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ABSTRACT 

The paper studies the impact of intrinsic vowel 
duration on category perception in boundary 
conditions by examining the short vs. long 
category boundary perception in Estonian. Since 
the intrinsic duration of a close vowel /i/ is about 
10-15 ms shorter than that of an open vowel /a/, we 
hypothesize that the short vs. long category 
boundary in /i/ occurs at a shorter duration than in 
the case of /a/. 

Twelve native Estonian subjects participated in 
the perception tests involving binary category 
decision in CV(:)CV stimuli where the duration of 
the primary stressed vowel was manipulated in a 
range from 100 ms to 190 ms embracing the short 
vs. long category boundary. The test results 
support our hypothesis and show that the 
differences in vowel quality, hence in intrinsic 
duration of vowels play a role in short vs. long 
category perception. 

Keywords: Estonian, intrinsic duration, category 
boundary 

1. INTRODUCTION 

In quantity languages such as Estonian and Finnish 
short and long phonological oppositions exist in 
both vowels and consonants. Short vs. long 
category discrimination is crucial in perception 
since vowel and consonant duration serves to 
distinguish lexical minimal pairs in Estonian and 
Finnish. Typically, in different perception studies 
aiming at defining the perceptual boundary of the 
binary quantity oppositions in vowels, stimuli 
involving only one vowel in different consonantal 
contexts are used, most frequently the vowel /a/ 
(e.g. [8, 18]). The studies on microprosodic 
features have established systematic differences in 
the intrinsic duration of high and low vowels (e.g. 
[4, 19, 22]). It has been reported that in non-
quantity languages in boundary conditions when 
primary features do not provide sufficient 

information for category discrimination, the 
intrinsic duration of vowels acts as a secondary 
feature facilitating the perceptual decision [11], 
[23]. Recently, a similar role of microprosodic 
variations in vowel quality perception has been 
reported for quantity languages (Estonian and 
Finnish), as well [20].  

The aim of the current study is to find more 
evidence for the impact of intrinsic vowel duration 
on category perception in boundary conditions by 
examining the categorical distinction short vs. long. 
Taking into account that the intrinsic duration of a 
high vowel /i/ is about 10-15 ms shorter than that of 
a low vowel /a/, we hypothesize that the short vs. 
long category boundary in /i/ occurs at a shorter 
duration than in the case of /a/. The hypothesis is 
not trivial since in quantity languages duration has 
to be intentionally controlled by a speaker to signal 
quantity contrasts and this “higher order” control 
can “override” the intrinsic features attributed to 
physiological properties of the human vocal tract. 
To our knowledge no experimental study has been 
carried out to investigate the role of vowel quality 
(with respect to intrinsic duration) in the perception 
of the short vs. long category in Estonian. 

2. ESTONIAN QUANTITY SYSTEM 

Estonian is well-known as a language with a three-
way quantity system involving contrastive 
prosodic patterns traditionally referred to as short 
(Q1), long (Q2) and overlong (Q3) quantity 
degrees. The early treatments of Estonian quantity 
system (e.g. [1]) postulated a three-way contrast 
based on segmental duration of the stressed 
syllable (i.e. all vowels and consonants occur in 
three contrastive quantities in this position). 

However, a large number of subsequent studies 
have shown that the system is much more 
sophisticated – nowadays there is a general 
agreement that the ternary phonological contrast in 
Estonian is characterized by a complex interaction 
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of durational and tonal cues within a disyllabic 
foot and only a binary opposition (short vs. long) 
exists at the phonemic level (e.g. [7, 8, 13, 15, 
16]). Although the duration of the vowel in the 
unstressed syllable varies to a great extent, there is 
no phonological length contrast in the unstressed 
syllable; vowels in unstressed syllables are 
classified as phonologically short. 

2.1. Duration of Estonian short and long 
vowels: acoustic data 

Duration data of speech segments obtained from 
acoustic analysis of Estonian speech has been 
reported in a large number of studies (mainly in the 
context of word prosody), starting with seminal 
works such as [5, 14, 17] to more recent studies [2, 
6, 8, 12, 21] among others. 

Pooling duration data from the different studies 
above shows that in Estonian phonologically long 
vowels are 1.6-2.0 times longer than 
phonologically short vowels when comparing 
stressed vowels of Q2 and Q1, and 2.1–2.9 times 
longer when comparing stressed vowels of Q3 and 
Q1. In a stressed syllable the absolute duration of a 
phonologically short vowel ranges from 60 ms to 
129 ms and the duration of phonologically long 
vowel spans from 124 ms to 371 ms; in an 
unstressed syllable the duration of a vowel varies 
from 62 ms to 227 ms.  

Similar duration data has been provided for 
other quantity languages such as Finnish and 
Japanese [9, 10, 24, 25].  

The acoustic data shows that in quantity 
languages short and long vowel categories are well 
distinguished in speech production – the durational 
ratio of short and long vowels around 2.0 is quite 
stable even at different speaking rates and should 
guarantee reliable perceptual distinction of these 
phonological categories. 

2.2. Perception data: short vs. long category 
boundary 

The perceptual boundary of short and long vowel 
categories of native Estonian subjects was studied 
in one-syllable synthetic CV(:)C nonsense words 
(sa(:)s) by varying the duration of the vowel (from 
40 ms to 250 ms in 10 ms steps) at three speaking 
rates, whereas the duration of the word-initial 
consonant (70, 100 and 130 ms) was assumed to 
play the role of a cue for speaking rate. It was 
found that the short/long category boundary is a 
function of speaking rate – the mean category 

boundary occurred at a vowel duration of 100 ms 
in the case of C1 = 70 ms (fast speech), at 120 ms 
in the case of C1 = 100 ms (moderate speech), and 
at 140 ms for C1 = 130 ms (slow speech) [8]. 

A study on the perception of quantity degrees in 
Estonian using re-synthesized two-syllable 
CV(:)CV words with manipulated duration of the 
vowel /a/ in the first syllable provides the short vs. 
long boundary at 115-130 ms depending on the 
regional dialectal background of the subjects [1]. 

Thus, the perception studies reporting results on 
the short vs. long category boundary in Estonian 
vowels are actually obtained from experiments 
involving the open vowel /a/ only. 

In Finnish, the short/long category boundary 
has been studied [26] in CV(:)CV(:) words by 
manipulating the duration of vowels in the first and 
second syllable (in contrast to Estonian, in Finnish 
short/long oppositions occur in both stressed and 
unstressed syllables) resulting in two continua: (1) 
from /tu:ku/ to /tuku/, and (2) from /tuku:/ to 
/tuku/. The perception tests showed that for native 
Finns the short vs. long category boundary is at 
116 ms in the stressed first-syllable position and at 
162 ms in the unstressed second-syllable position.  

3. EXPERIMENTAL SETUP 

3.1. Stimulus corpus 

The experiment is designed to discover short vs. 
long category boundaries in close and open vowels 
in different plosive context of CV(:)CV nonsense 
words /kaka/-/kiki/, /papa/-/pipi/, /tata/-/titi/. The 
words were pronounced in isolation by a native 
male speaker as Q1 words (i.e. with a short 
primary-stressed vowel). In all words the duration 
of the first vowel was manipulated from 100 ms to 
190 ms in 10 ms steps which consequently resulted 
in six stimulus sets from CVCV to CV:CV – /kaka/ 
vs. /ka:ka/, /papa/ vs. /pa:pa/, /tata/ vs. /ta:ta/, /kiki/ 
vs. /ki:ki/, /pipi/ vs. /pi:pi/, /titi/ vs. /ti:ti/. The 
durations of the other segments were kept constant 
(C1(burst) = 25 ms for /k/, 15 ms for /p/ and /t/; C2 
= 75 ms; V2 =  240 ms); the F0 was set to a 
constant value of 100 Hz in both vowels. The 
number of different stimuli in all sets was 10. The 
manipulation of stimuli was done with Praat [3]. 

3.2. Subjects 

Twelve native Estonian adults (6 male and 6 
female) participated in the experiment; none of the 
subjects were phonetically trained or reported any 
hearing problems.  
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3.3. Procedure  

All testing was conducted in a sound-isolated 
room and stimuli were presented to subjects via 
high-quality headphones. The test was 
administered with Praat’s multiple forced-choice 
test facility and organized in six blocks (according 
to six stimulus sets). Each word was repeated 
three times in random order. In the test listeners 
had to decide on vowel quantity in a binary 
identification task and answer by clicking in one 
of two response boxes on the screen. The boxes 
were labeled “CVCV” and “CVVCV”. In total 
180 stimuli (10 stimuli x 6 sets x 3 repetitions) 
were presented to subjects. The duration of the test 
was 15-20 minutes. 

4. RESULTS 

The results of each test block were presented as 
plots of the proportion of "short" responses against 
stimulus duration. The categorization functions 
were obtained by interpolating the response data 
with a logistic function (figure 2) and the locations 
of short vs. long category boundaries (in 
milliseconds) were calculated as the 50% cross-
over point of the fitted curve (figure 1). 

Pairwise comparison of words showed that the 
difference of boundary means was highly 
significant in all pairs (/kaka/ vs. /kiki/: t = 4.026, 
df = 11, p-value = 0.002; /papa/ vs. /pipi/: t = 
5.386, df = 11, p-value = 0.0002; /tata/ vs. /titi/: t = 
5.233, df = 11, p-value = 0.0003). 

Figure 1: Box-plots of short/long category boundaries 
in all stimulus sets. 
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Figure 2: The averaged perception scores of each 
stimulus step (“” for close vowel, “” for open 
vowel) and the categorization functions in all stimulus 
sets. 
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The ANOVA analysis confirmed that 

consonant context had no effect on boundary 
means (F = 1.198, df = 2, p = 0.3), nor was the 
consonant * vowel interaction significant (F = 
0.833, df = 2, p = 0.44), while the expected vowel 
type showed a highly significant effect (F = 
35.469, df = 1, p < 0.001). 

Table 1: Mean values and standard deviations (in ms) 
of short/long category boundaries in all stimulus sets. 

 /kaka/ /kiki/ /papa/ /pipi/ /tata/ /titi/ 
Mean 149,8 143,1 155,2 143,8 153,7 142,8

SD 6,51 7,35 7,97 6,38 6,40 6,60 

5. DISCUSSION 

The CV(:)CV stimulus sets were designed to elicit 
short/long judgments at the phonemic level by 
manipulation of the duration of the primary-
stressed vowel. For the Estonian subjects the 
CVCV vs. CV:CV opposition is not just a short vs. 
long opposition of the primary-stressed vowel, but 
it also unavoidably evokes the language-specific 
foot-level contrast of quantity degrees Q1 vs. Q2. 

The results confirm our hypothesis that the 
intrinsic duration of a vowel plays a significant 
role in the discrimination of Estonian short vs. long 
phonological category at boundary conditions. In 
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our opinion, our results do not lend support to the 
claim that the intrinsic features are under control of 
the speaker [23]. On the contrary, they tend to 
support the idea that the intrinsic features are 
attributed to physiological properties of the human 
vocal tract and cannot be overridden by the 
speaker’s articulatory program. 

6. SUMMARY 

The experiment confirmed our hypothesis that the 
intrinsic microdurational variations of high vs. low 
vowels do affect the perception of duration-based 
phonological oppositions in a quantity language. 
The results support the standpoint that intrinsic 
features are determined by physiological 
constraints of the human articulatory system and 
cannot be intentionally controlled by the speaker. 
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