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OLLI AALTONEN, ILKKA RAIMO (Turku)

CATEGORIZATION, RATING AND DISCRIMINATION

OF MUSICAL CHORDS

This paper is an interim report of a study that we have been doing together with

Äke Hellström from the University of Stockholm and Heikki Lang from the Uni-

versity of Turku and many others mainly in the Cognitive Neuroscience Unit of

Turku. Thecentral aim of the study is to compare vowel perception with the per-

ception of musical stimuli. In this paper we present some results of experiments in

identification, rating and discrimination of musical chords and some preliminary
observations on their electrical responses on the cortex. Itseems that chords which

vary between major and minor are perceived in many cases in the same way as

phonemes of a language, but there are also differences which may be due to the

categorical nature of musicalstimuli.

Introduction

Musical stimuli have been used for long as controls in the study of speech percep-
tion. According to this approach, the pattern of discrimination functions on a speech
continuum iscompared with that on a nonspeech (e.g., musical) continuum resem-

bling it (e.g., Pisoni 1977). Ifsimilar discrimination patterns are observed, thenboth

sets ofdata are assumed to result from a common process, not specific to speech. For

example, categorical perception was once assumed tobe specific for speech (Liber-

man, Harris, Hoffman, Griffith 1957) until categorical effects on musical continua

were observed (Cutting 1982).
P. K. Kuhl (1991) provided the first evidence suggesting that discrimination is

affected not only by the acoustic factors but also by stimulus typicality. Sheshowed

that a vowel judged tobe a prototype of its category was more difficult to dis-

criminate from its neighbors than a less prototypical one. She suggested that in respect
to discrimination, the prototype acts like a ”perceptual magnet” by pulling other
stimuli toward itself and by that means it strengthens category coherence. P. K. Kuhl

(1991) suggested that the magnet effect for vowels, which was found only in human

beings and not in animals, mustreside at the phonetic stage, subsequent to the audi-

tory analysis. The study of O. Aaltonen, O. Eerola, Ä. Hellström, E. Uusipaikka and

H. Lang (1997) tested this hypothesis by employing psychophysiological record-

ings (MMN) in addition to behavioral measures. Theirresults show that individual

listeners are inconsistent in categorization and goodness rating but consistent in

discrimination. For all the subjects, the poorest discriminationoccurred at about the
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same location in the F 2 continuum, but only the data fromthe good categorizers
can be explained as resulting from a prototype-based magnet effect. The MMN

recordings yielding the same results suggest that linguistic experience can alter the

basic sensitivity of acoustic analyzersbelow the level of controlled and conscious

perception. A recent crosslinguistic study of R. Näätänen and his colleagues (1997)

gives further support for the view that there are language-specific vowel repre-
sentations in the left auditory cortex, and that these experience-dependent neural

memory traces can be revealed by the MMN paradigm.
The present study consists of the same experiments (categorization, good-

ness rating, discriminationand MMN recordings) as that ofO. Aaltonen, O. Eero-

la, Ä. Hellström, E. Uusipaikka and H. Lang (1997).
The musical items chosen for the study were the major and the minor triads,

because they can be thought of as categories in many ways similar to vowels; they
depend on the relationships between their components, not on any absolute pitch
levels. There is also a musicological interest in the study; the two triads are con-

sidered equally worthy categories by many musicologists whereas many say
that the minor chord is only a deteriorated form of the major chord. Jouko Tolo-

nen (1969) made an extensive study of the question, but did not give a definitive

answer.

The difference between the major and the minor chords is that the middle note

in the major chord is higher than in the minor chord. Both chords can be found in

the harmonics of a single complex tone. The fourth, fifth and sixth harmonics

form a major triad,but for the minor chord we have to take the tenth, twelfth and

fifteenthharmonics. Thus the ratios of the notes that form these triads are 4:5:6 for

the major and 10:12:15 for the minor triad. Sine waves with these ratios do not

form chords, only complex tones whose fundamental frequencies have these ratios

do. When the notes of a chord have these ratios theresultant chords are called nat-

ural, because at least their fundamentals can be traced back to the harmonic series.

In today’s music we do not always hear naturally tuned chords, because for certain

practical reasons the octave has been divided in twelve equal intervals, which

means thatmany notes are slightly off pitch. In this, the so-called tempered system
the middle note of a major chord is higher and the respective note of the minor

chord lower than in natural tuning. In our study we also hoped to see if the dif-

ference between natural and tempered chords could be discerned.

The experiments

For the experiments a series of chords was synthesized on a Yamaha TXBIZ syn-
thesizer using vibraphone like tones. All chords had the lowest note at 440 Hz

(A4 and the highest note at 660 Hz (E5 The middle note was varied between

520 Hz (a little below C5) and 560 Hz (a little above C#s) in equal steps of 4 mel for

the identification, the rating and the discrimination tests,and for the discrimination

testsalso differences of 8 mel were used. The 4 and 8 mel differenceswere used also

for the MMN (mismatch negativity) tests to determine how the brain reacts to

these stimuli.
In the identification test 53 students either of the Conservatory of Turku or the

University of Turku were asked to identify the chords of the series (15 repetitions
of 20 differentchords in random order) as major or minor by pushing one of two

buttons connected with the computer that kept score of the answers.

In therating task 14 of the better identifiers were asked to rate the same series

for the goodnessof the chords as minor or major using a scale from0 to 7.
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In the discrimination test 45 of the original 53 subjects were asked if a pair of

chords they heard were the same or different. 168 pairs (7 repetitions of 24 pairs in

random order) representing different points of the major-minor continuum were

presented. The middle notes in the pairs differed by 8 or 4 mel or were the same.

20 subjects (10 good and 10 poor categorizers) have also participated MMN

recordings in which standard and deviant stimuli from the discrimination test were

used in an ignore condition, which does not require conscious responses from the

subject.

Results

The results of the identification tests are fairly interesting. As expected, there were

some subjects who simplycould not distinguish between the two chord categories.
On the other hand, there were many who made a sharp distinction between two

kinds of chords with a narrow in-between area. Musically it is interesting that the

good categorizers seem to have been consistent with so many chords that have really
false notes. At least we have found a clear boundary between the two categories. We

have chosen to present the identification answers ofSubject 13 in Figure 1 as exam-

ples of a strong categorizer. She is suspected of being highly musical, but no musi-

cality testsproper were made.

The results of the rating test changes the picture somewhat. The chords that are

in the no man’s land get poor ratings whichever way they are interpreted. The best

ratings were generally given to chords in the area of the natural and the tempered
chords, but they did not always hit the musically best chords. For example, our

Subject 13, whose ratings are shown in Figure 2, gave the best ratings to chords

around the natural major chord but favored the tempered minor chord, and not

quite as surely as the major.

Figure 1. Identification of the test chords as either minoror 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.
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In the discrimination test the 8 mel difference was almost too easy for the

goodcategorizers; they got nearly perfect results. But the 4 mel differencewas more

revealing and far more interesting. For like our Subject 13, whose percentages are

given inFigure 3, many subjects seemed to discriminatebest in the boundary area.

This is, of course, a result very similar to results obtained in tests where phoneme
boundaries have been studied.

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.
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For good categorizers the MMNs were larger than for the poor categorizers.
which also correlates with their discrimination performance. In addition. equal
mel-differences elicited different MMNs depending on the location of the deviant

on the major-minor continuum. The MMNs were larger within the minor than

within the major categories. Contrary to the discrimination data. no clear bound-

ary effect was obtained. For all the subjects. the MMNs were the smallest close to

the natural major and increased towardsboth ends of the continuum. However,
the poor categorizers showed also another location of decreased MMN within

the minor category, which was not observed in the MMN data of the musically
trained subjects.

Conclusions

Those test subjects who categorized consistently along the minor and major con-

tinuum did so in the same way as Finnish subjects categorizing the F2-continuum,

for example into /i/ and /y/. The width of the boundary varied interindividually
but its location was quite stable (almost in the middle of the continuum). This is dif-

ferent from the perception of vowels where locationof the boundary is not so stable.
The same vowel sound can be categorized differently by speakers of one lan-

guage. Subjects with no musical training, could not label the stimuli consistently as

minor or major. Only a few of the musical subjects could rate the goodness of the

stimuli. The stimuli in the vicinity of the natural major chord were rated by them

as the best. Thus, an ability to categorize does not automatically predict an ability
to evaluate the goodness of the stimuli according to their representativeness of a

category. In vowel tests, on the contrary, good categorizers alwaysrated the vowels

consistently.
Discrimination of equal mel differences on the major-minor continuum was

best by the subjects who could identify the chords. Poor categorizers showed the

poorest discrimination. The same result was obtained in vowel perception. How-

ever. all the subjects discriminated better around the category boundary. It has

been argued that this kind of phoneme boundary effect is typical for consonants

but not for vowels (Fry. Abramson, Eimas. Liberman 1962). According to the tra-

ditional interpretation of categorical perception subjects can discriminate speech
sounds only to the extent they can identify them as phonemes (Liberman, Harris,

Hoffman,Griffith 1957). This is evident only in the musically-trained subjects. It is

strange that the discrimination patterns of the nonmusical subjects show better dis-

crimination at the same boundary location in the continuum, although they were

not able to categorize the chords into major and minor.

The MMN data show larger MMN:s for the good categorizers than for the poor
ones corresponding to the discrimination performance of the subjects. The same

result has been obtained with vowels. For all the subjects the MMNs were the

smallest for the stimuli close to the natural major, which were also rated by the

musically trained subjects as the best (the prototype of the major category). This

seems to speak for a greaternaturalness of the major triad over therespective minor

chord.
As this paper shows we have found more similarities than differences in the

perception ofmusical chords and vowels. Some of this can probably be explained
by the fact thatall of us have extensive training in language but not all of us have

any training in music. A deeper analysis of the results of these experimentswill be

published later.



Olli Aaltonen, Ilkka Raimo

282

REFERENCES

Aaltonen, O, Eerola, 0., Hellström, A.,, Uusipaikka, E, Lang, H.

1997, Perceptual Magnet Effect in the Light of Behavioral and Psychophysiological
Data. — Journal of the Acoustical Society of America 101, 1090—1106.

Fry, D. B, Abramson, A. S, Eimas, P.D.,, Liberman, A. M. 1962, The

Identification and Discrimination of Synthetic Vowels. — Language and Speech 5,

171—189.
Kuhl P. K. 1991, Human Adults and Infants Show a ”Perceptual Magnet Effect” for the

Prototypes of Speech Categories, Monkeys Do not. — Perception &Psychophysics 50,

93—107.

Liberman, A. M., Harris, K S, Hoffman, H S, Griffith, B. C. 1957,

The Discrimination of Speech Sounds within and across Phoneme Boundaries. —

Human Perception and Performance. Journal of Experimental Psychology 54. 358—
368.

Nadatidnen R, Lehtokoski, A, Lennes, M, Cheour. M. Huoti-
lainen, M, livonen, A, Vainio, M., Alku, P, Ilmoniemi, R,

Luuk, A, Allik, J, Sinkkonen, J.. Alho, K. 1997, Language-Specific
Phoneme Representations Revealed by Electric and Magnetic Brain Responses. — Na-

ture 385, 432—434.

Pisoni, D. B. 1977, Identification and Discrimination of the Relative Onset Time of Two

Component Tones. Implications for Voicing Perception in Stops. — Journal of the

Acoustical Society of America 61, 1352—1361.
Tolonen, J. 1969, Mollisoinnun ongelma ja unitaarinen intervalli- ja sointutulkinta,

Helsinki (Acta Musicologica Fennica III).


	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




