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Abstract In light of evidence that receptive language may

be a relative weakness for individuals with autism spectrum

disorder (ASD), this study characterized receptive vocabu-

lary profiles in boys with ASD using cross-sectional devel-

opmental trajectories relative to age, nonverbal cognition,

and expressive vocabulary. Participants were 49 boys with

ASD (4–11 years) and 80 typically developing boys

(2–11 years). Receptive vocabulary, assessed with the Pea-

body Picture Vocabulary Test, was a weakness for boys with

ASD relative to age and nonverbal cognition. Relative

to expressive vocabulary, assessed with the Expressive

Vocabulary Test, receptive vocabulary increased at a lower

rate for boys with ASD. Vocabulary trajectories in ASD are

distinguished from typical development; however, nonver-

bal cognition largely accounts for the patterns observed.

Keywords Autism � Language development �
Comprehension � Production � Vocabulary � Trajectory

Introduction

Characterizing relative strengths and weaknesses in the

language abilities of individuals with autism spectrum dis-

order (ASD) is of interest not only for the purpose of planning

effective remediation, but also for delineating the neuro-

cognitive phenotype associated with ASD. The ultimate goal

of such a characterization is to understand the ways in which

interactions among genes, brain, and behavior unfold over

the course of development (Charman et al. 2011). Defining

profiles of language impairment also has the potential to

discriminate among subgroups of children with ASD,

thereby leading to the identification of the psychological

factors and cognitive mechanisms underlying ASD pheno-

types (Tager-Flusberg and Joseph 2003). To that end, the

current study was designed to characterize trajectories of

vocabulary in boys with ASD relative to the course of typical

development with a focus on the receptive domain, which is

thought to be particularly susceptible to impairment in ASD.

We utilized the cross-sectional developmental trajectories

approach, which emphasizes age-related patterns to char-

acterize specific aspects of delay and allows the formulation

of stronger hypotheses to guide future longitudinal research

(Thomas et al. 2009).

Evidence of Relative Delays in Receptive Language

in ASD

One pattern of strength and weakness in children with ASD

that has drawn considerable attention is the reported delay

in receptive language relative to expressive language.
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Indeed, there is mounting evidence that at least some

children with ASD display a profile characterized by a

relative advantage of expressive over receptive language

(Luyster et al. 2008; Mitchell et al. 2006). This pattern is

the converse of that expected in typical development, in

which a child’s ability to understand vocabulary and syntax

is generally far in advance of the ability to formulate

spoken utterances reflecting that same competence. This

relative weakness in receptive language is not usually

observed in children with other sources of language

impairment. For example, Loucas et al. (2008) found that

receptive language was less impaired than expressive lan-

guage in children with specific language impairment (SLI),

whereas 9- to 14-year-olds with both ASD and impaired

language lacked a receptive language advantage.

Notably, a relative weakness in receptive language has

been found even very early in development in children with

ASD, including during the preschool and toddler years

(Ellis Weismer et al. 2010; Volden et al. 2011). The pattern

of receptive language deficits relative to expressive lan-

guage observed for toddlers with ASD has motivated the

suggestion that the profile of language ability associated

with ASD is atypical, even taking into account level of

cognitive ability. Ellis Weismer et al. (2010) found that

toddlers with autism from ages 24 to 36 months had sig-

nificantly higher expressive language age-equivalent scores

than receptive language age-equivalent scores on two

direct assessment measures, the Mullen Scales of Early

Learning (MSEL; Mullen 1995) and the Sequenced

Inventory of Communication Development (Hendrick et al.

1984), although the same pattern was not found for the

Vineland Adaptive Behavior Scales (VABS; Sparrow et al.

1984). In contrast, a comparison group of toddlers with

developmental delay without ASD displayed the opposite

pattern, with significantly higher receptive than expressive

age-equivalent scores. Using the fourth edition of the

Preschool Language Scales (PLS-4; Zimmerman et al.

2002), Volden et al. (2011) confirmed the advantage of

expressive language age-equivalents over receptive lan-

guage age-equivalents in a large sample of 2- to 4-year-old

children with ASD.

Studies specifically examining vocabulary have led to

similar conclusions as those utilizing omnibus measures.

Using a direct assessment and two parent-report measures,

one of which specifically assessed vocabulary, Hudry et al.

(2010) found that receptive language was more impaired in

preschoolers with ASD than would be expected based on

their expressive language abilities. In particular, these

preschoolers had significantly higher expressive than

receptive language age-equivalent scores on the PLS-3 UK

edition and the VABS-II (Sparrow et al. 2005). Compared

to typically developing children from a normative sample

(Fenson et al. 1994), preschoolers with ASD also have been

found to have higher raw expressive vocabulary scores on

the MacArthur Communicative Development Inventories

(MCDI; Fenson et al. 1993) than expected on the basis of

their raw receptive vocabulary scores (Hudry et al. 2010).

These findings correspond with those from Charman et al.

(2003), who observed that a sample of 134 preschool

children with ASD had an overall delay in vocabulary, with

receptive vocabulary impaired to a greater extent than

expressive vocabulary. Taken together, these studies pro-

vide evidence for a profile of impairment in children with

ASD involving the comprehension of fewer vocabulary

words relative to the number of words produced, although

the trajectory of this pattern has yet to be defined over the

full course of the childhood years.

Despite the fact that an atypical relationship between

language comprehension and production has been reported

on average, the extent to which this relationship extends to

all individuals with ASD is unclear. For example, results

for school-age children are ambiguous. Kjelgaard and

Tager-Flusberg (2001) examined language abilities in 89

children with autism between 4 and 14 years of age. Of

these children, 44 had language abilities that were suffi-

cient for assessment with the Clinical Evaluation of Lan-

guage Fundamentals (CELF; Semel et al. 1995) and, for

this subgroup, standard scores were higher in the expres-

sive domain than in the receptive language domain.

However, standard scores on direct assessments of recep-

tive and expressive vocabulary in the larger sample led the

authors to conclude that, on average, children with autism

do not display discrepancies in receptive and expressive

vocabulary ability.

Furthermore, some studies report that only a subgroup of

children with ASD exhibits a relative deficit in receptive

language and that the discrepancy between receptive and

expressive language abilities varies over the course of

development. Hudry et al. (2010) found that approximately

30 % of the children with ASD in their sample had an

atypical pattern of receptive and expressive vocabulary on

the MCDI. Results are inconsistent in terms of whether

such an atypical profile is more likely to occur at earlier

developmental levels, when nonverbal cognitive abilities

are less fully developed, as reflected by lower age-equiv-

alent scores on standardized tests, (e.g., Volden et al. 2011)

or whether such a pattern is more prevalent later in

development when nonverbal cognitive abilities are more

developmentally advanced and more variability in

expressive language abilities is present (e.g., Hudry et al.

2010). Thus, the extent to which a relative deficit in

receptive language–and receptive vocabulary, in particu-

lar–extends to children with ASD across the entire range of

childhood, levels of intellectual functioning, or levels of

autism symptom severity remains to be determined. To

contribute to characterizations of individual variability and
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to provide a foundation for identifying subgroups in the

future, we examined the relationship between receptive and

expressive vocabulary discrepancies and these child char-

acteristics, in addition to addressing the primary research

questions regarding developmental trajectories.

Limitations of Previous Research

Besides the conflicting findings noted, previous research on

receptive language in children with ASD has had several

methodological weaknesses. One limitation is the extent to

which specific aspects of receptive or expressive language

have been assessed. Studies on the receptive-expressive

language profile have sometimes relied upon omnibus

measures, such as the MSEL or PLS, which fail to distin-

guish between important language domains, such as

vocabulary and syntax, that could be associated with dis-

tinct profiles of receptive and expressive delays (Ellis

Weismer et al. 2010; Hudry et al. 2010; Volden et al.

2011).

Another limitation is the emphasis on the use of parent-

report measures, including the MCDI and the VABS (e.g.,

Charman et al. 2003; Hudry et al. 2010; Luyster et al.

2007). Direct assessment may have an advantage over

parent report as the latter does not control for the influence

of children’s use of contextual cues to support compre-

hension or whether spoken words are used non-imitatively

and meaningfully (i.e., with referential intent). Although

echolalia and scripted language may, in fact, serve a

communicative function in children with ASD (Prizant and

Duchan 1981), stereotyped language might also contribute

to parent reports of advanced expressive language ability in

children with ASD (Jarrold et al. 1997). Indeed, correla-

tions between direct assessment and parent-report measures

have been reported as somewhat lower for receptive lan-

guage than expressive language in children with ASD

(Ellis Weismer et al. 2010; Luyster et al. 2008), further

calling into question the utility of parental report for pro-

filing language abilities in children with ASD. In the cur-

rent study, we directly assessed distinct language domains,

namely receptive and expressive vocabulary.

Potentially greater limitations of previous research,

however, relate to design and analysis, including the

interpretation of age-equivalent scores and the absence of a

directly assessed comparison group. Age-equivalent scores

are known to have poor psychometric properties and are

not conducive to inferential statistics (Mervis and Klein-

Tasman 2004; Mervis and Robinson 1999), limiting the

conclusions that can be drawn from some studies (e.g.,

Hudry et al. 2010; Volden et al. 2011). Moreover, the use

of age-equivalent scores in characterizing profiles of lan-

guage abilities may obscure or exaggerate true strengths or

weaknesses in receptive language across development

(Mervis and Robinson 2003, 2005). In this study, the

dependent variables of interest were vocabulary growth

scores, which have desirable psychometric properties for

statistical comparisons and might be particularly well-sui-

ted to research on individuals with ASD because of their

sensitivity to small incremental differences in absolute

levels of ability.

When analyzing standard scores is not feasible due to

floor effects (e.g., Hudry et al. 2010), a viable strategy for

examining relative delays is to utilize a comparison group

of typically developing participants. Only studies using the

MCDI have attempted to reference the receptive language

abilities of children with ASD to those with typical

development (e.g., Charman et al. 2003; Hudry et al. 2010).

A yet stronger comparison group would be one comprised

of a large, directly assessed sample of typically developing

children that overlaps completely in terms of both chro-

nological age and nonverbal cognitive abilities with the

children with ASD (Thomas et al. 2009). This was the

approach taken in the present study.

The Current Study

The purpose of the present study was to characterize pro-

files of vocabulary development in boys with ASD using

directly assessed typically developing children as a point of

reference. In contrast to traditional matched-group com-

parisons, we chose to use the cross-sectional develop-

mental trajectories approach endorsed by Thomas et al.

(2009). This continuous approach highlights change over

the course of development rather than the characterization

of static phenotypes and distinguishes between delayed

onset, slowed rates of development, or the presence of

both. Such a technique has been fruitful in defining mul-

tiple aspects of behavioral phenotypes, including those

associated with ASD (e.g., Annaz 2006). Yet, the cross-

sectional developmental trajectories approach has not been

applied to an examination of language development in boys

with ASD with respect to understanding delays in receptive

vocabulary relative to other aspects of development.

The cross-sectional developmental trajectories approach

allows tests of the extent of delay relative to a carefully

chosen comparison group and theoretically chosen con-

structs of interest (Thomas et al. 2009). This approach

leads to tests of between-group differences in the rela-

tionships between the dependent measure and chronologi-

cal age, in addition to other benchmarks, such as nonverbal

cognitive ability. In contrast to testing differences in cross-

sectional group means, which masks changes associated

with age or other foundational cognitive abilities, group

differences are evaluated in terms of two coefficients:

intercepts and slopes of developmental trajectories. Testing

these two parameters of performance provides more
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information about the nature of the language impairment

(i.e., whether it is delayed in onset, has a shallower tra-

jectory, or both) and provides guidance for future longi-

tudinal research to inform an understanding of the

emergence of linguistic phenotypes (Thomas et al. 2009).

Our goals were to begin by capturing individual vari-

ability in vocabulary abilities, then to allow comparison

between the current study and the extant literature by con-

ducting traditional analyses using matched groups, as

described below, and finally, and most importantly, to draw

conclusions about group differences in trajectory onsets and

slopes in receptive vocabulary ability relative to age-, non-

verbal cognitive-, and expressive vocabulary-expectations.

Thus, we addressed these questions: (1) Do discrepancies

between receptive and expressive vocabulary at the indi-

vidual level relate to child characteristics and to what extent

do boys with ASD display a significant weakness in receptive

relative to expressive vocabulary?, (2) Does a traditional

matched-groups ANOVA analysis of receptive and expres-

sive vocabulary lead to the conclusion that receptive

vocabulary is a relative weakness in school-age boys with

ASD?, and (3) Is receptive vocabulary delayed in school-age

boys with ASD in terms of a lower onset or shallower slope

relative to chronological age, nonverbal cognition, and

expressive vocabulary? We hypothesized that relative

weakness in receptive vocabulary would be related to non-

verbal cognition, autism symptom severity, and age. We

expected that traditional analyses would replicate the pattern

of relative receptive vocabulary weakness in school-age

boys with ASD; however, we also expected that cross-sec-

tional developmental trajectories analyses would reveal

more nuanced patterns of receptive vocabulary ability,

including differences in onsets and slopes relative to age,

nonverbal cognition, and expressive vocabulary.

Method

Participants

Participants were boys with ASD and boys with typical

development who were drawn from two longitudinal

studies on language development and tested at one of two

sites: a Midwestern university or a West Coast university.

Approval from the respective Institutional Review Boards

of the two universities was obtained and informed consent

was obtained from parents. Boys with ASD were largely

recruited locally with additional outreach through national

sources [e.g., the Interactive Autism Network (IAN) at the

Kennedy Krieger Institute]; typically developing boys were

local to one of the two sites. Local recruitment of boys with

ASD at the Midwestern site occurred primarily through

community contacts, whereas the West Coast site relied

largely on a clinic-recruited sample and Internet contacts. In

addition, a larger proportion of typically developing boys,

especially those of school age, were recruited at the Mid-

western university. Recruitment methods are also described

elsewhere in detail (Kover et al. 2012; McDuffie et al. 2012).

Participants with ASD overlap with those reported by

McDuffie et al. (2012). According to parent report, all par-

ticipants used spoken English as their primary means of

communication and none had uncorrected physical or sen-

sory limitations that would prohibit completion of the tasks

of interest. Participants with ASD came into the project with

a community or education diagnosis of ASD. Typically

developing boys were not receiving special education ser-

vices at the time of enrollment according to parent report. We

chose to recruit only males because of the increased preva-

lence of ASD in boys and the desire to compare gender-

matched groups. Of the total sample of 61 boys with ASD

and 85 boys with typical development, only those partici-

pants who met all inclusionary criteria and completed all

measures of interest were included in the present analyses

(i.e., listwise deletion yielded sample sizes of 49 and 80,

respectively, as described below).

Additional inclusionary criteria for the boys with ASD

were (1) meeting criteria for ASD classification (autism or

autism spectrum) on the Autism Diagnostic Observation

Schedule (ADOS; Lord et al. 1999), (2) meeting criteria for

autism classification on the Autism Diagnostic Interview-

Revised (ADI-R; Rutter et al. 2003), (3) negative test

results for fragile X syndrome, and (4) according to parent

report, comprehension of simple instructions and use of 10

spoken words in the month prior to study enrollment. These

inclusionary and exclusionary criteria resulted in the final

participant samples: 49 boys with ASD (4–11 years old)

and 80 boys with typical development (2–11 years old).

Descriptive characteristics of the samples for the present

analyses are shown in Table 1.

Materials

ASD Classification

The ADOS and the ADI-R were administered to boys with

ASD by research-reliable examiners for the purpose of

confirming ASD classification. Cross-site reliability was

regularly monitored to ensure fidelity and consensus (see

McDuffie et al. (2012) for details). We used the current

published classifications provided by the ADOS, which

distinguish between autism, autism spectrum, and non-

spectrum (Gotham et al. 2007), and the manual for the

ADI-R, which distinguishes only autism and not autism

(Rutter et al. 2003). Thus, our sample is best described as

having autism spectrum disorder, which we use as an

umbrella term and not to indicate that participants have met
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the proposed diagnostic criteria of the Diagnostic and

Statistical Manual of Mental Disorders (5th ed.; DSM-5).

Severity scores were calculated based on ADOS algorithm

scores (Gotham et al. 2009) and by definition, ranged from

4 to 10. Five boys with ASD had been excluded due to not

meeting ADOS and/or ADI-R criteria; two boys with ASD

had been excluded because the ADOS and/or ADI-R could

not be administered.

Nonverbal Cognition

The Leiter International Performance Scale-Revised

(Leiter-R; Roid and Miller 1997) was the measure of

nonverbal cognitive ability. Only the Brief IQ subtests

were administered: Figure Ground, Form Completion,

Sequential Order, and Repeated Patterns. These subtests

yielded raw scores, growth scores, age-equivalents, and

standard scores. Boys with ASD had Leiter-R Brief IQ

standard scores that spanned from intellectual disability to

normative levels (see Table 1). Boys with ASD and those

with typical development did not differ on Brief IQ growth

scores, t(127) = .69, p = .493, d = .13. Three boys with

ASD and four typically developing boys had been excluded

due to missing data on the Leiter-R.

Vocabulary Ability

Boys with ASD completed the Peabody Picture Vocabulary

Test, Fourth Edition (PPVT-4; Dunn and Dunn 2007) and

Expressive Vocabulary Test, Second Edition (EVT-2;

Williams 2007). The PPVT is a receptive vocabulary test in

which the child points to one of four color pictures on a

page that is named by the examiner. The EVT tests

expressive vocabulary by requiring the child to provide a

label or synonym for each item, presented as a color picture

on the page of an easel book. One benefit of these two

measures is that they were co-normed, allowing direct

comparisons between PPVT and EVT standard scores.

Typically developing boys completed either the PPVT-4

and the EVT-2 (n = 58; ages 2–5;11) or the previously

published versions: PPVT-III (Dunn and Dunn 1997) and

EVT (Williams 1997). Typically developing boys who

completed the PPVT-III and EVT (n = 22) were ages

6–11. The older editions of those tests differ from the

newer revisions in that the pictures are grey scale rather

than color. The PPVT-III, PPVT-4, and EVT-2 each have

two versions (A and B), which were administered in an

alternating manner to participants in the larger studies.

All raw scores were converted to growth scores, which

allow valid comparisons across editions (i.e., PPVT-4 and

PPVT-III; EVT-2 and EVT) and versions (i.e., A and B)

according to the test manuals. Additionally, growth scores

have desirable psychometric properties for inferential sta-

tistics because they are on an equal-interval scale and they

capture absolute level of knowledge for the entire range of

ability (Dunn and Dunn 2007). In contrast, floor effects

were of concern for standard scores and age-equivalent

scores. Of participants with ASD, three were at floor for

standard scores (i.e., a score of 20) and five participants

received raw scores too low for a valid age-equivalent

score on the PPVT; none received the lowest possible

growth score on the PPVT. As such, growth scores were

the primary dependent variables for trajectory analyses.

One additional participant with ASD had been excluded

Table 1 Participant characteristics and vocabulary ability

Measure Autism spectrum disorder (n = 49) Typical development (n = 80)

Mean (SD) Range Mean (SD) Range

Chronological age 7.61 (1.95) 4–11 5.11 (2.47) 2–11

Leiter-R Brief IQ 75.92 (19.86) 40–117 113.24 (14.90) 82–145

Age-equivalent 5.65 (2.49) 3–15 6.34 (3.75) 3–18

Growth score 465.71 (16.92) 439–510 468.24 (21.97) 429–517

PPVT Standard score 68.69 (23.35) 20–113 118.21 (12.56) 81–147

Age-equivalent 4.94 (2.08) 2–12 6.95 (4.08) 2–22

Growth score 117.57 (30.82) 56–186 139.95 (30.33) 82–209

EVT Standard score 71.33 (25.28) 20–119 114.47 (11.13) 91–143

Age-equivalent 5.32 (2.14) 2–13 6.54 (3.62) 3–21

Growth score 127.90 (29.24) 45–179 143.01 (22.92) 88–193

Autism symptom severity 8.00 (1.63) 4–10 – – –

PPVT and EVT standard scores are only available for participants over the age of 2;6 and thus, reflect scores from 72 typically developing boys.

Due to low raw scores, age-equivalent scores were unavailable for 5 boys with ASD for the PPVT and 6 boys with ASD and 1 boy with typical

development for the EVT. Autism symptom severity scores were based on ADOS algorithm scores (Gotham et al. 2009)

PPVT Peabody Picture Vocabulary Test (Dunn and Dunn 1997, 2007), EVT Expressive Vocabulary Test (Williams 1997, 2007)
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due to missing data for the PPVT; one additional partici-

pant with ASD and one participant with typical develop-

ment had been excluded due to missing data for the EVT.

Procedure

Each participant was tested individually by a trained

examiner in a quiet room over the course of multiple ses-

sions. Consistent with standardization procedures, the

PPVT preceded the EVT in the experimental protocol, but

usually was administered on the same day. Breaks were

provided as needed. Note that face-to-face meetings, video

review, and regular teleconferences were used to promote

consistency of test administration across sites.

Results

Relative Deficits in Receptive Vocabulary

at the Individual Level

Prior to the primary analyses, we sought to describe the

nature of within-sample variability in vocabulary abilities.

For these descriptive analyses, we chose to use standard

scores because they are directly comparable between the

PPVT and EVT and because standard scores are preferred

for profiling abilities at the individual level (Mervis and

Klein-Tasman 2004). We subtracted EVT standard scores

from PPVT standard scores to create a difference score that

maps onto the typical pattern of abilities (i.e., higher

receptive than expressive abilities). Positive values indicate

a relative strength in receptive vocabulary, whereas nega-

tive values indicate the reported pattern in ASD, with a

relative weakness in receptive vocabulary. Of the 49 boys

with ASD, 31 had a negative score. Correlations between

the difference score and nonverbal cognition, autism

symptom severity, and age were tested using two-tailed

p values. For boys with ASD, difference scores were

negatively associated with Leiter-R Brief IQ growth scores,

r = -.33, p = .020, two-tailed, but not autism symptom

severity, r = -.25, p = .080, two-tailed, or age, r = -.21,

p = .149, two-tailed. See Fig. 1. Thus, greater magnitudes

of relative receptive delay were associated with higher

nonverbal cognitive ability.

To further probe within-group variability, we identified

those individual boys who had meaningful differences

in receptive and expressive vocabulary standard scores

according to the definitions provided by the EVT and EVT-

2 manuals for statistically significant differences at the .05

level relative to the norming sample (Williams 1997;

Williams 2007). We addressed the sensitivity of this profile

in terms of the proportion of boys with ASD who met the

criteria for the weakness in receptive vocabulary and the

specificity of this profile relative to typical development

(Mervis and Robinson 2005; and see 1999, 2003). Of the

49 boys with ASD, 9 (18 %) had significantly lower

standard scores on the PPVT than the EVT in comparison

to 6 of the 72 boys (8 %) with typical development (those

boys below age 2;6 were too young for standard scores).

The difference between groups in proportion of partici-

pants with a relative weakness in receptive vocabulary

failed to reach significance, two-sided exact test, p = .158.

In contrast, 5 (10 %) of the boys with ASD and 18 (25 %)

boys with typical development had significantly higher

standard scores on the PPVT than the EVT. The proportion

of typically developing boys who demonstrated a signifi-

cant advantage for receptive over expressive vocabulary

was marginally higher than that of the boys with ASD, two-

sided exact test, p = .058.

Traditional Matched-Groups ANOVA Analyses

Before turning to the trajectory analyses, we assessed

average group differences in receptive and expressive

Fig. 1 Distribution of vocabulary standard score discrepancies of boys with ASD across a age, b nonverbal cognitive ability, and c ADOS

autism symptom severity
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vocabulary to allow direct comparisons between our sam-

ples and the extant literature. We conducted these tradi-

tional ANOVA comparisons for nonverbal cognitive

ability-matched groups using growth scores, which also

served as the dependent variable of interest for the trajec-

tory analyses. We also conducted the comparisons using

standard scores and age-equivalent scores, which are more

commonly used in research despite their limitations.

Although the groups did not differ in nonverbal cogni-

tive ability growth scores (p = .49), the samples just failed

to meet the matching criteria of p C .50 proposed by

Mervis and Robinson (1999). To simulate a matched-

groups analysis, we restricted the samples such that no

typically developing participant had a Leiter-R growth

score lower than that of a participant with ASD and no

participants had growth scores [502. This yielded an

optimal match in terms of sample size and p value,

resulting in 48 boys with ASD and 68 typically developing

boys, t(114) = .18, p = .86, d = .03, variance

ratio = 0.87 (Kover and Atwood 2013). We then tested

group differences for PPVT scores, for EVT scores, and

both combined in a 2 (Group: ASD, typical develop-

ment) 9 2 (Task: PPVT, EVT) ANOVA.

Boys with ASD had poorer PPVT and EVT performance

than boys with typical development regardless of whether

growth scores, standard scores, or age-equivalents were

used as the dependent variable, with the exception of EVT

age-equivalents (see Table 2). In the repeated-measures

analysis for growth scores, there was a main effect of

group, F(1,114) = 11.85, p = .001, partial g2 = .09; boys

with ASD scored lower on average than boys with typical

development. The significant Group 9 Task interaction,

F(1, 114) = 8.57, p = .004, partial g2 = .07, reflected

that, on average, boys with ASD had a greater discrepancy

in growth scores between tasks than the typically devel-

oping boys. These effects, including the Group 9 Task

interaction, F(1, 113) = 9.09, p = .003, partial g2 = .07,

remained significant when including nonverbal cognitive

ability growth scores as a covariate. Results for age-

equivalent and standard scores were similar to those for

growth scores. On average, boys with ASD had lower

PPVT than EVT scores, whereas typically developing boys

showed the opposite pattern: higher PPVT than EVT

scores.

Cross-Sectional Developmental Trajectories

For the primary analyses, trajectories were calculated for

receptive vocabulary growth scores relative to age, non-

verbal cognition growth scores, and expressive vocabulary

growth scores. Compatible with a regression framework,

but conceptually similar to ANCOVA, these analyses were

implemented by predicting receptive vocabulary growth

scores from each of the predictors of interest separately

along with a dummy variable for group and the interaction

term between group and the slope between vocabulary and

the respective predictor. Thus, F tests of the main effects of

group, main effects of the continuous predictor (i.e., age,

nonverbal cognition, expressive vocabulary), and interac-

tions between group and slope were of interest. As a check

against violating assumptions associated with the trajectory

analyses, we examined scatter plots of standardized resid-

uals for receptive vocabulary by chronological age, Leiter-

R growth scores, and expressive vocabulary growth scores.

These residual plots revealed no systematic relationships.

Although we analyzed linear trajectories here, researchers

analyzing data from other, larger samples should examine

the possibility that nonlinear trends might characterize

observed patterns of data.

First, receptive vocabulary was evaluated relative to age

expectations by examining the trajectory onset and within-

group trajectory slopes between PPVT growth scores and

chronological age. The difference in onset between groups

was evaluated at the earliest overlap in chronological age

Table 2 Traditional matched-groups analysis of PPVT and EVT scores

Variable Group mean

difference

Standard error of

difference

t df p d

PPVT Standard score 49.52 3.53 14.02 107 \.001 2.73

Age-equivalent 1.40 .52 2.66 109 .009 .52

Growth score 19.88 5.34 3.72 114 \.001 .71

EVT Standard score 43.45 3.63 11.98 107 \.001 2.33

Age-equivalent .65 .47 1.39 107 .167 .28

Growth score 13.37 4.54 2.95 114 .004 .56

Traditional matched-group t-tests were conducted on matched subsets of the larger samples: 48 boys with ASD and 68 typically developing boys.

PPVT Peabody Picture Vocabulary Test (Dunn and Dunn 1997, 2007). EVT Expressive Vocabulary Test (Williams 1997, 2007). Only 61 of the

68 typically developing boys were old enough to receive standard scores. Only 43 boys with ASD had raw scores high enough to receive PPVT

age-equivalent scores; only 42 boys with ASD and 67 typically developing boys had raw scores high enough for EVT age-equivalent scores.

Two-tailed p values are reported here
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between groups (i.e., 4 years) to avoid extrapolation. The

onset of the trajectory for receptive vocabulary growth

scores relative to age was lower for boys with ASD than

boys with typical development (i.e., vocabulary was

delayed relative to chronological age), F(1, 125) = 17.55,

p \ .001, partial g2 = .12. The relationship between

receptive vocabulary and age was strongly positive on

average, F(1, 125) = 80.47, p \ .001, partial g2 = .39.

However, the positive relationship between receptive

vocabulary and age differed between groups, resulting in a

significant interaction, F(1, 125) = 10.93, p = .001, par-

tial g2 = .08. Inspection of Fig. 2 reveals that the trajectory

of receptive vocabulary growth was steeper for typically

developing boys than for boys with ASD.

Next, receptive vocabulary was evaluated against non-

verbal cognitive ability expectations in terms of onset at

the lowest point of overlap between the groups (i.e., a

Leiter-R Brief IQ growth score of 439) and in terms of the

within-group slopes. A growth score of 439 on the Leiter-R

can be interpreted as a cognitive-developmental level

somewhat below that of a typical 3-year-old. The onset of

the receptive vocabulary trajectory was lower for boys with

ASD than boys with typical development (i.e., vocabulary

comprehension was delayed relative to nonverbal cogni-

tion), F(1, 125) = 15.62, p \ .001, partial g2 = .11. The

relationship between receptive vocabulary and nonverbal

cognition was strong and positive on average, F(1,

125) = 199.73, p \ .001, partial g2 = .62. The interaction

between group and nonverbal cognition was not significant,

F(1, 125) = .64, p = .426, partial g2 = .01. As seen

in Fig. 3, the relationship between receptive vocabulary

and nonverbal cognition appears relatively comparable

between groups, although the variability in receptive

vocabulary at low levels of nonverbal cognitive ability for

boys with ASD should be noted.

Receptive vocabulary was then evaluated against

expressive vocabulary to assess the possibility of an atypical

profile of relative weakness in comprehension relative to

production. The group difference in onset was tested at the

lowest point of overlap between the groups (i.e., an EVT

growth score of 88) and the within-group slopes between

receptive and expressive vocabulary were compared. A

growth score of 88 on the EVT can be interpreted as indi-

cating an expressive vocabulary level somewhat below that

of a typical 2-year-old. The onset of the receptive vocabulary

trajectory did not differ between groups, F(1, 125) = 2.78,

p = .098, partial g2 = .02. Thus, at the earliest stage of

language learning that was examined, receptive vocabulary

levels were not significantly delayed beyond expressive

vocabulary levels in boys with ASD on average. The positive

relationship between receptive and expressive vocabulary

was significant, F(1, 125) = 835.70, p \ .001, partial

g2 = .87; however, this relationship differed between

groups, yielding a significant interaction, F(1,125) = 11.98,

p = .001, partial g2 = .09. The slope was shallower for boys

with ASD, meaning that receptive vocabulary was less

advanced relative to expressive vocabulary as it increased

across participants. For boys with ASD, receptive vocabu-

lary increased at a rate of 20 % less than that for boys with

typical development relative to expressive vocabulary,

leading to lower predicted receptive vocabulary at advanced

40

60

80

100

120

140

160

180

200

2 3 4 5 6 7 8 9 10 11 12

R
ec

ep
ti

ve
 V

o
ca

b
u

la
ry

 G
ro

w
th

 S
co

re

Chronological Age

TD

ASD

Linear (TD)

Linear (ASD)

Fig. 2 Trajectory of receptive vocabulary relative to chronological

age for boys with typical development (TD) and boys with ASD

40

60

80

100

120

140

160

180

200

425 445 465 485 505 525

R
ec

ep
ti

ve
 V

o
ca

b
u

la
ry

 G
ro

w
th

 S
co

re

Leiter-R Brief IQ Growth Score

TD

ASD

Linear (TD)

Linear (ASD)

Fig. 3 Trajectory of receptive vocabulary relative to nonverbal

cognitive ability for boys with typical development (TD) and boys

with ASD

J Autism Dev Disord (2013) 43:2696–2709 2703

123



levels of expressive vocabulary. The difference in slopes can

be seen in Fig. 4.

Finally, we calculated trajectories for receptive and

expressive vocabulary simultaneously relative to nonverbal

cognitive ability as a way to evaluate the relationship

between receptive and expressive vocabulary while taking

into account nonverbal cognitive ability, given the docu-

mented association between language and nonverbal cog-

nition in children with ASD (e.g., Luyster et al. 2008). As

expected, the positive relationship between nonverbal

cognitive ability and vocabulary was significant, F(1,

125) = 215.78, p \ .001, partial g2 = .63; see Fig. 5. The

effect of group was also significant, with higher perfor-

mance on these measures by the boys with typical devel-

opment, F(1, 125) = 16.83, p \ .001, partial g2 = .12.

In this repeated-measures analysis, the Group (ASD,

typical development) 9 Task (PPVT, EVT) interaction

was not significant, F(1, 125) = 1.12, p = .291, partial

g2 = .01, whereas a Task 9 Nonverbal Cognition inter-

action indicated a difference in rate of development in the

two tasks on average, F(1, 125) = 13.88, p \ .001, partial

g2 = .10. Neither the Group 9 Nonverbal Cognition

interaction, F(1, 125) = 1.54, p = .217, partial g2 = .012,

nor the Group 9 Task 9 Nonverbal Cognition interaction,

F(1, 125) = .96, p = .329, partial g2 = .008, was signifi-

cant. Thus, there was no evidence that the developmental

relationship among tasks differed between groups. These

findings suggest that, although vocabulary is delayed rel-

ative to nonverbal cognitive ability, the relationship

between receptive vocabulary, expressive vocabulary, and

nonverbal cognition does not differ between groups. This

analysis provides a caveat to the trajectories examining

receptive vocabulary separately with individual predictors

(i.e., age, nonverbal cognition, expressive vocabulary) in

that the interaction between vocabulary domain and group

does not hold when taking into account nonverbal cogni-

tive ability.

Discussion

The purpose of the present study was to characterize the

vocabulary ability of boys with ASD with respect to the

relative weakness in receptive language that has been

ascribed to children with ASD, using co-normed direct

assessment measures of receptive and expressive vocabu-

lary and a strong comparison group of typically developing

boys. We took a more nuanced approach to the charac-

terization of the relationships among vocabulary and cog-

nition in ASD and avoided many of the methodological

limitations of previous studies on this topic. Nevertheless,

the current results converge with previous research dem-

onstrating a receptive language weakness in ASD that

emerges at higher ability levels.

Cross-Sectional Trajectories of Receptive Vocabulary

Based on a cross-sectional developmental trajectories

approach (Thomas et al. 2009), we concluded that recep-

tive vocabulary ability of school-age boys with ASD is, on

average, delayed in terms of level (onset) and rate (tra-

jectory slope) relative to chronological age, delayed in

onset relative to nonverbal cognition, and delayed in tra-

jectory slope relative to expressive vocabulary. A principal
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advantage of this analysis approach over traditional mat-

ched-group designs is the estimate of differences between

groups in the continuous relationship between the depen-

dent measure and other theoretically chosen constructs,

allowing these conclusions to be drawn.

The current results replicated previous findings that

receptive vocabulary is delayed relative to chronological

age and nonverbal cognitive ability expectations in boys

with ASD (Charman et al. 2003; Ellis Weismer et al.

2010). In and of itself, the finding that vocabulary com-

prehension lags behind age expectations in boys with ASD

is not surprising given the diagnostic criteria for ASD,

previous research on language ability in children with ASD

(Luyster et al. 2007), and the relationship between non-

verbal cognition and language development in children

with ASD (Bopp et al. 2009; Thurm et al. 2007). None-

theless, as in previous research on younger children with

ASD, we found that receptive vocabulary was significantly

associated with age, nonverbal cognition, and expressive

vocabulary (Hudry et al. 2010; Luyster et al. 2007; Volden

et al. 2011).

However, in the current sample, the relationships

between receptive vocabulary and both age and expressive

vocabulary were significantly weaker in boys with ASD

than boys with typical development. This difference

between groups suggests not only that receptive vocabulary

falls further behind across childhood in boys with ASD, but

also that as expressive vocabulary develops, receptive

vocabulary is unlikely to keep pace with the rate observed

for typically developing boys. Although level of receptive

vocabulary ability was not delayed for boys with ASD at

the trajectory onset, we estimated the discrepancy in the

receptive-expressive vocabulary trajectory slope for boys

with ASD as approximately 20 % shallower than for boys

with typical development. The finding that expected

receptive vocabulary abilities are lower for boys with ASD

than typical development as expressive vocabulary abilities

increase corresponds with previous studies on language in

ASD (Hudry et al. 2010), but extends these findings to a

diverse sample of 4- to 11-year-old boys using an improved

methodological approach.

Although we found that receptive vocabulary ability did

not advance at the rate expected given expressive vocab-

ulary, this result was not significant when controlling for

nonverbal cognitive ability. In that repeated-measures

analysis, no interactions with group were significant, sug-

gesting that the relationship between receptive and

expressive vocabulary is not different for boys with ASD

and typical development after taking nonverbal cognitive

ability into account. Thus, on average, vocabulary devel-

opment for boys with ASD does not fall outside of

developmental-level expectations. This conclusion differs

from that of Hudry et al. (2010) and Volden et al. (2011),

who failed to statistically account for nonverbal cognitive

abilities in testing differences between receptive and

expressive language and who examined an earlier devel-

opmental period (i.e., preschool children). Indeed, a shal-

lower trajectory of receptive relative to expressive

vocabulary might be accounted for by nonverbal cognitive

ability, a topic that needs to be addressed in longitudinal

research.

An alternative explanation for the discrepancy between

the current results and studies of preschool children relates

to the language domains assessed. It is possible that, when

examining vocabulary ability in isolation, weaknesses in

receptive ability are accounted for largely by nonverbal

cognitive ability, but not when assessing receptive lan-

guage broadly defined, as with an omnibus test. The results

reported by Kjelgaard and Tager-Flusberg (2001) lend

some support for this explanation in that a relative recep-

tive weakness was present using the CELF, but not the

PPVT and EVT, although the comparison of findings for

omnibus language and vocabulary measures is ambiguous

for this study because only a subgroup of participants

completed the CELF. Future research will benefit from

examining multiple distinct domains of language with

respect to receptive and expressive skills in individuals

with ASD.

Traditional Matched-Group Comparisons

Despite some evidence of floor effects for standard scores

and age-equivalents, the traditional group-matching anal-

yses revealed a weakness in receptive vocabulary regard-

less of dependent measure: growth score, standard score, or

age-equivalent. Similarly, Hudry et al. (2010) and Volden

et al. (2011) found that PLS receptive age-equivalent

scores were lower than expressive age-equivalent scores in

preschoolers with ASD. Although results from the cross-

sectional developmental trajectories approach were in

general agreement with traditional matched-group analy-

ses, the former approach offers additional theoretical

advantages, not only providing a compelling justification

for longitudinal studies but also a scaffold for well-devel-

oped hypotheses about the nature and course of vocabulary

development in children with ASD. Results between

analysis strategies contrasted in that the interaction

between group and vocabulary task remained significant in

the traditional analysis, but not in the trajectory analysis,

when controlling for nonverbal cognitive ability. Mini-

mizing the role of development, including change with age

or other dimensions of ability, could lead to spurious

conclusions regarding phenotypic profiles (Karmiloff-

Smith 1998).

A further limitation of the traditional matched-groups

comparison was the loss of power due to excluding
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participants to obtain a ‘‘better’’ match, accompanied by

truncation of the range of ability of the groups, limiting the

generalizability of conclusions. Additionally, the likeli-

hood of obtaining floor effects for standard and age-

equivalent scores when assessing children with neurode-

velopmental disorders further supports the use of growth

scores, paired with statistical techniques that emphasize

development and capture the full range of the ASD phe-

notype. Growth scores will continue to be useful for

assessing levels of ability and change in individuals with

ASD as research moves beyond the descriptive to explan-

atory, longitudinal studies.

Individual Variability and Discrepancies in Vocabulary

Ability

The heterogeneity in receptive vocabulary among boys

with ASD across age, nonverbal cognition, and expressive

language ability is apparent in Figs. 2, 3, 4 and 5. This

extensive variability among individuals extends to

expressive vocabulary as well (Smith et al. 2007). For the

school-age boys in the current sample, difference scores

between receptive and expressive abilities for individual

participants were correlated with nonverbal cognition. This

suggests that delays in receptive vocabulary relative to

expressive vocabulary are likely to be observed as non-

verbal cognitive ability increases. This finding also con-

verges with the trajectory analysis relative to expressive

vocabulary, in which the slope, but not the onset, was lower

for boys with ASD than typical development. Although

contrasting with Volden et al. (2011), the current results

extend those from Hudry et al. (2010) regarding the rela-

tionship between advanced cognition and relative receptive

deficits to school-age children with ASD. However, Hudry

et al. also found this profile to be associated with lower

total ADOS scores rather than higher ADOS severity

scores as in the current sample, although this result did not

reach statistical significance in the present study. In gen-

eral, the observed effects align with the notion that

increased ability levels might allow greater detection of a

relative weakness in receptive vocabulary.

One way to bridge from conclusions drawn about phe-

notypic averages to individual patterns of ability will be to

identify meaningful subgroups in the ASD phenotype. This

strategy has been advocated by Tager-Flusberg and Joseph

(2003) and applied to other populations with language

impairments, such as SLI. A recent study of school-age

children with a history of SLI identified seven subgroups,

which were differentiated in terms of level of language

impairment (Conti-Ramsden et al. 2012). Of note is that

two of these subgroups, which were among the most

impaired, displayed the atypical profile of weaker receptive

than expressive language that has been ascribed to ASD. In

addition to highlighting the utility of describing phenotypic

subgroups when sample sizes allow (Charman et al. 2011),

these findings suggest that relative receptive weaknesses

may not be a unique marker of language impairment in

ASD per se and/or that subgroups of children with SLI and

ASD share common aspects of ability profiles, as has been

suggested by others (Tager-Flusberg 2006; Tomblin 2011).

In the current study, few boys with ASD showed the typical

profile of a relative receptive advantage; however, relative

deficits in receptive vocabulary–although not always large–

were observed across the range of age, nonverbal cognitive

ability, and autism symptom severity, which might lead

one to believe that all the relevant dimensions for dis-

criminating phenotypic ASD subgroups have yet to be

identified.

Limitations and Future Directions

Several limitations temper our conclusions. First, our focus

was on vocabulary, but we were unable to distinguish

among types of vocabulary, such as abstract, relational, or

mental state words, using the PPVT and EVT. It is possible

that such lexical categories are associated with different

developmental trajectories. Second, many typically devel-

oping boys had statistically higher receptive than expres-

sive vocabulary standard scores, which could have led to

the appearance of relative receptive deficits in boys with

ASD. In this sense, it should be acknowledged that the

current sample of typically developing boys did not per-

form within the expectations of the samples used to norm

the PPVT and EVT, perhaps because of selection bias

related to participation in a longitudinal study or the

restricted demographics of the locales from which they

were sampled. The fact that nonverbal cognitive ability at

least partially accounted for the differential patterns of

receptive relative to expressive vocabulary across groups

does not diminish this concern, given the above-average

performance of the typically developing boys on the Leiter-

R. Variability among the participants with ASD on the

Leiter-R was a strength of the study in that a large range of

the ASD phenotype was captured, including those with

above-average cognitive abilities and those with intellec-

tual disability; however, replication of these findings will

be necessary to fully understand the role of nonverbal

cognition in the relationship between receptive and

expressive vocabulary across development in ASD. In

addition, our samples included only boys and the current

findings might not extend to girls.

In terms of the abilities of children with ASD, measures

of receptive language rely heavily on compliance and it can

often be unclear whether the demands of the task or

comprehension of the target forms provide the greater

challenge to any given child with ASD. Our expressive

2706 J Autism Dev Disord (2013) 43:2696–2709

123



vocabulary measure required only a verbal label of a pic-

ture, whereas our receptive vocabulary measure required

coordination of a fine motor response and inhibition of that

response prior to comparison of all four stimulus plates on

a page of the test book. These performance differences,

which are inherent in standardized tests, make it difficult to

equate nonlinguistic processing demands across modalities

or to precisely determine the source of poor performance.

In fact, the task demands associated with standardized

language testing have led many to assess language com-

prehension in children with ASD using paradigms designed

for infants and toddlers that require only eye gaze as a

response (e.g., Swensen et al. 2007). These preferential

looking paradigms avoid some of the shortcomings of

standardized behavioral testing, but have limitations

themselves including the need for specialized equipment,

resources for stimuli creation and eye gaze coding, and the

lack of norms for accuracy or speed of processing for

vocabulary comprehension. Future research on receptive

and expressive vocabulary in individuals with ASD or

other neurodevelopmental disorders will be shaped by

these issues.

If a relative weakness in receptive vocabulary is not an

artifact of measurement and continues to be replicated

across multiple assessment techniques, developmental

explanations for a relative receptive vocabulary deficit and

its potential downstream effects on later learning will be

important areas for future research. One theory on cogni-

tive ability in ASD posits that declarative memory is

impaired in some individuals with ASD, whereas proce-

dural (i.e., implicit) learning is intact (Boucher 2012;

Boucher et al. 2008). It will be of great interest to examine

whether such a theory can account for receptive vocabulary

deficits, accompanied by relatively intact syntactic ability

(but see Eigsti et al. 2007), in the ASD phenotype or

subgroups thereof. Whether nonverbal cognitive ability–

perhaps mediated by aspects of memory–acts as a limiting

factor for receptive vocabulary development in children

with ASD and whether this extends to other neurodevel-

opmental disorders remains to be seen (Boucher et al.

2008). Longitudinal studies with cross-syndrome compar-

isons will be crucial for disentangling these factors.

Summary and Conclusions

To characterize receptive vocabulary ability in boys with

ASD, this study estimated cross-sectional developmental

trajectories using a large comparison group of typically

developing boys with overlapping age and nonverbal

cognitive ability, a requirement and advantage of the

approach. Findings suggest that, on average, boys with

ASD experience delays in receptive vocabulary relative to

age and nonverbal cognition. A shallower trajectory

between receptive and expressive vocabulary was also

detected in boys with ASD. Although receptive vocabulary

was found to lag behind as expressive vocabulary levels

increased, this conclusion no longer held after accounting

for nonverbal cognition. The factors that contribute to

vocabulary development in children with ASD are complex

and this cross-sectional study provides a basis for exploring

mechanisms of vocabulary acquisition in future longitudi-

nal work.
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