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Abstract 
This study focuses on the phonetic realization of the Estonian 
intervocalic short and geminate consonants as a function of 
place and manner of articulation. Disyllabic utterance-medial 
words were collected from spontaneous dialogues between 
acquainted interlocutors from the Phonetic Corpus of Estonian 
Spontaneous Speech. Intervocalic consonants analyzed 
included /k, p, t, s, l, m, n/ while the vocalic context varied. 
The results show that intrinsically longer bilabials, /p/ and /m/ 
are generally longer in duration than other consonants while 
alveolars /t/ and /l/ are the shortest. The difference between 
three quantity degrees is shown for most of the consonants, 
but the durations of Q2 and Q3 are closer to each other in the 
case of /n/. The results imply that in continuous speech flow 
where coarticulatory effects occur, consonants undergo some 
reduction but the intrinsic properties deemed by the place and 
manner of articulation are still preserved. 
Index Terms: Quantity, geminates, spontaneous speech, 
Estonian 

1. Introduction 
The aim of the current paper is to study the influence of the 
intrinsic properties of segments on suprasegmental features. 
This is done using the acoustic data from intervocalic 
consonants with different place and manner of articulation in 
three degrees of length collected from the Phonetic Corpus of 
Estonian Spontaneous Speech. 

Continuous speech production involves coarticulation 
which can be characterized as the context-sensitivity of the 
articulation of sounds or as coproduction, i.e. the temporal 
overlap of two or more phonemes. The amount of overlap 
depends on the extent to which articulators are shared [1]. For 
example, consonants in the intervocalic positions may obtain a 
certain amount of voicing due to coproduction with the 
surrounding vowels. Such a phenomenon has been shown, for 
instance, for Spanish fricatives and French stops [2], [3]. Since 
the articulation of bilabials does not involve the tongue, the 
production of these consonants should be less affected by 
adjacent vowels compared to other consonants that involve the 
tongue. Furthermore, in casual conversational situations, the 
articulation of sounds is often weakened or segments are lost 
[4]–[8]. 

The main correlate for the distinction between single and 
geminate consonants has been found to be closure duration 
which is longer for geminates compared to their singleton 
counterparts (e.g., Italian [9], Greek [10], Japanese [11], 
Finnish [12]). Estonian word prosody is well-known for its 
ternary quantity distinction which is a relatively rare 
phenomenon compared to the number of other languages 
where binary systems occur. In previous studies addressing 
Estonian quantity, it has been shown that the domain where 

quantity operates is a disyllabic foot [13]–[15] and the 
distinction between short (Q1), long (Q2) and overlong (Q3) 
quantity degrees is manifested in the primary stressed 
syllables: quantity can be carried by the stressed vowels (Q1 
[sɑte] ‘fall-out’ – Q2 [sɑːte] ‘broadcast’ – Q3 [sɑːːte] 
‘heystack, pl. part.’), consonants at syllable boundaries (Q2 
[sɑtte] ‘fall’ – Q3 [sɑtːte] ‘fall, sg. gen.’) or by a combination 
of both (Q2 [sɑːtte] ‘get, pl. 2nd pers.’ – Q3 [sɑːtːte] 
‘broadcast, sg. gen.’). Although the unstressed syllables do not 
have a phonological length contrast [16], their duration is 
inversely influenced by the preceding syllable [14] and it plays 
a role in perceiving the difference between Q2 and Q3 [17]–
[19]. Other correlates of quantity in Estonian are the F0 
contour [15], [20] and vocalic quality [21].  

In numerous previous studies of Estonian quantity, the 
segmental context has not been considered, but a recent 
acoustic-phonetic study [22] showed a complex influence of 
segmental context on the realization of quantity. Their data 
included an intervocalic /p/ in the context of /ɑ-i/ or /i-ɑ/ and 
the results indicated that a segmental-level influence 
sometimes outweighs the quantity itself. This was also shown 
by an articulatory study [23] that used the same set of material 
as [22] for investigating the kinematics of the articulatory 
gestures (gesture duration, spatial extent, peak velocity) in 
terms of the quantity distinction. The kinematic characteristics 
were mainly influenced by the quantity on the segmental level. 

 

Table 1: The consonant inventory of Estonian. 
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Nasal m  n  nj    
Trill   r      

Fricative  f  v s ∫ sj   h 
Lateral   l  lj    
Approx.      j   

 
Estonian has 17 consonant phonemes, which are shown in 
Table 1 [24]. The durations of the Estonian intervocalic 
consonants /p, m, t, s, l, n, r/ have been studied in the /ɑ-ɑ/ 
vocalic context in read speech [25]. The longest durations 
were found for the bilabials /p/ and /m/ and the shortest 
durations for the alveolars /n/ and /r/. The speech material, 
however, was limited to one test subject and some 
methodological issues were identified in the paper. The aim of 
the current study is also to expand on this issue by using the 
data from spontaneous speech. 
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2. Material and Method 
The data for this study were collected from the Tartu 
University Phonetic Corpus of Estonian Spontaneous Speech 
(http://www.murre.ut.ee/phonetic-corpus/) which contains 
dialogues and monologues. The corpus is manually segmented 
and tagged using Praat [26] and provides information about 
the acoustic boundaries of words, syllables and segments 
along with the quantity and voice quality. At the time of the 
data extraction for this study, the total duration of the 
annotated recordings was about 79 hours: ~70 h for dialogues 
and ~9 h for monologues collected during 2006–2017. The 
data from dialogues from 83 speakers were taken for the 
analysis for this study (44 male and 39 female). The speakers 
come from different parts of Estonia, but all of them spoke 
Standard Estonian. 

Disyllabic words with a phonologically short first 
syllable vowel (V1) and varying consonant lengths (short – 
Q1, long – Q2, overlong – Q3) were extracted from the 
recordings. Thus, CVCV–CVCCV–CVCːCV words were 
chosen for the analysis (see Table 2 for the examples).  
 

Table 2: The examples of the test words in three 
quantity degrees 

 
All of the test words from different word classes occurred in 
the phrase-medial position of an utterance. This choice was 
made in order to eliminate the influence of the phrasal position 
of a word (see [27] for details). 
 

Table 3: The distribution of the data by consonant type 
and quantity. 

Consonant Q1 Q2 Q3 Total 
/k/ 294 42 87 423 
/p/ 71 17 30 118 
/t/ 186 76 170 432 
/s/ 43 15 55 113 
/l/ 16 205 95 316 

/m/ 35 41 16 92 
/n/ 89 72 211 372 

Total 734 468 664 1866 
 
The data included 1866 words. The distribution of the words 
with different intervocalic consonants in three quantity 
degrees is shown in Table 3. The intervocalic consonants were 
/k, p, t, s, l, m, n/ and the vocalic context varied. For each 
word the durations of all segments were extracted with a Praat 
script using the annotated TextGrids. The test words and 
measurements were manually checked for errors; for instance, 
segments in words with background noise, hesitation, etc. 
were left out from the analysis. Since the purpose of the study 
was to investigate the temporal realization of the quantity, 
words with segmental deletion were also excluded from the 
data set. 

The statistical analysis on the data was carried out using the 
mixed-effect modelling with the lmer function of the lme4 
package in R [28]. The purpose of the analysis was to estimate 
whether and to what extent the variation in the temporal 
realization of quantity distinction is explained by the intrinsic 
characteristics of the quantity-bearing intervocalic consonant. 
Therefore, the duration of the intervocalic consonant (C2 
duration) was used as a response variable; the quantity (Q1, 
Q2, Q3), the consonant (p, t, k, s, m, n, l) and the gender 
(male, female) were added as explanatory variables. The 
models were compiled in an incremental fashion by testing the 
effects of the main factors and their interactions. Random 
intercepts were used for the speaker and the test word.  

3. Results 

Figure 1 shows the average durations of the intervocalic 
consonants in three quantity degrees as a beanplot [29]. 
Consonants are the shortest in Q1 (59 ms), longer in Q2 (91) 
and the longest in Q3 (124 ms). A one-way ANOVA was used 
to test the difference of average consonant durations in the 
three quantity degrees. The testing showed a statistically 
significant effect of quantity [χ2(df=2, N=1866)=799.4, 
p<0.001]. A TukeyHSD post-hoc test revealed significant 
differences between all quantities (p<0.001). 

 
Figure 1: The average durations of intervocalic 
consonants in short (Q1), long (Q2) and overlong 
(Q3) quantities. The gray area shows the distribution 
of the data and solid horizontal lines stand for the 
average of each subset (quantity degrees). 

Figure 2 shows the average durations of different intervocalic 
obstruents and sonorants (left and right panel, respectively), 
and Table 4 presents the mean values of the durations. The 
mean durations of consonants showed significant differences 
depending on the place and manner of the articulation of a 
consonant. Mixed-effect modelling revealed statistically 
significant main effects of all three main factors: consonant 
[χ2(df=6, N=1866)=31.61, p<0.001], quantity [χ2(df=2, 
N=1886)=280.08, p<0.001] and gender [χ2(df=1, 
N=1886)=4.56, p<0.05], with longer consonant durations for 
females than for males. There were significant interactions 
between consonant and quantity [χ2(df=12, N=1886)=3.42, 
p<0.001] and quantity and gender [χ2(df=2, N=1886)=9.91, 
p<0.001].
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Q1 
CVCV 

saba [sɑpɑ] ‘tail’, sg. 
nom.’ 

kala [kɑlɑ] ‘fish, sg. 
nom.’ 

Q2 
CVCCV 

kapi [kɑppi] 
‘cupboard, sg. nom.’ 

valla [kɑllɑ] 
‘borough, sg. gen’ 

Q3 
CVCːCV 

kappi [kɑpːpi] 
‘cupboard, sg. part.’ 

panna [pɑnːnɑ] ‘to 
put’ 
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Figure 2: The mean durations of the intervocalic obstruents (left panel) and sonorants (right panel) in short (Q1, white 
boxes), long (Q2, blue) and overlong (Q3, yellow) quantity degrees.

 
Table 4: The mean durations of intervocalic 

consonants in the three quantity degrees. 

Consonant Q1 
short 

Q2 
gem. 

Q3 
gem. 

/k/ 60 112 154 
/p/ 77 134 159 
/t/ 56 116 145 
/s/ 76 124 147 
/m/ 60 89 121 
/n/ 43 90 100 
/l/	 50	 72	 91	

 
Post-hoc testing showed significant differences for all 
consonants compared in different quantities (p<0.001, except 
p<0.05 for Q2 vs. Q3 /n/ and /p/). For females Q1 consonants 
are significantly longer than for males (p<0.01). 

As it can be seen from figure 2, sonorants are shorter in 
duration than obstruents. In Q1 (white boxes in figure 2), /p/ 
has the longest duration (77 ms), followed by /s/ (76 ms), /k/ 
(60 ms) and /t/ (56 ms). The bilabial /m/ is the longest (60 ms), 
followed by /l/ (50 ms) and /n/ (43 ms). Tukey post-hoc 
testing showed significant differences (p<0.001 unless 
indicated otherwise) between the following pairs: /k/—/n/, 
/k/—/p/, /k/—/s/; /l/—/p/, /l/—/s/; /m/—/n/; /n/—/p/, /n/—/s/, 
/n/—/t/ (p<0.05); /p/—/t/; /s/—/t/. 

For the Q2 geminates (blue boxes in figure 2) the patterns 
are as follows: of the obstruent consonants the longest is the 
bilabial /p/ (134 ms), /s/ is shorter (124 ms) and /t/ and /k/ 
show similar durations (112 and 116 ms, respectively). Of the 
sonorants, /n/ and /m/ have similar durations (90 and 89 ms, 
respectively) and are longer than /l/ (72 ms). Post-hoc testing 
indicated significant differences (p<0.001 unless indicated 
otherwise) between /k/—/m/, /k/—/n/, /k/—/l/; /l/—/m/ 
(p<0.01), /l/—/n/, /l/—/p/, /l/—/s/, /l/—/t/; /m/—/p/, /m/—/s/, 
/m/—/t/; /n/—/p/, /n/—/s/ and /n/—/t/. 

In the case of the Q3 geminates (yellow boxes in figure 2), /p/ 
is the longest (159 ms), followed by /k/ (154 ms), /s/ (147 ms) 
and /t/ (145 ms). Regarding sonorants, the bilabial /m/ is the 
longest (121 ms), /n/ and /l/ are shorter (100 and 91 ms, 
respectively). Post-hoc testing showed significant differences 
(p<0.001 unless indicated otherwise) between /k/—/l/, /k/—
/m/, /k/—/n/; /l/—/m/, /l/—/n/ (p<0.01), /l/—/p/, /l/—/s/, /l/—
/t/; /m/—/p/, /m/—/s/ (p<0.01), /m/—/t/; /n/—/p/, /n/—/s/ and 
/n/—/t/. 

In sum, the durations of consonants in the three quantity 
degrees can be ranked by duration (from longest to shortest, 
separately for obstruents and sonorants) as follows: 
Q1: /p/ > /s/ > /k/ > /t/; /m/ > /l/ > /n/ 
Q2: /p/ > /s/ > /k/ > /t/; /n/ > /m/ > /l/ 
Q3: /p/ > /k/ > /s/ > /t/; /m/ > /n/ > /l/ 
 

Table 5: The duration ratios of Q1/Q2, Q3/Q2 and 
Q3/Q1 for different intervocalic consonants. 

Consonant Q2/Q1 Q3/Q2 Q3/Q1 
/k/ 1.9 1.4 2.6 
/p/ 1.7 1.2 2.1 
/t/ 2.1 1.3 2.6 
/s/ 1.6 1.2 1.9 
/m/ 1.5 1.4 2.0 
/n/ 2.1 1.1 2.3 
/l/	 1.4	 1.3	 1.8	

 
Table 5 presents the duration ratios of Q2/Q1, Q3/Q2 and 
Q3/Q1 for different consonants. The difference between Q1 
and Q2 consonant durations is greater than the difference 
between Q2 and Q3. For the alveolar consonants /t/ and /n/ the 
ratio of Q2/Q1 is 2.1, while for other consonants it is smaller 
(less than 2). The ratio of Q3/Q2 is the greatest for /k/ and /m/ 
(1.4 for both) and the smallest for /n/ (1.1), where the 
durations of Q2 and Q3 are close to each other. The ratio of 
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Q3/Q1 is the greatest for /k/ and /t/ (2.6 for both) and the 
smallest for /s/ and /l/ (1.9 and 1.8, respectively). 
 

4. Discussion 
The durations of the Estonian intervocalic consonants in the 
three quantities were studied as a function of the place and 
manner of articulation of the consonants. The results showed 
the expected patterning of different consonants according to 
their intrinsic durations.  

The bilabials /p/ and /m/ were generally longer in duration 
while alveolars /t/ and /l/ were the shortest. The articulation of 
the bilabials involves the movements of the upper and lower 
lips which can cause greater inertia compared to other 
consonants articulated with the tongue. The velar consonant 
/k/ was also relatively long, which could be explained by the 
fact that the production of this sound involves less flexible 
and, therefore, slower articulation of the tongue dorsum. On 
the contrary, the alveolars /t/ and /l/ are produced with the tip 
of the tongue which is the most mobile articulator and enables 
faster articulation. Similar patterns were also found in terms of 
different quantity degrees indicating the effect of intrinsic 
characteristics on the suprasegmental level features. In 
addition, although spontaneous speech is characterized by a 
reduction phenomenon and other coarticulatory effects, 
intrinsically longer consonants still preserve their longer 
durations. The tendency towards longer durations for the labial 
sounds compared to alveolars and velars is also found for 
other languages (e.g., Breton and Swedish [30]; as well as for 
both single consonants and geminates in Japanese [11]), but 
there is some variation in the durational relationship between 
the alveolars and velars.  

The manner of articulation somewhat determined the 
duration of a consonant. Sonorants were shorter than obstruent 
consonants with constricted air flow. Compared to stop 
consonants, fricative /s/ was relatively long in all three 
quantities. As [30] points out, in some contexts voiceless 
fricatives are longer than voiceless plosives and vice versa, 
e.g., in Breton and Norwegian. 

The results can be compared to [25], where the durations 
of different Estonian consonants in three quantity degrees 
were measured in the /ɑ-ɑ/ vocalic context. In that study read 
speech was used and the experiment was carried out over 30 
years ago analyzing material from one test subject. Comparing 
the two studies shows that the durations of different 
consonants in the current study – that uses data from 
spontaneous speech – are mostly shorter than in the previous 
study using read speech, but the patterns themselves are 
roughly the same. In both of the cases the bilabials are longer 
than other consonants and liquids are the shortest. The 
duration ratios of Q1/Q2 and Q3/Q1 are similar in both studies 
or smaller in the current study, but the ratios of Q2/Q3 are 
basically the same. In the current study the ratios are smaller 
for /p/ and /s/ (1.2 for both) compared to the previous study 
(1.6 and 1.8, respectively). This also indicates that regardless 
of the types of speech (read vs. spontaneous) and diachronic 
aspects, the durational properties of consonants are relatively 
salient. 

In most of the studies investigating the distinction between 
single and geminate consonants, the data have been pooled 
from different consonants. In the current study, the results 
showed that the overall duration ratios of Q2/Q1, Q3/Q2 and 

Q3/Q1 consonants were 1.5, 1.4 and 2.1, respectively. In 
comparison, in another Finno-Ugric language with a three-
way distinction in consonant duration, Inari Saami, the ratios 
are 1.6, 1.8 and 2.8, respectively [31]. One of the factors 
causing the difference could be the inherent properties of 
consonants used for the analysis. As it was seen that there was 
basically no difference between Q2 and Q3 /n/, while the ratio 
of Q3/Q2 for /m/ and /k/ was 1.4, which coincides with the 
overall average. The articulation of /n/ could be more 
influenced by the surrounding vowels. At this stage of the 
study, however, vocalic context effects were not considered. 
As [22], [23] have shown, the vocalic context influences the 
realization of the Estonian three-way quantity distinction; with 
this in mind, subsequent studies should also take the vocalic 
context effects into account.  

Another aspect that was not discussed here is the voice 
onset time (VOT) of stop consonants. Alveolar and bilabial 
stops are found to have shorter VOT than velar stops, since in 
the case of the latter ones there is a smaller supraglottal cavity 
behind the constriction which causes greater air pressure 
build-up and longer fall of the pressure when the constriction 
is released. However, VOT in the case of geminates seems to 
be language-specific.  For example, [32] has found that for 
Finnish geminate stops VOT was shorter than for single 
consonants, but [10] found longer VOT for geminates than 
single consonants in Greek. Therefore, VOT patterns for 
Estonian short and geminate consonants could also be studied 
in the future. 

The results also exhibited longer consonant durations for 
female speakers than for male speakers. This is in accordance 
with several other studies focusing on gender differences in 
speech production. Longer segmental durations for female 
than male speakers have been found, for instance, in English, 
Swedish [33] and French [34]. The gender difference may be 
because of the fact that male and female vocal tracts differ in 
their sizes, as [35] proposes that due to this males and females 
use different articulatory speeds in order to achieve the same 
perceptual form. One of the explanations could also lie in the 
socio-phonetic factors, as female speakers are thought to be 
aiming for more intelligible speech than males [36].  
 

5. Conclusions 
In this study the temporal characteristics of the Estonian 
intervocalic consonants were investigated in terms of the 
consonants’ intrinsic properties and quantity. The consonants 
showed variation depending on the place and manner of 
articulation in all three quantities. The bilabials /p/ and /m/ 
were longer than the other consonants and the alveolars /t/ and 
/l/ were the shortest. Generally, these patterns occurred in all 
of the three quantity degrees. The results of this study imply 
that even in casual and connected speech the intrinsic 
durations of consonants are preserved and also contribute to 
the suprasegmental level features. 
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