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ABSTRACT 

In an earlier experiment, the effect of the speech rate of a 
short preceding or following context was manipulated in 
addition to the duration of a V, C or VC-sequence that car-
ried a quantity distinction in Estonian words. In order to see 
to what extent and in which sense the observed perceptual 
effects are language dependent, the same stimuli were 
presented to Finns and a subset to Norwegians, represent-
ing languages with a different or smaller functional load of 
quantity distinctions. The results obtained with Estonian 
and Finnish listeners are compatible with a model of speech 
perception in which variations in speaking rate are reflected 
in the pace of an "inner clock" by which listeners measure 
segment durations. More ‘absolute’ and narrow scoped 
results obtained with Norwegians are compatible with such 
a model only if the inner clocks of listeners with a less 
demanding linguistic background are assumed to resist 
such influence to a higher degree.  

1. INTRODUCTION 

In all languages, the duration of segments has some func-
tion in conveying linguistic information to listeners. In 
many languages, there is a phonological opposition in 
quantity, which is realized basically by a choice in seg-
mental duration. In languages that lack such an opposition, 
the duration of segments nevertheless contributes to seg-
mental distinctions as soon as the durations typical of re-
alizations of different phonemes are not all the same. In 
many languages, voiced stops are, e.g., typically shorter 
than voiceless stops. There may also be context effects such 
as those these consonants have on the duration of preceding 
vowels. These effects are informative about the phono-
logical identity of segments. The duration of realizations of 
the phonemes varies as a function of position within larger 
units, the number of units that constitute the larger unit in 
question, and factors such as stress and accent. In addition 
to these factors, there is paralinguistic between- and within 
speaker variation in speaking rate, which cannot leave the 
durations of segments unaffected. 

The present investigation concerns the question of how 
quantity is communicated with respect to global or local 
variations in speaking rate. If the perception of quantity 
were based on the absolute duration of segments, it would 
be difficult to maintain the opposition at different speaking 
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since it would not be admissible to alter the durations 
 quantity-sensitive segments to any large extent. All 
riation would have to occur on the remaining seg-
. There would not be much room for variations in 
ing rate in a language in which quantity is distinctive 
els and consonants irrespective of stress.   

ntity perception were, instead, based on durational 
 between segments, there would not be such a prob-

uantity oppositions would be maintained if varia-
in speaking rate affected all segments to the same 
, i.e., by the same factor. In this case, the perception 
ntity would need to be based on the durational ratios 
en segments (or some larger units) instead of their 
te durations. Speakers of Finnish and Estonian, in 
 languages quantity carries a heavy functional load, 
een shown to maintain the relevant durational ratios 

consistently than speakers of Swedish [1].   

del of speech perception in which variations in 
ing rate are handled by an “inner clock” whose pace is 

ined by the speaking rate of the speech listened to  [2] 
rs to be suited to describe the behaviour of listeners. 
ver, there might be differences but also previously 
iced similarities between languages in the way lis-
 estimate the local speaking rate.  

onian, the duration of the vowel in a following syl-
is known to affect the perceived quantity of a pre-
 V or C strongly [3, 4, 5], and there is a similar effect 
nish [6]. An effect of the same kind, albeit smaller, 
cently been observed in Norwegian [7].  

earlier experiment, the effect of the speech rate of a 
preceding or following context was manipulated in 
on to the duration of a V, C or VC-sequence that car-
 quantity distinction in Estonian words [8]. In order to 
 what extent and in which sense the observed per-
l effects are language dependent, the same stimuli 

presented to Finns and a subset to Norwegians. Fin-
s closely related to Estonian but there are differences 
 quantity systems. While Estonian distinguishes be-
 three degrees of quantity in both vowels and con-
ts of accented syllables, Finnish distinguishes only 
egrees but does so even in unaccented syllables. 
egian belongs to a different language family. It has 
istinctive degrees of quantity for stressed vowels, 
the duration of a following consonant is inversely 
 to that of the vowel [9].  



2. METHOD 

2.1. STIMULI 

The stimuli were obtained by manipulating the durations of 
selected sections of recordings of the Estonian word saate 
[sa:t:e] ‘get’ (2nd p. pl) produced by a female speaker, pre-
ceded by ja [ja] 'and', in isolation, and followed by ka [ka] 
'also', with list reading intonation. The segment durations of 
the three original utterances are listed in Table 1, in which a 
substantial final lengthening effect and also a minor effect 
of initial lengthening can be seen. This resulted in different 
original durations of the segments [s], [a], [t] and [e] in the 
three different contexts. 

Nearly all the response alternatives, the Estonian ([sate], 
[sa:te], [sa::te], [sat:e], [sat::e], [sa:t:e], [sa::t::e]), 4 Finnish 
([sate], [sa:te], [sat:e], [sa:t:e]), and 2 Norwegian ([sate], 
[sa:te]) are common words in the respective language. 

Table 1. Segment durations in ms (upper half) and in % of 
the duration of [a:t:] in the original utterance (lower half).  

[ja] [s] [a:] [t:] [e] [ka] [a:t:] 
       
* 96 137 152 101 378 289 
* 121 175 188 201 * 363 
160 105 176 171 198 * 347        
* 33.2 47.4 52.6 34.9 130.8 100 
* 33.3 48.2 51.8 55.4 * 100 
46.1 30.3 50.7 49.3 57.1 * 100 
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Figure 1. Stimuli, represented by circles, arranged in 7 se-
ries. Duration values represent word spoken in isolation. 
Longest durations (dashed lines) only used when final [e] 
or [e ka] prolonged.  

The durations of the [a:] and [t:] in [sa:t:e] (occlusion + 
burst) were modified in steps of a factor 2n/8 with −8 < n < 
8, allowing for a deviation within ± ½ pitch period for 
phase-clean joints within the [a:]. Figure 1 illustrates the 
arrangement of stimuli in series. There were three in which 
the duration of [a] was kept constant while [t] was length-
ened step by step, three with constant [t] and varied [a] and 
one in which [a] and [t] varied together.  
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Eston
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Norw
orwegian listeners, a different selection was made, 
ising three series with a constant duration of [t] 
d be 133, 188 and 266 ms in Figure 1) and one with a 
nt duration of [a] (191 ms in Figure 1). 

urations of those parts of the utterances that preceded 
lowed the [at]-sequence were modified similarly, al-
g n to take the values −2, 0, and +2, in the combina-
-2…0, +2…0, -2…-2, 0…0, +2…+2, 0…-2, 0…+2, 
 the dots represent the [at]-sequence. 

UBJECTS AND PROCEDURE 

 were 25 Estonian subjects, recruited in Tallinn, 23 
h subjects recruited in Stockholm and 25 Norwegian 
ts recruited in Trondheim. Most subjects were uni-

y students. 

timuli, which had been recorded on a CD, were pre-
 through headphones. Finnish and Estonian subjects 
d to the same 1013 test stimuli arranged in 161 series, 

engthened pauses between series. Norwegian subjects 
d to 484 test stimuli arranged in 92 series. Each 
us was presented once in a series with successively 
sing duration of the segment in focus. Those begin-
ith “ja” were subsequently also presented in reverse 

 There was one extra initial series (three for Norwe-
 added for practice.   

3. RESULTS 

xperimental results were first screened for evident 
sistencies and response omissions. Listeners with 
sistent behavior, which was observed for two Esto-
isteners, were excluded. Average responses to the 
stimulus were substituted for response omissions, 
 occurred among some Finnish listeners.  

e any further statistical analysis, the percentage of 
ses was calculated for [V:] (all three languages), [V::] 
ian), [C:] (Finnish and Estonian) and [C::] (Estonian). 
s 2a-2d show these percentages for the three listener 

s as a function of the durational change of the first 
, [a], with that of the second, [e], as a parameter. 
gous figures drawn for consonant quantity as per-
 by Estonian and Finnish listeners look similar but 
t shown here. However, Figure 2e shows the vowel 
ty results of the Norwegian listeners, plotted with the 
onal change of the consonant as a parameter.  

lative mean durations at the quantity boundaries are 
in Table 2 for each listener group.  

2.  Mean duration of segment in focus at boundary, 
cent [long] or [extra long], expressed as  percentage 

ration in original utterance (see Table 1). 

[a:] [t:] [a::] [t::] 
ian 78 76 112 109 
h 86 89   
egian 85    
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es 2a–2e (to the left). Percentage [long] or [extra 
responses for [a] in [(ja)sate(ka)] as perceived by 
rs of different linguistic provenience: Estonian long 
d extra long (b), Finnish (c) and Norwegian (d, e). 
sa: power of 2 by which duration of [a] was modified 
50%, +1 = 200% of original duration). Parameter: 
onal modification of [e] or, in Norwegian (e), of [t] 
ken line: longest [e] or [t]).  

entification results that elicited at least 10% but not 
than 90% [long] responses were subjected to a linear 
sion analysis in which the durational modification of 
anipulated segments served as independent variables 
er with all the varied contextual factors. The obtained 
cients are listed in Table 3. As an approximate 
re of the total effect of the contextual segment dura-
the sum of the coefficients [(ja)s] + [e(ka)], for Nor-
n augmented with coefficient  [t], divided by the 
cient of the [a] or [t] in focus is listed in Table 4.  

3. Linear regression coefficients for [long] or [extra 
percentages in interval between 10 and 90%. Inde-
nt variables: Doubling in duration of segments 
, [a], [t] and [e(ka)]. Non-durational independent 
les quantized as “yes” = 1, “no” = 0. Significance 
hown by asterisks, “(*)” standing for p = 0.052.  

Estonian 
[a:]  [t:]  [a::]  [t::]  

tant) 78.3 *** 128.4 *** 35.5 *** 38.4 *** 
  -8.9  -23.5 ** -12.2 * -17.7 ** 

103.1 *** -30.1 *** 69.1 *** 18.2 *** 
-13.0 *** 114.5 *** 19.4 *** 50.7 *** 

] -63.8 *** -36.2 *** -43.2 *** -22.8 *** 
esent 12.1 ** -15.3 *** 4.4 * .6   
resent -1.5  -10.1 ** -3.6  -.3   
es 14.6 ** -29.7 *** -2.8  1.8   
asing Q -.4  4.1  -1.9  -1.3   

Finnish  Norwegian 
[a:]  [t:]    [a:]  

tant) 68.6 *** 84.1 ***   80.0 *** 
  -13.8   -14.4 *   1.7   

95.4 *** -5.1 **   103.8 *** 
-4.9 * 81.9 ***   -34.2 *** 

] -44.0 *** -23.6 ***   -11.1 (*) 
esent 10.1 ** -4.1     4.2   
resent -7.2 * 3.1     -19.5 *** 
es 2.0   -25.4 *** m  -8.7 ** 
asing Q -3.6   2.8     -2.8   

4. Sum of context effects of [(ja)s] and [e(ka)], for 
gian also [t], expressed as a percentage of the effect 
 segment in focus. Within parentheses: Norwegian 
without that of [t]. 

[a:] [t:] [a::] [t::] 
ian -70 -52 -80 -81 
h -61 -46   
egian -42 (-9)    



4. DISCUSSION 

In the Figures it can be seen that the duration of the [e] in 
the second syllable had a large effect on the identification 
of the vowel [a] of the first syllable by Estonian listeners.  
In the Tables it can be seen that the [e] had a similar effect 
on the identification of [t]. For Finnish listeners, its effect 
was slightly smaller, while it was much smaller for Nor-
wegians. For these, it just failed to reach significance. 
Considering that its polarity is right and that it would 
probably have reached significance if the number of stimuli 
used had been as large as used for Estonian and Finnish 
listeners, the observed effect can nevertheless be said to be 
compatible with results obtained previously in a more sen-
sitive experiment with Norwegian listeners [7], using the 
similar opposition between Norwegian [ma:t�] and [mat�].

In Table 4, it can be seen that the sum of the effects of the  
[(ja)s] that preceded and the [e(ka)] that followed the 
[at]-sequence was much smaller in Norwegian than in the 
Fennic languages, only 9% as compared with 61 and 70% 
of the effect of an equally large but opposite modification in 
the duration of the [a]. This can be interpreted as a narrower 
reference frame or a shorter window of analysis. Thus, here 
we have a between-language difference in listener behavior. 
In Norwegian, the consonant that follows the vowel ap-
pears to carry the function that the vowel of the following 
syllable has in Finnish and Estonian. If this is taken into 
account, the effects of the context balanced 42% of those of 
the duration of the [a] for the Norwegian listeners. This is, 
however, still considerably less than the 70% observed for 
Estonians. For Estonian and Finnish listeners, the [t] could 
hardly take this role since it is itself subject to a quantity 
opposition. For Finnish, a similar argument could be raised 
concerning the vowel of the second syllable, although 
variation in quantity is less common in this position. On the 
basis of the present experiments, we cannot exclude the 
possibility that Finnish listeners use a window of analysis 
that is still wider than that of Estonians.   

In a similar previous experiment with Estonian stimuli, 
substantial effects of presentation order were observed [5], 
while there was no significant effect of “Decreasing Q” for 
any listener group in the present experiment. This differ-
ence is likely due to a difference in the order in which the 
series with increasing and decreasing Q were presented. In 
the previous experiment, this order changed after each 
second series, while in the present experiment all series 
with increasing order were presented before all series with 
decreasing order. There were some effects of presentation 
order also in the present experiments. These show up as a 
significant contribution of the variable “T-series”. These 
and the weights of “[ja] present” and “[ka] present”, which 
reflect how listeners coped with the final (and initial) 
lengthening present in the original recordings, remain out-
side the focus of our present research question.     

The results obtained with Estonian and, less clearly, Finnish 
listeners are compatible with a model of speech perception 
in which variations in speaking rate, as reflected in the 
durations of segments that are not subject to a quantity 
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 model only if the inner clocks of listeners with a less 
ding linguistic background are assumed to resist 

nfluence to a higher degree. Apparently, listeners tend 
ume that the speaking rate is more normal than it ac-
 is, unless they are forced by their language to be 
careful in taking the speaking rate into account. 
ver, the most substantial difference between the 
egian and the Fennic listeners consisted in the nar-
 reference frame of the Norwegians. 
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