
Introduction1. 

The necessity for the two relatively different stud-

ies arose in the course of developing an audio system 

enabling the blind to listen to reference texts and audio 

books. By means of the on-line system of the Estonian 

Library for the Blind http://www.epr.ee/kalev the vi-

sually impaired can have texts (news, newspapers, 

magazines and books) read for them and listen to audio 

books over the Internet. The use of the system revealed 

that many blind people wish to hear the news and news-

paper articles at a considerably higher speech rate than 

normal. As the system is server-based it cannot afford 

users tuning the rate smoothly as it would make the sys-

tem too cumbersome and slow. Hence the need to fi nd 

some optimal rates to supplement the user menu with 

two speech rates from the quicker-than-normal range, 

say, quick and very quick.

Perception of rapid rate of speech and the limits 

of its temporal compression have been discussed in sev-

eral studies (Asakawa a. o. 2003 and Moos, Trouvain 

2007). It has been found that very rapid speech is pre-

ferred and perfectly understood by trained people, i. e. 

those with an everyday experience of a screen reader 

and a speech synthesizer. In the course of a joint study 

by the Universities of Saarland and Tübingen (Moos a. o. 

2008) the brains of blind and of sighted subjects were 

scanned while they were listening to rapid speech; it was 

found that in the blind a very quick rate was systemati-

cally accompanied by activation in the brain zone that 

in the sighted is used for processing visual information.

Recently the mechanisms of speech rhythmicity 

have been drawing increasing attention. The focus lies 

on different aspects of the vowel onset of the stressed 

syllable (Keller, Port 2007), which play a decisive 

role in enhancing the naturalness of synthetic speech 

(Keller 2007). The temporal structure and rhythmicity 

of speech is partiularly important in Estonian, where 

foot is the arena for the phonological opposition of three 

quantity degrees (Q1, Q2, Q3) to realize. In principle, 

Estonian quantity degrees are defi ned in the same spir-

it as the newer approaches to speech rhythmicity (for 

an overview see Keller, Port 2007): in both the fulcrum 

is the onset of the rime of a stressed syllable. Quantity 

degrees are, in essence, suprasegmentals (Lehiste 1997), 

whose defi nition, on the acoustic level, relies on the du-

rational relations of the rime of the stressed syllable and 

the nucleus of the unstressed syllable, plus the F0 con-

tour (Ross, Lehiste 2001), making up a complementary 

system. In addition, the durational relations of consecu-

tive phones and some other features have been suggest-

ed as important (Eek, Meister 2003). The present study 

compares different parameters of quantity and, by sta-

tistical modelling, evaluates their signifi cance.

Восприятие темпа речи и некоторые находки 

в сфере моделирования речевой ритмической 

структуры эстоноязычной речи
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Speech rate perception2. 

Although an on-line audio system is meant for the 

visually impaired mainly, our test of speech rate percep-

tion was also applied to a group of sighted subjects, for 

comparison. This was meant to answer such questions 

as: What speech rates are preferred by the blind vs. 

the sighted? Is the preference of very quick speech rate 

by the visually impaired a myth or not? Is there such 

a thing as an optimal speech rate?

1 Subjects2.1. 

The test was taken by 58 blind or heavily visually 

impaired subjects (29 female and 29 male, aged 14–79) 

and by 56 sighted subjects (41 female and 15 male, 

aged 18–58). For all subjects, Estonian was the mother 

tongue.

Test material2.2. 

The stimuli for the test of speech rate perception 

were generated from two audio books (“American trag-

edy” by T. Dreiser, male voice, and ”Das erste Mal und 

mehr“ by E. Stein-Fischer, female voice, both in Esto-

nian translation) and some news fragments, synthetic 

voice. The latter was produced by a diphone-based Esto-

nian text-to-speech synthesizer (Mihkla, Meister 2002), 

using an MBROLA synthesis motor. The synthetic voice 

was generated in two variants, one using a rule-based 

prosody model (SYNT1) the other a statistical one 

(SYNT2). This was to test the impression of the blind 

that in the case of a synthesizer with a statistical pros-

ody module, rate quickening would lower the quality 

of output speech.

For the female voice the natural reading rate was 

135 words per minute, the male voice making 122 

words per minute; the synthesizers were tuned to match 

the female rate. For each voice, eight speech samples 

of 35–55 sec were generated, each of a different speech 

rate (see Fig. 1).

81 108 135 162 189 216 243 270 words/min

60 80 100 120 140 160 180 200 %

Figure 1. Speech samples as stimuli of diff erent 

speech rates (natural speech rate 

100 = 135 s/min)

The limits of temporal compression had been fi rst 

agreed upon with some “trained persons”, who have ev-

eryday practice of listening to synthetic speech. In their 

opinion the maximal rate for listening to prose texts 

is twice the usual rate. During test preparation a few 

older representatives of the visually impaired suggested 

that they might perhaps wish to listen to some para-

graphs at a slower pace. Thus we added two slower sam-

ples (0.8 and 0.6 times the natural rate). The rate of the 

samples from audio books was regulated by means 

of the signal processing program Adobe Audition 3 for 

high precision time compression with time stretch (pre-

serves pitch).

The subjects were exposed to the speech rate stim-

uli by voice series presented in a random order. The ap-

propriateness of the speech rate was asked to be evalu-

ated in a fi ve-point system (5 — the best, 4 — good, 

3 — tolerable, 2 — uncomfortable, 1 — unsuitable , i. e. 

unintelligible, too quick or too slow)

Results2.3. 

Fig. 2 presents the average blind vs. sighted scores 

for different speech rates. The left diagram shows the 

scores given for the female voice, the right one for the 

synthetic voice SYNT1. According to the diagrams the 

blind prefer the speech rates 1.2 and 1.4, which are 

20 % and 40 % quicker than natural, respectively. The 

sighted think highly of natural speed, but 1.2 and 1.4 

are not considered bad either.

The following fi gure (3) demonstrates the points 

scored by the male and the synthetic voice SYNT2 

(the left and right diagrams, respectively). For a male 

voice 1.2 was considered the best speech rate both 

by the sighted and the blind. The results are probably 

due to the natural speech rate for a male voice, which 

is about 10 % slower than the rest (122 s/min versus 

135 s/min).

Although the subjects were asked to evaluate the 

suitability of the speech rate only, not the pleasantness 

of the voice, synthetic speech scored almost a point 

lower, on average, than human speech. However, the 

prosody module of the synthesizer (SYNT1 vs. SYNT2) 

does not seem to have infl uenced the score signifi cantly 

at quicker speech rates. Thus the results fail to support 

the idea that the quality of the SYNT2 voice might dete-

riorate at quicker rates.

The test proved that the ratings of the blind and 

the sighted differ far less than fi rst believed. Figures 2 

and 3 present the average scores from all visually im-

paired subjects. However, the blind include many who 

seldom use a computer, if at all, and who thus lack the 

experience of listening to synthetic speech at different 

speech rates. Figure 4 presents the average scores given 

to different speech rates vs. the previous experience, 

in years, of the visually impaired subjects with a com-

puter and screen reader. The results reveal an obvious 

tendency that in the visually impaired, longer practical 

“training”, i. e. experience of using the above devices 

causes an increase in the ability of understanding rapid 

speech.
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Figure 2. The average points from the blind and the sighted for the female and the synthetic (SYNT1) voice

Figure 3. Average points from the blind and the sighted for the male and the synthetic (SYNT2) voice
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Recognition and modelling of speech 3. 
rhythmicity

Introduction3.1. 

For quite a while now the problem of the distinc-

tive features of the three quantity degrees — short, long 

and overlong (Q1, Q2, Q3) — observed in standard Es-

tonian have been subject to discussion among phoneti-

cians. Up to the present the duration ratio between the 

stressed and unstressed syllable in a foot and, in particu-

lar for Q2 and Q3, a difference in their pitch curves have 

been considered the most important parameters to de-

scribe and analyse the quantity degrees of words from 

differently structured speech, lab-generated as well 

as spontaneous. As a result of several studies it has been 

found that the duration ratio between the fi rst and sec-

ond syllables is 2:3 for Q1, 3:2 for Q2, and 2:1 for Q3 

(Lehiste 1960, Ross, Lehiste 2001).

The present study investigates, in addition to the 

traditional duration ratios presented, the ratio of adja-

cent segments and discusses the possible role of inten-

sity. Manifestation and perception of phonetic quantity 

make up a complicated system, where different condi-

tions may evoke different combinations and different 

salience of parameters. In this study we seek additional 

parameters possibly depending on phonetic quantity, 

by weighing their relevance with statistical methods. 

As our aim in modelling speech temporal structure 

is high quality synthetic speech we need the best pos-

sible parameters to describe and discriminate the three 

Estonian degrees of phonetic quantity, so that each de-

gree could get its own model.

In the present study we test some of the ideas sug-

gested by Arvo Eek. In the fi rst place, Eek and Meister 

have, on the basis of perception tests, created a theory 

focused on adjacent phones within the main stress syl-

lable and the successive syllable. In a two-syllable word 

with a vowel-centred structure CV(::)CV, the duration 

ratio of the vowel (V1) to the consonant (C1) of the 

fi rst, stressed syllable is supposed to discriminate Q1 

words, which have a short V1, from Q2 and Q3 words, 

whose V1 is long. Q3 words can purportedly be distin-

guished from Q1 and Q2 words by the duration ratio 

of the vowel (V2) to the inter-vowel consonant (C2) 

of the second, unstressed syllable. Starting from a belief 

that the perception of duration difference between two 

adjacent phones is not possible unless one is 20–25 % 

longer than the other they have calculated 1.4 as the 

limit of duration difference. Words have a short V1 

(thus qualifying as Q1 words) if their V1:C1 ratio is less 

than 1.4, while for a long V1 (signalling of Q2 or Q3) the 

ratio needs be equal to or higher than 1.4. A similar ratio 

computed for the unstressed syllable (V2:C2) suppos-

edly signals of Q3 if it is less than 1.4, while its values 

equalling or exceeding 1.4 indicate Q1 or Q2, without, 

however, discriminating between the two. (Eek, Meister 

2003). Second, Eek has pointed out that the fi rst syllable 

of a Q3 word should be distinguishable by its mean in-

tensity of the fi rst syllable being higher than that of the 

successive syllable. For Q2 the intensity of the two syl-

lables is suggested as equal (Eek, Meister 1997).

Figure 4. The average scores given to diff erent speech rates vs. the previous experience, in years, of the 

visually impaired subjects with a computer and screen reader
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Material and method3.2. 

The material consisted of 485 words (including 

words of all three quantity degrees) read, in sentences, 

by 12 male and 13 female speakers of standard Estonian. 

Most of the samples analysed belongs to the Babel lin-

guistic corpus in possession of the Institute of Cybernet-

ics at Tallinn University of Technology, some additional 

samples had been read by two announcers from the 

Estonian Broadcasting Company. The recorded mate-

rial was segmented and phonetically analysed by means 

of the PRAAT program (Boersma, Weenink 2008).

The research focus lies on vowel-centred Q1, Q2 

and Q3 words where both the main stress syllable and 

the successive one have the structure CV(::)CV. In Q1 

words the fi rst-syllable vowel is short (e. g. pole [pole] 

'is, are not'), whereas in Q2 and Q3 words the fi rst-syl-

lable vowel is long (e. g. poole [po:le] 'half GenSg' and 

poole [po::le] 'towards', respectively). Thus, the ratio 

of the stressed and unstressed syllables is found from 

the ratio of their vowel durations (V1:V2), while the ra-

tio of adjacent phones in the fi rst and second syllables 

can be written as V1:C1 and V2:C2, respectively. Most 

of the words are disyllabic, but longer words can also 

be found. A small number of the words begin either 

with a vowel or with a consonant cluster. The material 

also includes some principal and attributive compo-

nents of compound words, and some foreign words pro-

nounced like genuine ones; the total share of such words 

is less than a third of the whole bulk. The analysed ma-

terial contains stressed as well as unstressed words from 

different positions (initial, middle, fi nal) in the sentence 

or phrase. For each word its sound durations (ms) and 

the mean intensity of V1 and V2 (dB) were measured. 

The results were averaged, adding the standard devia-

tion (SD).

Results3.3. 

Duration ratios3.3.1. 
The results of sound measurement and the ratios 

computed have been summarized in Table 1. (The to-

tal means and standard deviations have been calculated 

from the whole bulk of data, not from mean values.) 

In total the material contained 234 Q1 words, 150 Q2 

words and 101 Q3 words.

V1:V2 is the classical ratio to be examined. The 

mean durations easily reveal that in Q1 words V1 

is about twice as short as in Q2 and Q3 words, which 

is generally considered suffi cient to perceive the short/

long opposition between Q1 and the rest (the short Q1 

vs. the long Q2 and overlong Q3).

Comparing our results with those received on labo-

ratory speech earlier we fi nd that our ratios are realistic, 

as far as quantity degrees go, albeit a little higher than 

expected for Q1 and Q2. In general, a typical duration 

ratio of Q1 should fall in the interval 0.6–0.7 (Lehiste 

1960, Liiv 1961, Eek 1983, Eek, Meister 1997). Like the 

authors of the present study, G. Liiv as well as D. Krull 

analysed vowel-centred words. G. Liiv adds that a Q1 

ratio can range from 0.50–1.00, while for Q2 the range 

is 1.00–2.00 (Liiv 1961). Most likely the reason for our 

slightly higher duration ratios for Q1 and Q2 words lies 

in that our research material of those two quantity de-

grees contains more foreign words and compound com-

ponents.

For Q2 the ratios of V1:V2 vary more across dif-

ferent studies, ranging from 1.2–1.60; for Q3 words the 

range is 2.4–2.6 (Liiv 1961, Krull 1991, Eek ja Meister 

1997). The vowel-centred structure has also been the 

research object for E. L. Asu and others, who study spon-

taneous speech. According to their results the average 

duration ratio is about 0.7 for Q1, 1.7 for Q2 and over 

2.0 for Q3 (Asu a. o. 2009). Those numbers do not con-

tradict ours either.

Next, let us consider the ratios of adjacent phones 

for the stressed vs. unstressed syllables. Our results for 

a stressed syllable confi rm that V1 is short (as expected 

for Q1) if and only if V1:C1 is less than 1.4 (1.05 in Ta-

ble 1). For Q2 and Q3 words the respective ratios are 

1.99 and 2.59, respectively, which are both consider-

ably higher than 1.4. In an unstressed syllable the ratio 

of the vowel V2 and its preceding consonant C2 is per-

haps a little less unambiguous. Still, the theoretical ratio 

for Q1 and Q2 words being 1.4 or higher, our result for 

Q1 (1.8) should do well, and so does the ratio for Q2 

as it can be rounded to 1.4 easily. Also, our V2-to-C2 ra-

tio for Q3 words supports the theory as 1.17 is clearly 

lower than 1.4. Thus, our material indeed seems to cor-

roborate Eek's theory. 

Next, statistical methods will be used to fi nd out 

which duration ratios, the traditional V1:V2 or the two-

step system of V1:C1 → V2:C2 suggested by Eek, are 

C1 SD V1 SD V1:C1 SD C2 SD V2 SD V1:V2 SD V2:C2 SD

Q1 69 19 68 15 1.05 0.3 52 12 87 24 0.82 0.2 1.74 0.5

Q2 64 17 120 28 1.99 0.7 52 13 69 17 1.80 0.4 1.37 0.4

Q3 66 16 165 35 2.59 0.8 59 16 66 19 2.59 0.6 1.17 0.4

Table 1. Mean durations (ms), duration ratios and standard deviations (SD) of the fi rst-syllable consonant 

(C1) and vowel (V1), the inter-vowel consonant (C2) and the vowel of the successive syllable (V2) in Q1, 

Q2, and Q3 words
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vital for classifying quantity degrees and, at the same 

time, more important for modelling speech temporal 

structure. Figures 5 and 6 present two CART-generated 

decision trees for quantity degree classifi cation.

Figure 5. Decision tree based on the classical 

duration ratio of V1:V2

From Figure 5 we can see that for Q1 the duration 

ratio V1:V2 is less than 1.25, while for Q2 the values of the 

ratio range from 1.25–1.98 and the criterion for recog-

nizing Q3 is a V1-to-V2 ratio that exceeds 1.98. Figure 5 

reveals that a decision tree based on two duration ratios 

(V1:C1 and V2:C2) actually manages to classify the quan-

tity degrees by using only one of them (V1:C1) as the suf-

fi cient criterion. This points to the relative length (short 

or long) of the fi rst syllable vowel V1 and thus, to the pri-

mary (durational) division of the quantity degrees into 

short (Q1) and long ones (Q2, Q3). Consequently, for our 

material the V2:C2 criterion has proved marginal after all. 

This brings back memories of M.Hint's theory of syllabic 

quantity degree, arguing that although phonetic quantity 

is manifested in the foot, its degree depends on certain 

parameters of the stressed syllable (Hint 2001).

Figure 6. Decision tree based on a two-step 

system of the ratios V1:C1 and V2:C2

For weighing the relevance of duration ratios 

in the model of phonetic quantity some simple equa-

tions of linear regression were generated. For classical 

duration ratios the linear model yielded quite a strong 

correlation between the input and output (correlation 

coeffi cient r=0.867). Consequently the model explains 

over 75 % of the data variation (coeffi cient of deter-

mination r2=0.752). The alternative model generated 

from the other two duration ratios, however, yielded 

a correlation coeffi cient equal to 0.759, which means 

that it explains only 58 % of the variation in the data 

analysed.

According to the above results, the classical du-

ration ratio (V1:V2) is the most relevant parameter 

to be considered in modelling the temporal structure 

of Estonian speech. However, although the above pa-

rameter guarantees quite a close correlation between 

the model input and output, similar tests should 

be run for some other physical factors, such as, for ex-

ample, intensity and pitch, to fi nd out their possible 

role in the formation of important phonological op-

positions. In the present study the line will be drawn 

at intensity.

Intensity3.3.2. 
Our analysis of intensity did not reveal anything 

remarkable. In all Q1 words the mean intensity of ar-

ticulation is 73 dB, the only exception being the fi rst 

vowel of Q1 words, which is pronounced at 74 dB. 

on average. The results for Q2 and Q3 offer more ma-

terial for discussion and even confusion as according 

to our measurements the average intensity for Q2 

words is 74 dB for V1 and 71dB for V2, while for Q3 

words the respective readings are 74 and 72 dB. Ac-

cording to Eek and Meister, however, the average in-

tensity of articulating the V1 and V2 in Q2 words is 73 

dB throughout, whereas in Q3 words the respective 

intensities are 75 and 69 dB (Eek, Meister 1997). Our 

study has not detected so big a difference in any com-

parison; neither does it support the argument that V1 

is articulated with most intensity in the initial syllable 

of Q3 words. True, there is a difference between the V1 

and V2 as pronounced in Q2 and Q3 words (2–3 dB), 

respectively, observed in total as well as when compar-

ing different word groups (stressed/unstressed, male/

female), but the difference is not salient enough. Ob-

viously intensity may help perceive the difference be-

tween Q2 and Q3 words, serving as a supportive fea-

ture if the duration ratio and the pitch curve, for some 

reason or other, fail to defi ne unambiguously whether 

the word is a Q2 or Q3 one. Such cases are obviously 

very few. M. Parve, who analysed spontaneous dia-

lect speech (Parve 2003) also reached the conclusion 

that although the intensity difference between Q2 and 

Q3 words can be distinguished by phonetic criteria, 

it is dubious or too vague for perception.
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Conclusions4. 

The conducted test of speech rate perception did not 

provide an unambiguous answer to all set questions. There 

are, indeed, certain differences observable between the 

speech rates preferred by the blind and the sighted, but the 

level of the difference depends not on the visual impairment 

but rather on the subjects' experience with using a computer 

and a screen reader. The ability to understand rapid speech 

appears after about three years of everyday practice of using 

of a computer and listening to synthetic speech. No so-called 

optimal speech rate can be established either for the blind 

or the sighted, as the preferred speech rate is very individual 

and depends on many circumstances.

The aim of the study was to fi nd out whether Esto-

nian quantity degrees could be distinguished by any other 

features but the traditional duration ratio of V1:V2. Our 

analysis of copious data proved that neither intensity nor 

adjacent sound ratio are as relevant as the ratio of the fi rst 

and second syllable sounds. Possibly, the actual role of in-

tensity in the quantity degree model could be approached 

better by pitch analysis. When modelling speech tempo-

ral structure one should keep in mind that standard Esto-

nian is characterized by an alternation of words of three 

different quantity degrees, based on a natural alternation 

of stressed and unstressed syllables. The quantity degrees 

can be distinguished by a comparison of the duration ra-

tios of those syllables, but obviously this is not all there 

is to it. The next object of research relevant in this respect 

should be the manifestation and role of pitch.
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