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Summary: Objectives/Hypothesis. This study aims to analyze the effect of telephone transmission on the
voice quality perception of subjects with dysphonia and seeks to contribute to the use of perceptual voice analysis
in forensic context. The main hypothesis is that the auditory perception of voice quality differs according to the
acoustic quality of the speech material.

Study Design. Eight male speakers were simultaneously recorded directly by a digital recorder and over a
mobile phone.

Materials and Methods. A perceptual experiment containing 21 speech samples was used. The samples were
analyzed via an online adaptation of the Vocal Profile Analysis Scheme (VPAS) into Brazilian Portuguese by a
group of six voice-specialized professionals. Data analysis included the relative frequency of the 10 most evalu-
ated VPAS settings in both recording conditions, and the relative frequency of the VPAS groups of features. A
multidimensional scaling technique was applied to investigate the perceptual distance between stimuli pairs from
both recording conditions. This was followed by a nonparametric multiple linear regression analysis that aimed
to comprehend the underlying variables that motivated the spatial arrangement of the stimuli.

Results. The telephone transmission effect may have an influence on assessing correctly the supralaryngeal, laryn-
geal, prosodic, and temporal VPAS settings. The perceptual distance between stimuli pairs were mainly motivated by
the rating of velopharyngeal system, respiratory support, laryngeal tension, speech rate, and creaky voice.
Conclusions. The auditory perception differences between the stimuli pairs with different acoustic qualities
could be related to the mobile phone bandwidth and data compression, and to telephone interaction characteris-
tics. A group of laryngeal, supralaryngeal, temporal, and respiratory settings was mainly related to the dissimilar-
ities reported. In terms of the application of VPAS in forensic context, the protocol was considered a relevant
scientific tool that enables standardizing and analysis comparison among different groups of forensic specialists.
Key Words: Voice quality—Telephone transmission effect—Perceptual analysis—VPAS—Forensic phonetics.

INTRODUCTION

The ability to recognize an individual by only assessing his
vocal characteristics is a task we undergo daily even through
adverse acoustical conditions, such as during telephone calls
where spectral distortion affects the perception of the speech
signal’ or in crowded places where there are multiple individu-
als speaking simultaneously, a phenomenon known as the
“cocktail party problem.”” The analysis of an individual's
voice profile by the use of auditory-perceptual approaches has
become an important procedure used mainly for clinical pur-
poses. However, the evaluation of voice quality (henceforth
VQ) plays an important role in other areas, such as speech
synthesis systems,” dialectological studies,” drama teaching,
and forensic phonetics.”

For some of these areas, especially forensic phonetics, it is
important to determine whether the acoustic quality of the
speech material can impair the perceptual assessment of VQ
and mislead practical forensic procedures. The ability to dif-
ferentiate VQ in different listening contexts is related to
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speaker identification tasks that usually involve comparing
a criminal's telephone speech sample to a suspect's direct
speech sample.” VQ discrimination is also key to earwit-
nesses identifications, since VQ is likely the determining
voice discrimination factor performed by naive listeners.”*

VQ is one of the most analyzed parameters among supraseg-
mental features examined in forensic speaker comparison prac-
tices. According to an international survey performed by Gold
and French,” 94% of the interviewed experts analyzed VQ in
their practical procedures, and 68% of them used a recognized
protocol or a modified version of it. A well-known approach
for VQ perceptual analysis is the Vocal Profile Analysis
Scheme (VPAS) (Appendix 1). VPAS is based on the contribu-
tions of Laver et al'” in terms of VQ description and analysis.

Laver's description of VQ was founded on an integrative
concept of anatomical, acoustic, and perceptual factors. From
his point of view, VQ is the product of social and organic
attributes combined into unconscious phonetic adjustments of
vocal tract muscles, which he named as “settings.””"'

The set of laryngeal and supralaryngeal settings that char-
acterizes VQ is linked to the perceptual assessment of other
groups of adjustments, such as prosodic, temporal, and
respiratory factors. The conception of “setting” enables a
description of an individual's VQ from its deviance from a
“neutral setting” associated to a neutral vocal tract configu-
ration as reference.”

Although there is some criticism about the subjectivity
associated to auditory protocols,'” the usage of these tools
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allows a detailed evaluation of VQ, since multiple phonetic
and articulatory adjustments can be simultaneously assessed.
Moreover, comparative analyses can also be carried on, lead-
ing to important results for voice analysis-related areas.

The literature has shown that the telephone transmission
plays an effect on speech signal, affecting the perceptual dis-
tinction between VQs such as nasality'”’ and breathiness and
whisper.'* The use of VPAS in our study will allow us to
compare our results to those previously reported in the liter-
ature. Therefore, the purpose of this study is to analyze the
effect of the telephone transmission on the VQ perception
and contribute to the use of perceptual voice analysis in
forensic context. We hypothesize that VQ perception in
direct recordings differs from its perception in mobile phone
recordings due to telephone transmission distortions.

MATERIALS AND METHODS

The experimental procedure comprised two stages—data col-
lection and the development and application of a perceptual
experiment. The latter was aimed at verifying if a group of
raters would be consistent in perceptually assessing VQ in
stimuli pairs with different acoustic qualities. This research
was approved by the Ethics Committee of the State University
of Campinas (CAAE number: 54794016.3.0000.5404).

Subjects

Eight male speakers aged between 20 and 56 years (mean of
42 years) were recorded. The speakers were patients of the
Speech Therapy Program in the Voice Ambulatory of the
Rehabilitation Research and Studies Center “Gabriel
Porto” — State University of Campinas. The selected partic-
ipants had an otolaryngological diagnosisa of functional or
organic-functional dysphonia.

Recording only male speakers had forensic purposes and
was an attempt to get closer to the reality of the Brazilian
prison system. According to the latest statistical survey
released, 93% of Brazilian prisoners were men.'” The selec-
tion of diagnosed dysphonic voices was an attempt to con-
trol the raters' VQ evaluation on perceptual test, since we
could compare if their analysis were aligned with the clinical
diagnosis of these voices, if necessary.

Data collection
This study's method was based on Kiinzel's study on tele-
phone transmission effect.'® It comprised recordings per-
formed simultaneously under two conditions: (a) over a
condenser headset microphone connected to a digital recorder
and (b) over a mobile phone by connecting the calling phone
to a sound card which worked as a telephone interception
device. A local number was dialed for each recording.

The samples were recorded in an acoustic booth and the
headset microphone was placed at a 5-cm distance from the
speakers' lips. The speakers were free to hold the mobile phone

“The clinical diagnosis of selected voices was based on the dysphonia grade, rough-
ness, breathiness, asthenia, and strain protocol’”*’ and is shown in Appendix 4.

in any comfortable position. The direct recordings used a
Yoga HM20 condenser headset microphone (Yoga Eletronics
Co., Taipei, Taiwan) and a Zoom H4N digital recorder
(Zoom North America, Hauppauge, New York, USA). The
mobile phone recordings used the calling phone connected to a
Behringer UCA222 sound card (MUSIC Tribe Global brands,
Makati City, Metro Manila, Philippines) that was connected
to a Dell notebook (Dell Inc., Hopkinton, Massachusetts,
USA). The recordings were set at a sample rate of 44.1 kHz
and a 16-bit resolution. The software used for mobile phone
recordings was Audacity 1.2.6 (The Audacity Team, GNU
General Public License, Free Software Foundation) and the
mobile phones used for calls were an Apple iPhone 5s (Apple
Inc., Cupertino, California, USA) (calling phone) and a Nokia
110 (Nokia, Espoo, Helsinki, Finland) (receiver phone). This
experimental procedure guaranteed that all speakers' speech
sample pairs (direct and mobile phone) had exactly the same
content, since they were obtained simultaneously.

The speech material consisted of semi-spontaneous
speech samples obtained through informal conversations on
daily life activities. The conversation topics were elicited by
the interviewer and consisted of a description of the speak-
ers' work day, weekend activities, and favorite hobbies.
Conversations lasted approximately 5 minutes. Finally, the
PRAAT software'” (By Paul Boersma and David Weenink,
University of Amsterdam, Amsterdam, The Netherlands)
was used to extract 20-second duration stimuli that would
be used for the perceptual experiment.

Perceptual experiment

Experimental procedure

Excerpts of, approximately, 20 seconds of uninterrupted
contextualized speech'® from both acoustic means (direct
and mobile phone) were selected for data collection.
Twenty-one stimuli were adopted for the perceptual experi-
ment: 16 recordings (one for each acoustic quality per
speaker) plus 30% of stimuli repetitions. The stimuli's loud-
ness level was adjusted to 70 dB.

The perceptual experiment was performed by a group of
six professionals, composed by three phoneticians, two
speech-language pathologists who worked in a Brazilian
Government Agency for Law Enforcement and Crime Pros-
ecution, and a forensic expert from the National Institute of
Criminalistics, Brazilian Federal Police. The raters had
been trained in VQ assessment and in filling out the VPAS
protocol during the Workshop on Vocal Profile Analysis by
Professor Anders Eriksson (Stockholm University, Sweden)
held at the Institute of Language Studies, State University
of Campinas. The workshop program comprised a day of
oral presentations on VQ subjects and 4 days of training in
the skills necessary for filling out the VPAS protocol.

The online platform PsyToolkit'’ was chosen to perform the
perceptual experiment. The stimuli were randomly organized
and authors had ensured that two stimuli from a same speaker
would not be consecutively presented. A digital version of the
VPAS adapted to Brazilian Portuguese (henceforth BP-VPAS)*
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(Appendix 2) was used for the raters' perceptual assessment.
Raters were recommended to be in a silent environment and to
use headphones. None of them reported any hearing loss or
phonoarticulatory problems. They could listen to each speech
sample as many times they considered necessary to perceptually
evaluate a subject's VQ and fill out the BP-VPAS. The set of 21
stimuli was rated in two sessions (assessment of 10 and 11 stim-
uli, respectively) separated by an interval of 2 weeks.b

At the end of the perceptual evaluation, the raters were
invited to answer a survey about application's viability of the
BP-VPAS™ that was adapted for our research purposes
(Appendix 3). This survey worked as a feedback of raters' per-
formance at perceptual experiment and of their opinions about
the application of the BP-VPAS protocol in forensic contexts.

VPAS protocol

The perceptual assessment of VQ by the VPAS protocol”’ is
broadly divided into three main sessions (groups of fea-
tures): vocal tract (supralaryngeal) features, overall muscu-
lar tension (laryngeal and supralaryngeal), and phonation
(laryngeal) features. Besides that, it is also possible to per-
ceptually evaluate prosodic features (pitch and loudness),
temporal organization, and respiratory support. Therefore,
the full protocol is divided into six groups of features: vocal
tract features, overall muscular tension, phonation features,
prosodic features, temporal organization, and other features
(respiratory support and diplophonia).

As stated earlier, the VPAS analytic unit is called “set-
ting” and it represents the neutral activity of the vocal tract's
articulations and muscles. A VQ analysis should identify
non-neutral settings and quantify its deviance. Therefore, at
first, raters should evaluate which are the neutral and non-
neutral settings of the aforementioned features. Afterwards,
when non-neutral settings are identified, raters should quan-
tify the deviance degree of these settings from their neutral
correspondent. The scale degree ranges from 1 to 6. Degrees
1 to 3 are classified as “moderate” and degrees 4 to 6 as
“extreme” deviations from the neutral settings.

The BP-VPAS" was based on the contributions of Professors
Sandra Madureira and Zuleica Camargo from the Integrated
Acoustic Analysis and Cognition Laboratory (Pontifical Cath-
olic University of Sao Paulo, Sao Paulo, Brazil), and its cul-
tural and linguistic validation is still in process.

Data analysis

The speech material investigating the telephone transmis-
sion effect on VQ perception was analyzed via a set of statis-
tical tests. The statistical software R version 3.4.3** (The R
Foundation for Statistical Computing, Vienna, Austria)
was used to perform these tests.

Reliability measures. Two statistical tests were per-
formed on the perceptual experiment to estimate the reli-
ability among raters' performance:

(1) Cronbach's alpha: applied to measure the internal consis-
tency reliability among raters for filling the VPAS proto-
col. This measurement provides a standardized alpha
(std. alpha) that, in our study, was based upon the corre-
lations for each VPAS setting. It was also possible to
access the alpha coefficient itself («), which ranges from
0 to 1 in providing the overall VPAS internal reliabil-
ity.”** An interpretation of Cronbach's alpha reliability
coefficient can be accessed in Gliem and Gliem.”

(2) Simple matching coefficients (SMC): applied to com-
pute the similarity between the five repeated stimuli,
obtained for randomly repeating 30% of the data,
according to the experimental procedure, and the stim-
uli they corresponded to. This measurement was based
on San Segundo and Mompean.'” Intra- and inter-
raters were performed to assess the percentage agree-
ment. The calculation considered a “similarity” (=1)
when the setting being analyzed had exactly the same
configuration (degree) in both compared stimuli, other-
wise the received grade was zero (=0). Therefore, the
SMC consisted in summing up the similarities and
dividing them by the total VPAS settings (n = 53).

Relative frequency of VPAS settings evaluation.
The relative frequency of the evaluated VPAS settings was
performed:

(I) to compare the 10 most evaluated VPAS settings in
both recording conditions (direct and mobile);
(IT) to analyze which was the most evaluated VPAS groups
of features for each recording condition.

As the given scale degree (1—6) of each VPAS setting
matters for this measurement, the first step was to organize
data collection by calculating a weighted average (WAVG)
of each evaluated VPAS setting considering the stimuli
from both recording conditions. This procedure is demon-
strated in Equation 1.c

WA VGSrimulu&\, Settingy
x4+ x2)+(nx3)+ x4 +@nx5)] (1)
(14+2+3+4+5)

where x and y identified the stimulus and VPAS setting
being measured, respectively, and # is the quantity of raters
that gave the mentioned scalar degree to the selected stimu-
lus and setting.

The absolute frequency was then measured, considering
the WAVGs of VPAS settings from both recording condi-
tions, according to Equation 2.

Absolute frequency = Z WAVG jyees + Z WAVG,opite
(2)

°This time lapse was chosen so as not to overload the raters during the perceptual
evaluation process of the speakers' VQ.

“The WAVG did not consider the sixth scale degree, since none of the raters gave it
to the evaluated stimuli.
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TABLE 1.

Similarity Matching Coefficients for Assessing Intrarater Agreement

Stimuli Pairs

Raters S3_D xS3_D_R S1_DxS1_D_R S8_M x S8_M_R S8 Dx S8 _D_R S5 DxS5 D R
R1 0.87 0.91 0.89 1.0 0.94
R2 0.93 0.93 0.94 0.92 0.94
R3 0.96 0.85 0.96 1.0 0.94
R4 0.91 0.91 0.98 0.94 0.98
R5 0.79 0.89 0.74 0.92 0.77
R6 0.94 0.92 0.98 0.94 0.98

For analysis (I), the relative frequency was measured by add-
ing the WAVG of VPAS settings from each of recording condi-
tion at a time and dividing it by the absolute frequency
considering both recording conditions, according to Equation 3.

> WAVG,
Absolute frequency

3)

Relative Frequency; =

where i identified the selected recording condition.

The same procedure was applied for analysis (II), but
data were selected according to the VPAS groups of features
the evaluated settings belonged to. This procedure is demon-
strated in Equation 4.

> WAVG,,

4
Absolute frequency “)

Relative Frequency;, =

where i identified the selected recording condition and g the
selected VPAS group of features.

Multidimensional scaling. The perceptual distance
between stimuli pairs was investigated by applying the
multidimensional scaling (henceforth MDS) technique. This
method detects significant underlying dimensions that
can explain the (dis)similarities between the investigated
objects.”® Each object is represented by a point in a multidi-
mensional space, and its distance from another object repre-
sents how similar they are.”’

This technique had already been successfully applied in
perceptual studies,”*’ and it will allow us to analyze how
the telephone transmission effect affected raters' assessment
of VQ by investigating the stimuli pairs' spatial arrange-
ment. The input for running the MDS technique was a simi-
larity matrix containing the Euclidean distances among all
paired stimuli from our data.

TABLE 2.

Multiple linear regression. The analysis of the two-
dimensional scatter plot resulting from the MDS technique was
followed by a nonparametric multiple linear regression analysis,
which aimed to better understand the variables that motivated
that specific spatial arrangement. The most evaluated VPAS
settings (item 2.3.3.2 — first analysis) were taken as predictor
variables, and the Euclidian distances between the stimuli pairs
of a same subject were taken as response variables.

RESULTS

Raters’ agreement

The analysis of the consistency among raters for filling out
the VPAS protocol was assessed by the calculation of Cron-
bach's alpha coefficient. The measurements for each VPAS
setting is shown in Appendix 5. Both the overall standard
alpha (std. alpha) and the alpha coefficient («) were 0.79.
The lower and upper limit coefficients of the 95% confidence
interval were 0.75 and 0.85, respectively.

The SMC technique results for the assessment of intra-
and inter-rater agreement at the evaluated pair of stimuli,
original and its repetition (followed by “_R”), are shown in
Tables | and 2, respectively.

In general, raters obtained higher SMC for the compared
stimuli. Two exact assessments were made for stimuli pair
“S8_D” and the SMC was equal to 1.0, which meant perfect
intra-rater agreement. Among the raters group, R5 had
received the lower SMC, which was due to different evalua-
tion degrees given for a same VPAS setting, since the tech-
nique only scored identical assessments.

On average, there was a higher agreement between stimuli
pairs (SMC=0.74). The comparison related to stimulus
S8_D had the higher agreement among the raters (SMC =
0.89), and those related to stimuli S3_D and S8_M had the

Similarity Matching Coefficients for Assessing Inter-rater Agreement

Stimuli Pairs

S3_DxS3_D_R S1_DxS1_D_R

S8_M x S8_M_R

S8 D x S8_D_R S5_Dx S5_D_R

SMC 0.68 0.75

0.68 0.89 0.70
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Relative Frequency of VQ-Evaluation (%)
~

Tense larynx Lowered larynx

VPAS settings

M Direct condition
Mobile phone condition

I Ij]ll]l

Mean Pitch:High Mean Pitch:Low Interrupted Cont.

Slow/Fast Adeq. /lnadeq

FIGURE 1. The 10 most frequent VPAS settings considering both recording conditions simultaneously.

lower agreement (both with an SMC =0.68). The 0.68 SMC
score was due to the different evaluation degrees for a same
VPAS setting and not to agreement inconsistencies between
the raters.

The 10 most evaluated VPAS settings in both
recording conditions

The relative frequency analysis of the 10 most evaluated VPAS
settings in both recording conditions (direct and mobile phone)
is shown in Figure 1. The VPAS settings are presented follow-
ing the order they appear in the VPAS protocol.

Most of the VPAS settings had a higher frequency of eval-
uation in the mobile phone recording condition. Table 3
shows the relative frequencies in each recording condition
for these selected settings.

TABLE 3.
Relative Frequency Percentages for the 10 Most Evalu-
ated VPAS Settings for Each Recording Condition

Relative Frequency (%)

VPAS Setting Direct Mobile Phone
Recordings Recordings

Nasal 2.9 3.5
Tense larynx 2.7 4.2
Lowered larynx 1.3 1.9
Creaky 4.1 5.9
Harsh 1.2 1.3
Mean pitch High 2.2 3.1

Low 1.8 1.4
Interrupted continuity 2.6 4.4
Rate 2.1 (slow) 2.1 (fast)

Respiratory support 2.9 (adequate) 3.1 (inadequate)

It is important to highlight that the relative frequency per-
centages are low because their measurement considered the
evaluation of the total amount of the VPAS protocol's set-
tings (n = 53).

The VPAS settings velopharyngeal nasal, tense larynx,
lowered larynx, creaky, harsh, high mean pitch, interrupted
continuity, and inadequate respiratory support had higher
frequency percentages in mobile phone recordings. The per-
ception of low mean pitch was the only VPAS setting with a
higher frequency in direct condition.

Considering both recording conditions together, the phona-
tion type creaky was the most evaluated VPAS setting. How-
ever, an assessment inconsistency was attested for the relative
frequency percentages of rate and respiratory support settings.
For both recording conditions, speech rate constitute 2.1% of
evaluations, but in direct recordings this percentage was linked
to the assessment of a slow speech rate, while in mobile phone
recordings to a fast speech rate. The evaluation for respiratory
support also differed in accordance to the recording condition.
For the direct condition, there was a higher perception of an
adequate respiratory support, while for the mobile phone con-
dition, the inadequate label had a higher evaluation.

An explanation for these perception differences according
to the recording condition will be presented in the discussion
section.

Relative frequency of VPAS groups of features

The relative frequency of VPAS groups of features is shown
in Figure 2. The format presentation follows that of the
VPAS protocol.

According to Figure 2, the evaluation frequency increased
in mobile phone recording condition for most of the VPAS
groups of features. Table 4 shows the percentages in each
recording condition.
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TABLE 4.

Relative Frequency Percentages for the VPAS Groups of

Features for Each Recording Condition

Relative Frequency (%)

Direct Mobile Phone
VPAS Groups of Features  Recordings Recordings
Vocal tract 11.4 11.4
Overall muscular tension 4.4 6.0
Phonation 7.1 9.1
Prosodic 12.7 13.6
Temporal organization 6.0 8.8
Other features 3.9 5.6

Relative frequency of VPAS groups of features(%)

Dimension 2

14

-
o

-
=)

@

N

Vocal tract Overall muscular tension

Phonation

VPAS group of features

I]]I]j

Prosodic

The VPAS groups of features that had a higher evalua-
tion percentage in mobile phone recording condition were:
overall muscular tension, phonation, prosodic, temporal orga-
nization, and other features (respiratory support). Among
them, the prosodic group was the most evaluated one, and
was followed by the vocal tract feature group, which was
equally evaluated in both conditions.

MDS and multiple linear regression

The two-dimensional space obtained as a result of the MDS
technique is shown in Figure 3. Each point in the space cor-
responds to a stimulus. The abbreviations identify the sub-
jects (S1, S2,...) and the recording condition (direct [D] and

B Direct condition
Mobile phone condition

Temporal organization Other features

FIGURE 2. Evaluation frequency of VPAS groups of features considering both recording conditions simultaneously.

30
L

20
L

10
1

S20
A

S3M 8.0 sz2.0

-10

S10

S8.M S2M

STM s1o $6.0 S30 S6_M S5 M S4M

Dimension 1

FIGURE 3. Representation of two perceptual dimensions produced by MDS technique.
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mobile phone [M]). The point S8_D, for instance, corre-
sponds to the stimulus of speaker 8 in the direct recording
condition. There were two situations of overlapping stimuli
(S2_D and S7_D, and S4_D and S1_M). These stimuli were
rewritten in a text box above the overlapping place to facili-
tate their visualization.

The visual inspection of Figure 3 shows that the highest
amount of variance is displayed in MDS dimension 1, and
that dimension 2 accounts very little to data variance.
Therefore, data are divided by a dotted line crossing the
zero on the x-axis.

The amount of stimuli was equally spaced along the
dimension 1 sides, eight for each side. However, the left side
had more stimuli from the direct condition (n=15), and the
right side had more stimuli from the mobile phone condition
(n=15). None of the stimuli pairs overlapped, which indi-
cated that their VQs had not been perceived equally in both
recording conditions. Moreover, the stimuli that were
equally assessed (S2_D and S7_D, and S4_D and S1_M)
were not pairs of a same speaker. Only three pairs of stimuli
were placed in the same dimension side: S2_D and S2_M,
S4_D and S4_M, and S6_D and S6_M.

According to the MDS results, acoustic quality likely
played an important role on the stimuli arrangement. There-
fore, a regression analysis was performed to investigate
which VPAS settings were significantly correlated to this
spatial disposition.

The nonparametric model that accounted for the higher
explained variance was the one that considered the interac-
tion among the settings nasal velopharyngeal, respiratory
support, tense larynx, slow rate, and creaky voice. The
explained variance percentage (R?) of this model was 73%
(standard deviation =0.16, p=7.24 x 10°).

DISCUSSION
The techniques applied to assess the raters' agreement have
shown a reliable agreement within and between raters. In
general, the obtained results for all analyses reinforced the
hypothesis about the telephone transmission effect on the
perceptual assessment of VQ. The following topics will dis-
cuss the main findings of each conducted analysis.

Relative frequency of evaluated VPAS settings in
both recording conditions

The results of the evaluation frequency of VPAS settings in
both recording conditions showed that VQ was not equally
assessed in all stimuli pairs. The telephone quality had
increased the evaluation frequencies of most VPAS settings
in this recording condition. Therefore, by perceptually ana-
lyzing VQ in speech samples from mobile phone recordings,
raters tended to overestimate the degree of a perceived non-
neutral setting. This overestimation can be mostly related to
the mobile phone bandwidth (300—3400 Hz),'**" and to the
dynamic change of the data compression rate in Global Sys-
tem for Mobile Communications (GSM) system,”’ which
affect the acoustic quality of the speech material by adding

noises that can impair the adequate perception of VQ char-
acteristics.

For now, we will provide some explanation about the
assessment of the 10 most evaluated VPAS settings. Nasality
is an acoustic-auditory phenomenon expressed in speech by
the velopharyngeal movement, which causes the coupling of
oral and nasal cavities. During the production of nasal seg-
ments, the resonance regions formed by the coupling of
these cavities can be amplified, creating nasal formants, or
blocked, producing spectral valleys and anti-formants.
Although the lower cut-off frequency of mobile phone
band-pass filter can eliminate some acoustic information of
nasal segments,'**** its higher perception in mobile phone
condition could be explained in terms of the spectral distor-
tion effect that shifts frequencies near the cut-off limits.*
This effect can narrow the telephone dynamic range and
artificially change spectral information, which could result
in a different perception of this setting.

The perception of tense larynx setting was aligned to the
clinical diagnosis for most evaluated dysphonic voices, since it
had already attested the presence of vocal strain. However,
this evaluation does not match the perception of a lowered lar-
ynx height, a setting related to the decrease of formant frequen-
cies values as a response to the action of the infrahyoid group
of muscles that cause the expansion of the pharyngeal cavity
and, consequently, of the fundamental frequency (henceforth
F,), which is auditorily expressed by a lowered pitch.”!

However, the assessment of lowered larynx can be related to
the adoption of a specific body posture that may have contrib-
uted to its setting perception.”’ Such body posture consists in
rotating both chin and head slightly down, which decreases the
angle between the neck and under the surface of the chin, and
anatomically enables the process of lowering the larynx. This
explanation associated to the experimental design of our data
collection (a corpus of simultaneous direct and mobile phone
recordings) is justifiable, since part of the speakers may have
decided, consciously or not, to keep their hands free and to
hold the mobile phone by pressing their shoulder towards their
ear, a similar position to that described by Laver as motivating
the lowered larynx.

The assessment of the voicing types creaky and harsh was
also aligned to the clinical diagnosis of all evaluated voices,
since it had already attested the presence of an associated
phonation type (roughness). In Brazilian Portuguese, as in
other languages, the voicing type creaky can signal both ter-
minal and nonterminal prosodic boundaries in speech.’*
Therefore, the perception of this setting may also be associ-
ated with this prosodic function manifestation in the speak-
ers' speech. However, the percentage increase in the
assessment of these settings in the mobile phone condition
can be related to the aforementioned mobile phone effect.
The poor acoustic quality of mobile phone recordings may
have affected the correct perception of this VPAS setting.

The higher evaluation percentage of a high pitch in mobile
phone condition can be associated to the mobile phone
transmission effect on the F, which is the acoustic correlate
of intonation. Previous studies on this subject have shown
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that, in mobile phone speech samples, F, values are sub-
jected to an upward shift when compared to samples
directly obtained.'~” Thus, the perceptual assessment of this
setting could have played a role on the acoustic modifica-
tions caused by the spectral distortion of the mobile device.
Therefore, the higher evaluation percentage of a low pitch in
direct recordings was also justifiable, as this recording con-
dition did not have the filtering restrictions imposed by the
telephone channel, allowing this setting to be properly
assessed in this condition.

Concerning the analysis of continuity setting, most of the
analyzed speech samples were considered as interrupted. How-
ever, it is necessary to observe that, in both recording condi-
tions, the stimuli were excerpts from a telephone conversation
and, hence, typical characteristics of this interaction type may
have been manifested. Telephone interactions do not have
any of the paralinguistic components that characterize face-
to-face interactions. The lack of visual information can com-
promise the expected fluency in turn-talking. In this case,
stimuli considered as noncontinuous could be signaling the lis-
teners' attention to their interlocutor and to the message inter-
pretation.” Moreover, a noncontextualized speech excerpt
taken out of a telephone interaction can be mistakenly inter-
preted as noncontinuous.

The same perceptual assessment of speech rate (slow and
fast) signals a conflict in this setting evaluation. This VPAS set-
ting was mostly perceived as slow in stimuli from direct condi-
tion, and as fast in stimuli from mobile phone condition. Since
all data were simultaneously recorded in direct and mobile
phone conditions, there is no reason to believe that there was a
change in the speakers' speech rate during the interaction.
Therefore, our hypothesis is that raters have a mental represen-
tation of speech rate characteristics in telephone interactions
and have made their evaluations based in this mental represen-
tation. Another possible explanation would be related to the
low acoustic quality of mobile phone recordings which could
mask the reliable perception of the speech rate.

A similar explanation can be applied to the respiratory
support evaluation. Raters have evaluated this setting as
adequate in direct condition and as inadequate in mobile
phone condition. Laver's’® explanation about this setting
states that its evaluation should consider a continual flow of
air being provided as the basis for whole utterances of nor-
mal pulmonic egressive speech. The dynamic change of data
compression rate in GSM system may interfere in the acous-
tic quality of the signal. So, this process combined with the
mobile phone band-pass filter characteristics can result in
noises in the acoustic signal, which can certainly have
affected the adequate perception of speakers' respiratory
support in this condition.

Perceptual assessment of VPAS groups of features
and the viability of VPAS application in forensic
context

We decided to discuss some of the results of the perceptual
assessment of VPAS groups of features in relation to the

raters' answers to the survey about the viability of VPAS
application in forensic context.

Considering the evaluation of VPAS groups of features
by recording condition, this analysis reinforces the afore-
mentioned results for the relative frequency of VPAS set-
tings: the evaluation percentage from most of the VPAS
groups of features was higher in mobile phone condition.
The most evaluated VPAS group was the prosodic features
followed by phonation features. This result reflected the
raters' personal experience, since three of them were phone-
ticians who worked in speech prosody subjects. The others
worked with forensic phonetics, an area that involves acous-
tic-auditory analysis and knowledge in experimental acous-
tic phonetics. Therefore, the perceptual assessment of VQ
was expected to involve not only the specific abilities and
knowledge for filling out the VPAS protocol, but also the
raters' personal experience in the speech sciences area.

The third most evaluated VPAS group was the vocal tract
features group, which was equally assessed in both recording
conditions. On the other hand, this group was mentioned as
the hardest group of features to identify (83.3% of the raters
answered vocal tract and 16.7% answered prosodic features).
Then, the relative frequency of this group can be related to its
amount of VPAS settings, 25 of 53 settings, which corresponds
to 47% of the totality of VPAS settings. Among this group of
features, the analysis of mandibular, lingual body, and pharyn-
geal settings were pointed out as the hardest ones.

When asked about the advantages of using the VPAS in
forensic context, raters highlighted three main VPAS strengths:
(1) standardize analytical practices in forensic tasks, (2) com-
pare the analysis of a same material among different experts,
and (3) identify and quantify idiosyncratic characteristics of an
individual's voice. The mentioned disadvantages were related
to the extensive training to filling out the protocol.

MDS and multiple linear regression

The MDS analysis showed that the stimuli were arranged
mainly in one dimension. Their division along the first
dimension seemed to be motivated by the acoustic quality
of the recordings, since most of the direct and mobile phone
stimuli were placed in opposite sides. None of the stimuli
pairs were overlapped, which could indicate that they were
equally assessed. Therefore, the distance between stimuli
pairs (direct and mobile phone) signaled the telephone effect
on VQ evaluation.

Different VPAS settings contributed to this spatial
arrangement. Four stimuli (grouped in two pairs) were
equally assessed but they were not pairs of a same speaker.
Caution must be taken when different stimuli are grouped
incorrectly due to the different acoustic qualities present in
the auditory analysis of the speech samples, as this may mis-
lead a forensic investigation.

STUDY LIMITATIONS
As we face some of the outcomes obtained in this research,
some procedures need clarification at the experimental
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design level. First, the relative frequency of lowered larynx
evaluation, a VPAS setting associated to larynx height,
requires such clarification. The assessment of this setting
could be related to data collection. Since our corpus con-
sisted of stimuli obtained from telephone interactions, and
although we did not video record these interactions, it is
possible that some of the speakers held the mobile phone by
pressing it between their shoulder and ear, which may have
contributed to this setting manifestation. Speakers only
were advised to hold the mobile phone in the opposite side
of the headset microphone to avoid reverberations, but no
recommendation was made about an appropriate way to
hold it. Facing this result, it is reccommended to observe this
in future studies or procedures involving the use of mobile
phones for VQ analysis.

Second, the assessment of opposite labels of speech rate
setting for simultaneously obtained stimuli allows for recon-
sideration of the VPAS applying procedures. For contras-
tive settings, as is the case of speech rate, it would be
appropriate to present a speech sample of a neutral speech
rate setting, which should work as a standard model in
which the raters should compare their assessments for other
rated stimuli. This procedure would guarantee that all raters
assess this VPAS setting in a similar way.

CONCLUSIONS
This research aimed at investigating the telephone transmission
effect on the perceptual assessment of VQ. The results rein-
forced this study's hypothesis that mobile phone acoustic qual-
ity affects adequate perception and evaluation of VQ.

The main finding is associated to the overestimation of
non-neutral VPAS setting degrees in telephone speech sam-
ples. Since there was reliable agreement among raters,
results have shown that auditory dissimilarities in the VQ
assessment of stimuli pairs were due to the acoustic quality
of mobile phone recordings. The telephone transmission
effect could be observed in the assessment of supralaryngeal
settings, such as nasality and larynx tension; laryngeal set-
tings, as for the voicing types creaky and harsh; and supra-
segmental settings.

The analysis of the perceptual distance between stimuli
pairs reinforced the outcomes of the relative frequencies of
VPAS settings, since the stimuli spatial arrangement was
motivated mainly by the mistaken assessment of the afore-
mentioned settings. The spectral distortion caused by the
mobile phone bandwidth and the background noises moti-
vated by data compression of GSM system are considered the
main causes of such perceptual inconsistencies in VQ analysis.

Some study limitations due to experimental design were also
noted. One limitation was related to the assessment of the low-
ered larynx setting, which could be explained by how some
speakers held the mobile phone. The other limitation was
related to having a proper assessment of speech rate setting by
comparison to a neutral model for standardizing its evaluation.

The current study also provided assessment of the raters'
feedback on the perception experiment, and also their opinion

on the application viability of the VPAS in forensic context.
Their answers to the survey have shown that their perfor-
mance on the perception test reflected their personal experi-
ence in the acoustic phonetics and voice analysis areas. The
raters pointed out that the main contribution of the VPAS
application on forensic tasks was its ability of standardizing
the forensic analysis of VQ, which allowed the comparison of
the same speech material among different experts. It also
allowed identifying and quantifying idiosyncratic characteris-
tics of a subject's voice. The disadvantages of the VPAS were
related to the extensive training to fill out the protocol.

VQ auditory protocols, such as VPAS or simplified ver-
sions of them,'” could improve practical tasks performed
not only in forensic, but also in clinical contexts. However,
VQ analysis should be led with caution when involving
speech materials with different acoustic qualities. In such
cases, as shown in this study (direct vs. telephone quality),
the acoustic quality effect should be considered so as not to
mislead the auditory analysis of VQ.
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