that the ADOS may underestimate certain language
skills in young children with ASD.

The findings from these two studies (Kover et al.,
2014; Martin et al., 2012) provide valuable information
about the utility of the ADOS and further suggest that
the ADOS may yield a different profile of expressive
language than other traditional language sampling
techniques for children with neurodevelopmental dis-
orders. However, a number of questions remain. It is
still unclear whether the context differences (conversa-
tion vs. ADOS) seen in young children with idiopathic
ASD (Kover et al., 2014) would also emerge for boys
with FXS + ASD across a wide range of expressive lan-
guage abilities, and in older children with idiopathic
ASD. Moreover, the ADOS has yet to be compared
to an interview-style or semi-structured conversation
(a commonly used technique with school-age children).
Additionally, it is still unclear whether similar context
effects may emerge for boys with idiopathic ASD and
boys with FXS + ASD, or whether context may differ-
entially impact the expressive language produced by
boys with idiopathic ASD compared to FXS+ ASD.
With these points in mind, the second aim of the study
was to extend this previous work by comparing the
ADOS to a semi-structured conversation in a sample
of school-age boys with idiopathic ASD and
FXS + ASD. Such comparisons can help to provide
insight into whether these common sampling contexts
are eliciting the same type of language, or if they are
instead more ideally suited to eliciting different kinds of
language. In turn, this information may help research-
ers and clinicians make more informed decisions when
selecting language sampling contexts. Finally, by
including both clinical groups, we are not only able
to explore context differences, but evaluate whether
the ADOS could be used to distinguish between the
language profiles of children with phenotypically simi-
lar, but genetically distinct, neurodevelopmental disor-
ders. This is particularly important to consider given
the practical application of using the ADOS as a lan-
guage sampling context in these populations.

Overview of the present study

The current study compared the expressive language
profiles of boys with FXS + ASD and idiopathic ASD
matched on ASD severity and evaluated whether sim-
ilar linguistic characteristics were observed equally
across different language sampling contexts. In partic-
ular, we explored whether boys’ expressive language
performance would differ when elicited from a lan-
guage sample collected from the ADOS compared to
a traditional semi-structured conversation sample. To
expand on the current literature, we coded for talka-
tiveness, lexical diversity, mean length of utterance
(MLU), intelligibility, and perseveration.

As such, this study aimed to address two research
questions: (1) are there differences in expressive lan-
guage performance in boys with FXS+ ASD and
boys with idiopathic ASD? and (2) how does the
expressive language ability of boys with FXS -+ ASD
and idiopathic ASD vary across language sampling
contexts (i.e. conversation, ADOS)? In line with previ-
ous studies that have used more nuanced types of lan-
guage assessments (Friedman et al., 2018; Klusek et al.,
2014b; Sterling, 2018), we predicted that boys with
FXS 4+ ASD would produce language samples that
were shorter and less lexically diverse, as well as more
unintelligible and perseverative than those of boys with
idiopathic ASD. Based on the findings of Kover et al.
(2014), it was expected that boys in both groups would
be less talkative, use fewer different words, and pro-
duce sentences with lower MLU during the ADOS
compared to the conversational language sample.
Also, we hypothesized that the participants in both
groups would be less intelligible and more perseverative
during the ADOS (Martin et al., 2012).

Methods

Participants

Participants included 19 boys with FXS 4+ ASD and 18
boys with idiopathic ASD between 9 and 16years of
age. All boys with FXS + ASD had the full mutation,
confirmed via previous genetic testing, and all boys
with idiopathic ASD had prior genetic testing to rule
out FXS. Additionally, the boys with ASD had a com-
munity diagnosis of ASD, which was provided previ-
ously by a physician, neurologist, psychiatrist, or
psychologist. All children met ASD criteria on the
ADOS (Lord et al., 1999, 2012), as well as the
Autism Diagnostic Interview-Revised (Rutter et al.,
2003) which is a parent-based interview of children’s
past and present behaviors. All boys were monolingual
English speakers, as indicated by parent report, and
were part of a larger study on grammar and language
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Table I. Participant characteristics.

ASD* FXS + ASD? t (df) p Cohen’s d Variance ratio
Chronological age (years) 13.25 (1.91) 12.19 (2.01) 1.64 (35) A1 54 111
ADOS severity score® 7.50 (1.72) 7.21 (1.81) 0.50 (35) 622 A7 112
Average MLU® 431 (1.70) 3.80 (0.92) 1.18 (35) 249 38 0.28
Nonverbal IQ° 70.44 (21.46) 47.16 (7.84) 4.43 (35) .0001 111 0.13
PPVT-4 standard score 78.94 (20.20) 60.42 (12.29) 3.39 (35) .002 112 0.40
EVT-2 standard score 80.22 (18.84) 62.58 (11.91) 3.43 (35) .002 .44 0.37

ASD: autism spectrum disorder; FXS + ASD: fragile X syndrome -+ autism spectrum disorder; MLU: mean length of utterance; PPVT-4: Peabody Picture
Vocabulary Test, Fourth Edition; EVT-2: Expressive Vocabulary Test, Second Edition.

*Autism Diagnostic Observation Schedule.

bAveralge MLU in morphemes from conversation and ADOS language samples.
“Nonverbal IQ from brief IQ score from the Leiter International Performance Scale—Revised.

9Standard deviations are in parentheses.

assessment in FXS and ASD (e.g. Friedman et al.,
2018; 2019; Haebig et al., 2016; Haebig & Sterling,
2017; Sterling, 2018). Participants were recruited from
a research registry run by the University of North
Carolina at Chapel Hill and the Waisman Center at
the University of Wisconsin-Madison, as well as from
a national parent listserv, the National Fragile X
Foundation, and the Interactive Autism Network.
The participants were from 15 different states.

Of the boys with FXS+ASD, 15 were White
(78.95%), two were African-American (10.53%), one
reported more than one race (5.26%; American-Indian
and White), and one reported “other” (5.26%). Two
boys with FXS+ ASD were reported to be Hispanic
or Latino (10.53%) and ethnicity was not reported for
two boys (10.53%). Of the boys with idiopathic ASD, 15
were White (83.33%), one was African-American,
White, and “other” (5.56%), one was African-
American and White (5.56%), and one reported
“other” (5.56%). One boy with idiopathic ASD was
Hispanic or Latino (5.56%), and ethnicity was not
reported for two boys with idiopathic ASD (11.11%).

Group matching

The boys with FXS + ASD were matched to boys with
idiopathic ASD on ASD severity following the guide-
lines outlined in Kover and Atwood (2013). The groups
were also similar on chronological age and average
MLU in morphemes, which was determined by averag-
ing the MLUs across the conversation sample and
ADOS sample. Given that the present study was
focused on comparing the expressive language skills
of boys with FXS+ ASD and boys with idiopathic
ASD, MLU was selected as a variable in order to con-
trol for variation in language. MLU-based compari-
sons are common in studies of children with
neurodevelopmental disorders and language impair-
ments (e.g. Haebig et al., 2016; Hoover et al., 2012;
Levy et al., 2006; Rice et al., 2006; Sterling, 2018).

MLU was also selected as a matching variable because
it has reliable normative data (e.g. Rice et al., 2010).
Thus, MLU-based comparisons allowed the findings
from this study to be evaluated within the context of
the broader expressive language literature. It should be
noted that while several boys had MLUs above 4.0, the
mean MLU for the two groups was right around 4, or
even less than 4 (mean MLU for boys with ASD =4.31;
mean MLU for boys with FXS =3.80). The range for
MLU was also similar across the groups (ASD: 1.53—
6.84; FXS + ASD: 2.13-5.58). Although the interpreta-
tion of MLUs that are above 4.0 can be less clear-cut
when assessing language complexity, there is psycho-
metric evidence to support the use of MLU beyond 4.0
as an appropriate measure of grammar in childhood as
well as adolescence (Channell et al., 2018; Heilmann
et al., 2010; Nippold et al., 2005; Rice et al., 2010).
See Table 1 for more descriptive and statistical infor-
mation regarding these matching variables, as well as
additional participant characteristics.

Procedure

All testing was completed at the Waisman Center during
the course of a single visit. The university’s Institutional
Review Board approved the study procedures. After
obtaining informed written consent from the legal
guardian and oral assent from the child, the children
completed a number of cognitive and linguistic norm-
referenced assessments, a conversational language
sample, and the ADOS. The assessments were video-
taped and audiotaped for off-line transcription. The
participants were given breaks between testing as
needed. Each participant was given a small honorarium.

Norm-referenced assessments

Nonverbal 1Q was measured using the Leiter
International Performance Scale-Revised (Roid &
Miller, 1997). The brief 1Q composite is computed
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using four subtests: Figure Ground, Form Completion,
Sequential Order, and Repeated Patterns. This test was
used to help characterize the sample and benchmark this
population within the broader intellectual disabilities’
literature.

The participants also completed measures of expres-
sive and receptive vocabulary in order to further
describe the sample’s language abilities. Specifically,
each child was given the Expressive Vocabulary Test,
Second Edition, as a measure of expressive vocabulary
(Williams, 2007) along with the Peabody Picture
Vocabulary Test, Fourth Edition, which measures
vocabulary comprehension (Dunn & Dunn, 2007).

Language sampling measures

Conversation sample. Each child completed a 10-minute
semi-structured, interview-style conversation with the
examiner. Following the procedures outlined by
Berry-Kravis et al. (2013), the conversation sample
began with a topic related to the participant’s specific
interest based on parent report. For the remainder of
the conversation, the examiner followed a set list of
topics and a script for introducing and following up
on topics. This helped ensure comparability across
boys. Topics included sports, pets, school, hobbies/
interests, families, and vacations. Throughout the con-
versation, the trained examiner employed language elic-
itation techniques such as open-ended prompts (e.g.
“tell me more about that”) to encourage the participant
to talk. At the same time, the examiner minimized her
use of yes/no questions as well as her own talk.

ADOS sample. As part of an ASD diagnostic battery,
each child completed the ADOS, first or second edition
(Lord et al., 1999, 2012). As described earlier, the ADOS
is a semi-structured assessment of ASD symptoms. The
ADOS examiner was either research reliable or training
to be research reliable, with a research reliable examiner
present for coding. The ADOS has four modules, and
selection of the module is based on the child’s expressive
language level. The boys in this study received either a
Module 2 (phrase-level language) or Module 3 (verbally
fluent). For our 10-minute ADOS sample, we selected
the tasks that overlapped between Modules 2 and 3,
which included: description of a picture, joint interactive
play, demonstration task, conversation and reporting,
make-believe play, and telling a story from a book.
Given that children completed the tasks in different
amounts of time, children varied in the number of tasks
they completed to reach a 10-minute language sample.
However, for all children, the majority of their language
sample (M =86.44%; SD=12.82%) was taken from
description of a picture, joint interactive play, and the
demonstration task because these tasks provided ample

opportunity for a communicative interchange in a min-
imally structured setting. If children did not meet the 10-
minute mark after these three tasks, conversation and
reporting was included, followed by make-believe play,
and then telling a story from a book, in order to meet the
time requirement. Ten (27.03%) of the children’s ADOS
samples included three tasks, 15 (40.54%) included four
tasks, 10 (27.03%) included five tasks, and two (5.41%)
included all six tasks. Boys with FXS + ASD (M =4.37;
SD =0.89) were similar to the boys with idiopathic ASD
(M =3.83; SD=0.79) on the total number of tasks
needed to reach a 10-minute language sample, ¢
(35)=-1.93, p=.062, d=.64.

Transcription and coding

The language samples were transcribed using the
Systematic Analysis of Language Transcripts software
(SALT; Miller et al., 2011) by trained undergraduate
and graduate students. The unit of segmentation was
the C-unit, which refers to an independent clause and
all subordinate clauses attached to it. All of the expres-
sive language outcomes were calculated out of the com-
plete and intelligible utterances that the child produced,
with the exception of percent intelligibility, which was
calculated from the total utterances produced by the
child. With the exception of perseverative language
codes, all of the following language variables were pro-
duced using SALT. These variables included:

Talkativeness. Talkativeness was defined as the number
of total intelligible utterances the child produced.

Intelligibility. Intelligibility was determined by taking the
proportion of the child’s intelligible utterances out of
the total number of child utterances.

Lexical diversity. Lexical diversity was determined by
using the moving-average type—token ratio (MATTR;
Covington & McFall, 2010). MATTR is a computa-
tional technique used for quantifying lexical diversity
that can be interpreted similarly to the normal type
token ratio, with larger MATTR scores indicating
greater lexical diversity. However, it minimizes the
effect of sample length because it estimates the type/
token ratio (TTR) using a moving window, and is a
more accurate measure of lexical diversity than TTR
(Stills, 2016). For example, for a window length of 100
words, it calculates TTR for words 1-100, 2-101, 3—
102, and so on to the end of the sample. The final
number is the average of all of the TTRs. MATTR
has been used to examine lexical diversity in children
and adults with TD (Fergadiotis et al., 2015; Stills,
2016) and adults with speech disorders (Fergadiotis
et al., 2013).
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Grammatical complexity. Grammatical complexity was
determined using MLU in morphemes. MLU indicates
increasing complexity at the phrasal level, clausal level,
and level of argument structure (Scott & Stokes, 1995;
Scott & Windsor, 2000).

Frequency of perseveration. Given that repetitive or per-
severative language is produced by both boys with idi-
opathic ASD and FXS + ASD (Friedman et al., 2018;
Martin et al., 2012, 2018), we were also interested in
the frequency of perseverative language. Perseverative
language was coded using the Martin et al. (2012)
published coding scheme. These codes included utter-
ance, topic, and conversational device perseverations.
Utterance-level perseveration was coded when a child
repeated a word, phrase (e.g. “It’s a bowling pin, bowl-
ing pin.”), or entire utterance (e.g. “I like football. I like
football.”) in immediate succession. Topic persevera-
tion was coded when a child repeated a topic, theme,
or idea three or more times in an excessive manner at
any point throughout the language sample. Although
the conversation sample did encourage examiners to
ask open-ended follow-up questions about the same
topic, utterances were only coded as perseverative if
the child continued to discuss the topic after the topic
of conversation had changed. Conversational device
perseveration was defined as the excessive repetition
(three or more instances) of rote or conventional
words, phrases, or sayings (e.g. “Oh man”, “Cool”).
Each perseverative language code was calculated as a
proportion (e.g. the number of utterance perseverations
divided by the total number of utterances).

Reliability

SALT reliability. Eight (21.62%) of the conversation lan-
guage samples and eight (21.62%) of the ADOS tran-
scripts were transcribed in SALT independently by a
second transcriber. Reliability for SALT variables was
calculated line-by-line. In line with other studies (e.g.
Hogan-Brown et al., 2013; Lee et al., 2018), overall
agreement between primary and reliability coders for
the conversational language samples was 83.21% for
utterance segmentation, 78.70% for number of mor-
phemes, 80.37% for number of words, 95.70% for
unintelligibility, and 87.33% for word identification.
Overall agreement between the primary and reliability
ADOS transcriptions was 78.24% for utterance seg-
mentation, 79.28% for number of morphemes,
80.89% for number of words, 90.33% for unintelligi-
bility, and 82.33% for word identification. Although
reliability was slightly below 80% for several variables,
it has been noted that exact agreement between raters
of 70% is often sufficient for more complex coding
(Hartmann et al., 2004), such as morphemes.

Perseveration reliability. A second independent coder
completed perseverative language coding for eight
(21.62%) of the conversation language samples and
10 (27.03%) of the ADOS transcripts. Reliability was
calculated from these files using Cohen’s kappa’s.
Reliability values for the conversation transcripts
were .53 for topic perseverations, indicating moderate
agreement, .93 for utterance perseverations, indicating
near perfect agreement, and .69 for conversational
device perseverations, indicating substantial agreement.
Values for the ADOS transcripts were .97 for topic
perseverations, indicating near perfect agreement, .79
for utterance perseverations, and .71 for conversational
device perseverations, both indicating substantial
agreement (Hallgren, 2012).

Data analysis plan

In order to examine group differences (research ques-
tion one) as well as context differences (research ques-
tion two) in expressive language ability, we conducted a
series of mixed-model ANOVAs. The between-subjects
variable was Diagnostic Group (FXS + ASD, idiopath-
ic ASD) and the within-subjects variable was Sampling
Context (10-minute conversation sample, 10-minute
ADOS sample). Separate mixed-model ANOVAs
were run for talkativeness, lexical diversity, intelligibil-
ity, and frequency of perseveration. Thus, we present
our findings for research questions 1 and 2 together for
almost all expressive language variables. However,
because MLU was used as a matching variable, we
only analyzed context differences (research question
2) in grammatical complexity using a repeated meas-
ures ANOVA instead of a mixed-model ANOVA.
Given the number of variables analyzed, Holm-
Bonferroni corrections were used in follow-up analyses.
Effect sizes were interpreted as small (11,,2 =.01),
medium (171,2 =.06), and large (111,2 =.14; Cohen, 1988).
Although the average 1Q of the boys with ASD was
also in the intellectual disability range (M =70.44,
SD =21.46), there was still a significant difference in
nonverbal IQ between boys with FXS+ ASD and
ASD. Therefore, 1Q was considered as a covariate. In
line with best-practice guidelines, correlation analyses
were first completed to assess whether there was a rela-
tionship between nonverbal 1Q and the dependent var-
iables (Tabachnik & Fidell, 2001). Correlations were
run separately for each diagnostic group. After correct-
ing for multiple comparisons using the Holm-—
Bonferroni method, analyses revealed that nonverbal
1Q was not correlated with any of the dependent var-
iables for boys with FXS + ASD or ASD, p > .052.
Moreover, Dennis et al. (2009) discussed that there
are theoretical and methodological concerns with con-
trolling for nonverbal 1Q in studies of children with
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neurodevelopmental disorders. As noted earlier, when
nonverbal 1Q is adjusted for in clinical populations
where intellectual disability is a central part of the dis-
order, findings may be difficult to interpret, given that
intellectual disability is inextricable from the disorder.
Specifically, Dennis et al. (2009) state that covarying
for IQ in groups that inherently differ on IQ can pro-
vide a comparison of groups at values that may not
exist in nature or are unrepresentative of the popula-
tion. With regards to the present study, intellectual dis-
ability has a significantly higher prevalence in males
with FXS (more than 90%; Hessl et al., 2009) than
males with idiopathic ASD (15.8-31%; Baio et al.,
2018; Ryland et al., 2014). As a result, comparisons
that covary 1Q may limit the clinical validity and gen-
eralizability of the findings. Therefore, we chose not to

include nonverbal 1IQ as a covariate. Given these con-
cerns, others have similarly compared various aspects
of language in boys with FXS+ ASD and idiopathic
ASD without using 1Q as a covariate (Friedman et al.,
2018, 2019; Haebig & Sterling, 2017; Sterling, 2018).

Results

Comparisons of boys with FXS + ASD and idiopathic
ASD across sampling contexts

Table 2 presents the means and standard deviations for
all expressive language variables compared across the
two groups and the two contexts. We present the find-
ings from each analysis below. Figure 1 highlights the

Table 2. Group differences on the conversation and ADOS language samples.

ASD FXS +ASD
Expressive
language variable Variable definition Conversation ~ ADOS Conversation ~ ADOS
Talkativeness® Total number of utterances 117.50 (34.04) 96.39 (36.37) 129.63 (31.82) 110.32 (42.10)
Lexical diversity® Moving-average type/token ratio .61 (.05) .59 (.06) .54 (.04) .54 (.05)
Grammatical complexity®  Mean length of utterance 4.65 (2.00) 3.97 (1.56) 4.02 (1.02) 3.57 (0.74)
Intelligibility™>< Proportion of intelligible .99 (.01) .98 (.03) .96 (.04) .88 (.12)
utterances
Perseveration
Utterance Total utterance level persevera- .01 (.03) .01 (.02) .02 (.02) .02 (.02)
tions/total utterances
Topic*® Total topic level perseverations/ A5 (.12) .09 (.15) 27 (.18) 13 (.10)
total utterances
Conversation Total conversational device per- .05 (.06) .09 (.08) .06 (.08) .07 (.08)
severations/total utterances
*Main effect of context.
®Main effect of diagnostic group.
“Significant interaction between context and diagnostic group.
Note: Standard deviations are in parentheses.
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Figure 1. Significant group differences (collapsed across context). Standard error bars are shown.

ASD: autism spectrum disorder; FXS: fragile X syndrome.



Autism & Developmental Language Impairments

140
120
100
30
60
40

20

Total Number of Utterances

Conversation ADOS
Talkativeness

1.00

0.80

0.60

0.40

0.20

Proportion of Intelligible Utterances

0.00
Conversation ADOS

Intelligibility

by by
= =3
S S

—

g
=)
S

1.00

Mean Length of Utterance

0.00
Conversation ADOS
Grammatical Complexity

0.30
0.25
0.20
0.15

0.10 I

0.05

Proportion of Topic Perseveration

0.00
Conversation ADOS
Topic Perseveration

Figure 2. Significant context differences (collapsed across group). Standard error bars are shown.

ADOS: Autism Diagnostic Observation Schedule.

significant group differences and Figure 2 highlights
the significant context differences.

Talkativeness. The mixed-model ANOVA revealed that
boys produced significantly more utterances in the con-
versation sample than in the ADOS sample, F(1, 35)=
16.35, p=.0001, npz =.32. There was no main effect of
diagnostic group, F(1, 35)=1.44, p=.238, ;11,2 =.04, or
significant interaction between diagnostic group and
sampling context, F(1, 35)=.03, p=.859, npzz .001.

Lexical diversity. Analyses revealed that boys with idio-
pathic ASD had more lexically diverse language sam-
ples (i.e. greater MATTRs) than boys with FXS+
ASD, F(1, 35)=11.87, p=.001, 17,,2:.25. No differ-
ences in lexical diversity were found between the con-
versation and ADOS samples, F(1, 35)=1.74, p=.196,
;71,2: .05. Similarly, no significant interaction was pre-
sent, F(1, 35)=0.76, p=.391, 5, = .02.

Grammatical complexity. In terms of grammatical com-
plexity, children’s utterances were more complex
during the conversation sample than the ADOS
sample, F(1, 36) =13.46, p=.001, n,° = .27.

Intelligibility. Analyses revealed a significant interaction
between sampling context and diagnostic group, F(1,
35)=6.51 p=.015, ;7,,2 =.16, as well as significant main
effects of sampling context, F(1, 35)=10.54, p=.003,
171,2: .23, and diagnostic group, F(1, 35)=13.06,
p=.001, r],,z =.27. Follow-up tests with Holm-—
Bonferroni corrections revealed that the utterances of
boys with idiopathic ASD were more intelligible than
the utterances of children with FXS + ASD in both the
conversation, #(21.51)=3.11, p=.013, and ADOS sam-
pling contexts, #(19.77) = 3.30, p =.009. Moreover, both
boys with idiopathic ASD and boys with FXS+ ASD
produced a higher proportion of intelligible speech
during the conversation than the ADOS (respectively,
t(17)=-2.22, p=.040; 1(18) =-3.02, p = .014). However,
there seems to be a larger difference between context for
the boys with FXS + ASD than the boys with ASD.

Perseveration. In terms of topic perseveration, analyses
revealed a significant main effect of sampling context, F
(1, 35)=12.08, p=.001, 11,,2:.26, as well as a signifi-
cant main effect of diagnostic group, F(1, 35)=15.00,
p=.031, 171,2 =.13, but not a significant interaction, F(1,
35)=2.12, p=.155, npzz .06. These results show that
both groups used more topic perseveration during the
conversation than the ADOS, but boys with idiopathic
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ASD used less topic perseveration overall than boys
with FXS + ASD. At the utterance level, no significant
differences were found in terms of sampling context, F
(1, 35)=1.66, p=.205, n,” = .05, or group, F(1, 35) =
2.20, p=.147, np2:.06. Similarly, the proportion of
conversational device perseveration did not differ as a
function of context, F(1, 35)=2.80, p=.090, 5,” = .08,
or group, F(1,35)=0.27, p=.620, 17172 =.01. Moreover,
no interactions were found between group and context
for either utterance, F(1, 35)=0.64, p = .428, 11,,2: .02,
or conversational device perseverations, F(1, 35)=
0.98, p=.330, 1,>=.03.

Discussion

Understanding the individual language profiles of chil-
dren with phenotypically similar, but distinct neurode-
velopmental disorders, such as idiopathic ASD and
FXS + ASD, has both clinical and theoretical implica-
tions. Such comparisons can inform our understanding
of how ASD impacts language, and whether uniquely
tailored language interventions may be needed for these
clinical groups (Abbeduto & Murphy, 2004). However,
studies comparing the expressive language profiles of
the two groups have been limited, and results have been
inconsistent, partially as a reflection of different assess-
ment methods being utilized (Haebig & Sterling, 2017,
Klusek et al., 2014b; Martin et al., 2018; Sterling, 2018;
Thurman et al., 2017). Thus, the purpose of the present
study was to compare the expressive language profiles
of boys with FXS+ ASD and boys with idiopathic
ASD, and to examine whether a similar linguistic pro-
file emerged across two different language sampling
contexts that are commonly used in the literature (i.e.
ADOS, semi-structured conversation; e.g. Estigarribia
et al., 2011; Finestack et al., 2014; Friedman et al.,
2018; Price et al., 2008).

Examination of group differences in expressive
language

Our findings revealed that boys with FXS + ASD gener-
ally demonstrated poorer expressive language skills in
several domains compared to boys with idiopathic
ASD despite being matched on ASD severity and
having similar MLUs and chronological age. Although
groups did not differ in their overall talkativeness, boys
with FXS+ ASD had less lexically diverse language
samples (i.e. lower MATTRSs). This finding aligns with
Haebig and Sterling (2017) who found that boys with
FXS + ASD demonstrated lower standardized expres-
sive vocabulary growth scores compared to ASD sever-
ity matched boys with idiopathic ASD. Additionally, we
found that the speech of boys with FXS 4+ ASD was less
intelligible than that of boys with idiopathic ASD. Even

though intelligibility differed between the groups, and
poor intelligibility is often considered a characteristic
of FXS, intelligibility was quite high in our sample.
For both groups, the average proportion of intelligible
utterances was at or above 88% across all sampling con-
texts. Using a language sample collected from the
ADOS, Barnes et al. (2009) also found that the percent-
age of intelligible words was over 80% for a group of
5-15-year-old boys with FXS 4+ ASD. As a result, our
findings suggest that intelligibility may not be a linguistic
characteristic that should be the primary clinical concern
for boys with FXS + ASD, at least for boys within these
age ranges and when using these types of sampling
contexts.

Although the groups did not differ in terms of utter-
ance or conversational device perseveration, boys with
FXS 4+ ASD did perseverate more on topics, themes,
and ideas throughout the language samples compared
to the boys with idiopathic ASD. This is somewhat at
odds with the results of Friedman et al. (2018) who
found that boys with FXS + ASD used a significantly
greater frequency of single-utterance perseveration
than boys with idiopathic ASD. However, their analy-
ses also indicated that the difference between clinical
groups for topic-level perseveration approached signif-
icance and a large effect size was present (d=.82).
There are several possible reasons why we did not
find a group difference in single-utterance persevera-
tion in the current study. First, our findings are col-
lapsed across two different sampling contexts (ADOS,
conversation), whereas Friedman et al. (2018) found
this pattern of results when simply using a conversation
sample. Secondly, because of the number of dependent
variables in the study, we chose to measure utterance
level perseverations that included one or more repeti-
tions, whereas Friedman et al. (2018) categorized utter-
ance level perseverations under two categories (i.e. one
repetition, more than two repetitions) and analyzed
these variables separately. This discrepancy further
highlights the need to consider the sampling context
as well as the specific facet of language that is
measured.

Examination of context differences in expressive
language

Despite both language samples being 10 minutes in
length, boys in both groups were more talkative, pro-
ducing more utterances, in the conversation sample
compared to the ADOS sample. One explanation for
this difference could be that the semi-structured con-
versation provided more instances that necessitated a
response, and as such the examiner may have provided
a higher level of scaffolding in this context. Moreover,
because the conversation sample was flexibly structured
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around a list of topics, starting with a topic of interest,
boys may have been more engaged during the semi-
structured conversation than during the ADOS. In con-
trast, during the ADOS, the examiner tries to engage the
child in play and social routines that the child may not
be motivated to participate in. Additionally, it is impor-
tant to note that during many portions of the ADOS,
the child is also able to engage with toys or pictures; this
is not the case in the conversation sampling context. In
line with this result, we also found that conversation
samples were more grammatically complex than the
ADOS samples. Given that there were no props or
pictures used, conversation samples may have required
or encouraged more complete or elaborate utterances,
resulting in the longer MLUs. Additionally, both groups
produced a higher frequency of intelligible utterances
in the conversation sample than the ADOS sample.
However, as previously discussed, intelligibility was
still high in both contexts.

In contrast, boys with FXS+ ASD and idiopathic
ASD produced a greater frequency of topic persevera-
tions in the conversation sample compared to the
ADOS. More specifically, the proportion of topic per-
severations almost doubled in the conversational con-
text (21%) compared to the ADOS (11%). One
possible explanation for this may be that the changing
toys/props in the ADOS could have served as an exter-
nal signal to change topics rather than to perseverate
on a specific topic. However, contrary to our findings,
Martin et al. (2012) found that boys with FXS + ASD
used more topic perseverations and conversational
device perseverations in the ADOS compared to a nar-
rative sample. Therefore, different profiles or degrees of
perseveration seem to emerge in different contexts for
boys with FXS + ASD and ASD. This is important to
consider given that topic perseveration is a hallmark
characteristic in individuals with FXS and ASD and
it is important to quantify this variable in addition to
the lexical and grammatical variables that are most
often quantified and analyzed in language samples.

Nevertheless, not all dimensions of language dif-
fered between contexts. In addition to finding similar-
ities in utterance or conversational device perseveration
between contexts, the boys also produced language
samples that were similar in their lexical diversity.
This is at odds with Kover et al. (2014) who found
that preschool-age children with ASD produced fewer
different words during the ADOS than their play-based
language samples. However, a number of methodolog-
ical differences may contribute to this discrepant find-
ing including the specific type of conversational sample
used (semi-structured conversation vs. play), the age of
the participants (school-age vs. preschool), and the spe-
cific way in which lexical diversity was measured
(MATTR vs. number of different words). Finally,

while context differences did emerge, the relative lack
of interaction effects between group and context sug-
gests that the ADOS distinguished between boys with
FXS + ASD and idiopathic ASD in the same manner
as the conversation sample.

Limitations and future directions

Although we believe our findings have important clini-
cal and theoretical implications, several limitations
related to sampling and methodology must be noted.
First, sample sizes were relatively small for both
groups which may have precluded our ability to detect
significant interactions between diagnostic group and
context. However, FXS is a rare disorder, and our
sample size is similar to those of published studies
(McDuffie et al., 2012; Sterling, 2018). Second, our
study did not include a group of boys with FXS-Only
or a group of boys with TD, which limits our ability to
understand the extent to which an ASD diagnosis
impacts expressive language in FXS. Although nonver-
bal IQ was not significantly related to expressive lan-
guage performance, research should also consider
comparing boys with FXS-Only and FXS+ ASD to
boys with idiopathic ASD with and without co-
occurring intellectual disability to better understand
the impact of IQ on language.

In terms of language sampling procedures, it is
important to note that transcription reliability fell
slightly below 80% (range =78-95%) for several con-
versation variables. Moreover, we selected the activities
for the ADOS sample for several reasons (e.g. overlap
between modules, opportunity for minimally structured
communication, and based on previous literature).
However, it is possible that a different combination of
tasks or a longer language sample may have elicited a
different linguistic profile. Relatedly, the number of
tasks completed during the 10-minute ADOS sample
varied across children, which could have influenced
language performance. Future work should assess
whether group differences in expressive language hold
when using all of the ADOS tasks that overlap between
Modules 2 and 3. Finally, while MLU has been found to
strongly correlate with other measures of grammar
(Condouris et al., 2003; Rice et al., 2000), it does not
provide a thorough representation of grammatical
development, particularly at older ages and with more
advanced MLU. Thus, future studies should consider
using the Index of Productive Syntax (Scarborough,
1990), Developmental Sentence Scoring (Lee &
Canter, 1971), or clause density (e.g. Keller-Bell &
Abbeduto, 2007; Nippold et al., 2008; Scott & Stokes,
1995) to provide a more in-depth analysis of how
grammar may be influenced by diagnosis and sampling
context.
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Conclusions and implications

Using spontancous language sampling, we found that
there were overlapping language features (i.e. talkative-
ness, utterance, and conversational device persevera-
tion), as well as distinctions (i.e. lexical diversity,
intelligibility, and topic-level perseveration) in the
expressive language phenotypes of boys with
FXS+ ASD and boys with idiopathic ASD. These
findings help to further elucidate the unique linguistic
profiles of each clinical group. Moreover, we found
that the ADOS sample elicited a relatively different
language profile for boys with FXS+ ASD and idio-
pathic ASD than the conversation sample. A conver-
sation with one person using a semi-structured list of
topics elicited one type of result, whereas the ADOS,
which uses various tasks and manipulatives, produced
a different profile of language in terms of talkativeness,
grammatical complexity, intelligibility, and topic-level
perseveration. Thus, our findings highlight that select-
ing an appropriate sampling technique is essential, par-
ticularly when working with children with complex
disorders. Researchers should keep this information
in mind when interpreting language measures collected
from the ADOS or a conversation sample. Finally,
given that the different properties of a sampling context
may impact the conclusions reached about children’s
expressive language profiles, if it is possible, it may be
best to collect more than one language sample using
multiple sampling techniques to obtain a complete pic-
ture of a child’s linguistic ability (Abbeduto et al., 1995;
Tager-Flusberg et al., 2009).
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