Voice Quality in Telephone Interviews: A preliminary Acoustic

Investigation
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Summary: Objectives. To investigate the impact of standardized mobile phone recordings passed through a
telecom channel on acoustic markers of voice quality and on its perception by voice experts in normophonic
speakers.

Methods. Continuous speech and a sustained vowel were recorded for fourteen female and ten male normo-
phonic speakers. The recordings were done simultaneously with a head-mounted high-quality microphone and
through the telephone network on a receiving smartphone. Twenty-two acoustic voice quality, breathiness and
pitch-related measures were extracted from the recordings. Nine vocologists perceptually rated the G, R and B
parameters of the GRBAS scale on each voice sample. The reproducibility, the recording type, the stimulus type
and the gender effects, as well as the correlation between acoustic and perceptual measures were investigated.
Results. The sustained vowel samples are damped after one second. Only the frequencies between 100 and
3700Hz are passed through the telecom channel and the frequency response is characterized by peaks and
troughs. The acoustic measures show a good reproducibility over the three repetitions. All measures significantly
differ between the recording types, except for the local jitter, the harmonics-to-noise ratio by Dejonckere and
Lebacq, the period standard deviation and all six pitch measures. The AVQI score is higher in telephone record-
ings, while the ABI score is lower. Significant differences between genders are also found for most of the meas-
ures; while the AVQI is similar in men and women, the ABI is higher in women in both recording types. For the
perceptual assessment, the interrater agreement is rather low, while the reproducibility over the three repetitions
is good. Few significant differences between recording types are observed, except for lower breathiness ratings on
telephone recordings. G ratings are significantly more severe on the sustained vowel on both recording types, R
ratings only on telephone recordings. While roughness is rated higher in men on telephone recordings by most
experts, no gender effect is observed for breathiness on either recording types. Finally, neither the AVQI nor the
ABI yield strong correlations with any of the perceptual parameters.

Conclusions. Our results show that passing a voice signal through a telecom channel induces filter and noise
effects that limit the use of common acoustic voice quality measures and indexes. The AVQI and ABI are both
significantly impacted by the recording type. The most reliable acoustic measures seem to be pitch perturbation
(local jitter and period standard deviation) as well as the harmonics-to-noise ratio from Dejonckere and Lebacq.
Our results also underline that raters are not equally sensitive to the various factors, including the recording type,
the stimulus type and the gender effects. Neither of the three perceptual parameters G, R and B seem to be reli-
ably measurable on telephone recordings using the two investigated acoustic indexes. Future studies investigating
the impact of voice quality in telephone conversations should thus focus on acoustic measures on continuous
speech samples that are limited to the frequency response of the telecom channel and that are not too sensitive to
environmental and additive noise.
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INTRODUCTION

The labor market is undergoing significant changes, particu-
larly following an increase in job losses exacerbated by the
COVID-19 health crisis."” Among these changes and
thanks to technological advances, a rise in telework is
observed, along with an increasing popularity of digital
recruitment procedures (eg video CVs, online and telephone
interviews).”
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Among the emerging digital selection procedures, online
interviews can consist of live interviews involving both the
applicant and the recruiter, but also of asynchronous inter-
views where the jobseeker records themselves answering a
prespecified set of questions.® Similarly, video resumes are
short recordings of the applicant presenting their experien-
ces and skills. Unlike their paper counterpart, videos pro-
vide visual and auditory clues about the applicant’s
personality, social skills and mental capacity.” These can
lead to non-job-related biases in the selection process, eg
based on the applicant’s perceived attractiveness. Next to
videos, telephone interviews, including only the audio chan-
nel, are also used to screen/preselect candidates.'’'* Studies
comparing interview modalities have shown that telephone
interviews filter visual cues that can have a negative impact
on the applicant evaluation and thereby yield more favor-
able evaluations as compared to face-to-face or video
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meetings, especially for “less attractive applicants”.
Indeed, attractiveness is assimilated to other socially and
professionally desirable features, which is commonly
referred to as the “what is beautiful is good” stereotype or
“halo effect”;'? its opposite is known as the “horn effect”,
where a negative aspect radiates over other ones.'* In addi-
tion to visual parameters, another factor influencing the
recruiter’s perception is the applicant’s voice.'""'>'® Voice
characteristics induce personality judgments (eg kindness,
trustworthiness), both in voice-disordered'” > and in
healthy talkers.”' ~** This cognitive voice-induced bias thus
occurs in our daily verbal interactions and is of great socie-
tal importance, including in recruitment.'’ Some organiza-
tions have used the influence of voice in the personnel
selection as a commercial argument (eg voicesense and pre-
cire;  https://www.voicesense.com/,  https://precire.com/
human-resources/?lang=en). The tuning of certain voice
parameters can be coached to induce positive impressions,
eg by avoiding a slow speech rate and high pitch (indicating
stress”") and using low pitch (leadership™) and a loud voice
with large volume variations (confidence”®).

Various studies have investigated the effects of vocal
attractiveness on the listener, using perceptual ratings (eg'’)
or acoustic pitch, volume and speech rate measures. >’
Voice signal manipulation studies have also been carried out,
showing that reducing a voice’s acoustic distance to the aver-
age timbre and pitch increases its attractiveness.”® In the
social signal processing domain, prosody is a favored factor”’
shown to have a higher influence than linguistic and visual
aspects on the applicant’s appreciation.”’ However, these
studies mostly rely on multimodal deep learning models
trained on databases to provide automatic predictions of
hireability.”’ > While they are valuable prediction tools,
they are less suitable to identify the fine-grained voice param-
eters that influence the hireability ratings (“black box™ issue).
Moreover, few studies’ have investigated the contribution of
voice quality acoustics to vocal attractiveness, let alone their
importance in the hiring process.'' Most studies indeed focus
on prosody-related voice parameters such as pitch and
loudness.”*** While extensive literature is available on attrac-
tiveness in the personnel selection domain, the present study
is preliminary to a project that specifically focuses on the
aspect of voice in the recruitment process.

Passetti et al.”> have analyzed the effect of telephone
transmission on the perception of voice quality, demonstrat-
ing higher ratings on supralaryngeal (eg nasality, overall
muscular tension), laryngeal (eg creaky, harsh voice) and
suprasegmental settings (eg prosody, temporal organiza-
tion). The audio signal received by the employer might thus
influence the perception of the candidate’s vocal attractive-
ness — either in a negative or in a positive way (eg if the
high-frequency noise in breathy voices is not transmitted
accurately,’® similarly to what has been described in voice
signals filtered by a facemask”’).

Numerous authors have analyzed the validity of speech
and voice quality measures on mobile phone recordings

with low- and high-end phones being used as a digital
recorder.”® 7 Some also investigated the effect of the trans-
mission through telecommunication channels on the predic-
tion accuracy of automatic detection systems in various
pathologies (eg vocal fold paralysis,***’ Parkinson’s
disease,”™" vocal fold carcinoma®’). Fewer have concen-
trated on measure-by-measure comparisons between tele-
phone-quality and traditional high-quality recordings’*”
using standardized telephone calls, while Mundt et a
demonstrated that the telephone standardization is critical
to obtain reliable voice data.

To our knowledge, no study addressed the impact of stan-
dardized mobile phone calls on normophonic (ie without
vocal complaints) voices, using measure-by-measure com-
parison to characterize the distortions in normophonic voice
samples before investigating pathological samples. Yet, tele-
phone conversations involve a double source of direct signal
alteration: the characteristics of the internal microphone
(usually microelectricalmechanical system [MEMS] or elec-
tret microphones™*) and the frequency response of the tele-
com channel (which is generally said to range from 250-300
to 3000-3800 Hz >*°). It thus seems necessary to first char-
acterize this signal alteration without the additional inherent
particularities of pathological voice signals.

Hence, the present preliminary study aims to prepare the
acoustic part of the methodology for the larger project by
investigating the impact of standardized mobile phone
recordings passed through a telecom channel on acoustic
markers of voice quality and on its perception by voice
experts in normophonic speakers. Our main hypothesis is
that voice signals passed through this modality will be sig-
nificantly altered and added with noise components which
will be picked up by acoustic voice quality and breathiness
indexes. Furthermore, we hypothesize that this acoustic
alteration will significantly impact the perception of voice
parameters by experienced vocologists, leading either to
worse ratings due to the added noise components, or, on the
contrary, to less severe ratings as the telecom channel filters
out important frequencies for voice perception.

This investigation will then be useful when considering
the acoustic analysis of dysphonic voice signals in telephone
conversations,eg for screening purposes’°>°® or, in our
case, when studying the impact of voice quality in telephone
interviews.
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METHODS

Dataset collection
Speakers
Recruitment was done via word-to-mouth. Recruited sub-
jects had to be adult, non-smoking, native French speakers,
with no past or present self-reported nor perceived voice dis-
order and no voice-related profession.

The final dataset is composed of 14 female and 10 male
speakers, with a median age of 29 years (inter-quartile range
[IQR]: 26.75-34, min=18, max=57).
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Voice samples
Each participant read aloud two sentences of Harmegnies
and Landercy’s phonetically balanced text”’ — used in the
validation study for the Acoustic Voice Quality Index 03.01
in French™® — followed by a sustained vowel [a] for at least
three seconds. This sequence was repeated three times in a
row to allow investigating the reproducibility of acoustic
and perceptual evaluations.

The recordings were done in a quiet room, simultaneously
with two microphones:

- Directly, with a head-mounted AKG C544 cardioid
condenser microphone (frequency response 20 Hz-20
kHz) at about 3-6 cm from the speaker’s lips, using a
Focusrite Scarlett 2i2 3™ generation USB audio inter-
face and an Apple MacBook Pro.

- Through the telephone network, with an iPhone 13. At
the receiving end, an Asus Zenfone 4 Max ZC520KL
smartphone was used with its microphone disabled, in
a different room, to record the incoming signal.

All recordings were digitized at a sample rate of 48 kHz,
and 16 bits of resolution (mono-recording), as suggested by
Chial.”” The sound files were recorded in the lossless WAV
format.

White noise was also recorded with both microphones to
provide a baseline of their frequency response for the subse-
quent acoustic analysis. The white noise was played for 60
seconds on a single Audioengine A5+ speaker (frequency
response 50 Hz-22 kHz +- 1.5 dB) in a quiet room, with
both microphones placed at 6 cm from the output.

It was observed that the sustained vowel /a/, when passed
through the telecom channel, is affected by the noise-reduc-
ing algorithms. Indeed, after one to two seconds, the sound
is damped (eg Figure 1). Hence, the acoustic and perceptual
analyses could not be carried out on the whole three sec-
onds; in order to allow for comparisons between the values
obtained on each recording type, both the AKG and the
telephone recordings were trimmed to keep only the initial
undamped second of the sustained vowel.

Acoustic analysis

White noise

A Fast Fourier Transform spectrum was obtained via Praat
for the white noise recordings by both microphones, with a
subsequent cepstral smoothing (bandwidth of 500 Hz).

Voice quality

The Acoustic Voice Quality Index (AVQI)**' and the
Acoustic Breathiness Index (ABI)°*® are both recent
indexes based on literature reviews of valid acoustic voice
quality measures. They correspond to the G and B scores of
the GRBAS scale, respectively,®” and have been validated
in many languages (eg”®~’"), among which in French™ for
the AVQI. Our own literature review confirmed that their
constituent measures cover the most common and recent

measures, which were also used in a recent validity investi-
gation’” and most of which have been found to be the most
robust measures of vocal roughness and breathiness.”” In
the numerous studies validating both tools for dysphonic
voices, normophonic voice samples were used concomi-
tantly to statistically determine the pathological threshold.
Hence, scores below the pathological threshold predict a GO
rating. The most investigated among the two indexes, the
AVQI, has also been used in studies on normophonic
voices”’*7> and as a screening tool on slightly dysphonic
voices.”

In addition, pitch measures were also extracted in our
study,””’’” resulting in a total of 22 measures listed in
Table 1.

Auditory-perceptual assessment

Nine vocologists with at least ten years of experience in the
perceptual assessment of voice®’ were recruited. Most of
their patients consult for a voice disorder (between 50 and
100%). Five of them have more than 20 years of experience
in the field of voice and its perceptual assessment, the
remaining four have more than 10 years of experience. By
virtue of their profile, all nine vocologists are frequently
associated with voice studies as scientific collaborators.
Eight of the nine vocologists are both active in voice pathol-
ogy and in coaching for the singing voice (ie experience with
normophonic voices/voice optimization).

These experts perceptually assessed all 288 voice samples,
ie the three repetitions by each of the 24 participants of both
a sustained vowel and continuous speech, recorded by the
AKG microphone and by the telephone.

Each sample was perceptually assessed using the three
most reliable parameters of the GRBAS scale: G, R and
B.”*~*! While high scores were not expected for our normo-
phonic voice samples, it has been shown that the average
overall grade (G) of normophonic speakers is close to one
on the 0-3 scale,” highlighting the inherently variable
nature of what can be considered as a normophonic voice.
Therefore, normophonic speech and voice samples should
not be presumed to be 100% accurate or “perfect”.

The listeners were provided with detailed instructions to
carry out the experiment remotely, using headphones in a
quiet room. The experiment was implemented through
Praat using a script adapted from Mayer™ to present all the
sound files in a random order and allow the expert to rate
each parameter on a scale from 0 (normal voice) to 3
(severely dysphonic/rough/breathy voice); replay of the
sound files was also available.

The listening experiment lasted about one to one and a
half hour.

Statistical analysis

All statistical analyses were carried out using Stata/MP soft-
ware (version 14, StataCorp, College Station, Texas). The
significance level was set to 5% (P<0.05).
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FIGURE 1. Example of a sustained vowel /a/ from the telephone recording of an 18-year-old man, with an abrupt damping around 1.45

seconds.

Results of the Shapiro-Wilk normality test led to the rejec-
tion of the Gaussian distribution null hypothesis for most of
the acoustic measures and for all perceptual ratings. Hence,
nonparametric tests were used for all statistical analyses.

The following statistical comparisons were all carried out
separately on the AKG and on the telephone recordings,
and on the continuous speech and sustained vowel samples
for the perceptual ratings.

The reproducibility of both acoustic measures and per-
ceptual ratings over the three repetitions was assessed using
Friedman’s test. Bonferroni-corrected Durbin-Conover’s
pairwise comparison was used to identify the significant

differences between the repetitions (P<0.017 for three pair-
wise comparisons).

The interrater agreement for the perceptual ratings was
assessed using Kendall’s coefficient of concordance for the
three parameters (G, R, B). The coefficients of concordance
were interpreted according to®*: 0-0.20=slight, 0.21-
0.40=fair, 0.41-0.60=moderate, 0.61-0.80=substantial and
0.81-1=almost perfect/perfect agreement.

To investigate the influence of the recording type (AKG
vs. telephone recordings) on the acoustic measures and on
the perceptual ratings, Wilcoxon’s signed-rank test for
paired samples was used.



TABLE 1.

Acoustic Measures of Voice Quality Used in the Present Study

Type Measure Abbreviation Definition
AvQl Index Acoustic Voice Quality Aval Six-variable acoustic index for quantitative
Index 03.01 (AvQl) assessment of the overall severity of dysphonia (0: normo-
phonic voice — 10: severely dysphonic); based on the record-
ings of a sustained vowel and read sentences
Short-term amplitude Shimmer local SHIM Amplitude perturbation measure: mean absolute deviation of the
perturbation amplitudes of consecutive periods divided by the average
amplitude
Shimmer local dB SHIM-DB Absolute mean of the base-10 logarithm of the difference
between the amplitudes of consecutive periods, multiplied by
20
LTAS LTAS tilt TILT Energy difference of the regression line between 0-1000 Hz and
1000-10000 Hz across the long-term average spectrum (LTAS)
LTAS slope SLOPE Energy of the low frequencies (0-1000 Hz) divided by that of the
high frequencies (1000-10000 Hz) across the LTAS
Additive noise and HNR HNR Base-10 logarithm of the ratio between the periodic energy and
harmonicity the noise energy, multiplied by 10
ABI Index Acoustic Breathiness Index  ABi Nine-variable acoustic index for quantitative
(ABI) assessment of vocal breathiness (0: normophonic voice — 10:
very breathy voice); based on the recordings of a sustained
vowel and read sentences
Short-term amplitude per- Shimmer local SHIMLOC Amplitude perturbation measure: mean absolute difference of
turbation measures the amplitudes of consecutive periods divided by the average
amplitude
Shimmer local dB SHIMLOC-DB Absolute mean of the base-10 logarithm of the difference
between the amplitudes of consecutive periods, multiplied by
20
Short-term frequency per- Jitter local JITTERLOC Frequency perturbation measure: mean absolute difference
turbation measures between consecutive periods divided by the average period
Period standard deviation PSD Variation in the standard deviation of periods
Additive noise and GNEmax-4500 HZ GNE Glottal-to-noise-excitation ratio with a maximum frequency of
harmonicity 4500 Hz
High-frequency noise 0-6 HFNO Relative level of high-frequency noise between energy from 0 to
kHz/6-10 kHz 6 kHz and energy from 6 to 10 kHz
HNR-D HNR-D Harmonics-to-noise ratio from Dejonckere and Lebacq, analyzes
the harmonic emergence between 500 Hz and 1500 Hz (formant
zone of [a]), using a cepstral analysis to determine FO and to
localize the harmonic structure in the LTAS
Amplitude difference H1-H2  H1-H2 Amplitude difference between the first and second harmonics; a

higher H1 — H2 value (dominance of the first harmonic) has
been linked to a breathier voice

(Continued)
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TABLE 1.

Abbreviation Definition

Measure

Type

Distance between the amplitude of the cepstral peak and the

CPPS

Cepstral peak prominence

Additive noise and

AVQl & ABI

amplitude of the point having the same quefrency on the

smoothed

harmonicity

regression line through the smoothed cepstrum; evaluates the
vocal signal without relying on identifying the fundamental

period
Average FO over the continuous speech recording

MEANPITCH_CS

Mean pitch continuous

Pitch measures Fundamental frequency

speech
Standard deviation pitch

Standard deviation of FO over the continuous speech recording

SDPITCH_CS

continuous speech
Pitch variability continuous

Standard deviation of FO divided by the average FO over the con-

PITCHVAR_CS

tinuous speech recording
Average FO over the sustained vowel recording

speech
Mean pitch sustained vowel

Standard deviation pitch

MEANPITCH_SV
SDPITCH_SV

Standard deviation of FO over the sustained vowel recording

sustained vowel
Pitch variability sustained

Standard deviation of FO divided by the average FO over the sus-

PITCHVAR_SV

tained vowel recording

vowel

Notes: The shimmer measures in the AVQl and ABI are identical, except for one Praat setting: pitch floor and ceiling (respectively 50 Hz and 400 Hz in the AVQlI, 70 Hz and 600 Hz in the ABI).

The Wilcoxon signed-rank test was also used to compare
the perceptual ratings on the continuous speech and on the
sustained vowel samples, for each rater. This analysis was
carried out on the second repetition.

Gender differences in the acoustic measures and in the
perceptual ratings were assessed using the Wilcoxon Mann-
Whitney test.

Eventually, spearman correlations were carried out
between the AVQI and ABI and the G, R and B ratings,
separately for each judge. As the perceptual ratings were
made separately on the continuous speech and sustained
vowel samples while the acoustic indexes are computed on
their concatenation, the perceptual ratings were averaged
over each pair. The spearman correlations were interpreted
according to Prion and Haerling®: r, 0-0.20=negligible,
0.21-0.40=weak, 0.41-0.60=moderate, 0.61-0.80=strong
and 0.81-1.00 = very strong correlation.

Ethical Considerations

This study was approved by the Ethics Committee of the
Faculty of Psychology, Speech Therapy, and Education at
the University of Liege. All the participants whose data
were used for this study had given their informed consent
(signed form) for the use of their data for research purposes.
This study was carried out in accordance with the Code of
ethics for speech therapists.*®

RESULTS

White noise
Figure 2 shows the long-term average spectra for the 60 sec-
onds of white noise recorded by the AKG head-set micro-
phone, by the iPhone 13 as a direct voice recorder, and by
the Asus Zenfone through the telecommunication channel.
The resulting frequency ranges for each recording type are
shown in Table 2.

On the telephone recordings, as noted for the sustained
vowel, the white noise is damped after one second.

Acoustic voice quality

The median and interquartile range (IQR) for each acoustic
measure are reported by repetition, by recording type and
by gender (Tab. A.1 (Appendix)) as well as for each repeti-
tion x recording type x gender combination (Tab. A.2
(Appendix)), in Appendix A.

Reproducibility
Table 3 shows the median and interquartile range for all
acoustic measures over the three repetitions.

For the AKG recordings, only the sHIMLOC measure signif-
icantly differs between the three repetitions (Q [2] = 6.13,
P=0.047), more specifically between the first and second
repetitions (T,=2.509, P=0.016).

For the telephone recordings, two measures significantly
differ:
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FIGURE 2. Long-term average spectra for the 60 seconds of white noise recorded by the AKG headset microphone (solid line), the iPhone
13 (dotted line), the Asus Zenfone (dashed line), as well as for the first, undamped second of the Asus Zenfone (dashed-dotted line).

TABLE 2.
Frequency Range and Response for the Three Recording Types

Source Frequency range Frequency response Observations

AKG headset microphone 50-19000 Hz 23.5 —35.8dB Slightly sloping frequency response

iPhone 13 as direct voice recorder 150-15700 Hz 29.8 — 35.5dB Dip from 11300 to 13700 Hz, peak at
15482 Hz

Asus Zenfone (through telecom 100-3700 Hz -8.4—1.3dB Three peaks (417 Hz, 1392 Hz, 3596 Hz)

channel)

- cpps (Q [2] = 6.08, P=0.048), more specifically the first
and third repetitions (T»,=2.57, P=0.013);

- it (Q [2] = 8.33, P=0.016): more specifically the first
and third repetitions (T,=3.11, P=0.003).

Recording type
In light of the reproducibility of the values, the comparisons
between the recording types were made on the second repe-
tition only, to avoid unnecessary averaging. The median
and IQR for all acoustic measures on the AKG and on the
telephone recordings are shown in Table 3.

The statistical analysis showed that all measures significantly
differ between the recording types, except for ITTERLOC, HNR-D,

psD and all six pitch measures (mean, standard deviation and
variability on continuous speech and on the sustained vowel).
The following measures are higher in AKG recordings:
SLOPE, HNR, ABI, GNE, H1-H2 and cPps.
The following measures are higher in telephone recordings:
AVQI, SHIM, SHIM-DB, TILT, SHIMLOC, SHIMLOC-DB and HFNO.

Gender effect
The comparisons between men and women were also made
on the second repetition only. The median and IQR values
for each acoustic measure in men and women for the AKG
and for the telephone recordings are shown in Table 4.

The statistical analysis showed that all measures differ
between men and women, except for the following: cpps,



TABLE 3.

Median (Med) and IQR for Each Acoustic Measure Over the Three Repetitions, in the AKG and in the Telephone Recordings. Asterisks Indicate the Values that
Significantly Differ (*=P<0.05, **=<0.01) Over the Repetitions (Underlined) or Between Recording Types (Bold); in Gray, the Values for the Second Repetition
Used to Compare the Recording Types

AKG Telephone

Measure Repetition 1 (N=24) Repetition 2 (N=24) Repetition 3 (N=24) Repetition 1 (N=24) Repetition 2 (N=24) Repetition 3 (N=24)

med IQR med IQR med IQR med IQR med IQR med IQR
AVQl
AVl 2.36 0.83 2.41*%* 0.99 2.23 0.79 3.00 0.68 2.89** 0.61 2.81 0.88
SHIM 6.55 2.05 6.23** 2.07 6.20 1.16 9.28 1.78 9.59** 2.14 9.20 2.47
SHIM-DB 0.67 0.13 0.63** 0.15 0.63 0.12 0.93 0.13 0.94** 0.15 0.94 0.16
TILT -11.65 1.00 -11.65%* 0.94 -11.36 0.92 -13.75* 0.76 -13.75%* 0.88 -13.84* 0.56
SLOPE -24.02 4.92 -24.52%* 4.48 -24.52 4.28 -19.89 4.27 -20.27%* 5.01 -19.29 4.83
HNR 17.52 2.81 17.99*%* 2.13 17.93 3.07 14.73 2.66 14.86** 2.66 14.94 2.76
ABI
ABI 3.1 1.29 3.02%* 1.02 2.77 1.05 1.67 0.85 1.65%* 1.08 1.69 1.50
SHIMLOC 6.56* 1.72 5.80*/** 2.25 6.07 1.33 9.21 2.19 9.54** 1.46 9.09 2.18
SHIMLOC-DB 0.63 0.09 0.61** 0.13 0.61 0.14 0.90 0.13 0.94** 0.13 0.91 0.14
JITTERLOC 1.98 0.67 1.90 0.58 1.91 0.65 1.88 0.37 1.81 0.40 1.86 0.50
PSD 0.001 0.0003 0.0009 0.00025 0.00085 0.0003 0.001 0.0003 0.0008 0.0002 0.00095 0.0003
GNE 0.89 0.06 0.89** 0.05 0.89 0.06 0.88 0.04 0.86** 0.04 0.86 0.09
HFNO 2.20 0.17 2.16%* 0.22 2.18 0.23 4.07 0.55 4.13%* 0.44 4.05 0.55
HNR-D 24.56 7.22 24.89 7.74 24.10 6.24 25.77 8.20 25.18 7.63 25.80 6.94
HT1-H2 2.87 4.14 3.34** 4.84 3.49 4.46 -1.64 11.75 -2.03** 11.00 -1.64 9.56
AVQl & ABI
CPPS 12.76 1.26 12.81%* 1.63 13.34 1.51 11.99*% 0.80 11.90** 0.91 12.14* 1.13
Pitch
MEANPITCH_cS 204 107 199 101 194 103 206 102 200 102 194 104
SDPITCH_CS 30 26 30 23 27.24 22 31 21 29 20 31 23
PITCHVAR_CS 0.16 0.07 0.16 0.06 0.16 0.07 0.15 0.08 0.17 0.06 0.16 0.08
MEANPITCH_SV 168 88 166 87 163 90 167 88 156 85 163 90
SDPITCH_SV 1.38 0.85 1.19 0.97 1.21 0.79 1.41 0.92 1.22 1.06 1.20 0.83
PITCHVAR_SV 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00
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TABLE 4.

Median (Med) and IQR for Each Acoustic Measure in Men and Women on the Second Repetition, in the AKG and in the
Telephone Recordings. Asterisks Indicate the Values that Significantly Differ Between Genders (*=P<0.05, **=<0.01)

Measure AKG Telephone

Women (rep 2, N=14) Men (rep 2, N=10) Women (rep 2, N=14) Men (rep 2, N=10)

median IOR median IOR median IOR median IOR

AVQl
Aval 2.19 0.97 2.52 0.75 2.77 0.50 3.18 0.50
SHIM 5.35*%* 2.09 7.23%* 1.76 9.21 1.69 10.18 1.28
SHIM-DB 0.56** 0.13 0.70** 0.20 0.91* 0.13 1.00* 0.12
TILT -11.38 0.79 -11.74 1.03 -13.63 0.83 -13.80 0.70
SLOPE -24.52 4.49 -24.61 5.57 -20.52 4.84 -19.42 5.565
HNR 18.69%* 2.26 16.58%* 2.67 15.72*%* 1.71 13.20** 2.18
ABI
ABI 3.44** 0.57 2.47*%% 0.56 1.98%* 0.67 1.01%* 0.66
SHIMLOC 5.37** 1.05 7.51%* 2.10 9.07* 1.24 10.01* 1.36
SHIMLOC-DB 0.58** 0.11 0.71** 0.16 0.91 0.14 0.98 0.14
JITTERLOC 1.70%* 0.39 2.34%* 0.44 1.74*% 0.45 2.06* 0.45
PSD 0.00085* 0.0003 0.001* 0.0001 0.0008* 0.0002 0.001* 0.0002
GNE 0.88 0.04 0.91 0.08 0.85 0.07 0.88 0.03
HFNO 2.1 0.19 2.28 0.23 4.12 0.46 4.17 0.47
HNR-D 26.83** 2.22 18.93%* 1.36 26.61%* 1.86 19.17** 1.77
HT1-H2 4.89* 4.23 1.87* 3.06 1.33*%* 5.10 -9.47%* 3.04
AVQI & ABI
CPPS 12.88 1.95 12.59 0.84 12.22 0.88 11.75 0.62
Pitch
MEANPITCH_CS 215*%* 10 113** 7 216** 14 112*%* 11
SDPITCH_CS 38** 6 14%** 10 38** 19 15%* 11
PITCHVAR_CS 0.18* 0.03 0.12* 0.07 0.18 0.08 0.14 0.07
MEANPITCH_SV 191** 36 103** 8 190** 40 103** 8
SDPITCH_SV 1.50 1.24 1.00 0.39 1.73* 1.16 0.98* 0.45
PITCHVAR_SV 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00

GNE, HFNO, SHIMLOC-DB(telephone), sHiM(telephone), SLOPE,
TILT, AVQI, PITCHVAR_CS(telephone), sppircH_sv(akg) and
PITCHVAR_SV.

The following acoustic measures show higher values in
men: SHIM(AKG), SHIM-DB, SHIMLOC, SHIMLOC-DB(AK G), 11T-
TERLOC and PSD.

The following acoustic measures show higher values in
women: HNR, ABI, HNR-D, H1-H2, MEANPITCH_CS, SDPITCH_CS,
PITCHVAR_CS(AKG), MEANPITCH_SV and SDPITCH_sv(tele-
phone).

Auditory-perceptual assessment

Interrater agreement

Kendall’s coefficient of concordance ranged from 0.15 to
0.35, indicating only a slight to fair interrater agreement,
which will be discussed hereafter. Hence, no averaging was
carried out across the raters and the following analyses were
carried out considering each rater independently.

Reproducibility
The analysis of the reproducibility of the perceptual ratings
(grade, roughness, breathiness) over the three repetitions for

each rater showed no significant difference, neither for the
telephone recordings nor for the AKG recordings (see
Table 5 for rating frequencies over all raters), neither for the
continuous speech recordings nor for the sustained vowels.

Recording type
Again, in light of the reproducibility of the ratings, the com-
parisons between the recording types were made on the sec-
ond repetition only.

The results, synthesized in

Table 6, show few significant differences between the rat-
ings on the AKG and the telephone recordings. One excep-
tion is observed for breathiness, which is rated significantly
less severely on telephone recordings by six of the nine
raters.

The overall percentages for all raters on repetition two on
the AKG and on the telephone recordings are shown in
Table 5.

Stimulus type
The statistical analysis, synthesized in Table 7, showed that
the G ratings are significantly more severe on the sustained
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TABLE 5.
Voice Quality Ratings Over the Three Repetitions in AKG and in Telephone Recordings
AKG Telephone
Rep 1(N=432) Rep2(N=432) Rep3(N=432) Rep1(N=432) Rep2(N=432) Rep 3(N=432)
Grade 0 44% 41% 48% 50% 53% 52%
1 43% 46% 39% 36% 34% 35%
2 11% 11% 11% 12% 11% 1%
3 2% 2% 2% 2% 2% 2%
Roughness 0 60% 60% 62% 55% 53% 51%
1 28% 28% 27% 30% 33% 34%
2 8% 9% 7% 10% 8% 10%
3 4% 3% 4% 5% 6% 5%
Breathiness 0 46% 44% 47% 67% 69% 70%
1 40% 41% 40% 22% 21% 21%
2 9% 10% 10% 10% 9% 8%
3 5% 5% 3% 1% 1% 1%

TABLE 6.

Frequencies of Higher G, R and B Ratings (P<0.05) on AKG Recordings, on Telephone Recordings and Non-Significant Dif-
ferences, Both in Continuous Speech and in Sustained Vowels

N=9 AKG score > telephone Telephone score > AKG No difference
Continuous speech G 1 0 8
R 0 0 9
B 2 0 7
Sustained vowel G 2 0 7
R 0 2 7
B 6 0 3

vowel samples for almost half of the raters, on both record-
ing types. The roughness and breathiness parameters are
slightly less equivocal on the AKG recordings.

On the telephone recordings, roughness is more severely rated
on sustained vowels by a majority of the raters, while breathi-
ness ratings seem to be less influenced by the stimulus type.

The overall percentages for all raters on repetition two on
the continuous speech and on the sustained vowel samples
are shown in Table 8.

TABLE 7.

Gender effect

The statistical analysis showed that the G parameter was
rated significantly higher in men by three raters on the tele-
phone recordings, while no significant difference was mea-
sured for AKG recordings. Roughness was rated
significantly higher in men by four raters on the AKG
recordings and by five raters on the telephone recordings.
No difference was found between genders for breathiness,
neither on the AKG nor on the telephone recordings.

Frequencies of Higher G, R and B Ratings (P<0.05) on Continuous Speech, on Sustained Vowel and Non-Significant Differ-

ences, Both in AKG and in Telephone Recordings

N=9 CS score > SV SV score > CS No difference
AKG G 0 4 5
R 1 3 5
B 1 3 5
Telephone G 0 4 5
R 0 6 3
B 1 1 7
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TABLE 8.

Voice Quality Ratings on the Continuous Speech and on the Sustained Vowel for the Second Repetition in AKG and in

Telephone Recordings

AKG (Rep2) Telephone (Rep2)
Continuous speech Sustained vowel Continuous speech Sustained vowel
(N=216) (N=216) (N=216) (N=216)
Grade 0 53% 29% 63% 43%
1 40% 53% 30% 37%
2 5% 17% 6% 16%
3 2% 1% 1% 4%
Roughness 0 65% 53% 64% 42%
1 25% 31% 29% 37%
2 7% 12% 4% 11%
3 3% 4% 3% 10%
Breathiness 0 47% 41% 68% 71%
1 39% 42% 20% 20%
2 10% 11% 12% 7%
3 4% 6% 0% 2%

Correlations between acoustic indexes and
perceptual ratings
The number of raters for which a significant correlation was
found between the acoustic indexes and the G, R and B
parameters are shown in Table 9, by recording type.

The results show that neither the AVQI nor the ABI yield
strong correlations with any of the perceptual parameters.

The AVQI and the ABI both show weak to moderate pos-
itive correlations with breathiness ratings in the AKG
recordings for most raters.

In telephone recordings, this trend disappears for both
indexes, while the ABI shows a weak to moderate negative
correlation with roughness in most raters.

DISCUSSION
The aim of the present study is to investigate the impact of
standardized mobile phone recordings passed through a tel-
ecom channel on acoustic markers of voice quality and on
its perception by voice experts in normophonic speakers.

Frequency ranges

The white noise recordings already reveal a first important
observation: only the frequencies between 100 and 3700 Hz
are passed through the telecom channel and the frequency
response is characterized by peaks and troughs. This is in
accordance with previous studies, although the filtering
effect is slightly less important in our results; indeed, previ-
ous studies have reported frequencies between 300 and
3000 Hz only.>*>>-%¢

Reproducibility

Both the acoustic measures and the perceptual ratings show
a good reproducibility across the repeated recordings, for
the AKG as well as for the telephone recordings. These
results indicate that, as long as the same recording

instrument and parameters are used, the acoustic measures
and perceptual ratings are stable over time and thus reli-
able.

Interrater reliability

The interrater reliability analysis showed that, while they
were consistent over time, the nine experts who participated
in the present study did not provide similar ratings — neither
for the AKG recordings, nor for the telephone recordings.
This has been observed in several previous studies.”™®’ As
has been demonstrated by Delvaux et al.,*” the rating reli-
ability when using the GRBAS scale is affected by speaker-,
listener- and task-related factors. In the present study, so as
not to bias the ratings, the experts were not told beforehand
that they would listen to alleged normophonic voices, nor
that they would hear both high-quality and telephone
recordings. The lack of prior specification of the types of
samples to be evaluated may have led to differential process-
ing among raters, thus increasing the already widely
described interrater variability.

The resulting ratings involve each level of severity, and
the scale is activated in its entirety. We do thus not observe
a floor effect, which would have induced a higher interrater
reliability. While high severity ratings were not expected for
our normophonic voice samples, a little less than half of the
samples yield G and B scores of 1, while still a considerable
amount (about 10%) yields a rating of 2. These results con-
firm previous findings®® and highlight the importance of
moving away from the assumption that normal voices are
inherently “perfect”. The complex nature of voice produc-
tion and perception as well as their inherent variability war-
rants the need to assess the voices of control groups when
studying acoustic and perceptual voice measures of dyspho-
nia. In addition to the “imperfect” nature of normal voices,
another hypothesis to explain the rating distributions is that
when assessing normophonic voices, expert raters tend to
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TABLE 9.

Significant Correlations (P<0.05) Between the Acoustic Indexes AVQIl and ABI and the Perceptual Ratings, by Recording
Type (in Bold, the Correlations that Were Found in at Least Seven Out of the Nine Raters)

Recording type Perceptual Acoustic Raters (/9) Spearman Interpretation (n) P-value range
parameter measure coefficient (rg)
range
AKG G AvQl 3 [0.25;0.40] weak (3) [0.0006;0.04]
ABI 3 [-0.27;0.38] weak (3) [0.001;0.02]
R AvaQl 1 0.24 weak (1) 0.04
ABI 6 [-0.25;-0.56] weak (3) to mod- [<0.0001;0.03]
erate (3)
B AvaQl 7 [0.27;0.44] weak (6) to mod- [0.0001;0.04]
ABI 9 [0.24;0.56] erate (1) [<0.0001;0.04]
weak (6) to mod-
erate (3)
Telephone G AvaQl 3 [0.25;0.36] weak (3) [0.001;0.03]
ABI 4 [-0.25;-0.42] weak (2) to mod- [0.0002;0.04]
erate (2)
R AvaQl 2 [0.24;0.32] weak (2) weak (4) [0.006;0.04]
ABI 7 [-0.24;-0.60] to moderate (3) [<0.0001;0.04]
B AvQl 3 [0.25;0.40] weak (3) weak (1) [0.0006;0.04]
ABI 1 0.33 0.004

seek even slight deviations to distribute their ratings over the
entire scale. This induces more severe ratings than if the
samples had been presented along with dysphonic voices.

Hence, while the interrater reliability is rather low in both
recording types, the perceptual ratings were nevertheless
analyzed, bearing in mind that our experts cannot be con-
sidered as a homogeneous group. Indeed, the detailed obser-
vation of the perceptual ratings highlighted that the raters
are not equally sensitive to the various factors, including the
recording type and the stimulus type effects. This raises cau-
tion for future studies employing telephone recordings.

Moreover, our results further support the importance of
perceptually assessing normophonic speech and voice sam-
ples, eg in control groups, instead of assuming a “perfect”
speech or voice quality.®®

Gender effect

All amplitude and pitch perturbation measures are higher in
men, whereas the HNR measures are higher in women. Pre-
vious studies on the matter have shown contradictory results
and it has been concluded by several authors that the jitter
and shimmer measures are highly dependent on each indi-
vidual’s sound pressure level and £,.*””" Our results indicate
that our cohort of men includes voices of lesser acoustic
quality than our cohort of women. This is confirmed by the
perceptual ratings, several raters perceiving a higher rough-
ness both in the AKG and in the telephone recordings of
men, as well as a higher G in men on telephone recordings.
The perceived breathiness, however, does not differ between
genders, on either recording type. This is surprising in light
of both the acoustic measures in our study — the ABI and

HNR measures being significantly higher in women — as
well as previous knowledge of gender differences in per-
ceived breathiness.”'”” This may be due to our expert panel,
which was exclusively composed of women. Indeed, as
explained in the theoretical framework proposed in,*’ per-
ceptual ratings are influenced among others by listener-
related factors, which shape their individual internal stand-
ards and affect interrater reliability more than intrarater
reliability. Several studies demonstrate that listeners show a
voice perception bias based on their own auditory experi-
ence,”” eg showed that dysphonic women rated other dys-
phonic women less severely, while’* observed an own-age
bias in age estimations from voices in older people. Hence,
we hypothesize that women might rate other women’s
breathiness less severely based on their own auditory experi-
ence, thereby smoothing out the gender difference.
Considering the acoustic indexes, the AVQI score does
not differ by gender, independently of the recording type,
which confirms previous conclusions in the literature.”” "’
The ABI, however, is higher in women — both in the AKG
and in the telephone recordings —, which is consistent with
the knowledge of an incomplete posterior glottal closure in
women,”®'°" hence inducing a breathier voice quality. Sur-
prisingly, in the original validation study of the ABL" the
authors include both men and women in their cohort, but
do not investigate possible gender differences. The absence
of a gender difference has only been reported in one study,
on Japanese-speaking patients.’® It is to be noted that while
H1-H2 is significantly higher for women in our results, indeed
indicating a higher degree of breathiness, Simpson'’” has
shown that the H1-H2 measure is not a reliable measure to
identify gender-related breathiness differences. Moreover,
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Pépiot'”* showed that these differences are language depen-

dent. The gender effect on the ABI thus needs to be further
investigated.

Recording type

When comparing the acoustic measures on the AKG and on
the telephone recordings, we observe that the pitch measures
on the sustained vowel and on the continuous speech sam-
ples do not differ, nor do the period perturbation measures
relying on pitch tracking (nTTERLoc and psp). This is
in accordance with several studies demonstrating that
pitch-related measures are more robust and reliable on
phone recordings than eg amplitude perturbation
measures.’ 7147 1t is to be noted that the present study
employed the periodicity-to-pitch autocorrelation function
in Praat for the pitch measures, which is not dependent on
the actual presence of a fundamental frequency and is thus
less impacted by potential effects of the low-frequency filter-
ing in telephone recordings.”*”

The composite voice quality indexes AVQI and ABI are
both significantly impacted by the recording type.

The AVQI score is higher in telephone recordings, associ-
ated with higher amplitude perturbation measures, a steeper
tilt of the regression line through the LTAS, a diminished
HNR and a lower cpps, indicating a less periodic and noisier
spectrum. Several considerations should be taken into
account when analyzing these acoustic measures in tele-
phone recordings.

First, the amplitude perturbation and HNR measures have
previously been shown to be less reliable on telephone
recordings.*®**'% They rely on the identification of the fun-
damental period,'’” which is highly impacted by the telecom
channel filtering out the low frequencies. The cpps is said to
be a more reliable alternative, as it does not rely on the pitch
tracking'"’; however, as explained in,*® the cpps was devel-
oped to be particularly sensitive to noise (glottal noise or
perceived breathiness) and it is thus not surprising that it is
also influenced by the recording conditions in the present
study — the directional AKG microphone reducing the envi-
ronmental noise, while the telephone recording most likely
adds instrumental noise both due to its microphone and due
to the transmission channel. The reduced ratio of harmonics
to noise components can also be related to this instrumental
noise induced by the telecom channel.

Second, the filtering out of frequencies above 3700 Hz
also has to be kept in mind when analyzing the acoustic
measures on telephone recordings. Indeed, it is in these high
frequencies that the noise components are mainly concen-
trated,” hence the filter directly impacts both the HNR and
the TiLT measures. While the steeper tilt of the regression
line through the LTAS is easily explained by the filter effect,
the less important SLOPE measure is a somewhat surprising
result; we suspect the SLOPE measure to be less reliable than
the trendline measure, in light of the peaks and troughs that
are observed in the telephone white noise recordings.

The ABI score, on the other hand, is lower in telephone
recordings. Yet, as in the AVQI, higher amplitude perturba-
tions and a lower cpps are measured, and the lower GNE
measure indicates a higher breathiness. This is inconsistent
with the higher HFno and lower H1-H2 values, indicating a
lower breathiness’ in telephone recordings. Again, these
observations can be explained by the particularities of the
acoustic signal passed through the telecom channel. The
higher HFNO can be related to the filtering of the frequencies
above 3700 Hz, as this measure compares high frequency
noise components (>6000 Hz) to low frequencies
(<6000 Hz). The maximum frequency considered by the
GNE measure, on the other hand, is 4500 Hz. This measure
might thus be less affected by the telephone-related 3700 Hz
low-pass frequency filter and thereby better represent the
actual noise as compared to HFNo. Furthermore, the low-
bandwidth spectral tilt measure H1-H2 might be influenced
by the troughs observed in the low frequencies of the white
noise telephone recordings, where the first harmonics are sit-
uated. A negative H1-H2 measure could eg result from a first
harmonic situated in a trough and a second harmonic situ-
ated in a peak.

Finally, unlike the AVQI’s HNR measure, the ABI’S HNR-D
is limited to the frequency region between 500 and 1500 Hz,
which is within the 100-3700 Hz frequency response of the
telephone recordings. This explains why the HNR-D is not
influenced by the recording type; this measure should thus
be preferred when analyzing voice quality on telephone
recordings.

Overall, most of these results are consistent with those
from studies using direct smartphone recordings. The obser-
vations that contradict previous findings can be explained
by the fact that the telephone recordings in the present study
were passed through a telecom channel, thereby adding fre-
quency filtering and additive noise effects. Indeed, van der
Woerd'"* eg also found lower HNR and higher shimmer val-
ues in telephone recordings, with no significant impact of
the telephone recording on FO and jitter measures. How-
ever, they also measured higher cpp values in telephone
recordings, while our results show a reduced cpps. This sup-
ports the assumption that passing the telephone recording
through a telecom channel adds noise components to the
signal, which significantly impact the cpps measure. Further-
more,*' also measured no difference for FO and jitter, as
well as a higher shimmer and a lower H1-H2 ratio. However,
a significantly lower TiLT was measured for telephone
recordings, while our results show a higher TiLT. This again
can be related to the use of the telecom channel in our study,
which filters out all frequencies above 3700 Hz and thereby
impacts the overall shape of the LTAS.

Hence, to conclude on the use of acoustic voice quality
measures on telephone recordings, the acoustic voice quality
indexes cannot be used as such in our subsequent study
aimed at investigating the influence of voice quality in tele-
phone interviews. Indeed, the breathiness as measured by
the ABI is underrated in telephone recordings mainly
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because of the low-pass filtering as well as instrumental and
ambient noise. To measure additive noise in the voice signal
through telephone recordings, the HNR-D and GNE measures
should be preferred, as they concentrate on the frequencies
that are not filtered out. The overall voice quality as
assessed by the AVQI is underrated for similar reasons. The
cpps, used in both indexes, is overly sensitive to noise, which
is artificially increased in telephone recordings. Further-
more, both indexes use a sustained vowel, which when
passed through the telephone channel is identified as “noise”
and damped after one second. This duration is not ideal
either for acoustic or for perceptual assessments. Hence,
future studies on voice samples passed through the telecom
channel should focus on voice quality measures on continu-
ous speech.

Considering the perceptual ratings of the voice samples
on both recording types, we observe very few significant dif-
ferences. One exception is noted for breathiness, which is
rated less severely on the telephone recordings by most
raters in both stimulus types. We hypothesize that this is
because the source-related high-frequency noise is filtered
out in telephone recordings, while instrumental noise is
added to the signal. This might lead to two phenomena: on
the one hand, the source-related noise in the high frequen-
cies is canceled out, thus possibly reducing the perceived
breathiness; on the other hand, the instrumental noise which
is added in telephone recordings might be perceived and
identified as such by the listener, thereby inducing a cogni-
tive assimilation. The rater hence assimilates the potential
source-related noise or perceptual deviance with the low
quality of the telephone recordings and thus rates the sam-
ples less severely.

Stimulus type

Overall, in sustained vowels, G and R are globally more
severely rated, both on AKG and on telephone recordings
— which is consistent with previous studies.'’®'’” One
hypothesis, based on observations made during the record-
ing sessions, is that sustaining a vowel is an uncommon task
for most speakers which induces various phenomena, eg
overly forced phonation, aggravated pitch/vocal fry, or
breathiness due to timidity, contrasting with a normophonic
voice quality in continuous speech. This has been observed
in other studies as well, eg in,'"® the authors concluding that
“normal speakers frequently produce sustained vowels that
are more dysphonic than continuous speech”.

Breathiness ratings seem to be less influenced by the stim-
ulus type, which can be linked to the above-described
hypothesis regarding the filtering of the source-related high-
frequency noise and the addition of instrumental noise,
clouding the perception of breathiness.

Correlations between acoustic indexes and
perceptual ratings

The AVQI and the ABI were created and validated as
indexes of overall voice quality and breathiness, respectively.

Our results, however, show that neither the AVQI nor the
ABI yield strong correlations with any of the perceptual
parameters.

The AVQI, for which a high correlation with G was
expected, rather seems to correlate with breathiness in
AKG recordings. In telephone recordings, the AVQI does
not reach satisfactory correlations with either of the percep-
tual parameters.

For the ABI, although the correlations with perceived
breathiness in the AKG recordings are weak to moderate,
they are observed for all the nine judges as expected. In tele-
phone recordings, however, this correlation disappears,
while a negative link with roughness is observed. Voices
that are perceived as rougher thus seem to correspond to a
lower ABI score in telephone recordings.

These results must be interpreted with caution. Indeed, as
discussed above, most of the acoustic measures composing
the AVQI and the ABI are highly impacted by the particu-
larities of the acoustic signal passes through the telecom
channel. Furthermore, both indexes have been validated for
the use on concatenated samples composed of continuous
speech and three seconds of a sustained vowel. In our study,
only one second of the sustained vowel was kept, because of
the damping observed in telephone recordings. This sample
additionally includes the vocal attack, while the original
indexes are intended to use three seconds without the voice
onset and offset. The resulting median scores in our study
for the AVQI are pathological both in the AKG and in the
telephone recordings if we consider the cut-off score of 2.33
which was computed on the same French sample used in the
present study.”® For the ABI, no validation study has yet
been carried out in French.

Hence, while the AVQI and ABI indexes have been
shown to be valid and reliable on high-quality recordings in
numerous studies, neither of the three perceptual parameters
seem to be reliably measurable on telephone recordings
using these indexes.

Perspectives for future studies on the impact of voice
quality in telephone recordings

The results of this preliminary study allow us to conclude
that upcoming studies should focus on acoustic measures on
continuous speech samples that are limited to the frequency
response of the telecom channel and that are not too sensi-
tive to environmental and additive noise. We recommend
the use of the here investigated pitch-related measures as
well as the harmonics-to-noise ratio from Dekonckere and
Leback, in addition to modified versions of the spectral tilt
and glottal-to-noise excitation ratio, both to be limited to
the frequency response of the telecom channel. An extensive
literature review could also allow identifying other potential
measures that could apply to this context.

The present study used the standardized speech and voice
materials on which the AVQI 03.01 has been validated in
French, in order to be able to interpret the composite score.
Using semi-spontaneous speech would have resulted in
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highly variable samples, especially concerning vowels and
voiced segments that are extracted for the analyses. Com-
paring the resulting scores extracted from non-standardized
samples would hence have induced an important supple-
mentary source of variability. Therefore, in the present
study, this factor was controlled by using the standardized
samples — at the expense of ecological representativeness.
Indeed, these voice samples are not the most reflective of
how individuals typically communicate over the telephone.
Hence, as this study allowed to conclude a low reliability of
the two indexes on telephone recordings, further studies
should focus on the isolated acoustic features that were
found to be most reliable. These can be used on more repre-
sentative speech samples, as no standardized procedure
exists for their extraction as opposed to the indexes.

Intra-rater agreement by repetition of some of voice
samples to each rater was not calculated in this study.
This is a limitation, as rating normophonic voice samples
is not a common task for vocologists. Further explora-
tion of rater performance under these conditions is nec-
essary to allow future studies investigating measurements
in normophonic voices before they can be applied to
pathological voices. Indeed, in order to be able to make
good use of measurements, be they acoustic or percep-
tual, on samples that are highly variable due to voice
pathology, it is necessary to describe the already inherent
variability of the complex and multidimensional phe-
nomenon ie the normophonic voice.

Furthermore, the inter-rater agreement results from the
perceptual ratings in the present study highlight the impor-
tance of considering each rater’s individual sensitivity to
various factors such as vocal parameters, recording type
and gender. Therefore, in future studies on telephone
recordings, interrater agreement between the raters assess-
ing the voice samples should be analyzed in depth. Some of
the factors that need to be studied are the influence of the
scale used for the perceptual ratings (eg Likert vs visual ana-
log scales, direct magnitude estimation or pairwise compari-
son), the types of voice samples (eg continuous speech vs
sustained vowel), the raters’ expertise in rating normoponic
and pathological voices (eg laypersons vs vocologists). We
hypothesize that groups of raters with similar cognitive and
perceptual strategies could be identified. To test this hypoth-
esis, large samples of raters would be necessary to allow

reaching a high statistical power, to identify potential
groupings and to be able to interpret correlations between
acoustic and perceptual voice parameters despite a poten-
tially low overall interrater agreement.

CONCLUSION

This study aimed to investigate the impact of standardized
mobile phone recordings passed through a telecom channel
on acoustic markers of voice quality and on its perception
by voice experts in normophonic speakers. Our results show
that passing a voice signal through a telecom channel indu-
ces filter and noise effects that limit the use of common
acoustic voice quality measures and indexes. The AVQI and
the ABI do not prove to be reliable on telephone recordings.
The most reliable acoustic measures seem to be pitch pertur-
bation (JiTTERLOC and psD) as well as the harmonics-to-noise
ratio from Dejonckere and Lebacq.

Our results also underline that raters react individually to
the different factors when perceptually assessing voice sam-
ples, including the recording and the stimulus types as well
as the gender effect.

Neither of the three perceptual parameters G, R and B
seem to be reliably measurable on telephone recordings
using the investigated acoustic indexes.

This preliminary study allows us to conclude that future
studies investigating the impact of voice quality in telephone
conversations should thus focus on acoustic measures on
continuous speech samples that are limited to the frequency
response of the telecom channel and that are not too sensi-
tive to environmental and additive noise.
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APPENDIX A — MEDIANS AND INTERQUARTILE
RANGES FOR EACH ACOUSTIC MEASURE BY
REPETITION, RECORDING TYPE AND GENDER.



TABLE A.1.
Medians and Interquartile Ranges (IQR) for Each Acoustic Measure by Repetition, by Recording Type and by Gender
Measure Repetition 1 Repetition 2 Repetition 3 AKG (rep 2) Telephone (rep2) Women (rep 2) Men (rep 2)
median IQR median IQR median IQR median IQR median IQR median IQR median IQR
Aval
avqi 2,66 0,84 2,63 0,82 2,50 0,92 2,41 0,99 2,89 0,61 2,57 0,83 2,78 0,77
shim 7,91 2,87 8,01 3,36 7,84 3,12 6,23 2,07 9,59 2,14 7,29 3,87 8,47 2,96
shdb 0,78 0,26 0,82 0,30 0,81 0,31 0,63 0,15 0,94 0,15 0,70 0,34 0,85 0,30
tilt -12,64 2,10 -12,95 2,20 -12,54 2,48 -11,55 0,94 -13,75 0,88 -12,57 2,25 -12,98 2,06
slope -22,46 4,72 -22,52 6,21 -22,43 6,17 -24,52 4,48 -20,27 5,01 -22,30 5,85 -22,76 6,79
hnr 15,97 3,45 16,26 3,56 16,43 3,23 17,99 2,13 14,86 2,66 17,39 2,97 14,51 3,38
ABI
abi 2,22 1,50 2,33 1,48 2,40 1,16 3,02 1,02 1,65 1,08 2,63 1,46 1,98 1,46
shloc 7,96 2,78 8,09 3,74 7,87 3,07 5,80 2,25 9,54 1,46 713 3,71 8,34 2,50
shlocdb 0,78 0,28 0,79 0,32 0,77 0,31 0,61 0,13 0,94 0,13 0,72 0,33 0,84 0,27
jitterlocal 1,93 0,51 1,89 0,45 1,86 0,54 1,90 0,58 1,81 0,40 1,71 0,42 2,16 0,53
psd 0,001 0,0003 0,0009 0,0002 0,0009 0,0003 0,0009 0,00025 0,0008 0,0002 0,0008 0,00025 0,001 0,0001
gnemax 0,88 0,06 0,88 0,05 0,89 0,06 0,89 0,05 0,86 0,04 0,87 0,05 0,89 0,06
hfno6000 2,99 1,87 2,93 1,97 3,04 1,87 2,16 0,22 4,13 0,44 2,92 2,01 2,94 1,89
hnrd 25,07 7,45 25,10 7,70 24,77 6,86 24,89 7,74 25,18 7,63 26,77 1,96 19,13 1,60
h1h2 1,24 5,80 1,36 6,95 1,14 6,10 3,34 4,84 -2,03 11,00 3,36 5,22 -3,567 11,34
AVQI & ABI
cpps 12,33 1,14 12,35 1,19 12,55 1,70 12,81 1,63 11,90 0,91 12,38 1,22 12,19 1,22
Pitch
meanpitch_cs 205 107 200 101 194 104 199 101 200 102 215 13 113 9
sdpitch_cs 31 22 29 22 29 23 30 23 29 20 38 11 14 11
pitchvariab_cs 0,15 0,08 0,17 0,06 0,16 0,07 0,16 0,06 0,17 0,06 0,18 0,05 0,12 0,07
meanpitch_sv 167 88 164 85 163 90 166 87 156 85 191 38 103 8
sdpitch_sv 1,39 0,91 1,19 1,01 1,20 0,83 1,19 0,97 1,22 1,06 1,60 1,15 1,00 0,42
pitchvariab_sv 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00
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TABLE A.2.
Medians and Interquartile Ranges (IQR) for Each Acoustic Measure, for Each Repetition x Recording Type x Gender Combination
Measure Repetition 1 Repetition 2 Repetition 3
AKG Telephone AKG Telephone AKG Telephone
Women Men Women Men Women Men Women Men Women Men Women Men
(N=14) (N=10) (N=14) (N=10) (N=14) (N=10) (N=14) (N=10) (N=14) (N=10) (N=14) (N=10)

M IR M IR M IR M IR M I0R M IR M IR M IR M IR M I0R M IR M IR
Aval
avqi 2,41 1,39 2,25 041 2,90 0,63 3,07 0,57 2,19 0,97 2,52 0,75 2,77 0,50 3,18 0,50 2,14 1,25 2,23 0,52 2,66 1,07 2,98 0,54
shim 6,14 1,72 734 1,50 8,88 1,51 10,31 1,36 5,35 2,09 7.23 1,76 9,21 1,69 10,18 1,28 6,01 0,83 7,01 2,56 9,04 2,46 9,20 2,64
shdb 0,64 0,16 072 0,13 0,91 0,14 1,01 0,16 0,56 0,13 0,70 0,20 0,91 0,13 1,00 0,12 0,59 0,09 0,71 0,17 0,93 0,13 0,95 0,18
tilt -11,16 1,30 -11,80 059 -13,75 054 -13,70 0,82 -11,38 0,79 -11,74 1,03 -13,63 0,83 -13,80 0,70 -11,30 0,90 -11,97 1,14 -13,93 0,51 -13,74 0,66
slope -23,66 4,45 -24,56 4,94 -20,01 6,42 -19,76 4,47 -24,52 4,49 -24,61 5,67 -20,52 4,84 -19,42 5,65 -24,52 3,91 -24,38 5,26 -20,10 5,64 -18,72 4,49
hnr 18,48 3,08 1597 2,63 15,70 1,63 13,07 1,58 18,69 2,26 16,58 2,67 15,72 1,71 13,20 2,18 19,24 2,98 16,45 2,59 15,80 2,08 13,78 2,39
ABI
abi 341 0,82 236 041 1,79 0,54 1,11 0,99 3,44 0,57 2,47 0,56 1,98 0,67 1,01 0,66 231l 0,83 2,33 0,58 1,91 0,91 0,85 0,80
shloc 5108} 1,86 7,31 1,62 8,95 1,38 10,35 1,49 5,37 1,05 7,51 2,10 9,07 1,24 10,01 1,36 5,95 1,15 713 2,31 8,75 1,85 9,24 2,34
shlocdb 0,62 0,13 0,67 0,15 0,88 0,06 0,97 0,13 0,58 0,11 0,71 0,16 0,91 0,14 0,98 0,14 0,59 0,05 0,73 0,13 0,91 0,13 0,92 0,14
jitterlocal 1,79 0,49 242 055 1,72 0,28 2,01 0,40 1,70 0,39 2,34 0,44 1,74 0,45 2,06 0,45 1,63 0,43 2,27 0,30 1,80 0,62 1,94 0,37
psd 0,0008 0,0004 0,001 0 0,0007 0,0004 0,001 0,001 0,00085 0,0003 0,001 0,0001 0,0008 00002 0,001 00002 0,0008 00003 0,001 00002 0,00075 0,0003 0,0015 0,001
gnemax 0,88 0,05 0,91 0,05 0,88 0,04 0,88 0,05 0,88 0,04 0,91 0,08 0,85 0,07 0,88 0,03 0,89 0,05 0,91 0,05 0,84 0,09 0,88 0,05
hfno6000 2,13 0,16 229 017 4,17 0,56 3,86 0,60 2,11 0,19 2,28 0,23 4,12 0,46 4,17 0,47 2,14 0,16 2,31 0,16 4,05 0,53 4,10 0,87
hnrd 26,36 2,16 19,61 1,21 26,96 2,21 18,66 3,03 26,83 2,22 18,93 1,36 26,61 1,86 19,17 1,77 25,63 3,01 19,47 2,87 26,47 1,87 19,03 2,17
h1h2 4,34 4,64 1,57 293 1,28 4,38 -9,84 5,55 4,89 4,23 1,87 3,06 1,33 5,10 -9,47 3,04 4,79 4,44 1,70 3,63 1,14 4,48 -8,59 3,42
AVQI & ABI
cpps 12,71 1,50 12,76 1,22 11,99 0,77 11,95 0,97 12,88 1,95 12,59 0,84 12,22 0,88 11,75 0,62 13,37 1,94 13,34 1,27 12,21 1,26 12,14 0,84
Pitch
meanpitch_cs 220 12 112 14 221 20 113 18 215 10 113 7 215 14 112 11 213 19 113 8 215 23 113 13
sdpitch_cs 37 15 13 7 37 14 18 9 38 6 14 10 38 18 15 1 37 13 13 12 38 10 13 10
pitchvariab_cs 0,18 0,07 0,11 0,03 0,18 0,07 0,15 0,09 0,18 0,03 0,12 0,07 0,18 0,08 0,14 0,07 0,17 0,05 0,11 0,07 0,18 0,05 0,11 0,06
meanpitch_sv 194 32 102 10 194 32 102 10 191 36 103 8 190 40 103 8 193 34 103 12 193 34 103 12
sdpitch_sv 1,77 0,78 099 046 1,82 0,75 1,00 0,49 1,50 1,24 1,00 0,39 1,73 1,16 0,98 0,45 1,41 0,97 0,86 0,73 1,41 1,09 0,86 0,70
pitchvariab_sv 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00 0,01 0,00
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