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ABSTRACT

Aim: To examine the relationship between subjective parent ratings of intelligibility and objectively
measured intelligibility scores for children with cerebral palsy (CP) with differing levels of speech severity.
Method: Fifty children (84-96 months) with CP were classified into groups based on intelligibility scores
during a speech elicitation task - high intelligibility (90% or higher), mild-moderate intelligibility reduction
(61-89%), and severe intelligibility reduction (60% or lower). Parent ratings of understandability (on
a 7-point scale) were compared to intelligibility scores gathered from 100 naive listeners.

Results: For children with mild-moderate and severe intelligibility reduction, there was a large range of

ARTICLE HISTORY
Received July 08, 2020
Revised September 23, 2020
Accepted September 27, 2020

Keywords

Intelligibility; cerebral palsy;
parent rating; severity;
measurement

variability in parent ratings. For children with high intelligibility, ratings were consistent with intelligibility
scores. There was a range of intelligibility scores within each rating, especially in the middle of the scale.
Conclusions: For children with mild-moderate intelligibility deficits, parent ratings may best be used in

conjunction with objective measurement of intelligibility.

Throughout development, health care providers and educators
rely on parents to be accurate reporters of their child’s abilities.
From early infancy, parents are asked to report any concerns
they have regarding their child’s hearing and vision abilities. It
is a common practice for parents to complete the Ages & Stages
Questionnaire from one month through 65 months in order to
help pediatricians monitor gross motor, fine motor, and com-
munication skill development."* For children at risk of delay,
developmental screening based on parent report is increasingly
relied upon.’ Using parent report in assessment is efficient both
in time and cost and is particularly useful for populations
where formal standardized testing is not possible due to age
or level of cognitive or motor functioning. Ultimately, many
critical decisions, including referrals to specialty care, are based
on parent report.

Parents are generally considered to be reliable raters when it
comes to making judgments about their child’s overall
development.*”” However, parent report of certain skills, such
as speech abilities, has not always been validated in the context
of quantitative data. Recently, concerns have been identified
using parent report to measure child speech/language skills. In
particular, studies have noted inconsistencies between parent
report and objective measures, with parents over- or under-
estimating their child’s abilities.*® Despite these findings, par-
ent ratings remain one of the most commonly used methods of
assessing speech and language skill development in children,
especially for the measurement of speech intelligibility.

Speech intelligibility can be defined as how well a speaker’s
acoustic signal can be accurately recovered by a listener.”"’
Speech intelligibility is a multidimensional construct, influ-
enced by many variables, and can be measured in several
ways.''"'* Direct measurement of intelligibility can involve

language sample analysis, or transcription methods involving
naive listeners, which is considered by some to be a gold
standard.'” With transcription methods, unfamiliar listeners
provide orthographic transcriptions of speech samples which
are scored against a reference key of target sentences.
The percent of words identified correctly relative to the key is
typically determined and this value is a child’s intelligibility
score. This approach to measurement is objective; however, it
is time consuming and impractical for use in clinical settings.
Having a quick, efficient, reliable measure of speech intellig-
ibility is important in clinical practice for evaluating and mon-
itoring changes in speech performance.'” Parent estimates of
speech intelligibility offer an indirect method of measurement
and although there are concerns about accuracy of parent
perception, parent report measures are quick, efficient, cost-
effective, and have been found to provide valuable
information.'®™'®

Parent estimates of intelligibility were used to develop
guidelines and cut points for typical speech intelligibility devel-
opment that is widely used by health care professionals includ-
ing speech-language pathologists and pediatricians.'® More
recently, parent estimates of intelligibility have been used to
develop the Intelligibility in Context Scale (ICS), which
involves having parents make subjective ratings in response
to seven different intelligibility-related questions.'®'” In one
recent study, Lagerberg and colleagues compared scores from
the ICS to intelligibility scores from a single-word assessment
procedure in children with speech and/or language disorders
ranging in age from 4 to 10 years old."” Results indicated
a weak but statistically significant relationship between parent
ratings on the ICS and intelligibility scores from the single-
word assessment.'” Findings suggest that there is a relationship
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between subjective parent ratings and objective measures of
intelligibility; however, children in the study by Lagerberg and
colleagues varied greatly in their speech severity and the
authors did not control for severity of speech impairment.
Although measures such as the ICS are widely used, no studies
have validated parent estimate data against objective measures
of intelligibility of connected speech. Thus, it is unclear how
subjective parent ratings map onto objectively measured multi-
word speech intelligibility.

Children with cerebral palsy (CP) are a population at risk
for developmental issues and present with a wide range of
speech production abilities. Previous work has shown that
about 50% of children with CP have been clinically diagnosed
with dysarthria, a neurologically based speech disorder* that
often leads to reductions in speech intelligibility. Speech dif-
ferences and reductions in speech intelligibility have also been
found even for children with CP without a clinical diagnosis
of dysarthria relative to typically developing peers.”"** Past
studies have shown that reduced intelligibility has significant
adverse consequences for social participation and overall
quality of life.”> Therefore, it is critical to use a reliable mea-
sure of speech intelligibility to properly evaluate the need for
intervention and guide treatment decision making. In a recent
study, Natzke and colleagues examined the extent to which
parent ratings of intelligibility revealed developmental change
in speech over two years for children with CP who varied in
severity.24 Results indicated that parent ratings of intelligibil-
ity_were not sensitive to growth, while at the same time,
measures of transcription intelligibility showed increases in
intelligibility over time for children with mild and moderate
intelligibility deficits.** Further, this same study found that
parent ratings of intelligibility were not correlated with tran-
scription intelligibility within severity groups, but examina-
tion of parent ratings was only a small component of the
study, and the predictive ability of parent ratings was not
examined.

In the current study, we examine the parent ratings
employed by Natzke and colleagues in greater detail, focusing
on questions of the variability in ratings by severity group, how
well empirically measured intelligibility scores predicted par-
ent ratings within severity groups, and the variability in intel-
ligibility scores within rating levels. A key goal was to examine
the validity of parent ratings relative to clinical orthographic
transcription measures of speech intelligibility in order to
determine whether parent ratings could serve as a proxy for
direct clinical measures.

We asked the following specific research questions:

(1) Within empirically defined severity groups:
a. What is the range of variability in parent ratings for
children within the same severity groups?
b. Do parent ratings differ, on average, between sever-
ity groups?
c¢. To what extent do intelligibility scores predict parent
ratings within severity group?
(2) Within ordinal ratings of intelligibility, regardless of
severity group membership, what is the range of varia-

bility in intelligibility scores for each parent rating level
(1-7)?

We hypothesized that the range of variability in parent
ratings within the same severity group would be small if par-
ents were sensitive to their child’s level of speech severity. We
expected that ratings would differ between severity groups
again, if parents were sensitive to severity. We expected that
transcription intelligibility scores would be predictive of parent
ratings based on the findings from Natzke and colleagues.**
Within each ordinal rating of intelligibility, we expected there
to be a relatively constrained range of transcription intellig-
ibility scores.

Method
Participants

Approval for this study was given by the University of
Wisconsin-Madison Institutional Review Board. Informed
consent was obtained for all participants.

Children with CP
Participants were 50 children with CP drawn from a larger
ongoing longitudinal study on communication development in
children with CP. Criteria for inclusion in the larger study
required that children 1) have a medical diagnosis of CP,
and 2) have hearing abilities within normal limits as documen-
ted by either formal audiological evaluation or distortion-
product otoacoustic emission screening. For the current
study, all participants also met the following criteria: 3) age
between 84 and 96 months, 4) use speech as their primary
method of communication, 5) be able to produce sentences at
least 3 words in length in a sentence repetition task, and 6)
parents completed an informal communication questionnaire.
A total of 50 children (26 males) met these inclusion criteria
and were included in the present study. Note that data for 42 of
these children were also utilized in the study by Natzke and
colleagues.”* The eight additional children in the present study
were not included in the study by Natzke and colleagues due to
an incomplete data collection session at one of the three age
points in the earlier study. Table 1 reports demographic infor-
mation for child participants. Children included in the current
study were receiving their usual therapy services as provided in
their community. Parents were asked to indicate on
a questionnaire whether their child was currently receiving
speech and language therapy. This information is presented
in Table 1.

Previous research has found that speech severity acts as
a potentially confounding variable which may yield an artificial
correlation with intelligibility.”” The current study was
designed to investigate the relationship between parent ratings
of intelligibility and listener-derived measures of transcription
intelligibility while controlling for severity of speech impair-
ment. Therefore, children were classified into severity groups
based on measured multi-word intelligibility scores. In the
dysarthria literature, intelligibility scores are widely used as


Jenn Soriano

Jenn Soriano

Jenn Soriano

Jenn Soriano


Table 1. Demographic characteristics of children with CP.
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severe intelligbility reduction

high intelligibility n = 21 mild-moderate intelligbility reduction n = 15 n=14

Male:female ratio 13:8 87 5:9
Age in months: Mean (SD) 90.57 (4.57) 87.67 (3.94) 91 (4.80)
Language SS: Mean (SD) 101.1 (15.62) 93.8 (14.33) 73.57 (26.31)
Intellectual Disability 2 1 9
Dysarthria 6 12 14

Multi-word Intelligibility: Mean (SD) 94.57 (2.68) 79.59 (8.12) 26.44 (18.50)
Cerebral palsy type
Spastic 19 1 9
Diplegia 6 2 2
Hemiplegia (left) 5 4 2
Hemiplegia (right) 5 3 2
Triplegia 0 1 0
Quadriplegia 3 1 1
Dyskinetic 0 0 0
Ataxic 0 3 2
Mixed 0 0 1
Hypotonic 0 0 1
Unknown 2 1 1
GMFCS
| 12 7 0
Il 8 4 8
1] 1 0 3
\% 0 4 2
\' 0 0 1
MACS
| 7 6 3
Il 10 8 7
1] 2 1 4
\% 1 0 0
v 1 0 0
Currently receiving speech and language therapy 12 8 6

GMEFCS = Gross Motor Classification System®®; MACS = Manual Abilities Classification Scale?®

a marker of speech severity.”” The groupings we used in the
current study were determined based on findings and opera-
tional definitions used in our previous work with children with
CP.**?® Currently, there is no widely accepted standard for
severity designations so we chose to use groupings that we’ve
used previously for consistency purposes. Children with intel-
ligibility scores of 90% or greater made up the high intellig-
ibility group (n = 21), children with scores between 61% and
89% made up the mild-moderate intelligibility reduction group
(n = 15), and children with scores of 60% or below made up the
severe intelligibility reduction group (n = 14).

Nondisabled adult listeners

One hundred healthy adults participated as listeners in the
current study. Listeners transcribed speech samples produced
by children, which in turn yielded intelligibility scores.
Listeners primarily consisted of undergraduate students and
were recruited from a university setting through public post-
ings and social media. All listeners met the following inclusion
criteria: 1) pass a pure tone hearing screening administered via
headphones at 25 dB HL at 250, 500, 1000, 4000, and 6000 Hz
in both ears; 2) be between 18 and 45 years of age; 3) have no
more than incidental experience listening to or communicating
with persons having communication disorders; 4) be a native
speaker of American English; and 5) have no identified lan-

guage, learning or cognitive disabilities per self-report.
Listeners comprised 76 females and 24 males. The mean age
of listeners was 21.5 (SD = 3.8) years.

Materials and procedures

Each child completed a standard research protocol consisting of
speech, language, cognitive, and oral-motor assessments at each
visit. A complete description of assessments in the standard
protocol is provided in ref. 25. Assessments were administered
by a licensed and ASHA certified research speech-language
pathologist (SLP). Parents of participants completed a set of
standardized and informal questionnaires. Of interest to the
current study were 1.) parent responses to specific questions
on an informal communication questionnaire; and 2.) multi-
word intelligibility scores reflecting the percent of words pro-
duced by child in a speech elicitation task that naive listeners
transcribed correctly.

Acquisition of parent ratings of speech intelligibility

Prior to visiting the research laboratory, parents of children
with CP completed an informal communication questionnaire.
Parents were asked to answer yes/no and to provide scaled
ratings for questions regarding their child’s use of speech, use
of other modes of communication, and child’s speech/language
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therapy. Of interest in the present study, parents were asked to
make ratings on a 7-point scale regarding how understandable
their child was to themselves and to others. Results from parent
responses to the following question were analyzed: Overall,
how understandable is your child to others (even if he/she
doesn’t sound ‘normal’)? Parents were instructed to circle
a number from 1 (very easy to understand) to 7 (very hard to
understand).

Acquisition of transcription intelligibility scores from
children

Each child with CP completed a structured imitative speaking
task in the laboratory. During this task, children were audio-
recorded while repeating a list of sentences from the Test of
Children’s Speech (TOCS+), a developmentally appropriate set
of speech stimuli that systematically vary in length.* Stimuli
consisted of sentences that ranged from 2 to 7 words with 10
sentences of each stimulus length for a total of 60 sentences. By
eliciting the same set of stimuli from children, we were able to
ensure that intelligibility scores reflected listeners’ perception
of target words relative to a known set of items. The speaking
task took place with the child seated at a table in a sound-
attenuating suite next to a research SLP. Speech samples from
children were recorded using a digital audio recorder (Marantz
PMD 570, D & M Holdings Inc., Tokyo, Japan) at a 44.1-kHz
sampling rate (16-bit quantization). A condenser studio micro-
phone (Audio-Technica AT4040, Audio-Technica U.S., Inc.,
Stow, OH) was positioned next to each child using a floor stand
and was located approximately 18 inches from the child’s
mouth. The level of the signal was monitored and adjusted
on a mixer (Mackie 1202 VLZ, Mackie Designs Inc.,
Woodinville, WA) to obtain optimized recordings and to
avoid peak clipping.

Adult recordings of each target stimulus sentence along
with the written words and images depicting the sentence
were presented to children via a 12.9 in. Apple iPad Pro.
Children were asked to repeat what they heard upon comple-
tion of the recorded adult model. All child productions were
monitored in real time by a research assistant to ensure that
speech samples were free from overlap with the model and free
from extraneous noises.

Digital audio recordings were transferred to a desktop com-
puter and edited to remove extraneous noises and the prere-
corded adult model. Individual files were then created for each
stimulus item produced by each child. Audio samples were
peak amplitude normalized to ensure that maximum loudness
levels of the recorded speech samples were the same across
children and stimulus items while preserving the amplitude
contours of the original productions. Speech stimuli were pre-
sented via in-house software to listeners seated in a sound-
attenuating suite. The external speaker was calibrated on
a regular basis by a research assistant to ensure the peak output
level was 75 dB SPL from where listeners were seated.

Each listener was presented with all speech stimuli spoken
by a single child. The in-house software randomized the pre-
sentation order of stimulus items for each listener. Listeners
were instructed to provide orthographic transcriptions of each
utterance — that is, to type what they thought the child had said.
Two listeners provided transcriptions for each utterance and

for each child. Each listener heard only one child producing all
stimulus items. This assignment between listener and child was
used to mitigate learning effects that might occur with the same
listener hearing the same child or same speech stimuli several
times.”® Presentation of stimulus items was randomized. No
two listeners heard the stimulus items presented in the same
order.

In-house software scored each typed word generated by
listeners as either correct or incorrect based on whether the
listener transcription matched the target transcription phone-
mically. Misspellings and homonyms were accepted as correct,
provided that all phonemes in the transcription matched the
target. The total number of words transcribed correctly by each
of the two listeners per child were added together and then
divided by the total number of words possible (across the two
listeners) and multiplied by 100 to yield a percent intelligibility
score for each child.

Reliability

For each child, we computed the difference in average intellig-
ibility between the two listeners. The average difference in
intelligibility scores between the two listeners was 3.4 percen-
tage points (SD = 3.2). We used an average-score, consistency-
based, one-way random effects model, and we found strong
agreement among average ratings, ICC(2) =994, 95%
CI = [.989, .996].

Analysis

Parent ratings of children’s intelligibility are on an ordinal
scale, while transcription intelligibility scores from listeners
are on a ratio scale. For question la examining the range of
variability among parent ordinal ratings within severity groups,
our analyses are descriptive in nature. For question 1b, we used
ordinal logistic regression to examine whether parent ratings
differ between severity groups and to estimate group differ-
ences. For question 1 ¢, we regressed the parent ratings onto
severity group, intelligibility, and a group by intelligibility
interaction. Intelligibility was mean-centered within each
group so that we could interpret the effect of intelligibility
within each group. To address question 2 examining the
range of variability in intelligibility scores at each level of the
7-point ordinal rating scale, we used descriptive statistics.

Analysis was carried out in R [vers. 4.0.0].>' We fit the
ordered logistic regression models with clm function in the
ordinal package [vers. 2019.12.10].”> We report marginal
means and p-value-adjusted contrasts estimated using the
emmeans package [vers. 1.4.7].%

Results

Question 1a: What is the range of variability in parent
ratings for children within the same severity groups?

Table 2 shows the frequency of each ordinal parent rating by
severity group. As can be seen in the table, the frequency of
ratings differed somewhat between severity groups; however,
there was a considerable range of variability with overlapping
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Table 2. Frequency of parent rating responses by severity group. The cumulative proportion indicates the proportion of ratings less than or equal to the given row. For

example, for the high intelligibility group, all ratings were 3 or less.

High Intelligbility

Mild-moderate Intelligibility Reduction

Severe Intelligbility Reduction

Intelligibility to others (rating) n Proportion Cumulative n Proportion Cumulative n Proportion Cumulative
(most intelligible) 1 13 0.62 0.62 3 0.20 0.20 0 0.00 0.00
2 3 0.14 0.76 1 0.07 0.27 1 0.07 0.07
3 5 0.24 1.00 2 0.13 0.40 4 0.29 0.36
4 0 0.00 1.00 4 0.27 0.67 2 0.14 0.50
5 0 0.00 1.00 5 0.33 1.00 3 0.21 0.71
6 0 0.00 1.00 0 0.00 1.00 3 0.21 0.93
(least intelligible) 7 0 0.00 1.00 0 0.00 1.00 1 0.07 1.00

parental ratings among groups. For children in the high intel-
ligibility group, the range of ratings was small. Ratings from
parents in the high intelligibility group ranged from 1 to 3, and
62% of parents rated their child a 1, indicating they believe
their child was highly intelligible to others. For children in the
mild-moderate intelligibility reduction group, there was
a descriptively larger range of ratings that parents assigned to
their children, reflecting greater variability. Ratings from par-
ents of children in the mild-moderate intelligibility reduction
group ranged from 1 to 5. In this group, 67% of parents rated
their child less than or equal to 4. Put differently, in the mild-
moderate intelligibility reduction group, there was a greater
range of parent rating scores associated with the same propor-
tion of children. For children in the severe intelligibility reduc-
tion group, the range of parent ratings was the greatest. Ratings
from parents of children in the severe intelligibility reduction
group ranged from 2 to 7. None of the other groups used
ratings of 6 or 7, but in the severe intelligibility reduction
group, 28% of children received these ratings.

Question 1b: Do Parent Ratings Differ, on Average, between
Severity Groups?

Figure 1 shows the average parent rating for children in each
severity group. The estimated average parent rating was 1.7,
95% CI [1.3, 2.1], for the high group; 3.6, [2.8, 4.3], for the

Mean Rating

N

high

Figure 1. Average parent rating by severity group. Error bars represent + 1 SD.

mild-moderate

Group

mild-moderate intelligibility reduction group; and 4.4, [3.6,
5.1] for the severe intelligibility reduction group. There was
a significant difference in average ratings between the high
intelligibility and severe intelligibility reduction groups,
Severe — High = 2.7, SE = 0.44, z = 6.05, p < .001, and the mild-
moderate intelligibility reduction and the high intelligibility
groups, Mild-Mod — High = 1.9, SE = 0.44, z = 4.27, p < .001.
There was not a statistically significant difference between the
mild-moderate and severe intelligibility reduction groups,
Severe — Mild-Mod = 0.8, SE = 0.54, z = 1.49, p = .29

Question 1c: To What Extent Do Intelligibility Scores Predict
Parent Ratings within Severity Group?

Figure 2 shows transcription intelligibility scores from listeners
by parent rating for children in each severity group. It is
important to note that in the ordinal parent rating scale,
lower numbers indicate higher understandability ratings and
higher numbers indicate lower understandability ratings. The
opposite is true for transcription intelligibility scores where
lower numbers indicate lower intelligibility scores and higher
numbers indicate higher intelligibility scores. For all three
groups, the effect of transcription intelligibility on parent rat-
ings of intelligibility went in the expected direction: increases
in transcription intelligibility predicted lower parent ratings
(higher understandability ratings). This effect, however, was

severe
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Figure 2. Intelligibility scores by parent rating for each severity group. Lines
represent regression estimates for expected rating and ribbons represent 95%
bootstrap interval.

statistically significant only for the mild-moderate intelligibility
reduction group. For the mild-moderate intelligibility reduc-
tion group, the mean transcription intelligibility score was 80%
(SD = 8%). For a 1-SD change in transcription intelligibility in
the mild-moderate intelligibility reduction group (from 80% to
88%), the expected change in parent ratings was —0.84 ordinal
scale points, 95% CI [-1.48, —0.19]. For the high intelligibility
group, the mean transcription intelligibility score was 95%
(SD = 2%). A 1-SD change for the high intelligibility group
(from 95% to 97%) predicted a change in rating of -0.32
ordinal scale points, [-0.73, 0.09]. For the severe intelligibility
reduction group, the mean transcription intelligibility score
was 26% (SD = 19%). A 1-SD change for the severe intellig-
ibility reduction group (from 26% to 45%) predicted a change
of —0.70 ordinal scale points, [-1.42, 0.02]. For the high and
severe intelligibility reduction groups, the 95% confidence
interval did not exclude 0, therefore the intelligibility effects
did not attain statistical significance.

Question 2: Within ordinal ratings of intelligibility, regardless
of severity group membership, what is the range of variability
in intelligibility scores for each parent rating level?

Table 3 shows transcription intelligibility scores associated
with each parent rating (1-7), regardless of severity group.
The average transcription intelligibility score decreased as par-
ent ratings increased (indicating greater severity), but there was
substantial variability in the transcription intelligibility scores
within each parent rating. Children who received a rating of 1
from their parent (n = 16) had an average intelligibility of 93%

Table 3. Intelligibility scores by each parental rating.

Intelligibility scores from listeners

Mean

Intelligibility to others (rating) n Intelligibility SD Range
(most) 1 16 93% 49  80-99%
2 5 86% 188  53-98%
3 " 67% 354 4-98%
4 6 64% 178  37-83%
5 8 54% 330 2-90%
6 3 27% 8.1 22-37%
(least) 7 1 2%

with a range of 80-99%. Children who received a rating of 2
from their parent (n = 5) had an average intelligibility of 86%
with a range of 53-98%. Children who received a rating of 3
from their parent (n = 11) had an average intelligibility of 67%
with a range of 4-98%. Children who received a rating of 4
from their parent (n = 6) had an average intelligibility of 64%
with a range of 37-83%. Children who received a rating of 5
from their parent (n = 8) had an average intelligibility of 54%
with a range of 2-90%. Children who received a rating of 6
from their parent (n = 3) had an average intelligibility of 27%
with a range of 22-37%. The one child who received a rating of
7 from their parent had an intelligibility score of 2%. These
findings suggest that a rating of 1 identified children with high
intelligibility or mildly reduced intelligibility and ratings of 6
and 7 identified children with severely reduced intelligibility.
Parent ratings in the middle of the scale were associated with
a wide range of intelligibility scores.

Discussion

The purpose of this study was to examine the validity of parent
ratings of intelligibility by quantifying the relationship between
subjective ordinal parent ratings of intelligibility and objective
transcription intelligibility scores for children with CP who had
differing levels of speech severity. We classified children into
three severity groups based on objectively measured multi-
word intelligibility scores, following gold standard practices
in motor speech disorders. We analyzed parent responses to
the question of how understandable their child is to others
(using a 7-point ordinal scale). We examined parent response
data in the context of multi-word objective intelligibility scores
obtained from a speech elicitation task where adult listeners
provided orthographic transcriptions of child utterances. Key
findings are discussed below

Parent ratings within severity groups

Children in the high intelligibility group were operationally
defined as those with objective transcription intelligibility
scores between 90% and 99%. Results of this study showed
that for the high intelligibility group, the range of parent rat-
ings was relatively narrow, ranging from 1 to 3 with an average
rating of 1.7, suggesting that parents of children with high
intelligibility had accurate insight into their child’s speech.
The average parent rating for the high intelligibility group
was significantly different from both other groups suggesting
that the 7-point ordinal scale was sensitive enough to differ-
entiate between children with high intelligibility and lower
intelligibility. Contrary to what we hypothesized, transcription
intelligibility scores did not make a significant contribution to
predicting parent ratings for the high intelligibility group. One
potential explanation for this is likely a ceiling effect. That is,
children, by definition, had high intelligibility scores and high
parent ratings of intelligibility and thus did not vary reliably.
Children in the mild-moderate intelligibility reduction
group were operationally defined as those with objective tran-
scription intelligibility scores between 61% and 89%. The range
of parent ratings was larger for the mild-moderate intelligibility
reduction group compared to the high intelligibility group.



This observation is not surprising given that the mild-
moderate intelligibility reduction group as defined comprised
a wider range of objective intelligibility scores. However, it is
noteworthy that parents used 5 of 7 possible ratings for chil-
dren in this group, employing most of the range of the scale.
Parent ratings for this group ranged from 1 to 5 with an
average rating of 3.6. We also found that within this mild-
moderate intelligibility reduction severity group, transcription
intelligibility scores made a significant contribution to predict-
ing parent ratings, indicating that as intelligibility increased,
parent ratings reliably decreased. However, the magnitude of
this relationship was relatively small, such that a change in
objective intelligibility of 1-SD was associated with an expected
change in parent ratings of —0.84 scale points. In this case 1-SD
was 8%, thus for a parent to change their intelligibility rating by
approximately 1 scale point, intelligibility would need to
change by slightly over 8%.

Children in the severe intelligibility reduction group were
operationally defined as those with objective transcription
intelligibility scores below 60%. There was notable variability
in the range of parent ratings for children with severely
reduced intelligibility. Ratings ranged from 2 to 7 with an
average rating of 4.4. Transcription intelligibility scores for
this group did not make a significant contribution to predicting
parent ratings. As with the mild-moderate intelligibility reduc-
tion group, this finding suggests that parents of children with
severely reduced intelligibility may be less accurate at rating
their child’s speech intelligibility. Five parents of children in
the severe intelligibility reduction group used a rating of 3 or
less, indicating that they thought their child had a relatively
high level of understandability to others. However, transcrip-
tion intelligibility scores from unfamiliar listeners indicated
that each of these children received intelligibility scores below
55%, indicating severely reduced intelligibility. Interestingly,
there was no significant difference in average parent ratings
between the mild-moderate and severe intelligibility reduction
group, suggesting that parents of children with intelligibility
impairments rated their children similarly, or with a similar
range of variability across the scale, regardless of the severity of
their impairment. Findings reveal that parent perceptions of
intelligibility may not be well calibrated with objective mea-
sures of intelligibility. One possibility is that parents ratings
reflect a more holistic view of communication, rather than
intelligibility specifically. Since we did not have other measures
of communicative success or communicative participation in
the present study, we are not able to examine how parent
ratings may relate to such measures, however, this would be
an interesting avenue for future investigation.

Variability in intelligibility scores for each parent rating
level

Results of this study showed the average transcription intellig-
ibility score increased as parent ratings decreased (indicating
that generally parent ratings tracked with transcription intel-
ligibility). However, there was marked variability in the intel-
ligibility scores within each ordinal rating, except at the high
and low ends of the scale. A parent rating of 1 was associated
with a 20% range of intelligibility scores of (80-99%) and
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a rating of 7 was associated with a 35% range of intelligibility
scores of (2-37%). This finding indicates that parents who gave
high ratings and parents who gave low ratings generally had an
impression of their child’s intelligibility that was roughly con-
sistent with their objectively measured intelligibility scores, and
thus parent ratings may be valid for these children. However,
for parents that gave ratings between 2 and 5 on the ordinal
scale, the difference between high and low transcription intel-
ligibility scores within each ordinal level ranged from 45% (for
an ordinal rating of 4) to 94% (for an ordinal rating of 3). For
this middle range there was little consistency between tran-
scription intelligibility scores and parent-assigned ordinal rat-
ings, suggesting that use of parent ratings may not be a valid
method for characterizing intelligibility for children who are
not on the poles of the scale. Similar to findings from previous
studies, it may be that parents are over- or underestimating
their child’s understandability.® Another possible explanation
is that parents have different internal calibration to the rating
scale. One parent’s perception of a 3 vs. 5 on the scale may be
different than another parent’s.”* Similar findings suggesting
ambiguity in relationships among ratings within the middle
range of subjective scales have been found in the CP literature,
particularly in studies including communication ratings.>> One
important feature of the present study is that we examined
severity groups separately so as not to misrepresent relation-
ships among variables which would show a natural high corre-
lation owing solely to the effects of severity. Results of this
study highlight that children in the middle of a severity con-
tinuum often look very different than those on the poles of the
continuum. If we do not consider severity groups separately,
we risk making critical erroneous assumptions that can have
a detrimental impact on assessment and treatment of children
with neurodevelopmental disabilities.

Limitations and future directions

We had a relatively small number of children in this study. The
group sizes were also relatively small with 21 in the high
intelligibility group, 15 in the mild-moderate intelligibility
reduction group, and 14 in the severe intelligibility reduction
group. Future research should be conducted with a larger
sample of children with CP.

The range of transcription intelligibility scores within the
high intelligibility group was small (90-99%). As previously
mentioned, the groupings we used in the current study were
determined based on our previous work with children with
CP.*»?® Tt is possible that this limited range of scores resulted
in a ceiling effect and lack of a finding of a significant correla-
tion between transcription intelligibility scores and parent rat-
ings for the high intelligibility group. In addition, the range of
transcription intelligibility scores for the mild-moderate intel-
ligibility reduction group was quite large (61-89%). Since there
is not a standard in the field for severity designations, future
studies should explore using different criteria to create severity
groups based on intelligibility scores.

In the current study, we did not examine the relationship
between parent ratings of intelligibility and child current
speech and language services. It’s possible that parents of
children who receive speech and language services are more
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skilled at understanding their child due to strategies they
observe or learn during their child’s therapy sessions.
Therefore, future studies should examine the impact of therapy
on parent ratings of intelligibility.

Only one holistic parent rating measure was used in the
current study. A measure that breaks down parent ratings by
context or partner, such as the ICS may provide a different,
and perhaps more sensitive, view of parent-reported
intelligibility.'>'® Previous research has found differences
between parent ratings of intelligibility for different commu-
nication partners, with parents rating themselves as better
able to understand their child compared to strangers.'® It
may be that the question we used in the current study
(“How understandable is your child to others?”) was too
broad and different parents considered different communica-
tion partners (e.g., siblings, teachers, strangers) when answer-
ing the question. It may also be the case that our rating scale
was too fine-grained: Parents might not be able to reliably
differentiate 7 degrees of intelligibility, but a simpler scale
with 5 or 4 points would show a stronger relationship with
observed intelligibility scores.

We did not have other measures of communicative or social
participation in the current study. By including measures of
participation, future research should examine the relationship
between parent ratings of intelligibility and parent ratings of
participation.

Conclusions

There are aspects of objectively measured speech intelligibility
that provide an advantage to the listener; however, there are
also aspects that provide a disadvantage. Objective measure-
ment of speech intelligibility involves child productions of
controlled speech material presented to unfamiliar listeners
in an idealized listening environment with high-quality audio
equipment. However, the detriment of this method of mea-
surement is the lack of interaction among partners with no
context, no nonverbal cues, and no opportunities to repair
communication breakdowns - variables which can help
improve intelligibility and variables that parents may be con-
sidering when rating their child’s understandability. Parents
are often their child’s best communication partner. When
parents make ratings of their child’s intelligibility, they may
be thinking more comprehensively, considering their child’s
environment, interests and preferences, their child’s use of
nonverbal cues (e.g., gestures, facial expressions, use of alter-
native and augmentation communication (AAC) while speak-
ing, frequent communication partners) - all of which can
impact their estimate of their child’s understandability.
Parent perspective may provide important insight into func-
tional participation level communication abilities that are not
captured by direct measurement of intelligibly.

In summary, findings from the current study suggest that
for children with CP, an impressionistic parent rating scale
may not provide a valid index of a child’s speech intelligibility,
especially for those children who are not on the extreme ends
of the severity continuum. For children in the mild-moderate

intelligibility deficit range, a subjective parent report measure
does not provide a clear picture alone - parent report may be
best used in conjunction with an objective measurement of
speech intelligibility as these two methods of measurement can
provide a more complete picture when administered together.
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