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ABSTRACT

The article discusses the main paradigm of
Estonian word prosody — triple opposition of
phonetic quantity in disyllabic foot — as manifested
in fluent speech. Statistical methods are used to
find out which of the characteristics of quantity
degrees are essential and on what conditions they
occur. The word structure under investigation is
CV(::)CV.

As revealed by statistical analysis, the duration
ratio of the stressed vs. unstressed syllable is still
the primary feature distinguishing between the
Estonian quantity degrees. The tonal component,
pitch, is also important, but instead of the
characteristics of the tonal peak (or turning point
TP), which is changeable and malleable by other
factors, the most significant of the possible
alternative features should rather be seen in the
ratio of the mean FO values of the stressed and
unstressed syllables. Another sufficiently relevant
feature is the position of the word in the phrase
(final vs. non-final), while different models apply
to content and function words. Intensity and
stressedness of words turned out to be marginal for
the given material.

Keywords: quantity degree, durational and tonal
characteristics, Estonian word prosody

1. INTRODUCTION

Quantity degrees — short Q1, long Q2 and overlong
Q3 — belong to the key entities of the Estonian
phonetic  system. In essence these are
suprasegmentals realized in the primary stressed
disyllabic foot. Quantities are differentiated by
both temporal (primary) and tonal (secondary)
characteristics and they have a phonemic function.
The temporal parameter is represented by the
duration ratio of the word’s stressed and unstressed
syllable:

Tz tressed (nucleus+[codal]

durational ratio = - 1)
Gunstressed [ nuclsus)

This feature has hitherto been the most stable
feature to distinguish between the Estonian
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quantity degrees. Numerically, various
experiments carried out during the past fifty years
have established the following ratios: 2:3 for the
short degree (Q1), 3:2 for the long degree (Q2) and
2:1 for the overlong degree (Q3), see, e.g., the
fundamental research [13]. In our researches [10,
11] those durational relations between the stressed
and unstressed syllables of a word covered three-
fourths of the variability of the data. Consequently,
any other parameters can have but a specifying
role, manifested only in certain lexical paradigms
or in special cases. When applying statistical
methods to large corpora it is sometimes possible
to detect some small, hidden, but still relevant
effects of inputs on output [16]. In the present
study an attempt is made to determine the
relevance of different characteristics and to model
the triple opposition of the Estonian quantity
degrees by means of linear regression and the
CART technique. The study is a summarizing
follow-up of a series of earlier articles.

Several earlier studies [6, 13, 14] as well as
perception tests [5, 7, 15] have established that the
position of the tonal peak in the stressed syllable is
a crucial feature to distinguish between the two
long quantities: Q2 and Q3. In Q1 and Q2 words
the peak is near the syllable boundary of the
stressed vowel, whereas in Q3 words it falls on the
first third of it. According to our results, in fluent
speech the TP of the stressed syllable is often hard
to detect (in the rhyme of the stressed syllable the
pitch is either smoothly rising or falling, if not
completely flat, or it may even have shifted on to
the unstressed syllable). Therefore the pitch
parameter tested in this study is the ratio of the
mean pitch values of the vowels of stressed and
unstressed syllables. In addition, there are studies
[7] where a higher intensity of the speech signal
has been pointed out as a possible marker of Q3.
So, like in the pitch feature just described, we have
also chosen to test the ratio of the intensities of the
stressed and unstressed syllables.

In addition, such characteristics as position of
the word in the prosodic phrase, number of
syllables in the word, and stressedness of the word
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are suggested as potential ancillary variables.
Accentuation is a condition which is supposed to
contribute to the quantity-specific pitch movement
in the word. FO curves in general occur in positions
affording more time for their realization [9] —
stressed units have greater energy, they tend to be
louder and longer, although pitch changes can still
occur independently of stress changes [12].

2. MATERIAL AND METHOD

The research material consists of 736 words from a
corpus of fluent speech (300 Q1, 236 Q2 and 200
Q3 words), consisting texts read out in paragraphs
by 13 men and 14 women. Part of the material
comes from the Babel corpus [8], part from longer
radio news read by professional newsreaders.

Only those words were selected for
examination where both the syllable carrying the
main stress and the syllable immediately following
it had the CV(::)CV structure. Considering
Estonian word structure, the duration ratio of the
two syllables is traditionally described as a vowel
ratio (V1:V2). In Q1 words V1 is short (e.g. pole
[pole] ‘is, are not’), while in Q2 and Q3 words it is
either long (e.g. poole [po:le] ‘half GenSg’) or
overlong poole [po::le] ‘towards’). Most of the
words in the material have at least two syllables.
Words (both content and function words) occupy
different positions in the prosodic phrase, some
being stressed, some unstressed.

Phonetic analysis was done using the Praat
program [4]. Measurements for each word included
segment lengths (ms), fundamental frequency (FO)
values at the initial (FO;) and final (FOs) boundaries
of V1 and V2, and (FOy) at the turning point ty,
(TP), where FO displays a noticeable fall. In
addition we measured the distance of the TP from
the onset of V1 (t, — tvi), yielding the rise of FO.
The FO rise % was found as follows:

Loy — Lya;
FO,;s0n, = 100 M

(tvir — tyas) @)

The ratio of the mean FO values of the stressed
and unstressed syllables was calculated by the
formula:

2% (Fﬂrfli + Fﬂm + Fﬂrflf}
3= (FGVEE + FGVEf} (3)

F Uvnv: =

3. RESULTS AND DISCUSSION

The averaged results of the phonetic analysis were
as follows: The duration ratios (V1:V2) were 0.8
for Q1, 1.9 for Q2 and 2.8 for Q3. The FOyise, Value
was 100 for Q1, 71 for Q2 and 48 for Q3. Both the
duration ratio and the FOys, divide the words
guantity-wise into three distinctive groups
according to the analysis of variance (ANOVA)
(p<.0005 in all cases). The first vowel of a Q1
word has a pitch contour where the TP lies on the
syllable boundary, while in Q2 words it is found in
the right half of the first vowel and in Q3 words its
position is around the middle of the first vowel.
The FOyisess Values (indicating the position of the
crucial TP) of Q2 and Q3 words do not show a big
difference but according to variance analysis it is
still significant. The supporting feature is a steep
FO fall from the TP to the syllable boundary, which
is characteristic of Q3. In our data the fall for Q3 is
3.1 st. The other readings are 1.2 st for Q2 and 0.8
st for Q1.

The results of statistical analysis are presented
in Table 1 above, which demonstrates the selected
parameters and their significance as quantity
features for the whole material as well as
depending on the position of the word in the
prosodic phrase (final vs. non-final) and on the
function of the word (content vs. function word).

Table 1: Factors affecting the quantity degree and their significance for the whole material, for female and male speakers as
well as depending on the position of the word in the prosodic phrase and on the function of the word.

Squared Positio
No. of m?” tiole | VYV | go. n of Accen | Intensity Fo
words R P 2 rise% | word in t ratio Ve
phrase
Total 607 0.772 + + - — - +
Female speakers 262 0.745 + — - +/—- - +
Male speakers 345 0.793 + + - - - +—
Phrase-final words 92 0.857 + +/— - - +/— -
Non-phrase-final words 515 0.766 + + - + -
Content words 518 0.760 + + + - -
Function words 88 0.822 + - - - - -
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The results of statistical analysis are presented
in Table 1 above, which demonstrates the selected
parameters and their significance as quantity
features for the whole material as well as
depending on the position of the word in the
prosodic phrase (final vs. non-final) and on the
function of the word (content vs. function word).
Also, separate analyses have been done on the
words pronounced by male and female speakers.

Significance of the features was tested by
means of regression analysis. The significant
argument features have been marked by a + sign
(in all those cases p<.05), while the features
insignificant in the given situation (p>.1) bear a
minus sign, while +/— designate the conventional
'grey zone' between significance and insignificance
(.05<p<.1).

The results of the analysis are as follows. The
duration ratio (V1:V2) as the classical quantity
feature expectedly shows a stable positive
occurrence in all situations examined. The
significance of the pitch-based parameters FOyises
and FOy1n» is not so absolute, but mutually more
or less equal, with slight variation in special cases.
The result gives reason to test the ratio of mean FO
values of the foot as an alternative feature in future
studies. The exact position of the word in the
phrase is significant only in the content word
model. In the rest of the cases the binary variable
(phrase-final or not) seems to suffice.

The accentuation of the word is significant only
in modelling the quantity of non-phrase-final
words. The result may be related to the fact that in
our material accented words are usually not located
at the end of the phrase. In Estonian declarative
sentences the usual intonation contour is H*+L [3].
Our data consists of news or news-like sentences
and they are in general read as messages where the
theme can but does not need to be marked with
accentuation. Individual accentuations of course
exist but their amount is not remarkable. There are
also utterances with the so-called totally
downstepped last stressed syllable in the phrase —
such words have a flat and low FO contour [2]. In
such cases the tonal feature is not at work and the
quantity distinguishing between Q2 and Q3 is
based on the duration ratio only. There is also
another point: as the determination of stressedness
is by experience subjective and variable, the
method of multiple experts should be used in
future studies.

The intensity ratio, however, turned out to be
marginal in most cases, having a certain influence
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only on the quantity opposition of phrase-final
words. This may serve as a hint that intensity and
FO can act independently, at least to some degree,
although duration, intensity and FO are not
supposed to be autonomous from one another
neither in the process nor in the perception of
speech [1].

Although there are also certain differences in
the male vs. female results (possibly due to their
quite different FO values), it would be premature to
declare an immanent gender difference, at least not
before testing more readers from both genders.

The simplest model covered the group of
function words, using duration ratio as the only
significant feature. The reason may lie in the
simpler structure of function words and in the
higher number of uninflected words in this group.

The rest of the variable candidates tested
(phrase length, compounding, duration of syllables
and parts of syllables etc.) turned out to be
invariably insignificant.

Figure 1: Regression tree for determining the

phonetic quantity (Q1, Q2, Q3) of the final word of a
prosodic phrase.

Decision Tree

Mode = QL
Inpurity =0,325
N=92
v1_v% <1,26 |
Mode = QL Mode =8
Impurity =0, Impurity =0,25
N=40 N=52
v17vzi <218
Mode = Q2 Mode =GB
Inpurity =0,188 Inpurity =0,048
N=32 N=20
FO_RISING [PRC<57,58
Mode = Q2 Mbde =GB
Inpurity = 0,043 Inpurity =0,21
N=22 N=10

The above regression tree (Fig. 1) shows the
description of quantity opposition in phrase-final
words. In a general case phrase-final words are
pronounced longer than those in any other position
(the final lengthening phenomenon), while their
pitch can be low and flat. Nevertheless, their final
position does not change the durational relations
determining their quantity. The duration ratio
functioning as the threshold between the words of
the first quantity degree (Q1) and the rest is 1.26.
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If, however, the V1:V2 ratio is at least 2.18, we
have, no doubt, a Q3 word. The intermediate
values need to be sorted further by another
argument feature, which is the FOyso,: If the rise
lasts less than 57.58% of the duration of V1, we
have a Q3 word, in the opposite case the quantity

is Q2.
4. CONCLUSIONS

Our analysis of Estonian word prosody in fluent
speech has led to the following conclusions: The
most important parameter enabling one to detect
the phonetic quantity of words pronounced in
fluent speech and to model quantity oppositions is
the duration ratio of the stressed and unstressed
syllable. This feature (expressed here as the ratio
of the vowels of stressed and unstressed syllables
V1:V2) appears significant in all experiments.
Pitch (FO0) contour is also a significant feature but
the mechanism (combination of conditions) of its
occurrence and contribution is not clear. As the
tonal peak need not always be detectable in the
stressed syllable one can use the ratio of the mean
FO values of the stressed and unstressed syllables
as a practically equivalent feature. The parameter
needs to be tested and further specified using
additional material. Another relatively important
feature is the position of the word in the phrase
(final vs. non-final), which also needs future
research. Also, content and function words turned
out to require different quantity models. This
suggests that it may be necessary to take a closer
look, as far as quantity is concerned, at different
parts of speech. The intensity and accentuation of a
word were not proved significant features for the
material analysed in the context of this study.
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