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SUMMARY: Objectives. The primary purpose of this study was to determine the minimal detectable change 
(MDC) scores—defined as the smallest amount of change greater than measurement error—for experienced and 
novice listeners’ ratings of overall severity of voice quality for speakers with and without voice disorders. A 
secondary purpose was to determine the MDC scores as a function of speaker severity and listener experience. 
Methods. Ten experienced listeners (ELs) and 10 novice listeners (NLs) rated overall severity of voice quality 
in 41 speakers with voice disorders and nine without voice disorders using a 100-mm visual analog scale across 
two rating sessions. MDCs at the 95% confidence level (MDC95) were calculated. MDC95 scores also were 
calculated as a function of perceived speaker severity using averaged EL ratings from session one as the re
ference standard (categorized as typical, mild, moderate, and severe) for each listener group.
Results. The MDC95 for EL ratings of overall severity of voice quality for all speakers was 8.83 mm; for NLs, 
the MDC95 was 9.33 mm. As a function of speaker severity (n = 11 typical, n = 11 mild, n = 13 moderate, and 
n = 15 severe), MDC95 scores ranged from 3.70 to 15.18 mm for ELs and from 4.72 to 12.13 mm for NLs. For 
NLs, mildly dysphonic speakers required the largest MDC95 scores to be considered beyond measurement error. 
For ELs, MDC95 scores were largest for moderately dysphonic speakers.
Conclusions. Results have implications for measuring and interpreting auditory-perceptual outcomes for 
speakers with voice disorders when they are evaluated by experienced and novice listeners in both clinical and 
research contexts.
Key Words: Auditory-perceptual assessment—Listener experience—Dysphonia.  

INTRODUCTION
Auditory-perceptual judgments are a fundamental com
ponent of voice evaluation.1 Poor voice quality is one 
reason why many individuals with voice disorders seek 
voice treatment, and improved voice quality is often con
sidered a primary outcome of treatment success. Yet, de
spite their importance, auditory-perceptual measures are 
subject to error, with much of the variability explained by 
task-related and listener-related factors.1,2

Several rating tools are used to perform auditory-per
ceptual assessment of voice in research and clinical settings. 
Two widely used tools include the Grade Roughness 
Breathiness Asthenia Strain (GRBAS) scale3,4 and the 
Consensus Auditory-Perceptual Evaluation of Voice (CAPE- 
V).5 The auditory-perceptual rating tool for evaluating 
voice disorders currently recommended by the American 
Speech-Language-Hearing Association is the CAPE-V.5 The 
CAPE-V uses separate 100-mm visual analog scales (VASs) 
to capture overall severity and other parameters of voice 
quality: roughness, breathiness, and strain. Two separate 
scales are used to rate pitch and loudness. Clinicians use the 

VASs on the CAPE-V by marking the point on the 100-mm 
line that corresponds with the perceived severity of that 
parameter.5 Scores are measured from the left endpoint 
(0 mm), representing what might be considered typical for 
that person’s gender, age, and referent culture to the lis
tener’s mark (total indicated in mm); higher values re
present worse voice quality.5 For other voice parameters 
(breathiness, roughness, or strain), the left endpoint (0 mm) 
indicates none of that parameter, with higher values re
presenting increased severity of that parameter.5

One of the difficulties in using rating scales like the 
CAPE-V to measure parameters of voice quality is related 
to a rater’s reliability in using the scales for a given speaker 
or patient. When a clinician evaluates a speaker’s voice, 
they compare that person’s voice quality to the clinician’s 
own internal standards for the voice quality dimension 
being rated. Internal standards are influenced by memory 
and experience, and may be unstable, even within a single 
rating session.1 The comparison with internal standards 
may result in increased variability between listeners (ie, 
affecting interrater reliability),1 or even variability for rat
ings of the same speaker by a single listener (ie, affecting 
intrarater reliability). Limitations with using these types of 
auditory-perceptual rating tools have been well docu
mented in the literature.1,2,6–9

To address some of the difficulties with using rating 
scales for measuring voice quality, the original authors of 
the CAPE-V proposed several factors that might 
strengthen both the reliability and validity of the tool.5

First, the authors proposed standard definitions for para
meters such as overall severity, breathiness, roughness, and 
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strain.5 This recommendation is based on research showing 
that even the simple provision of standardized definitions 
for voice parameters can improve rater reliability.10

Second, the authors recommended use of continuous VASs 
for measuring vocal parameters; VASs may be more sen
sitive for detecting changes between and within speakers 
than ordinal scales, such as the 4-point ordinal (normal, 
mild, moderate, and severe) scale used in the GRBAS 
scale.3,4 Finally, authors of the CAPE-V suggested that, in 
the future, exemplars for the voice parameters be con
sidered for possible clinician training. The use of exemplars 
has previously been shown to improve rater reliability, 
ostensibly by circumventing the need to compare a given 
speaker’s voice with an internal referent and instead com
paring the speaker’s voice with an external reference or 
anchor sample.2,10,11

Although a revised version of the CAPE-V12 has recently 
been proposed to remove textual severity labels under each 
of the VASs and to modify several of the stimuli for eva
luation, many sources of variability still exist. For example, 
the reliability of auditory-perceptual measures might vary 
with the experience of the clinician, as well as the severity of 
the speaker’s dysphonia, and/or the parameter being rated, 
among other factors.1,2,7,8,13,14 Given the strong reliance on 
auditory-perceptual judgments for managing the care of 
individuals with a variety of voice disorders, it is important 
that clinicians and researchers understand which factors 
have the potential to affect auditory-perceptual ratings so 
that they can validly use and interpret these measures 
across settings. These factors are further explored in the 
next section.

Factors affecting reliability of auditory-perceptual 
voice measures
A recent scoping review identified six broad factors that 
may influence rater reliability when clinicians or other lis
teners perform auditory-perceptual evaluation of voice 
disorders.9 Specifically, attributes of the voice samples (eg, 
types of voice samples, severity of the voice samples), vocal 
parameters (eg, breathiness, roughness, etc), rater char
acteristics (eg, experience and professional background), 
training (eg, exposure to samples, training and feedback 
about ratings, etc), type of rating scale (eg, n-point or VAS, 
etc), and type of rating tasks were reported as the factors 
that most impacted listener reliability.9 Although 101 stu
dies were included in this scoping review, results and re
commendations were based on 35 studies that conducted 
statistical tests to support their findings, suggesting many 
areas for future research.

The most studied factor (22%) among the 35 studies in
cluded in the scoping review was related to attributes of the 
voice samples.9 Within that category, the authors noted 
that severity of the speech samples was an important factor 
that could affect rater reliability. According to Kreiman 
et al (1993) and others,1,2,8 most listeners have considerable 
exposure to typical voices, so they have relatively stable 
internal standards by which to judge them. This is the 

reason why listeners usually demonstrate strong rater re
liability when evaluating healthy or typical voices.1 When 
evaluating speakers with dysphonia, listener responses are 
much more variable, in part because internal standards are 
affected by clinical experience, among other factors. 
However, unlike other speech disorders that may become 
more difficult to judge with increased severity, clinicians 
often are most reliable with severely dysphonic voices, 
while ratings of speakers with voice disorders in the mid
range of the scale are often the most variable due to many 
factors (eg, perceptual ambiguity, measurement scale type, 
and differences in internal standards).1,2,13–15 This result 
has important implications for clinical practice because 
most individuals with voice disorders fall into the midrange 
of voice quality severity at the time of their initial voice 
evaluations (ie, prior to voice therapy or other appropriate 
treatments).16

To better understand and interpret auditory-perceptual 
measures, clinicians must also consider how listener char
acteristics, such as the type or amount of experience, af
fect the consistency with which listeners make auditory- 
perceptual judgments, because listener reliability impacts 
the standard error of a measure.8,17 With regard to in
trarater reliability, most evidence has shown that experi
ence is not strongly related to outcomes, particularly when 
listeners evaluate a parameter such as the overall severity of 
voice quality.1,15,18 Of note, intrarater reliability of voice 
quality ratings is commonly assessed using a sampling of 
repeated stimuli (usually about 20–25%) within a given 
listening session in research studies.1,8 Very few auditory- 
perceptual studies include repeated ratings of all sam
ples7,18,19; this approach is more frequently observed in 
studies that assess the test-retest reliability of other types of 
measures, such as patient-reported outcomes.20

In their scoping review, Wang et al9 suggested that in
creased rater experience was associated with stronger in
terrater reliability, similar to findings from two other 
studies.9,15,21 However, there appear to be inconsistent re
sults across studies.1 For example, Kreiman et al (1993) 
reported interrater reliability values (intraclass correlation 
coefficients) ranging from 0.57 to 0.83, with no clear re
lationships between experience and reliability in their re
view of 10 studies that included listeners of different levels 
of experience. In fact, these authors posited that experi
enced listeners may vary more in their perceptual judgments 
because of their variable exposure to individuals with voice 
disorders as compared with novice listeners, who have 
primarily built their internal standards based on typical 
voices.1 How experience relates to measurement error and 
our ability to interpret auditory-perceptual measures of 
voice quality clearly requires more study.

Finally, Wang et al9 also reported that factors related to 
the rating task or type of rating scale could affect auditory- 
perceptual measures. Scale type may affect both the relia
bility and validity of such measures due to differences in the 
sensitivity of the scale as well as its ability to capture the 
construct.1,9 For example, 100-mm VASs have increased 
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resolution when compared with traditional n-point rating 
scales; listeners are also at least as reliable when they make 
judgments on VASs when compared with ratings on n- 
point scales.4,5,19,22 These are some of the reasons why 
VASs are part of the CAPE-V.2,5,19

One of the recommendations put forth by authors of the 
CAPE-V and its revised version, the CAPE-Vr, was that 
the speaker being evaluated should also be audio-recorded. 
This approach allows a clinician to more reliably compare 
a given patient’s voice quality from pretreatment to post
treatment by comparing one voice to the other, thereby 
potentially bypassing unstable internal referents.5,12 How
ever, even using this approach for measuring changes over 
time, it is difficult to ascertain how much of a difference in 
rating scores might be needed on a perceptual scale to be 
confident that the change (or difference) goes beyond the 
measurement error of the tool. To determine whether dif
ferences in auditory-perceptual voice measures between or 
within speakers are beyond those simply due to measure
ment error, a minimally detectable change (MDC) 
score—the smallest amount of change greater than mea
surement error—must be determined.23

MDC and voice disorders
The MDC score provides confidence that either an ob
served change within a speaker or a difference between 
speakers is not simply due to random variability in the 
measure or variation that would be expected with multiple 
administrations of a tool.23 Despite the importance of the 
MDC for determining whether a score on a particular tool 
is potentially clinically meaningful, this construct has only 
begun to be examined in the field of speech-language pa
thology, and in voice disorders specifically.7,24–30

Two recent studies have investigated MDCs for the au
ditory-perceptual evaluation of different types of voice 
disorders using 100-mm VASs.7,27 Researchers in both 
studies calculated MDCs using 95% confidence intervals 
(MDC95). First, Eadie et al7 determined MDC95 scores for 
experienced and novice clinicians’ ratings of overall severity 
of voice quality for 39 speakers with adductor laryngeal 
dystonia (ADLD) and 10 typical control speakers. Novice 
clinicians were those who had completed two graduate- 
level courses and a practical experience with voice dis
orders; experienced clinicians were those who reported 10 
years clinical experience with voice disorders, on average. 
Clinicians in this study judged all speakers’ voices for 
overall severity of voice quality using a 100-mm VAS (ie, 
similar to the CAPE-Vr; Kempster et al12); at least one 
week later, they rated all speakers again. Results showed 
that the MDC95 scores for all speakers were 11 mm for 
experienced clinicians and 9 mm for novices. In other 
words, when using a 100-mm VAS for overall severity, 
clinicians needed a rating that differed by at least 11 mm 
for that difference to be considered beyond measurement 
error. Interestingly, there did not appear to be a meaningful 
difference in MDC95 scores as a function of clinical ex
perience.

Eadie et al7 also categorized voice samples by perceived 
speaker severity (grouped as typical, mild, moderate, and 
severe). Results showed that MDC95 scores varied with the 
perceived severity of the speaker’s voice quality, with 
higher scores for mild and moderate dysphonia and lower 
scores for speakers with typical voices and severe dys
phonia. That is, MDC95 scores appeared to show similar 
patterns as those previously reported for rater reliability as 
a function of speaker severity, with MDC95 scores best 
(smallest) at the endpoints and most variable (biggest) in 
the midrange of the scale.7,31

In a second recent study, Smeltzer et al27 investigated 
MDC95 scores for clinicians who rated pretreatment and 
posttreatment voice samples of 63 patients diagnosed with 
phonotraumatic vocal fold lesions who had either under
gone voice therapy or laryngeal surgery and reported 
posttreatment voice improvements. In that study, experi
enced clinicians rated the pre- and posttreatment voice 
samples using all voice quality parameters of the CAPE-V,5

with a subset of samples (19%) being rated a second time 
within a single session to calculate intrarater reliability. The 
results showed that the MDC95 scores were 15 mm for 
overall severity, 15 mm for roughness, 12 mm for 
breathiness, and 19 mm for strain. The authors suggested 
that the results were a good initial step for judging whether 
a “real” change beyond measurement error had occurred 
when using a scale such as the CAPE-V.27

One caution with extending findings from these two pre
vious studies to a particular clinical or research setting is that 
MDCs are greatly affected by the context in which the values 
are obtained.23 In other words, it is unknown whether results 
from one clinical population might extend to another or 
whether a clinician’s experience might affect MDCs when using 
similar rating tools. For example, Eadie et al7 assessed MDC95 

scores for overall voice severity in symptomatic patients with 
ADLD that ranged from typical to severe. Authors of that 
study noted that the included ADLD speakers demonstrated 
predominantly strained voices. In contrast, Smeltzer et al27

investigated MDC95 scores in patients diagnosed with phono
traumatic vocal fold lesions that included speakers with various 
amounts of breathiness, roughness, and strain. Other metho
dological differences, such as the type of reliability statistic used 
in the MDC calculation, can also affect results, in addition to 
characteristics of the sample under evaluation.25 For example, 
Smeltzer et al27 noted that because most speakers in their study 
fell into the mild-to-moderately severe range, the distribution 
of their sample could have affected their MDC95 values. They 
concluded that “future work should employ a cohort that in
volves speakers with voice qualities [that are] more evenly 
distributed across the severity continuum and investigate dif
ferences in MDCs… between severity groups” (p. 12).27

However, no study has investigated MDCs for rating in
dividuals with a variety of voice disorder etiologies across a 
wide range of voice severities for comparison with existing 
research.

Consequently, we sought to extend findings from these 
previous studies in two ways. First, we aimed to define 
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MDCs for two types of clinicians—experienced and novi
ce—to further explore how experience might affect MDCs 
when using 100-mm VASs for rating speakers with a wide 
variety of voice disorders (ie, beyond ADLD or phono
traumatic lesions). Using a heterogeneous sample of in
dividuals with varied voice disorder etiologies would allow 
for comparisons of MDCs to research studies using simi
larly heterogeneous samples. This type of sample is also 
representative of a typical voice practice, which often in
volves clinical evaluation of one patient after another with 
varied diagnoses. Second, given the known effects of 
speaker severity on rater reliability (and subsequently 
MDCs), we included speakers from a wide spectrum of 
dysphonia severities to determine how severity might also 
affect MDC scores. We selected overall severity of voice 
quality as the parameter for this study because we wanted 
to compare our results with these two previous studies, and 
because overall severity has strong face validity among 
speakers with a variety of voice disorder diagnoses, as well 
as both face and content validity among experts.22 Thus, 
the primary purpose of this study was to determine MDC95 

scores for both experienced listeners’ (EL) and novice lis
teners’ (NL) ratings of overall severity of voice quality in 
speakers with a wide variety of voice disorders and 
speakers without voice disorders using a 100-mm VAS. A 
secondary purpose was to determine MDC95 scores as a 
function of speaker severity and listener experience.

METHODS
This study was approved by the institutional review board 
(IRB approval No. STUDY00015518) at the University of 
Washington. All participants provided informed consent 
prior to completing study procedures.

Stimuli selection and preparation
This study included two groups of speakers. First, 41 adults 
(20 M, 21 F; mean age = 51.9 years; SD = 18.8; range = 

25–85 years) with a variety of voice disorder diagnoses were 
selected from a database. The speakers were initially se
lected by three speech-language pathologist authors of this 
study (MK, CS, and TE) who were experienced in evalu
ating and treating individuals with voice disorders. The 
samples were selected to represent a range of voice seve
rities, qualities, and diagnoses encountered in a clinical 
setting. Speakers who were perceived to have motor speech 
impairment (eg, imprecise articulation, velopharyngeal 
impairment) or who had confirmed neurological diagnoses 
(eg, Parkinson’s disease, laryngeal dystonia) beyond vocal 
fold paralysis or paresis were excluded. The second group 
of speakers included 9 control speakers (4 F, 5 M; mean 
age = 45 years; SD = 19.9; range = 17–75 years) who re
ported no voice complaints. The control speakers were si
milarly selected from an available voice database and were 
screened by the same three authors to fall within typical 
limits for their age and sex; these speakers broadly matched 
the age range for the speakers with voice disorders Table 1
summarizes the voice diagnoses and other characteristics of 
the speakers included in this study.

In this experiment, stimuli were the second sentence of 
the Rainbow Passage.32 These stimuli were taken from a 
database of voice recordings obtained in prior studies in a 
quiet room using a headset condenser microphone (AKG 
C420) routed to a digital audio recorder (Tascam DAP1) 
and digitized at a sampling rate of 44100 Hz and 16 bits, as 
well as recordings from a commercially available voice 
database (Disordered Voice Database Model 4337 [Ver. 
1.03], 1994).33 The second sentence, “The rainbow is a di
vision of white light into many beautiful colors,” was ex
tracted for each speaker and peak-normalized for the 
listening procedure using sound-editing software. Judg
ments of the second sentence of the Rainbow Passage relate 
to listener judgments of the entire passage32; as a result, the 
second sentence is often used in both clinical and research 
studies to reduce listener burden.2 Further, this sentence 
was recently added as a potential stimulus for standard 

TABLE 1.  
Speaker Demographics for Samples Included in Listening Procedure Including Average Age, Sex, and Number of Voice 
Disorder Diagnoses 

Diagnosis
Avg Age 
(Years) (SD)

Sex 
(M, F)

Number in 
Sample

Benign vocal fold lesions 43.3 (16.7) 2 M, 11 F 11
Nonphonotraumatic vocal hyperfunction 57.7 (20.1) 2 M, 1 F 3
Unilateral vocal fold paresis/paralysis 52.5 (15.9) 7 M, 4 F 11
Bilateral vocal fold paresis 79.3 (5.1) 2 M, 1 F 3
Laryngeal cancer 67.7 (6.8) 2 M, 1 F 3
Papilloma 66.0 (18.4) 2 M, 0 F 2
Other (chronic laryngitis, laryngopharyngeal reflux, Reinke's edema, 

glottic stenosis, subglottic stenosis, unilateral vocal fold hemorrhage, 
and multiple diagnoses)

41.3 (18.0) 3 M, 5 F 8

Typical speaker 45.0 (19.9) 5 M, 4 F 9
Total 50.7 (19.0) 25 M, 

25 F
50
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voice evaluation in the CAPE-Vr.12 All samples were en
tered into a custom software program (http://www. 
rubyonrails.org) that randomly generates speaker order, 
presents perceptual rating scales, and records listeners’ re
sponses.

Participants
Experienced listeners (ELs)
Ten speech-language pathologists (eight females, one male, 
and one nonbinary individual; mean age = 36.1 years; SD = 
8.1 years) participated as ELs in this study. Nine (90%) self- 
identified as White, and one as Asian (10%), and none 
identified as Hispanic or Latino. ELs reported, on average, 
10.7 years of experience (range = 3–24 years) in voice 
evaluation and treatment of individuals with voice dis
orders. Although there is no consensus in defining what 
constitutes an experienced listener, previous studies have 
included participants with at least two years of experience 
assessing and treating individuals with voice dis
orders.1,7,18,19 All clinicians who participated in this study 
reported familiarity and practice using auditory-perceptual 
scales, including VASs, regularly for voice assessment, and 
none reported difficulties with hearing.

Novice listeners (NLs)
Ten (eight females, two nonbinary individuals; mean age = 
25 years; SD = 2.4 years) individuals participated as NLs in 
this study. Individuals were recruited from the graduate 
student population in medical speech-language pathology 
at the University of Washington to serve as NLs. Six (60%) 
self-identified as White, two (20%) as Asian, and two (20%) 
as multiracial. One (10%) person identified as Hispanic or 
Latino, and nine (90%) did not identify as Hispanic or 
Latino.

All NLs had completed two graduate-level courses in 
voice disorders.7 Coursework included practice with audi
tory-perceptual measures of voice and experience using 
VASs, knowledge of different types of voice disorder 
etiologies, and how these etiologies could affect vocal 
physiology and voice quality. Most participants had at 
least one practical experience with patients with voice dis
orders, although none had yet completed intensive voice- 
focused externships as part of their graduate program. All 
NLs passed bilateral hearing screening with thresholds at 
or below 20 dB HL for the octave frequencies between 250 
and 4000 Hz.

Listening procedures
Both groups of listeners participated in two rating sessions 
using a test-retest paradigm. Sessions were held at 
minimum 7 days apart (EL mean = 15 days, range: 7–28 
days; NL mean = 9.5 days, range: 7–14 days) to control for 
possible learning effects and to provide a robust sample for 
calculating test-retest agreement, which is required for 
calculating MDCs. Listeners were first oriented to the 
rating scale and then were provided a definition of overall 

severity of dysphonia as “a comprehensive measure of how 
‘good’ or ‘poor’ the voice sample is judged to be.”34 Lis
teners were then presented four speech samples (two male 
and two female speakers) that represented a range of voice 
severities, from normal/typical to severe, to familiarize 
them with the range of severities they would hear in the 
rating procedure, and to remind them to use the entire 
range of the scale, if appropriate. None of the speakers 
used in this task were included in the experimental rating 
procedure. No additional training or anchor samples were 
provided to either rater group in the subsequent lis
tening task.

Listeners rated all of the presented stimuli for overall 
severity of voice quality using a horizontally oriented 100- 
mm VAS, similar to the CAPE-Vr.12 The endpoints of the 
scale were labeled as 0 = typical/healthy at the extreme left 
and 100 = severely dysphonic at the extreme right. Stimuli 
were presented in random order via a custom software 
program (http://www.rubyonrails.org) at a comfortable 
loudness over Sony MDR-7506 headphones (Sony Cor
poration) in a quiet environment. Similar to a clinical en
vironment, listeners could play each sample as many times 
as they wished before making their ratings.5 They con
trolled the pace of the stimulus presentation and could take 
breaks, as needed, to reduce fatigue. Each of the rating 
sessions took about 30 minutes.

Data analysis
All statistics were conducted using SPSS (Version 31).

Descriptive statistics
Descriptive statistics of overall severity ratings, including 
the mean, range, standard deviation, and standard error of 
the mean, were first calculated for each speaker and for 
each listener group within each rating session.7 Each 
speaker’s rating was based on averaged ratings of overall 
severity of voice quality for all speakers within each listener 
group, within each rating session (N = 50 samples x 10 EL 
ratings per sample = 500 ratings for ELs for each rating 
session; N = 50 samples x 10 NL ratings per sample = 500 
ratings for the NLs for each rating session). Each speaker’s 
score were based on averaged severity ratings across all 
raters in each listener group in an effort to control between- 
listener variability that could potentially contribute to be
tween-speaker error in the ratings, and to ensure that re
sults might generalize to a “typical” or representative 
listener in each listener group.8,35

Interrater reliability
To assess interrater reliability, we calculated intraclass 
correlation coefficients (ICCs). This calculation was per
formed to contextualize the amount of variance between 
listeners that could potentially affect the between-speaker 
variance (which is important for calculating MDCs). The 
ICC estimates were based on a mean rating (k = 10), 
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absolute agreement, and two-way random-effects model. 
Interrater reliability was excellent for NL ratings of overall 
severity of voice quality for all speakers in sessions 1 and 2: 
ICC(2,10) = 0.98 for both sessions. Interrater reliability 
also was excellent for EL ratings of all speakers: ICC(2,10) 
= 0.98 for both sessions 1 and 2.

MDC
The calculation of MDC requires consideration of the 
difference between scores on a measure collected at two 
rating sessions where a speaker’s performance has not 
changed (ie, indicated in a metric of test-retest reliability) 
and the confidence level around which the MDC is de
termined.23,28 Before calculating the MDC scores, the dis
tribution of the differences between mean ratings for 
sessions 1 and 2 was examined for each group of listeners; 
both sets of data were visually inspected and Shapiro-Wilk 
tests were nonsignificant, meeting assumptions of nor
mality.

MDC95 scores were first calculated from ratings of all 50 
speech samples obtained from the two groups of listeners 
during rating sessions 1 and 2. MDC95 scores were calcu
lated for averaged ratings of overall severity of voice 
quality for all speakers within each listener group. The 
MDC95 was calculated as: MDC95 = 1.96 × √2 × standard 
error of the measurement (SEM), where 1.96 is the z-score 
for the 95% confidence interval, and the square root of two 
accounts for the error across the two rating sessions.23 The 
SEM, which is reported in the same units as the metric of 
interest (ie, mm), was calculated as: SEM = SDpooled × 
√(1−ICC), where SDpooled was the pooled standard devia
tion of all ratings from listening sessions 1 and 2 for each 
group of listeners.36 Test-retest reliability was calculated 
using ICCs, based on a single measure (k = 1), absolute 
agreement, and two-way random-effects model at the 95% 
confidence interval for each group of listeners.37 We se
lected the single-measure model because we were interested 
in how our results generalized to a clinician’s rating from a 
single trial, as would be typical in clinical practice; agree
ment measures were selected to ensure we captured both 
systematic and random errors within the SEM; the 
random-effects model, which considers trial (or rating 
session) to be a random effect, was selected because we 
wanted to evaluate the test-rest reliability of our measure 
for use by other clinicians.20

To determine the effect of speaker severity on MDC95 

and to permit comparisons between the listener groups, 
samples were divided into four severity groups based on the 
average EL severity ratings for each speaker in the first 
rating session using the following categories: typical = 
0–9 mm, mild = 10–29 mm, moderate = 30–59 mm, 
and severe = 60–100 mm.4 Before the samples were cate
gorized, we first explored whether there were any sys
tematic biases between the rater groups. An independent t 
test was used to compare mean ratings for all speakers 
obtained from each listener group at the 95% confidence 

level; no significant difference was found (t(98) = −0.152, P 
> 0.05), suggesting there was not a systematic bias in how 
each group evaluated the same set of speakers (ie, one 
group did not seem to perceive speakers as more severe 
than others, on average). As a result, we used averaged 
ratings across 10 ELs in the first rating session as the re
ference standard with which to categorize the severity of 
the voice samples. This approach has been used in other 
research areas where no uniformly agreed-upon objective 
measure of severity, including cutoffs between the cate
gories of mild, moderate, and severe, exists.35 MDC95 

scores were then calculated for each speaker severity cate
gory for each listener group (ELs and NLs). Note that 
because only a single MDC95 is calculated for the group of 
speakers as a whole for each severity group and each lis
tener group, only descriptive statistics are possible when 
examining differences between groups.

RESULTS
Test-retest agreement for ratings of overall severity of voice 
quality performed during listening sessions 1 and 2 was 
excellent for both ELs and NLs across all speakers (n = 50), 
with ICC(2,1) = 0.99 for NLs, and ICC(2,1) = 0.99 for ELs.

For both listener groups, test-retest agreement varied in 
strength as a function of the perceived severity of the 
speaker’s voice quality. Perceived speaker severity was ca
tegorized using the average EL ratings from session 1 as the 
reference standard (n = 11 typical, n = 11 mild, n = 13 
moderate, and n = 15 severe). Specifically, for NLs, ICCs 
were moderate in strength for mildly dysphonic speakers 
(ICC(2,1) = 0.55), good for typical speakers (ICC(2,1) = 
0.73), and excellent for speakers with moderate (ICC(2,1) = 
0.94) and severe dysphonia (ICC(2,1) = 0.95). For ELs, 
ICCs were good for typical (ICC(2,1) = 0.74) and moder
ately dysphonic speakers (ICC(2,1) = 0.71), and excellent 
for speakers with mild (ICC(2,1) = 0.86) and severe dys
phonia (ICC(2,1) = 0.99).38,39 The mean MDC95 for ratings 
of overall severity of voice quality for all speakers (n = 50) 
was 9.33 mm for NLs and 8.83 mm for ELs (Table 2).

When categorized by perceived speaker severity using the 
average EL ratings from session 1 as the reference stan
dard, the MDC95 for ratings of overall severity of voice 
quality was lowest for speakers with perceived quality that 
was typical (MDC95 for NLs = 4.73 mm; MDC95 for ELs = 
4.44 mm; Table 3). The highest MDC95 for ELs was 
15.18 mm for moderately dysphonic speakers; for NLs, the 
highest MDC95 was 12.13 mm for mildly dysphonic 
speakers. Differences in MDC95 between ELs and NLs as a 
function of speaker severity ranged from less than 1 mm to 
7 mm (Table 3 and Figure 1).

DISCUSSION
The purpose of this study was to determine MDC95 scores 
for ratings of overall severity of voice quality for speakers 
with a wide variety of voice disorders and those without 

Journal of Voice, Vol. xx, No. xx, xxxx  6  



voice disorders for experienced and novice clinicians. In 
addition to establishing MDC95 scores for each listener 
group, we sought to determine how these scores might 
differ as a function of a speaker’s perceived overall severity 
of voice quality.

Overall, our findings indicated that regardless of a clin
ician’s experience, speakers with and without voice dis
orders needed an overall severity of voice quality rating 
that differed by at least 9 mm on a 100-mm VAS for that 
difference to be considered real, and not due to random 
variability or error in using the tool. This is important in
formation for individual clinicians to consider as they 
regularly use similar types of auditory-perceptual rating 
scales for judging voice quality in voice disorders.2,5,12,22

Our results also complement the extant literature in
vestigating MDCs for auditory-perceptual measures,7,27

and self-reported measures in various voice popula
tions.29,30 For example, results from this study are con
sistent with a previous study that reported MDC95 scores 
of 11 mm and 9 mm for experienced and novice listeners 
who rated the overall severity of speakers with and without 
ADLD using a 100-mm VAS.7

In this study, we also sought to examine MDCs as a 
function of speaker severity because previous research has 
found that reliability for auditory-perceptual judgments of 
voice quality is best at the endpoints of a given scale, and 
most variable in the midrange; importantly, multiple 

sources of error associated with perceptions of speaker 
severity contribute to the standard error of a mea
sure.1,2,8,13–15 Consistent with one previous study (Eadie 
et al, 2025), we found that test-retest agreement and SEM 
estimates were more variable for mildly and moderately 
dysphonic speakers, and generally less variable for speakers 
at the endpoints, although test-retest agreement ranged 

TABLE 2.  
Test-Retest Agreement Values (ICCs) for Experienced and Novice Listeners’ Ratings of Overall Severity of Voice Quality 
for All Speakers With and Without Voice Disorders, and for Speaker Severity Categories, Using Averaged Ratings From 
Experienced Listeners at Session 1 as the Reference Standard 

Listener Group
All Speakers  
(N = 50)

Typical Voice 
Quality (n = 11)

Mildly Dysphonic 
(n = 11)

Moderately 
Dysphonic (n = 13)

Severely Dysphonic 
(n = 15)

Novice listeners 0.99 0.73 0.55 0.94 0.95
Experienced 

listeners
0.99 0.74 0.86 0.71 0.99

Note: Values are intraclass correlation coefficients (ICCs), based on a single rating (k =1), absolute agreement, and two-way random-effects model at the 95% 
confidence interval for each group of listeners.

TABLE 3.  
Experienced and Novice Listeners’ Group Mean (M) Ratings of Overall Severity of Voice Quality From Sessions 1 and 2, 
Standard Deviations (SD), Standard Error of Measurement (SEM) Scores, and MDC95 Scores for Speaker Severity 
Categories, Using Averaged Ratings From Experienced Listeners at Session 1 as the Reference Standard 

Listener Group Samples Rated n M Session 1 (SD) M Session 2 (SD) SEM MDC95

Experienced Listeners All speakers 50 39.39 (30.51) 39.86 (30.24) 3.19 8.83
Novice Listeners All speakers 50 38.15 (29.44) 39.28 (29.62) 3.37 9.33
Experienced Listeners Typical voice quality 11 4.20 (2.75) 4.77 (3.50) 1.60 4.22
Novice Listeners Typical voice quality 11 5.67 (2.88) 5.69 (3.60) 1.71 4.73
Experienced Listeners Mildly dysphonic 11 17.61 (5.88) 19.98 (5.89) 2.18 6.04
Novice Listeners Mildly dysphonic 11 17.92 (5.42) 22.16 (7.51) 4.38 12.13
Experienced Listeners Moderately dysphonic 13 42.90 (10.38) 41.23 (10.04) 5.48 15.18
Novice Listeners Moderately dysphonic 13 39.31 (11.50) 38.09 (11.63) 2.86 7.92
Experienced Listeners Severely dysphonic 15 78.11 (12.90) 78.97 (12.53) 1.33 3.70
Novice Listeners Severely dysphonic 15 75.79 (14.98) 77.48 (14.96) 3.38 9.38

FIGURE 1. MDC95 scores for ratings of overall severity of voice 
quality on 100-mm VAS as a function of speaker severity and 
listener group (experienced and novice listeners).
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from moderate to excellent for both of our listener groups, 
regardless of the speakers’ severity.7 It should be noted that 
the ICC model used for test-retest reliability in this study 
was intentionally conservative and therefore represents 
lower-bound estimates. As hypothesized, across both lis
tener groups, speakers with mild and moderate dysphonia 
needed larger MDC95 scores (EL = 6–15 mm; NL = 
8–12 mm) than those with typical voices (EL = 4 mm; NL = 
5 mm), for the difference to be considered beyond mea
surement error. Interestingly, novice listeners also needed 
differences of at least 9 mm when rating severely dysphonic 
voices for such ratings to be considered beyond measure
ment error. In contrast, experienced listeners needed dif
ferences of around 4 mm for ratings of severely dysphonic 
voices to be considered beyond measurement error. Thus, 
for experienced listeners, MDC95 scores were lowest at 
both endpoints of the rating scale, consistent with previous 
studies showing that ratings are most reliable, and con
tribute less to measurement error, for typical and severely 
dysphonic speakers.7,31

The MDC95 scores for ratings of overall severity for all 
speakers included in this study (about 9 mm for both ELs and 
NLs) were somewhat smaller than the MDC95 score of 15 mm 
recently reported by Smeltzer et al.27 As previously discussed, 
MDCs are context-specific, and are affected by a number of 
factors, including the size of the sample and its severity range, 
among others. Differences in the characteristics of the included 
samples between these studies may explain some of the dif
ferences in results. For example, Smeltzer et al27 investigated 
MDC values for expert listener ratings of all voice quality 
parameters, including overall severity, for 63 patients diag
nosed with phonotraumatic vocal fold lesions who underwent 
voice therapy or laryngeal surgery and reported improvements. 
The average overall severity rating for their 63 rated speech 
samples (rated at both pretherapy and posttherapy) was about 
19 mm (SD average = 17 mm; range: 0–99) on the CAPE-V.27

In contrast, our study included speakers with a variety of vocal 
diagnoses, including those with benign laryngeal lesions, as well 
as other diagnoses. Importantly, our sample included a wide 
distribution of speaker severities, with an average overall se
verity rating of about 40 mm (SD average = 29 mm; range: 
1–99 mm) across our sample, regardless of who performed the 
ratings. Given that we found larger MDCs (eg, up to 15 mm) 
for speakers who were moderately dysphonic in the current 
study, we would hypothesize that the MDC results from 
Smeltzer et al27 were primarily driven by their lower average 
overall severity rating and limited standard deviation of their 
sample. These results are critical for clinicians to understand 
because most patients are mildly to moderately dysphonic 
when they receive their initial evaluation for voice therapy or 
are seen for other medical treatment.16

Interestingly, our study revealed no significant overall dif
ferences in the severity of ratings performed by novice and 
experienced clinician raters. However, MDC scores did appear 
to vary with speaker severity, with NLs demonstrating most 
difficulty in rating mildly dysphonic speakers and ELs de
monstrating most difficulty in rating moderately dysphonic 

speakers (as demonstrated by lower ICCs and higher SEMs for 
both groups, respectively). Despite these differences between 
our listener groups as a function of speaker severity, none 
exceeded the overall MDC95 score of 9 mm, suggesting that 
differences were not meaningful and were within the mea
surement error of the scale. Previous research has shown in
consistent relationships between listener experience and 
auditory-perceptual judgments of voice, with some suggesting 
that experienced clinicians may agree more as a group,9,21 and 
others finding no consistent differences.2,18,40 This study adds 
to the literature suggesting that experience, at least as it was 
defined in this study, did not appear to meaningfully impact 
overall MDC scores for ratings of overall severity of voice 
quality in speakers with a variety of voice diagnoses.

Consistent with one previous study,7 novice listeners in
cluded in this study were all from a single educational in
stitution, where they had received similar training during their 
graduate education. The similarity in their training may have 
rendered these novice clinicians more similar than if they had 
been recruited from different institutions.1,2 Further, although 
7 of the 10 experienced listeners worked in the same healthcare 
setting, recent research suggests that even experienced clinicians 
may vary in how they use rating scales.2 These factors warrant 
consideration when interpreting these results and how they 
might generalize to other clinicians who use these scales for 
evaluating voice disorders. Future studies might also in
vestigate how additional clinical experiences such as voice- 
specialized clinical fellowships might also affect MDCs for 
clinicians over time.15

LIMITATIONS AND FUTURE DIRECTIONS
One factor that may affect a listener’s reliability of auditory- 
perceptual judgments of voice relates to the dimension being 
evaluated. In this study, we sought to first establish MDCs for 
overall severity of voice quality because it has strong face and 
content validity across voice disorders.22 Yet, most studies have 
demonstrated that overall severity of voice quality is the most 
reliable dimension assessed by listeners,4,18,22,41 suggesting that 
the MDCs for overall severity of voice quality should not be 
extended to other voice parameters. This study utilized a 
sample of individuals with typical voices and voice disorders 
associated with a variety of etiologies that might have pre
dominance in one or more voice parameters (eg, breathiness, 
roughness, and strain) that were not individually measured. 
Future studies should continue to establish MDCs for other 
auditory-perceptual parameters such as breathiness, roughness, 
and strain across a broad range of voice disorders and seve
rities.27 Beyond voice parameters, it is unknown whether 
MDCs should be established for particular voice diagnoses, as 
there is often considerable overlap between voice qualities that 
result from different voice diagnoses, with the exception of a 
few clinical populations (eg, ADLD). However, it is possible 
that results from such studies might help researchers interpret 
treatment outcome studies focused on patients with single 
clinical diagnoses (eg, treatments for vocal fold paralysis).
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In this study, we also sought to minimize some sources of 
variability in our auditory-perceptual rating task by using a 
single sentence from the Rainbow Passage,32 having clin
icians perform evaluations based on research-quality re
cordings versus “live” speakers, and by using an 
undifferentiated visual analog scale without textual severity 
markers, similar to recent recommendations for a revised 
CAPE-Vr.12 In addition, we used averaged ratings across 
ELs as our reference standard for categorizing our speaker 
samples into severities.35 Future studies could also in
corporate multiparametric objective measures that strongly 
relate to overall severity of voice, such as the Cepstral 
Spectral Index of Dysphonia or the Acoustic Voice Quality 
Index, to help corroborate these severities, although cutoffs 
for severity categories such as mild, moderate, and severe 
would need to be established.42–44

Although MDC scores provide information about the like
lihood that differences on a particular tool reflect differences 
that are not simply due to measurement error, the size of the 
MDC score depends upon the test-retest metric that is selected 
and the confidence level around which the MDC is reported.23

In this study, we chose to measure test-retest reliability using 
repeated ratings of all of the samples, rather than a sampling of 
repeated samples within a given session, strengthening the rigor 
and representativeness of our data. The difference in this ap
proach may be one reason why some previous studies have 
sometimes shown poor-to-moderate intrarater reliability for 
speakers with a wide range of diagnoses,22 even for overall 
voice severity. We also chose strict criteria for test-retest mea
sures (ICCs, single measure, random effects, and agreement 
model) and a 95% confidence interval, similar to a previous 
study.7 Yet, there are circumstances in which these strict cri
teria may not be necessary, for example, when determining the 
efficacy of a clinical intervention (eg, different voice therapy 
approaches) in which the consequences of a potentially in
correct decision are less of a risk than a scenario in which the 
consequences might be more dire (eg, likelihood of mortality 
from surgery), it might be sufficient to choose a 90% con
fidence interval, which decreases the size of the MDC.45 Fur
ther, in treatment studies in which group-level data are 
investigated, it might be appropriate to use a test-retest mea
sure that reflects average scores from a larger group of raters, 
which could further stabilize the ICC and SEMs, and decrease 
MDCs.37 Whether the number of raters and/or speaker sample 
sizes might affect these measures needs further investigation, as 
these types of methodological decisions have the potential to 
affect outcomes. Similarly, the results of this study cannot be 
extended to other types of auditory-perceptual scale types (eg, 
GRBAS) that might be commonly used in clinical settings, 
including equal-appearing interval or ordinal scales. Future 
studies should investigate MDCs for these types of scales for 
direct comparison purposes.

Finally, MDCs in this study reflect the smallest actual 
change that exceeds typical measurement error based on lis
teners’ ratings of the same voice samples twice to control for 
additional within-speaker variability that might be encountered 
in a clinical setting. Importantly, these scores do not reflect 

whether perceived differences might be clinically meaningful to 
individuals with voice disorders, their family members, or 
clinicians involved in their care: that is defined as the minimal 
clinically important difference (MCID).46,47 A challenge in 
identifying the MCID of a metric is that it requires selection of 
an external anchor of meaningfulness, which is then compared 
against the tool under investigation. In their study, Smeltzer 
et al (2025) attempted to establish MCID thresholds for au
ditory-perceptual ratings of voice quality using clinician-rated 
anchors; they obtained an MCID threshold of 16.5 mm for 
overall severity. However, they also cautioned that these results 
might not extend to differences that might be perceived as 
meaningful to individuals with voice disorders or other com
munication partners.27 Given previous research showing vari
able relationships between auditory-perceptual measures and 
other clinician- or patient-reported measures,40,48 a multi
parametric approach to establishing MCIDs may be war
ranted.26

CONCLUSIONS
Many factors affect the measurement error of auditory-per
ceptual rating tools, such as the CAPE-V5 or CAPE-Vr,12

which are heavily relied upon by clinicians who evaluate and 
treat individuals with voice disorders. We found that when 
clinicians, regardless of their experience level, rated the overall 
severity of voice quality of speakers with a variety of voice 
disorders and severities across the continuum, they needed a 
rating that differed by at least 9 mm on a 100-mm VAS for that 
difference to be considered beyond measurement error. Im
portantly, MDC scores also varied with the severity of the 
speaker’s voice quality, with higher scores for those with mild 
and moderate dysphonia and lower scores for those with ty
pical voices. Experienced listeners also tended to show lower 
MDC scores for ratings of those with severe dysphonia. Thus, 
regardless of experience, clinicians must remember that 
MDC95 scores should be interpreted with reference to the 
overall severity of voice quality of their patient, beyond the 
single MDC95 score for that parameter and type of rating scale 
often cited in research studies. Together with previous studies, 
these estimates are a step toward understanding how to in
terpret overall severity of voice quality outcomes in voice dis
orders, which are important for assessing and measuring 
treatment outcomes in a variety of clinical populations.
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