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Summary: Objectives/Hypothesis. The purpose of this study was to determine the effect of level and type of ex-
perience on the judgment of voice quality and to examine the correlation among acoustical measurements and percep-
tions of voice quality.
Study Design. This was a within-subjects group design.
Methods. Speech-language pathologists, singing voice teachers (SVTs), speech-language pathology graduate stu-
dents with and without experience with a voice client, graduate students who have completed a voice pedagogy course,
and inexperienced listeners (IEs) rated stimuli with systematically altered measurements of jitter, shimmer, and noise-
to-harmonics ratio (NHR) on a visual analog scale ranging from mild to severe for overall severity, roughness, breath-
iness, strain, and pitch.
Results. Results showed that the type of experience had an impact on judgments of voice quality more than the level of
experience. Also, jitter/shimmer combination stimuli and shimmer only stimuli frequently correlated with the ratings of
overall severity, roughness, and strain, and NHR stimuli correlated with ratings of breathiness across all groups. Only
IEs, SVTs, and their students had significant correlations for ratings of pitch with jitter/shimmer combination stimuli
having the highest correlations.
Conclusion. The conclusion was that the level and type of experience affect judgments of voice quality.
Key Words: Voice perception–Experienced listener–Listener agreement–Acoustical measures–Synthesized stimuli.

INTRODUCTION

Perception of communication is not only solely based on the
signal itself but also by the knowledge of the listener.1 When
studying sound quality, listeners judge what they hear based
on several attributes of interest specific to them.2 Internal stan-
dards, used for perceptual ratings, are defined as an individual’s
baseline for judgment, which is affected by his or her experi-
ence, memory, and/or attention.3,4 These internal standards,
or individual differences, are unstable and can lead to
disagreement, a specific sensitivity, or bias among listeners.5,6

The effect of internal standards on perceptions of voice qual-
ity is well documented.5,7–11 Specifically, with experience
affecting the internal standards of listeners, group selection
for perceptual experiments is essential. Expert listeners are
said to have access to a larger collection of information
related to voice quality perceptions when listening to and
judging voice quality as compared with inexperienced
listeners (IEs) with a varying educational background and
a lack of consistent experience with dysphonia.12

Researchers typically create their own operational definitions
of an expert or ‘‘experienced listener’’ ranging from job title
only (eg, speech-language pathologist [SLP] and phonetician)
to someone with 2 years of experience in the area of dyspho-
nia.13,14 These experienced listeners, or generally those who
are thought to have extensive background in the area of
voice/voice disorders, not only use different components
within the acoustical signal as compared with IEs14 but also
use additional resources within the signal.14,15

Most studies examining perceptions of voice quality have
used only the following judges: speech-language pathology
graduate students; listener groups containing both speech-
language pathology graduate students and more experienced
listeners such as SLPs experienced with dysphonia and/or
otolaryngologists; or experienced listeners with different types
of experience such as otolaryngologists, phoneticians, and
SLPs.3,4,9,10,12–14,16–23 Also, many studies did not have a
control group. Although speech-language pathology graduate
students may be easily accessible, there is evidence that they
differ in voice ratings as compared with SLPs with experience
in voice disorders. Voice quality ratings of vocal creak, instabil-
ity, deviation, and hypo/hyperfunctionality were significantly
different between SLPs with 2 years of experience and
speech-language pathology graduate students.24 Given the evi-
dence that 2 years of experience leads to differences in judg-
ment, speech-language pathology graduate students should
not be considered experienced listeners in the area of voice.
Past studies concluded that perceptions of voice are un-
reliable8,10,21; however, perhaps results are due to a true
difference in experience, or variability in background, which
has affected internal standards.
Results of a recent study indicated that when defining groups

using specific definitions of experience, there were significant
differences in agreement between experienced listeners and
IEs.25 Experienced listeners included SLPs and singing voice
teachers (SVTs). The SLPs were individuals with more than 3
years of experience with voice, spending 10 hours or more in
the area of voice each week; and SVTs were individuals who
were full members of the National Association of Teachers of
Singing (NATS). The IEs were individuals from various back-
grounds, with no previous experience in the area of voice in-
cluding singing training and/or previous voice treatment.
Overall, interrater agreement was significantly better for the ex-
perienced listener groups as compared with the IEs.
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In addition to the level and type of experience affecting lis-
tener judgments, several decades of research in the area of voice
perception show that the type of rating scale, the type of stimuli,
and the length of stimuli can also have an effect on the
listener.4,11,12,15,17,20,21,23,24,26–29 In fact, varying internal
standards (including level and type of experience), difficulty
isolating targeted attribute(s) in a multidimensional signal,
the type of scale being used to rate voice quality, and the
degree of the characteristic that is being measured account for
84.2% of the variance for listener agreement.20

The identifiedvariables not onlyaffect perceptual judgments of
voice quality but also correlations with acoustical measurements
of voice.4,11,12,15,17,20,21,23,24,26–31 Acoustical measurements
provide more objective information during evaluation and
treatment and confirm perceptions of voice quality,9 refining
initial perceptions.32,33 Experience not only affects one’s
perceptions of voice quality but also one’s capacity to ac-
curately pair subjective and objective measures of voice.33

Research studies determining which acoustical measurements
correlate with which perceptual judgments of voice quality
have been contradictory. Overall, there is a well-documented re-
lationship between perturbation measurements and disordered
voice34–40 and a well-documented relationship between noise
components and disordered voice.29,41,42 However, agreement
regarding specifics has been limited.29,34–42

With little agreement among authors, the exact relationship
between acoustical measures and perceptions of voice quality
remains unknown.43 This may be a result of questionable group
selection for experienced listeners and an inconsistent use of
various types of rating scales. The manner in which listeners
are asked to rate the signal can also affect the reliability of judg-
ments.20,23 Research shows that test-retest agreement was sig-
nificantly higher for ratings using continuous scales versus
equal-appearing interval (EAI) scales.20 Also, continuous
scales, direct magnitude estimation, and visual analog scaling
(VAS) do not assume linearity of voice quality perceptions.11

In fact, when listeners were using both VAS and EAI to rate
the same voice qualities, results indicated that judgments
made by the listeners using EAI were skewed and both scales
were only moderately correlated.44

Lastly, the type of stimuli presented during the rating task may
also be affecting perceptions of voice quality and their relation-
ship to objective measures. Acoustical measurements, spe-
cifically perturbation measurements and noise-to-harmonics
ratio (NHR), are highly correlated with one another27 giving ev-
idence of the limitations of using natural voices as stimuli. These
correlationsmake a relationship between a single acousticalmea-
sure and a single perception of voice quality impossible tofindbe-
cause a rise in any one acoustical measure may be due to the
presence of another. By systematically controlling one acoustical
aspect of the signal at a time, through the use of synthesized stim-
uli, a researcher can examine possible correlations between
perceptions of voice quality and objective measurements of
voice.27,45

Although there have been many studies in the area of percep-
tions of voice quality, the reviewed variables can affect percep-
tual judgments of voice quality, and then in turn, affect

correlations with acoustical measurements of voice. Despite
our knowledge of these factors affecting the perceptions of
voice quality, there are very few studies controlling for all of
the above-mentioned variables simultaneously. Most impor-
tantly, there are very few studies that address the differences be-
tween experienced and IEs for perceptions of voice quality.12

The effect of experience on listener perceptions of voice
quality needs to be determined for proper group selection be-
fore experimentation. All known variables that affect the per-
ceptions of voice quality need to be controlled to determine if
the differences in level and type of experience have an impact
on listener judgments. After the effect of experience is known,
then researchers can appropriately choose listeners for studies
aimed to examine relationships among acoustical measures
and perceptions of voice quality.

The purpose of this study was to determine the effect of ex-
perience on the judgment of voice quality and to examine the
correlation among acoustical measurements and perceptions
of voice quality among those listeners.

METHODS

Stimuli

One sample of sustained vowel /ɑ/ with normal voice quality
obtained from a female, aged 23 years, was synthesized using
the University of California, Los Angeles (UCLA) synthe-
sizer.46 This sample, originally recorded at the University of
Utah, was chosen because of its widespread use in other studies
as an anchor to control for internal standards. Also, the sample
was judged to be ‘‘normal’’ by SLPs who have experience in the
area of voice and voice disorders on the basis of quality, pitch,
and loudness.16,47–49

Using the UCLA voice synthesizer,46 this voice sample was
synthesized with a duration of 1 second and a constant funda-
mental frequency and amplitude. The newly synthesized file
was systematically altered by changing measurements of jitter,
shimmer, and NHR to create two sets of stimuli. The first set of
stimuli included variations of jitter and shimmer simulta-
neously in five evenly spaced intervals resulting in 25 stimuli.
Jitter was altered in increments of 0.75 ms (0–3 ms) and shim-
mer was altered in increments of 0.5 dB (0–2 dB). The second
set of stimuli included a variation of NHR in 10 evenly spaced
intervals resulting in 10 stimuli (�50 to 0 dB). The NHR was
altered in increments of 5 dB.

Combining jitter/shimmer stimuli and NHR stimuli resulted
in 35 total stimuli. Jitter, shimmer, and NHR combination stim-
uli were not generated for this study in an effort to control for
fatigue during the experiment. Aperiodicity and additive noise
components were altered separately to significantly reduce the
number of stimuli from 250 samples to 35 samples.

Listeners

There were six groups with 10 listeners in each group (n¼ 60).
The groups consisted SLPs, SVTs, speech-language pathology
graduate students who had completed a voice disorders course
and had not had a voice client (SLPGRADs), speech-language
pathology graduate students who had completed a voice
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