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Abstract

Tape recordings before and after successful voice ther-
apy from 174 subjects with non-organic voice disor-
ders (functional dysphonia) were analysed by long-
time averaged voice spectrograms (LTAS). In female
as well as in male voices there was a statistically signifi-
cant increase in level in the first formant region of the
spectra. In the female voices there was also an increase
in level in the region of the fundamental. The LTAS
were compared to the results of a perceptual evalua-
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tion of the voice qualities by a small group of expert
listeners. There was no significant change of the LTAS
in voices with negligible amelioration after therapy. In
the voices, where the change after therapy was percep-
tually rated to be considerable, the LTAS showed only
an increase in intensity, but the general configuration
of the spectral envelope remained unchanged. There
was only a weakly positive correlation between the
quality ratings and parameters of the spectra.

Gemittelte Langzeitspektrogramme (LTAS) von dysphonischen Stimmen

vor und nach Therapie

LTAS-Analysen von 174 «funktionellen» Dysphonien
wurden mit denen nach erfolgreich abgeschlossener
Stimmtherapie verglichen. Die einzigen statistisch ge-
sicherten Unterschiede waren ein Anstieg der Laut-
stirke im Bereich des 1. Formanten bei beiden Ge-
schlechtern sowie auch ein Anstieg im Grundtonbe-
reich bei den weiblichen Stimmen. Ausserdem wurde
eine globale Bewertung der Stimmqualitiitsverdnde-
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rung vor und nach Therapie von einer Expertengruppe
vorgenommen. Die nicht gebesserten Stimmen wiesen
unverdnderte LTAS-Befunde auf. Bei den deutlich ge-
besserten Stimmen wurde hingegen ein genereller An-
stieg der Lautstéirke festgestellt, nicht aber eine syste-
matische Anderung der spektralen Hiillkurve. Die Kor-
relation zwischen bewerteter Stimmqualitéit und spek-
tralen Parametern war indessen nur schwach positiv.

Le spectre moyenné de longue durée (LTAS) des voix dysphoniques

avant et aprés la thérapie

Dans le présent travail des analyses LTAS de 174
patients avec dysphonies dysfonctionnelles avant thé-
rapie sont comparées aux analyses aprés thérapie. Les
seules différences vérifiées statistiquement étaient une

Invited presentation at «Nouvelles voies de la
voix», International Congress on the Voice,
Besangon, France, February 14--16, 1991,

augmentation du niveau de la région du premier for-
mant chez les femmes ainsi que chez les hommes et du
niveau autour du fondamental chez les femmes. La
qualité globale des voix avant et aprés thérapie a été
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évaluée par un groupe de cinq thérapeutes, experts de
1a voix. Les analyses LTAS des voix jugées améliorées
présentaient une différence significative des quatre
paramétres utilisés pour décrire le spectre, correspon-
dant 4 une augmentation générale de I’intensité, tandis

Introduction

From a clinical phoniatric aspect, long-
time average spectrograms (LTAS) of contin-
uous speech offer quite a number of advan-
tages. Even if somewhat expensive, the neces-
sary instrumentation is rather easy to obtain
as there are several fast Fourier transform
(FFT) analysers on the market prepared also
to do the necessary averaging. The method
can as well be implemented directly on avail-
able computers. As this is an acoustic analy-
sis, the investigation is entirely non-invasive
and it can be carried out even in the absence
of the subject, provided his voice signal is
accessible, e.g. on tape-recordings of suffi-
ciently high quality. Contrary to several other
analyses of vocal function, LTAS investiga-
tions are not restricted to isolated contin-
uously sung tones. They permit an analysis of
the ordinary speaking voice, which is impor-
tant, as the majority of patients with vocal
disturbances complain of problems with their
speaking voice rather than when singing.

However, there are also a number of disad-
vantages and problems with LTAS. Even if it
may be possible to neutralize the influence of
isolated vowel articulation by averaging a suf-
ficiently large number of spectra, there is
always still a substantial influence from artic-
ulation and the resonators of the vocal tract
on the spectrum. This may disguise important
parts of the source signal from the larynx, e.g.
— as will be discussed later — the level of the
fundamental of the spectrum (called Lo) car-
ries important information about the vibra-
tory amplitude of the source signal, but it

que les spectres étaient presque inchangés pour les voix
non améliorées. Pourtant, la corrélation entre les esti-
mations de la qualité globale des voix et les paramétres
spectraux est faible.

depends also on the characteristics of the
sound radiation from the lip opening and on
vocal tract filtering, both these mechanisms
causing an increase in Ly when the fundamen-
tal frequency is raised [1]. This may be one of
the causes why the configuration of the spec-
trum is highly dependent on voice intensity
and why there is a considerable variation of
spectral characteristics between individuals,
as has been emphasized by Hurme [2].

Last but not least, an LTAS presents an
overwhelming abundance of data, hard to
grip and hard to interpret. Therefore, the fea-
sibility to use LTAS in routine clinical work
with voice disorders will depend highly on
methods to compress and reduce data without
losing relevant information. As with most ac-
tual research on LTAS it is the aim of the
present study to make a contribution to the
development of such methods.

Earlier Research and Basic Theories

Many earlier investigations of the spec-
trum from pathological voices have focussed
on dysphonia caused by organic disease of
the larynx, like paresis or cancer, or on voice
qualities signalling organic pathology, like
roughness and breathiness [2-13]. Most of
them found an increase in the level in the
upper frequencies of the spectrum, usually in
the range above 5 kHz, and gave the interpre-
tation that this was due to turbulent noise
components. However, there is a great over-
lap between spectra from normal and patho-
logical voices. Wendler et al. [13], in spite of
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laborious statistical analyses of their data,
had difficulties correlating ratings from per-
ceptual evaluations of voice quality with
spectral characteristics. However, their re-
sults could have been obscured by not using a
device to eliminate the contributions of sibi-
lant and other fricative articulation to the
LTAS.

Our own interest in LTAS analysis starts
from the idea that even small organic lesions
of the larynx and their influence on voice
function can most reliably be investigated by
modern optical methods like microstrobos-
copy with video documentation [14]. As for
the non-organic, so-called ‘functional’ voice
disorders, however, by definition there are no
lesions to be visualized and the clinician has
to rely on subjective auditory evaluation of
the voice quality. In these cases, the need for
objective acoustic analysis of voice quality is
most obvious. On the other hand, the discrim-
ination between ‘pathological’ and ‘normal’
spectra can be expected to be more difficult,
as the difference in voice quality usually is
more subtle than in dysphonias due to organic
lesions of the larynx.

One prerequisite for the correlation of
long-time average (LTA) spectra to ‘function-
al’ dysphonias and for giving a physiological
interpretation of the spectral findings is to
know what characteristics of the spectrum to
look for. Fortunately Fant has worked out a
theory linking together physiological criteria
of the laryngeal vibratory pattern and charac-
teristics of the acoustic source spectrum.

According to this theory, recently summa-
rized in a mathematical ‘Four-Parameter
Model of Glottal Flow’ [15],

(1) the area of the glottogram, nearly corre-
lating with the vibratory amplitude, corre-
sponds to the level of the fundamental,

(2) the rate of the closing movement corre-
sponds to the level of the overtones, a higher
closing speed causing an increase in all higher

partials, much the same as turning up the vol-
ume control of a stereo amplifier, and,

(3) the quality of the closing moment, i.e.
the degree of briskness or sharpness in the
event of closure, corresponds to the tilting of
the spectrum, so a steep fall of the spectral
envelope will depend on a soft closure and a
more flat configuration on a brisk closure.

Intuitively, these spectral characteristics
seem to be related to certain aspects of voice
quality, like dullness, intensity, and sonority.
The question is, if they can be used practically
to characterize the LTAS of dysphonic voices.
This has to some extent been shown already
by the Stockholm research group. Based on
analyses of singers’ voices Sundberg and
Gauffin [16] and Gauffin and Sundberg [1]
showed that it was possible to interpret acous-
tical source spectrum data in terms of physio-
logical glottogram data in accordance with
Fant’s theory, and they suggested to divide
the spectrum into four frequency bands, re-
presenting the mean fundamental, the first
formant region, the 2- to 5-kHz band, and the
range above 5 kHz, respectively [17].

Based on a most thorough statistical factor
analysis of results from perceptual evalua-
tions of voice quality, Hammarberg et al. [18)
were able to show significant correlations be-
tween spectral characteristics and the percep-
tual dimensions ‘breathy-overtight> and ‘hy-
per-hypofunctional’, whereas no significant
correlation was found between the dimension
‘unstable—steady’ and any acoustic variables.

In an earlier study of our own it was possi-
ble to show statistically significant differences
between LTA spectra even from vocally
healthy subjects, just changing their voice to a
leaky or strained quality when reading aloud
[19].

In the present article, we wanted to study if
the sometimes rather subtle changes of voice
quality due to therapy could be demonstrated
in the LTA spectra,
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Material and Methods

Subjects

The study is based on tape-recordings from 114
female subjects, aged 38 years on average (s = 12.5
years), and 60 males, 40 (10.0) years of age. The sub-
jects were patients treated at our phoniatric depart-
ment for non-organic voice disorders, most of them
suffering from vocal fatigue (or phonasthenia) and/or
functional hoarseness, generally of more than 1 year’s
duration. Most of them belonged to pedagogical or
commercial professions, the great majority being non-
smokers or having quit smoking as part of our thera-
peutic regimen. At diagnosis of the voice disorder, the
quality of the voice was often described as either
strained, creaky, asthenic or with elevated pitch level.
The larynx, as examined by indirect laryngoscopy,
usually through an operating microscope in combina-
tion with stroboscopy, was normal, apart from some
slight insufficiency of glottal closure in some cases,
mostly females. The patients underwent voice therapy
and were freed from their complaints, which, however,
not always implied an improvement of their voice
quality. The number of therapy sessions was on an
average 14 for the male subjects and 22 for the female
subjects. The number of drop-outs, i.e. when a patient
chose to finish therapy before reasonable success, was
4 males and 5 females.

Tape-Recordings

Recordings were made before and after therapy,
the subjects reading an emotionally neutral text, “The
Northwind and the Sun’ (in Swedish) at normal, com-
fortable intensity level in a sound-treated recording
studio. The recordings were carried out according to
our standardized and reproducible procedure with
high quality equipment which is calibrated monthly:
microphone: AKG CE 10, at 20 cm distance from the
mouth, controlled by a head attachment; tape-record-
er: Revox A 700, tape speed 7.5 inches/s.

Spectral Analysis

LTAS were obtained from a Briiel & Kjer Signal
Analyzer 2033 by linear averaging with flat weighting
over 128 triggered spectra. Pauses and unvoiced parts
of the speech signal were eliminated by a gate con-
trolled by a low-pass filter device. The frequency range
of the spectra was 0—10 kHz with an original linear fre-
quency resolution of 25 Hz, i.e. 400 equally distributed
frequency classes.

Reduction of Frequency Data

The data from the original LTA spectra with linear
division of the frequency axis were reduced by aid of a
personal computer (ABC 80, Luxor, Sweden; software:
Computer Aided Recording and Analysis of Human
Voice, CARAHV, modified version, Patrik Lorentzon
& Tobias Rydén, Department of Medical Engineering,
Malmé General Hospital). The computer program
transforms the original linear frequency scale of the
spectrum into a scale which is logarithmically divided
in the range above 500 Hz. Thereby, an enhanced reso-
lution of the lower frequency range as well as a com-
pression of the generally less interesting higher fre-
quencies can be obtained in printouts of the spectra.
The program can also compute the total effect (R) of
the in signal within certain previously chosen frequen-
cies (f, fy) according to an algorithm

fy
U2 (£, fi) = [ R(D df,
fl

where U? is a measure corresponding to the intensity
level within that range. The result can be printed out
by the computer. The frequency ranges chosen for this
study were:

(1) the point of maximum intensity within the Fyo
region + 50 Hz, corresponding to the mean fundamen-
tal frequency, and hence called Ly;

(2) a range from the minimum level (Lp,) between
F; and the first formant peak of the spectrum plus 500
Hz, hence called L;;

(3) the range between 2 and 5 kHz, called Ly;

(4) the range between 5 and 10 kHz, called Ls.

For computation of the statistics, the spectral levels
were expressed as differences from L, the latter gener-
ally being the highest intensity level of the spectra. The
differences of the results before and after therapy were
labelled as D1, DL, DL,, and DLs;, respectively. Fur-
thermore, the program computed the ratio between the
total intensity under 1 kHz and above 1 kHz, the result
being called the inverted alpha quotient, the measure
of alpha having been proposed by Frekjer-Jensen and
Prytz [5].

Quality Ratings

Five experienced voice therapists carried out a
global quality rating of the voice recordings before and
after therapy, considering only the degree of improve-
ment according to their own personal standard and
expressed in a scale of three steps: 0 = no change of
voice quality, 1 = moderate improvement, 2 = consid-
erable improvement.
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For practical reasons, this part of the study could
be accomplished for only 56 of the male voices and 72
of the female voices, the average rating scores (and
standard deviations) being 1.03 (0.50) for the males
and 1.2 (0.56) for the females. The spectral measure-
ments from voices with minimal and considerable
improvement (average rating of 0-0.6 and 1.8-2.0,
respectively) were compared statistically. Further-
more, the correlations between the averaged ratings of
voice improvement and the changes of spectral mea-
surements were computed.

Results

The results from all 174 subjects before
and after therapy appear in table 1. They can
be characterized as a general increase in the
intensity levels within the chosen frequency
ranges, except a minimal decrease in the 2- to
5-kHz range for the male voices. The increase
was statistically significant only for the range
corresponding to the first formant in both
sexes and for the level of the fundamental for
the female voices. Remembering that as a
method of standardizing all the levels but the
first formant level were expressed as differ-
ences from that level, the result means that
there was a general increase in the levels of the
spectra, but no statistically significant change
of their configuration. This compares with the
result that there was no significant change of
1/alpha after therapy.

These results could to some extent depend
on the voice therapy having too diverse ef-
fects on quality. Therefore we compared
groups of voice samples with unanimously
high and low scores in the ratings, respective-
ly. The results, as shown in table 2, were in
close agreement with those from the entire
study. Whereas the spectra from the un-
changed voices actually were very similar to
those before therapy, spectra from the im-
proved voices showed a general increase in
level in all the selected frequency ranges. For
the female voices, this increase was statisti-

Table 1. LTAS levels (dB) of all subjects (means
and standard deviations)

Females Males
(n=114) (n=60)
L, before therapy 88.34(3.24) 93.15(4.32)
L, after therapy 90.56 (3.61)  95.09 (3.64)
Difference L, —2.22%%%,a  _ | Qgrk*
L;-Ly before therapy 2.19(2.31)  3.72(2.34)
L,-L, after therapy 2.96(2.46) 4.18(2.58)
Difference Ly —0.77¥** -0.46
L,-L; before therapy 14.87(2.27) 14.73(2.64)
L,-L; after therapy 15.27(2.76) 14.47(2.29)
L;-Ls before therapy 10.77 (4.37) 15.86 (4.76)
L,-Ls after therapy 11.12(3.99) 16.21 (4.78)

1/alphab before therapy
1/alpha after therapy

1.123(0.036) 1.132(0.031)
1.117(0.03) 1.125(0.028)

Therapy-dependent differences for L,, Ls and 1/al-
pha statistically not significant and not shown.
@ Statistics by t test on paired observations.
b Ratio <1 kHz/> | kHz levels.

cally significant in the Fy and F, ranges
(fig. 1).

For reasons of orientation, we calculated
the Pearson product moment correlation (ryy)
between the therapy-dependent changes in in-
tensity levels and the rating scores, even if
these are not parametric. The only statisti-
cally significant correlation (r = 0.36) was in
the range of the first formant of the female
voices.

Discussion

The most prominent result of this study
seems to be that voice therapy causes a gen-
eral increase in the LTAS level with a slight
dominance of the region of the first formant,
and that this applies especially for voices

57



Table 2. Groups of unchanged voice quality (rating scores 0-0.6) compared to groups of much improved

quality (scores 1.8-2.0)

Females Males
unchanged improved unchanged improved
(n=18) (n=18) (n=15) (n=10)
L, before therapy 89.6 (4.1) 87.7(2.7) 92.7(4.9) 93.2(4.1)
after therapy 89.8 (4.6) 91.4(3.7) 93.5(3.0) 95.9(2.8)
DL, -0.2 B Nl -0.8 -2.7N8
L,-Lq before therapy 2.00(2.30) 1.54 (1.93) 3434 3.3(2.3)
after therapy 1.76 (2.73) 3.23(2.28) 3.6(2.3) 4.5(2.3)
DL, 0.24 -1.69* -0.2 -1.2N8
L,-L; before therapy 14.43(2.29) 14.11 (1.60) 14.0 (1.8) 14.8 (3.4)
after therapy 14.71 (3.05) 14.96 (2.36) 14.3(2.5) 15.0(1.8)
DL, -0.27 -0.85N8 -0.3 -0.2
L,-L; before therapy 11.57 (4.26) 9.58 (4.45) 15.1(5.0) 15.5(7.4)
after therapy 11.44 (4.96) 10.77 (4.60) 16.7 (5.0) 16.5 (6.5)
DLs 0.13 -0.19N8 -1.6 -1.0

No difference of 1/alpha was observed between groups or depending on therapy.
Figures express average level in decibels and standard deviation.
Statistics of therapy-dependent differences by t test on paired observations.

rated as well improved. Knowing that the gen-
eral SPL of a spectrum is dominated by the
level of the first formant, this result is in
agreement with our own earlier SPL measure-
ments of voices before and after therapy,
showing an increase of Leq of about 2 dB [20].
So, one is reminded of a comment by Hurme
[2]: Should some of the properties of a good
voice be reinterpreted as properties of a loud
voice?

However, the result may also to some ex-
tent depend on a neutralizing effect on indi-
vidual spectrum characteristics caused by the
averaging of the measurements from many
voices. This may be illustrated by the demon-
stration of some individual cases from our
material:

(1) a male voice (7611 J.P.) with a general
increase in the level of all four frequency

ranges (fig. 2a) showing a generally improved
projection;

(2) a female voice (7496 C.E.) with an
increase in all frequencies but the fundamen-
tal (fig. 2b) and a less asthenic voice;

Fig. 1. Summarized intensity levels in chosen fre-
quency ranges before and after voice therapy. a Female
voices, improved. (Frequency ranges as defined in the
text.) b Female voices, unchanged.

Fig. 2. a LTAS characteristics of male voice show-
ing generally improved projection: increase in the level
of all four frequency ranges. b Female voice, less asth-
enic after therapy: increase in all frequency ranges but
the fundamental. ¢ Female voice, more sonorous after
therapy: increase especially in Ly, meaning a lesser tilt-
ing of the spectrum envelope.

d Male voice, with less vocal fry after therapy: increase
especially in L.
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7496 C.E., female (2.0)

7611 J.P., male (2.0)

DN

2b

8865 L.H., male (1.4)

6001 E.C., female (2.0)

59



(3) another female voice (6001 E.C.) with
her most conspicuous increase in the 2- to 5-
kHz (L,) range, which means a lesser tilting of
the spectrum envelope (fig. 2c), demonstrat-
ing a more sonorous quality of voice, and

(4) a male voice (8865 L.H.), getting rid of
his vocal fry by therapy, and showing a greater
increase in the level of his fundamental than
of his F, range, as well as a certain increase in
the level above 5 kHz (fig. 2d).

The conclusion may then be that despite
the difficulties in this study to show statisti-
cally significant changes in the configuration
of the LTA spectra but only a general increase
in intensity in a large group of subjects, there
may still be a great use of LTAS to objectively
measure changes of acoustic voice quality in
individual cases, and that by doing so, re-
searchers may be trained to listen to selected
characteristics of special interest when evalu-
ating voice quality and to develop a more pre-
cise terminology when doing so.

As to recommendations for future re-
search, the most urgent task seems to study in
depth, how certain well-defined parameters in
the perceptual assessment of voice quality can
be documented in the LTA spectrum, and
which characteristics in the spectrum we
should look for, first steps in this direction
having already been taken in some previously
mentioned studies [7, 12, 15, 21]. In this work
it may be useful to compare different repre-
sentations of the spectrum like the linear and
logarithmic spectra or even spectra with mel-
or bark scales [22, 23]. A nice tool to do this
would be a computer program, where the data
from the original FFT analysis could be trans-
formed into representations of intensity levels
of certain frequency ranges in the spectrum.
These ranges should not be fixed like in our
program but possible to be chosen freely.

Another improvement of our program
would be not to show the total intensity of a
selected frequency range but rather the aver-

age, which gives a more comprehensible re-
presentation. In this way, it should be possible
to reduce the abundant data from the FFT
analysis of the entire spectra to only a few
clinically useful parameters. In a more distant
future, it might even be possible to construct a
simpler and less expensive instrument to
measure just these parameters.

Before engaging in such rather extensive
studies, however, it seems important to carry
out some critical testing of the LTAS method
as such. One is to study the influence of artic-
ulation on the intensity level of certain fre-
quency ranges. For instance, the level of the
fundamental from the voice signal as radiated
from the lips can be influenced by articulation
and should not uncritically be taken as equal
to the fundamental level in the source signal,
nearly correlating to the vibratory amplitude
of the glottis. This effect could be studied by
comparing LTA spectra of inverse filtered
flow glottograms and ordinary tape-record-
ings from the same utterances. The other nec-
essary test of the LTAS method would be to
systematically study the influence of varying
voice intensity on the configuration of the
LTA spectrum.

Acknowledgements

The authors are indebted to Bjorn Frederiksen,
Glaxo Pharmaceutical Company, Goteborg, for litera-
ture retrieval, and to Prof. Horst Lofgren, School of
Education, University of Lund, for aid with the statis-
tics.

60 Kitzing/Akerlund

LTAS before and after Voice Therapy



—

References

Gaulffin J, Sundberg J: Spectral cor-
relates of glottal voice source. J
Speech Hear Res 1989;32:556-565.
Hurme P: Auto-monitored speech
level and average speech spectrum.
Pap Speech Res, Univ Jyviskyld
1980;2:121-127.

Nessel E: Uber das Tonfrequenz-
spektrum der pathologisch verin-
derten Stimme. Acta Otolaryngol
1960;157(suppl): 1-45.
Frokjer-Jensen B, Prytz S: Evalua-
tion of speech disorders by means of
long-time-average spectra. Annu
Rep Inst Phonet Univ Copenhagen
1974;8:227-237.

Frokjer-Jensen B, Prytz S: Registra-
tion of voice quality. Briiel & Kjer,
Denmark, Tech Rev 1976;3:3-17.
Gerull G, Giesen M, Hippel K, Mro-
winski D, Schweers H: Untersu-
chung verschiedener Gruppen von
Stimmstorungen durch statistische
Spektralanalyse. HNO 1977;25:14~
22.

Hurme P, Sonninen A: Normal and
disordered voice quality: Listening
tests and long-term spectrum analy-
ses. Publ Dept Commun, Univ Jy-
viskyld 1985;1-24.

Dejonckere PH: Recognition of
hoarseness by means of LTAS. Int J
Rehabil Res 1983;6:343-345.
Hammarberg B, Fritzell B, Schi-
ratzki H: Teflon injection in 16 pa-
tients with paralytic dysphonia: Per-
ceptual and acoustic evaluations. J
Speech Hear Disord 1984;49:72-82.

10

12

13

16

Hartmann E, von Cramon D:
Acoustic measurement of voice
quality in dysphonia after severe
closed head trauma: A follow-up
study. Br J Disord Commun 1984;
19:253-261.

Hiraoka N, Kitazoe Y, Ueta H, Ta-
naka S, Tanabe M: Harmonic-inten-
sity analysis of normal and hoarse
voices. J Acoust Soc Am 1984;76:
1648-1651.

Izdebski K: Overpressure and brea-
thiness in spastic dysphonia. Acta
Otolaryngol 1984;97:373-378.
Wendler J, Rauhut A, Kriiger H:
Classification of voice qualities by
means of LTAS: Statistical ap-
proaches. Proc Symp on Voice
Acoustics and Dysphonia, Kattham-
marsvik, Sweden, 1985, pp 1-10.
Kitzing P: Stroboscopy: A pertinent
laryngological examination. J Otola-
ryngol 1985;14:151-157.

Fant G, Liljencrantz J, Lin Q: A
four-parameter model of glottal
flow. Q Prog Status Rep, Speech
Transm Lab, R Inst Technol,
Stockh, 1985, No 4, pp 1-13.
Sundberg J, Gauffin J: Waveforms
and spectrum of the glottal voice
source; in Lindblom B, Ohman S
(eds): Frontiers of Speech Commu-
nication Research. Festschrift for
Gunpnar Fant. London, Academic
Press, 1979, pp 301-320.

17

18

20

21

22

23

Gauffin J, Sundberg J: Clinical ap-
plications of acoustic voice analysis:
Acoustic analysis, results and dis-
cussion. Proc 17th Int Congr Lo-
goped Phoniatr, Copenhagen, 1977,
pp 489-502.

Hammarberg B, Fritzell B, Gauffin
J, Sundberg J, Wedin L: Perceptual
and acoustic correlates of abnormal
voice qualities. Acta Otolaryngol
1980;90:441-451.

Kitzing P: LTAS-criteria pertinent
to the measurement of voice quality.
Proc Symp on Voice Acoustics and
Dysphonia, Katthammarsvik, Swe-
den, 1985, pp 1-21. Abbreviated
version in J Phonet 1986;14:477-
482.

Kitzing P, Akerlund L: Anderungen
der Sprechstimmlage im Stimmbe-
lastungstest. 2. Kommunikations-
medizinische Tage, Stimmbheilzen-
trum, Bad Rappenau, BRD, 1988,
pp 1-17.

Hammarberg B: Perceptual and
acoustic analysis of dysphonia; the-
sis Stockholm, 1986.

Stevens SS, Egan JP, Miller GA:
Methods of measuring speech spec-
tra. J Acoust Soc Am 1947;19:771-
780.

Elenius K: Long-time-average-spec-
trum analysis using 1/3 octave filter-
bank. Q Prog Status Rep, Speech
Transm Lab, R Inst Technol,
Stockh, 1980, No 4, pp 14-22.

61



