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Abstract

Objectives: This study aims to assess the usefulness of spectral range profile (SRP) for quantitative assessment of voice
quality in vocally healthy singers and non-singers groups differentiated by age and gender.

Study Design: Prospective study.

Methods: SRP in combination with voice range profile (VRP) using standard singing voice protocols were derived from 57
vocally healthy adults (13 trained choir singers, 44 non-singers) and from 23 vocally healthy prepubescent children (12 choir
singers, 11 non-singers). Spectral voice quality parameter - coefficient of sound was calculated as the petrcent ratio of the
sound pressure level (SPL) in the singet’s formant frequency region between 2.6 and 3.7 kHz and the SPL of fundamental
frequency for fortissimo singing.

Results: When compared with non-singers, both genders of adult singers demonstrated a significantly greater average
values of coefficient of sound (P<0.05), while no statistically significant differences were found for this parameter in the
children groups. The logistic regression analysis revealed that coefficient of sound for adults and pitch range for children
were selected as the key predictors of well-equipped voice. The limiting score of the coefficient of sound of = 84.5 %
distinguishing singers and non-singers according to ROC curve, has the sensitivity of 100% and specificity of 90.9%.
Conclusions: Our study suggests that measurement of spectral range profile may be helpful for quantitative assessment
of voice quality in adults, and could be recommended for phoniatricians and speech-language pathologists in their clinical
practice.

Keywords: Spectral Range Profile; Quantitative Voice Assessment; Coefficient of Sound; Voice Quality; Adult Voice; Child
Voice.

Introduction An increasing number of researches have concentrated on the

differences of voice quality between singers and non-singers.

Voice quality is a relevant issue since voice is important for a
person’s career, job and psychological comfort. Modern literature
indicates the importance of both subjective assessment of voice
quality, particulatly self-rated by the person, and quantitative voice
assessment, including video stroboscopy, acoustic, vocal capability
measurements and aerodynamic tests [1]. Clinical importance of
the quantitative voice assessment is determined while testing
vocal capabilities; quantifying the degree of dysphonia; assessing
the outcomes of treatment or the effect of vocal training, adding
the objective documentation of these changes [2-4].
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The most popular recent examination of the vocal capabilities
has become a voice range profile (VRP), which plots the dynamic
range as a function of fundamental frequency and documents the
extreme capabilities of voice under the controlled conditions of
vowel production [5-9]. The VRP is helpful for an assessment of
voice training [4, 8-14]. It has been established that voice training
widen vocal capabilities for both adults and children with the
profiles of singers demonstrating greater dynamic and frequency
ranges, also increased VRP area [8-10, 12-17]. Furthermore, a
spectral range profile (SRP) additionally measures the energy of
sound in the spectral region between 2 and 4 kHz in the so-called
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singing formant range at the maximum sound pressure level
(SPL) produced by the subject [18, 19]. The importance of the
singer’s formant as a voice quality metric, especially in case of solo
singers, is under discussion by number of researches [18-23]. It
is characterized by an increase in the signal intensity between the
third and fourth formants that enhances the richness and ringing
of a singet’s voice and allows audiences to hear the singet’s voice
with amplification over the sounds of accompanying music
[20]. Consequently, a spectral range profile provides additional
important information with respect to the voice quality and allows
the detection of good quality, as well as potentially talented voices
[18-23]. Recent studies have shown that singers also have higher
energy level in the speaket’s formant region, which is related to
the perceptual characteristics of a “better normal voice quality”,
when compared to non-singers |24, 25|. Unfortunately, currently
only a few detailed analyses of the data from non-solo singers have
been published on this issue. Moreover, the vast majority of these
studies have analyzed adult voices, omitting an investigation of
child voices. Hence, taken the available data into account, the aim
of our study was to assess the usefulness of SRP for quantitative
assessment of voice quality in vocally healthy non-solo singers
and non-singers groups differentiated by age and gender.

Material And Methods
Subjects

We have analyzed the data of 57 vocally healthy adult volunteers
and 23 vocally healthy prepubescent children, who were
assessed in a voice laboratory of University Hospital. Based
on their history, perception and the results of laryngoscopy
vocally healthy subjects were confirmed to have no complaints,
no history of the otolaryngological problems or voice surgery,
and no organic pathology of the vocal folds during phoniatric
examination. Individuals with maturational voice established by
eatlier recommendations were not included in this study [26].

Four groups of subjects were investigated. The adult singers
group consisted of 13 choral singers - 4 males and 9 females aged
18-54 years (with an average age of 37.4 £ (standard deviation)
12.3 years) randomly selected from two professional choirs, who
received formal voice training in singing not less than 2 houts/
week for 2 years at a higher musical school or conservatory, and
presently were receiving voice training as part of their active
participation in the professional choir [27]. Singers had an average
experience of 7.3 years in voice training, The adult non-singers
group consisted of 44 vocally healthy volunteers - 11 males and
33 females aged 18 - 66 years (with an average 38.2 * 12.4 years)
with no voice training history.

The child singers group consisted of 12 children - 2 boys and
10 girls aged 7-13 years (with an average of 10.1 £ 2.0 years)
before maturation, who were randomly selected from two
professional children choirs and had the history of at least 3 years
of training in singing at a school of music. The child non-singers
group consisted of 11 vocally healthy prepubescent volunteers-1
boy and 10 gitls aged 5-12 years (with an average of 10.3 + 2.3
years) chosen from the randomly selected children treated at the
Ophthalmological Department.

A written informed consent was obtained from all the subjects
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ot both parents of the children. The protocol was approved by
Kaunas Region Biomedical Research Ethics Committee.

Methods

Voice quality of each subject was measured by both spectral and
voice range profiles.

The VRP was registered in an ordinary 5 X 3m room (the noise
level did not exceed 40 dBA) under a standard protocol and
according to the updated recommendations of the Union of
the European Phoniatricians [28]. The pitch range was measured
with the help of electronic keyboard (Fujiyama 3A; Fujiyama
Tech. Co., Shenzhen, China) in a range of four octaves in half
tone steps. A pitch accuracy was determined by two experts. The
VRP level of SPL was assessed using a SPL meter (TYP 00019,
VEB Robotron, Messelektronik Dresden, Germany), a slow
meter damping and an A-weighted frequency curve (dBA) with a
condenser omni-direction microphone MK 102 (Messelektronik
Dresden, Germany) at a constant distance of 30 cm from the
mouth. The subjects have sustained vowel/a/in the standing
position after a comfortable inhalation as softly and as loudly
as possible for a minimum of 2 seconds and within the entire
subjects’ frequency range; therefore, intensities are recorded for
each of 12 semitones per octave, thus producing a lower and an
upper contour of VRP [1, 2, 8]. Only precise target tone sounds
sustained for at least 2 seconds with two or more values within
2 dBA after the repeated test conditions of the target tone were
registered on an original registration form [8]. All the subjects
wete instructed to demonstrate their exceptional capabilities
regardless of the produced vocal quality and were guided by the
same experienced phoniatrician (S.N) to reduce the influence of
the recording variation on VRP characteristics [29]. To motivate
the subjects to demonstrate their extremes, the investigator
provided verbal support.

The Spectral Range Profile

The spectral range profile was registered under the same conditions
as the VRP. Simultaneously with the SPL. measurement of the
VRP loudest phonation, the SPL in the frequency region of the
singer’s formant was assessed using a 2.7 - 3.6 kHz band pass filter
(Echtzeit analysator 01018, Messelektronik Dresden, Germany,
roll off 18 dB/octave), hence forth called singing formant level
(SFL) (Figure 1) [18, 19]. For this purpose an additional SPL
meter (TYP 00026, VEB Robotron, Messelektronik Dresden,
Germany) with a condenser Omni-direction microphone MK
221 (Messelektronik Dresden, Germany) was used. According to
the European marking system, the SFL was measured from /A/
to /a!/ musical notes for males and from /a/ to /a%/ notes for
females and children [15, 19, 22].

The standard calibration procedure of both SPL meters was
performed using a calibrator PF 101 TYP 00003 (VEB Robotron,
Messelektronik Dresden, Germany) with 117.8 dB control SPL
before each VRP and SRP registration.

To assess the test-retest reliability of the voice measurements,
during two additional sessions - on the next day and in one month
after the first examination - three successive analyses of four
consecutive singers were performed. Three repeated analyses did
not show any significant difference between three occasions (P
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Figure 1. Spectral range profile expressed as a singing formant level — sound pressure level in the region between 2.6-3.7
kHz along /a/ to /a*/ notes within the voice range profile of a vocally healthy female. Quantitative spectral range profile
parameter c - the coefficient of sound is calculated as the quotient of the singing formant level by the simultaneously meas-
ured maximum sound pressure level of the fundamental frequency.
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> 0.05; paired t test for repeated measurements was used). Intra-
individual variations of intensity parameters for the repeated
assessments were within 2 dBA, and for frequency parameters
- within 2 semitones with no statistically significant difference on
the averages (P > 0.05). The identical voice measurements across
test occasions were not expected as variations within individual
voices would always seem to occur [11, 14, 30].

Quantitative Voice Parameters

A quantitative SRP parameter - a coefficient of sound (CS) was
introduced by Butner et al., [19] and relatively discloses the SPL
of acoustic energy in the singer’s formant region (2.7 - 3.6 kHz)
to the maximum SPL of the fundamental frequency. The CS was
calculated as the quotient of the singing formant level (SFL) and
the maximum voice intensity level (max.VI) according to the
proposed formula: CS= SFL/max. I X100%. CS was measured
in percent.

We also included eight VRP parameters - three frequency-
related: the highest and the lowest frequency (i.c., the highest
and the lowest tones sung in Hz), and the pitch range (i.e., the
distance from the lowest to the highest singing tone, measured in
semitones (st.)); three intensity-related: maximum and minimum
intensity (i.e., the greatest and the softest voice intensity registered
by the meter measured in dBA), and the intensity range (i.e., the
distance between the softest and the loudest SPL registered by
the meter measured in dBA); and two combined: a total area,
the surface area between the minimum and maximum intensity
contour, measured in st. X dBA and an area in high frequencies,
part of the total area calculated from 349.2 Hz for male and 523.3
Hz for female (an average place of the register change, st. X dBA)
8].

Statistical Analysis

Statistical analysis was performed using SPSS 17 for Windows
(SPSS Corporation, Chicago, 1L, USA). The Kolmogorov-
Smirnov test was applied to test the normality of the quantitative
data distribution; whereas, y* test was used to compate proportions
(age, gender, smokers). The effect of gender on quantitative
voice parameters was investigated with the help of ANOVA
model. Test-retest reliability was investigated using paired t-test
for repeated measures. The unpaired t-test (2-tailed) was used to
compare the differences between groups. Averages, difference
of an average and 95% confidence intervals of difference were
used for a description. The process used to compute the VRP
averaging method was the following: first, an average of the
lowest pitch and an average of the highest pitch within each
group were used to define an average pitch range of each group.
Second, the compression or expansion process of each individual
VRP was applied to meet the same average pitch range. Then,
the intensity points were interpolated over a detailed semitone
scale, and average upper and lower contours per semitone value
were calculated. The average VRPs were used only for visual
representations of the study data. An average CS was calculated
by averaging the SPL values of the SFL and max. VI of all the
assessed musical notes (from /A/ to /a'/ for males and from /a/
to /a?/ for females and children). A binary logistic regtession was
applied for the selection of the most informative discriminating
parameters. With the help of classification tables sensitivity (the
proportion of singers correctly identified by the test), specificity
(the proportion of non-singers correctly identified by the test) and
overall discrimination accuracy were calculated. Using coordinate
points of receiver operating characteristic curve (ROC), limiting
scores with the maximum sensitivity and specificity of the
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selected most informative parameters (that showed a significant
average difference between the singers and non-singers groups
and overall discrimination accuracy not less than 90%) were
determined. Alpha level of significance of 0.05 was used.

Results
Demographic and Clinical Data

Adult singers and non-singers were close by their age and gender
proportions (P>0.05). The majority of adults were not active
smokers: 92.3% in the singers group and 81.8% in the non-singers
group (P>0.05). ANOVA analysis has revealed that gender has a
significant effect on three tested quantitative voice parameters:
the lowest and highest frequencies and the total VRP area. Based
on the established findings, the data of adults were separated by
gender.

Almost all of the evaluated children, with the exception of just
one, were under 13 years of age. None of the children were
smokers. While ANOVA analysis disclosed no significant gender
difference on quantitative voice parameters in children under 13
years of age, the data were not separated by gender.

Spectral and VRP voice parameters characteristics of vocally
healthy singers and non-singers in adults

Average values of the coefficient of sound derived from the spectral
range profile showed significant differences between the singers
and non-singers groups both for male and female subjects (Figure
2). In the singers group, averages of the CS were significantly
higher when compared to the non-singers group: 92.0 £ 1.0%
versus 76.6 + 10.6% for males (P=0.01) and 90.9 * 4.7% versus
77.7 £ 4.9% for females (P<0.0001), respectively. There were no
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significant differences between the data from male and female
subjects (P>0.05). The averaged VRPs and SRPs of males and
females with trained voice are illustrated in Figure 3.

Regarding the data of the VRP, both gender singers demonstrated
an increased ability to produce significantly greater pitch range
(an average of 10.7st. for males and of 4.8st. for females), highest
frequency (an average of 362.3 Hz for males and of 274 Hz for
females), total area (an average of 515.4 st. X dBA for males and
of 153.6 st. X dBA for females), and area in high frequencies (an
average of 375.2 st. X dBA for males and of 218.4 st. X dBA for
females) in comparison to the control non-singers group (P<0.05).
There were no significant differences in the VRP intensity related
parameters between male groups as opposed to female groups,
where the singers, again, demonstrated significantly greater
maximum voice intensity (an average of 13.9 dBA) and intensity
range (an average of 10.6 dBA) when compared to the non-
singers (P<0.001).

Alogistic regression analysis was used for the establishment of the
sensitivity and specificity of each individual measured quantitative
voice parameter. The gender was included in the model as a
covariate. When comparing the data of singers and non-singers
groups, the spectral voice quality parameter - coefficient of sound
showed high sensitivity of 84.6% and specificity of 97.7%. While
the sensitivity of the VRP parameters ranged between 0.0% (the
lowest frequency) and 92.3% (the maximum voice intensity).
Specificity of the VRP parameters was higher and ranged between
88.6% and 100% (Figure 4). Spectral parameter CS was selected as
the most informative for the prediction of singers voice (an overall
prediction accuracy of 94.9%, cut value of probability=0.5).

The ROC analysis revealed that the CS score of = 84.5% was
the optimal score (limiting value) distinguishing singers and non-
singers. Out of 13 adult choir singers, the CS correctly identified

Figure 2. Diagrams of coefficient of sound in vocally healthy adults; 1.0=100%; A - male subjects, B - female subjects; data
are expressed as minimum-maximum values, 25-75% quartiles and median; * - statistically significant difference between
singers and non-singers groups (P<0.05).
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Figure 3. 1 - Averaged voice range profiles of vocally healthy male singers (dash line) and female singers (solid line); 2 —
averaged spectral range profiles expressed as the singing formant level (dotted line) of vocally healthy adult singers.
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Figure 4. Sensitivity and specificity of the quantitative parameters of voice and spectral range profile assessed by a logistic
regression analysis in vocally healthy adults (gender was included in the model as covariate; N=57); CS - the coefficient of
sound.
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all the individuals (sensitivity of 100%), while 40 of 44 subjects
with untrained voice were correctly classified as non-singers

(specificity of 90.9%).

Spectral and VRP voice parameters characteristics of vocally
healthy child singers and non-singers aged 5-13 years

Figure 5 demonstrates the data of spectral voice parameter - CS.
Average values of CS were similar for both tested groups: 78.9

* 8.8% for the child singers and 75.4 * 3.5% for non-singers
(P>0.05). The averaged SRP and VRP of singing children are
illustrated in Figure 6.

Data of VRP analysis showed that prepubescent children have
demonstrated less significant differences between average values
of VRP parameters than adults. Significantly greater difference
between singing and not singing children was found only for the
frequency related VRP parameters: pitch range and the highest
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Figure 5. Diagrams of coefficient of sound in vocally healthy prepubescent children; 1.0=100%; data are expressed as

minimum-maximum values, 25-75% quartiles and median.
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Figure 6. 1 - Averaged voice range profile (solid line); 2 — averaged spectral range profile expressed as the singing format
level (dotted line) of vocally healthy child singer.
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frequency were significantly greater (an average of 6.8 st. and
165 Hz), while the lowest frequency was significantly lower (an
average of 40 Hz) in singing children in comparison to children
who ate not singing (P<0.05). The intensity related and combined
VRP parameters have revealed the same trend; the difference,
however, has not reached statistical significance.

Sensitivity and specificity of each tested voice parameter obtained
with the help of a logistic regression analysis are presented in
Figure 7. The sensitivity and specificity of the coefficient of
sound in both singing and not singing prepubescent children was

not high; it was equal to 66.7% and 63.6%, respectively. While
the sensitivity of the VRP parameters ranged between 66.7% and
91.7%,; specificity - between 18.2% and 90.9%. The VRP pitch
range was selected as the most informative parameter for the
separation of the voice quality among the singing and not singing
children groups (an overall prediction accuracy was 91.3%; a cut
value of probability = 0.5).

Discussion

The aim of this study was to assess the usefulness of spectral
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Figure 7. Sensitivity and specificity of the quantitative parameters of voice and spectral range profile assessed by a logistic
regression analysis in vocally healthy prepubescent children (N=23); CS - the coefficient of sound.
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range profile for quantitative assessment of voice quality in vocally
healthy non-solo singers and non-singers groups differentiated by
age and gender.

A quantitative description of the voice quality is important

for patients, otorhinolaryngologists and speech language
pathologists. Several research works have shown that voice
training has a quantifiable effect on voice capabilities, mostly on
VRP parameters |4, 8-19]. Measurements derived from the VRP
are useful in identifying voices which are well-equipped; in the
diagnosis of vocal dysfunction; in suggesting starting points
for voice training and in controlling training effectiveness or
outcomes of the treatment. Some authors have emphasized an
importance of energy measurement in the singers’ formant region
for an assessment of voice training effects, especially in case of
solo singers [18-20, 31]. However, the following main question
remains: which of the methods and voice parameters are the most
sensitive to voice training and could better quantitatively describe
voice quality, as well as assess voice training effect. According
to the literature, to achieve this purpose VRP along with SRP
are proposed as relevant methods [4-6, 10-19]. Findings of the

present study support this opinion.

Analysis of the singers and non-singers groups in adults has
shown that both gender singers demonstrate increased power in
the singer’s formant range (2.6 - 3.7 kHz) that reflected by the
higher average values of spectral parameter - coefficient of sound
in comparison to non-singers along with the increased vocal
capabilities measured by the VRP. In comparison to non-singers
both gender singers demonstrated a significantly increased average
VRP pitch range, higher highest frequency and an increase in both
areas: a total and an area in high frequencies (P<0.05). Logistic
regression analysis revealed that the coefficient of sound was one
of the most important factors for the discrimination between
singers and non-singers in adults: its sensitivity reached 84.6%

and specificity - 97.7%. This quantitative voice parameter was
selected as a key parameter for the prediction of well-equipped
voice (an overall prediction accuracy - 94.9%).

A quantitative measure of the sound energy in the high formant
region provides additional information on the voice quality. As
the previous research has shown, calculation of the quotient of
the SPL in the singer’s formant region by the total SPL, provides
an important information about the grade of singing technique
and allows the determination of vocal sound characteristics and
changes of the sound [18, 19]. It was noticed that the process of
voice education allows an increase in the CS and a decrease in
its variation with pitch [19, 22]. Our study data have confirmed
the importance of spectral range profile on the assessment of
the capabilities of singing voice. Average values of quantitative
CS obtained by this study are in agreement with a small number
of other research works on the CS proportions [18, 19, 22|. The
majority of comprehensive results based on 376 measurements
have been reported by Butner et al., [19]: average values of the CS
for voice professionals of both genders - solo singers, as well as
students of solo singer programs, were higher than those of non-
professionals; 92.0% - 92.3% versus 78.0% - 79.0% for males;
and 85.0% - 87.0% versus 65.0% - 75%, for females, respectively.
Currently, using the advanced statistics acquired with the help
of ROC curve analysis, we found the limiting value of the CS
which can be useful in the classification of voice. The data of
the present study have shown that the CS score, which is equal
to or higher than 84.5%, could be useful in the exceptionally
accurate detection of well-equipped voice quality (sensitivity of
the limiting CS value - 100%, specificity - 90.9%). This fact could
be helpful in the practice of phoniatric specialists and speech-
language pathologists since in order to measure the CS a small
portable devise with display of the CS in real time can be used
[18, 19]. It is interesting though that the data of the present
study assessing the voices of choir singers support the evidences
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that the SPL in the singet’s formant region could be increased
not only for classically trained singers. In that case the power in
singet’s formant region could be less than for solo singers, but
sufficient enough to show good voice quality. Consequently, the
recent study by Watts et al., [21] on the objective assessment of
the singing power ratio in untrained talented and non-talented
singers concluded that vocal tract resonance and its effect on the
petceived vocal timbre or quality may be an important objective
variable related to the perception of singing talent. Moreover,
aaccording to the research performed by Seidner et al., [18], the
coefficient of sound can be applied not only for healthy but also
for sick voices, e.g. in tracing the therapeutic course.

Analysis of the child singers and non-singers groups aged
5-13 years

In contrast to the data of adults, average values of a quantitative
SRP parameter - coefficient of sound have not shown significant
difference between child singers and non-singers. Significant
differences have been found only in respect to the average values
of the VRP frequency-related parameters: increased pitch range,
extended lowest and highest frequencies for singing children, in
comparison to not singing. Such results could be determined by a
relatively small size of the sample and an incomplete development
of the vocal tract in children before maturation. However, there is
yet another reason for this - in the present study we have assessed
a fixed centre frequency of 2.7-3.6 kHz. For the determination
of the singer’s formant. However, recently Howard et al., [32]
have investigated a “ring” in the solo child’s singing voice and
have found that the formant cluster at around 4 kHz is the
children’s equivalent of the singet’s formant cluster; thus, in case
of children the frequency of the singet’s formant is higher than
in case of adults, most likely due to the smaller dimensions of the
epilaryngeal tube that plays a central role in the formation of the
singet’s formant [20]. It is possible that the fixed band pass filter
that was used in our study failed to match the centre frequency of
the singer’s formant in our group of children.

Some recent studies on children confirmed the VRP dependence
on voice/musical background [33, 34|, but we have not found
any data in literature on an analysis of the coefficient of sound
in children.

The present study has some limitations. The major limitation is
that we have analysed a relatively small sample of the investigated
groups, especially singers, which in its turn could have reduced the
power of statistical tests. Another limitation is that native “talent”
of each tested voice was not considered in this study, thus the
exact portion, which could be credited to training is unknown.
But such issue is out of the aims of this study. Therefore, for the
clarification of the results further studies are necessary. Future
investigations with larger sample size, controlled voice training
during the study and the inclusion of pathological voice as well
could be beneficial.

We can summarize that spectral range profile and its simply
calculated quantitative SRP parameter - coefficient of sound is
providing valuable information on the resonant voice quality and
is useful for showing good voice quality that could be measured
quantitatively.

http://scidoc.org/IJCEO.php

Conclusions

Spectral range profile is a useful instrument for a quantitative
assessment of the voice quality, especially in adults. The coefficient
of sound measured by spectral range profile, which reflects energy
level in the singet’s formant (2.6-3.7 kHz) range had significantly
higher average values for singers in comparison to non-singers.
This parameter for adults and pitch range for children were
selected as the key predictors of well-equipped voice.

The spectral range profile measurement along with the selected
limiting value of the coefficient of sound can be helpful in the
assessing voice quality for phoniatricians and speech-language
pathologists in their everyday practice, especially in individual
cases.
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