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ALLAN VURMA (Tallinn), JAAN ROSS (Tartu), EINAR MEISTER (Tallinn)

PRIORITIES IN VOICE TRAINING:

CARRYING POWER OR TONE QUALITY?

A four-bar seven-word phrase from a well-known song by an Estonian composer was

recorded as performed by 41 students taking classical singing at the Estonian Music

Academy. The length of the students’ professional training ranged from 1 to 10 years.
The voice quality was evaluated by four experts (three singersand one musicologist).
The recordings were analysed acoustically in order to estimate the energy distribution

in the voice spectrum. A singer’s voice carries better (ie. is perceived as louder with the

same physical effort on the part ofthe singer) if the level of the voice is high between

frequencies ofabout 2 and 5 kHz. (These are the frequencies to which the human

auditory system is most sensitive.) It is possible to increase the level ofharmonics at

these frequencies either by rising the subglottal pressure (then the higher spectrum
partials gain more in amplitude than the lower spectrum partials), or by clustering the

higher formants into a single peak called the singer’s formant. Acoustical analysis
revealed that the more experienced students had higher sound levels between 2 and

5 kHz than the beginners. Different singers used different techniques to raise the
level of harmonics. The average voice quality did not increase with the years of

training. We can conclude that in the voice training process, the development of the

carrying power was given priority over the development of the voice quality.

Introduction

As a rule, young people admitted to study opera singing at the Music Academy
must have a good natural voice. In the course of vocal training, a student’s voice often

acquires operatic qualities at the expense of its former freeness. In the first few

years a singing teacher has to deal with a number of difficult tasks. It is necessary
to reshape several reflex habits of voice control. At the same time, the curriculum

assumes that certain vocally demanding arias will be performed. It would appear
that in order to obtain quickresults, singing teachers tend to concentrate on devel-

oping the carrying power of student’s voices rather than the voice quality. Our aim

in this study is to test this assumption by investigating whether there is a correla-
tion between the time that the studenthas spent on singing studies and such attrib-

utes of his voice as carrying power and perceived quality.
Carrying power is what makes a voice audible in large opera houses or concert

halls and in the presence ofa symphonyorchestra (Vennard 1967). Singersmake their

voices carry by employing a special vocal technique, usually acquired during train-
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ing. This enables them to sing sufficiently loudly, with a minimum of physical effort.

To make the voice carry one has to rely on the fact that the human auditory system
is most sensitive to the frequency range between 2 and 5 kHz (Helmholtz 1954),
hereafter referred to as the MS area. If a singer is successful in articulation, and

manages to configure the vocal tract so that the frequencies of the third, fourth

and fifth formants (F3F 4 and F5) move close to each other (this occurs if one sings
with a widened pharynx and a lowered larynx), this results in the formationof a joint
reinforced factor called the singer’s formant, the frequencyof which (depending on

the voice category) is 2.3 to 3.3 kHz, i.e. within the MS area (Dmitriev, Kiselev 1979).
The another way to make the voice carry better is to rise the subglottal pres-

sure (i.e. to sing louder). In that case the growth of higher partials is greater than

that of the lower partials. Unfortunately the increasing of subglottal pressure is

possible only by applying an extra physical effort ofbreathing musculature. Using
the singer’s formant technique is more common among male singers and low female
voices. Sopranos do not gain much from using the singer’s formant technique because
the distance between the harmonics in the case of high fundamental is wide and the

chance that a particular harmonic coincides with the frequency of singer’s for-

mant is very slight (Sundberg 1987).
The quality of the tone is not so unambiguously described as is the carrying

power of the voice. It is "hidden” in various acousticalparameters of the voice, as well

as in the way these parameters change as a function of time (di Carlo 1990). As aesthetic

values tend to depend largely on cultural context, they can be quite dissimilarin differ-

ent geographical areas and in differenthistorical eras. One way to estimate the quality
of the voice is to use expert ratings. A person who listens to singers and advises them

on a daily basis (e.g. a professional singer, asinging teacher or an operacritic) is able to

perceive the problems of quality as an integral whole, and at the same time to distin-

guish between what is a deviation and what is an intentional device of expression.

Material and measurements

41 students of opera singing (15 males and 26 females) from the Estonian Music

Academy were studied. We tried to determine the carrying power (i.e. the pres-
ence of strong harmonics in the MS area) and the perceived quality of their voice,
and to find out how these change as a result of training. For this purpose we

recorded each of the students singing a four-bar seven-word phrase from the

melody of a well-known song by the Estonian composer Miina Härma ”Ei saa

mitte vaiki olla”. Each voice was recorded three times: singing the phrase in E minor,

singing the phrase in A minor and speaking the text. The fundamental frequency
range was 330 to 494 Hz for females and 150 to 247 Hz formales in the E minor

version, and 440 to 695 Hz for females and 220 to 330 Hz formales in the A minor

version. At the time of this study, the students had been studying singing with dif-

ferent teachers (12 in all) for anything between 1 and 10 years.
To estimate the quality of the voice, we used four experts (three professional

singers and one musicologist), who were asked to evaluate voice quality on a 5-

point scale. The criteria for quality evaluation were not specified. To estimate the

carrying power of the voice, the recordings were analysed acoustically using the

Kay Elemetrics Company CSL workstation, with a sampling frequency of 16 kHz.

Long term average spectra (LTAS) were calculated for each recording using the

Hamming window. From the LTAS we found the relative strength (in relation to

the highest peak below 1 kHz in the spectrum — normally the fundamental or the

first formant) of the maximum peak in the MS area.
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Results and discussion

Three typesof LTAS shape inthe MS area can be distinguished.First, a distinct trian-

gle with high sound level (Figure 1, top left). This group consists of5 male singers. For

4 of those, the level of the triangle was between—4 and +lO dB in relation to the over-

all maximum. For one singer, the level of the triangle was between -10 апа -12 dB.
These singers use the singer’s formant technique, this results in the bright and

sonorous timbreof their voice. The second type ofspectrum ischaracterized by two

distinct peaks with a relatively high energy level (Figure 1, top right). This group
included9 male singers. The level of the strongest peakin the MS area was -8 to -10

dB. The two separate peaks indicate that the formation of the singer’s formantwas

less consistent here than in the case of the singers belonging to the first group.

The shapes of the LTAS of the female singers (Figure 1, bottom left) resemble

each other much more than those of male singers. The maximum level in the MS

area was -12 to -25 dB, the average being -18.4 аВ. Весацсе of greater distances
between successiveharmonics, it is much more difficult to determine the clustering
of the higher formantsand theresulting formationof the singer’s formant in female
voices. By comparing the spectra of separate vowels in speech and in the singing
voice, it is still possible to distinguish the singers in whose case F 3 and F 4 were
more close, from the singers in whose singing voice spectrum there is no evidence
of the clustering of the higher formants.

Next we will consider whether the level of the strongest peak in the MS area of
the LTAS depends on the time that singer has spent on voice training. Regression
analysis indicates (Figure 2) that the peak becomes stronger the longer the period
of study (p < 0.01 forboth males and females). It would appear that the voices of

those students who have studied longer have greater carrying power.

Figure 1. The shape of the long-term average spectrum (LTAS). A male singer, using the

singer’s formant technique (top left); a male singer, using the singer’s formant

technique inconsistently (top right); a typical female singer (bottom left); a singer
who does not use the singer’s formant technique (bottom right).
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The sum of the ratings (on a 5-point scale) given to each voice by 4 experts
ranged from8 to 18, the average being 13.3. Regression analysis was carried out in

order to determine whether there was any correlation between these ratings and

the number of years of professional experience. No significant correlation was

found (Figure 3). We concluded that the carrying power of the voice was greater
for those students who had been training for a longer time, while the average expert
rating of tone quality did not depend on the duration of studies. We believe that

the reason for this lies in methods of teaching which give priority to the develop-
ment of the carrying power of the voice over the quality of the tone.

Figure 2. The dependence of the carrying power of the voice on the length of training.
Horizontal axis: number of years studied, vertical axis: level of the highest peak
between 2 and 4kHz in the LTAS in relation to level of the highestpeak in the

spectrum. Dots correspond to individual singers, y-formula of linearregression
trendline of dots, R? — R sguared value of linear trendline.

Figure 3. Rating of the voice quality as a function of the length of training. Horizontal axis:

number of years studied, vertical axis: the sum of the marks (on a 5-point scale)

given by 4 experts. Dots correspond to individual singers.
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Conclusions

A good opera singer’s voice must have sufficient carrying power in order tobe

heard in large halls without the use of amplification systems, or when accompanied
by a symphony orchestra. At the same time, the voice must be smooth, with no

irregularities in phonation or articulation. In order to make his voice carry better, a

beginner must either use an unfamiliar type of articulation to cluster the higher for-

mants, or change the type of phonation so as to increase the level of upper over-

tones. As singing teachers well know, a beginner cannot usually retain the natural

smoothness of his voice ifhe isasked to sing "with a supported tone”, or louder (i.e.
with a voice that carries better), or using some other technique necessary in opera

singing. In the case of talented student, the former quality can be restored with the

help of a qualified teacher and experience. However, in some cases the instability
of the voice lingers and neither the teacher nor the student can find a solution.Each

singer has his own way of developing, with his own problemsand ways of solving
them. A voice with good carrying power is inevitably one of the main goals in

voice training. A singer whose voice is drowned by the orchestra. cannot sing in an

opera house. So the dilemma — whether to opt for carrying power and the ability
to sing louder rather than for quality of tone — is usually resolved in favor of the

voice with more carrying power but sometimes with irregular timbral character-

istics.

Acknowledgments

This research was supported by the Estonian Science Foundation. The authors are grateful to

the students and experts for their participation in the experiment. The measurements were

accomplished in the Laboratory of Phonetics and Speech Technology, Institute of Cyber-
netics, Tallinn, Estonia.

REFERENCES

di Carlo, N. S. 1990, Vocal Evaluation ofOpera Singer. — Journal of Research in Singing
14, 27—46.

Dmitriev, L, Kiselev, A. 1979, Relationship between the Formant Structure of

Different Types of Singing Voices and the Dimension of Supraglottal Cavities. — Fo-

lia Phoniatrica 31, 238-241.

Helmholtz H. 1954, On the Sensation of Tone, New York.

Sundberg, J. 1987, The Science of the Singing Voice, Illinois.

Vennard, W. 1967, Singing, the Mechanism and Technique, New York.


	b10725076-1998-3 no. 3 01.07.1998
	Cover page
	Untitled

	Chapter
	PREFACE
	PARTITIVE OR ILLATIVE?
	Correct case identification Number of correctly identified stimuli Figure 1. Distribution of correct case identifications.
	Table 1 Average duration (in milliseconds) of the vowel of the first syllable, the intervocalic consonant, and the vowel of the second syllable in test words produced by three speakers
	Table 2 Duration ranges (in milliseconds) of intervocalic consonants in test words produced by three speakers
	Table 3 Responses of 50 listeners to 48 test items produced by three speakers
	Table 4 Responses of 50 listeners to test items produced by Speaker 1
	Table 5 Responses of 50 listeners to test items produced by Speaker 2
	Table 6 Responses of 50 listeners to test items produced by Speaker 3

	PERCEPTION OF ESTONIAN WORD PROSODY. A STUDY OF WORDS EXTRACTED FROM CONVERSATIONAL SPEECH
	_Ё П& E a DE K SC ж З K “:ž.;—g'-š RECOGNITION RATE RECOGNITION RATE
	N Z a Ра АЫ :Ё&“ё"' : G š; ? N S.
	RECOGNITION RATE
	x > NO a Õ sd b 1t RECOGNITION RATE Figure 2. Vı duration, Vl/V; duration ratio, percent FO change within Vi and FO peak position (as ratio of Vi duration) in relation to different recognition rates of the guantity degree of the stimulus. Filled sguares = 01, unfilled sguares = 02, filled circles = 03. See text for details.
	Untitled
	Figure 1 shows percent Ql, Q 2 and Q 3 answers to stimuli of each of the three degrees of quantity. The general pattern is similar for the three speakers, although the number of correct answers varies. It can be seen that recognizing Q 1 did not cause difficulties and that Q 2 was a little more difficult. More serious difficulties were encountered only in connection with Q 3, particularly with the stimuli of speaker AT. The recognition rate of Q 3 words was very variable: for example, one word could be recognized by all 24 listeners while another, similar word spoken by the same person was not recognized at all. There could be several reasons for this difference, which will be discussed further on. The most obvious reason could lie in the acoustic properties of the stimuli. STIMULUS QUANTITY STIMULUS QUANTITY STIMULUS QUANTITY Figure 1. Percent Ql, Q 2 and Q 3 answers to stimuli of each of these dezrees of quantity. Black = Ql, white = Q 2, and grey = Q 3.
	Untitled
	Table 1 Multiple correlation analysis of four acoustic properties as predictors of the recognition of Q 3 stimuli
	Table 2 Mean temporal and tonal values in stimuli recognized by more than 80% of the listeners
	WHY SYLLABIC QUANTITY? WHY NOT THE FOOT?
	Untitled

	REASONS FOR AN UNDERLYING UNITY IN RHYTHM DICHOTOMY
	Table 1 Linear regression equations and correlation coefficients for five languages using R. M. Dauer’s (1983) data
	Untitled
	SPEAKER DATABASE TEST AND FUNDAMENTAL FREQUENCY IN SPEECH
	Table 1 Data on speakers and speech material used in F 0 analysis
	Table 2 Mean values of F 0 and its standard deviation for female speakers (N = 53)
	Table 3 Mean values of F 0 and its standard deviation for male speakers (N = 58)
	Table 4 Results of the basic test run (closed test)

	EVALUATION OF SIMILARITY DEGREE BETWEEN SPEAKERS ON THE BASIS OF SHORT TIME FFT SPECTRA
	Figure la. Three single spectral (snaps) and the averaged spectrum with ”well-shaped” formants and their average spectrum. (A male speaker Al; test vowel [2] from sdde ‘ray’).
	Figurc Ib. A comparison of two averaged spectra: with “well-shaped” (good) and "not well-shaped” (bad) formants. 3 Linguistica Uralica 3 1998
	Table I Experimental arrangements (speakers, their linguistic backgrounds, speech material and recording devices) in the three investigations.
	Table II Comparison of the female speakers HA and MA (16 phones within one sentence) SoundScope constant options: sampling rate 22.050; filter 45 Hz; TW = 33 ms; resolution 1054 points (= actually 213 points within 5 kHz); low smoothing; PreEmphasis; one snap from the temporal mid point of the speech sound concerned (exept the bursts of [k] and [t]).
	Table 111 Phones and words used in study Correlation coefficients (r) of some options are shown in different spectral bands. Column "same” shows the intra-speaker correlations, and column "diff” the inter-speaker correlations. Three snaps were always averaged.
	Table IV Phones and words used Correlation coefficients (r) of one option — 300 Hz, 512 points — in different spectral bands are shown. Column "same” shows the intra-speaker correlations, and column "diff” the interspeaker correlations. Three snaps were always averaged.
	MODELING FINNISH MICROPROSODY WITH NEURAL NETWORKS
	Untitled
	Untitled
	Untitled
	relative time relative time
	Untitled
	relative time
	Figure 2. Estimated pitch and actual values for [a] in the words knalli and tase, for [e] in tase and [l] in Jadata, gallup and tuuli. The vowels are estimated with a network that was trained on all voiced phones; the l-estimates represent a specialized network trained only on [l] phones. The triangles represent neural network estimates and the circles (or N) the actual F0 values. The x-axis represents the nine estimation frames for each phone.
	Untitled
	Untitled
	relative time relative time Figure 3. Estimated loudness and actual values for [a] in the words kahdeksan and arlanda. The triangles represent neural network estimates and the circles the actual loudness values. The x-axis represents the nine estimation frames for each phone.
	Untitled
	Untitled
	Untitled
	Figure 1. The neural network input, coding and architecture. The example shows the coding for the vowel /a/ in the word fakassakin ’in the fire-place, too’. A seven-phoneme window is used; the three features for the vowel are phoneme identity (a = /a/), its class (BV = back vowel) and its length (. = short). The additional information in the training vector includes: the estimated phoneme’s place in the word, the length of the word and the estimated frame’s position in the phoneme.
	Table 1 Network estimation results (average absolute error) for pitch and loudness for two male speakers (MK and MV)

	FINNISH SPEECH SYNTHESIS USING WARPED LINEAR PREDICTION AND NEURAL NETWORKS
	Figure 1. A realisable WIIR structure with first-order allpass delays and a single unit delay.
	Untitled
	0 1000 2000 3000 4000 5000 6000 7000 8000 9000 Hz Figure 2. LP and WLP spectra of vowel /a/ for different filter orders.
	Figure 3. Configuration of the speech synthesis system using warped linear prediction and specialised neural nets.
	Table 1 Lattice coefficient error vs. network specialisation Figure 4. WLP spectra (dB vs. Bark scale) at a certain time instant in an [e]—]i] transition of word /keinu/. The top curve is the target spectrum and the other ones are neural net generated cases (Table 1) in order of decreasing specialisation.
	Untitled

	SPEECH ANALYSIS BY USING A NOVEL, BLOCK RECURSIVE ALGORITHM FOR AUDITORY SPECTROGRAMS (BRASS)
	Q 10 20 30 40 50 60 70 Figure 1. Auditory spectrogram of five synthetic glottal pulses.
	Figure 2. Auditory spectrogram of Finnish //.
	Figure 3. Auditory spectrogram of the Finnish sentence memo päälle.
	Figure 4. Normalized Euclidean distance function between the model pitch period and all the other pitch periods (or equivalent subrfames) of the sentence (see text).
	Figure 5. Segment boundary indicated by combining distance measures of neighboring segments.

	A TOOL FOR AUTOMATIC LABELLING OF FINNISH SPEECH
	Figure 1. Block diagram of the automated labelling system
	Figure 3. Examples of diphone detector network outputs for the word /yyteri/.
	Figure 4. Histogram оё phoneme boundary deviations between automatic and hand labelling.
	Figure 2. The configuration of a single diphone detector neural net.
	Table 1 Error decomposition of the 188 evaluation words sorted according to the average absolute error (AvgAbsErr) in seconds (N indicates the number of occurrences found in a specific coarse-category 37 out of a possible 64 coarse-categories existed in the word set)

	QUALITY OF STANDARD ESTONIAN VOWELS IN STRESSED AND UNSTRESSED SYLLABLES OF THE FEET IN THREE DISTINCTIVE QUANTITY DEGREES*
	Untitled
	Figure 1. Average spectral values of the Estonian stressed-syllable vowels of Q 1 (©), Q 2 (D) and Q 3 (A) feet plotted onto the acoustic space of Fl, F 2 and F 3. On the lower part of the Figure phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994 : Fig. 6); phoneme targets as reference points in the two-formant perception space are marked by a dot (®).
	Figure 2. F 1 and calculated F2’ average values of Estonian vowels in the stressed syllables of Q 1 (), Q 2 (O) and Q 3 (A) feet plotted onto the perception space (3 male speakers). Phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994); phoneme targets as reference points are marked by a dot (*).
	Figure 3. Average sgectral values of the Estonian unstressed-syllable vowels of (š (?h)’ PZ (El?an ?3 (A) feet plotted onto the acoustic space of Fl, F 2 and F 3. On the ower ä)art of the Figure fhoneme boundaries are designated bšstraight lines defined on the basis of ma chinš experiments (Eek, Meister 1994); E oneme ta:qets as reference points in the two-formant perception space are marked by a dot (9).
	Figure 4. F 1 and calculated F2' average values of Estonian vowels in the unstressed syllables of Q 1 (¢), Q 2 (O) and Q 3 (A) feet plotted onto the perception space (3 male speakers). Phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994); phoneme targets are marked by a dot (®).
	Table 1 Average durations (ms) and formant frequencies (Hz) of the stressed-syllable vowels of Ql, Q 2 and Q 3 feet (3 male speakers)
	Table 2 Average durations (ms) and formant frequencies (Hz) of the unstressed-syllable vowels of Ql, Q 2 and Q 3 feet (3 male speakers)
	VOWEL REDUCTION IN SOUTH ESTONIAN
	Chart 1. The articulation space of the male informant of Karksi.
	Chart 2. The articulation space of the female informant of Karksi.
	Chart 3. The articulation space of the Vastseliina informant.
	Untitled
	Untitled
	Table 1 Formant positions of vowels with varying duration in non-initial syllables in Karksi and Vastseliina

	ABOUT THE PHONETIC PECULIARITIES OF SHORT VOWELS IN THE VORU DIALECT
	Diagram 1. Location of short monophthongs of the first syllable of Vastseliina in the formant space.
	Diagram 2. Position of short monophthongs of the second syllable in the formant space in Vastseliina.
	Diagram 3. Position of short monophthongs of the third syllable in the formant space in Vastseliina.
	Table 1 Mean formant values for vowels in the first syllable in Vastseliina together with standard deviations (in Hz)
	Table 2 Mean formant values for vowels in the second syllable together with standard deviations (in Hz)
	Table 3 Mean formant values for vowels in the third syllable together with standard deviations (in Hz)

	ABOUT THE ACOUSTICS OF LONG AND OVERLONG VOWELS IN THE VORU DIALECT
	Figure 1. Location of long vowels in the formant space.
	Figure 2. Location of overlong vowels in the formant space
	Table 1 Mean formant values of long vowels in Hz with standard deviations
	Table 2 Mean formant values of overlong vowels in Hz with standard deviations

	ELECTROPALATOGRAPHIC INVESTIGATIONS OF THREE FINNISH CORONAL CONSONANTS
	Table 1 The means obtained for /t/ as a function of V; (in each V; context, N = 300)
	Table 2 The means obtained for /£ / as a function of V 2 (in each V 2 context, N = 300)
	Table 3 The means obtained for /d/ and /n/ as a function of Vı (for both consonant in each Vi context, N = 300)
	Table 4 The means obtained for /d/ and /n/ as a function of V 2 (for both consonant in each V 2 context, N = 300)
	Table 5 The mean fronting of contact during occlusion of /d/ and /n/ as a function of Vı
	Table 6 The mean fronting of contact during occlusion of /d/ and /n/ as a function of V 2

	FINNISH AND ENGLISH APPROXIMANTS: THE ACOUSTIC CONTINUUM
	AN UMLAUT PHENOMENON IN THE KARASJOHKA DIALECT OF NORTH SAAMI
	V 4-u & &-о % A-a % A-& $ 4-e B &-1 Figure 1. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 1. Legend, see figure.
	Figure 2. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 2. Legend, see figure. Table 3 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 3
	Figure 3. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 3. Legend, see figure.
	Table 1 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 1
	Table 2 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 2
	Untitled

	INITIALLY- AND FINALLY-STRESSED DIPHTHONGS OF THE GUOVDAGEAIDNU DIALECT OF NORTH SAAMI
	Figure 1. FO maximum and F0 values at the Ist and 2nd segment of initially- and finally stressed diphthongs. Informants A, B, and C.
	Figure 2. Acoustical vowel chart of diphthongs produced by informant C. The Ist segment of the diphthong has been marked by a bigger symbol. Finally stressed diphthongs has been marked by ( ).
	Table 1 Durations of the initially-stressed diphthongs and the Ist and 2nd segment in ms Table 2 Durations of the finally-stressed diphthongs and the Ist and 2nd segment in ms
	Untitled
	Table 3 Durations of the segments of the initially-stressed diphthongs in percent
	Table 4 Durations of the segments of the finally-stressed diphthongs in percent

	CATEGORIZATION, RATING AND DISCRIMINATION OF MUSICAL CHORDS
	Figure 1. Identification of the test chords as either minor or major by Subject 13, a good categorizer. The pitches of the middle notes rise from left to right on the x-axis and the pitches of the tempered (T) and the natural (N) chords are marked with arrows.
	Figure 2. Goodness rating of the test chords as minor or major by Subject 13. The x-axis is the same as in Figure 1. The goodness on the y-axis represents the averages of 15 ratings of each chord on a scale from 1 to 7.
	Figure 3. Discrimination of two chords with a difference of 4 mel in the middle note by Subject 13. The x-axis is the same as in Figure 1.



	PRIORITIES IN VOICE TRAINING: CARRYING POWER OR TONE QUALITY?
	Figure 1. The shape of the long-term average spectrum (LTAS). A male singer, using the singer’s formant technique (top left); a male singer, using the singer’s formant technique inconsistently (top right); a typical female singer (bottom left); a singer who does not use the singer’s formant technique (bottom right).
	Figure 2. The dependence of the carrying power of the voice on the length of training. Horizontal axis: number of years studied, vertical axis: level of the highest peak between 2 and 4 kHz in the LTAS in relation to level of the highest peak in the spectrum. Dots correspond to individual singers, y-formula of linear regression trendline of dots, R? — R sguared value of linear trendline.
	Figure 3. Rating of the voice quality as a function of the length of training. Horizontal axis: number of years studied, vertical axis: the sum of the marks (on a 5-point scale) given by 4 experts. Dots correspond to individual singers.

	PRELIMINARY EVALUATION OF SELECTED ACOUSTIC PARAMETERS AS SENSITIVE INDICATORS OF DIFFERENCES BETWEEN WOMEN WITH AND WITHOUT VOCAL NODULES
	Figure 1. Intragroup variability of relative average perturbation (= RAP) for the vocal nodule and control groups.
	Figure 2 . Correlation of FO and absolute jitter in the vocal nodule group.
	Figure 3. Correlation of SPL and absolute jitter in the normal group.
	Table 1 Mean, standard deviation, minimum and maximum values of acoustic analysis for the normal and vocal nodule groups
	Table 2 Correlation coefficients of fundamental frequency (F 0 sound pressure level (SPL) and other acoustic parameters (* = р < .05, ** = р < .01, *** = р < .001)

	VARIABILITY OF FINNISH SPEECH SPOKEN BY HEARING-IMPAIRED INDIVIDUALS
	INTERPRETATION OF COMMUNICATIVE INTENTS OF AN INFANT
	Table 1 Summary of the testing material Figure 1. The answers (is not intentional” (= EI INT.), ”I don’t know” (= EOS) and "is intentional” (= ON INT.)) of the subjects (n = 33) in the vocalization samples (n = 40) in the auditory section.
	Figure 2. The answers (”is not intentional” (= EI INT.), ”I don’t know” (= EOS) and ”is intentional” (= ON INT.)) of the subjects (n = 33) in the vocalization samples (n = 40) in the auditory-visual section.
	Untitled

	THE ACQUISITION ORDER OF CONSONANTS: A PROBLEMATIC VIEWPOINT
	Table 1 Sini’s very first words (I = imitation)
	Table 2 Sini’s early [t]-words (I = imitation)
	Untitled

	DIFFERENTIATION OF VOWEL LENGTH BY RELATED BILINGUAL CHILDREN
	Table 1 The quantity distinctions of Estonian and Finnish
	Table 2 Cases of utterances by girl H and boy M which meet the 50% lengthening and the > 200 ms condition. Age period 1;11 to 2;5
	Table 3 Cases of utterances by girl H and boy M which meet the 50% lengthening and the > 200 ms condition. Age period 3;0 to 4;4

	DURATIONAL PROPERTIES OF FINNISH DIPHTHONGS AS PRODUCED BY ESTONIAN LEARNERS
	Figure 1. Proportion (per cent) of durations of the Ist and 2nd segment of Finnish diphthongs. Diphthong classes with different extent and direction of glide: low-high (e.g. /®i/), mid-high (/ei/), high-mid (/ie/), and high-high (/iw). Informants A, B (native Estonian speakers) and C, D (native Finnish speakers).
	Table 1. Durations (ms) of the Ist and 2nd segment of Finnish diphthongs
	5. Discussion

	PANORAMA — PROSPECT — PROFILE: ON THE COMPUTER-AIDED DESCRIPTION OF PROSODIC QUALITY OF SPEECH
	Figure 1. Panorama: Obedience training with Veikko, a dachshund. Upper window: signal display; lower window: speech amplitude envelope display with loudness curve. For sample information, see table 1. Transcripted: Veikko! Istu. Hyvd. Seuraa. Seuraa, Veikko! Maahan. Hyvd poika. Todella kiltti koira, hyvd! Ja seuraa! Istu. Hyvd. Ja Veikko on vapaa, kiitos! 'Veikko! Sit. Good. Follow. Follow, Veikko! Go down. Good boy. Very nice dog, good! And follow! Sit. Good. And Veikko is free, thank you!
	Figure 2. (Adapted from Lehessaari 1996 : 180). Z scores for 11 speech parameters: slight intoxication (unfilled symbols, speech sample of 223 syllables) and medium intoxication (filled symbols, speech sample of 224 syllables) compared to sober speech (speech sample of 223 syllables). Speaker C, Finnish-speaking female, 25 years. Parameters: /auof = mean duration, all pauses; puheilmaukset = mean duration, all utterances; puhetahdit = mean length in syllables, all speech measures; art/kaikki, /pnen, /pton = mean duration, all syllables /stressed syllables /unstressed syllables; FO/kaikki, /pnen, /pton = mean fundamental frequency maximum, all syllables /stressed syllables /unstressed syllables; dekl/ensi, /viime = 0.5 – mean fundamental frequency maximum, first stressed /last stressed syllable in a declination unit.
	Table 1 Prospect chart (an example)
	Table 2 Mean duration and standard deviation (ms) (All syllables and all pauses; data adaFted from Lehessaari 1996 : 104, 127) Speaker N, Finnish-speaking female, 33 years, sober and intoxicated
	A FINNISH-TALKING HEAD
	Figure 1. Left: a front view of our facial model uttering a /r/. Right: a side view of the same model uttering a /v/.

	CREATION OF THE ESTONIAN DIPHONE DATABASE FOR TEXT-TO-SPEECH SYNTHESIS*
	Figure 1. A text-to-speech compilative synthesizer based on diphones concatenation.
	Figure 2. An example of diphone segmentation (the word osa separated from the text corpus). 1 — oscillogram of the word osa (spectrogram used in segmentation is not presented in the figure); 2 — phone boundaries marked by vertical strokes; 3 — segmentation of raw segments for the corresponding diphones; 4 — separated diphones saved in diphone database with three measurement values (the numerical values express distances of the vertical strokes from the beginning of the corresponding raw segment: the first stroke — distance of the beginning point, the second stroke — distance of the phones boundary and the third stroke — distance of the end of the diphone from the beginning of the raw segment).
	Untitled




	Table of content

	Illustrations
	Untitled
	Correct case identification Number of correctly identified stimuli Figure 1. Distribution of correct case identifications.
	_Ё П& E a DE K SC ж З K “:ž.;—g'-š RECOGNITION RATE RECOGNITION RATE
	N Z a Ра АЫ :Ё&“ё"' : G š; ? N S.
	RECOGNITION RATE
	x > NO a Õ sd b 1t RECOGNITION RATE Figure 2. Vı duration, Vl/V; duration ratio, percent FO change within Vi and FO peak position (as ratio of Vi duration) in relation to different recognition rates of the guantity degree of the stimulus. Filled sguares = 01, unfilled sguares = 02, filled circles = 03. See text for details.
	Figure la. Three single spectral (snaps) and the averaged spectrum with ”well-shaped” formants and their average spectrum. (A male speaker Al; test vowel [2] from sdde ‘ray’).
	Figurc Ib. A comparison of two averaged spectra: with “well-shaped” (good) and "not well-shaped” (bad) formants. 3 Linguistica Uralica 3 1998
	Untitled
	Untitled
	Untitled
	relative time relative time
	Untitled
	relative time
	Figure 2. Estimated pitch and actual values for [a] in the words knalli and tase, for [e] in tase and [l] in Jadata, gallup and tuuli. The vowels are estimated with a network that was trained on all voiced phones; the l-estimates represent a specialized network trained only on [l] phones. The triangles represent neural network estimates and the circles (or N) the actual F0 values. The x-axis represents the nine estimation frames for each phone.
	Untitled
	Untitled
	relative time relative time Figure 3. Estimated loudness and actual values for [a] in the words kahdeksan and arlanda. The triangles represent neural network estimates and the circles the actual loudness values. The x-axis represents the nine estimation frames for each phone.
	Figure 1. A realisable WIIR structure with first-order allpass delays and a single unit delay.
	Untitled
	0 1000 2000 3000 4000 5000 6000 7000 8000 9000 Hz Figure 2. LP and WLP spectra of vowel /a/ for different filter orders.
	Figure 3. Configuration of the speech synthesis system using warped linear prediction and specialised neural nets.
	Table 1 Lattice coefficient error vs. network specialisation Figure 4. WLP spectra (dB vs. Bark scale) at a certain time instant in an [e]—]i] transition of word /keinu/. The top curve is the target spectrum and the other ones are neural net generated cases (Table 1) in order of decreasing specialisation.
	Q 10 20 30 40 50 60 70 Figure 1. Auditory spectrogram of five synthetic glottal pulses.
	Figure 2. Auditory spectrogram of Finnish //.
	Figure 3. Auditory spectrogram of the Finnish sentence memo päälle.
	Figure 4. Normalized Euclidean distance function between the model pitch period and all the other pitch periods (or equivalent subrfames) of the sentence (see text).
	Figure 5. Segment boundary indicated by combining distance measures of neighboring segments.
	Figure 1. Block diagram of the automated labelling system
	Figure 3. Examples of diphone detector network outputs for the word /yyteri/.
	Figure 4. Histogram оё phoneme boundary deviations between automatic and hand labelling.
	Untitled
	Figure 1. Average spectral values of the Estonian stressed-syllable vowels of Q 1 (©), Q 2 (D) and Q 3 (A) feet plotted onto the acoustic space of Fl, F 2 and F 3. On the lower part of the Figure phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994 : Fig. 6); phoneme targets as reference points in the two-formant perception space are marked by a dot (®).
	Figure 2. F 1 and calculated F2’ average values of Estonian vowels in the stressed syllables of Q 1 (), Q 2 (O) and Q 3 (A) feet plotted onto the perception space (3 male speakers). Phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994); phoneme targets as reference points are marked by a dot (*).
	Figure 3. Average sgectral values of the Estonian unstressed-syllable vowels of (š (?h)’ PZ (El?an ?3 (A) feet plotted onto the acoustic space of Fl, F 2 and F 3. On the ower ä)art of the Figure fhoneme boundaries are designated bšstraight lines defined on the basis of ma chinš experiments (Eek, Meister 1994); E oneme ta:qets as reference points in the two-formant perception space are marked by a dot (9).
	Figure 4. F 1 and calculated F2' average values of Estonian vowels in the unstressed syllables of Q 1 (¢), Q 2 (O) and Q 3 (A) feet plotted onto the perception space (3 male speakers). Phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994); phoneme targets are marked by a dot (®).
	Chart 1. The articulation space of the male informant of Karksi.
	Chart 2. The articulation space of the female informant of Karksi.
	Chart 3. The articulation space of the Vastseliina informant.
	Diagram 1. Location of short monophthongs of the first syllable of Vastseliina in the formant space.
	Diagram 2. Position of short monophthongs of the second syllable in the formant space in Vastseliina.
	Diagram 3. Position of short monophthongs of the third syllable in the formant space in Vastseliina.
	Figure 1. Location of long vowels in the formant space.
	Figure 2. Location of overlong vowels in the formant space
	V 4-u & &-о % A-a % A-& $ 4-e B &-1 Figure 1. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 1. Legend, see figure.
	Figure 2. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 2. Legend, see figure. Table 3 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 3
	Figure 3. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 3. Legend, see figure.
	Figure 1. FO maximum and F0 values at the Ist and 2nd segment of initially- and finally stressed diphthongs. Informants A, B, and C.
	Figure 2. Acoustical vowel chart of diphthongs produced by informant C. The Ist segment of the diphthong has been marked by a bigger symbol. Finally stressed diphthongs has been marked by ( ).
	Figure 1. Identification of the test chords as either minor or major by Subject 13, a good categorizer. The pitches of the middle notes rise from left to right on the x-axis and the pitches of the tempered (T) and the natural (N) chords are marked with arrows.
	Figure 2. Goodness rating of the test chords as minor or major by Subject 13. The x-axis is the same as in Figure 1. The goodness on the y-axis represents the averages of 15 ratings of each chord on a scale from 1 to 7.
	Figure 3. Discrimination of two chords with a difference of 4 mel in the middle note by Subject 13. The x-axis is the same as in Figure 1.
	Figure 1. The shape of the long-term average spectrum (LTAS). A male singer, using the singer’s formant technique (top left); a male singer, using the singer’s formant technique inconsistently (top right); a typical female singer (bottom left); a singer who does not use the singer’s formant technique (bottom right).
	Figure 2. The dependence of the carrying power of the voice on the length of training. Horizontal axis: number of years studied, vertical axis: level of the highest peak between 2 and 4 kHz in the LTAS in relation to level of the highest peak in the spectrum. Dots correspond to individual singers, y-formula of linear regression trendline of dots, R? — R sguared value of linear trendline.
	Figure 3. Rating of the voice quality as a function of the length of training. Horizontal axis: number of years studied, vertical axis: the sum of the marks (on a 5-point scale) given by 4 experts. Dots correspond to individual singers.
	Figure 1. Intragroup variability of relative average perturbation (= RAP) for the vocal nodule and control groups.
	Figure 2 . Correlation of FO and absolute jitter in the vocal nodule group.
	Figure 3. Correlation of SPL and absolute jitter in the normal group.
	Table 1 Summary of the testing material Figure 1. The answers (is not intentional” (= EI INT.), ”I don’t know” (= EOS) and "is intentional” (= ON INT.)) of the subjects (n = 33) in the vocalization samples (n = 40) in the auditory section.
	Figure 2. The answers (”is not intentional” (= EI INT.), ”I don’t know” (= EOS) and ”is intentional” (= ON INT.)) of the subjects (n = 33) in the vocalization samples (n = 40) in the auditory-visual section.
	Figure 1. Proportion (per cent) of durations of the Ist and 2nd segment of Finnish diphthongs. Diphthong classes with different extent and direction of glide: low-high (e.g. /®i/), mid-high (/ei/), high-mid (/ie/), and high-high (/iw). Informants A, B (native Estonian speakers) and C, D (native Finnish speakers).
	Figure 1. Panorama: Obedience training with Veikko, a dachshund. Upper window: signal display; lower window: speech amplitude envelope display with loudness curve. For sample information, see table 1. Transcripted: Veikko! Istu. Hyvd. Seuraa. Seuraa, Veikko! Maahan. Hyvd poika. Todella kiltti koira, hyvd! Ja seuraa! Istu. Hyvd. Ja Veikko on vapaa, kiitos! 'Veikko! Sit. Good. Follow. Follow, Veikko! Go down. Good boy. Very nice dog, good! And follow! Sit. Good. And Veikko is free, thank you!
	Figure 2. (Adapted from Lehessaari 1996 : 180). Z scores for 11 speech parameters: slight intoxication (unfilled symbols, speech sample of 223 syllables) and medium intoxication (filled symbols, speech sample of 224 syllables) compared to sober speech (speech sample of 223 syllables). Speaker C, Finnish-speaking female, 25 years. Parameters: /auof = mean duration, all pauses; puheilmaukset = mean duration, all utterances; puhetahdit = mean length in syllables, all speech measures; art/kaikki, /pnen, /pton = mean duration, all syllables /stressed syllables /unstressed syllables; FO/kaikki, /pnen, /pton = mean fundamental frequency maximum, all syllables /stressed syllables /unstressed syllables; dekl/ensi, /viime = 0.5 – mean fundamental frequency maximum, first stressed /last stressed syllable in a declination unit.
	Figure 1. Left: a front view of our facial model uttering a /r/. Right: a side view of the same model uttering a /v/.
	Figure 1. A text-to-speech compilative synthesizer based on diphones concatenation.
	Figure 2. An example of diphone segmentation (the word osa separated from the text corpus). 1 — oscillogram of the word osa (spectrogram used in segmentation is not presented in the figure); 2 — phone boundaries marked by vertical strokes; 3 — segmentation of raw segments for the corresponding diphones; 4 — separated diphones saved in diphone database with three measurement values (the numerical values express distances of the vertical strokes from the beginning of the corresponding raw segment: the first stroke — distance of the beginning point, the second stroke — distance of the phones boundary and the third stroke — distance of the end of the diphone from the beginning of the raw segment).

	Tables
	Table 1 Average duration (in milliseconds) of the vowel of the first syllable, the intervocalic consonant, and the vowel of the second syllable in test words produced by three speakers
	Table 2 Duration ranges (in milliseconds) of intervocalic consonants in test words produced by three speakers
	Table 3 Responses of 50 listeners to 48 test items produced by three speakers
	Table 4 Responses of 50 listeners to test items produced by Speaker 1
	Table 5 Responses of 50 listeners to test items produced by Speaker 2
	Table 6 Responses of 50 listeners to test items produced by Speaker 3
	Untitled
	Figure 1 shows percent Ql, Q 2 and Q 3 answers to stimuli of each of the three degrees of quantity. The general pattern is similar for the three speakers, although the number of correct answers varies. It can be seen that recognizing Q 1 did not cause difficulties and that Q 2 was a little more difficult. More serious difficulties were encountered only in connection with Q 3, particularly with the stimuli of speaker AT. The recognition rate of Q 3 words was very variable: for example, one word could be recognized by all 24 listeners while another, similar word spoken by the same person was not recognized at all. There could be several reasons for this difference, which will be discussed further on. The most obvious reason could lie in the acoustic properties of the stimuli. STIMULUS QUANTITY STIMULUS QUANTITY STIMULUS QUANTITY Figure 1. Percent Ql, Q 2 and Q 3 answers to stimuli of each of these dezrees of quantity. Black = Ql, white = Q 2, and grey = Q 3.
	Untitled
	Table 1 Multiple correlation analysis of four acoustic properties as predictors of the recognition of Q 3 stimuli
	Table 2 Mean temporal and tonal values in stimuli recognized by more than 80% of the listeners
	Untitled
	Table 1 Linear regression equations and correlation coefficients for five languages using R. M. Dauer’s (1983) data
	Untitled
	Table 1 Data on speakers and speech material used in F 0 analysis
	Table 2 Mean values of F 0 and its standard deviation for female speakers (N = 53)
	Table 3 Mean values of F 0 and its standard deviation for male speakers (N = 58)
	Table 4 Results of the basic test run (closed test)
	Table I Experimental arrangements (speakers, their linguistic backgrounds, speech material and recording devices) in the three investigations.
	Table II Comparison of the female speakers HA and MA (16 phones within one sentence) SoundScope constant options: sampling rate 22.050; filter 45 Hz; TW = 33 ms; resolution 1054 points (= actually 213 points within 5 kHz); low smoothing; PreEmphasis; one snap from the temporal mid point of the speech sound concerned (exept the bursts of [k] and [t]).
	Table 111 Phones and words used in study Correlation coefficients (r) of some options are shown in different spectral bands. Column "same” shows the intra-speaker correlations, and column "diff” the inter-speaker correlations. Three snaps were always averaged.
	Table IV Phones and words used Correlation coefficients (r) of one option — 300 Hz, 512 points — in different spectral bands are shown. Column "same” shows the intra-speaker correlations, and column "diff” the interspeaker correlations. Three snaps were always averaged.
	Untitled
	Untitled
	Untitled
	Figure 1. The neural network input, coding and architecture. The example shows the coding for the vowel /a/ in the word fakassakin ’in the fire-place, too’. A seven-phoneme window is used; the three features for the vowel are phoneme identity (a = /a/), its class (BV = back vowel) and its length (. = short). The additional information in the training vector includes: the estimated phoneme’s place in the word, the length of the word and the estimated frame’s position in the phoneme.
	Table 1 Network estimation results (average absolute error) for pitch and loudness for two male speakers (MK and MV)
	Untitled
	Figure 2. The configuration of a single diphone detector neural net.
	Table 1 Error decomposition of the 188 evaluation words sorted according to the average absolute error (AvgAbsErr) in seconds (N indicates the number of occurrences found in a specific coarse-category 37 out of a possible 64 coarse-categories existed in the word set)
	Table 1 Average durations (ms) and formant frequencies (Hz) of the stressed-syllable vowels of Ql, Q 2 and Q 3 feet (3 male speakers)
	Table 2 Average durations (ms) and formant frequencies (Hz) of the unstressed-syllable vowels of Ql, Q 2 and Q 3 feet (3 male speakers)
	Untitled
	Untitled
	Table 1 Formant positions of vowels with varying duration in non-initial syllables in Karksi and Vastseliina
	Table 1 Mean formant values for vowels in the first syllable in Vastseliina together with standard deviations (in Hz)
	Table 2 Mean formant values for vowels in the second syllable together with standard deviations (in Hz)
	Table 3 Mean formant values for vowels in the third syllable together with standard deviations (in Hz)
	Table 1 Mean formant values of long vowels in Hz with standard deviations
	Table 2 Mean formant values of overlong vowels in Hz with standard deviations
	Table 1 The means obtained for /t/ as a function of V; (in each V; context, N = 300)
	Table 2 The means obtained for /£ / as a function of V 2 (in each V 2 context, N = 300)
	Table 3 The means obtained for /d/ and /n/ as a function of Vı (for both consonant in each Vi context, N = 300)
	Table 4 The means obtained for /d/ and /n/ as a function of V 2 (for both consonant in each V 2 context, N = 300)
	Table 5 The mean fronting of contact during occlusion of /d/ and /n/ as a function of Vı
	Table 6 The mean fronting of contact during occlusion of /d/ and /n/ as a function of V 2
	Table 1 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 1
	Table 2 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 2
	Untitled
	Table 1 Durations of the initially-stressed diphthongs and the Ist and 2nd segment in ms Table 2 Durations of the finally-stressed diphthongs and the Ist and 2nd segment in ms
	Untitled
	Table 3 Durations of the segments of the initially-stressed diphthongs in percent
	Table 4 Durations of the segments of the finally-stressed diphthongs in percent
	Table 1 Mean, standard deviation, minimum and maximum values of acoustic analysis for the normal and vocal nodule groups
	Table 2 Correlation coefficients of fundamental frequency (F 0 sound pressure level (SPL) and other acoustic parameters (* = р < .05, ** = р < .01, *** = р < .001)
	Untitled
	Table 1 Sini’s very first words (I = imitation)
	Table 2 Sini’s early [t]-words (I = imitation)
	Untitled
	Table 1 The quantity distinctions of Estonian and Finnish
	Table 2 Cases of utterances by girl H and boy M which meet the 50% lengthening and the > 200 ms condition. Age period 1;11 to 2;5
	Table 3 Cases of utterances by girl H and boy M which meet the 50% lengthening and the > 200 ms condition. Age period 3;0 to 4;4
	Table 1. Durations (ms) of the Ist and 2nd segment of Finnish diphthongs
	Table 1 Prospect chart (an example)
	Table 2 Mean duration and standard deviation (ms) (All syllables and all pauses; data adaFted from Lehessaari 1996 : 104, 127) Speaker N, Finnish-speaking female, 33 years, sober and intoxicated
	Untitled




