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INFO ABSTRACT

Purpose: The purpose of the current study was to estimate the minimal clini-
cally important difference (MCID) of sentence intelligibility in control speakers
and in speakers with dysarthria due to multiple sclerosis (MS) and Parkinson’s
disease (PD).

Method: Sixteen control speakers, 16 speakers with MS, and 16 speakers with
PD were audio-recorded reading aloud sentences in habitual, clear, fast, loud,
and slow speaking conditions. Two hundred forty nonexpert crowdsourced lis-
teners heard paired conditions of the same sentence content from a speaker
and indicated if one condition was more understandable than another. Listeners
then used the Global Ratings of Change (GROC) Scale to indicate how much
more understandable that condition was than the other. Listener ratings were
compared with objective intelligibility scores obtained previously via ortho-
graphic transcriptions from nonexpert listeners. Receiver operating characteris-
tic (ROC) curves and average magnitude of intelligibility difference per level of
the GROC Scale were evaluated to determine the sensitivity, specificity, and
accuracy of potential cutoff scores in intelligibility for establishing thresholds of
important change.

Results: MCIDs derived from the ROC curves were invalid. However, the aver-
age magnitude of intelligibility difference derived valid and useful thresholds.
The MCID of intelligibility was determined to be about 7% for a small amount of
difference and about 15% for a large amount of difference.

Conclusions: This work demonstrates the feasibility of the novel experimental
paradigm for collecting crowdsourced perceptual data to estimate MCIDs.
Results provide empirical evidence that clinical tools for the perception of intel-
ligibility by nonexpert listeners could consist of three categories, which emerged
from the data (“no difference,” “a little bit of difference,” “a lot of difference”).
The current work is a critical step toward development of a universal language
with which to evaluate changes in intelligibility as a result of neurological injury,
disease progression, and speech-language therapy.

Benjamin Parrell

There has been a recent interest in describing clini-
cally significant changes in relevant rehabilitation out-
comes, including functional speech measures. In particu-
lar, speech intelligibility, or how understandable a speaker

Correspondence to Kaila L. Stipancic: klstip@buffalo.edu. Publisher
Note: This article is part of the Special Issue: Select Papers From the
2024 Conference on Motor Speech—Basic Science and Clinical Inno-
vation. Disclosure: The authors have declared that no competing finan-
cial or nonfinancial interests existed at the time of publication.

3480

is to a listener (Yorkston & Beukelman, 1981), is the pri-
mary goal of most speech therapy protocols for individ-
uals with neuromotor speech disorders like dysarthria.
Intelligibility is also a common speech outcome measure
for monitoring decline in speech production due to neuro-
degenerative disease progression. Methods for evaluating
speech intelligibility are well established (e.g., see Abur
et al., 2019; Hustad & Borrie, 2021; Miller, 2013;
Stipancic et al., 2016; Sussman & Tjaden, 2012; Yorkston
& Beukelman, 1981). Arguably, the gold standard for
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measuring speech intelligibility, as operationalized in the
Speech Intelligibility Test (SIT; Yorkston et al., 2007), is
for listeners to orthographically transcribe audio-recorded
speech materials and subsequently compare the transcrip-
tions to the target stimuli to obtain a percentage of words
correctly transcribed (Stipancic et al., 2016). Despite the
clear importance of accurate intelligibility quantification,
benchmarks regarding what constitutes a real, meaningful
intelligibility change are lacking. This gap in knowledge
limits the ability to interpret the efficacy of therapeutic
speech interventions.

In 1989, Jaeschke et al. were the first group of
researchers to describe a concept called the minimal clini-
cally important difference (MCID). The MCID has been
defined as the smallest amount of change in an outcome
measure that is perceived as relevant to a patient, a clini-
cian, or others. Other rehabilitation disciplines have suc-
cessfully defined the MCID for a multitude of clinical out-
comes, such as grip strength (e.g., Bohannon, 2019), pain
(e.g., Copay et al., 2018), injury and disability (e.g.,
Dabija & Jain, 2019), and a variety of patient-reported
outcomes (e.g., Engel et al., 2018).

A necessary supplement to the MCID is the mini-
mally detectable change (MDC; Beninato et al., 2014;
Furlan & Sterr, 2018; Riddle & Stratford, 2013; M. R.
Turner, Brockington, et al., 2010). The MDC signals
whether an observed change is outside of measurement
variability/error. MDCs are often calculated using a
distribution-based approach. Briefly, distribution-based
approaches rely on statistical characteristics of the partici-
pant sample to determine variability in the outcome mea-
sure of interest. Although distribution-based approaches
are a necessary component of defining measurement
responsiveness, the MDC does not specify the clinical rele-
vance of a particular change (Gatchel et al., 2010). Thus,
to attain thresholds for clinically meaningful change,
anchor-based approaches may be used to calculate the
MCID (Gatchel et al., 2010; Hays & Woolley, 2000).
Anchor-based approaches examine associations between
the outcome measure of interest and an external criterion
that is considered an indication of important change. Typ-
ically, the external criterion is a “gold-standard” patient-
reported outcome (more subjective anchor; e.g., quality of
life) or a specified adjustment in patient management
(more objective anchor; e.g., health care utilization, medi-
cation use). Anchors can also be clinician-reported out-
comes or other clinical outcome tools, as appropriate.
Anchor-based MCID approaches are commonly consid-
ered to reflect clinical importance (Engel et al., 2018).

Recent work sought to calculate the MDC and
MCID of sentence intelligibility in individuals with dysar-
thria secondary to amyotrophic lateral sclerosis (ALS;

Stipancic et al., 2018). The SIT (Yorkston et al., 2007)
was used to determine the outcome measure of interest
(i.e., intelligibility), and the ALS Functional Rating Scale—
Revised (ALSFRS-R; Cedarbaum et al., 1999) was used
as the external anchor scale. A total of 147 individuals
with ALS and 49 controls were assessed longitudinally.
The MDC of SIT-derived intelligibility was calculated
using formulas standard to the rehabilitation sciences liter-
ature (see Stipancic et al., 2018). At each study visit, par-
ticipants with ALS also completed the ALSFRS-R
(Cedarbaum et al., 1999), which is a patient-reported out-
come designed to capture patient perception of motor
function. The ALSFRS-R is composed of 12 questions
about motor capacity across body regions/functions, one
of which pertains to speech (i.e., “How is your speech?”:
The five response options range from 0 = loss of useful
speech to 4 = normal speech process; Cedarbaum et al.,
1999). This speech question was employed as the external
anchor for use in calculating the MCID of intelligibility.
Intelligibility of participants meeting a criterion of opera-
tionally defined “true change” on the ALSFRS-R speech
subscore (i.e., a change of at least 1 point on the speech
question from one data collection session to the next) was
compared to that of participants who experienced no
change on the ALSFRS-R speech question from one data
collection session to the next. Receiver operating charac-
teristic (ROC) curves were used to define the threshold of
intelligibility change that maximized sensitivity and specific-
ity for distinguishing “changed” and “unchanged” partici-
pants. Ultimately, the obtained thresholds of intelligibility
change were smaller in magnitude than the calculated
MDC. To reiterate, the MDC is a necessary supplement
to the MCID, as it defines the smallest amount of change
that is necessary for the change to be outside of measure-
ment error and thus can be considered real. Therefore, by
definition, the MCID must be larger than the MDC to be
valid, as a cutoff for relevant change cannot be smaller
than detectable change (Jacobson et al., 1999; Riddle &
Stratford, 2013; Stratford & Riddle, 2012). Because the
MCID calculated by Stipancic et al. (2018) for speakers
with ALS was smaller than the MDC, the MCID could
not be considered valid. This finding is common in the
rehabilitation sciences literature (e.g., B. A. Young
et al., 2009) due to limiting factors such as the lack of
gold-standard anchor scales and high variability in
patient/clinician-reported outcomes. The scale/outcome
used to anchor MCID calculations is therefore of critical
importance.

A few studies in the speech-language pathology liter-
ature have examined concepts related to the MCID.
Okano et al. (2020) calculated MDCs and MCIDs of
three patient-reported swallowing outcomes. MDCs were
calculated using a distribution-based approach, and
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MCIDs were calculated using an anchor-based approach.
Resulting MCIDs were smaller than calculated MDCs,
similar to that of Stipancic et al. (2018). Hutcheson et al.
(2016) estimated the MCID of the M. D. Anderson Dys-
phagia Inventory (MDADI; Chen et al., 2001) using
both a distribution-based approach and an anchor-based
approach. The distribution-based approach yielded an
MCID (referred to as an MDC in the current work)
that was smaller than the anchor-based—yielded MCID
(Hutcheson et al., 2016). Therefore, this MCID can be
considered useful and likely reflects a clinically relevant
change in scores on the MDADI. Lastly, Marks et al.
(2021) employed an anchor-based approach to evaluate
change in a vocal effort scale for patients with vocal hyper-
function. Again, the estimated MCID was within measure-
ment error (MDC). The authors concluded that evaluations
of change in vocal effort should rely, instead, on the MDC
as a threshold for clinically relevant change in the absence
of a valid MCID (Marks et al., 2021). All of these studies
are pertinent for establishing the need to estimate MCIDs
in the field of speech pathology and also highlight the chal-
lenges of estimating thresholds for important change.

Despite the challenges to calculating MCIDs in the
speech of speech pathology, in a recent study (Stipancic,
Wilding, & Tjaden, 2023), we discussed the importance of
distinguishing between statistical significance and clinically
meaningful significance. As an illustration, in this previous
study, we found an 8% difference in intelligibility between
sentences that consisted of highly frequent words from
high-density phonetic neighborhoods as compared to sen-
tences composed of less frequent words from high-density
neighborhoods. In our study, this 8% difference in intellig-
ibility was not statistically significant. However, related
work (Stipancic & Tjaden, 2022) suggests this 8% differ-
ence is larger than measurement error, or constitutes a
real difference, and is likely clinically significant. This
agrees with other authors who have suggested that an 8%
intelligibility difference/change is clinically meaningful
(e.g., Van Nuffelen et al., 2010). In contrast, Rodgers
et al. (2013) reported a very small sentence intelligibility
difference (i.e., approximately 1%) on the SIT (Yorkston
et al., 2007) between control speakers and speakers with
multiple sclerosis (MS) that was statistically significant
but would not be considered clinically meaningful. This
type of approach for evaluating outcomes (i.e., by deter-
mining clinical relevance vs. assessing statistical change
alone) has been used for over a decade in the rehabilita-
tion sciences field (Gatchel et al., 2010; McGlothlin &
Lewis, 2014) but is far from common in the speech litera-
ture. Although previous work has begun to identify empir-
ical thresholds for detectable intelligibility change (using a
distribution-based approach) or change outside of mea-
surement error (Barnett et al., 2019; Stipancic & Tjaden,

2022; Stipancic et al., 2018), the threshold for clinically
meaningful change in intelligibility has not yet been
established.

Using a novel experimental paradigm, the purpose
of the current study was to define the MCID of sentence
intelligibility for speakers with MS and Parkinson’s dis-
ease (PD), as derived by orthographic transcriptions by
nonexpert, crowdsourced listeners. MS and PD can result
in perceptually dissimilar dysarthrias and are commonly
associated with reduced speech intelligibility. The current
study leveraged an extant database of speech materials
(e.g., Stipancic et al., 2016) read in response to cues
intended to modify intelligibility. We identified speakers
and stimuli from the database with the aim of maximizing
the range of intelligibility to enhance the likelihood of
accurately defining a threshold for clinically meaningful
change. The primary research question addressed was
“What is the MCID of intelligibility as perceived by non-
expert listeners?” The focus here was on nonexpert lis-
teners to allow for comparison of the resulting MCIDs
with our previous work (Stipancic & Tjaden, 2022;
Stipancic et al., 2018) establishing MDCs of intelligibility
from the transcriptions of naive listeners. This novel para-
digm could provide a framework for calculating thresh-
olds for clinically relevant change in outcome measures
across the field of speech-language pathology where they
are critically needed.

Method

The study was approved by the institutional review
board (IRB Protocol No. 030-732229) through the Uni-
versity at Buffalo. All participants provided informed con-
sent prior to completing study procedures.

Participants

Speakers

Speakers were recruited as part of a larger project
examining the acoustic and perceptual consequences of
cued speaking styles or conditions in persons diagnosed
with PD and MS and control speakers. Details about
speakers and procedures have previously been published
(Sussman & Tjaden, 2012; Stipancic et al., 2016; Tjaden
et al., 2014). The speakers and recording procedures are
briefly reviewed in the following section to contextualize
the current study. Forty-eight of 78 speakers in the data-
base were selected for inclusion in the current study. The
48 speakers included 16 control speakers (i.e., speakers
without MS or PD; nine females, seven males), 16
speakers with MS (nine females, seven males), and 16
speakers with PD (nine females, seven males). Speakers
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were selected to (a) include an equal number of speakers
across the disease groups, (b) include an equal number of
females and males within each disease group, and (c)
include an even distribution of speakers with varying mag-
nitudes of intelligibility difference across speaking condi-
tions (see details in the Speech Samples subsection). Table
1 displays speaker characteristics including speech intellig-
ibility scores derived from orthographic transcriptions of
the SIT completed by 42 nonexpert listeners blinded to the
neurological status of the speakers (see details of this listen-
ing procedure in Sussman & Tjaden, 2012). SIT scores are
provided here for the purpose of describing the overall
severity of the speakers. The majority of speakers have
been previously characterized as having mild dysarthria
(Stipancic et al., 2016; Tjaden et al., 2014). Speakers with
PD presented with perceptual characteristics consistent with
hypokinetic dysarthria and speakers with MS with percep-
tual characteristics consistent with spastic—ataxic dysarthria.

Listeners

Two groups of listeners were employed. The first
group (“transcription listeners”) was composed of nonex-
pert listeners whose data were collected in the lab for a
previous methodological study (Stipancic et al., 2016).
Transcription listeners included 50 individuals who ranged
in age from 18 to 29 years (M = 22.38, SD = 2.09) and
passed a hearing screening. Transcription listeners partici-
pated in person in the Motor Speech Disorders Labora-
tory at the University at Buffalo in Buffalo, New York.
The second group of listeners (“MCID listeners”) con-
sisted of 240 prospectively recruited crowdsourced nonex-
pert listeners (170 female, 55 male, nine other/prefer not
to say, five unspecified, and one unknown) who ranged in
age from 18 to 30 years (M = 24.13, SD = 3.66) and were
living in the United States. Table 2 displays additional
demographic information for the MCID listeners. Lis-
teners from both groups self-reported to be native
speakers of American English; to have obtained a high
school diploma or equivalent; to have no history of
speech, language, hearing, or neurological problems;

Table 1. Demographic information of speakers.

and to have no or limited experience with disordered
speech. Crowdsourced participants were recruited using
the crowdsourcing website Prolific (prolific.com; Palan &
Schitter, 2018). Following procedures used by van Brenk
et al. (2022), listeners were required to have an 80%
approval rating for completed studies on Prolific and to
be located in the United States. Participants were instructed
to use a personal computer or laptop, as the experiment
was not enabled for mobile devices or tablets. Participants
were given a brief description of the experiment before
reading and electronically agreeing to the IRB-approved
consent form. Participants were then instructed to use head-
phones or earphones and to sit in a quiet room while com-
pleting the experiment, after which they were asked to com-
plete a demographic questionnaire. Participants performed
a sound check by playing a sample sentence, adjusting the
volume to a comfortable level, and answering a question
about the sentence content. If a participant answered the
question incorrectly, they were asked to readjust the listen-
ing volume and to try again. Participants were only allowed
to continue after answering the sound check question cor-
rectly. Finally, participants practiced using the interface
and experimental protocol (see below) for three speakers
and speech materials from the larger database who were
not identified for inclusion in the current study.

The number of crowdsourced listeners (i.e., 240) was
determined based on work by McAllister Byun et al.
(2015). Although the task in this earlier study differed
from the task in the current study, McAllister Byun et al.
found that nine crowdsourced listeners yielded results
matching an “industry standard” (i.e., the modal rating
across 25 experienced listeners). Therefore, to assign 10 lis-
teners to each of the 24 lists discussed in the following sec-
tions, 240 listeners were recruited.

Procedure
Speech Samples

Speakers were recorded while reading the same 25
Harvard psychoacoustic sentences (Institute of Electrical

Total N Age SIT intelligibility
Group (females:males) (SD, range) (SD, range)
Control speakers 16 57.86 years 93.81%
9:7) (11.74, 27-77) (2.24, 90.21-98.26)
Speakers with multiple sclerosis 16 53.19 years 92.92%
9:7) (11.82, 29-81) (5.48, 78.26-97.42)
Speakers with Parkinson’s disease 16 67.75 years 95.35%
9:7) (8.93, 48-78) (10.15, 54.96-95.15)
All speakers 48 59.60 years 90.69%
(27:21) (12.32, 27-81) (7.67, 54.96-98.26)
Note. SIT = Speech Intelligibility Test.
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Table 2. Demographic information of crowdsourced listeners
(“MCID listeners”).

Variable n (%)
Gender
Female 170 (70.83)
Male 55 (22.92)
Other/prefer not to say 9 (3.75)
Unspecified 5 (2.08)
Unknown 1(0.42)
Highest education level
High school/GED 101 (42.08)
Associate degree 28 (11.58)
Bachelor's degree 95 (39.60)
Master's degree 14 (5.83)
Doctoral degree 2 (0.83)
Race
American Indian/Alaska Native 3 (1.25)
Asian 25 (10.42)
Black or African American 16 (6.67)
More than one race 19 (7.92)
Other/prefer not to say 6 (2.50)
White 171 (71.25)
Ethnicity
Hispanic or Latino 26 (10.83)
Not Hispanic or Latino 212 (88.33)
Other/prefer not to say 2 (0.83)
Location in the United States
Northeast 50 (20.83)
Midwest 56 (23.33)
South 87 (36.25)
West 47 (19.58)

Note. MCID = minimal clinically important difference; GED = Gen-
eral Educational Development.

and Electronics Engineers, 1969) in five different speaking
conditions: habitual, clear, fast, loud, and slow. For the
purposes of the current investigation, for each speaker, the
same three sentences in each condition were chosen to
present to listeners, to reduce task length, and to maxi-
mize the range of intelligibility difference across the five
conditions. Instructions for eliciting these conditions have
been published previously (Tjaden et al., 2014). Briefly,
speakers were asked to speak twice as clearly as their typi-
cal speech (clear condition), at a rate twice as fast as their
typical rate (fast condition), twice as loud as their regular
speaking voice (loud condition), and at a rate half as fast
as their regular rate (slow condition). Speakers were
recorded using an AKG C410 head-mounted microphone
with a constant mouth-microphone distance, positioned
10 cm and 45°-50° from the left oral angle. The acoustic
signal was preamplified, low-pass filtered at 9.8 kHz,
and sampled at 22 kHz. The data set was optimized for
the current study as follows. First, to maximize the

opportunity to reveal clinically significant differences in
intelligibility, it was desirable for some speakers to dem-
onstrate large between-conditions differences in intellig-
ibility (e.g., between the clear and the fast condition),
some speakers to demonstrate no or very small between-
conditions differences, and others to demonstrate mod-
erate between-conditions differences. By using the previ-
ously obtained transcription intelligibility scores, we
examined intelligibility differences between the five con-
ditions across the larger group of 78 speakers to identify
speakers who exhibited a range of intelligibility differ-
ences between conditions. Through careful selection of
a subset of speakers, between-conditions intelligibility
differences ranged from 0% to 65.3% across the 48
speakers.

Stimuli Preparation

The recorded stimuli for the crowdsourced listeners
completing the MCID task were prepared following
methods employed for the transcription task and listeners
(Stipancic et al., 2016; Tjaden et al., 2014). Productions of
the Harvard sentences were first normalized for peak
amplitude in GoldWave to reduce differences in audibility
among conditions. Because baseline intelligibility was
largely preserved, as suggested by the SIT (see Table 1),
sentences were mixed with 20-talker multitalker babble to
achieve a signal-to-noise ratio of —3 dB. This served to
reduce ceiling effects and to enhance differences in intellig-
ibility between speaking conditions. For the MCID task,
the three sentences for each speaker within each condition
(the same sentences for each condition for each speaker)
were concatenated into a single wav file with approxi-
mately 100 ms of silence between each sentence.

Listening Task Procedure and Measures
Transcription task. The transcription task was
completed in the context of a previously published study.
Methodological details are available in Stipancic et al.’s
(2016) study. Briefly, sentences produced by the larger
cohort of 78 speakers, from which the current sample of
48 speakers was chosen, were pooled and divided into 10
lists. Lists contained one sentence in each condition for
each of 78 speakers. Five listeners were assigned to each
list. Therefore, each sentence in each of the five
conditions produced by each speaker was transcribed five
times. Transcriptions were scored using a key word
scoring paradigm (Hustad, 2006; Stipancic et al., 2016)
in which the five key informational words (i.e., nouns,
verbs, adjectives, and adverbs) in each Harvard sentence
were scored as either correctly or incorrectly matching
the target. The number of matches was divided by five to
obtain a percentage of correctly transcribed words. For
each sentence, the intelligibility scores across the five
listeners were averaged to obtain an overall intelligibility
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score for each sentence. For the current study, scores for

the three sentences of interest per condition were
averaged to yield an intelligibility score for each
condition. This is the intelligibility score/percentage

referred to throughout the rest of this article.

MCID task. To control the length of the experiment
for the online crowdsourced listeners, stimuli were compiled
into 24 lists. First, we considered all possible two-condition
comparisons (i.e., habitual-clear, habitual-fast, habitual-
loud, habitual-slow, clear—fast, etc.) for an overall number
of 10 condition combinations per speaker (10 condition
combinations X 48 speakers = 480 in total). These were
then divided into 24 lists following several criteria: (a) a
similar number of males and females in each list; (b) a
similar number of controls, speakers with MS, and
speakers with PD in each list; (c) a similar number of
condition combinations (and conditions) in each list; (d) a
maximum of five exposures to a given sentence within any
list (to reduce the effect of familiarity with a given stimuli);
and (e) never repeating a condition combination for a
given speaker within any list (to reduce the effect of
familiarity with a given speaker). Each of the 24 lists
contained 20 condition combinations. On average, each list
contained (a) 10 males and 10 females (average SD = 2.59,
range: 6-13), (b) seven speakers from each of the speaker
groups (control, MS, and PD; average SD = 0.73,
range: 5-8), (c) two of each of the possible condition
combinations (average SD = (.77, range: 0-4), and (d)
each of the five conditions eight times (average SD =
0.62, range: 4-12). In addition, within a list, no single
sentence stimulus was repeated more than five times
(average = 2.4, average SD = 1.36, range: 0-5) and no
single speaker was repeated within a list more than
three times (average = 1.2, SD = 0.09, range: 0-3). On

average, the absolute difference in intelligibility between
condition combinations across lists was 13.20% (SD =
13.78) and ranged from 0 to 65.33%. This indicates that
the magnitude of intelligibility differences, as obtained
in the previous transcription study (Stipancic et al.,
2016), between condition combinations was optimized
in each list as designed.

The MCID task was programmed and executed in
jsPsych (De Leeuw, 2015) and hosted on Pavlovia.org
(Peirce & MacAskill, 2018). Following Jaeschke et al.
(1989), we used an “external anchor of meaningfulness” in
the form of the Global Ratings of Change (GROC) Scale
described in the next paragraph. A visual representation
of the listening task is presented in Figure 1.

Listeners were asked to listen to the three concatenated
sentences for a given speaker produced in one of the con-
ditions (“Set One”) followed immediately by the same
three sentences produced in another one of the conditions
(“Set Two”). Listeners were required to listen to each set
completely before making their selection. They were not
given a transcript or any information about what the
speakers were supposed to be saying. Listeners were then
asked to “Please indicate if there is any difference in
understandability between the two samples” and were
given response options “yes” and “no” (see Panel 1 in Fig-
ure 1). If they responded “no,” they moved onto the next
condition combination. If they responded “yes,” they were
then asked to select which of the two samples was more
understandable and chose their response by selecting “Set
One” or “Set Two” (see Panel 2 in Figure 1). Then, using
Jaeschke’s GROC Scale (see Panel 3 in Figure 1), they
were asked “How much more understandable?” and were
given response options on the 7-point scale seen in Panel

Figure 1. Visual representation of crowdsourced listening task. Panel 3 employs the Global Ratings of Change Scale (Jaeschke et al., 1989)

with descriptors appropriate for speech.

e HOW MUCH MORE

understandable?

n Set One Set Two a Set One

> > >

Set Two 1. Almost the same, hardly
> any better at all
2. Alittle better

Is there any difference in
understandability between the

7
two Sets? | it ves, then ‘

Yes

Which set is MORE
understandable?

3. Somewhat better
4. Moderately better

Set 5. A good deal better

Two

>

6. A great deal better

7. A very great deal better
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http://Pavlovia.org

3 of Figure 1. In Questions 1 and 2, stimuli sets could
each be played twice. The order of speaker and condition
presentation were randomized across listeners by the
jsPsych script.

Listeners completed this procedure for all 20 condi-
tion combinations in their list, as well as two repeated tri-
als interspersed for calculation of intrarater reliability. The
task took approximately 20 min, and listeners were paid a
modest fee for participating. In asking listeners to rate
understandability, it was our intent to have listeners focus
on a general concept similar to intelligibility or speech
clarity, but to do so with concise and easy-to-understand
terms (Weir-Mayta et al., 2017).

Thirty-nine potential listeners were excluded for fail-
ing one or more of the screening questions. The crowd-
sourcing website Prolific automatically excluded 72 listeners
for various reasons (e.g., failing the sound check, abandon-
ing the study prior to completion resulting in incomplete
data, attempting to complete the study a second time). One
participant took over the maximum allotted time of 60 min
to complete the study, but since they answered all of the
questions in the survey, we included their data. Addition-
ally, two participants selected a large majority of “no”
responses for the “Is there a difference in understandabil-
ity?” question; however, since we had no reason to think
this was false information, we included their data.

Data/Statistical Analyses

All statistical analyses were completed in R (Version
4.2.2; R Development Core Team, 2013).

Reliability

Reliability for the MCID task was calculated for
each of the three questions displayed in Figure 1. Intrara-
ter rater reliability was calculated for the two repeated
samples that each listener responded to across the 240 lis-
teners. Interrater reliability was calculated across the 10
listeners who heard the same list of speakers and averaged
across the 24 lists. Reliability for Questions 1 and 2 were
calculated with Fleiss’ kappa, and reliability for Question
3 was calculated with intraclass correlation coefficients
(ICC3k). All reliability analyses were completed with the
irr package (Gamer et al., 2019). For reference, interpreta-
tion of Fleiss’ kappa is as follows: < .00 indicates poor
agreement, .00-.20 indicates slight agreement, .21-.40
indicates fair agreement, .41-.60 indicates moderate agree-
ment, .61-.80 indicates substantial agreement, and .81-
1.00 indicates almost perfect agreement (Landis & Koch,
1977). Interpretation of ICCs is as follows: < .50 indicates
poor reliability, .50-.74 indicates moderate reliability,
.75-90 indicates good reliability, and > .90 indicates
excellent reliability (Koo & Li, 2016).

MCID

Consistent with methods from studies in the rehabil-
itation sciences literature estimating the MCID, two anal-
yses were conducted to calculate the MCID. These two
methods involved (a) ROC curves and (b) average intellig-
ibility difference or a “within-patients” score difference
(Copay et al., 2007). The current study followed proce-
dures for calculating ROC curves outlined by Beninato
et al. (2014) and Tilson et al. (2010; for a similar
approach, see Stipancic et al., 2018). The 10 condition
combinations for each of the 48 speakers (480 compari-
sons) were divided into groups that received ratings corre-
sponding to each value on the GROC Scale (i.e., a group
of condition combinations that were scored as being
“almost the same [1],” a group of condition combinations
that were scored as being “a little better [2],” etc.). Then,
for each value on the GROC Scale, ROC curves were cal-
culated to determine how well the difference in percent
intelligibility scores between conditions differentiated those
speakers from condition combinations for which listeners
reported no difference in intelligibility (selected “no” in
Panel 1 of Figure 1). Each scale value of the GROC Scale
was examined as a potentially “clinically meaningful” cut-
off because, ultimately, the cutoff for what constitutes
clinically meaningful change is unknown and must be
empirically established. Therefore, in this initial effort to
calculate MCIDs of intelligibility, it was of interest to
determine which, if any, of the GROC Scale values would
yield valid MCID thresholds. The MCIDs were defined as
the cut point from the ROC analyses that maximized both
sensitivity and specificity. We also calculated the area
under the curve (AUC) to identify the probability that
intelligibility could distinguish between condition combi-
nations that listeners identified as having different under-
standability (i.e., for each value on the GROC Scale) and
condition combinations that listeners identified as not
being different in understandability. AUCs close to .50
indicate no better than chance probability of discriminating
between speakers who had a meaningful difference in intel-
ligibility between conditions and speakers who did not. An
AUC of .70 is considered acceptable, and AUCs of .80-.90
are considered to be excellent (Copay et al., 2007; Hosmer
& Lemeshow, 2000). Thresholds that maximize sensitivity
and specificity were obtained for each of the scores on the
GROC Scale along with their associated AUC, sensitivity,
specificity, and accuracy. ROC analyses were completed
with the pROC package (Robin et al., 2023).

A second analysis examined the average difference
in intelligibility between conditions for each of the GROC
Scale values. For example, the intelligibility differences for
all of the condition combinations for which listeners said
one of the conditions was “somewhat better” than the
other (i.e., 3 on the GROC Scale) were averaged. The
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sensitivity, specificity, and accuracy of the intelligibility
percentage difference for each score on the GROC Scale
were extracted from the closest threshold obtained from
the ROC analyses. Finally, a linear mixed effect (LME)
model containing scores on the GROC Scale as a fixed
effect and speaker and condition combination as random
intercepts was conducted to examine average intelligibility
differences between scores on the GROC Scale (ImerTest
package in R; Kuznetsova et al., 2017). Model diagnostics
were performed to ensure that the assumptions were met.
Post hoc comparisons were completed with the Tukey
method with corrections for multiple comparisons using
the emmeans package (Lenth et al., 2024).

Results
Reliability of Crowdsourced Listeners

Table 3 reports reliability statistics for the three per-
ceptual questions in Figure 3. Because this is a novel task
in the speech perception literature, expected/acceptable
reliability is unknown. Moderate-to-good reliability was
observed for the third question (i.e., “HOW MUCH
MORE understandable?”’) with ICC3s of .55 and .75
(both p < .001). Reliability statistics for the first (i.e., “Is
there any differences in the understandability between the
two sets?”) and second questions (i.e., “Which set is
MORE understandable?”) were lower (i.e., Fleiss’ kappas
of .27 and .14 for Question 1 and .46 and .36 for Question
2 for intrarater and interrater reliability, respectively). For
reference, there were 3,303 “yes” responses and 1,497
“no” responses to Question 2. Reliability statistics are
considered further in the discussion.

MCID: ROC Curves

ROC curves for each score on the GROC Scale are
presented in Figure 2 and associated AUCs and thresholds

Table 3. Reliability of crowdsourced listeners.

in Table 4. AUCs ranged from .59 to .67, indicating poor
diagnostic accuracy. For all thresholds, maximizing both
sensitivity and specificity resulted in a trade-off. In other
words, when sensitivity was high (e.g., .79-.87), sensitivity
was low (e.g., .29-.43).

MCID: Average Intelligibility

Results of the LME revealed a significant main
effect of GROC score, F(1, 4755) = 32.40, p < .001. Post
hoc comparisons indicated significant differences between
all pairs of scores (p < .001) except between 1 and 2 (p >

99),1land 3 (p = 42), l and 4 (p = .83), l and 7 (p =
J10),2and 3 (p = .69), 2 and 4 (p = 97), 2 and 7 (p =
16),3and 4 (p > 99), 3 and 7 (p = .05), 4 and 7 (p =
.34), S and 6 (p = .96), S and 7 (p > .99), and 6 and 7

(» > .99). In summary, intelligibility scores associated
with a score of 7 on the GROC Scale were not statisti-
cally different from any other score on the GROC Scale,
potentially due to a lack of power (i.e., there were only
16 condition combinations rated with a score of 7 on the
GROC Scale; see Table 4). Figure 3 displays average
intelligibility differences for each score on the GROC
Scale. This figure illustrates three groupings of intellig-
ibility difference scores suggested by the statistical analy-
sis. These three groupings consisted of (a) no difference
in understandability on the GROC Scale (i.e., 0), (b) a
small difference in understandability on the GROC Scale
(i.e., 1-4; outlined in purple in Figure 3), and (c) a large
difference in understandability on the GROC Scale (i.e.,
5-7; outlined in red in Figure 3).

Table 5 displays the average intelligibility difference,
as derived from previously obtained transcriptions by
Stipancic et al. (2016), for each score on the GROC
Scale. The closest threshold to each of the average intellig-
ibility differences was identified from the ROC analyses,
along with the associated sensitivity, specificity, and accu-
racy values. All thresholds had higher specificity than

Reliability statistic
Question Type of reliability used Reliability p
1. Is there a difference in understandability? | Intrarater Fleiss’ kappa 0.27 < .001
Yes vs. No Interrater Fleiss’ kappa M =0.14 4 lists = ns
SD = 0.07 4 lists < .05
16 lists < .001
2. Which stimuli are more understandable? | Intrarater Fleiss’ kappa 0.46 < .001
One vs. Two Interrater Fleiss’ kappa M = 0.36 All < .001
SD =0.10
3. How much more understandable? 7-point | Intrarater ICC3k 0.55 < .001
GROC Scale Interrater ICC3k M = 0.75 All < .001
SD = 0.09
Note. ns = not significant; ICC = intraclass correlation coefficient.
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Figure 2. Receiver operating characteristic curves for each score on the Global Ratings of Change Scale. The straight, black, diagonal line
represents no better than chance of distinguishing between condition combinations identified as being different in understandability and

those identified as not being different in understandability.
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sensitivity. Accuracy statistics for the higher GROC Scale
values (i.e., 5-7) were excellent (i.e., .71 and .79). The
thresholds across adjacent GROC Scale levels, which were
not statistically different according to the LME results,
were averaged to yield a single “average threshold” for
three categories of MCIDs: (a) “no difference/change in
intelligibility” (i.e., “no difference” between conditions per
Panel 1 in Figure 1), (b) “a small difference/change in
intelligibility” (i.e., GROC Scale scores 1-4), and (c) “a
large difference/change in intelligibility” (i.e., GROC Scale
scores 5-7).

Discussion

This work represents the first effort to define the
MCID of sentence intelligibility for speakers with dysarthria
as estimated by nonexpert listeners. The current study is also
one of the first in the field of speech pathology to report
valid, empirically derived cutoffs of clinically meaningful
change for a functional outcome measure. The thresholds
provided in this work represent a meaningful advance in
interpretation of intelligibility change in individuals with dys-
arthria and provide a framework for calculating thresholds

Table 4. Area under the curve (AUC) and optimal thresholds for each score on the Global Ratings of Change (GROC) Scale from receiver

operating characteristic (ROC) curve analyses.

Change on

GROC Scale n AUC (95% CI) ROC threshold Sensitivity Specificity Accuracy
1 413 .61 (.60-.63) -3.17 .79 .38 .67

2 667 .60 (.58-.61) -3.17 .81 .35 .61

3 418 .59 (.57-.60) -3.17 .83 .31 .49

4 318 .59 (.57-.61) -3.17 .84 .29 .40

5 172 .63 (.51-.66) -1.33 .82 .36 41

6 76 .66 (.63-.70) 26.67 .36 .87 .85

7 16 .67 (.59-.75) 0.67 .87 .43 44

Note. CI = confidence interval.
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Figure 3. Average intelligibility across the scores of the Global Ratings of Change (GROC) Scale. Scores between which there was not a
statistically significant difference in intelligibility are circled in purple and red (exception: a score of 7 did not statistically differ from any

other score).
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of clinically relevant change in outcome measures across
the field of speech-language pathology.

Valid MCIDs of Sentence Intelligibility
Were Calculated

To reiterate, valid MCIDs must be larger in magni-
tude than MDCs calculated for the same population and
context. Because MDCs provide a threshold for change that
is outside measurement error, a threshold for clinically
important change that is within measurement error, theoreti-
cally, cannot exist. Therefore, the MDC helps to benchmark
the choice of a valid MCID. D. Turner, Schiinemann, et al.
(2010) described how to approach such a situation: “For
instance, if ... two anchor-based methods (ROC and the
mean change approaches) calculated on the same population
yield different [MCID] values ... then the knowledge that
one value is below the MDC could aid in the decision to
select the other” (p. 34). In the context of the current study,
the MDC of intelligibility change previously calculated for
mildly impaired speakers with MS and PD was, on average,
6% (Stipancic & Tjaden, 2022). In the current study, the
MCIDs of intelligibility calculated with the mean change
approach are larger than the previously calculated MDCs
and therefore can be considered valid. These thresholds can
be further interpreted as defining a small clinically meaning-
ful difference in intelligibility (7%) and large clinically mean-
ingful difference (15%). These thresholds are consistent with
hypotheses advanced by others, such as that by Van Nuffe-
len et al. (2010), who suggested that intelligibility changes of

8% are meaningful. Specificity and accuracy of these thresh-
olds (obtained from the ROC analyses; see Table 5) were
higher for GROC Scale scores 5-7 than for scores 1-4. The
implication is that we can have even greater confidence that
an intelligibility difference closer to 15% is clinically mean-
ingful, as compared to an intelligibility difference of approxi-
mately 7%. In addition, the threshold for a small clinically
meaningful difference of 7% being close in magnitude to the
previously calculated MDC of 6% should be noted.
Although the MCID is larger than the MDC and thus, by
definition, is a valid threshold for clinically relevant change,
it should be interpreted cautiously until this result can be
replicated. It is also important to consider that the previously
calculated MDC was obtained from a different context (i.e.,
SIT sentences, in quiet, slightly different scoring paradigm,
listeners participated in person in the lab; Stipancic &
Tjaden, 2022) than the MCIDs calculated here. Future
studies should consider calculating MDCs and MCIDs in
tandem to enhance comparability between thresholds.

In contrast, the MCIDs derived from the ROC anal-
yses based on maximal sensitivity and specificity were not
valid (see Table 4). As discussed in the introduction, this
challenge of the MCID being smaller in magnitude than
the MDC for the same population has arisen in previous
investigations (Marks et al., 2021; Stipancic et al., 2018).
Table 4 shows that the MCIDs derived from the ROC
analyses were —3.17% and —1.33%, which are not only
smaller than an MDC of 6% but are also negative, which
is theoretically implausible. The method for selecting the
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Table 5. Average intelligibility differences across the levels of the Global Ratings of Change (GROC) Scale with sensitivity, specificity, and
accuracy of the closest threshold from receiver operating characteristic (ROC) curve analyses.

Difference on Mean intelligibility Closest ROC Average
GROC Scale difference % (SD) threshold Sensitivity Specificity Accuracy threshold®
0 (N/A) -0.46 (18.13) N/A N/A N/A N/A ~0%

1 5.40 (17.24) 5.33 43 .66 .50 ~7%

2 6.28 (17.47) 6.33 42 .65 52

3 7.81 (17.01) 8.00 .39 .67 .57

4 7.25 (16.96) 7.33 40 .66 .61

5 11.95 (18.30) 11.33 .39 74 71 ~15%

6 17.32 (21.08) 17.33 43 .80 .79

7 16.58 (19.79) 16.67 41 .79 .79

Note. N/A = the GROC scale was not completed because the listeners said there was no difference in understandability between sets of

stimuli in Panel 1 of Figure 1.

@Average thresholds derived from averaging the mean intelligibility difference across adjacent scores on the GROC Scale that were not sta-
tistically different according to the results of the linear mixed effects model.

MCID threshold (i.e., at the point that maximizes both
sensitivity and specificity) may have been a contributing
factor. An alternative approach would be to optimize
either sensitivity or specificity while sacrificing the other.
However, this method would require an arbitrary decision of
which threshold to select, and in the absence of any theoreti-
cal motivation to prioritize sensitivity or specificity, we
followed established methods in the literature. The GROC
Scale value of 6 was the only GROC Scale value with a
valid MCID (i.e., larger than calculated MDCs), which
yielded an MCID threshold of 26.67%. This finding might
suggest that nonexpert listeners do not detect a clinically rel-
evant change until there is a difference in speech that is “a
great deal better” (value of 6 on the GROC Scale). Interest-
ingly, ROC analyses did not yield a valid MCID for a scale
value of 7 on the GROC Scale (i.e., “a very great deal bet-
ter”). This may be due to a variety of factors, the largest of
which may be that there were only 16 condition comparisons
(see Table 4) rated as being a 7 in their difference in intellig-
ibility. This, combined with poorer-than-ideal reliability and
a large amount of variability, likely contributed to the cur-
rent lack of valid results from the ROC analyses. In addition
to thresholds that are smaller than MDCs and thus within
measurement error, the AUCs for the ROC thresholds were
also relatively close to .50, meaning that the identified
thresholds are close to chance in distinguishing speakers who
were identified as having a difference in intelligibility
between conditions and those who were not. This calls into
question the usability of such thresholds for determining clin-
ically relevant change/difference.

The GROC Scale May Not Be Ideal for
Estimating MCIDs in Intelligibility

Ideally, anchor-based approaches for estimating clin-
ically important differences would rely on a gold-standard
functional outcome measure. Other rehabilitation science

disciplines have well-established gold-standard outcomes.
For example, a 2-point change on the Glasgow Coma
Scale (Teasdale & Jennett, 1976), which is a clinician-
reported outcome of neural integrity after brain injury,
has been defined as a clinically important change for
patients with disorders of consciousness and thus has
been used to anchor other measures of consciousness
(Mallinson et al., 2016). However, as discussed previously,
such a gold standard does not currently exist for speech
outcomes. Because this was the first study to investigate
clinically important differences in speech intelligibility
from the perspective of nonexpert listeners, using an estab-
lished anchor scale (i.e., the GROC Scale; Jaeschke et al.,
1989) was deemed a suitable initial step. Several limita-
tions of the GROC Scale, as applied to intelligibility
change, emerged. First, reliability values of the GROC
Scale ratings (see Table 3), especially for Questions 1 and 2,
were poor. However, “adequate” reliability has not been
previously established for this scale in a similar context.'
This was a challenging perceptual task, and reliability anal-
yses removed the probability of chance agreement. Given that
we averaged observations across a large number of listeners,
these statistics were deemed acceptable and provide reference
values for future work using similar paradigms. Moderate to
good reliability was observed for the third question.

Second, the AUCs from the ROC analyses, which
are used to refer to diagnostic acceptability, were less than
ideal. AUCs (see Table 4) ranged from .59 to .67, which
indicates a poor diagnostic test (Carter et al., 2016). There
was also a lack of statistical difference between some
scores of the GROC Scale for nonexpert listeners in the
current study. This result may indicate that the 7-point
scale gives listeners too many response options such that

"Reliability of the GROC Scale has been previously calculated for
patient self-ratings of function in the physical therapy field but not
for any measures similar to the listening task described here.
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listeners are not able to make meaningful distinctions
between adjacent scale values. Indeed, the suitability of an
equal appearing interval (EAI) scale for rating intelligibil-
ity has long been criticized on psychometric grounds
(Schiavetti, 1992; Schiavetti et al., 1981) such that listeners
are not able to linearly partition intelligibility into equal
intervals. In fact, the issue of selecting appropriate scales
is still under active investigation in our field more than
40 years after Schiavetti’s seminal work (Stipancic et al.,
2024). Therefore, the EAI of the GROC Scale may not be
the best way to estimate clinically important change, which
was a concern levied by the scale creators. Jaeschke et al.
(1989) wrote, “Despite the absence of a criterion measure,
establishing the meaning of changes in a new measure
requires some sort of independent standard. Global ratings
represent one credible alternative” (p. 414). Future work
could consider adapting the GROC Scale. For example,
the current results suggest that giving listeners three
response options (i.e., “no difference,” “a small amount of
difference,” “a large amount of difference”) might be con-
sidered. Similarly, a study in the voice literature calculated
the MCID of the Voice Handicap Index—10 (Rosen et al.,
2004) by dichotomizing the anchor scale into “improve-
ment” versus “no improvement” in voice (V. N. Young
et al., 2018). Limiting response options may also be clini-
cally applicable for situations when a global impression of
communicative function is warranted/needed for clinical
decision making. For example, having a threshold that tells
us when a patient has exhibited a large amount of change
(vs. no change) in intelligibility may be useful when decid-
ing to discharge a patient from therapy.

The Value of the MCID for Interpreting
Differences/Changes in Speech Intelligibility

The current study is an important step toward devel-
oping a universal language that researchers and clinicians
can employ for interpreting intelligibility change for popu-
lations with motor speech disorders. The MCIDs provided
here can be used to complement previous findings. As an
example, a recent study examined the effects of a clear
speech intervention for individuals with PD (Shin et al.,
2022). Fifteen individuals with PD participated in eight
sessions of the behavioral program. An average improve-
ment in intelligibility of 8.53% was observed, which was
determined to be statistically significant. Interestingly, the
authors cite an earlier study by Beukelman et al. (2002),
who also reported an 8% intelligibility improvement as a
result of clear-speech use. However, the finding by Beukel-
man et al. (2002) was not statistically significant, possibly
owing to inadequate power (e.g., a smaller sample size)
and variability across the speakers. An MCID threshold,
as calculated in the current study, suggests an 8%
improvement in intelligibility is still clinically meaningful

(i.e., larger than the 7% threshold indicating a small
meaningful difference in intelligibility). Caveats to this
interpretation are discussed below.

In future studies, MCIDs of sentence intelligibility
should be used to supplement statistical outcomes. MDCs
have recently begun to be used in this manner (e.g., see
Gutz et al., 2022; Stipancic, Golzy, et al., 2023; Stipancic,
Wilding, & Tjaden, 2023). As an example of how the
MCID might be deployed in the future, imagine that an
intervention for individuals with MS is shown to increase
intelligibility by 4%, on average, and that this magnitude
of change is statistically significant. According to the
MCIDs calculated in the present study, this magnitude of
intelligibility change would not be considered clinically
meaningful (at least to nonexpert listeners under similar
conditions), and thus, the statistical significance of this
finding should be interpreted with appropriate caution.

We acknowledge that findings of the current study
may only apply to very similar patients in very similar
contexts. Both known and unknown contextual effects
have the potential to impact calculation of MCIDs. For
example, it is important to define MCIDs for expert lis-
teners (i.e., speech-language pathologists) to determine
any effect of listener experience on estimates of clinically
important differences. Therefore, when using current esti-
mates of the MCID of intelligibility, acknowledgment of
contextual factors that may differ between studies is criti-
cal. Factors such as the type of measurement (e.g., tran-
scription, scaling), listening environment (e.g., in quiet, in
background noise), stimuli characteristics (e.g., lexical and
phonetic properties, amount of speech material), listener-
related factors (e.g., experience, reliability), and speaker-
related factors (e.g., severity, etiology) may all affect esti-
mates of clinically important change.

Limitations and Future Directions

As highlighted by others (e.g., Gatchel et al., 2010),
there is no consensus on what constitutes clinical impor-
tance, nor what external criterion should be used to anchor
changes in speech outcomes. In addition, MCIDs have
been found to differ based on who determines clinical
importance (i.e., patients vs. clinicians; see Beaton et al.,
2002, for a review). Thus, the perspective from whom sig-
nificant or important changes are determined must also be
considered. It should also be noted that improvements and
decrements in intelligibility were considered in tandem in
this study, rather than separately, as some authors have
suggested (Beaton et al., 2002). As discussed by Stipancic
et al. (2018), it is possible that the MCID for improvements
in intelligibility may be different than the MCID for
declines in intelligibility. Future work should seek to disen-
tangle the direction of differences/changes.
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Ideally, thresholds for interpreting detectable and
clinically relevant change should be estimated for a wide
variety of contexts for a given outcome measure (i.e.,
speaker group, level of speech severity, direction of
change, listener type, stimuli type, listening environment).
This would include calculating MCIDs separately for
speakers with different etiologies of dysarthria and levels
of speech impairment. For example, the MCIDs in
the current study were estimated from transcriptions
obtained from in-lab listeners and change scores obtained
from crowdsourced listeners. Results, therefore, may
have been slightly different if both groups of listeners
were crowdsourced (or vice versa), as well as for different
measures of intelligibility (e.g., visual analog scaling) or
scoring paradigms (e.g., scoring each word in the target
sentence vs. the key informational words as was done in
the current study). Additionally, speech samples in the
current study were presented to listeners in the presence
of background noise. Although this is a valid approach
and has been used in a number of previous studies
from other labs (e.g., Abur et al., 2019; Darling-White &
Polkowitz, 2023), MCIDs obtained in quiet listening con-
ditions may be different. Last, in the current study, lis-
teners only heard three sentences spoken by each speaker
in different speaking conditions. The speech material
(including content, length, etc.), as well as the task itself
(e.g., reading, repeating, spontaneous speech), may affect
ratings and should be considered in future studies of clin-
ically important change.

Conclusions

Overall, this study demonstrates the feasibility of
employing a novel experimental paradigm for collecting
crowdsourced perceptual data, as well as establishing
new data analysis methods for calculating MCIDs of
speech outcomes. This work provides empirical evidence
that clinical tools intended to probe the perception of
intelligibility by everyday listeners could have only three
response levels (i.e., “no change,” “a small amount of
change,” and “a large amount of change”). The MCIDs
of intelligibility reported here (i.e., a small difference of
approximately 7% and a large difference of approxi-
mately 15%) are a critical step toward the development
of a universal language with which to evaluate changes
in intelligibility as a result of speech-language therapy
and disease progression.
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