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Summary: Objective. In voice assessment, the evaluation of voice quality is a major component in which rough-
ness has received wide acceptance as a major subtype of abnormal voice quality. The aim of the present study was to
develop a new multivariate acoustic model for the evaluation of roughness.
Method. In total, 970 participants with dysphonia and 88 participants with normal voice were included. Concat-
enated voice samples of continuous speech and sustained vowel [a:] were perceptually judged on roughness severity.
Acoustic analyses were conducted on the voiced segments of the continuous speech sample plus sustained vowel as
well. A stepwise multiple linear regression analysis was applied to construct an acoustic model of the best acoustic
predictors. Concurrent validity, diagnostic accuracy, and cross-validation were verified on the basis of Spearman cor-
relation coefficient (rs), several estimates of the receiver operating characteristics plus the likelihood ratio, and iterated
internal cross-correlations.
Results. Six experts were included for perceptual analysis based on acceptable rater reliability. Stepwise multiple re-
gression analysis yielded a 12-variable acoustic model. A marked correlation was identified between the model and
the perceptual judgment (rs = 0.731, P = 0.000). The cross-correlations confirmed a high comparable degree of asso-
ciation. However, the receiver operating characteristics and likelihood ratio results showed the best diagnostic outcome
at a threshold of 2.92, with a sensitivity of 51.9% and a specificity of 94.9%.
Conclusions. Currently, the newly developed roughness model is not recommended for clinical practice. Further re-
search is needed to detect the acoustic complexity of roughness (eg, multiplophonia, irregularity, chaotic structure, glottal
fry, etc).
Key Words: Voice assessment–Voice quality–Roughness–Acoustic measurement–Auditory-perceptual judgment.

INTRODUCTION

The evaluation of voice quality in the acoustic voice signal is a
main component of clinical assessment and research. Rough-
ness is one of the major subtypes that refer to abnormal overall
voice quality. Some vocal pathologies are dominantly charac-
terized in roughness like laryngeal polyp,1 polypoid degeneration,1

Reinke edema,2 and ventricular dysphonia.2 The voice sound of
rough voices is produced by irregular vocal fold vibrations caused
by various laryngeal pathologies characterized by frequent, rapid,
and random changes of the regular movement patterns of the vocal
fold.3 A rough voice sound is a low-frequency aperiodic noise
with a chaotic waveform and clearly defined subharmonics. These
subharmonics have the intensities nearing the strength of fun-
damental frequency.3 The concept of roughness is auditory-
perceptually based. This is a behavioral response to a stimulus
or stimulus acoustic features in the voice sound. Voice clini-
cians generally use standardized and quantified judgment scales
like the grade, roughness, breathiness, asthenia, strain (GRBAS)

scale4 or the Consensus Auditory-Perceptual Evaluation of Voice
protocol.5 The evaluation of the voice sound is subjectively based,
and it induces notable intra-rater and inter-rater variability by
the listeners. There are many factors that influence the reliabil-
ity and accuracy of the perceptual evaluation.6 Despite all these
limitations, perceptual evaluation remains the candidate for
gold-standard assessment.6,7 First, voice quality is a perceptual
phenomenon that is related to the response of the brain to spe-
cific acoustic features in the voice sound. These acoustic features
are presumably related to periodicity prominence.8 Second, the
judgment scales are a simple and efficient method in daily clin-
ical practice to document the presence, degree, and progression
of any type of abnormal voice quality.8

In the past, several attempts were undertaken to develop various
kinds of instrumental methods to improve the validity and re-
liability in abnormal voice quality judgment. For several reasons,
acoustic measurements have received attention as a useful tool
in the voice quality assessment. Research indicates that acous-
tic measurements are the most frequently used diagnostic
instruments in the evaluation of voice disorders.9 The technol-
ogy used in acoustic measurement is noninvasive.10 Finally,
acoustic measurements are easy to use10 and have relatively low
costs.10,11 All in all, acoustic measurements might have the
potential to offer an objective adjunct to existing perceptual
assessments. On the one hand, acoustic measurements are
traditionally applied on sustained vowels and less in continu-
ous speech6; however, continuous speech approaches more
everyday conversation. The consideration of only one speech task
reduces the ecological validity in the judgment of voice quality.12

Furthermore, several studies showed poor reliability or poor doc-
umentation of improvement in voice quality using single acoustic
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measures.13,14 Additionally, many acoustic single parameters
revealed low or poor concurrent validity.3,15 A recent meta-
analysis showed only a moderate to strong correlation between
auditory-perceptual judgment of roughness for a few acoustic
markers (ie, 13 out of a possible 87 acoustic measures).3 The
most promising evidence of moderate to strong correlation co-
efficients between perceptual ratings of roughness and acoustic
measures was found in different frequency bands of the spec-
tral noise level (SNL),16,17 the second amplitude of a spectrum
(H2A),18 jitter factor,19 glottal-to-noise excitation ratio (GNE),20

amplitude variability index,21 and smoothed cepstral peak prom-
inence (CPPs).22,23 Generally, these six measures revealed the
highest effect size to objectively evaluate roughness for a larger
group of voice samples.3 A greater validity can be expected using
multivariate models with several acoustic markers.6 For the eval-
uation of roughness, Table 1 shows several attempts to create a
multivariate model as well.24–26 Relevant methodological fea-
tures, concurrent validity, and classification accuracy between
the acoustic measurement and the auditory-perceptual judg-
ment of roughness are listed there. The validity outcomes
demonstrated that these multivariate acoustic models reveal mod-
erate results in accuracy (59%–64%) and concurrent validity
(r = 0.77–0.80). However, all studies include small numbers
of subjects and considered only one speech task. A newly de-
veloped acoustic model for roughness must include both sustained
vowels and continuous speech to be considered ecologically valid.
A recent breakthrough in acoustic measurements was achieved
in two multivariate acoustic models for overall voice quality,
which included both speech tasks. They are called the Acous-
tic Voice Quality Index (AVQI)27 and the Cepstral Spectral Index
of Dysphonia.28,29 Both models showed sufficient results in
accuracy and reliability in detecting abnormal voice quality. A
literature review showed that these two acoustic models are valid
and robust tools in the evaluation of overall voice quality.6

The aim of the present study was to explore an acoustic mul-
tivariate model for the quantification of roughness, with the
auditory-perceptual judgment of roughness as criterion. This study
considered the following criteria of concatenated voice samples
(ie, by following the example of the AVQI): a large number of
voice samples, a rater panel with homogeneous and represen-
tative reliability, and various validity investigations.

METHOD

Participants

All participants were selected on an informed consent basis at
the otolaryngology caseload of the Sint-Jan General Hospital in
Bruges, Belgium. They were seen for an interdisciplinary oto-
laryngology and speech-language pathology assessment in the
period from October 2002 to February 2014. In total, 970 pa-
tients with dysphonia and 88 vocally healthy participants were
included in the study. The dysphonia group presented various
organic and nonorganic etiologies and various degrees in dys-
phonia severity. An Olympus ENF-V flexible transnasal chip-
on-tip laryngostroboscope (Olympus Medical Systems Europa
GmbH, Hamburg, Germany) was used to assess the dysphonia
diagnosis. Further details of the dysphonia group are presented
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