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ABSTRACT

Purpose: To explore the relationship of intelligibility, receptive language, executive functioning, and
motor skills to nonverbal cognitive skills among children with cerebral palsy (CP) in different speech-

language profile groups.

Method: Twenty-seven children with CP aged 10-12 years old participated in the study. They completed
a battery of standard clinical assessments. The relationship of various skillsets with nonverbal cognitive
ability was explored using correlational procedures. Additionally, we examined pairwise differences in
nonverbal cognitive skills among profile groups. Cohen’s Kappa and Chi-square tests were used to study
the consistency of receptive language and nonverbal cognitive performance.

Results: Children who showed better nonverbal cognitive abilities demonstrated better motor, receptive
language, and intelligibility skills. Nonverbal cognition was generally consistent with receptive language.
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Conclusion: Nonverbal cognitive impairment often co-occurs with language and speech motor impair-
ment among children with CP. Speech-language profile groups are a useful framework for describing both

communication and cognitive abilities.

Introduction

Cerebral palsy (CP) is a neuro-motor condition that occurs sec-
ondary to damage sustained by a premature brain." Children with
CP may present impairments related to behavior, cognition,
sensory-perceptual, and/or communication domains.>> Studies
suggest that children with CP who have more complex brain
damage tend to have severe motor involvement and more co-
occurring impairments,*” subsequently leading to greater func-
tional limitations.®* Communication challenges are common and
may be associated with deficits in cognitive, language, and/or
speech motor domains.*” Tiirkoglu and colleagues' reported
that 63.8% of children with CP in their study had intellectual
disability. Several studies have noted the challenges of measuring
the cognitive abilities of children with motor involvement.''"'*
Nonverbal cognitive measures typically involve interacting with
manipulables. Thus, children must rely on their manual abilities
to demonstrate knowledge and complete test items (i.e. complete
puzzles, move cards, place objects, etc.). Moreover, most tests of
cognitive functions are lengthy and fatiguing,"” Several studies
have identified a correlation between the development of recep-
tive language and cognition,'®"” which suggests that language
performance may be a potential marker for cognitive abilities.** >
For children with CP, language comprehension testing offers
advantages over nonverbal cognitive measures in that motor
requirements for some tests are considerably reduced (e.g. requir-
ing pointing or alternative selection methods to indicate a choice
among discrete pictures). Consequently, the question of whether
language comprehension abilities are consistent with nonverbal
cognitive abilities in children with CP is of interest because if one
measure can stand in for or approximate the other, it may be

possible to use this information to support educational and ther-
apeutic programming.

Because of the wide range of potential co-occurring deficits,
children with CP are heterogeneous. Classification systems can
help reduce heterogeneity by creating smaller subgroups with
common features, thereby paving the way for a common lan-
guage among professionals, family members, and individuals
with CP within clinical and research settings.»** Classification
of ability profiles within and between domains can lead to an
in-depth analysis of the nature and severity of CP,” better
interpretation and generalization of CP intervention
studies,” and generating more tailored intervention
approaches.”* Of particular interest for the present study is
the Speech-Language Profile Group paradigm,” which classi-
fies children based on nature and severity of both speech and
language impairments. Three levels of differentiation are used
to determine speech-language profile group membership
(Figure 1). In the first level, children with CP are grouped
based on the presence or absence of speech motor involvement
as determined by clinical assessment. Children without clini-
cally identified speech motor involvement comprise their own
group and are referred to as children with no clinical speech
motor involvement. The second level of differentiation sepa-
rates children with speech motor impairment according to
whether they are able to produce speech. Children who are
unable to produce more than five differentiable words or word
approximations comprise their own group and are referred to
as having anarthria. In the third level of differentiation, chil-
dren with speech motor impairment who are able to produce
more than five words are further divided into two groups based
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Figure 1. Speech-language profile group levels of differentiation.

on the presence or absence of language comprehension impair-
ment (per standardized assessment results).

Hustad and colleagues® validated the speech-language pro-
file group paradigm, which included the following four com-
munication profile groups: 1) those with no clinically
observable speech motor involvement; 2) those with speech
motor involvement who were unable to produce speech; 3)
those with clinical speech motor involvement who had con-
current language comprehension impairment; and 4) those
with clinical speech motor involvement who had language
comprehension in the typical range. Several studies have exam-
ined this classification paradigm, providing support for the
validity of these profile groups.”®

Other studies using the speech-language profile group para-
digm have revealed several important findings regarding the
development of communication abilities in children with CP.
For example, Hustad, Sakash, Broman, and Rathouz*
described receptive language development trajectories of chil-
dren with CP aged 18 to 54 months by profile group. One of the
key findings was that early language comprehension perfor-
mance (i.e. abilities at 24 and 30 months) was highly predictive
of later communication abilities. The authors observed that
children with speech motor impairment demonstrated recep-
tive language delay, which was constant across the time span of
the study relative to children with no clinical speech motor
involvement. In another study, Sakash, Broman, Rathouz, and
Hustad™ examined the executive functioning skills of children
with CP. Results showed that regardless of speech-language
profile group membership, children with CP had significantly
elevated scores on the Behavior Rating Inventory of Executive
Function (BRIEF),*! indicating deficits in executive function
skills. These results suggest that executive function deficits did
not appear to be directly linked to speech and language abil-
ities, and support the argument that language and cognition
are separate and different constructs.>> However, the domain
of cognition is multifaceted. A deeper understanding of how
cognitive abilities co-vary with speech and language abilities is
needed to further characterize the constellation of deficits in
children with CP, and may contribute to development of more
effective intervention programs.>

One important limitation of the speech-language profile group
paradigm employed by Hustad and colleagues is that cognitive
abilities were not measured directly. As a result, the extent to
which cognitive abilities and the presence of intellectual disability
may relate to profile group membership is unknown. Other
studies examining cognition have provided useful information
to advance our understanding of the nature of cognitive chal-
lenges experienced by children with CP. Some authors describe
specific cognitive impairments, such as attention, visual-
perceptual, and executive functioning deficits among individuals
with CP.*>**** Studies have documented that children with CP
had lower performance (i.e. nonverbal cognitive abilities) intelli-
gence quotient (IQ) than verbal 1Q.”**3 Lower scores have been
attributed to presence of visual perceptual problems and severe
motor involvement. Moreover, Peeters, Verhoeven, van Balkom,
and de Moor™® reported that children with CP obtained lower
scores on nonverbal cognitive abilities as compared to age-
matched typically developing peers. Inter-relations between dif-
ferent facets of cognitive, speech motor, and language abilities in
children with CP are not well understood but clearly have impor-
tant implications for intervention.

In research among children with CP, speech impairments
have been correlated with intellectual disability and poor gross
and manual motor abilities.”*”* Recent studies have identi-
fied cognition and manual motor function as risk factors for
speech impairments.'®* In these studies, the authors collected
standardized cognitive measures and looked at the relationship
of these measures with the presence of speech impairment.
Choi and colleagues*® reported that an experienced clinician
determined the speech abilities of their participants; while
Tiirkoglu’s team'® noted the presence of speech impairment
as part of their demographic data, providing no further infor-
mation regarding the nature or severity of speech deficits.
Measures and procedures for diagnosing speech impairment
were not reported in either of the studies. Although these
studies contribute to a general understanding of the associated
impairments of children with CP and the interrelationship of
speech and cognition, research that looks more specifically at
quantitative measures of speech and the relationship of these
measures to cognition is needed.



In the present study, we had two aims. First, we sought to
examine the inter-relations among nonverbal cognition, lan-
guage comprehension, speech intelligibility, executive func-
tion, fine motor abilities, and gross motor abilities among
children with CP. Guided by the findings of previous studies
on the relationship of receptive language and cognition,'®"**
we anticipated a strong correlation between these two domains.
We hypothesized, following the findings of Sakash, Broman,
Rathouz, and Hustad®, that the relationship of nonverbal
cognitive skills with executive functioning and with intellig-
ibility would be modest or weak. We predicted significant
association between nonverbal cognitive and motor skills (i.e.
Gross Motor Classification System [GMFCS]*' and Manual
Ability Classification System ratings [MACS]*?) for children
with the most and least severe involvement following previous
studies.*’

Our second aim was to examine whether there were differ-
ences in nonverbal cognitive ability among the three speech-
language profile groups of children who were able to produce
speech (those with no speech motor involvement; those with
speech motor involvement and typical language comprehen-
sion; and those with speech motor involvement and language
comprehension impairment). We also sought to examine the
extent to which binary judgments of language comprehension
abilities (impaired vs. typically developing) would be consistent
with binary judgments of nonverbal cognitive abilities
(impaired vs. typically developing) for children in the three
speech-language profile groups, thus exploring the potential
utility of using receptive language performance as a marker for
cognitive abilities within the speech-language profile group
paradigm. The present study is the first to quantify the extent
to which speech-language profile groups based, in part, on
language comprehension abilities, were also reflective of non-
verbal cognitive abilities in children with CP. We anticipated
that nonverbal cognitive skills of children with no speech
motor involvement and those with speech motor impairment
and typical language comprehension would be higher as com-
pared to those with speech motor involvement and language
comprehension impairment. We expected that binary perfor-
mance judgments on language comprehension and nonverbal
cognitive abilities would be highly consistent within groups.
Such findings would support the use of receptive language as
a potential indicator for cognition in children with CP who are
able to speak. However, other studies have documented lower
scores for nonverbal reasoning IQ than verbal IQ in children
with CP.>*** Considering overlapping skills between verbal
IQ and receptive language measures, we anticipated that
a significant difference between performance in the two
domains may be possible.

Method
Participants

Children with Cerebral Palsy

Participants of the present study were part of a larger longitudinal
study on the communication development of children with CP.
Ethical approval was granted by the University of Wisconsin-
Madison Health Sciences Institutional Review Boards for the
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larger longitudinal study (ID number: 2013-1258). The partici-
pants were recruited through medical clinics in the Upper
Midwest region of the USA. Eligibility criteria for the larger
study required that children 1) have a medical diagnosis of
CP, 2) have hearing within normal limits according to
a distortion product otoacoustic emission screening, and 3) have
no co-occurring diagnosis of autism spectrum disorder. In the
present study, additional inclusion criteria required that the chil-
dren 4) be 10-12 years of age.

Twenty-seven children met the inclusion criteria. All chil-
dren were born in the USA between the year 2004 and 2007.
Mean age was 11.45 years (SD = 0.77). The sample comprised
12 girls and 15 boys.

Children were separated into individual speech-language pro-
file groups by two certified speech-language pathologists with
expertise in assessment and treatment of children with CP. To
classify children, each child was first differentiated based on the
presence or absence of speech motor impairment. This was deter-
mined through clinical evaluation of each child’s speech during
data collection sessions. Sources of information included audio
samples and video clips of children in both structured and spon-
taneous speech tasks. Clinicians looked for evidence of drooling,
facial asymmetry at rest and during movement, and increased tone
of the orofacial muscles during parent-child and clinician—child
interactions. They also made perceptual assessments of speech
samples with a focus on identifying perceptual features of speech
that were consistent with dysarthria for each speech-subsystem.
Examples of subsystem-specific perceptual features include, but
are not limited to hoarse, harsh, or breathy vocal quality, low vocal
volume, short breath groups, hypernasality, imprecise articulation,
presence of articulatory distortions that were not developmentally
appropriate. Classification agreement for clinical presentation of
speech motor involvement between the speech-language patholo-
gists was 100% and Cohen’s Kappa, « = 1. Of the children in this
study, eight were determined to have no clinical speech motor
involvement; 19 had speech motor impairment.

The 19 children who had clinical evidence of speech motor
impairment were subdivided into those with clinical evidence of
language comprehension impairment, and those with language
comprehension that was typically developing. Determination of
language comprehension impairment was based on standard
scores that were 1.5 standard deviations below age expectations
as described in Test of Auditory Comprehension of Language,
Fourth Edition (TACL-4) technical manual.*® Of the 19 children
with speech motor involvement, nine demonstrated language
comprehension that was typically developing, while 10 were deter-
mined to have language comprehension impairment.
Demographic characteristics of the participants are presented in
Table 1.

Adult Listeners

Fifty-four adult listeners (two per child) participated in this study
to provide speech intelligibility ratings of children with CP.
Listeners made orthographic transcription of the lexical content
of children’s recorded speech which were scored as correct or
incorrect. Listeners were predominately undergraduate students
from the University of Wisconsin-Madison community. They
were recruited via public postings and were compensated either
monetarily or with extra credit in a Communication Sciences &
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Table 1. Demographic characteristics of children with cerebral palsy by speech-
language profile group.

NMSI, SMI-LCT, SMI-LCI,  All children,
n=38 n=9 n=10 n=27
Mean age 11.56 (0.56) 11.92 (0.60) 10.95(0.80) 11.45 (0.77)
(Std. Deviation)
Sex
Male 5 5 5 15
Female 3 4 5 12
GMFCS
| 7 4 0 11
Il 1 1 6 8
1] 0 2 1 3
\% 0 1 2 3
Vv 0 1 1 2
MACS
| 3 3 0 6
Il 5 3 6 14
1] 0 2 2 4
\% 0 1 2 3
\Y 0 0 0 0
CP type
Spastic
Diplegia 2 2 1 5
Hemiplegia (left) 3 0 2 5
Hemiplegia (right) 2 1 5 8
Quadriplegia 0 3 1 4
Unknown 1 1 0 2
Ataxic 0 2 0 2
Unknown 0 0 1 1
Vision
Within normal limits 6 6 2 14
Corrected 1 3 7 1
Uncorrected 1 0 1 2

Note: NSMI = No speech motor involvement; SMI-LCT = Speech motor involve-
ment with typical language; SMI-LCI = Speech motor involvement with
impaired language; GMFCS = Gross Motor Function Classification System;
MACS = Manual Ability Classification System.

Disorders class. Eligibility criteria for participation were 1) aged 18
and 465 years, 2) be a native speaker of American English, 3) have
no identified language, learning, or cognitive disabilities per self-
report, and 4) pass a standard pure tone hearing screening. Among
the 54 listeners, nine were male and 45 were female. The mean age
of listeners was 21.91 years (SD = 5.70).

Materials and Procedures

Children participated in standard data collection sessions that
were up to three hours in duration. A research speech-language
pathologist collected all data from the children following
a research protocol. All sessions occurred in a sound attenuat-
ing suite. The following specific measures were of interest for
the present study.

Receptive Language Skills

The Test of Auditory Comprehension of Language, Fourth
Edition (TACL-4)** was administered. All three subtests of
the TACL-4 were included in the testing: Vocabulary,
Grammatical Morphemes, and Elaborated Phrases and
Sentences, yielding a comprehensive receptive language score.
The TACL-4 composite scores were converted to standard
scores following the test manual. Standard scores were based
on a mean of 100 and a standard deviation of 15. Presence of
language comprehension impairment was operationally
defined as having a standard score that was 1.5 standard devia-
tions below age expectations. Per the technical manual, the
cutoff point was a standard score of 77. Participants who

obtained a score of 77 and below were considered to have
language comprehension impairment. Note that 1.5 standard
deviations below age expectation are described as being in the
borderline impaired or delayed range in the technical manual.
We used a conservative operational definition of language
comprehension impairment to be consistent with clinical and
research practice in child language delays/disorders. The use of
1.5 standard deviations from the mean as a cutoff score for
language impairment has been reported in previous studies of
children with language impairment.**

Nonverbal Cognitive Skills Measure

The Leiter International Performance Scale — Revised (Leiter-
R)* was used as a measure of nonverbal cognitive ability.
Specifically, we used the Brief Intelligence Quotient (IQ) com-
posite score from the Leiter-R primarily because of its shorter
administration requirements (using fewer subtests than the
full-scale IQ). The four subtests that were administered mea-
sured fluid reasoning and visuospatial processing, namely,
Figure Ground, Form Completion, Sequential Order, and
Repeated Patterns. Composite scores were based on a mean
of 100 and a standard deviation of 15. Children were deter-
mined to have nonverbal cognitive impairment based on stan-
dard scores that were 2.0 standard deviations below age
expectations as described in Leiter-R technical manual. Thus,
children with Brief IQ composite scores of 69 or lower were
considered to have nonverbal cognitive impairment. IQ scores
below 2.0 standard deviations from the mean are widely used
in psychology testing as a criterion for cognitive impairment or
intellectual disability.***”

Note that modifications were necessary to accommodate for
motor impairment for several children for three subtests which
required children to place cards into slots. Eight of the partici-
pants (29.63%, n = 27) encountered difficulty with this task;
thus, accommodations were given to support their dexterity
level. Specifically, participants who had difficulty picking up
and placing the cards in the slots used pointing to select
a picture and indicate the intended slot; then, the examiner
placed the picture as directed.

Parent Completed Measures

At the time of each visit, parents completed the GMFCS,
MACS, and the BRIEF rating scales. We used the Global
Executive Composite T-Score from the BRIEF as a measure
for executive functioning skills. Per the technical manual,
T-scores equal to 60 and above are considered to be within
the elevated range. Elevated scores indicate the presence of
executive dysfunction. The BRIEF was not completed for
three participants.

Speech Production Skills Measure

Each child produced stimuli from the Test of Children’s Speech
Plus (TOCS+),*® which involved repetition of individual words
and sets of utterance ranging from two to seven words in
length. All utterances were developmentally appropriate in
terms of lexical, phonetic, syntactic, and morphological fea-
tures. Professional-quality digital audio and video equipment
were used to record the productions.



Research assistants trained in acoustic analysis segmented
the collected speech samples into individual utterances and
peak amplitude normalized wav files of each utterance pro-
duced by each child using Audacity® version 2.2.2. All parsed
utterances were compiled into a control file to be played for
adult listeners.

Adult participants listened to a child through a computer
with a 19-inch flat-screen monitor, a keyboard, and an external
speaker in a sound-attenuated booth. Listeners were informed
that the aim of the study was to determine how understandable
children’s speech is to unfamiliar adult listeners. They were
asked to orthographically transcribe what they thought the
child produced. To control for possible learning effects asso-
ciated with hearing the same speaker over time and/or repeated
speech stimuli, two unique listeners made orthographic tran-
scriptions for each speech sample. Each transcribed word was
scored as correct or incorrect relative to the target utterance
from the TOCS+ produced by the child. Homonyms and mis-
spellings were accepted as correct if the orthographic transcrip-
tion matched the phonemes from the spoken version of the
utterance. Intelligibility scores were determined by computing
for the percent of words identified correctly by each listener,
averaged across the two listener per child.

As there are no widely accepted cutoff scores, the presence of
significant functional speech deficits was operationally defined as
intelligibility scores equal to 79 and below. Intelligibility scores
equal to 80 and above were considered to reflect functional speech
intelligibility following our earlier work.*’

Experimental Design and Statistical Procedures

To address the first aim of examining relationships between
nonverbal cognitive skills and other child variables of interest,
we used descriptive statistics and correlational analyses. Using
the Shapiro-Wilk test (Table 2), we determined that the
GMEFCS, MACS, and intelligibility rating data were not nor-
mally distributed. In addition, GMFCS and MACS levels are
ordinal ratings; thus, Spearman correlation coefficients were
used. Pearson correlation coefficients were used for receptive
language and executive function measures.

To address the second aim of examining differences in non-
verbal cognitive skills among children in different speech-language
profile groups, we used descriptive statistics and the non-
parametric Mann-Whitney U test to examine pairwise group

Table 2. Results of Shapiro-Wilk test for normality.

W-value p-value
GMFCS 0.82 <.001*
MACS 0.84 <.001*
TACL-4 standard score 0.95 337
Leiter-R Brief 1Q score 0.96 371
Intelligibility rating 0.76 <.001*
BRIEF T-score 0.96 371

Note: GMFCS = Gross Motor Function Classification System;
MACS = Manual Ability Classification System; TACL-4 = Test of
Auditory Comprehension of Language, Fourth Edition;
BRIEF = Behavior Rating Inventory of Executive Function; Test
for normality was used to determine the appropriate statistical
correlation test.

* Statistical significance at p <.05.
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differences. Given that hypothesis testing involved directionality,
all comparisons were one-tailed with an alpha level of .05. To
examine the binary consistency of children’s performance based
on receptive language vs. nonverbal cognitive measures, the chil-
dren were identified to either have typical or impaired abilities for
both domains. For receptive language, children were identified to
have language comprehension impairment when their standard
scores were 1.5 standard deviations below age expectations per the
TACL-4 manual. The cutoff point was a standard score of 77. For
the nonverbal cognitive domain, children who scored 2.0 standard
deviation below age expectation per the Leiter-R manual were
identified to have nonverbal cognitive impairment. The cutoff
point was a standard score of 69 on the Leiter-R. Performance
based on language comprehension and cognitive measures were
cross tabulated to determine the percentage of match and mis-
match via Cohen’s Kappa coeflicient. We used the McNemar’s
Chi-square to test for the significance of marginal probabilities.
Given the small sample size, continuity correction was used.

Results

Relationship of Nonverbal Cognitive Abilities with Motor,
Receptive Language, Intelligibility, and Executive Function
Skills

Table 3 shows distributions of child data according to impaired
and typical nonverbal cognitive abilities in relation to motor,
receptive language, intelligibility, and executive function skills.
Scatterplots of nonverbal cognitive abilities with motor, receptive
language, and intelligibility are presented in Figures 2 and 3.
Table 4 shows the correlational analysis of all variables included
in the study, which indicated that motor, nonverbal cognitive,
receptive language, and speech were moderately to strongly
correlated with each other. Executive function skills had weak
correlations with all the other variables. Guided by Dancey and
Reidy™ descriptive categories for the strength of correlation,
results indicated that better nonverbal abilities were strongly
correlated with better receptive language (r(27) = .75,
p = <.001) and gross motor skills (r(27) = .72, p = <.001). Fine
motor skills (7(27) = .50, p = .007) and intelligibility (r(27) = .65,
p = <.001) were moderately positively correlated. Executive func-
tion skills (r(27) = .23, p = .280) demonstrated a weak correlation.

Differences in Nonverbal Cognitive Skills among Children
in Different Speech-language Profile Groups

Descriptive data showing group means, medians, and ranges on
the Leiter-R Brief IQ scores by profile groups are presented in
Figure 4. The majority of the participants with no speech motor
involvement and with speech motor involvement and typical
language comprehension (76.47%, n = 13 of 17) scored above
the cutoff score (ie. 69) for cognitive impairment, while the
majority of the participants with speech motor involvement and
language comprehension impairment (80%, n = 8 of 10) scored
below the cutoff score for cognitive impairment. Mann-Whitney
U test results (Table 5) indicated that participants with no speech
motor involvement (M = 92.00, SD = 19.65, n = 8) and children
with speech motor involvement and typical language comprehen-
sion (M = 76.56, SD = 16.06, n = 9) had significantly higher
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Table 3. Distribution of child data on nonverbal cognitive abilities according to
motor, receptive language, intelligibility, and executive function skills.

All chil-
NVT, NVI, dren,
n (%) n (%) n

GMFCS

| 10 (90.91)  1(9.09) 11

Il 3(37.50) 5 (62.50)

i 1(3333) 2(66.67) 3

\% 1(33.33) 2 (66.67) 3

\Y 0(0) 2 (100.00) 2

All children 15 (55.56) 12 (44.44) 27
MACS

| 6 (100.00) 0 (0) 6

Il 7 (50.00) 7 (50.00) 14

1] 2 (50.00) 2 (50.00) 4

v 0(0) 3 (100.00) 3

v 0(0) 0(0) 0

All children 15 (55.56) 12 (44.44) 27
TACL-4 standard score

Typical language (78-129) 2 (75.00) 4 (25.00) 16

Language impairment (0-77) 3(27.27) 8(72.73) 11

All children 15 (55.56) 12 (44.44) 27
Intelligibility rating

Functional speech (80-100) 2(70.59) 5(29.41) 17

Significant functional speech deficit 3(30.00) 7 (70.00) 10

(0-79)

All children 15 (55.56) 12 (44.44) 27
BRIEF T-Score*

Average executive function (0-59) 5(62.50) 3 (37.50) 8

Elevated executive function (60-100) 9 (56.25) 7 (43.75) 16

All children 14 (58.33) 10 (41.67) 24
Speech-language profile groups

NSMI 6 (75.00) 2 (25.00) 8

SMI-LCT 7(77.78) 2(22.22) 9

SMI-LCI 2 (20.00) 8 (80.00) 10

All children 15 (55.56) 12 (44.44) 27

Note: NVT = Typical nonverbal cognitive abilities; NVI = Impaired nonverbal
cognitive abilities; GMFCS = Gross Motor Function Classification System;
MACS = Manual Ability Classification System; TACL-4 = Test of Auditory
Comprehension of Language, Fourth Edition; BRIEF = Behavior Rating
Inventory of Executive Function; NSMI = No speech motor involvement; SMI-
LCT = Speech motor involvement with typical language; SMI-LClI = Speech
motor involvement with impaired language.

* BRIEF missing data for three participants.

nonverbal cognitive scores than those with speech motor involve-
ment and language comprehension impairment (M = 53.70,
SD = 12.84, n = 10). Results showed that the difference between
the groups of children with no speech motor involvement and

those with speech motor involvement and typical language com-
prehension was not significant, although the participants with no
speech motor involvement generally had higher scores as indicated
by a moderate effect size.

Consistency of Performance according to Receptive
Language vs. Nonverbal Cognition Abilities

Cross tabulation of performance based on language comprehen-
sion and nonverbal cognitive measures resulted in an overall
match of 74%, indicating that the majority of children were con-
sistently classified as impaired or not impaired in both language
comprehension and cognitive development domains. Cohen’s
Kappa coeflicient was obtained to assess the level of agreement
between performance on the two measures. A moderate value of
kappa, K = .47, was obtained. Table 6 shows the cross tabulation of
performance based on language comprehension and nonverbal
cognitive measures. Sensitivity results indicate that there was
a 72.72% probability that nonverbal impairment will be present
among those who have language impairment. Specificity results
indicate that there was a 75% probability that nonverbal impair-
ment will be absent among those who have typical language. The
positive predictive value indicated that children who have lan-
guage impairment have a 66.67% chance of having nonverbal
cognitive impairment. The negative predictive value indicated
that children who have typical language have an 80% chance of
having typical nonverbal cognitive abilities. For this analysis, true
positives were conditions when both domains identified the pre-
sence of an impairment, while, true negatives included identifica-
tion of typical development for both domains. Results of
McNemar Chi-square test indicated no significant changes in
proportion between the two domains, Xz (Ln=27)=0,p=1.

Discussion

This study was the first to examine inter-relations among
speech, language, cognitive, gross motor, and fine motor abil-
ities in children with CP using directly measured indices of
speech intelligibility and language comprehension (as opposed
to indirect ratings of these abilities by parents or professionals).
It was also the first to examine the extent to which cognitive
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Figure 2. Scatterplots examining relationships between nonverbal cognitive skills and motor skills. Vertical lines mark the cutoff score for the Leiter-R (69). Scores on the
left side of the vertical line indicate impaired nonverbal cognitive abilities, while, scores on the right side indicate typical nonverbal cognitive abilities. Data points are
grouped according to speech-language profile groups: GMFCS = Gross Motor Function Classification System; MACS = Manual Ability Classification System; NSMI = No
speech motor involvement; SMI-LCT = Speech motor involvement with typical language; SMI-LCI = Speech motor involvement with impaired language.
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groups: NSMI = No speech motor involvement; SMI-LCT = Speech motor involvement with typical language; SMI-LCl = Speech motor involvement with impaired

language.

Table 4. Correlation of all variables of interest.

TACL-4 Leiter-R
standard Intelligibility BRIEF Brief IQ
GMFCS MACS score rating T-score score

GMFCS* 1

MACS* 771°% 1

TACL-4 standard score —.500°* —.387°*% 1

Intelligibility rating —.699°% —.490P% 613P% 1

BRIEF T-score* <-.001° .209° -.102" .018° 1

Leiter-R Brief 1Q score —.724P% —-.503P* 753" 651P* —-.228" 1

Note: GMFCS = Gross Motor Function Classification System; MACS = Manual Ability Classification System; TACL-4 = Test
of Auditory Comprehension of Language, Fourth Edition; BRIEF = Behavior Rating Inventory of Executive Function.

*Motor scales and BRIEF T-scores utilize an inverse scale.
PSpearman Coefficient; " Pearson Coefficient.
* Statistical significance at p <.05.
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Figure 4. Differences between Leiter-R Brief IQ scores according to speech-language profile groups. Horizontal line marks the cutoff score for the Leiter-R (69). Scores
below the line indicate impaired nonverbal cognitive abilities, while, scores above the line indicate typical nonverbal cognitive abilities. NSMI = No speech motor
involvement; SMI-LCT = Speech motor involvement with typical language; SMI-LCI = Speech motor involvement with impaired language.
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Table 5. Mann-Whitney test results for difference in nonverbal cognitive abilities
according to speech-language profile groups.

U-value Absolute difference p-value r
NSMI vs. SMI-LCT 19 15.44 .056 40
NSMI vs. SMI-LCI 5 38.30 .001* .73
SMI-LCT vs. SMI-LCI 5 22.86 .003* .65

Note: NSMI = No speech motor involvement; SMI-LCT = Speech motor involve-
ment with typical language; SMI-LCI = Speech motor involvement with
impaired language.

* Statistical significance at p <.05.

Table 6. Cross tabulation of performance based on language comprehension and
nonverbal cognitive measures.

Nonverbal cognition

Language
comprehension NVT NVI Total
LCT 12 4 16  Specificity = 75.0%
LCl 3 8 11 Sensitivity = 72.7%
Total 15 12 27

NPV = 80.0% PPV = 66.7%

Note: LCT = Typical receptive language abilities; LCl = Impaired receptive lan-
guage abilities; NVT = Typical nonverbal cognitive abilities; NVI = Impaired
nonverbal cognitive abilities; PPV = Positive predictive value; NPV = Negative
predictive value.

ability profiles were consistent with language comprehension
performance in children with CP in the context of speech and
language classification. There were two main findings from this
study. First, children who showed better nonverbal cognitive
abilities generally demonstrated better motor, receptive lan-
guage, and intelligibility skills. Second, nonverbal abilities
were generally consistent with receptive language abilities. In
particular, regardless of whether children had speech motor
involvement, those with typical receptive language demon-
strated significantly higher nonverbal cognitive abilities than
children with language comprehension impairment. Further,
the majority of the children were consistently classified as
impaired or not impaired in both language comprehension
and nonverbal cognitive domains. These findings are discussed
subsequently.

Relationship of Nonverbal Cognitive Abilities and Other
Variables of Interest

A key result of this study was that children who showed better
nonverbal cognitive abilities generally demonstrated better
motor abilities, receptive language scores, and higher speech
intelligibility. At the same time, children with greater cognitive
impairment were more likely to have more co-morbidities such
as dysarthria. Our results are consistent with previous work
showing that intellectual impairment was significantly related
to having speech impairment,”*® and to Bimanual Fine Motor
Function levels.'” Moreover, Ballester-Plané and colleagues®
determined that more cognitive functions were impaired as
motor involvement increased. Previous studies also suggest
that children with higher GMFCS level (indicating worse
motor skills) had lower verbal 1Q, performance 1Q, and full-
scale 1Q scores.>®

The weak association between nonverbal cognitive and
executive function skills found in the present study is consis-
tent with research on typically developing children’>* and
research on children with autism spectrum disorder.”
Various authors have highlighted the distinction between
metacognitive or cool executive function, such as planning
and verbal fluency, and emotional/motivational or hot execu-
tive function skills, such as attention control and emotional
regulation.”*™” Ardila>* suggested that IQ measures were
related to metacognitive executive function rather than to
emotional/motivational executive function. The BRIEF Global
Executive Composite T-Score includes the skillsets from both
subdomains of executive function, which may explain the weak
correlation between nonverbal cognitive skills and executive
function. One direction for follow-up is to examine the rela-
tionship of these various sub-components of executive function
in children with CP through the hot and cool executive func-
tion dichotomy.

Collectively our findings contribute to the growing evidence
that level of motor function is related to communication, speech,
language, and intellectual abilities in children with CP. However,
one issue that may impact the findings of the present study as
well as previous work is that the relationship between motor and
nonverbal cognitive skills may be confounded by severity as
children depend on their motor skills to perform tasks during
assessments. That is, children with greater motor limitations
may perform more poorly simply because they have more diffi-
culty with testing, which always requires some type of motor
skill. There is a clear need for more research on alternative
means of testing for children with CP such as the use of eye
gaze or switch devices.

Nonverbal Cognitive Abilities and Receptive Language
Abilities

A second major finding was that nonverbal cognitive abilities
were generally commensurate with receptive language abilities
in children with CP. Our results are consistent with those of
van der Schuit and colleagues,” who explored the language
development of children with intellectual disability (not
including children with CP), and suggested that nonverbal
cognitive abilities were a predictive factor for vocabulary and
syntax. Moreover, Vos and colleagues®® reported that the
development of receptive language skills was strongly related
with intellectual abilities among children with CP. Results of
the present study support the idea that receptive language
abilities may be a reasonable indicator of cognitive abilities
for most, but not necessarily all children with CP who are
able to speak. Consequently, inferences regarding cognitive
impairment may be reasonable based on speech-language pro-
file group membership if cognitive testing cannot be adapted
sufficiently. For example, we would expect that children with
speech motor impairment and typical language comprehen-
sion may have typical cognitive abilities. Similarly, we would
expect that children with speech motor impairment and lan-
guage comprehension impairment may have impaired cogni-
tive skills. It should be noted that this generalization is of
interest because language comprehension measures are more



straightforward to obtain from children with CP than are
nonverbal IQ measures. In particular, language comprehension
abilities can be measured using simple picture pointing tasks
which can be adapted for eye gaze or scanning, two techniques
that are frequently used for children with limb involvement
that makes pointing difficult.

With the majority of children with CP consistently classified
as impaired or not impaired in both language comprehension
and nonverbal cognitive domains, our findings suggest that the
prevalence of language-specific deficits in this population may
be low. We examined descriptive findings by speech-language
profile group to obtain a deeper understanding of individual
differences among children within each group.

Children with CP who had no speech motor involvement were
qualitatively different from other profile groups. Language and
cognitive abilities were not considered in the classification para-
meters for this group; however, results of the present study
showed that all but one child had typical receptive language
abilities. The child who presented receptive language impairment
was considered to be within the borderline impaired or delayed
range as described in TACL-4 manual. Of the eight children with
no speech motor involvement, five children showed consistent
performance between nonverbal cognitive and receptive language
abilities. That is, their standard scores for both domains fell within
the typical range. One child demonstrated language impairment
with typical nonverbal cognitive abilities, indicating the presence
of language-specific deficits. However, two children showed typi-
cal receptive language ability with nonverbal cognitive impair-
ment. For one participant, the difference between receptive
language and nonverbal cognitive performance appeared to be
descriptively minimal. His receptive language standard score was
79, which was only two points above the cutoff score, while his
nonverbal cognitive standard score was 68, which was only one
point lower than the cutoff score, suggesting that he performed
fairly consistently for both domains. The other participant who
showed typical receptive language ability with nonverbal cognitive
impairment earned a score of 90 on the TACL-4, which indicated
average receptive language skills per the technical manual. Her
score for the Leiter-R was 60, which fell within the mild to
moderate range as described in the manual. Generally, we
would not expect to see a child have stronger language compre-
hension skills than cognitive skills; however, this child had visual
impairment and had moderate motor involvement, which may
have affected her visual-perceptual skills and her ability to use her
hands for testing, which may have had a disproportionally nega-
tive impact on her ability to complete the Leiter-R.

Seven of the nine children with speech motor involvement
and typical language comprehension demonstrated typical
nonverbal cognitive abilities, showing that their receptive lan-
guage performance was consistent with their nonverbal cogni-
tive abilities. Two children showed typical receptive language
ability with nonverbal cognitive impairment; they earned
scores of 88 and 86, respectively, on the TACL-4, indicating
average receptive language skills. Their scores for the Leiter-R
were 65 and 52, respectively, which fell within the mild to
moderate delay range. Again, both children who demonstrated
nonverbal cognitive impairment had visual impairment
according to parent report and had severe motor involvement.
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The presence of visual and motor impairments may have
affected their performance, perhaps resulting in misrepresenta-
tion of their true abilities'' particularly in the cognitive
domain. This finding highlights the need for alternative
means of testing that do not rely on motor skills to demon-
strate cognitive abilities.

Eight of the 10 children with speech motor involvement and
language comprehension impairment demonstrated nonverbal
cognitive impairment, indicating that their receptive language
performance was consistent with their nonverbal cognitive
abilities. The remaining two children showed receptive lan-
guage impairment with typical nonverbal cognitive abilities,
indicating the presence of language-specific deficits. This pro-
file is not unexpected and, in fact, occurs frequently in children
with developmental language disorders.”” Children with this
profile have a unique need for language intervention to help
them acquire language abilities that are commensurate with
their cognitive abilities.

Although there was a strong trend of nonverbal cognitive
abilities being generally consistent with receptive language
abilities, there were some exceptions. A total of three children
in this study showed better language comprehension skills than
nonverbal cognitive skills. These findings may be attributed to
the presence of visual deficits and more severe motor deficits
which have been associated with nonverbal cognitive impair-
ment and with test taking difficulties due to motor limitations,
respectively. Other studies have linked the presence of lower
nonverbal cognitive scores to visual perceptual problems and
severe motor involvement.”>**> There were also three excep-
tions in the opposite direction, with children having typical
cognitive abilities and impaired receptive language abilities,
suggesting language-specific impairments independent of cog-
nitive abilities. Overall, however, results of the present study
suggest that language comprehension abilities likely are a gross
indicator of cognitive abilities for most children with CP who
are able to speak.””*'

Limitations and Future Directions

This study included a relatively small group of children with
CP, which was not fully representative of the larger population
of children with CP. Specifically, children in the anarthria
profile group were not included in our sample as we focused
on participants who had speech production ability and could
reliably complete language and nonverbal IQ assessments.
Children with anarthria are often more severely involved
across developmental domains,” posing challenges to accu-
rately measuring nonverbal cognitive abilities'’ and language
comprehension skills.”>*!

The majority of the participants scored from level II to IV
on the MACS (77.78%, n = 27), indicating that they had
reduced quality and/or speed of performing fine motor tasks.
Since the expected responses for nonverbal cognitive and
receptive language measures involved pointing to pictures,
children relied on their manual abilities in completing tasks.
For eight participants, allowable accommodations were given
to support their dexterity level. Thus, fine motor challenges
may have affected their performance, resulting in potential
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misrepresentation of their true abilities. Alternative means of
testing, potentially the use of eye gaze methods, should be
explored by future studies. Moreover, assessment tools used
were standardized with children without motor disabilities,
further supporting the need for studies exploring the psycho-
metrics for children with CP."!

We used different standard deviation levels to determine the
cutoff scores for receptive language and nonverbal cognitive
domains following respective disciplinary practices.*****” Had
we used different cut points for identifying the presence or
absence of impairment in either language or cognitive
domains, results would have been slightly different. For
instance, using 1.5 standard deviations from the mean for
both domains would have resulted in more children being
identified as having nonverbal cognitive impairment. On the
other hand, using 2.0 standard deviations from the mean for
language comprehension scores would have resulted in fewer
children being identified with receptive language impairment.
Reanalysis of our data using different cutoff points for deter-
mination of language comprehension and cognitive impair-
ment is beyond the scope of this paper but would be an
interesting avenue for exploration in future.

Clinical Implications

Despite the identified limitations, there are several clinical
implications of this work. First, moderate to strong correla-
tions between motor severity and nonverbal cognitive abilities
imply the need for assessment tools that cater to the specific
motor limitations of children with CP. Second, receptive lan-
guage abilities are a gross indicator of nonverbal cognitive
abilities for most children with CP who are able to speak.
Third, moderate to strong correlations between intelligibility
and motor severity further support the interrelationship of
speech and overall motor abilities. Lastly, nonverbal cognitive
impairment can co-occur with speech motor, language, and
visual impairments among children with CP, highlighting the
complex needs of this population. Speech-language profile
groups are a useful framework for describing the communica-
tion skills of children with CP, and may prove useful in guiding
the development of interventions that address the unique
needs of different groups of children with CP.
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