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ARTICLE INFO ABSTRACT

Purpose: The purpose of this study was to develop and test standardized stim-
uli for the Pediatric Auditory-Perceptual Evaluation of Voice protocol. The use of
these stimuli for cepstral/spectral voice measures was also considered.
Method: Three sets of standardized sentences and four prompts designed to
elicit connected speech were developed and tested in order to identify the most
effective stimuli for use with children. One hundred forty children with (n = 50)
and without (n = 90) benign vocal fold lesions recorded all potential stimuli, as
well as the sentences developed for the adult Consensus Auditory-Perceptual
Evaluation of Voice protocol. Sentences were evaluated for production accuracy,
and cepstral/spectral voice measures were calculated to determine whether poten-
tial stimuli would separate dysphonic and normophonic voices. Spontaneous
speech prompts were assessed for duration of speech sample elicited. Subse-
quently, auditory-perceptual voice assessments were performed using the newly
developed pediatric stimuli. Production accuracy, cepstral/spectral voice mea-
sures, and auditory-perceptual rating reliability were compared across age, sex,
and voice diagnosis.

Results: Children produced pediatric sentences significantly more accurately
than sentences developed for adults. The best produced sentence set resulted
in over 80% accuracy across children 3 through 17 years of age. Cepstral peak
prominence calculated on these sentences was significantly lower for children
with voice disorders when compared to those with typical voices. Spontaneous
speech prompts elicited an average of about 40 syllables of phonation over 25-30 s
in children < 6 years of age, and voice samples increased in duration for older
children. Auditory-perceptual ratings of voice significantly separated children with
and without voice disorders and produced reliability levels similar to those previ-
ously reported for adults.

Conclusion: Findings indicate that the developed pediatric stimuli are effective
for auditory-perceptual assessments across childhood and can be produced
more accurately than sentences designed for adults.
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Voice disorders disrupt communication for an esti-
mated 6.7% of school-aged children and 7.4% of adolescents
in the United States (Fujiki & Thibeault, 2024a, 2024b,
2025a), although true prevalence is likely higher as many
pediatric voice problems go unreported (Carding et al., 2006).
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Broadly defined, voice disorders involve alterations in vocal
quality, pitch, or loudness (all known as dysphonia) that fail
to meet an individual’s communication needs or attract neg-
ative attention considering their age and gender (Aronson &
Bless, 2009). In the majority of pediatric cases, dysphonia is
attributed to benign vocal fold lesions, such as vocal fold nod-
ules, polyps, and cysts (Akif Kilig et al., 2004; Campano et al.,
2023; Nardone et al., 2014). The impact of pediatric voice
disorders can be substantial (Ilic-Savi¢ & Petrovic-Lazi¢, 2023).
Beyond disrupting communication, dysphonia is associated
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with adverse emotional and social consequences (Connor
et al., 2008; Fujiki & Thibeault, 2025b; Verduyckt et al.,
2011), including negative perceptions by peers and adults
(Lass, Ruscello, Bradshaw, & Blankenship, 1991; Lass,
Ruscello, Stout, & Hoffman, 1991; Ma & Yu, 2013).

Voice disorders are evaluated using laryngeal imaging,
as well as a battery of acoustic, aerodynamic, and patient-
reported measures (Patel et al.,, 2018). Auditory-perceptual
voice assessments, however, most holistically quantify voice
quality and measure treatment progress (Barsties & De Bodt,
2015; Feinstein & Abbott, 2021; Fujiki & Thibeault, 2021,
2023). Auditory-perceptual assessment occurs when a clini-
cian (usually a speech-language pathologist [SLP]) listens to
an individual’s voice to evaluate and document deviations in
overall voice quality as well as individual parameters of
voice quality (i.e., breathiness, roughness, strain) with regard
to an individual’s age, sex, and gender. These assessments
are particularly crucial for children, who may not tolerate
the collection of quantitative voice measures (Brehm et al.,
2009; Kelchner et al., 2012). For example, under 17% of
3- to 4-year-old children tolerate videostroboscopy, and
even fewer successfully complete laryngeal aerodynamic
assessments (Fujiki, Venkatraman, Godbout, & Thibeault,
2025). Only half of 3- to 4-year-olds produce sustained
vowels with the consistency of loudness and pitch required
for acoustic voice measures (Fujiki, Venkatraman, Godbout,
& Thibeault, 2025). In fact, 40%-50% of older children
(6-9 years of age) do not tolerate videostroboscopy, and
30%—40% cannot complete laryngeal aerodynamic measures
(Fujiki, Venkatraman, Godbout, & Thibeault, 2025). Although
many older children can complete acoustic assessments,
not all are able to do so. Additionally, available normative
data are limited, particularly given that norms must be
age, sex, and gender specific for pediatric populations (Fujiki,
Venkatraman, & Heller Murray, 2025; Maturo et al., 2012).
As such, auditory-perceptual evaluations may represent a
clinician’s best opportunity to quantify and document a
child’s dysphonia.

Little is known, however, about how auditory-perceptual
voice assessments function in children (Fujiki & Thibeault,
2021). Past studies examining pediatric auditory-perceptual
voice assessments in children have utilized protocols designed
for adult voices (Hartley et al., 2017), such as the Consensus
Auditory-Perceptual Evaluation of Voice (CAPE-V; Braden
& Thibeault, 2020; Fujiki & Thibeault, 2022). The CAPE-V
was created to increase the reliability and validity of
auditory-perceptual assessments through standardization
of rating stimuli and rating scale (Kempster et al., 2009;
Zraick et al., 2011). In this protocol, voice quality is
rated based on a specific voice sample consisting of stan-
dardized sentences, a sustained vowel, and a spontaneous
speech sample (Kempster et al., 2009). The CAPE-V uses
visual analog scales (VASs) to rate vocal parameters such
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as roughness, breathiness, strain, pitch, and loudness
(Kempster et al., 2009). VASs may improve specificity
and reliability of ratings and produce data that can be
easily analyzed statistically (Fujiki & Thibeault, 2021;
Hillman, 2003; Kempster et al., 2009; Nemr et al., 2012).

Reliable auditory-perceptual voice assessment using
VAS may be feasible in pediatric populations (Feinstein
et al., 2025); however, preliminary studies suggest that the
adult CAPE-V protocol may not be well adapted for chil-
dren (Fujiki & Thibeault, 2021; Kelchner et al., 2010;
Masaki, 2001). As a major concern, the standardized
CAPE-V stimuli includes six to nine syllable sentences
designed to elicit specific laryngeal behaviors (Kempster
et al., 2009). Standardized stimuli are important because
the accuracy of auditory-perceptual assessments improves
when ratings are made from consistent speech samples
(Kreiman et al., 2007). Additionally, standardized stimuli
can be used for acoustic analyses to assess dysphonia
severity and track treatment progress (Fujiki et al., 2023;
Watts, 2015). The CAPE-V protocol also includes sus-
tained vowel production, but the reliability of auditory-
perceptual voice ratings improves when ratings are made
using connected speech (Costa et al., 2023; Law et al.,
2012; Lechien et al., 2018; Maryn & Roy, 2012). The
CAPE-V sentences have been adapted for numerous lan-
guages and cultures (Calaf & Garcia-Quintana, 2024;
Mahalingam et al., 2024; Pommée et al., 2026), and past
investigation suggests that these sentences can be used to
efficiently assess parameters such as speaking fundamental
frequency (FO; Sandage et al., 2015) as well as overall
severity of dysphonia (Fujiki et al., 2023).

Although the CAPE-V sentences have clinical utility
for adults, young children may not be able to produce these
sentences accurately due to linguistic, articulatory, and mem-
ory demands (Kelchner et al., 2010). This is unfortunate
considering that extra phonemes, pauses, misspeaking, and/
or abnormal prosody associated with high cognitive load
may impact CAPE-V ratings and influence evaluation of FO
or other acoustic parameters (Aoki et al.,, 2021; Demirci
et al.,, 2021). For example, changes in pitch and loudness
can impact acoustic analyses (Ataee et al., 2022; Brockmann
et al.,, 2008; Gramming et al., 1988; Murton et al., 2020)
and may well distract from auditory-perceptual assessment.

In addition to standardized stimuli, the CAPE-V
protocol also includes eliciting a spontaneous speech sam-
ple. In order to elicit sufficient extent and phonation of
connected speech to permit analysis (Barsties & Maryn,
2017; Englert et al., 2022), the CAPE-V provides conversa-
tional prompts (i.e., Tell me about your voice problem, Tell
me about your last vacation). These specific prompts, how-
ever, often elicit little or no verbal response from children
(Reynolds et al., 2025; Reynolds & Fleury, 2024).
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In short, the tasks utilized in the CAPE-V are
designed for use with adults, and children may respond
quite differently to the prompts employed. As time is short
and children have limited tolerance for evaluation proce-
dures, clinicians would benefit from effective standardized
stimuli to elicit adequate voicing for auditory-perceptual
voice assessments. In developing and validating such stim-
uli, it would be important to determine that children can
complete the required tasks. For example, children should
be able to read or repeat stimulus sentences accurately
without long pauses, misspeaking, or other injections (i.e.,
uh, umm). Sentences or phrases must be short enough for
children to produce but long enough for SLPs to assess
voice quality. In addition, to maximize clinical utility,
acoustic measures taken on these sentences should sepa-
rate dysphonic from normophonic voices. Spontaneous
speech prompts should consistently elicit speech samples
of a sufficient duration for clinicians to evaluate voice
quality. Furthermore, for ease of use, the same stimuli
should ideally be appropriate across childhood—for very
young children through adolescents. Finally, and perhaps
most importantly, stimuli for children should facilitate the
production of reliable auditory-perceptual ratings of voice
in both dysphonic and normophonic voices.

The focus of the current study was to develop and
validate a standard set of stimuli for the Pediatric
Auditory-Perceptual Evaluation of Voice (PAPE-V) proto-
col. Multiple sets of standardized sentences were designed
for children. These sentences were tested against each
other and compared with the original CAPE-V sentences
designed for adults. Additionally, spontaneous speech
prompts were presented to children to characterize the
nature of the voice samples they elicit across childhood. It
was hypothesized that children would produce PAPE-V
sentences designed for pediatric populations more accu-
rately than stimuli designed for adults. Additionally, it
was hypothesized that cepstral/spectral measures of voice
would separate dysphonic and normophonic voices when
calculated on the PAPE-V sentences. Finally, auditory-
perceptual voice assessments were performed on children
using the PAPE-V stimuli, as well as the adult CAPE-V
stimuli for a subset of children. It was hypothesized that
auditory-perceptual voice assessments in children would
be more reliable when performed using stimuli designed
for use with children.

Method
Study Design

This study created and validated stimuli designed to
elicit voice production in pediatric auditory-perceptual

voice evaluations. This study represents the first step in
the development of the PAPE-V protocol. To this end,
three sets of standardized sentences (to be read or
repeated) and four prompts for connected speech were
developed and tested. Children with and without voice dis-
orders between 3 and 17 years of age were recruited to
record these stimuli. Children were also recorded produc-
ing the stimuli created for the adult CAPE-V protocol
(this study commenced prior to release of the revised
CAPE-V [Kempster et al., 2025]). Spontaneous speech
prompts were compared based on the duration of speech
samples elicited. Sentences underwent three stages of eval-
uation to determine which stimuli were most effective for
use with pediatric populations. First, accuracy of sentence
production was assessed across age groups. Second, the
most accurately produced stimuli were analyzed using
cepstral/spectral measures of voice. Voice measures were
compared across age, sex, and voice status. Finally,
auditory-perceptual analyses were performed using the
newly developed PAPE-V stimuli in order to ensure that
reliable voice ratings could be produced with them.
Auditory-perceptual ratings were made from recordings
using VASs (protocol described further below). For a sub-
set of children > 7 years old, auditory-perceptual ratings
were also performed on the stimuli developed for the orig-
inal CAPE-V protocol to allow for comparison across
adult and pediatric stimuli. All study procedures were
approved by the University of Wisconsin—-Madison Institu-
tional Review Board (#2023-0227).

Participants

Children

Children with and without diagnosed voice disor-
ders, 3-17 years of age, were recruited for this study. Chil-
dren were recruited from an outpatient voice and swallow
clinic associated with a tertiary children’s hospital, as well
as from the surrounding community. Children presenting
to the clinic for non—voice-related complaints were consid-
ered eligible for participation if they met all other inclu-
sion criteria. Inclusion criteria dictated that children were
(a) 3-17 years of age, (b) native English speakers, and (c)
either had been diagnosed with a voice disorder or had
been denied any history of voice complaints. Children
diagnosed with voice disorders underwent videostrobo-
scopy (strobe light) or laryngoscopy (steady-state halogen
light) and were diagnosed with laryngeal pathology by a
pediatric otolaryngologist and SLP. Children without
voice disorders did not undergo laryngeal imaging but
were screened for any history of voice complaints using
both self- and parent report. Exclusionary criteria for all
children included (a) neurologic conditions preventing
consent, (b) head or neck cancer, (c) dysarthria of speech,
or (d) diagnosed respiratory conditions, which would
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impact phonation. Children were divided into three age
groups, < 6 years, 7-10 years, and 11-17 years of age.
Caregivers gave informed consent, and children were
assented prior to participation.

SLP Raters

Voice-specialized SLPs were recruited from across
the United States. SLPs were identified by contacting cli-
nicians from pediatric voice clinics or research laboratories
throughout the country. All SLPs were required to have a
minimum of 5 years’ experience treating voice disorders in
clinical or research settings. Additionally, SLPs were
required to be (a) professionally certified SLPs (possessed
current certificates of clinical competence), (b) native
English speakers, and (c) specialized in the treatment of
voice, resonance, and upper airway disorders in children
and adolescents. Finally, SLPs were also required to have
access to a computer with internet capabilities and a private
room where they could listen to voice samples. SLPs were
currently practicing in California, Iowa, Massachusetts,
Ohio, Pennsylvania, and Wisconsin. SLPs were compen-
sated for study participation.

Stimuli Development

Sentences were developed by the research team to
match the phonemic targets set for the original CAPE-V
sentences (Kempster et al., 2009), but were shortened and
simplified. Sentences and supporting rationale are pre-
sented in Table 1. Sentences featured the following
sounds: (a) coarticulation of /a, i, u/, (b) soft glottal
attacks (as well as voiceless to voiced transitions), (c) all
voiced phonemes, (d) hard glottal attacks, (e) nasal conso-
nants, and (f) oral pressure sounds. Sentence length was
limited to three to four syllables in most cases; however,
five to six syllables were permitted if needed to improve
sentence clarity. Sentences were designed to be within
reading level for children > 7 years of age. The three- to

Table 1. Adult and pediatric sentences and rationale.

four-syllable target was selected to ensure sentences were
long enough to produce voice samples but short enough
to be accurately produced by young children. References
to culture-specific holidays (i.e., Easter) and “hitting” were
removed to promote inclusivity and avoid encouraging
undesirable behaviors. Sentences were informally piloted
with pediatric voice patients for several months prior to
study initiation to ensure reproducibility. A detailed analy-
sis of sentences is presented in the Results section.

Children also produced four speech samples using var-
ious prompts. Elicitation order was counterbalanced across
participants. Elicitation prompts were as follows: (a) “Tell
me about your family,” (b) “Tell me about your favorite
movie,” and (¢) “Tell me how to make a peanut butter and
jelly sandwich.” For the fourth prompt, children were asked
to describe the updated Cookie Theft picture from the
Boston Diagnostic Aphasia Examination (“Describe what
you see in this picture”; Roth, 2011). Prompts were selected
based upon current clinical practices and past research in
adult populations (Gilman et al., 2023).

Voice Recordings

Recordings were made at a 44.1-kHz sampling rate
(24 bits) using the Computerized Speech Lab (CSL) by
PENTAX (mouth-to-mic distance of 2 in.; Patel et al.,
2018). Gain staging ensured adequate signal strength and
avoided peak clipping. Sentences were rerecorded if peak
clipping was observed on the CSL interface. Participants
were asked to read or repeat the four sets of six sentences
created to elicit specific laryngeal behaviors (order counter-
balanced). For children in the > 6 years old group, the SLP
verbally modeled each sentence immediately prior to elicita-
tion and recording of the participant’s sample. Children in
the 7-10 years old group were allowed to choose whether
they wanted to read or repeat the sentences, and children in
the 11-17 years old group were asked to read the sentences
unless they felt uncomfortable doing so. When children

Sentence type

Adult sentences

Pediatric sentences

Rationale

Original adult CAPE-V sentence

Chosen sentences

Other sentences

Coarticulation of /a, i, u/

The blue spot is on the key again.

You and Bob are eating.

He gets the big balloon.

The dog is brown.

Soft glottal attacks (voiced
to voiceless transitions)

How hard did he hit him?

Harry has a hat.

He has honey.

He has hair.

All voiced

We were away a year ago.

We were away.

We want wool.

Wally was wet.

Hard glottal attacks

We eat eggs every easter.

We eat eggs.

Every elephant eats.

Eyes and ears.

Nasal consonants

My mama makes lemon muffins.

Mama made muffins.

No more monkeys.

Make more money.

Oral pressure sounds

Peter will keep at the peak.

Pet the puppy.

Pick a pretty poppy.

Pass the popcorn.

Note.
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Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V) sentences from Kempster et al. (2009).
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chose to read, sentences were presented on a printed sheet.
A sustained vowel (/a/ for 5 s) was also collected.

Conversational prompts were tested in counterba-
lanced order. After each prompt was presented, children
were allowed to speak as long as they chose. When children
responded to the prompt, SLPs limited their reactions to
facial expressions with as little phonation as possible. Single
word responses such as “Wow,” “Oh,” and “Why?” were
produced to keep children engaged. If children declined to
speak, or produced very limited responses to a prompt,
then basic follow-up questions were utilized (i.e., “Tell me
more”). Additionally, prompt-specific follow-up questions
were sometimes used if a child did not respond. For exam-
ple, the prompt “Tell me about your family” might be
followed up by “Who is oldest in your family?” in order to
get a child speaking. Participants were asked to produce all
stimuli at comfortable pitch and loudness.

Rating Procedures

SLP raters were presented with 73 unique voices
(order randomized). A random number generator was
used to determine which recordings would be presented to
SLP raters. Seventy-three voices were rated in order to
have enough voices to calculate reliability, but few enough
to avoid major fatigue effects for raters (based on pilot
testing). For each voice, SLPs were presented with the six
standardized sentences, a sustained vowel (/a/), and a con-
versational speech sample. Conversational speech samples
were cut to include no more than 20 s of connected speech
in order to mimic clinical situations where a child may
only produce limited voicing. SLP raters were blinded to
child voice status (voice disorder vs. normophonic), as well as
any other demographic information. As auditory-perceptual
voice ratings, particularly of pitch and loudness, are context
dependent, SLPs were told the gender and age of each child.
Voice samples presented to raters were balanced across age,
sex, and voice status (normophonic vs. voice disorder). Fifteen
percent of voices were rated twice to allow for the calculation
of intrarater reliability (» = 11). Repeated voices were also
chosen using a random number generator. Additionally, 30
voices of children > 7 years of age were presented a second
time using the adult CAPE-V sentences (order counter-
balanced between children). Accuracy on adult sentences
was too low for children < 7 years of age. Power analysis
(using G*Power) for repeated-measures analysis of variance
(f = .3, a = .05 B = .95 indicated that 30 voices would
need to be rated using both adult and pediatric sentences to
identify potential differences between stimuli. Audio files
were shared with raters via secure Box.com cloud storage
in uncompressed format (i.e., .wav format files) to ensure
recording fidelity. Raters were asked to listen to samples at
consistent volume, using research-grade headphones in a

quiet room. Headphones were shipped to SLP raters prior
to study commencement (Pro-10, Universal Product No.
709466429447, OneOdio).

Auditory-perceptual ratings were performed using
VAS anchored with the terms normal (0) on the left and
severely disordered (100) on the right. Raters placed slider
buttons on VAS at the point that they felt corresponded
with the severity of that particular voice parameter. Possi-
ble values included 0 through 100 with all possible integers.
As SLPs moved the slider button, they were able to see the
corresponding numerical value. SLPs rated voices for over-
all voice quality, roughness, breathiness, strain, pitch, and
loudness. If raters indicated that pitch or loudness were not
normal (scored anything higher than 0), they were asked
whether these parameters were “too low” or “too high.”
One set of ratings was made from standardized sentences,
sustained vowel, and spontaneous speech sample. Voice rat-
ings were submitted online using Qualtrics.

In addition to rating voice quality, SLPs were also
asked to rate the quality of the recording for each voice.
Raters responded to a multiple-choice question (“Did any-
thing about the recording make it difficult to rate this
voice?”) by indicating whether recording quality, sample
duration, loudness, or any other parameter hindered their
ability to rate the recording (answer options: [a] no prob-
lem, [b] low vocal volume, [c] poor recording quality, [d]
background noise, [e] short voice sample, [f] other—with a
fill-in-the-blank option). If more than 50% of raters indi-
cated that the recording quality or background noises
were problematic, the sample was not used in analysis. As
variations in loudness and sample duration are typical
aspects of pediatric voice assessments, voice recordings
were still considered even if these options were selected.
No recordings met the threshold for exclusion based on
SLP ratings of recording quality.

Outcome Measures

Sentences: Production Accuracy

First, a researcher rated whether each sentence was
produced accurately using a forced-choice rating system
(accurate or not). Sentences were considered inaccurate if
any of the following errors were observed: (a) disfluencies
such as repetitions or blocks, (b) mispronunciations of
words, (c¢) misreading any word in the sentence, or (d)
pauses longer than 1.5 s in the middle of a sentence. Praat
was used to visualize the speech signal and assess the
duration of pauses. Disfluencies, mispronunciations, or
incorrect productions were assessed by listening to the
audio output. Twenty percent of sentences were rated by a
second rater to allow for calculation of inter- and intrara-
ter reliability.

Fujiki et al.: PAPE-V: Voice Stimuli for Children 5

Downloaded from: https://pubs.asha.org 75.48.52.20 on 08/14/2026, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions


http://Box.com

Sentences: Acoustic Analysis

Cepstral/spectral measures of voice were used to
determine if stimuli separated normophonic and dysphonic
children. Cepstral peak prominence (CPP), CPP standard
deviation (CPPSD), low-to-high ratio (LHR), and LHR
standard deviation (LHRSD) were calculated. CPP, a
measure of peak cepstral amplitude (Goémez-Garcia et al.,
2019; Heman-Ackah et al., 2003), was chosen because it is
sensitive to dysphonia in children (Awan et al., 2009;
Fraile et al., 2013; Watts & Awan, 2011). Additionally,
LHR, an estimation of spectral tilt above and below 4
kHz, effectively supplements CPP for characterizing dys-
phonic voices (Goémez-Garcia et al., 2019). Initial research
indicates that these measures can be calculated on pediat-
ric voices and are sensitive to the improvements in voice
quality produced by voice therapy (Fujiki et al., 2023).
Acoustic samples were analyzed using the all-voiced sen-
tence protocol in the Multi-Dimensional Voice Program
Analysis of Dysphonia (PENTAX) in Speech and Voice.
Speech samples were analyzed even if sentences contained
minor production errors (pauses, misspeaking, etc.); how-
ever, if major errors were present (i.e., incomplete produc-
tions), the child’s second attempt at a sentence was used
for acoustic analysis. Inter- and intrarater reliability were
calculated on 15% of acoustic analyses to ensure accuracy.

Spontaneous Speech Samples

Conversational speech samples were analyzed for
number of utterances and duration in seconds to deter-
mine which prompts produced the longest speech samples
for each age group. As an efficient prompt should produce
as much phonation as possible as quickly as possible,
prompt effectiveness was measured as number of utter-
ances divided by total duration of the sample in seconds.

Auditory-Perceptual Assessments

Variability analysis (or the square of the difference
between ratings) was used to assess both inter- and
intrarater reliability across various populations/conditions.
Raw VAS ratings were also considered to determine
whether values differed across those with and without
voice disorders. Additionally, intraclass correlation coeffi-
cients (ICCs) were calculated for the overall sample in
order to allow for comparison with ICC ranges reported
in past studies of auditory-perceptual voice assessments.

Statistical Analysis

Descriptive statistics were calculated for all vari-
ables. Accuracy of sentence production was calculated as
a percentage of children who produced each sentence cor-
rectly. Binary logistic regression was used to compare sen-
tence accuracy across age group (< 6, 7-10, 11-17 years),
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sex (male, female), sentence type (six sentence types), and
voice status (voice disorder, typical).

A multivariate linear mixed-effects model was used
to compare cepstral/spectral measures across children with
and without voice disorders. CPP, CPPSD, LHR, and
LHRSD were modeled jointly in a multivariate frame-
work to account for correlations among these measures.
Data met necessary assumptions or were appropriately
transformed. Fixed effects included sex (male, female), age
group (< 6, 7-10, 11-17 years), and voice status (voice dis-
order, typical). Because each participant produced all six
sentence types, sentence type was treated as a repeated
measure with random intercepts for participant. Addition-
ally, all interactions between sex, age, and voice status were
included in the model. Interactions with sentence type were
initially probed but were not significant, and model fit
improved when these were removed. Tukey-adjusted post
hoc comparisons were used as appropriate. A separate mul-
tivariate linear mixed-effects model was used to compare
cepstral/spectral values across the pediatric sentences and
those from the adult CAPE-V protocol. Fixed effects
included age (7-10, 11-17 years), sex, and voice status. Par-
ticipant was included as a random effect to account for the
repeated-measures nature of the study design.

For inter- and intrarater reliability, variability analy-
sis, or the square of the difference between ratings, was
used to demonstrate the extent to which a rating (or rater)
differed from other ratings (or raters; Chan & Yiu, 2002;
Dahl et al., 2021; Eadie & Kapsner-Smith, 2011). Lower
numbers indicated better agreement. Correlations between
repeated ratings were computed and averaged across voice
samples to quantify intrarater reliability (i.e., the consis-
tency of raters). Variability scores for ratings made with
the pediatric stimuli were compared using multivariate
models. Models included sex (male, female), voice status
(voice disorder, typical), and a Sex X Voice Status interac-
tion. Age was initially included in the model but was not
significant and was therefore removed to improve model
fit. Tukey’s honestly significant difference tests were used
for post hoc comparisons. A multivariate generalized lin-
ear mixed model was used to compare the variability of
auditory-perceptual ratings made using adult and pedi-
atric sentences. Fixed effects included age (7-10 and
11-17 years), sex, and voice status. Participant was included
as a random factor.

As overall interrater reliability has often been assessed
using ICCs (two-way random model), ICCs for the over-
all study population were calculated to facilitate compar-
ison with past work. Additionally, ICCs were calculated
for all ratings made using the adult CAPE-V sentences.
Across all analyses, a was set at .01 in order to protect
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against Type I error. All statistical analyses were per-
formed in SPSS Version 30.

Results

One hundred forty children were recruited to record
stimuli (males participants = 67, M,,. = 9.0, SD = 1.2;
female participants = 73, M,z = 9.3, SD = 1.2). Fifty of
these children had been diagnosed with benign vocal fold
lesions, and 90 denied any history of voice problems.
Counts and ages for children with and without voice dis-
orders are reported in Table 2.

Reliability

For measurement of sentence production accuracy,
both inter- and intrarater reliability were in excellent
range with an ICC of .98 (95% confidence interval [CI]
[.96, .99]). Similarly, inter- and intrarater reliabilities were
in excellent range for analysis of spontaneous speech
prompts with ICCs of .97 (95% CI [.94, .99]) and .96
(95% CI [.93, .98]), respectively. For analysis of cepstral/
spectral measures, interrater (ICC = .95, 95% CI [.92,
.97]) and intrarater reliabilities (ICC = .96, p < .001, 95%
CI [.93, .98]) were also in excellent range.

Sentence Production Accuracy

Production accuracy across all sentences and age
groups is presented in Table 3. Across all sentence types,
age group significantly predicted sentence accuracy as chil-
dren in the 7-10 years old age group were twice as likely
(odds ratio [OR] = 2.1, SE = .28, p < .001) and children

in the 11-17 years old group over 11 times as likely
(OR =11.4, SE = .46, p < .001) to produce sentences accu-
rately when compared with children < 6 years of age. Accu-
racy ranged from 45% to 97% for children 11-17 years of
age but dropped as low as 3% for children < 6 years of age,
and as low as 36% for children 7-10 years of age.

Additionally, sentence type predicted accuracy, as
children were 66% less likely to produce the original
CAPE-V sentences correctly when compared to the new
stimuli (OR = .34, SE = .34, p < .001). No other signifi-
cant differences were observed. For children < 6 years of
age, accuracy on the original CAPE-V sentences was poor
across all sentence types. Accuracy ranged from 39% for
“the blue spot is on the key again” to 3% for “Peter will
keep at the peak.” For children in the 7-10 years old age
group, accuracy was again lowest on “Peter will keep at
the peak” (36%) and ranged between 61% and 72% for all
other sentence types. For children between 11 and 17 years
of age, accuracy on the original sentences was high (> 87%)
for all sentences, except “Peter will keep at the peak,”
where accuracy dropped to 45%. Inaccuracies were largely
caused by misspeaking or substituting alternate words
(63%), incomplete productions (28%), or long pauses (9%).
Regarding the newly developed sentences, the best accuracy
for children < 6 years of age ranged from 80% to 94%
across sentence types. For children 7-10 years of age, the
best accuracy ranged from 83% to 90% across sentence
types, and for children 11-17 years of age, accuracy was
between 93% and 97%. Neither voice status nor sex were
significant predictors of production accuracy.

Sentence Selection
Significant differences were not observed between
any of the newly developed pediatric sentences. In most

Table 2. Cepstral/spectral measure means and standard deviations across age and sex for children with and without voice disorders.

CPP CPPSD LHR LHRSD
Age group,

Voice status Sex years n Mg M SD M SD M SD M SD
Typical voices Female <6 15 5 5.8 1.0 2.9 0.6 24.7 5.1 7.6 2.6
7-10 15 8.9 6.0 15 2.9 0.9 26.9 4.6 8.2 24

1117 15 13.7 8.8 1.2 2.5 0.7 30.5 3.6 6.8 2.2

Male <6 15 4.9 5.9 1.0 2.9 0.6 259 4.6 7.7 3.0

7-10 15 7.8 6.6 1.6 2.9 0.9 26.3 4.9 6.9 1.6

1117 15 14.6 11.2 1.8 2.5 0.7 31.4 3.1 6.9 1.8

Voice disorders | Female <6 8 4.8 4.2 1.9 2.9 0.7 20.2 23 7.9 2.2
7-10 9 9 4.5 1.6 2.7 0.5 24.4 54 7.9 2.9

1117 8 14.8 54 1.3 2.6 0.7 25.4 3.1 6.4 2.4

Male <6 8 5.1 5.0 1.9 2.7 0.6 23.1 5.3 8.3 2.6

7-10 9 8.1 4.4 1.7 2.5 0.7 23.7 5.8 8.4 2.6

1117 8 13.6 6.3 1.1 3.2 1.3 27.6 4.8 7.0 2.2

Note.

CPP = cepstral peak prominence; CPPSD = CPP standard deviation; LHR = low-to-high ratio; LHRSD = LHR standard deviation.
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Table 3. Sentence production accuracy across age groups and sentence types.

Coarticulation Soft glottal Hard glottal Nasal Oral pressure

Sentence type of /a, i, u/ attacks All voiced attacks consonants sounds

Age groups, years | You and bob Harry has a hat. | We were away. || eat eggs. Mama made Pet the puppy.
are eating. muffins.

<6 86% 92% 94% 92% 80% 92%
7-10 89% 86% 89% 90% 83% 90%
11-17 97% 93% 97% 94% 97% 97%

Age groups, years | He gets the He has honey. We want wool. | Every elephant | No more monkeys. | Pick a pretty

big balloon. eats. poppy.
<6 72% 78% 56% 78% 7% 53%
7-10 7% 78% 75% 75% 86% 78%
11-17 97% 97% 90% 93% 97% 93%

Age groups, years | The dog is He has hair. Wally was wet. | Eyes and ears. | Make more money. | Pass the

brown. popcorn.
<6 67% 69% 64% 67% 56% 2%
7-10 86% 83% 81% 81% 83% 81%
11-17 97% 93% 90% 93% 76% 97%

Age groups, years | The blue spot is | How hard did We were away | We eat eggs My mama makes Peter will keep
on the key he hit him? a year ago. every easter. lemon Jam. at the peak.
again.

<6 39% 25% 36% 30% 31% 3%

7-10 64% 61% 2% 61% 64% 36%

11-17 90% 87% 90% 90% 87% 45%
Note. Consensus Auditory-Perceptual Evaluation of Voice sentences from Kempster et al. (2009).

cases, however, differences of over 10% were observed
between the most accurately produced sentence and the
other alternatives (see Table 3). These differences were
largely observed in children < 6 years of age and those 7—
10 years of age. Thus, in most cases, the most accurate
sentence across all age groups was selected. For the nasal
consonant sentence, however, two sentences were pro-
duced with similar accuracy. Specifically, “mama made
muffins” and “no more monkeys” were both produced
with roughly 80% accuracy by young children. As such,
“mama made muffins” was selected because it more
closely aligns with the adult CAPE-V stimuli and would
likely be easier for clinicians who need to transition to the
adult sentences as children age. Final sentence selection is
presented in Table 1.

Spontaneous Speech Prompts

Syllables

A significant effect of age was observed for number
of syllables produced, F(2, 554) = 18.3, p < .001. Children
in the 11-17 years of age group produced significantly
more syllables than children in the 7-10 years of age
group (p < .01) and the < 6 years of age group (p < .01).
Similarly, children in the 7-10 years of age group produced
significantly more syllables than those in the < 6 years of
age group (p < .01). Means for number of syllables pro-
duced across age and prompt are presented in Table 4.
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Differences between prompts varied across age groups,
as evidenced by a significant interaction between age
group and prompt, F(6, 544) = 4.6, p < .001. Prompts
asking the child to describe how to make a sandwich or
describe their family produced the greatest number of
syllables across all age groups. For children < 6 years of
age, however, describing the Cookie Theft picture pro-
duced significantly fewer syllables than all other sponta-
neous speech prompts (p < .005). For children 7-10 years
of age, describing the Cookie Theft picture produced sig-
nificantly fewer syllables than asking about the child’s
family or describing how to make a sandwich (p < .001).
For this group, no significant differences were observed
between the number of syllables elicited in response to
the Cookie Theft picture and asking about the child’s
favorite movie. For children 11-17 years of age, no sig-
nificant differences between prompts were observed.

Duration in Seconds

For speech duration in seconds, a significant main
effect of prompt was observed, F(3, 544) = 18.5, p < .001.
The longest speech samples were produced by asking the
child about their family or how to make a sandwich. These
prompts produced significantly longer speech samples than
asking children about their favorite movie (p < .001) or
describing the Cookie Theft picture (p < .001). No signifi-
cant effect of age (p = .082) or interaction (p = .342) were
observed. Means are presented in Table 4.
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Table 4. Means and standard deviations for spontaneous speech sample measures.

Tell me how to make

Describe the Cookie Tell me about What is your a peanut butter and
Theft picture. your family. favorite movie? jelly sandwich.

Age group,

years Measure M SD M SD M SD M SD
<6 Syllables 21.6 6.9 40.4 18.3 33.5 254 41.2 171
Seconds 31.1 14.0 25.8 9.4 19.8 12.8 27.0 9.1
Syllables per second 0.9 0.6 1.6 0.6 1.7 0.6 15 0.5
7-10 Syllables 29.9 16.5 56.7 19.7 38.7 29.8 60.5 19.1
Seconds 314 16.2 28.3 6.7 23.3 15.7 30.4 74
Syllables per second 11 0.6 2.0 0.4 1.6 0.5 2.0 0.4
11-17 Syllables 37.9 17.6 39.1 19.7 34.1 18.3 46.9 19.7
Seconds 38.0 18.2 26.4 16.2 22.0 13.8 29.3 15.7
Syllables per second 1.2 0.6 1.6 0.5 1.6 0.4 1.8 0.5
Total Syllables 29.8 15.9 45.7 20.8 35.5 25.0 49.8 20.3
Seconds 334 16.4 26.9 11.3 21.7 14.2 29.0 11.1
Syllables per second 11 0.6 1.7 0.5 1.6 0.5 1.8 0.5

Syllables Produced per Second

A significant effect of age was observed for syllables
produced per second, F(2, 554) = 10.3, p < .001, as chil-
dren in the 11-17 years of age group produced significantly
more syllables per second than children in the 7-10 years
of age group (p < .01) or the < 6 years of age group
(p < .01). Children in the 7-10 years of age group pro-
duced more syllables per second than those in the < 6 years
of age group (p < .01). Means are presented in Table 4.

A significant interaction between age group and
prompt was also observed for number of syllables produced
per second, F(6, 544) = 3.07, p = .006. Patterns followed
those observed for total number of syllables. Prompts ask-
ing the child to describe how to make a sandwich or
describe their family produced the greatest number of sylla-
bles per second across all age groups. For children < 6 years
of age, however, describing the Cookie Theft picture pro-
duced significantly fewer syllables per second than all
other spontaneous speech prompts (p < .001). For chil-
dren 7-10 years of age, describing the Cookie Theft picture
produced significantly fewer syllables per second than ask-
ing about the child’s family or describing how to make a
sandwich (p < .001). For this group, no significant differ-
ences were observed between the number of syllables pro-
duced by the Cookie Theft picture and asking about the
child’s favorite movie. For children 11-17 years of age, the
only significant difference was that significantly more sylla-
bles per second were produced when children described
how to make a sandwich than when children described the
Cookie Theft picture (p < .001).

Prompt Selection
Based on these analyses, it was determined that the
greatest amount of voicing was most efficiently elicited

when children were asked to describe their families or
when asked to describe how to make a peanut butter and
jelly sandwich. As such, it was determined that either
prompt could reasonably be used.

Cepstral/Spectral Measures

CPP

Means are presented in Table 2. For CPP, a signifi-
cant three-way interaction between voice status, age
group, and sex was observed, F(2, 540) = 6.61, p < .001.
In normophonic children, CPP increased with age. When
compared to children < 6 years of age, values were signifi-
cantly greater in children 7-10 years of age for both male
(p < .001) and female (p = .01) participants. Values signif-
icantly increased again for the 11-17 years of age group
(p < .01); however, the magnitude of this change was signifi-
cantly larger for male than female participants (p < .01;
mean difference female participants = 2.8 dB, male partici-
pants = 4.6 dB). In children with voice disorders, CPP was
in statistically similar range for children < 6 years of age
and those 7-10 years of age in both male and female partici-
pants. For female participants, values for the 11-17 years of
age group were significantly greater than those for children
< 6 years of age (p < .001); however, CPP was statistically
similar to the 7-10 years of age group (p = .026). In male par-
ticipants, CPP for children 11-17 years of age was significantly
greater than both the < 6 (p < .001) and 7-10 (p < .001) years
of age groups. The magnitude of this change was smaller than
that observed in normophonic children (mean difference, male
participants = 1.9 dB, female participants = .9 dB).

A significant Sentence Type (i.e., all voiced, voice-
less) X Sex interaction was also observed for CPP,
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F(2, 540) = 5.73, p < .001 (see Figure 1). CPP was signifi-
cantly greater for male participants across the sentences
“We were away,” “You and Bob are eating,” and “Pet
the puppy” (p < .001). Sex differences were not signifi-
cant across the other sentences.

Additionally, a significant effect of sentence type
was observed, F(5, 540) = 9.78, p < .001. Post hoc analy-
ses revealed that CPP values were significantly smaller for
“Harry has a hat” when compared to all other sentences.
All other sentences were in statistically similar range.
Effects of age were identical across sentence types (see
Table 5), as values were significantly greater for children
in the 11-17 years of age group when compared with
younger children (see Figure 1). Additionally, values were
significantly higher for children with typical voices when
compared to those with voice disorders across all sentence
types (see Figure 2).

CPPSD

Means are presented in Tables 2 and 5. No signifi-
cant effects of sex, voice status, age, sentence type, or sig-
nificant interactions were observed for CPPSD.

LHR

A significant three-way interaction was observed
between voice status, age group, and sex (see Table 2).
This occurred because, for female participants with typical
voices, LHR values increased with age. Values were signif-
icantly larger for children 7-10 years of age when com-
pared to those < 6 years of age (p < .01), and significantly
larger for children 11-17 years of age when compared to
those 7-10 years of age (p < .01). For typical male voices,
LHR was in similar range for those < 6 years of age and
those 7-10 years of age. Values were significantly larger for
children 11-17 years of age when compared to all other
children (p < .01). For female participants with voice dis-
orders, the largest differences in LHR were observed
between children < 6 years of age and those 7-10 years
of age (p < .01). No significant differences were observed
between LHR in female participants 7-10 years of age or
those 11-17 years of age (p = .03). For male participants
with voice disorders, the only significant difference was
that children 11-17 years of age presented with signifi-
cantly greater values than younger children (p < .01).
This difference was smaller in magnitude than for male
participants with typical voices.

LHRSD

For children with voice disorders, LHRSD values
were significantly lower for male and female participants
in the 11-17 years of age group when compared to chil-
dren in the younger groups (p < .01). Female participants

10 Journal of Speech, Language, and Hearing Research e 1-21

with typical voices followed a similar pattern, with values
being significantly smaller for children 11-17 years of
age when compared with younger children. For male
participants with typical voices, however, values were
significantly lower for children 7-10 years of age (p <
.01) and 11-17 years of age (p < .01) when compared
to those < 6 years of age. Means are presented in
Tables 2 and 5.

Cepstral/Spectral Comparisons of Pediatric and
Adult Sentences

No significant differences were observed between
pediatric and adult sentences on any of the cepstral/
spectral measures examined. Comparisons were only cal-
culated for the two older age groups, as children < 6 years
of age did not produce these sentences with sufficient
accuracy. Means are presented in Table 6.

Auditory-Perceptual Evaluations

Mean auditory-perceptual ratings are presented in
Table 7. Across all parameters, values were significantly
smaller for children with typical voices when compared to
those with voice disorders. No significant effects of age or
sex were observed on raw ratings.

ICCs

ICC values for auditory-perceptual ratings per-
formed using the pediatric stimuli, as well as for the adult
CAPE-V sentences, are presented in Table 8. Overall,
ICCs for the pediatric stimuli ranged from .65 (overall
voice quality) to .35 (for loudness). When using the adult
sentences, ICC values ranged from .59 (overall voice qual-
ity) to .32 (loudness and pitch).

Inter- and Intrarater Variability Analysis

Means for variability data are presented in Table 9.
For overall voice quality, a significant effect of voice sta-
tus was observed, F(1, 712) = 9.34, p = .002, because vari-
ability scores were significantly higher for children with
typical voices (M = 620.6, SD = 1,050.9) when compared
to those with voice disorders (M = 467.8, SD = 667.6).
Variability scores were higher for male than female partic-
ipants; however, this difference was not statistically signifi-
cant, F(1, 712) = 5.02, p = .025.

For breathiness, F(1, 716) = 32.3, p < .001, and
roughness, F(1, 716) = 12.6, p < .001, variability scores
were significantly larger for children with voice disorders
than for those with typical voices. No significant effects of
sex were observed. For strain, no significant effects of sex
or voice status were observed.
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Figure 1. Cepstral peak prominence (CPP) means and standard deviations across age, sex, and sentence type. *Indicates statistical
significance.
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Table 5. Means and standard deviations for cepstral/spectral measures across sentence type and age.

CPP CPPSD LHR LHRSD
Age group,
Sentence years M SD M SD M SD M SD
We were away. <6 5.7 1.0 2.9 0.6 275 5.1 6.9 2.6
7-10 5.7 1.5 2.5 0.9 26.9 4.6 7.9 2.4
11-17 9.0 1.2 2.4 0.7 29.9 3.6 6.4 2.2
You and Bob are eating. <6 4.8 1.8 2.6 0.7 242 5.0 7.0 25
7-10 5.4 1.0 2.7 0.6 26.6 4.6 6.8 3.0
11-17 8.3 1.6 2.9 0.7 28.6 4.9 6.6 1.6
We eat eggs. <6 5.4 1.8 3.1 0.7 19.8 3.1 8.7 1.8
7-10 5.4 2.8 2.7 0.7 24.8 4.9 8.3 2.3
11-17 7.8 1.0 3.0 0.6 28.1 4.9 6.6 2.8
Harry has a hat. <6 4.5 1.5 3.0 0.8 21.6 4.7 7.5 2.2
7-10 4.6 1.9 2.9 0.7 23.3 3.4 71 2.0
11-17 7.2 2.4 2.8 0.7 27.6 5.0 7.3 24
Mama made muffins. <6 5.8 1.9 2.9 0.7 25.0 23 9.6 2.2
7-10 6.3 1.6 2.8 0.5 26.0 5.4 9.8 2.9
11-17 7.2 1.3 2.8 0.7 28.6 3.1 7.3 24
Pet the puppy. <6 4.6 1.7 2.7 0.7 22.8 4.1 7.5 25
7-10 5.4 1.9 25 0.6 242 5.3 7.3 2.6
11-17 8.0 1.7 23 0.7 294 5.8 6.4 2.6

Note. CPP = cepstral peak prominence; CPPSD = CPP standard deviation; LHR = low-to-high ratio; LHRSD = LHR standard deviation.

Figure 2. Cepstral peak prominence (CPP) means and standard deviations across sentence type for those with and without voice disorders.
*Indicates statistical significance.
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Table 6. Cepstral/spectral measures across pediatric and adult sentences.

Pediatric sentences Adult sentences

Age group, years Measures M SD M SD p value

Cepstral/spectral measures

7-10 CPP 5.4 1.8 5.3 1.9 .56
CPPSD 2.7 0.8 3.1 0.9 .65
LHR 254 5.4 24.7 6.2 .78
LHRSD 8.0 2.4 9.1 2.6 .32

11-17 CPP 8.6 2.6 7.9 2.9 .26
CPPSD 2.7 0.9 3.1 0.5 .46
LHR 29.4 4.2 27.5 6.3 .65
LHRSD 6.8 2.1 7.2 2.6 .32

Note. CPP = cepstral peak prominence; CPPSD = CPP standard deviation; LHR = low-to-high ratio; LHRSD = LHR standard deviation.

Adult Versus Pediatric Stimuli

No significant differences in variability were observed
across ratings made using adult and pediatric stimuli; how-
ever, variability scores were higher for ratings made using the
adult CAPE-V sentences. Means are presented in Table 8.

Discussion

Auditory-perceptual voice assessments provide an effi-
cient, effective method for holistically evaluating voice quality
from a functional perspective (Kreiman et al., 1993). Since
quantitative assessments are often impractical for children,
auditory-perceptual evaluations become particularly impor-
tant in identifying voice disorders (Deborah & Samayan,
2026; Gramuglia et al., 2014) and in monitoring progress in
voice therapy (Fujiki et al., 2023). Research indicates that
auditory-perceptual ratings are most reliable when performed
on standardized stimuli (Kreiman et al., 2007; Maryn &
Roy, 2012); however, stimuli developed for adults may not
be feasible or effective for children due to task demands
(Fujiki & Thibeault, 2021; Kelchner et al., 2010). Children’s
errors and modifications in production may limit or alter
auditory-perceptual assessments and impede the usefulness of
acoustic analyses. Thus, a lack of standardized stimuli to
elicit voice samples adapted for children has constituted a

serious barrier to performing reliable auditory-perceptual
voice assessments in this population.

The current study developed and tested pediatric-
specific stimuli for the PAPE-V across childhood. Standard-
ized sentences were tested for accuracy of production and
cepstral/spectral properties, and prompts to obtain con-
nected speech samples were examined for the duration of
phonation elicited. Children produced pediatric sentences
significantly more accurately than sentences designed for
adults. Cepstral/spectral measures calculated on these sen-
tences separated children with and without voice disorders.
Based on these results, a final set of PAPE-V sentences and
spontaneous speech prompts were selected and tested using
auditory-perceptual voice evaluations of children with and
without voice disorders. Reliability of auditory-perceptual
voice assessments were within similar range to that previ-
ously reported in adults, and ratings significantly separated
children with and without voice disorders.

Standardized Sentences

Although multiple investigations have shortened the
adult CAPE-V sentences for use with children (Fujiki &
Thibeault, 2021; Kelchner et al., 2010), the ability of chil-
dren to produce these sentences accurately has not been

Table 7. Means and standard deviations for raw auditory-perceptual voice ratings across children with and without voice disorders.

Total Typical voices Voice disorders
Parameters of voice quality M SD M SD M SD p value
Overall 20.7 211 3.4 7.6 33.1 18.8 < .001
Breathiness 17.4 20.2 2.8 6.3 27.7 20.3 < .002
Roughness 19.5 19.5 4.4 7.7 30.3 18.2 < .003
Strain 18.8 20.8 41 7.3 29.2 20.9 < .004
Pitch 5.3 12.8 1.6 5.1 7.9 15.6 < .005
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Table 8. Reliability indices for auditory-perceptual ratings made using pediatric stimuli, as well as the adult Consensus Auditory-Perceptual

Evaluation of Voice sentences.

Pediatric stimuli Adult sentences
Intraclass correlation coefficients (ICCs)

Age range, Age range,

years Parameter ICC 95% CI years Parameter ICC 95% CI

3-17 Overall voice quality .70 .57 .78 717 Overall voice quality .59 .52 .70
Breathiness .67 .52 .76 Breathiness .58 .51 .71
Roughness .53 .39 .67 Roughness .49 A1 .58
Strain 42 .29 .57 Strain 41 .34 51
Pitch .38 .09 .39 Pitch .32 .25 .40
Loudness .35 .01 42 Loudness .32 .26 .45

Variability scores
Age range, Age range,
years Parameter M SD years Parameter M SD p value

3-17 Overall voice quality 259.1 318.5 717 Overall voice quality | 321.5 | 415.1 .03
Breathiness 252.0 415.6 Breathiness 301.1 407.5 .04
Roughness 339.6 215.1 Roughness 4151 884.4 .16
Strain 370.6 251.4 Strain 465.5 654.4 .03

Note. 95% CIl = 95% confidence interval.

Table 9. Means and standard deviations for variability scores across voice status and sex.

Interrater variability scores

Intrarater variability scores

Factors M SD p value M SD p value
Overall voice quality

All voices 259.1 618.5 189.1 201.5

Voice status Typical voice 320.6 650.9 .002* 185.2 2141 .45
Voice disorder 267.8 467.6 205.4 140.5

Sex Female 231.8 902.4 .025 178.5 180.8 .64
Male 318.8 612.5 151.1 194.2

Breathiness

All voices 252.0 815.6 254.1 175.2

Voice status Typical voice 163.5 669.1 < .001* 150.2 168.5 43
Voice disorder 531.5 857.9 298.1 201.1

Sex Female 1751 700.3 .138 241.6 195.9 .62
Male 435.1 895.3 260.4 187.4

Roughness

All voices 339.6 215.1 268.5 200.4

Voice status Typical voice 293.3 207.2 < .001* 178.5 163.2 .32
Voice disorder 408.2 217.9 274.4 174.2

Sex Female 289.8 192.2 192 256.3 158.2 .52
Male 362.9 160.1 284.1 189.3

Strain

All voices 370.6 251.4 265.5 176.3

Voice status Typical voice 359.0 265.5 .089 256.3 163.1 48
Voice disorder 387.7 230.1 268.7 196.2

Sex Female 333.5 213.4 .831 250.4 198.3 .62
Male 388.0 268.0 263.9 164.2

*Indicates statistical significance.
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established. Findings from this study confirm the hypothe-
sis that the CAPE-V sentences are difficult for young chil-
dren to produce. For children < 6 years of age, accuracy
on the adult sentences never reached 40% and dipped as
low as 3% for the sentence “Peter will keep at the peak.”
This is likely the result of the unclear morphological con-
tent of this sentence. This particular sentence has been
replaced in the revised version of the CAPE-V (Kempster
et al., 2025); however, it should be noted that accuracy
remained low even across the more morphologically
straightforward sentences. For children 7-10 years of age,
accuracy generally hovered around 60% on the adult sen-
tences, meaning nearly half of children required multiple
tries to produce them. It was a goal of this study to devise
sentences that children could produce on an initial try, and
this was the case over 80% of the time. If children made
errors or modifications, they corrected them on a second try
in nearly all cases. It should be noted, however, that teen-
agers produced both the adult and pediatric sentences quite
accurately, suggesting that either the adult or the child stim-
uli could be effective with adolescents. Using pediatric stim-
uli across childhood would promote continuity of care.

Cepstral/spectral measures calculated on the PAPE-V
sentences were consistent with previous findings. CPP values
for normophonic children fell within the typical range sug-
gested by past investigations (Infusino et al., 2015; Joshi et al.,
2025; Kent et al., 2021). Additionally, CPP values for children
with dysphonia were significantly smaller than those with
typical voices—reflecting poorer voice quality (Aghajanzadeh
& Saeedi, 2022; Aydinli et al., 2019). The relationships
observed between sentence types matched those reported in
adults—namely, that the soft glottal attack and nasal con-
sonant sentences displayed smaller CPP values than the
other sentences (Watts, 2015). Current CPP findings also
support past studies regarding the effect of age and sex on
these measures in children (Demirci et al., 2021; Infusino
et al., 2015; Kent et al., 2021). Specifically, CPP increases
with age (Heller Murray & Yucel, 2024), and sex differ-
ences emerge in adolescents—with male adolescents dis-
playing significantly larger values than female adolescents
(Fujiki et al., 2023; Joshi et al., 2025).

Current LHR findings are generally consistent with
the past study (Fujiki, Venkatraman, & Heller Murray,
2025). It has been previously documented that LHR
values increase across childhood; however, these changes
are of smaller magnitude and more gradual than those
observed with CPP (Demirci et al., 2021; Infusino et al.,
2015; Kent et al., 2021). Research suggests that LHR may
not be as sensitive as CPP to the presence of benign vocal
fold lesions in children (Fujiki et al., 2023). In the current
study, benign lesions tempered the typical increases in CPP
associated with development. This is likely because benign
lesions inhibit glottic closure and increase vocal breathiness

(Gramuglia et al., 2014), thereby masking the subtle decreases
in breathiness, which typically occur as children age.

It should be noted that no significant differences in
cepstral/spectral measures were observed across the PAPE-V
sentences and the adult CAPE-V sentences. This would indi-
cate that either stimulus set should produce similar acoustic
results. It should be remembered that children < 6 years of
age did not produce the adult stimuli with sufficient accu-
racy to be included in this analysis; thus, the pediatric stimuli
would be preferable in young children.

Spontaneous Speech Prompts

The ideal speech prompt should efficiently produce
as much phonation as possible. As such, longer duration
samples with maximum syllables produced are ideal. For
adolescents, pediatric and adult spontaneous speech prompts
elicited similar voice samples using all tested questions. For
younger children, however, samples varied across prompts.
Overall, the prompts, “Tell me about your family” and
“Tell me how to make a peanut butter and jelly sandwich,”
were most effective in eliciting connected speech. In contrast,
asking children to describe the Cookie Theft picture was less
efficient as children often paused to scan the picture when
responding. Similarly, asking “What is your favorite movie?”
often elicited minimal responses if children did not watch
movies, so this prompt was not included in the final version.
No single prompt was 100% effective across all children, but
most children produced sufficient samples without follow-up
questions. It is recognized, however, that all prompts, espe-
cially “Tell me how to make a peanut butter and jelly sand-
wich,” may need to be adjusted to reflect a child’s back-
ground, culture, and experience. A clinician may ask a child
to describe how any favorite food is made if they are not
familiar with peanut butter and jelly sandwiches.

Children’s behavior in medical assessments may be
variable and often difficult to predict. Factors such as shy-
ness, fatigue, distraction, or negative emotion may compli-
cate speech sample elicitation no matter how effective a
particular prompt might be. As such, there is likely no
spontaneous speech prompt that will work in 100% of situ-
ations, particularly with young children. In the current
study, however, the PAPE-V sentences and prompts elicited
speech samples that were sufficient for auditory-perceptual
voice assessment for children in all of the age groups.

Auditory-Perceptual Assessment Reliability

Raw auditory-perceptual ratings were significantly
higher for children with voice disorders across all parame-
ters. This indicates that overall, clinicians perceived that chil-
dren with benign vocal fold lesions sounded more dysphonic
than vocally healthy children. This was expected given that
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laryngeal pathology often results in dysphonic voice quality
(Aoki et al., 2021; Gramuglia et al., 2014). As clinicians
were blinded to each child’s vocal status, it was encouraging
that ratings reflected the worsening of voice quality that was
also captured by cepstral/spectral measures.

Overall, ICCs were in similar range to those previ-
ously reported in adults using the CAPE-V in comparable
numbers of voices and raters. Across all voices, study
findings confirmed past work suggesting that overall voice
quality is most reliably rated, and ratings of vocal strain
are most variable (Dahl et al., 2021; Zraick et al., 2011).
In the current study, ICCs were lower than those previ-
ously reported for adults across most parameters of voice
with the exception of breathiness, which was actually higher
than reported in past work (Zraick et al., 2011). Overall,
considering that relatively little is understood about what
constitutes “typical” voice quality in children, it is encour-
aging that rating reliability was relatively high for children
across the wide range of ages examined in this study. It
remains clear, however, that future study is warranted.

Variability analyses confirmed that overall voice
quality and breathiness were significantly more reliably
rated than roughness or strain. This might be expected
since it can be difficult to define specific vocal parameters
(Eadie & Doyle, 2002; Kreiman & Gerratt, 2000), and
past studies in adults indicate that overall voice quality is
more reliably rated than individual parameters of voice
(Dahl et al., 2021; Zraick et al., 2011). Interestingly, in
children, variability scores for breathiness were in a simi-
lar range to overall voice quality—suggesting that this
vocal parameter was rated with comparable reliability.
This may be because breathiness tends to be the most
common vocal deviation in children (Oliveira et al., 2011).
Additionally, breathiness may be easier to conceptualize than
other parameters of voice quality as this precept not only cor-
responds with acoustic measures but can also have direct phys-
iological underpinnings (Park et al., 2019). In fact, auditory-
perceptual ratings of breathiness strongly correlate with
acoustic voice measures in children with dysphonia (Fujiki
& Thibeault, 2021). This suggests that breathiness may be
one of the most salient features of pediatric voice disorders.

Ratings of overall voice quality were significantly
more reliable for children with voice disorders. This may
reflect the fact that auditory-perceptual voice assessments
have rarely been studied in children with typical voices,
and it is unclear what level of breathiness, roughness, or
strain might be expected. In fact, preliminary evidence
indicates that among normophonic school-aged children,
varying levels of breathiness and roughness may be per-
ceived by listeners (Aires et al., 2019). Thus, rater concep-
tualization of a typical pediatric voice might have been
somewhat individual (Kreiman et al., 2021). It is also
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possible that measuring weak percepts is difficult (Bele,
2005). Thus, small amounts of breathiness or strain in
normophonic voices may be more difficult to reliably
quantify. Still, overall voice quality was rated fairly reli-
ably across children with and without voice disorders.
That is, SLPs generally agreed about what sounded typi-
cal—and this usually aligned with voice status.

For breathiness and roughness, ratings were more
reliable for normophonic children when compared to
those with benign lesions. This likely reflects the fact that
although there was variation in what SLPs considered to
be normal voice quality, children with typical voices were
generally rated fairly low on these parameters. In contrast,
for children with voice disorders, ratings of breathiness
and roughness were more varied and of larger magnitude.
Thus, interrater reliability may have been lower because
of greater variation in children with voice disorders. It is
also possible that SLP’s internal standards to rate breathi-
ness and roughness were somewhat individual (Eadie &
Baylor, 2006; Gama et al., 2024; Silva et al., 2012; Yiu &
Ng, 2004). Additionally, parameters such as breathiness
and roughness may interact and complicate auditory-
perceptual assessment (Anand, 2025; Eddins et al., 2021;
Park et al., 2022). Preliminary evidence suggests that breath-
iness and roughness may be more reliably related when
anchor voices serve as external references (dos Santos et al.,
2019). This may be clinically challenging given that voices
change across childhood and sex, but further investigation
is warranted.

Vocal strain was the only vocal parameter to be
rated with similar reliability across children with and with-
out dysphonia. This likely reflects the fact that vocal strain
has historically been more difficult to rate than other vocal
parameters in adults (Solomon et al., 2011; Zraick et al.,
2011). In addition, it is unclear what level of vocal strain is
typical in children. Past investigation indicates that teachers
may perceive similar levels of vocal strain across children
with and without dysphonia (Simdes-Zenari et al., 2012).
Thus vocal strain is frequently present in children with
vocal fold nodules (Hron et al., 2019; Nuss et al., 2010),
and some level of strain may be present in typical voices as
well (Fujiki & Thibeault, 2024b).

Intrarater reliability was better than interrater reli-
ability in most cases. This would indicate that experienced
SLPs had consistent internal metrics of voice quality,
breathiness, roughness, and strain. No significant differ-
ences were observed between intrarater reliability in chil-
dren with and without voice disorders or sex—suggesting
that these internal metrics were fairly robust across popu-
lations. Future study may explore additional factors
influencing intrarater reliability in larger numbers of chil-
dren and raters.
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Both ICC and variability scores indicated that reli-
ability was better for auditory-perceptual voice ratings
made using pediatric stimuli as opposed to the adult
CAPE-V sentences; however, differences in variability
scores were not statistically significant given the strict
alpha utilized in this study. At minimum, this finding sug-
gests that pediatric stimuli were equally effective to the
adult sentences included in the CAPE-V. It should be
remembered, however, that the youngest age group could
not produce the adult sentences and auditory-perceptual
assessments were therefore only performed using the pedi-
atric stimuli. It is notable that reliability was better or
similar for auditory-perceptual assessments using the pedi-
atric sentences, and children as young as 3 years could
produce these sentences. It can be concluded that the pediat-
ric stimuli elicited an effective sample for auditory-perceptual
evaluations of voice. Future work may determine whether
all of the included tasks are essential (sentences, sustained
vowel, spontaneous speech) and determine the minimum
sample of spontaneous speech needed for reliable auditory-
perceptual assessment.

Some factors should be taken into consideration
when interpreting the current data. First, accuracy scores
were somewhat stringent and only considered for a child’s
first production attempt. This was done because clinic time
is frequently limited. It should be considered, however, that
accuracy would be higher if analyses considered children’s
second attempts at sentence production. For acoustic analy-
ses, the number of children with voice disorders was rela-
tively small across age groups. For auditory-perceptual
voice ratings, all raters were SLPs specialized in the treat-
ment of pediatric voice. Thus reliability might well be lower
among less experienced raters (Alves et al., 2024; Eadie &
Kapsner-Smith, 2011; Helou et al., 2010). Future study
should continue to probe the minimum duration of con-
nected speech needed for reliable auditory-perceptual voice
assessments as well as the scale type, which is most useful
clinically (Anand et al., 2025).

Conclusions

PAPE-V stimuli were developed and tested for
auditory-perceptual voice assessments across childhood.
Pediatric sentences were produced significantly more accu-
rately than sentences developed for adults. Accuracy was
over 80% for children 3 through 17 years of age. CPP cal-
culated on the PAPE-V sentences effectively separated
children with and without voice disorders and was sensi-
tive to the influence of age and sex. Spontaneous speech
prompts were also tested and found to elicit an average
of around 40 syllables of phonation over approximately
25-30 s in children 3-6 years of age. Speech samples were

longer for older children. Auditory-perceptual ratings of
voice significantly separated children with and without voice
disorders and displayed reliability levels similar to those pre-
viously reported for adults. For overall voice quality, reli-
ability was significantly higher for children with benign
vocal fold lesions when compared to those with typical
voices. Ratings of breathiness and roughness were signifi-
cantly more reliable in children with typical voices when
compared to those with dysphonia. Reliability for ratings of
vocal strain were similar across both groups. All findings
suggest that the PAPE-V stimuli are practical and effective
for auditory-perceptual assessments across childhood.
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