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boundaries, and efficiently access and use information 
from others (e.g., Donald 1991; Vygotsky 1986; Waxman 
and Markow 1995). More generally, language skills sup-
port learning and psychosocial outcomes across a variety 
of domains (e.g., Venter et  al. 1992). Language, however, 
is not a unitary ability, but rather a set of interrelated com-
ponent abilities with the development of each influenced by 
different factors. This is particularly apparent when consid-
ering children with neurodevelopmental disorders, who can 
demonstrate different degrees of impairment across compo-
nents. Thus, research on language development in children 
with neurodevelopmental disorders affords an opportunity 
to understand how language is modified by genetic and 
environmental factors. Furthermore, such research facili-
tates the development of language interventions for these 
children.

ASD is a multifactorial behaviorally defined disorder 
(Ronald and Hoekstra 2011) that is heterogeneous in etiol-
ogy (American Psychiatric Association 2013). In contrast, 
FXS, the most common inherited form of intellectual dis-
ability, results from the silencing of the FMR1 gene, which 
controls production of fragile X mental retardation protein 
(FMRP; Bassell and Warren 2008). Despite these etiologi-
cal differences, there are many similarities between these 
disorders.

Direct comparisons of individuals with FXS+ASD 
and individuals with ASD suggest comparable behavioral 
symptoms. For example, similar weaknesses in pragmatic 
language, including odd/limited gesture use, difficul-
ties following the rules governing reciprocal communica-
tion, atypical rate/intonation, and atypical gaze and facial 
expressions are seen in boys with FXS+ASD and boys 
with ASD (e.g., Klusek et al. 2014; McDuffie et al. 2015). 
In terms of neurobiology, abnormalities in the GABAergic 
signaling system have been implicated in both FXS and 
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ASD (Coghlan et  al. 2012). Furthermore, the actions of 
many of the ASD susceptibility genes identified to date are 
controlled by FMRP, further reinforcing links between FXS 
and ASD (Iossifov et al. 2012). In fact, symptoms of ASD 
are frequently observed in individuals with FXS, with as 
many as 60% of males warranting a comorbid diagnosis of 
ASD, making FXS the most common genetic cause of ASD 
(e.g., Bailey et al. 1998; Clifford et al. 2007; Demark et al. 
2003; Hall et al. 2010; Harris et al. 2008). In contrast, FXS 
accounts for only 2–6% of all cases of ASD (e.g., Cohen 
et al. 2005; Geschwind 2011; Betancur 2011).

Important differences, however, have been noted 
between the two disorders at both the symptom level and 
in the factors associated with similar symptomatology 
(Abbeduto et al. 2014). For example, on average, the sever-
ity of ASD symptomatology is milder in FXS than in ASD, 
even for children with FXS who meet diagnostic criteria for 
ASD (e.g., McDuffie et al. 2015; Wolff et al. 2012). Moreo-
ver, there is evidence to suggest that the developmental 
trajectory of ASD symptomatology is different in FXS and 
nonsyndromic ASD (Thurman et  al. 2015a). These data 
suggest there may be differences in the paths by which sim-
ilar symptoms develop across the two conditions.

It is important to note, however, that little is known 
about the similarities and differences in aspects of these 
phenotypes outside of the behavioral symptoms core to 
the ASD diagnosis. Empirical research focused on the 
similarities and differences across these two conditions in 
other domains of functioning, particularly those that are 
detrimental to adaptive functioning, is important to clarify 
the nature of the relationship between these two conditions 
so as to provide insights into the complex developmental 
mechanisms leading to their phenotypic weaknesses.

Structural language is frequently noted as problematic 
in FXS (Abbeduto and Hagerman 1997) and, although 
no longer part of the criteria for diagnosis in ASD, there 
is evidence of structural language difficulties in individu-
als with ASD (e.g., Kjelgaard and Tager-Flusberg 2001). 
In fact, delays in vocabulary acquisition are often the first 
recognized symptom for young children with ASD (e.g., 
Tager-Flusberg et  al. 2009) and language impairment 
remains a specifier for the ASD diagnosis. A comparison of 
language abilities in ASD and FXS is important given that 
both conditions are characterized by difficulties navigating 
reciprocal social interactions, a developmental pattern that 
can be expected to negatively influence the ways in which 
language is learned and used. The information gained from 
this cross-condition comparison will clarify the nature of 
language difficulties observed in individuals with these dis-
orders and provide insight into the vulnerabilities associ-
ated with language development more generally (Rice et al. 
2005). Moreover, this line of research can elucidate the 
role of FMRP in language development and identify shared 

behavioral targets for potential shared psychopharmacolog-
ical and behavioral interventions in FXS and ASD. In the 
present study, we focus on vocabulary and grammar when 
considering language in these two conditions.

Fragile X Syndrome

Many aspects of the FXS phenotype can negatively affect 
language, such as intellectual disability and behavioral 
challenges (e.g., Cornish et al. 2007; Cordeiro et al. 2011; 
Kau et al. 2000; Harris et al. 2008; Hessl et al. 2009; Scerif 
et al. 2012). Not surprisingly, language difficulties, relative 
to chronological age and/or nonverbal cognitive ability, are 
common in males with FXS (Abbeduto et al. 2007).

Receptive Language

Males with FXS demonstrate receptive language skills well 
below chronological age expectations (Madison et al. 1986; 
Paul et al. 1987; Sudhalter et al. 1992). It is not clear, how-
ever, whether receptive lexical knowledge is comparable to, 
exceeds, or lags behind nonverbal cognitive achievements. 
Indeed, findings have been inconsistent across studies likely 
due to differences in sample characteristics (e.g., age range) 
and the approach used to assess and quantify lexical knowl-
edge, as well as the fact that some studies combined data 
from males and females (Abbeduto et  al. 2003; Madison 
1986; Price et al. 2007; Roberts et al. 2007; Sudhalter et al. 
1992). In addition, results of some studies were based on 
the use of age-equivalent scores, which have poor psycho-
metric properties (i.e., these scores do not actually reflect 
an equal-interval scale), and therefore must be interpreted 
cautiously (e.g., Abbeduto et al. 2003; Price et al. 2007).

In terms of receptive grammar, some studies of males 
with FXS have suggested that level of receptive grammar is 
consistent with nonverbal cognitive ability (Abbeduto et al. 
2003; Paul et al. 1987), whereas other studies (e.g., Oakes 
et  al. 2013; Price et  al. 2007; Roberts et  al. 2001) have 
found below-MA levels of receptive grammar. Again, these 
inconsistencies are likely the result of sample and methodo-
logical differences.

Expressive Language

The expressive language skills of males with FXS, as a 
group, are delayed relative to chronological age expec-
tations (e.g., Madison et  al. 1986; Sudhalter et  al. 1992). 
Although expressive language has been found to be more 
impaired than receptive language (Roberts et al. 2001), it is 
unclear whether this asymmetry characterizes both vocabu-
lary and grammar.

Findings are inconsistent for the lexical domain. Some 
early studies reported higher scores on expressive than 
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on receptive measures of vocabulary for males with FXS 
(Madison et al. 1986; Sudhalter et al. 1991), although Paul 
et  al. (1987) found no differences between these domains 
in a sample of adult males with FXS who were institution-
alized. Differences across studies in the types of words 
included on the assessments, the ways in which lexical 
knowledge was measured, and participant characteristics 
likely contributed to these differing results. More recently, 
Roberts et  al. (2007) found that boys with FXS produced 
fewer different words relative to a cognitively matched 
group of typically developing boys, indicating delays rela-
tive to nonverbal cognitive level.

Early studies of expressive grammar have been incon-
sistent with regard to whether achievements are delayed 
relative to nonverbal cognitive-level expectations in FXS 
(e.g., Paul et al. 1984; Ferrier et al. 1991). More recently, 
however, several studies have reported delays in expressive 
grammatical ability beyond that expected for nonverbal 
mental age in boys with FXS (e.g., Estigarribia et al. 2011; 
Price et al. 2008; Roberts et al. 2007).

Autism Spectrum Disorder

There is an abundance of research documenting qualitative 
difficulties in social-communication in ASD. In compari-
son, research on lexical and grammatical abilities, particu-
larly that which considers the ASD population as a whole, 
is more limited. Evidence suggests that the majority of 
individuals with ASD display language difficulties relative 
to CA- and/or nonverbal cognitive level expectations (e.g., 
Boucher 2012; Klinger et al. 2002). In fact, delays in lan-
guage are often the first recognized symptom of develop-
mental difficulty for children with ASD (and an estimated 
25% of individuals with ASD develop little to no func-
tional language; e.g., Boucher 2012; Klinger et  al. 2002; 
Tager-Flusberg et  al. 2009). Because childhood structural 
language abilities are a strong predictor of long-term out-
comes (e.g., Szatmari et  al. 2009; Tager-Flusberg et  al. 
2005), elucidating the full range of language difficulties in 
individuals with ASD is important.

Receptive Language

Because of the large variation in language outcomes in 
individuals with ASD, a single specific ASD structural 
language profile has not been identified; however, many 
children with ASD demonstrate receptive language diffi-
culties (Boucher 2012). For example, Kjelgaard and Tager-
Flusberg (2001) reported that in their sample of children 
with ASD between 4 and 14 years (n = 89), 26.8% obtained 
receptive vocabulary scores within the normal range (stand-
ard scores ≥85), 12.2% obtained scores in the borderline 
range (standard scores 70–84), and 61% obtained scores in 

the language difficulty range (standard scores <70). Kjel-
gaard and Tager-Flusberg also found that receptive vocabu-
lary was strongly correlated with IQ.

Kjelgaard and Tager-Flusberg (2001) also found that 
standard scores indexing receptive vocabulary abilities 
(PPVT M = 85.57) tended to be higher than standard scores 
indexing knowledge of syntax and semantics (CELF-
Receptive M = 70.89). That being said, the authors pointed 
out that their inclusion criteria restricted their sample to 
participants who were able to complete their measures of 
syntax and semantics, thereby resulting in a substantially 
higher functioning group of children relative to the ASD 
population. Furthermore, these findings contrast with those 
of Jarrold et al. (1997), who reported comparable vocabu-
lary and grammatical levels in children with ASD.

Expressive Language

Although expressive language skills have often been 
described as more advanced than comprehension skills in 
ASD (Ellis et al. 2010; Luyster et al. 2008; Mitchell et al. 
2006), some studies have failed to confirm this difference 
(e.g., Jarrold et al. 1997). Importantly, most studies finding 
a profile of expressive exceeding receptive language have 
utilized age-equivalent scores, which, due to their poor 
psychometric properties (i.e., these scores do not actually 
reflect an equal-interval scale), complicate interpretation 
of results. In addition, delayed echolalia and stereotyped 
utterances may lead to an over estimation of expressive lan-
guage ability. Finally, test scores indicating an expressive 
advantage may reflect a measurement artifact rather than 
a difference in the true levels of receptive and expressive 
ability (e.g., Jarrold et al. 1997).

In fact, Kjelgaard and Tager-Flusberg (2001), utiliz-
ing standard scores on co-normed measures, did not find 
a receptive-expressive difference in vocabulary. Except 
for a single-word naming subtest, these authors also found 
no expressive-receptive difference for CELF subtests tap-
ping higher order knowledge of semantics and syntax that 
involve integration across language domains and require 
significant working memory capacity.

Kover et  al. (2013) utilized a cross-sectional devel-
opmental trajectories approach (Thomas et  al. 2009) to 
provide a more nuanced understanding of the association 
between receptive and expressive vocabulary in relation to 
nonverbal cognition for a group of 4- to 11-year-olds with 
ASD compared to a younger group of typically developing 
children (Kover et al. 2013). Kover et al. first found, at both 
the individual and group levels, no significant difference 
in receptive and expressive vocabulary scores when using 
co-normed measures. There was, however, a reduced likeli-
hood for boys with ASD to demonstrated an advantage in 
receptive relative to expressive vocabulary in comparison 
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to TD boys (Kover et al. 2013), even when controlling for 
nonverbal cognitive ability. Follow-up analyses indicated 
that, although receptive vocabulary abilities increased more 
slowly than did expressive vocabulary, this discrepancy 
was not observed when nonverbal cognitive levels were 
controlled. Taken together, this study failed to document 
a greater receptive than expressive language difficulty, but 
did find that development of receptive language in ASD 
differs in some ways from that of TD children.

Fragile X Syndrome Compared to Autism Spectrum 
Disorder

To date, little is known about how the profiles of lexical 
and grammatical abilities compare across FXS and ASD. 
Recently, McDuffie et  al. (2013) reported that, after con-
trolling for levels of nonverbal cognition, boys with FXS 
demonstrated significantly better receptive and expressive 
vocabularies than did boys with ASD between 4 and 10 
years of age. It is important to note, however, that McDuffie 
et  al. did not take into account between-group differences 
in ASD symptom severity; thus, the between-group differ-
ences in lexical ability could potentially be attributed to a 
less severe presentation of ASD symptomatology, on aver-
age, for males with FXS.

Present Study

In the present study, we sought to expand our understand-
ing of the FXS and ASD phenotypes by exploring the simi-
larities and differences in the lexical and grammatical skills 
of boys with FXS and boys with ASD, skills that have a 
significant impact on long-term outcomes. The aims of the 
study were:

1. To determine whether lexical and grammatical abili-
ties are equally impaired in males with FXS and males 
with ASD after controlling for age, NVIQ, and overall 
ASD symptom severity. We hypothesized that there are 
potential between-group differences in the lexical and/
or grammatical abilities of boys with FXS or ASD.

2. To determine whether the predictors of lexical and 
grammatical abilities are similar for males with FXS 
and males with nonsyndromic ASD. Numerous devel-
opmental factors have been shown to influence lan-
guage development, including both social affective and 
restricted and repetitive behavior symptomatology of 
ASD (e.g., Thurman et al. 2015a, b). We hypothesized 
that there may be differences in the developmental fac-
tors predicting language abilities between these two 
conditions.

Method

Participants

Participants were males with FXS and males with non-
syndromic ASD who were drawn from a larger longitudi-
nal study examining word learning. Several publications 
(e.g., Benjamin et  al. 2015; McDuffie et  al. 2013, 2015; 
Thurman et al. 2015a, b) have resulted from this study, but 
none have addressed the research questions addressed in 
this paper. Participants were recruited nationally and were 
assessed at one of two university sites (University of Cali-
fornia, Davis and University of Wisconsin, Madison). The 
following inclusion criteria, based on parent report, were 
utilized in the larger project: (a) native English speaker; (b) 
able to comply with simple instructions (e.g., “Give me the 
ball”); (c) speech is the primary means of communication; 
(d) production of approximately 10 different words sponta-
neously within the prior month; (e) no sensory or physical 
impairments that would limit participation in project activi-
ties; and (f) lives at home with biological mother who is a 
fluent English speaker. In addition, participants were tested 
by project staff and found to have a pure tone, air conduc-
tion threshold of 30 dB HL or better in each ear (averaged 
across 500, 1000, and 2000 Hz). Approval from the Institu-
tional Review Boards of the participating university sites, 
as well as parental informed consent, was obtained.

Documentation of a diagnosis of FMR1 full mutation 
(i.e., >200 CGG repeats, with our without mosaicism) was 
obtained for all participants with FXS. For participants 
with nonsyndromic ASD, the community diagnosis was 
confirmed through administration of both the Autism Diag-
nostic Observation Schedule (ADOS; Lord et al. 2007) and 
the Autism Diagnostic Interview-Revised (ADI-R; Rutter 
et  al. 2003) using the caseness criteria proposed by Risi 
and colleagues (Risi et  al. 2006). Using these criteria, an 
ASD diagnosis was considered verified if the participant 
received an ADOS calibrated severity score of at least 4, 
and met one of the three following benchmarks on the ADI-
R: (1) met the autism cutoff for the ADI-R Social Reciproc-
ity Domain and either the Communication or Repetitive 
Behavior domains; (2) came within one point of the cutoffs 
for both Social Reciprocity and Communication Domains; 
or (3) met the autism cutoff on either the Social Reciprocity 
or Communication domains and came within two points of 
the cut-off on the other domain. Project staff who admin-
istered both the ADOS and the ADI-R had completed 
research reliability training.

In addition, participants with nonsyndromic ASD: (1) 
entered the study with an existing community diagnosis 
of ASD; (2) had parent-provided documentation of prior 
genetic testing ruling out FXS; and (3) had other obvious 
syndromic causes of ASD (e.g., Rett syndrome, tuberous 
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sclerosis) ruled out via dysmorphology and neurological 
examinations conducted by a project physician.

Participant Selection for the Current Study

The samples included in the present study overlap with 
those of other previously published studies (Benjamin et al. 
2015; McDuffie et  al. 2013, 2015; Thurman et  al. 2015a, 
b). Consideration for inclusion in the present study required 
participants with FXS or nonsyndromic ASD to have a 
nonverbal IQ score less than or equal to 85, as this cut-off 
is inclusive of essentially all males with FXS (Hessl et al. 
2009), resulting in the exclusion of 6 children with FXS 
(3 IQ data not available, 3 IQ scores > 85) and 20 children 
with nonsyndromic ASD (3 IQ data not available and 17 IQ 
scores > 85).

These inclusionary and exclusionary criteria resulted 
in the final sample of 51 males with FXS and 36 males 
with nonsyndromic ASD. Descriptive statistics for 
the samples are presented in Table  1. The groups were 
matched on chronological age (U = 895.00, z = −0.20, 
p = .84, r = .02, s2

ratio = 1.16, range 4.02–10.99). Of the 
51 males with FXS, 39 participants met study criteria 
(described previously) for a comorbid diagnosis of ASD. 
With regard to the 12 participants with FXS who did not 
meet research criteria for a diagnosis of ASD, two par-
ticipants did not meet criteria on either diagnostic instru-
ment (ADOS or ADI-R), six participants met criteria on 
only one diagnostic instrument (4 ADI-R only, 2 ADOS 
only), and four participant met criteria on the ADOS 
but were missing ADI-R data. The group with FXS 
and the group with nonsyndromic ASD differed signifi-
cantly in terms of nonverbal IQ (U = 1193.00, z = 2.37, 
p = 0.01, r = 0.25) and overall ASD symptom severity 
score (U = 1429, z = 4.47, p < 0.001, r = 0.48). For par-
ticipants with FXS, the racial/ethnic composition of the 
sample was 82% Caucasian, 8% Hispanic, 4% Asian, 2% 

African-American, and 4% Native American. For the 
participants with nonsyndromic ASD, the racial/ethnic 
composition of the sample was 67% Caucasian, 11% His-
panic, 11% African-American, 8% Asian, and 3% Native 
American.

Assessment Measures

The Leiter International Performance Scale—Revised

The Leiter International Performance Scale – Revised 
(Leiter-R; Roid and Miller 1997) is a nonverbally admin-
istered standardized assessment of nonverbal intelligence. 
The subtests comprising the Brief IQ were administered; 
namely, Figure Ground, Form Completion, Sequential 
Order, and Repeated Patterns. The Brief IQ standard 
score from the Leiter-R was utilized in the present study. 
The mean IQ for the Leiter-R standardization sample is 
100, with a standard deviation of 15.

Autism Diagnostic Observation Schedule

The ADOS (Lord et  al. 2007) is a semi-structured play-
based interaction in which a trained examiner creates 
specific interactive contexts to observe reciprocal social 
interaction skills as well as the presence of repetitive 
behaviors. One of four ADOS modules is administered 
based upon the participant’s expressive language level. In 
the current project, participants received modules 1, 2, or 
3. The Social Affect Calibrated Severity Scores (SA-CSS) 
and the Restricted and Repetitive Behavior Calibrated 
Severity Scores (RRB-CSS), which allow comparisons 
across different modules, provided by Hus et  al. (2014) 
were utilized. Within the present study, 22 Module 1s (10 
FXS, 12 ASD), 46 Module 2s (34 FXS, 12 ASD), and 19 
Module 3s (7 FXS, 12 ASD) were administered.

Table 1  Descriptive statistics (Mean, SD, and Range) for participant groups

FXS all participants (n = 51) FXS + ASD only (n = 39) Nonsyndromic ASD (n = 36)

Chronological age 7.52 (2.02; 4.06–10.63) 7.55 (2.08; 4.06–10.63) 7.43 (1.87; 4.02–10.99)
Nonverbal IQ SS 58.63 (13.51; 36–83) 56.38 (13.20; 36–83) 65.69 (12.32; 40–85)
Receptive vocabulary SS 67.92 (15.92; 25–99) 65.54 (15.92; 25–99) 60.81 (21.22; 20–99)
Expressive vocabulary SS 66.26 (16.25; 20–103) 63.55 (16.25; 20–103) 61.40 (23.56; 20–96)
Receptive grammar SS 59.84 (7.69; 55–83) 60.13 (8.32; 55–83) 60.09 (10.44; 55–99)
Expressive grammar SS 55.56 (11.07; 40–81) 53.92 (10.49; 40–81) 56.50 (14.19; 40–89)
Overall autism symptom severity 6.18 (2.09; 2–10) 6.56 (1.70; 4–10) 8.17 (1.54; 4–10)
Social Affective Symptom Severity 5.92 (2.30; 2–10) 6.23 (2.10; 2–10) 7.81 (1.69; 3–10)
Restricted and repetitive behavior symp-

tom severity
7.18 (1.72; 1–10) 7.44 (1.48; 5–10) 8.31 (1.39; 5–10)
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Peabody Picture Vocabulary Test, Fourth Edition

The Peabody Picture Vocabulary Test, Fourth Edition 
(PPVT-4; Dunn and Dunn 2007) is an individually adminis-
tered, norm-referenced measure of receptive vocabulary. Dur-
ing this assessment, the participant is instructed to select the 
picture, from a four-picture array, that matches the vocabulary 
word spoken by the examiner. The PPVT-4 yields raw scores, 
standard scores relative age-normed performance, and growth 
scores. Depending on the research question, either standard 
scores or raw scores were used as the dependent measure for 
receptive vocabulary (see analysis plan). Approximately half 
of the participants in each group received Version A and half 
received Version B of this measure.

Expressive Vocabulary Test, Second Edition

The Expressive Vocabulary Test, Second Edition (EVT-
2; Williams 2007) is an individually administered, norm 
referenced measure of expressive vocabulary. During this 
assessment, the participant provides a label or synonym 
for each color picture on the page of an easel book. The 
EVT-2 yields raw scores, standard scores relative to age-
normed performance, and growth scores. Depending on the 
research question, either standard scores or raw scores were 
used as the dependent measure for expressive vocabulary 
(see analysis plan). Approximately half of the participants 
in each group received Version A and half received Version 
B of this measure.

Test for Reception of Grammar, Version 2

The Test for Reception of Grammar, Version 2 (TROG-
2; Bishop 2003) is an individually administered, norm-
referenced measure designed to assess comprehension of 
syntactic constructs that are marked by inflection, func-
tion words, and word order in English. The participant is 
instructed to select the picture, from a four picture array, 
that best represents the grammatical or lexical element con-
tained in a target sentence produced by the examiner. The 
TROG-2 consists of items organized into blocks of four 
items; each block tests a single grammatical form. In the 
present study, depending on the research question, either 
standard scores or the number of individual items passed 
on the TROG-2 was used as the dependent measure for 
receptive grammar (see analysis plan).

Comprehensive Assessment of Spoken Language

The Syntax Construction subtest of the Comprehensive 
Assessment of Spoken Language (CASL; Carrow-Woolfolk 
1995) assessed the production of words, phrases, and sen-
tences that require the use of a variety of morphosyntactic 

rules (e.g., verb tense, plurals, interrogatives, pronouns). 
Within this task, the participant was instructed to respond to 
a picture by imitating the examiner, completing a sentence, 
answering a question designed to elicit a specific syntactic 
form, formulating a sentence to tell a story, and using a model 
sentence to generate a similar sentence. Depending on the 
research question, either standard scores or raw scores from 
this subtest were used as the dependent measure for expres-
sive grammar (see analysis plan).

Analysis Plan

In order to provide some context regarding participant per-
formance relative to CA expectations, preliminary analyses 
using standard scores were conducted to characterize within-
group patterns of performance across language measures and 
to examine language performance relative to nonverbal cog-
nition. Due to limitations from floor effects, nonparametric 
analyses were utilized.

Next, in order to determine if between-group differences 
in language ability existed between boys with FXS and boys 
with ASD, regression analyses for each language variable 
were conducted examining whether diagnostic group was a 
significant predictor of language ability after controlling for 
the influence of chronological age, nonverbal IQ, and overall 
severity of autism symptomatology. Finally, separate regres-
sion analyses for boys with FXS and boys with ASD were 
conducted and compared with the goal of identifying differ-
ential predictors of lexical and grammatical abilities in these 
neurodevelopmental disorders. All regression analyses used 
raw scores on the language measures as the dependent vari-
ables due to floor effects on the standard scores for receptive 
and expressive grammar. Models were inspected to ensure the 
appropriateness of regression analyses; a natural log transfor-
mation was utilized in the regression models for expressive 
grammar based on the suggestion of non-constant variance 
when examining the residuals, examination of the variance 
inflation factors (VIFs) and tolerance statistics for all regres-
sion models indicated that collinearity was not a concern. 
In the case of significant findings, follow-up analyses were 
conducted to determine if the same pattern of findings was 
obtained when the sample of participants with FXS included 
only those who also met research criteria for an ASD diagno-
sis (FXS+ASD).

Results

Preliminary Analyses: Within‑Group Patterns 
of Standard Score Performance in FXS and ASD

Preliminary analyses were first conducted to evaluate the 
pattern of standard score performance across language 
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measures within each diagnostic group to provide con-
text regarding the pattern of language performance rela-
tive to chronological age expectations. For boys with 
FXS, results of a nonparametric related-samples Fried-
man’s ANOVA indicated a significant difference in 
standard scores across language measures, χ2 = 48.83, 
p < 0.001. Pairwise comparisons were evaluated adjust-
ing for multiple comparisons (αfw = 0.008). Compari-
sons of the PPVT vs. EVT (p = 0.30) and EVT versus 
TROG (p = 0.01) did not reach criterion for a signifi-
cant difference. All other comparisons were significant, 
all ps < 0.007, with grammar scores lower than lexical 
scores and expressive grammar scores lower than recep-
tive grammar scores; see Fig.  1. In addition, related-
samples Wilcoxon signed rank tests (αfw = 0.0125) were 
conducted to evaluate language performance relative to 
nonverbal IQ. Results demonstrated that boys with FXS 
earned significantly higher receptive and expressive 
vocabulary standard scores (ps ≤ 0.001) and significantly 
lower expressive grammar standard scores (p = 0.005) 
than nonverbal IQ scores. Follow-up analyses including 
only boys with comorbid FXS+ASD yielded the same 
pattern of findings.

In contrast, for boys with ASD, the nonparametric 
related-samples Friedman’s ANOVA, did not indicate a 
significant difference in standard scores across language 
measures, χ2 = 7.64, p < 0.054; see Fig.  1. Comparisons 
of language relative to nonverbal cognitive performance 
(αfw = 0.0125) indicated that, despite the fact that compari-
sons across standard scores on the language measures indi-
cated a relatively flat profile, expressive grammar standard 
scores were significantly lower than nonverbal IQ scores 
for boys with ASD (p ≤ 0.001). There was also a trend for 
receptive grammar scores to be lower than nonverbal IQ 
scores for boys with ASD (p = 0.013).

Between‑Group Differences in Lexical 
and Grammatical Abilities

As mentioned previously, participants with FXS dem-
onstrated significantly lower nonverbal IQ scores (more 
severely impaired) and overall lower ASD severity scores 
(less severely impaired) than did the participants with non-
syndromic ASD. A series of multiple regression analy-
ses were conducted to evaluate whether or not diagnostic 
group significantly contributed to the prediction of ability 
in each language domain after controlling for the effects of 
chronological age, nonverbal IQ, and overall ASD symp-
tom severity.

With regard to vocabulary ability, we found that diag-
nostic group was a significant predictor even when chron-
ological age, nonverbal IQ, and overall ASD symptom 
severity were included in the model. This combination 
of variables significantly predicted PPVT-4 raw scores, 
F(4,86) = 23.02, p < 0.001, with an R2

adjusted value of 0.53. 
Chronological age, Leiter-R nonverbal IQ, and diagnostic 
group all significantly contributed to this prediction (see 
Table  2). Diagnostic group accounted for approximately 
10% of the variance in PPVT-4 raw scores, with boys with 
FXS having PPVT-4 raw scores approximately 25 points 
higher than boys with nonsyndromic ASD when chrono-
logical age, nonverbal IQ, and ASD symptom severity were 
held constant. Similarly, the regression model for EVT-2 
raw scores was also significant, F(4,84) = 26.05, p < 0.001, 
with an R2

adjusted value of 0.54. Chronological age, Leiter-
R nonverbal IQ, and diagnostic group significantly con-
tributed to this prediction (see Table 2). Diagnostic group 
accounted for approximately 6% of the variance in EVT-2 
raw scores, with boys with FXS demonstrating EVT-2 raw 
scores approximately 17 points higher than boys with non-
syndromic ASD when chronological age, nonverbal IQ, 
and ASD symptom severity were held constant. Finally, 
follow-up analyses, restricting the FXS sample to only boys 
with comorbid FXS+ASD yielded the same pattern of find-
ings for both receptive and expressive vocabulary.

With regard to grammatical ability, diagnostic group was 
not a significant predictor when chronological age, nonver-
bal IQ, and overall ASD symptom severity were included in 
the model. This combination of variables significantly pre-
dicted the number of individual items passed on the TROG-
2, F(4, 86) = 14.87, p < 0.001, with an R2

adjusted value of 0.39. 
Chronological age and Leiter-R nonverbal IQ were the only 
significant contributors to this prediction (Table  2); that is, 
there was no effect of diagnostic group after controlling for 
the effects of the other predictor variables. Similarly, the 
regression model for the raw score from the CASL Syntax 
Construction subtest was also significant, F(4,83) = 11.17, 
p < 0.001, with an R2

adjusted value of 0.33. Once again, no 
between-group differences were observed; chronological age 
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and Leiter-R nonverbal IQ were the only significant contribu-
tors to this prediction (Table 2). Finally, restricting the FXS 
sample to only boys with comorbid FXS+ASD yielded the 
same pattern of findings for both receptive and expressive 
grammar. In sum, these findings suggest better lexical per-
formance in boys with FXS, relative to boys with ASD, even 
after controlling for the effects of chronological age, nonver-
bal cognitive ability, and autism symptom-severity on lan-
guage performance.

Comparison of the Predictors of Within‑Syndrome 
Variation in Lexical and Grammatical Abilities in FXS 
and ASD

Next, a series of regression analyses were conducted sepa-
rately for boys with FXS and boys with nonsyndromic ASD 
to determine whether the predictors of lexical and gram-
matical competence were similar across these disorders. 
Predictors were chronological age, nonverbal IQ, severity 
of ASD symptomatology in the social affective domain, 

and severity of ASD symptomatology in the restricted and 
repetitive behavior domain. We also show the associations 
among the predictor variables for both participants with 
FXS (Table 3) and participants with ASD (Table 4).

When considering boys with FXS (Table 5), significant 
regression models were obtained for receptive vocabu-
lary ability (F(4,50) = 25.37, p < 0.001, R2

adjusted = 0.66), 
expressive vocabulary ability (F(4, 49) = 32.17, p < 0.001, 
R2

adjusted = 0.72), receptive grammar (F(4, 50) = 19.93, 
p < 0.001, R2

adjusted = 0.60), and expressive grammar (F(4, 
48) = 13.98, p < 0.001, R2

adjusted = 0.52). A similar pat-
tern of findings was also observed when models were 
conducted limiting the FXS group to only those catego-
rized as FXS+ASD (receptive vocabulary R2

adjusted = 0.66; 
expressive vocabulary R2

adjusted = 0.71; receptive gram-
mar R2

adjusted = 0.53; expressive grammar R2
adjusted = 0.47). 

Across all models, chronological age contributed the most 
to language ability followed by nonverbal IQ. Although 
accounting for a relatively small percent of variance, sever-
ity of ASD symptomatology in the social affective domain 
was a significant positive contributor to models of receptive 
vocabulary, expressive vocabulary, and receptive grammar, 
and severity of ASD symptomatology in the restricted and 
repetitive behavior domain was a significant negative con-
tributor to the models of receptive vocabulary and gram-
mar. Although some minor fluctuations in p-values were 
observed in analyses including in the FXS group only par-
ticipants with FXS+ASD, all significant findings from the 
full sample remained significant or marginally significant.

For boys with nonsyndromic ASD (Table 6), significant 
regression models were also observed for receptive vocabu-
lary ability (F(4, 35) = 6.20, p = 0.001, R2

adjusted = 0.37), 
expressive vocabulary (F(4,34) = 8.93, p < 0.001, 
R2

adjusted = 0.48), receptive grammar (F(4,35) = 6.22, 
p = 0.001, R2

adjusted = 0.37), and expressive grammar 
(F(4,34) = 3.40, p = 0.02, R2

adjusted = 0.22). Interestingly, 
the regression models generated for boys with nonsyn-
dromic ASD explained approximately half the variance in 
language ability as did the regression models generated for 
boys with FXS. Furthermore, although chronological age 
was the largest contributor to language models for boys 
with FXS (followed by nonverbal IQ), the largest contribu-
tor to all models of language ability in boys with nonsyn-
dromic ASD was nonverbal IQ followed by chronological 

Table 2  Linear regression analyses evaluating between-group differ-
ences in language ability

1 Because of suggestion of some non-constant variance when examin-
ing the residuals, the model was also run utilizing a natural log trans-
formation; the same pattern of findings was observed
*p < .05

B (unstandardized) SEB β p value

Receptive vocabulary—PPVT raw score
 Chronological age 12.90 1.47 0.78 <0.001*
 Nonverbal IQ 1.51 0.23 0.63 <0.001*
 ASD symptom sever-

ity
1.07 1.40 0.70 0.77

 Diagnostic group −24.76 6.09 −0.38 <0.001*
Expressive vocabulary—EVT-2 raw score
 Chronological age 10.72 1.13 0.81 <0.001*
 Nonverbal IQ 1.28 0.18 0.66 <0.001*
 ASD symptom sever-

ity
1.97 1.07 0.16 0.07

 Diagnostic group −16.86 4.69 −0.32 0.001*
Receptive grammar—TROG-2 total number of items  correct1

 Chronological age 4.12 0.60 0.68 <0.001*
 Nonverbal IQ 0.58 0.09 0.66 <0.001*
 ASD symptom sever-

ity
0.14 0.57 0.03 0.80

 Diagnostic group −2.57 2.48 −0.11 0.30
Expressive grammar—CASL syntax construction raw score
 Chronological age 2.10 0.33 0.66 <0.001*
 Nonverbal IQ 0.26 0.05 0.54 <0.001*
 ASD symptom sever-

ity
0.23 0.32 0.08 0.47

 Diagnostic group −1.96 1.38 −0.16 0.16

Table 3  Correlations across regression predictors for boys with FXS

*p < 0.05

IQ SA RRB

CA −0.55* 0.33* −0.003
IQ −0.44* −0.29*
SA 0.15
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age. Also in contrast to the boys with FXS, ASD symptom 
scores were not significant predictors for any language 
measure.

Discussion

In the present study, we sought to expand our understand-
ing of the similarities and differences between the FXS and 
ASD phenotypes by comparing lexical and syntactic abili-
ties across these conditions, as well as the factors influenc-
ing these abilities in each of these neurodevelopmental dis-
orders. This is a particularly important comparison given 
the frequent references to the neurobehavioral overlap 
between these two conditions. Despite their similarities, 

a number of important differences have been documented 
between the FXS and ASD phenotypes. Little is known, 
however, about the extent to which similarities and differ-
ences are observed across these two conditions in domains 
of functioning beyond the behavioral symptoms diagnostic 
for ASD.

Results from the present study indicate that although 
both FXS and ASD are associated with language difficul-
ties, there are important differences between the two con-
ditions in terms of the language profiles and the factors 
influencing language. Boys with ASD demonstrated recep-
tive and expressive grammar skills that were significantly 
weaker than their level of nonverbal cognitive ability and a 
relatively flat profile across receptive and expressive vocab-
ulary and grammar. In contrast, for the boys with FXS, lex-
ical skills were stronger than grammar skills and receptive 
grammar was stronger than expressive grammar. Compari-
sons to nonverbal cognitive ability in FXS, demonstrated 
that vocabulary skills and receptive grammar were areas 
of relative strength, with performance at or above levels of 
nonverbal cognitive ability, whereas expressive grammar 
skills were weaker than nonverbal cognitive expectations. 
Importantly, these patterns remained even when the FXS 
group was restricted to only individuals who met criteria 

Table 4  Correlations across regression predictors for boys with non-
syndromic ASD

*p < 0.05

IQ SA RRB

CA −0.45* 0.07 0.36*
IQ 0.03 −0.30
SA 0.21

Table 5  Linear regression 
analyses for boys with fragile X 
syndrome predicting language 
ability

1 Because of the presence of non-constant variance in the residuals, this model data transformed using a 
natural log transformation
*p  < .05

B (unstand-
ardized)

SEB β p value

Receptive vocabulary—PPVT raw score
 Chronological age 13.38 1.56 0.88 <0.001*
 Nonverbal IQ 1.29 0.25 0.57 <0.001*
 Social affective symptom severity 2.97 1.26 0.22 0.02*
 Restricted and repetitive behavior symptom severity −3.71 1.80 −0.19 0.04*

Expressive vocabulary—EVT-2 raw score
 Chronological age 11.41 1.13 0.94 <0.001*
 Nonverbal IQ 0.98 0.18 0.53 <0.001*
 Social affective symptom severity 1.90 0.92 0.18 0.04*
 Restricted and repetitive behavior symptom severity −2.45 1.33 −0.15 0.07

Receptive grammar—TROG-2 total number of items correct
 Chronological age 3.79 0.57 0.74 <0.001*
 Nonverbal IQ 0.44 0.09 0.57 <0.001*
 Social affective symptom severity 1.31 0.46 0.29 0.006*
 Restricted and repetitive behavior symptom severity −2.05 0.65 −0.30 0.003*

Expressive grammar—CASL syntax construction raw score (transformed)1

 Chronological age 0.42 0.06 0.83 <0.001*
 Nonverbal IQ 0.04 0.01 0.53 <0.001*
 Social affective symptom severity 0.04 0.05 0.10 0.41
 Restricted and repetitive behavior symptom severity −0.09 0.07 −0.13 0.22
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for FXS+ASD. These findings, therefore, extend to the full 
range of affectedness in FXS.

Previous studies have been inconsistent as to whether 
individuals with FXS demonstrate delays in the syntac-
tic domain that are beyond those expected given non-
verbal cognitive or lexical performance (e.g., Abbeduto 
et  al. 2003; Ferrier et  al. 1991; Oakes et  al. 2013; Price 
et  al. 2008). These inconsistencies may reflect differences 
across development and/or variability in the methods used 
to assess syntactic abilities across studies. Our study is the 
not the first to find receptive grammar skills to be impaired 
to a lesser degree than expressive grammar skills in FXS 
(Roberts et  al. 2001). Although an area of strength rela-
tive to expressive grammar, it is important to remember 
that receptive grammar is nonetheless impaired relative to 
age expectations in FXS. In a recent study by Oakes et al. 
(2013), it was observed that adolescents with FXS contin-
ued to show a weakness in grammatical comprehension 
relative to TD children matched on nonverbal cognitive 
ability. Oakes et  al. proposed that individuals with FXS 
might have particular difficulty in processing sentences that 
are highly taxing of auditory sequential memory as well as 
those that lack lexical supports for grammatical processing. 
In expression, a number of recent studies have documented 

impairments in individuals with FXS relative to cognitively 
matched TD peers (e.g., Finestack and Abbeduto 2010; 
Finestack et al. 2013; Kover et al. 2012). Moreover, some 
researchers have suggested that individuals with FXS are 
better able to manage syntactic demands of expressive 
tasks that are highly structured, draw heavily on vocabulary 
knowledge, and minimize social demands (e.g., Finestack 
et  al. 2013). Thus, future research should make finer dis-
tinctions within language than made in the present study to 
identify an even more nuanced language profile.

Intervention activities that incorporate these character-
istics may scaffold the spoken language performance of 
individuals with FXS and optimize opportunities for suc-
cessful spoken communication. For example, McDuffie 
et  al. (2016) recently reported data on a spoken language 
intervention for adolescents with FXS in which the authors 
embedded the intervention in the context of shared story-
telling activities involving each boys and his mother. In the 
intervention, the participants were afforded frequent and 
repeated structured opportunities to practice using spoken 
language in a situation that provided extensive social scaf-
folding and visual supports for the production of spoken 
language.

Table 6  Linear regression 
analyses for boys with 
nonsyndromic ASD predicting 
language ability

1 One potential outlier was observed in the model. Results obtained after removing this outlier were similar 
to those reported here
2 Because of the presence of non-constant variance in the residuals, this model data transformed using a 
natural log transformation
*p < .05

B (unstandardized) SEB β p value

Receptive vocabulary—PPVT raw  score1

 Chronological age 10.17 2.77 0.57 0.001*
 Nonverbal IQ 1.85 0.42 0.68 <0.001*
 Social affective symptom severity −0.26 2.73 −0.01 0.92
 Restricted and repetitive behavior symptom severity 1.93 3.58 0.08 0.59

Expressive vocabulary—EVT-2 raw  score1

 Chronological age 7.56 2.10 0.51 0.001*
 Nonverbal IQ 1.68 0.31 0.76 <0.001*
 Social affective symptom severity 0.44 2.05 0.03 0.83
 Restricted and repetitive behavior symptom severity 4.97 2.69 0.25 0.07

Receptive grammar—TROG-2 total number of items  correct1

 Chronological age 3.69 1.15 0.50 0.003*
 Nonverbal IQ 0.81 0.17 0.72 <0.001*
 Social affective symptom severity −1.38 1.13 −0.17 0.23
 Restricted and repetitive behavior symptom severity 0.66 1.49 0.07 0.66

Expressive grammar—CASL syntax construction raw score (transformed)2

 Chronological age 0.20 0.11 0.32 0.08
 Nonverbal IQ 0.06 0.02 0.63 0.001*
 Social affective symptom severity −0.009 0.10 −0.01 0.93
 Restricted and repetitive behavior symptom severity 0.07 0.14 0.09 0.60
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Although common, structural language difficulties are 
not a core characteristic of the ASD phenotype (Kjelgaard 
and Tager-Flusberg 2001). Given the present study’s focus 
on a between-group comparison of FXS and ASD, the sam-
ple of children with ASD included in the present study is 
relatively low functioning (IQ < 85). Thus, it is not surpris-
ing to observe language difficulties in our ASD sample. 
Unlike the data reported by Kjelgaard and Tager-Flusberg, 
our data failed to demonstrate significant differences in 
achievement across language domains, revealing instead 
that delays in vocabulary and grammar were commensurate 
with one another as were delays in receptive and expres-
sive language skills. Our findings, however, are consistent 
with those of Jarrold et al. (1997). Given the heterogeneity 
observed within the ASD phenotype and the fact that our 
sample was largely a lower functioning group, it is impor-
tant to recognize the limits of the generalizability of our 
findings. Our findings also indicated that syntactic abilities, 
but not vocabulary abilities, were delayed relative to non-
verbal cognitive performance in children with ASD.

The present findings, therefore, suggest the need for lan-
guage intervention services for children with ASD, particu-
larly those with cognitive impairments. More importantly, 
the findings suggest that interventions may need to provide 
different degrees and types of support for learning syntac-
tic and lexical information because the level of impairment 
in these two domains appears to be somewhat different for 
children with ASD.

Between‑Group Patterns of Language Performance

The present results also demonstrated that boys with ASD 
displayed a weakness in vocabulary skills relative to boys 
with FXS. More specifically, after controlling for the 
effects of chronological age, nonverbal IQ, and the sever-
ity of ASD symptomatology in both the social affective and 
restricted and repetitive behavior domains, the FXS group 
demonstrated receptive vocabulary raw scores that were 
25 points higher, and expressive vocabulary raw scores 
that were 17 points higher, than those of the ASD group. 
In terms of syntactic ability, no between-group differences 
were observed after controlling for the effects of chrono-
logical age, nonverbal IQ, and ASD symptom severity. 
Once again, these findings also remained when the FXS 
group was restricted to only those who met criteria for 
FXS+ASD.

Efficient word learning requires the use of multiple 
strategies across a variety of contexts, with many of these 
strategies being social in nature. In addition to language 
difficulties, individuals with FXS or ASD often demon-
strate some level of difficulty in the ability to notice, inter-
pret, and respond to other people’s social signals and to use 
these signals in the service of word learning. Thus, there 

are multiple avenues by which word learning could be com-
promised in these populations. Our results indicate that 
during this developmental period, males with FXS demon-
strate a “lexical advantage” over males with ASD at com-
parable developmental levels and that this between-group 
difference remains even after accounting for between-group 
differences in ASD symptomatology, suggesting that there 
are additional word learning differences between these two 
groups.

Interestingly, there is literature regarding between-group 
patterns of performance of boys with FXS and boys with 
ASD as they acquire new words under controlled experi-
mental conditions. For example, when using a fast-mapping 
paradigm to examine the initial stages of learning a word, 
McDuffie et al. (2013) found that despite having lower lev-
els of nonverbal cognitive ability, boys with FXS demon-
strated better performance than did boys with ASD in terms 
of learning object labels. Importantly, the boys with FXS 
also had less severe social impairments than did the boys 
with ASD, raising the possibility of social-cognitive con-
tributions to word learning deficits of children with ASD. 
In addition, between-group differences in the ability to use 
social cues, such as a speaker’s direction of gaze (Benja-
min et al. 2015) and a speaker’s emotional reactions (Thur-
man et al. 2015a, b), to disambiguate the novel object that 
the speaker intended to label have also been considered. In 
these studies, although initial analyses demonstrated the 
presence of some between-group differences favoring the 
FXS group in terms of overall levels of performance, no 
group differences were observed after controlling for ASD 
symptom severity, consistent with the social origins of the 
word learning challenges associated with ASD, although 
participants with ASD were more apt to utilize the emo-
tional reaction of disappointment to infer an intended refer-
ent (Thurman et  al. 2015a, b). Such findings suggest that 
additional research on the use of social cues as a foundation 
for word learning may be useful in understanding the lexi-
cal disadvantage of children with ASD relative to children 
with FXS.

More generally, McDuffie et  al. (2015) observed that, 
even when matching individuals with FXS or ASD on 
overall levels of ASD symptom severity, some symptom-
level differences favoring the FXS group remained within 
the area of social reciprocity. It may be that these social-
affective strengths allow those with FXS to accumulate 
more successful learning experiences over time, as com-
pared to those with ASD, thereby facilitating vocabulary 
acquisition. If this interpretation is correct, interventions 
for ASD might do well to incorporate ways of highlighting 
or facilitating identification and use of social cues to word 
meaning.
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Within‑Group Predictors of Language Skills

Across all regression models and language domains for 
boys with FXS, the identified predictors explained more 
than half the total variance in language ability. Chronologi-
cal age contributed the most to language ability, uniquely 
explaining approximately 50% of the variance accounted 
for in lexical ability and 30% of the variance accounted 
for in grammatical ability. The second largest contribu-
tor in all models was nonverbal IQ, uniquely explaining 
approximately 15% of the variance accounted for in all 
models of language ability. In contrast, the language mod-
els generated for boys with ASD were observed to explain 
less than half of the amount of variance in language abil-
ity as was explained in boys with FXS. Moreover, nonver-
bal IQ, rather than chronological age, was the most robust 
contributor for ASD, uniquely explaining approximately 
20% of the variance accounted for in all models. In addi-
tion, ASD symptomatology was a significant, albeit small, 
contributor to language skills in individuals with FXS but 
not in individuals with ASD. More specifically, severity 
of social affective ASD symptomatology was a significant 
positive contributor to all language models in FXS except 
expressive grammar and severity of restricted and repetitive 
behavior ASD symptomatology was a significant negative 
predictor to models of receptive vocabulary and receptive 
grammar. All findings for boys with FXS remained largely 
the same when the FXS sample was restricted to only those 
who met criteria for FXS+ASD.

Taken together, these findings suggest that there are dif-
ferences in the mechanisms underlying language acquisi-
tion between FXS and ASD. For those with FXS, we gen-
erally see, at least between 4 and 10 years of age, that the 
primary factor influencing language development is age; 
that is, as children with FXS grow older and have more 
exposure to language learning opportunities, they also 
acquire more language competence. This is not the case for 
individuals with ASD of the same age and general develop-
mental level. For boys with ASD, at least for those with an 
IQ under 85, we see that extent of delay in nonverbal cogni-
tion plays a key role in language development. Nonverbal 
cognition also contributes in FXS, but in a less important 
way than chronological age. The predictive value of ASD 
symptomatology was seen only for FXS, further reinforc-
ing the notion that the mechanisms of language develop-
ment differ between the two conditions.

Note that the regression findings do not mean that social 
impairments are unimportant for language learning in 
ASD. Indeed, as we have already discussed, social impair-
ments may contribute to the differences in vocabulary 
achievements across FXS and ASD. Instead, the findings 
suggest that cognitive rather than social impairments are at 
the heart of differences in language skill among individuals 

with nonsyndromic ASD. Identifying the specific cogni-
tive skills contributing to successful language learning in 
ASD will thus be critical to the development of appropri-
ate interventions, which may need to include cognitive tar-
gets. Furthermore, our models indicate that a substantial 
proportion of the variance in the language abilities of the 
boys with ASD remained unaccounted for; identification of 
other factors contributing to the variation in language per-
formance in ASD will also be critical to the development of 
appropriate interventions.

Interestingly, although not true for boys with ASD, 
severity of social affective ASD symptomatology predicted 
most domains of language development in FXS, such that 
those who were more affected in terms of social affective 
symptomatology were observed to have higher language 
scores. Although this finding may seem counterintuitive, 
there are reasonable explanations. The ADOS social affec-
tive domain provides a general assessment of the persis-
tent deficits in social communication and social interac-
tion across multiple contexts associated with a diagnosis 
of ASD. Although these deficits can be clearly assessed 
in children with limited language abilities, it may be that, 
for individuals with FXS, increased language performance 
facilitates the identification of difficulties within this 
domain. That is, boys with FXS may have more difficulty 
with higher-level social expectations, such as situations 
that rely on verbal communicative competence than with 
lower level social expectations, such as use of gesture and 
affect in social interactions. Thus, for FXS, social affec-
tive deficits as assessed by the ADOS may simply be more 
detectable in those with more advanced language skills. It 
is important to note that the ADOS severity scores were 
designed to have little to no influence of language perfor-
mance; our data indicate that this is true for ASD but does 
not extend to FXS+ASD.

In the present study, children with FXS who displayed 
fewer repetitive behaviors were observed to demonstrate 
better language skills, at least in terms of receptive vocabu-
lary and grammar. Once again, this was not observed to be 
the case for participants with ASD. The ADOS repetitive 
behavior domain is considered to provide a general assess-
ment of a broad heterogeneous category of behaviors char-
acterized by repetitive motor movements, preoccupation 
with parts of objects, rigid adherence to non-functional rou-
tines, and preoccupation with restricted patterns of inter-
est (American Psychiatric Association 2013). In typically 
developing children, these types of behaviors are commonly 
observed early in development and are believed to scaf-
fold motor movements (Thelen 1981), facilitate the devel-
opment of mastery motivation and self-regulation (Kopp 
1982; Jennings 2002), and serve to alleviate anxiety (Evans 
et al. 1997). Furthermore, the frequency of these behaviors 
is theorized to decrease with age in typically developing 
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children as goal-directed behaviors increase (Thelen 1981). 
In line with this theory, researchers have postulated that as 
children with developmental delays gain language, allow-
ing them to better communicate with those around them, 
the need for these repetitive behaviors decreases (e.g., 
Bishop et al. 2006; Ray-Subramanian and Weismer 2012). 
Furthermore, there is evidence that, as expressive vocabu-
lary standard score performance improves in boys with 
FXS, the severity of repetitive behaviors lessens (Thurman 
et. al. 2015a, b). Although our findings did not reach the 
criterion for statistical significance, we did observe a trend 
in raw score performance supporting this finding.

Limitations and Future Directions

We believe empirical research focused on disentangling 
the similarities and differences across the FXS and ASD 
phenotypes in domains frequently implicated in both con-
ditions would help clarify the nature of the relationship 
between these disorders and provide valuable insights into 
the complex developmental mechanisms that lead to the 
impairments associated with each disorder. Importantly, 
this line of research is still in its early stages. Development 
reflects a complex interplay among genetic, developmen-
tal, and environmental factors that interact reciprocally 
over time. Thus, it is vital that we continue to explore the 
mechanisms underlying structural language development 
and gain insight into how these relations work across devel-
opment. The present project only considered a small num-
ber of predictors likely to influence language development. 
Certainly, other important characteristics warrant consider-
ation (e.g., maternal education, auditory memory), particu-
larly in boys with ASD. An additional limitation of the pre-
sent study is that only boys were included. It is important 
for the same relations to be considered in girls with FXS 
or ASD. These comparisons would add important informa-
tion to our understanding of these phenotypes particularly 
in the higher IQ range where most of the girls with FXS are 
represented. In addition, due to the present study’s focus 
on comparisons between FXS and ASD, the boys with 
ASD included in the study were relatively low function-
ing (NVIQs < 85). Investigations focused on structural lan-
guage abilities in individuals with ASD across the full IQ 
range are vital, especially given the present findings regard-
ing the importance of nonverbal IQ in language learning. 
A number of additional areas warrant investigation. For 
example, the tools used to assess vocabulary in the present 
study consider primarily concrete vocabulary. Relational 
words (e.g., verbs and adjectives) and closed-class words 
(e.g., prepositions, pronouns, and conjunctions) require 
the same kind of reasoning that is central to grammatical 
learning (Dale et al. 2000). Given the potential differences 
observed between lexical and syntactic skills, it would be 

interesting to consider the profile of language performance 
as a function of word type. Finally, although the ADOS 
severity scores were designed to have little influence from 
developmental factors, such as language ability, this does 
not appear to have been as successful for FXS+ASD. 
Future studies should consider a more thorough investiga-
tion of the psychometric properties of the ADOS in FXS 
and potentially other genetic causes of ASD.

Conclusions

Findings from the present study demonstrate that although 
there are a number of similarities between the FXS and 
ASD phenotypes, including language difficulties, the pro-
files of language performance and the mechanisms underly-
ing their development differ. Boys with FXS demonstrated 
a lexical advantage relative to boys with ASD, even after 
controlling for the effects of age, nonverbal IQ, and ASD 
symptom severity. Identifying the factors leading to this 
discrepancy may provide additional insights into interven-
tion targets likely to improve lexical skills in boys with 
ASD. For example, some symptom-level differences within 
the social-affective domain remain between boys with FXS 
and boys with ASD even when considering groups matched 
on overall ASD severity level (McDuffie et al. 2015). These 
social-affective strengths may allow those with FXS to 
accumulate more successful learning experiences over 
time, as compared to those with ASD, thereby facilitating 
vocabulary acquisition.

In addition, not only were there differences in the factors 
predicting language performance in these groups, but also 
our models predicted about half the variance in language 
abilities in ASD than observed in FXS. Thus, to some 
extent, different treatment approaches are likely warranted 
to address the language difficulties with FXS and with 
ASD. Elucidating the routes by which lexical or syntactic 
development occurs in boys with FXS or ASD can facilitate 
the development of methods by which children with these 
neurodevelopmental disorders can access a more optimal 
range of learning opportunities and provide insight into the 
complex processes that underlie language development.
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