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Abstract

This article summarizes the results for a total of 189 female
and 63 male university students (mean age 23 and 26 years,
respectively) from the following vocal capacity tests: mea-
surement of (1) vital capacity, (2) average airflow in phona-
tion (on [0:]), (3) maximum duration of sustained blowing, (4)
maximum phonation time (on [o:, z:]), (5) maximum duration
of [s:], (6) the ratio of the duration of [s:] to [z] (s/z ratio), (7)
phonation quotient (the ratio between vital capacity and
maximum phonation time), (8) the lowest possible tone, (9)
mean fundamental frequency (FO) in normal and loud text
reading and in shouting, (10) difference between the lowest
tone and mean FO in text reading and in shouting, (11) FO
range in text reading, (12) equivalent sound level of normal
and loud reading and of shouting in maximum loudness, (13)
phonetogram (voice range profile) and (14) long-term aver-
age spectrum of text reading. Voice quality is also evaluated
perceptually, and additionally, data on subjects’ self-report-
ed vocal fatigue symptoms in general or after a vocally load-
ing task were collected. The value of these measurements
from the point of view of assessment of vocal capacity will

be discussed. Copyright © 2008 S. Karger AG, Basel

Introduction

Various parameters have been used in voice training
tradition to facilitate the evaluation of vocal capacity and
setting the goals of training. The present study aimed to
collect average values for an extensive set of parameters
and for a large number of subjects. To test the usefulness
of these parameters in assessing vocal capacity, the pa-
rameter values were compared with subjective reports of
vocal endurance and with perceptual evaluation of voice
quality.

The traditional parameters include measurement of
maximum phonation time and average airflow in phona-
tion, the ratio between vital capacity (lung volume) and
maximum phonation time (i.e. phonation quotient, PQ)
as well as the ratio between the maximum duration of a
voiceless fricative (typically [s:]) and the voiced counter-
part (s/z ratio) [1-3]. These parameters have been used to
describe phonation type along an axis from hypofunc-
tional (breathy) to hyperfunctional (pressed phonation).
Typically, hypofunctional phonation is characterized by
alarge average airflow and consequently a relatively short
maximum phonation time and high PQ and s/z ratio,
while the opposite is expected in hyperfunctional phona-
tion [2, 3].

One traditional but much debated concept in voice
training is ‘optimal (speaking) pitch’. It has been claimed
that in each speaker’s pitch range there is a pitch (or a
pitch range) at which the best sounding acoustic output
can be obtained with the least effort [4-10]. This pitch
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(or pitch range) should be located at approximately one
fourth of the total pitch range from the bottom [4]. The
search for the acoustic correlates of such an optimum
pitch has failed [11, 12]. On the other hand, the status quo
(i.e. how people on average speak) can be taken as a hy-
pothetical ‘norm’. Therefore, it is of interest to study in a
sufficiently large number of subjects the relation of the
average fundamental frequency (F0) in speech to the
lowest possible tone each individual is capable of produc-
ing. FO is naturally linked to loudness, the louder the
voice, the higher the FO. According to voice training tra-
dition, an excessive rise in FO in loud phonation is re-
garded as harmful. A practical rule has been that the
pitch should not rise over an octave when loudness is
raised from conversational to loud speech. If it does it
also tends to change the expression (the speaker may
start sounding as if in trouble rather than being in con-
trol of the situation). The measurement of sound pres-
sure level (SPL or its time average, the equivalent sound
level, Leq) in speech quantifies the vocal dynamics. The
phonetogram (voice range profile) has been used to de-
scribe the vocal capabilities in both dimensions of FO and
intensity in relation to each other [13]. The phonetogram
has been reported to distinguish between normal and
pathological voices and trained and untrained voices
[14-20].

Voice quality has been defined as ‘those characteris-
tics which are present more or less all the time that a per-
son is talking: it is a quasi-permanent quality running
through all the sound that issues from his mouth’ [21].
According to a broad definition as applied e.g. by Laver
[22], voice quality is ‘the characteristic auditory colour-
ing of an individual speaker’s voice’. ‘Both laryngeal and
supralaryngeal features will be seen as contributing to
voice quality’ [22].

Voice quality has been studied with the aid of long-
term average spectrum (LTAS) analysis. LTAS provides
information on the spectral distribution of the speech
signal over a period of time [23]. When the sample dura-
tion is sufficiently long, e.g. from 30 to 60 s or longer
[24-26], it yields a stabilized LTAS, where the individual
speech sounds or prosodic aspects no longer affect the
spectral shape but the LTAS thus reflects the average
voice quality. LTAS has been found capable of distin-
guishing between normal and pathological voices [27],
between different hoarseness levels [28], and between
good and less good speaking voices [29-31]. It has also
been used to describe the characteristics of different types
of singing (opera, country, Chinese opera) and to indicate
the effects of song training [32-35].
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Perceptual evaluation has been regarded as the voice
coaches’” main tool. This is also true today, although
nowadays the limitations of voice evaluation are also
widely acknowledged. It is known that perceptual evalu-
ation of voice quality cannot be used as a diagnostic tool
to distinguish between different pathological states of
the vocal organ; sometimes it cannot even reliably dis-
tinguish between voices produced by a normal and a
diseased larynx. However, perceptual evaluation is nat-
urally important from the perspectives of communica-
tion and aesthetics. Voice quality affects the listeners’
impressions of the speaker [36, 37], and each culture has
its vocal ideals which, in turn, vary according to the pro-
fession and vocal task. On the other hand, certain main
characteristics of a well-functioning voice can be seen
as more or less universal. These characteristics include
sufficient loudness and absence of excessive effort.
‘Maximum output with minimum effort’ - i.e. combi-
nation of efficiency and economy - can be seen as the
main goal in voice training, more or less independent of
time and culture.

One of the most important aspects in defining vocal
capacity is endurance, that is how well a voice preserves
its characteristics and how well a vocalizer feels after a
vocally loading task, e.g. a working day of a voice profes-
sional. Various procedures have been used to test vocal
endurance [38, 39] or in general the effects of vocal load-
ing [40, 41]. Nowadays each client’s subjective evaluation
of his/her well-being is increasingly focused on, also in
medicine, and effort has been invested in testing and val-
idating various questionnaires to be used, for instance, in
the evaluation of vocal well-being [42, 43].

In order to set objective goals for vocal evaluation and
training, a set of vocal measurements has been carried
out over the last 30 years for students attending courses
in speech technique at the Department of Speech Com-
munication and Voice Research at the University of Tam-
pere. Some of the measurements have been included from
the beginning, some have been added later, and some
measurements have been tested for a shorter time and
replaced with new ones after a while.

This article summarizes average data obtained in this
long-term project for those subjects whose recording and
measurement procedure have been comparable. (For in-
stance, the recordings have been made digitally since
1983; analogous recordings have not been included in the
present study.)

Leino/Laukkanen/Ilomiki/Maki



Subjects and Methods

Subjects

This study reports the results from a sample of 189 females and
63 males (mean age 23.4 years, SD 2.2 for females and mean 25.7
years, SD 3.6 years for males). All subjects were Finnish univer-
sity students without any known pathologies of voice or hearing.
They were tested and recorded while not suffering from cold or
laryngitis. These subjects were chosen from a larger sample (ap-
proximately 1,000 students), since they represent the most com-
plete set of all measurement data, recorded and analyzed in the
same way. Most subjects were vocally untrained, 8.5% of the fe-
males (n = 15) and 4.8% of the males (n = 3) had received some
training in singing or were engaged in artistic voice use on an
amateur basis (amateur singing, elocution, oral interpretation,
theater).

Recordings

All the recordings included in the present study were made in
the same well-damped studio using a digital recorder and a Briiel
& Kjeer microphone (4165) at a distance of 40 cm from the sub-
ject’s lips. The distance was controlled so that the subjects were
standing on a special mark on the floor and they were watched on
a TV monitor throughout the recording session.

The subjects (1) read two texts of approximately 1 min dura-
tion each (the same text for every subject) at habitual loudness and
loudly, (2) shouted as loudly as possible on [a:] and ‘apua!’ (‘help!?
in Finnish), and (3) produced a phonetogram by phonating on [a:]
at certain given pitches (c, e, g, a) throughout their phonation
range both as softly and as loudly as possible. All the recordings
were calibrated for further Leq measurements using a sound wave
calibrator and level meter (Briiel & Kjar Frequency Analyzer
2120).

Analyses

Samples of text reading and shouting as well as the phoneto-
gram samples were analyzed for mean F0O and Leq using a com-
puterized signal analysis system, the Intelligent Speech Analyser,
ISA (developed by Raimo Toivonen, MSc Eng). No A weighting
was used in the Leq analyses. In shouting samples where FO some-
times exceeded the limits of the automatic FO analysis of the Intel-
ligent Speech Analyser, RealSpeech 4 software (Tiger Electronics)
and manual measurement were used.

LTAS were made with a Hewlett-Packard 3561A Signal Ana-
lyzer. A 400-point narrow-band FFT analysis was used. The fre-
quency span was 10 kHz. Voiceless segments were excluded from
the analysis by using a level trigger and an analogous s-gate. The
time record length was 40 ms. The display resolution was 25 Hz.
Hanning window was used (the frequency band of 37.5 Hz). The
spectra were normalized for the strongest peak and compared to
each other according to the ‘slope’ (here: level differences between
the strongest peak of the spectrum and the strongest peaks in the
ranges of 1-2 kHz, 2-3 kHz, 3-4 kHz, 4-5 kHz and 5-10 kHz).

Tests

Vital capacity (maximum air volume during forced expiration,
ml) and average airflow (ml/s) during the first 6 s of phonation on
[0:] were measured with VitaloGraph (2022). Maximum duration
of sustained blowing (s) after deep inhalation was measured dur-
ing ‘bubbling’ through a straw into a cup filled with water. Maxi-

Vocal Capacity

mum duration of phonation on [0:] and [z:] at habitual pitch and
loudness was measured (in seconds). Additionally, maximum du-
ration of the voiceless fricative [s:] (produced in a stable and non-
forced manner) was measured (in seconds). The ratio of the dura-
tion of [s:] to [z:] (s/z ratio) was calculated. PQ was measured by
dividing the vital capacity (ml) by the maximum duration of [o:]
(in seconds). The lowest possible tone (Hz) the subjects could pro-
duce in a soft voice (vocal fry excluded) was measured with a real-
time FFT spectrum display (HP Signal Analyzer).

Perceptual Evaluation

All samples of text reading at habitual loudness and loudly and
samples of shouting (n = 504 for text reading and n = 504 for
shouting, 1,008 samples in total) were evaluated by 2 experienced
voice trainers. A digital recorder and Genelec Biamp (1019 A)
loudspeaker were used. The samples were evaluated in a sound-
treated studio in different sessions according to the listener’s own
judgment of their alertness and capability for performing a care-
ful perceptual analysis. General voice quality was evaluated using
ascale from ~3 = very poor quality to *3 = excellent quality. Tight-
ness of phonation was given points "1 = ‘breathy’ (hypofunction-
al),0=good, "1 = ‘pressed’ (hyperfunctional). Half of the reading
samples (at habitual level and loud) were assessed twice in order
to calculate intrarater reliability.

Vocally Loading Tests

Two types of vocally loading tests were carried out in the De-
partment of Speech Communication and Voice Research: loading
was obtained either by having the subjects read aloud from a book
for 30 min, at 70 dB measured at a distance of 1 m (in a well-
damped studio) or by having them shout numbers monotonically
for 5 min at 90 dB, measured at a distance of 1 m. Sound level in
the loading test was measured using either a Briiel & Kjer por-
table Sound Level Meter or a Briiel & Kjer Frequency Analyzer
2120. The type of loading test included in the speech technique
course was varied over the years. Thus, which type of loading test
the students did depended on the year when they joined the class.
Of the female subjects of the present study, 13 did the 5-min load-
ing test and 50 did the 30-min test. Of the males 4 did the short
loading test and 8 the long test.

Self-Evaluation

Two types of material have been included in the data for self-
evaluation of vocal fatigue: (1) one group of subjects (30 females,
12 males) completed a questionnaire on symptoms of vocal fa-
tigue experienced in general, and (2) another group of subjects (63
females, 12 males) reported on symptoms after a vocally loading
test (consisting either of loud text reading for 30 min or of shout-
ing numbers for 5 min). A three-point scale was used to report the
severity of vocal fatigue symptoms (hoarseness, tiredness of
throat) experienced after vocal loading in general or after the spe-
cial vocallyloading test (1 = mild, 2 = medium, 3 = severe). A four-
point scale was used for the frequency of the vocal fatigue symp-
toms experienced in general (0 = never, 1 = seldom, 2 = some-
times, 4 = often, i.e. once a week or more often). Based on these
answers, the subjects were classified into four groups: ‘0" = not
suffering from vocal fatigue (n = 3 in females, n = 5 in males),
‘I’ = mild vocal fatigue (i.e. mild symptoms seldom or sometimes
or medium symptoms but seldom, n = 33 in females and n = 7 in
males), 2 = medium vocal fatigue (i.e. mild symptoms often or
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Table 1. Vital capacity (VC), body height, maximum duration of sustained blowing (bubbling into a glass of water, MDB), maximum
duration of [0:], [z:] and [s], s/z ratio, mean airflow in phonation during the first 6 s of [0:], and PQ

vC Height Maximum duration, s s/z Airflow PQ
ml cm MDB o] z] [s] mlin6s  ml/s
Females
Mean * SD 3,755+ 511 167.7£5.6 48.5+11.8 22.6*6.0 22.7+8.3 253+9.7 1204 611£253 177 £53
Range 2,600 — 5,430 152 —180 24—104 10-51 8—50 6—62 0.5—3.0 100 — 1,500 67 —400
Males
Mean * SD 5,335+ 726 180.2£5.6 64.91+20.7 30.0%x10.1 29.0*+12.2 33.1x145 1.1+0.6 699 +249 19772
Range 3,750 — 7,200 171-192 37—-112 12-55 14—60 15-77 0.4—-3.1 300 — 1,400 88 — 389
Difference between males and females (Student’s unpaired t test)
P<0.001 P<0.001 P <0.001 P<0.001 P<0.001 P <0.001 NS P=0.035 P=0.039

NS = Nonsignificant (P > 0.05); SD = standard deviation; n = 189 female and n = 63 male university students.

severe symptoms seldom or medium sometimes, n =46 in females
and n = 10 in males) and ‘3’ = severe vocal fatigue (i.e. medium or
severe symptoms experienced often, n = 11 in females, n = 2 in
males). In total, vocal fatigue classification was made for 93 fe-
males and 24 males.

Statistical Analyses

Spearman’s correlation (SPSS-11) was used to calculate the in-
tra- and interrater reliability of the perceptual evaluation and to
study the relations between perceptual evaluation or self-evalua-
tion and the acoustic variables. Pearson’s correlation was used to
study relations between acoustic variables for parameters with
normal distribution; in other cases Spearman’s correlation was
used. Differences in the acoustic variables between males and fe-
males or between breathy and pressed voice types were studied
with Student’s t test (unpaired), when the variables showed a nor-
mal distribution and with Mann-Whitney U test, when the dis-
tribution was not normal.

Results and Discussion

Tables 1-7 summarize the results. The results for vital
capacity, airflow during phonation, maximum duration
of [0, 83, z:], s/z ratio and PQ (table 1) were within the lim-
its of those reported in the literature [2, 44, 45]. As could
be expected, subject’s height correlated strongly with vi-
tal capacity (r = 0.73, P <0.001). Due to structural differ-
ences (larger lungs and a wider trachea) males naturally
have a greater vital capacity and airflow than females.
Maximum duration of fricative and vowel production
was also longer for the males. The s/z ratio, however, did
not differ significantly between the genders. PQ was
somewhat higher for the males; they thus did not seem to
use their vital capacity as fully as the females for speech
sound production.
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The male subjects’ mean FO0 in text reading at habitual
loudness corresponded to the values reported, e.g. by
Baken and Orlikoff [3], but the mean FO of female sub-
jects was about 2 semitones (st) lower, probably mainly
due to cultural differences (table 2). The mean FO0 in ha-
bitual reading was about 5 st above the lowest possible
tone. This is in line with the results of Leino [46]. Aker-
lund et al. [18] reported values of 18-20% or 7 st above the
lowest FO in the phonetogram, both for vocally trained
and untrained females. The average FO in untrained sing-
ers’ text reading was about the same as in the present ma-
terial (191.4 Hz) [i.e. fis in ref. 18]. This suggests that the
subjects of Akerlund et al. [18] reached relatively lower
tones in the phonetogram; possibly vocal fry type of pho-
nation was not excluded in the experiment. It is also note-
worthy that the subjects were older than those of the pres-
ent study [mean age 41 years in ref. 18]. Regarding the
traditional concept of ‘optimal pitch’, according to the
results of the present study, the mean F0 in habitual read-
ing was about one fifth from the bottom of the total FO
range (in the phonetogram): 4.9 for the females and 5.1
for the males. The recommendation of Fairbanks [4], for
example, was one fourth from the bottom of the total
range. This discrepancy may be interpreted by suggesting
that the students did not reach their real FO maximum in
the phonetographic registration. The 90% F0 range (in
semitones) in reading was in line with the results sum-
marized by Baken and Orlikoff [3]. Contrary to expecta-
tions, the males used a wider FO variation in text reading
compared to the females. For instance, the results for
American conversational speech [47], the general de-
scription of voice therapy in transgender deformation
[48] and the results obtained by Airas and Alku [49] con-
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Table 2. FO of the lowest possible tone, mean FO and Leq in habitual and loud text reading and in shouting, range
of FO variation in text reading, relation between lowest possible tone and mean F0 in text reading and shouting
(relative F0) and relation between mean Leq in reading and maximum Leq in shouting (in %)

Lowest FO Mean FO Leq 90% FO range Relative FO Leq vs. max
Hz Hz dB st st %
Females
Mean £ SD 138.5%15.1
Range 93—-185
Reading
Mean £ SD 194.0x17.2 67.1%x39 93x22 59x1.7 61.9%4.7
Range 151 —246 56—77 5—-15 1-13 50—76
Loud reading
Mean £ SD 303.7£55.5 842+54 13.6£3.6 77.6x54
Range 196 —493 73—99 5-23 64.1—93.4
Shouting
Mean £ SD 504.0£87.0 108.8£7.0 22.0x£4.0
Range 253—-743 86—125 10—-30
Males
Mean = SD 80.3x12.4
Range 55—118
Reading
Mean £ SD 109.8 £ 14.7 68.9+3.8 10.1x3.3 53x2.2 62.5%£4.7
Range 85—153 60—77 4-20 1-11 53.8—73.5
Loud reading
Mean £ SD 230.2£60.4 90.0x8.1 17.7£5.2 81.1x75
Range 131-370 69 — 102 7=29 62.7—99.0
Shouting
Mean £ SD 338.5%£559 110.4*x6.4 245%43
Range 175 —440 92—122 14-33
Difference between males and females (Student’s unpaired t test)
Reading P=0.002 P=0.037 NS NS
Loud reading P <0.001 P <0.001 P <0.001
Shouting NS P <0.001

NS = Nonsignificant (P > 0.05); SD = standard deviation; n = 189 female and n = 63 male university students.

cerning differences in voice source parameters in Finnish
speakers would suggest that females tend to use a wider
range in prosodic variables. Both for the males and fe-
males of the present study, habitual text reading loudness
was about 62% of maximum Leq in shouting.
Maximum Leq in shouting (table 2) was somewhat
higher than the sound level values reported, for example,
by Ptacek et al. [50] (males of the corresponding age
group 105.8 dB, females 106.2 dB; when the microphone
distance of 30.5 cm used by Ptacek et al. [50] is compen-
sated for the 40 cm that was used in the present study, we
end up with values of 103.4 and 103.8 dB, respectively).
The difference in mean F0 between habitual and loud
reading was on average 7.7 st for the females and 12.4 st

Vocal Capacity

for the males. The corresponding mean Leq differences
between habitual and loud reading were 17.1 dB for the
females and 21.1 dB for the males. Thus, the subjects of
the present study seemed to fit the pedagogical ‘rule of
thumb’ concerning a rise of maximally one octave in FO
when raising loudness from habitual to loud.

When reading at habitual loudness and shouting were
compared, the increase in F0 in relation to increase in Leq
was on average 0.39 st/1 dB for the females and 0.46 st/1
dB for the males. This is somewhat lower than the values
reported for increase in SPL when FO is raised (7.5-12 dB/
octave, i.e. 1.0-1.6 st/1 dB) [51]. On the other hand, the
results for females are in line with those reported by
Akerlund et al. [18]. The males in the present study used
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Table 3. LTAS characteristics of text reading (habitual loudness) and their relation to perceptual evaluation of
phonation type (‘tightness of phonation’; Spearman correlation) in 189 female and 63 male university students:
level differences (dB) between the strongest spectral component (F1 region) and the regions of F0, 1-2 kHz,

2-3 kHz, 3-4 kHz, 4-5 kHz and 5-10 kHz

F1-FO 1-2 kHz 2-3 kHz 3-4 kHz 4-5kHz 5-10 kHz
dB dB dB dB dB dB
Females
Mean + SD “1.2%£238 “12.8+4.4 25.1+45 “30.6+4.5 34.5+4.0 “40.7+3.3
Range 11—-17 26—17 35—-"14 “40—"20 44 —-726 “52-732
Phonation type r=0.17 r=0.16 r=028 NS r=0.19 NS
P=0.019 P =0.035 P =0.000 P=0.013
Males
Mean + SD 1.4%£1.7 “13.7+x4.7 239+44 29.0%£5.9 “38.9%5.6 “41.3%42
Range 0—*8 25—=75 33—-"10 42 —-"17 “54—-725 “50—"32
Phonation type
r=0.44 r=043 r=20.51 r=0.58 r=0.50 NS
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
Difference between males and females (Student’s unpaired t test)
NS NS P =0.053 P=0.012 P<0.001 NS

NS = Nonsignificant (P > 0.05); SD = standard deviation.

Table 4. Differences between ‘breathy’ and ‘pressed’ voices in spectral parameters, maximum phonation time, PQ, air consumption

in phonation and s/z ratio

F1-FO 1-2kHz 2-3kHz 3-4kHz 4-5kHz 5-10kHz [o:] Airflow PQ s/z
dB dB dB dB dB dB sec ml/s
Females
Breathy (n = 128)
Mean = SD -15%x30 -132%45 -26.0*44 -31.0%£43 -349%x39 -40.7%*3.2 221%x57 609.0%£247.7 179.8+£57.1 1.18%+0.44
Pressed (n = 47)
Mean = SD -03%*23 -11.6%39 -23.1%*43 -299%*49 -332%38 -40.5%*34 239%69 6251%2839 1689+459 1.16%0.32
Significance P=0.0018 P=0.035 P<0.001 NS P=0.01 NS NS NS NS NS
Males
Breathy (n = 40)
Mean = SD -0.81%+1.13 -149%t43 -254+37 -313%£52 -41.0%x4.6 -41.6%*43 29.8%+10.1 716.7%t2624 198.5+784 1.37%0.65
Pressed (n =19)
Mean * SD 23*+1.7 -108%*42 -204*+41 -236*44 -349%57 -40.7%x34 31.7%x10.6 648.7%£228.7 191.6%x62.0 0.98*+0.27
Significance P=0.001 P<0.001 P<0.001 P<0.001 P<0.001 NS NS NS NS NS

Student’s unpaired t test. SD = Standard deviation; NS = nonsignificant (P > 0.05).

higher Leq in habitual and loud reading than the females;
in loud reading the relative Leq (in % of maximum in
shouting) was 3.5% higher in males. Since in shouting the
Leq as such did not differ significantly between the gen-
ders and since the males raised FO more with Leq, it seems
that the males used FO increase more than females as a
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means of raising Leq. In general, a pure FO rise may ac-
count for an approximately 4 dB rise in sound level [52].

Table 3 summarizes the results for LTAS analysis. Fig-
ure 1 illustrates the average differences between the male
and female voices. The greatest LTAS differences between
the genders were seen between 4 and 5 kHz. No special
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spectral characteristics of good voice quality [29-31] were
seen in the LTAS, and none of the voices were evaluated
as really good by the listening panel. On the other hand,
good voices cannot always be distinguished by LTAS, as
also suggested by Bele [31], studying characteristics of
good voices of Norwegian male actors and teachers. In-
terrater reliability of the perceptual evaluation was satis-
factory (r =0.56, P <0.001). Intrarater reliability was high
(r = 0.75, P < 0.001). The average slope of the spectrum
correlated with the evaluation of ‘tightness’ of the voices
(table 3), as can be expected [e.g. ref. 49, 50]; i.e. the voic-
es were evaluated to be tighter, more pressed as the spec-
tral slope was more gentle (see also fig. 2). Table 4 com-
pares various parameters between speakers whose voice
samples were evaluated as representing breathy or pressed
voice type. It can be seen that the slope of the LTAS in
habitual reading was the only characteristic that differed
significantly between these voice types. This seems to
suggest that phonation type in various tests (like maxi-
mally extended vowel phonation or phonation of a vowel
in Vitalograph) may not be comparable to the phonation
type used in connected speech. However, in addition to
spectral slope, mean FO in text reading also correlated
negatively with tightness in females (table 5), suggesting
that higher pitch was related to more breathy voice type
(or perception of it, and thus yielding a negative value in
the evaluation of tightness). In females, s/z ratio also cor-
related negatively with tightness, being higher for sub-
jects with breathy voices (in text reading, table 5). In
males, there was a positive correlation between tightness
and Leq and between voice quality and Leq in habitual
reading (table 5). For males, higher Leq in shouting was
also related to self-reported symptoms of vocal fatigue.
This seems to be in line with earlier results for female
teachers [53] and for students in a vocally loading test
[54]. On the other hand, for both genders there was a neg-
ative correlation between vocal fatigue and the relative
Leq in habitual reading. For females, there was also a neg-
ative correlation between the relative F0 in habitual read-
ing and vocal fatigue (i.e. those who used a lower pitch
also reported more symptoms of vocal fatigue). In fe-
males, voice quality correlated negatively with relative FO
or relative Leq in shouting, indicating that shouting at
high pitch and loudness relative to one’s capacity was
evaluated as sounding worse. General voice quality did
not correlate with self-reported vocal fatigue. On the oth-
er hand, in males, there was an indicative negative cor-
relation between perceived tightness and self-reported
vocal fatigue, suggesting that those with a more breathy
type of voice production reported more vocal fatigue.

Vocal Capacity
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Fig. 1. Schematic mean LTAS for 189 females and 63 males.
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Fig. 2. Schematic mean LTAS differences between text reading
samples evaluated as representing ‘breathy’ and ‘pressed’ types of
phonation for males (a, n =40 breathy, n = 19 pressed) and females
(b, n = 128 breathy, n = 47 pressed).

These results apparently differ from clinical tradition, ac-
cording to which hyperfunctional (‘tight’) high-pitched
and loud voice production has been regarded as a risk fac-
tor for voice problems. Experimental results for excised
larynges also have shown that impact stress rises both
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Table 5. Significant correlations (Spearman, P < 0.05) between
acoustic parameters of vocal capacity, perceptual voice quality,
‘tightness’ of phonation and self-evaluated vocal fatigue for fe-
males (n = 93) and males (n = 24)

FO,Hz Leq,dB Leqvs. s/z Vocal
max, % fatigue
Females
Voice quality
Reading r=-0.18
P=0.023
Loud reading
Shouting
Tightness in reading
r=-0.15 r=-0.21
P=0.043 P =10.008
Vocal fatigue
Reading r=-0.20
P =10.059
(n=93)
Loud reading
Shouting
Males
Voice quality
Reading r=0.30
P=0.014
Loud reading
Shouting
Tightness in reading
r=033 r=0.32 r=-0.39
P=0.006 P=0.01 P =0.057
Vocal fatigue
Reading r=-0.54
P =0.007
(n=124)
Loud reading
Shouting r=0.66
P <0.001
(n=24)

with F0, SPL and adduction [55]. However, the results of
the present study may be interpreted to show that subjects
who are used to soft hypofunctional type of voice pro-
duction more easily contract symptoms of voice fatigue
in a loading test requiring loud voice production.

Table 6 shows the average values measured for pho-
netograms. Both the decibel range and FO range (st) mea-
sured in these vocally untrained university students were
smaller compared to e.g. the values reported by Coleman
etal. [56] and Sulter et al. [20]. This may reflect the prob-
lem of getting mainstream vocally untrained university
students motivated in phonetographic measurements.
Many students completely refused, claiming that they
could not sing, repeat pitches after a model, etc. The val-
ues obtained by Gramming [17] for the mean dynamic
range (the average decibel difference from softest to loud-
est at the same pitch) were comparable with those ob-
tained in the present study. Both the lowest and the high-
est Leq values in males were significantly higher com-
pared to those of the females, and the mean dynamic
range was also greater in males. This may reflect a certain
cultural difference due to which boys may be more used
to loud phonation. On the other hand, as was seen, Leq
in shouting did not differ significantly between the gen-
ders in this material (table 2).

Table 7 shows the relations of phonetographic and
other parameters of vocal capacity. The lowest possible
tone correlated with the lowest tone in the phonetogram
both for the males and the females. The FO range in text
reading correlated with the FO range in the phonetogram.
Additionally, for the males, relative FO (in relation to the
lowest tone) correlated with FO range in the phoneto-
gram, indicating that those males who had a wider F0O
range also used a relatively higher mean FO in reading.
The maximum dB in the phonetogram correlated with

Table 6. Characteristics of phonetograms for 189 female and 63 male university students

FO lowest FO highest FO range Leq lowest Leq highest ~ Leq range, Leq
Hz Hz st dB dB min-max, dB  difference, dB
Females
Mean * SD 147.1£19.8 757.3+227.3 28.7%x6.7 53.0%5.1 92.6+8.9 39.6+10.7 19.6 £6.7
Range 98 — 208 62—1318 11-40 40—68 72—115 15—68 4—38
Males
Mean * SD 94.12+20.4 488.2+167.4 28.6*+7.5 57.1%x4.7 98.61+9.4 41.6+10.4 23.7x7.5
Range 65—196 185 —880 7—43 45—-70 74—119 20—62.5 8—38
Difference between males and females NS P <0.001 P<0.001 NS P <0.001

NS = Nonsignificant (P > 0.05); SD = standard deviation; Student’s unpaired t test.
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Leq in loud reading and shouting in both genders. In fe-
males, too, Leq in habitual reading correlated with max-
imum Leq and mean dynamic range in the phonetogram.
However, in females there was a negative correlation be-
tween relative Leq in habitual reading and maximum Leq
in the phonetogram, i.e. those females who had a higher
dynamic capacity used relatively less of it in habitual
reading. They also had higher Leq values as such, so they
probably did not need to use as much effort as those with
a less efficient vocal organ or vocal habits. On the other
hand, it is likely that subjects who are used to softer voice
production do not reach their absolute physiological lim-
its and therefore the percentage of maximum values is not
quite reliable.

In females vocal fatigue did not correlate with phone-
tographic parameters. In males, instead, vocal fatigue
correlated negatively with FO range in the phonetogram,
i.e. less fatigue was reported by those who had a wider FO
range.

Similar results about the positive correlation of speech
and phonetogram parameters have been reported [e.g.
ref. 18]. The usefulness of the phonetogram in differenti-
ating between normal and disturbed voices, trained and
untrained voices and in quantifying the effects of vocal
loading or voice training has been well documented [e.g.
ref. 14]. However, the results of the present study suggest
that for a simple and most practical screening test of vo-
cal capacity of untrained students, it might be sufficient
to use only registration and analyses of speech samples at
habitual loudness and loudly.

Here the self-evaluation results have been used to as-
sess vocal endurance. Further studies should concentrate
for instance on the consistency of self-evaluation and on
the validation of questionnaires to be used in quantifying
the amount of subjective vocal fatigue.

Conclusions

This study presents average values for a large set of
acoustic and phonatory parameters in vocally untrained
Finnish university students (n = 189 females, n = 63
males). This data can hopefully be used in the assess-
ment of vocal capacity and setting goals for vocal train-
ing.
(1) LTAS differentiated between breathy and pressed
voice types. The greatest differences in LTAS between
males and females were seen at 4-5 kHz.

(2) In females, s/z ratio and mean FO correlated nega-
tively with perceived tightness of the voice. None of the

Vocal Capacity

Table 7. Correlations between phonetogram and other parame-
ters of vocal capacity and self-reported vocal fatigue in females
and males

Phonetogram
lowest range Leqmax mean Leq
Hz st dB diff., dB
Females
Habitual reading
FO range, st r=022
P =0.002
Leq, dB r=0.18 r=0.15
P=0.014 P=0.049
Leq % max r=-0.19 r =-0.19
P=0.01 P=0.01
Loud reading
Leq, dB r=051 r=037
P<0.001 P<0.001
Leq % max r=012 NS
P=0.085
Shouting
Leq, dB r=038 r=0.35
P<0.001 P<0.001
Lowest tone
r=0.62
P <0.001
Vocal fatigue
NS NS NS
Males
Habitual reading
Relative FO, st r=041
P =0.008
FO range, st r=033
P=0.01
Leq, dB
Leq % max
Loud reading
Leq, dB r=0.60 r=045
P=0.000 P=0.001
Leq % max
Shouting
Leq, dB r=0.39
P =0.002
Lowest tone
r=0.52
P <0.001
Vocal fatigue
r=0.45
P =0.028
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tests, however, differentiated between breathy and pressed
voice types in either gender, suggesting somewhat differ-
ent voice use in text reading and in phonation tests.

(3) Higher Leq in shouting correlated with symptoms
of vocal fatigue in males.

(4) The use of lower Leq in relation to capacity in ha-
bitual reading correlated with self-reported vocal fatigue.
This may either reflect the subjects’ cautiousness or lack
of experience of loud phonation, which in turn may con-
tribute to fatigue.

(5) Males with a more hypofunctional type of voice
production reported more symptoms of vocal fatigue.

(6) Males seemed to use a relatively larger increase in
FO per increase in Leq, suggesting that compared to fe-

males they used FO more as a means of increasing loud-
ness.

(7) Phonetographic characteristics correlated with pa-
rameters measured from speech. Therefore, registration
and analyses of speech samples alone may be sufficient
for a routine voice screening test for vocally untrained
students.

(8) The smallest informative set of vocal capacity tests
could be: lowest possible tone, mean FO and Leq in ha-
bitual reading and shouting, s/z ratio, perceptual evalua-
tion of tightness and self-reported symptoms of vocal fa-
tigue.

(9) The self-evaluation procedure in the assessment of
vocal endurance warrants further studies.
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