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ABSTRACT

Objective: To examine receptive language growth in children with cerebral palsy (CP) and anarthria

using a parent-reported measure of vocabulary.

Method: Scores from 47 children (29 males) with CP and anarthria were obtained from the vocabulary
checklists on the MacArthur-Bates Communication Development Inventories (MCDI) and analyzed to
examine the distribution of receptive language growth. Linear trajectories of word composite scores
were created using a linear-mixed model, incorporating between two and ten data points per child.

Results: Three different growth trajectories emerged: approximately 23% grew by 100 or more words
per year, 13% grew by 50-100 words per year, and 64% grew by 50 words per year or less. Age-four
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vocabulary was strongly correlated with rate of increase in vocabulary.
Conclusion: Receptive vocabulary scores from the MCDI are increasing at a reduced pace for most
children with CP and anarthria. More sensitive measures of language assessment are necessary to gain

a complete picture of their language ability levels.

Introduction

Cerebral Palsy (CP) is defined as a group of non-progressive motor
impairments which result from an injury to the brain during the
early stages of life. Due to the nature of the disorder, assessment
and treatment often primarily focuses on the resulting physical
limitations and their impact on the early stages of development.
However, population-based studies have drawn increased aware-
ness to co-occurring deficits areas. A multitude of factors, includ-
ing CP type, time of onset, and cortical areas affected, result in
a wide range of cognitive, motor, and communication abilities in
these children." One study showed that over 60% of children
diagnosed with CP had some type of communication
impairment.” Communication deficits can include speech motor
impairments such as dysarthria, which frequently manifests as
speech that sounds slurred, slow, and difficult to understand. In
addition, many children with CP may have receptive and/or
expressive language impairment. Receptive language impairments
affect the ability to understand words and sentences. Expressive
language impairments affect the ability to produce words and
sentences that are age appropriate in length and complexity, as
well as productive vocabulary. Production of expressive language
is often hindered by dysarthria, but deficits can often be compen-
sated for through the use of alternative expressive communication
modalities such as augmentative and alternative communication
(AAC) systems and strategies. Research focused on specific aspects
of speech and/or language suggests that communication delays at
2 years of age may affect considerably more children with CP than
earlier estimates have suggested.’

Several classification systems have been designed to reduce
heterogeneity and identify common features among sub-
groups of children with CP. Classification systems for indivi-
duals with CP exist for domains including: gross motor skills,*
manual abilities,” feeding,” and communication.””'® One such
classification model, proposed by Hustad et al.” subdivides
children based on two axes, speech motor abilities, and lan-
guage abilities. Speech-language profile groups (SLPGs) from
this model are: (1) children with CP who have no speech
motor impairment (NSMI), (2) children with CP who have
speech motor impairment (dysarthria) and typical language
comprehension (SMI-LCT), (3) children with CP who have
speech motor impairment (dysarthria) and language compre-
hension impairment (SMI-LCI), and (4) children with CP
who have speech motor impairment that is so severe that
they are unable to produce functional speech (anarthria).
Using this paradigm, growth trajectories of individual profile
groups over time have been examined.>"'> One recent study
examined communication development between 24 and 53
months and found that early communication abilities were
highly predictive of later profile group membership."' For
example, children with CP who were not producing speech
by 24 months were very likely to be classified as anarthric or
as having speech motor impairment at 53 months. Estimates
vary regarding how many children diagnosed with CP could
also be considered anarthric. At five to 6 years of age, Mei and
colleagues'” reported that 24% of their population-based sam-
ple was unable to speak. Other studies have suggested that this
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number could be higher - up to 44%.° The present study
seeks to examine receptive vocabulary change as reported by
parents longitudinally from 17 to 83 months of age among
children with CP who have anarthria and are thus unable to
speak.

Children who have CP and anarthria have received little
research attention, despite the fact that they comprise
a significant portion of the population. These children fre-
quently present with severe gross and fine motor impairment
that affects their ability to gesture, point, or manipulate
objects to demonstrate knowledge. For decades, researchers
and clinicians have been aware of testing barriers for this
population via existing behavioral measures.'* In spite of
technological advances, these barriers persist and options are
very limited for measuring language ability in children who
are unable to speak.'” Existing language assessments require
the ability to talk, the fine motor control to manipulate objects
and/or point, and a certain degree of limb control for motor
movements such as pointing.

One recent study examined longitudinal development of
receptive language in children with CP.'* Results from standar-
dized receptive language measures showed that children with
anarthria demonstrated limited growth between the ages of 18
and 54 months, and often maintained very low language com-
prehension scores over time. However, it is difficult to determine
if these results are indicative of actual language abilities or are
instead a reflection of motor impairment that prohibits the ability
to demonstrate underlying language skills. Studies examining the
Gross Motor Function Classification System (GMEFCS)* in chil-
dren with CP have established a correlation between the severity
of gross motor impairment and severity of communication
deficits.'® In particular, children with the most severe gross
motor involvement also tend to have the most severe commu-
nication challenges. The speech production aspect of commu-
nication can be readily observed in children with CP and
quantified in terms of severity (or inability to produce speech).
However, language is difficult to accurately measure in the pre-
sence of severe motor involvement and severe dysarthria/anar-
thria, which limit the use of testing modalities including speech,
and manual movement such as pointing and manipulating
objects. Thus, quantifying latent abilities such as receptive lan-
guage is challenging. These factors have important implications
for intervention, particularly for the use of augmentative and
alternative communication (AAC) systems. In one study,
Griffiths & Addison'” noted that 100% of children classified as
GMECS levels IV or V had expressive and/or receptive commu-
nication impairments which required the use of AAC systems.
A precise understanding of a child’s language abilities is an
important step in matching a child to an appropriate AAC
system. Additionally, a growing body of work has shown that
AAC systems are not only used as a means of expressive output
but can serve a prominent role in providing language input.'®

Alternative measures of receptive language abilities suggest
promising potential. Geytenbeek, Heim, Vermeulen, &
Oostrom,'” developed an assessment called the Computer-
Based  Instrument for Low  Motor  Lanuguage
Testing (C-BiLLT), which was designed to bypass challenges
presented by motor limitations through use of alternative access
modalities such as eye gaze. A recent cross-sectional study using

the C-BiLLT found that non-speaking children with CP were
still improving their receptive language scores at age 12.>° Given
these findings, the study of additional means for capturing
language comprehension abilities of non-speaking children
with CP is an important area for exploration.

Indirect measures of receptive language abilities are
a simple avenue for uncovering underlying ability levels that
could inform AAC interventions. Parent-report measures,
such as the MacArthur-Bates Communicative Development
Inventories,”’ are well-established tools for measuring lan-
guage growth in children with and without disabilities.***
The MCDI has been used to predict language abilities in
preterm, late-talkers, and language-impaired children.”>">
More recently, the MCDI has been used to examine language
growth in children with developmental disabilities, including:
autism spectrum disorders (ASD), down syndrome, intellec-
tual disability, and cochlear implant recipients.”* > Several of
these studies have examined language growth well beyond the
intended 30-month age range®>* and found that the MCDI
continued to be a useful measure of vocabulary development.
This measure has enabled researchers to get below the detec-
tion limits of standardized language tests when assessing
children with more complex communication needs.
However, the MCDI has not been used in studies examining
communication abilities in children with CP. The MCDI
could provide a more sensitive index of receptive vocabulary
and its change over time for children with limited speaking
and motor abilities relative to traditional measurements invol-
ving behavioral responses.

In the present study, we sought to examine how receptive
vocabulary as reported by parents on the MCDI changes long-
itudinally between the ages of 17-83 months among children
with CP who are unable to speak. We were interested in the rate
of vocabulary growth as rate of language growth has been sug-
gested to be an indicator of learning efficiency in children®'and
could potentially serve as a rationale for provision of increased
intervention services. Here we provide the first analysis examin-
ing the slope in words per year of vocabulary growth in children
with CP. We also examined vocabulary size at 4 years, an age
when children are entering formal education (preschool or 4k
programs in the US) and is thus a critical time for communica-
tion development. For children with CP, 4 years of age is parti-
cularly germane because studies in our lab have suggested that
most children with CP who will acquire the ability to produce
spoken words do so by this time’* and because this was the age
point from which we identified the presence of anarthria in our
sample. We addressed the following specific questions:

(1) How do children who are unable to speak grow with
regard to receptive vocabulary? Specifically, what is
the slope of their growth, as well as the range and
distribution of trajectories among children?

(2) What is the range of children’s receptive vocabulary
size at the midpoint of our longitudinal timeframe
(48 months) and how does it relate to growth?

Given the heterogeneity and complexity of the population, we
expect that parent-report measures of receptive vocabulary via
the MCDI will show receptive vocabulary acquisition to have



considerable variability in this sample such that some children
will demonstrate growth that is more accelerated than others.
We also predict that a child’s receptive vocabulary knowledge
at 48 months will be indicative of their estimated growth. This
hypothesis was founded on the finding that the fourth year of
life seems to be a time when disability profiles in children
with CP tend to become relatively stable.”?

Materials and Methods
Participants

Participants were selected from a larger cohort of children
with a clinically confirmed diagnosis of cerebral palsy (CP;
n = 139) who were enrolled in a prospective longitudinal
study on communication development. In the present study,
we examined only children who were clinically classified as
anarthric, which we operationally defined as those who were
unable to produce more than five words or word approxima-
tions using speech, per clinical observation and parent report
at 48 months of age. Additional inclusion criteria for the
present study required each child to have hearing within
normal limits and to have contributed at least two longitudi-
nal data points between the ages of 17 and 83 months. A total
of 47 children (29 males, 18 females) met these requirements
and were included in this paper. Table 1 shows demographic
data including: CP type, Gross Motor Function Classification
System (GMFCS)* level, Manual Ability Classification System
(MACS) level, and vision status. All participants came from

Table 1. Demographic and clinical characteristics of anarthric
children with CP.

Anarthric children (n = 47)

Sex
Male 29
Female 18
Type of CP
Spastic
Diplegia 3
Hemiplegia (left) 1
Hemiplegia (right) 0
Triplegia 0
Quadriplegia 20
Unknown 1
Hypotonic 4
Mixed 4
Dyskinetic 1
Unknown 13
GMFCS at 4 years
| 0
Il 4
I 2
\% 12
\ 29
MACS at 4 years
| 1
Il 5
1] 2
v 27
Vv 12
Vision
Within normal limits 1
Corrected 8
Uncorrected 3
Cortical Visual Impairment 21
Other 4

*GMFCS = Gross Motor Function Classification System;
*MACS = Manual Abilities Classification System.
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homes where English was the primary language. Each child
contributed between two and ten data points, for a total of
289 data points across the 47 children. The mean number of
data points per child was 6.13 (SD 2.15) and the median was
seven data points per child. Table 2 displays the distribution
of data points by age group in yearly intervals. Table 3
describes the participants use of an AAC system during the
course of their participation in the study. Participants were
separated into one of four categories: children who used an
AAC system less than 25% of the time (n = 21), children who
used an AAC system for 25-49% of the time (n = 7), children
who used an AAC system for 50-74% of the time (n = 6), and
children who used an AAC system for 75% or more of the
time (n = 13).

Materials and Procedures

The MacArthur Communication Development Inventories
(MCDI) are well-established parent-report measures of early
language abilities. These communication assessments are
normed and validated on typical children between the ages of
eight and 30 months.”"**** Test-re-test reliability is reported in
the technical manual for the MCDI to be between .8 and .9.
Validity has been well established; in particular, studies of con-
current validity and predictive validity as reported in the tech-
nical manual yield positive findings.”’ The MCDI has been used
extensively in language development research including studies
of typically developing children and in children with develop-
mental disabilities.””>° We highlight that in the present study,
we extend the use of the MCDI beyond the normative range of
typical development for which the measures were created. While
there are clear limitations to this, there is precedent in the
literature where the MCDI has been used in older children
with intellectual and developmental disabilities.”"**?*

The MCDI comprises two separate forms. The first MCDI
form, Words & Gestures (MCDI-WG; created for children
eight to 16 months) includes two parts: early words & actions
and gestures. For this study, we focused on part one, early
words, and specifically the vocabulary checklist. The vocabu-
lary checklist queries a child’s understanding and production
of 396 words that fall into 19 semantic categories (e.g. ani-
mals, vehicles, toys, foods, body parts). The vocabulary check-
list is completed by a parent who checks one of two possible

Table 2. Number of total observations by age group for MCDI.
Months CA 12-23  24-35 36-47 48-59 60-71 72-83
Total observations 6 29 52 79 72 51

Table 3. Use of an AAC system at the time of each visit per parent report (n = 47
children).

Number of
children % (n = 47)
Children who used an AAC system less than 21 44.7%
25% of the time.
Children who used an AAC system for 25-49% 7 14.9%
of the time.
Children who used an AAC system for 50-74% 6 12.8%
of the time.
Children who used an AAC system for 75% or 13 27.7%

more of the time.
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boxes for each individual word, indicating if their child
understands the word or understands and says the word.
Words in the checklist are left blank if the parent does not
think his/her child understands them. For this population of
anarthric children, we were only interested in the number of
words the child understood. If a child understood every word
on the MCDI-WG vocabulary checklist, they would receive
a maximum score of 396.

The second MCDI form, Words & Sentences (MCDI-WS;
created for children 17-30 months), follows the first form in
a sequential fashion and also contains two sections: the words
children use and sentences and grammar. Again, we only
focused on part one which is comprised entirely of a 680-
item vocabulary checklist. These words, separated into 22
semantic categories, queried a child’s ability to produce the
words verbally. We modified the published version of the
MCDI-WS form to include an option for parents to mark
that their child understands the word to capture receptive
vocabulary data from children with anarthria. Parents com-
pleted the modified checklist for words and sentences in the
same fashion as described for the words and gestures check-
list. If a child understood every word on the MCDI-WS
vocabulary checklist, they would receive a maximum score
of 680. Note, however, that all of the 396 words on the MCDI-
WG vocabulary checklist are also included on the MCDI-WS
vocabulary checklist with some slight changes to the semantic
categories to which each item was assigned.

As part of our experimental protocol, we sent MCDI forms to
parents 14 days before each longitudinal visit. Parents first received
the MCDI-WG form before their initial visit. After the first visit,
selection and distribution of the specific form across children and
visits were determined by a research speech-language pathologist
who considered MCDI performance from the previous visit in
determining which form to send. Generally, as a child’s chrono-
logical age increased and a child’s raw score on the MCDI-WG
vocabulary checklist increased to above 100 (out of 396) parents
were given the MCDI-WS form to avoid the possibility of ceiling
effects. Parents returned the MCDI at the time of each visit.

Statistical Analysis

Analyses of the longitudinal receptive vocabulary data from the
MCDI required us to address several issues. First, the age range
of visits varied somewhat from child to child. Second, the num-
ber of visits was variable across children, and the visits were
irregularly spaced for some children. Third, even while generally
following a smooth trajectory of growth, the within-child varia-
bility of measures around that trajectory was substantial. For
these three reasons, it was challenging to fit an individual growth
curve separately to each child’s data. To address these concerns,
we estimated linear trajectories of MCDI scores using a linear-
mixed model, regressing score on age, accounting for repeated
measures on each child, and allowing for random intercept and
slope for each child. Linear mixed models not only capture the
average intercept and slope across the population of children but
provide posterior, ‘best’, predictions of the child-specific inter-
cept and slope for each child depending on the data available.
For example, a child with only a few visits at young ages may
yield moderate information on the intercept but weak

information on slope. The statistical model automatically bor-
rows information from the population to make the best estimate
of both the intercept and the slope for that child. For another
child with several visits evenly spread out across the age range,
less population information will be needed because data will be
more informative about both intercept and slope. This feature of
the linear mixed modeling approach accommodates missing
data arising from variability in the number of visits across
children and the irregular spacing of visits for some children.

To begin our analyses, we plotted raw MCDI scores against age
in months for each child and overlaid the best fit linear trajectory
for each child. We ordered the children by slope using a color
gradient. We then plotted all of the raw data onto a single plot
using this color gradient so that the population distribution of
trajectories could be visually displayed. Finally, we plotted best fits
of child-specific slopes versus best fits of scores at 48 months and
examined the distributions of both 48-month scores and slopes in
order to provide a succinct but comprehensive description of the
distribution of trajectories experienced by this population.

Results presented in this paper are descriptive in nature,
based on results of the fitted linear mixed model regression
analyses described above. Because these data have never been
examined in this manner, we did not perform interferential
tests on these results.

Results

Descriptive results are shown in Figures 1 and 2. Summary
statistics, shown in Figure 1 suggest that overall, children
showed a gradual increase in MCDI scores over time,
particularly from 18 to 53 months. These data also show
the considerable variability within each age band. Figure 2
shows individual growth trajectories, highlighting the
variability among individual children. This variability is
not unexpected given the complex communication ability
profiles of children with anarthria, potentially ranging
from severe intellectual disability to mild or no intellectual
disability, all with the common feature of an inability to
produce speech.

(1) How do children who are unable to speak grow with
regard to receptive vocabulary? Specifically, what is
the slope of their growth, as well as the range and
distribution of trajectories among children?

Figure 2 shows observed trajectories of each of the 47 children
who contributed two or more longitudinal data points to the
data set. Data indicate that there are a wide range of growth
trajectories for children with anarthria, with some (in red) not
progressing at all and others (in purple and dark blue) show-
ing dramatic improvements, especially in the three to five-
year age range. In Figure 3, the histogram of slopes (seen on
the y-axis of the figure) shows that over 35% of children have
very low or zero slopes, indicating little or no vocabulary
acquisition over time, whereas a few children are estimated
to increase their vocabulary by as much as 150 words/year.
For example, the three children with the fastest growing
vocabularies have slopes of 155.5 words/year, 157.6 words/
year, and 175.8 words/year. Although the sample size is not
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large enough to confirm this feature, there is a suggestion of (2) What is the range of children’s vocabulary size at 48
bimodality or trimodality, with a minority of children months (midpoint of the age span) and how does it
(approximately 23%) experiencing robust growth of over 100 relate to their estimated growth?

words/year, the majority (64%) experiencing 50 words/year or
less, and the few remaining children (13%) growing between  Figure 3 shows the distributions of estimated vocabulary at 4
50 and 100 words per year. years based on the fitted linear mixed model regression.
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Results indicate that vocabulary at 4 years is strongly corre-
lated with slope (corr. = 0.77, 95% CI = [0.61, 0.86], p <
.0001), such that children who are acquiring vocabulary
more quickly have larger vocabularies at 4 years of age,
which can be seen in the scatterplot. The histogram on the
x-axis of Figure 3 shows that about 35% of children have 50
words or less in their vocabulary at age four, about 35% of
children have between 51 and 200 words, and the remaining
30% of children have vocabularies as high as 500-600 words
at age four on the MCDI. The highest vocabulary size at 4
years of age was 583 words.

Discussion

This study sought to examine how receptive vocabulary grew
over time from 17 to 83 months in a group of 47 non-speaking
children with cerebral palsy. We used an adapted version of the
MCDI vocabulary checklists to quantify the range and distribu-
tion of receptive vocabulary growth as measured by parent
report. Additionally, we were interested in children’s receptive
vocabulary size at 48 months, and how it related to children’s
vocabulary growth as they began their school-aged years. There
were two main findings for this study. First, three groups of
children emerged with regard to rate of growth. Second, the
size of children’s vocabulary at 48 months was a strong indi-
cator of how quickly they continued to learn new words. The
main findings of this study are discussed below.

Differences in the Rate of Vocabulary Growth

Previous literature has shown that receptive language growth in
early childhood is limited for many children with CP and anar-
thria. Often, these children remain near or at the floor when
standardized language assessments are used to quantify devel-
opmental change.'” However, standardized language assessment
tools require the ability to speak, point, gesture, and/or manip-
ulate objects to demonstrate understanding. Geytenbeek and
colleagues'” have argued that there are no adequate standardized
language assessments which overcome the persistent motor
impairment seen in the population of non-speaking children
with CP. In the current study, using a parent-reported measure
of receptive vocabulary, children in our sample showed gains in
receptive vocabulary over time. Figure 1 displays group averages
demonstrating slow but consistent receptive vocabulary growth
from 17 to 83 months. While there is considerable variability
between participants, overall, data indicate that children are
learning new words each year. These findings support the notion
that severe speech and motor impairments may mask a child’s
ability to demonstrate language growth on standardized assess-
ments and that most children with anarthria are acquiring new
receptive vocabulary through the elementary school years, and
beyond.

Descriptive analyses of the patterns observed in growth
trajectories among children with anarthria suggest that there
may be up to three main groups of children: those learning
over 100 words per year (23%; 11 children); those learning
50-100 words per year (13%; six children); and those learning



Table 4. Number of children by sex, type of CP, GMFCS score, mean vocabulary
size at 48 months, and use of AAC,and rate of receptive vocabulary growth.

< 50 words/ 50-100 words/ > 100 words/

year year year
Number of children 30 6 1
Males; females 21;9 4; 2 7; 4
Type of CP

Spastic 16 4 5

Dyskinetic 0 0 1

Hypotonic 3 1 0

Mixed 2 0 1

Unknown 9 1 3
GMFCS at 48 mos.

| 0 0 0

Il 3 1 0

1] 1 0 1

\Y 8 0 4

\' 18 5 6
Vocabulary size at 48 mos.

Mean

SD 65.4 133.8 329.0

Min 59.0 97.0 137.6

Max 15 234 1343

217.8 308.2 583.5

Use of AAC

< 25% of sessions 16 4 1

25-49% of sessions 4 1 2

50-74% of sessions 3 0 3

>75% of sessions 7 1 5

fewer than 50 words per year (64%; 30 children). Descriptive
analyses of children in each of the aforementioned growth
groups (see Table 4) show that children with the slowest
growth (less than 50 words per year) had the smallest recep-
tive vocabularies at age 4. The majority of these children had
very limited access to AAC interventions, had severe motor
impairment as indicated by GMFCS scores, and had primarily
spastic CP. This was the largest group of children in the
sample. Children who showed growth between 50 and 100
words per year were the smallest group and looked indistin-
guishable in terms of demographic variables from those chil-
dren in the slowest growth group on all indices except
vocabulary size at 4 years. Vocabulary size was nearly double
that of the slowest growth group, although within group
variability was considerably larger. Finally, children who
showed vocabulary growth of more than 100 words per year
looked very similar to the other two groups in terms of type of
CP, severity of motor involvement, and male:female ratio.
However, in this group, the majority of the children (72%)
had access to AAC intervention for half or more of the
sessions for which data were collected. From these data, it is
not possible to make assumptions regarding causality. That is,
we do not know if AAC use caused receptive vocabulary
growth, or if better receptive vocabulary skills prompted ser-
vice providers and families to pursue AAC. Although the
absolute number of words children acquired in this study
was small relative to typical expectations, receptive vocabulary
growth of 50, 100, or 150 words per year could have an
important impact on functional communication in the pre-
sence of appropriate AAC systems and services to support
language and to engage in social interaction.'”'®

Our results reveal some parallels to previous literature
suggesting there may be potential differences in cognitive
profiles among children with CP and anarthria,”® which may
result in different rates of vocabulary acquisition. We did not
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examine cognitive ability profiles in the present study; how-
ever, this variable is likely an important one that would shed
light on language acquisition patterns observed in children
with CP.

It is important to consider the findings of the present study in
the context of the reporting tool parents used. The MCDI voca-
bulary checklists include a finite number of words that are known
to be understood and used by typical children from eight to 30
months of age. We examined receptive vocabulary growth up to
83 months, thus these checklists may not adequately capture each
child’s entire receptive vocabulary. For example, children partici-
pate in home, school, and leisure experiences which provide
exposure to many additional words that are not queried on the
MCDI. Our findings are most likely a modest projection of
receptive vocabulary growth in children with anarthria. While
these findings provide useful information, they are not sufficient
to ensure a comprehensive characterization of receptive abilities in
this population. Tools such as the C-BiLLT*"*®, which was
recently translated to English, offer promise for direct assessment
of language comprehension. There are many advantages to direct
assessment over indirect assessment via the MCDI. In particular,
direct assessment allows for observation of language understand-
ing via some output modality such as eye gaze, pointing, or
scanning, leading to stronger evidence of comprehension than
indirect measures based on parent impressions.

Predictive Nature of 48-Month Receptive Vocabulary Size

Research on typical language development has shown that word
comprehension tends to precede word production.” This devel-
opmental sequence often remains true for children with develop-
mental disabilities."” Normative data on typical language
development provide context for considering receptive vocabulary
in children with anarthria in this paper. An open repository for
MCDI data, Wordbank, provides expressive language growth
curves for typically developing children up to 30 months of age.
According to Wordbank, a typically developing 30 month-old in
the 50" percentile would have an expressive vocabulary of 541
words while the same aged child in the 75" percentile would have
an expressive vocabulary of 613 words.*' Because comprehension
tends to precede production in word learning, we can assume that
a typical 30-month-old child in the 50" percentile understands at
least 541 words and in the 75™ percentile at least 613 words on the
MCDI. However, at the age of 48-53 months, children with
anarthria had a mean receptive vocabulary of 164.19 words (SD
174.86), well below typical peers who are 2 years younger. This is
not surprising given the severity of the deficits and the complexity
of communication challenges in children with anarthria, but the
magnitude of this gap is noteworthy and once again highlights the
need for interventions to foster language learning in children with
anarthria.

When we investigated the association between a child’s voca-
bulary size at 48 months and the rate of receptive vocabulary
growth, results showed a strong correlation. This finding indicates
that larger vocabulary size at 48 months is strongly associated with
steeper receptive vocabulary growth over time, thus children with
larger vocabularies at 48 months grow more quickly than those
with smaller receptive vocabularies at 48 months. This result is
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generally consistent with studies of typically developing children
demonstrating that early language abilities (and particularly voca-
bulary) are highly predictive of growth* and lends support to the
argument that early language intervention is critical to maximiz-
ing later outcomes. For children with CP, this finding has impor-
tant clinical implications for those with both smaller and larger
receptive vocabularies. For example, all children may benefit from
early intensive language intervention, particularly interventions
focused AAC strategies such as aided language stimulation.*>**
Aided language stimulation is an intervention approach that
provides explicit exposure to word learning through the use of
multiple communication tools and modalities including spoken
language, aided symbols, and referential pointing. This technique
provides redundant exposure to new words within their natural
context and has been shown to facilitate new word
acquisition.*>*® For children with smaller vocabularies, aided
language stimulation could target high impact core vocabulary.
These high frequency and early developing words help provide
a strong foundation for functional communication in a variety of
contexts. For those children with more robust vocabularies at 48
months, aided language stimulation could focus on expanding
higher level core words as well as fringe vocabulary (individua-
lized, topic specific, or educational content words) in order to
expand expressive language.

Limitations and Future Directions

There are several important limitations to the present study. First,
while the sample size is considerable for this type of research, it is
likely too small to be fully representative of the larger population of
children with CP who have anarthria. Second, there may be
limitations with parent-reported measures, as some parents may
overestimate vocabulary while others may underestimate their
child’s vocabulary knowledge. Future studies should consider
investigating alternative ways to capture language comprehension
abilities, for example, using eye gaze methodologies. Third, lan-
guage development is a complex and multifaceted process. This
paper only examined receptive vocabulary; there are many other
components of language comprehension (e.g. syntax, morphol-
ogy, pragmatics) that should be considered in order to fully under-
stand a child’s language comprehension abilities. Lastly, we
collected only cursory data on the type of AAC intervention each
child received. We were not able to gather specifics about the
child’s AAC system, the available vocabulary, or whether the
AAC system went back and forth from home to school. All these
factors could significantly impact receptive language growth.
Additionally, an examination of the type/frequency of the AAC
intervention the children received was outside the scope of this
study. A recent literature review shows that intervention with
aided AAC input positively impacts the communication develop-
ment in individuals with complex communication needs.*” Future
studies could systematically examine the change over time in
language development as influenced by the type, frequency, and
duration of AAC interventions.
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