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ABSTRACT 

120 discrimination tests at the word level were conducted 
to study the perceptual boundary ranges of quantitative 
distinctions, short/long, of vowels/consonants utilising 
bisyllabic synthetic nonsense words.  Eight kinds of 
syllable structures and three kinds of pitch and intensity 
variance patterns were used.  14 subjects participated in 
these tests for Japanese and Finnish.  The results showed 
that the Japanese boundary ranges were shorter than their 
Finnish counterparts in both vowels and consonants in all 
structures within the segment and word.  The Finnish 
reached the minimum durational point of long 
vowels/consonants in a shorter time than the Japanese, but 
the Finnish had wider prosodic conditional variations than 
Japanese.  The word structural differences affected more 
than the prosodic conditional differences in differentiating 
between short and long segments in both Finnish and 
Japanese. 

1. INTRODUCTION 

In this study I defined the boundary range as the uncertain 
area in differentiating a short segment from a long segment.  
Perceptual discrimination tests do not often consider 
syllable structures and F0 and dB variants at the same time, 
and the data were analysed based on a binary concept of 
quantity, short or long (cf. e.g. Fujisaki, H. & M. Sugitou 
[2] for Japanese, Richardson [3] for Finnish, Aoyama [1] 
for Japanese and Finnish, and many others).  Thus, the 
experiments were conducted to investigate whether pitch 
and intensity variants and different syllable structures affect 
the durational perceptual boundary ranges of Japanese and 
Finnish speakers at the word level.  Japanese and Finnish 
can be compared in terms of the durational differences of 
short/long vowels and short/long consonants that are 
linguistically distinctive.  Finnish syllable structures are 
more complicated than Japanese.  Standard Japanese is a 
mora-counting and pitch-accented language, while 
standard Finnish has a strong tendency to trochaic rhythm.  
Finnish can have bisyllabic real words comprising eight 
different kinds of syllable structure with combinations of 
phonologically short/long vowels and short/long 
consonants – CVCV, CVCVV, CVVCV, CVVCVV, 
CVCCV, CVCCVV, CVVCCV, and CVVCCVV.  On the 
other hand, Japanese can have seven of these, except for 
CVVCCVV.  Neither of these two languages share 
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ngful words which all have these combinations with 
y the same short/long vowels and consonants.  
fore, I decided to utilise nonsense words for both 
ages. 

s study the following questions were investigated to 
whether there are differences or not between these 

age speakers. 

stribution of boundary ranges. 
undary ranges in different word structures. 
undary ranges in variable prosodic conditions.  

inimum ratios of long segments. 

2. EXPERIMENTAL PROCEDURE  

er to acquire the data for each perceptual boundary 
e comparison of the two languages, stimuli were 
d from bisyllabic nonsense words based on the above 
ic structures.  Stimuli were produced using an 
x speech synthesizer.  V was always // and the 

ative Cs were /p, m, s/ in synthetic words like  
mm ss/, etc.  The number of vowel stimuli 
0 ms) was 16 and the number of respective 

nants 12 for word-medial /p-pp/ (90-200 ms), 11 for 
/ (60-160 ms) and 13 for /s-ss/ (80-200 ms) with a 10 

cremental increase for all four phonemes.   In every 
 only one segment (the underlined part in Table 1) had 
incremental increases.  And the other segments within 

ord remained unchanged.  The word durations are 
in Table 1. 

                                                                         (ms) 
 SS C=m C=p C=s 

1 CVCV-CVCVV 370 430 420 
2 CVCV-CVVCV 370 430 370 
3 CVCVV-CVVCVV 520 580 570 
4 CVVCV-CVVCVV 520 580 570 
  SS m-mm p-pp s-ss 
1 CVCV-CVCCV 520 580 570 
2 CVCVV-CVCCVV 470 540 540 
3 CVVCV-CVVCCV 470 540 540 
4 CVVCVV-CVVCCVV 620 690 690 

 1: The durations of each stimulus word.  SS=syllable 
ure, V=vowel, C=consonant.  m, p, s=consonants 
n the stimulus word.   

ition, the first syllable and the second syllable had 
nged F0 (100 Hz Level) and changed F0 (95 
0 Hz HL, 120 Hz/95 Hz LH), and unchanged 



intensity (26 dB Level) and changed intensity (26/29 
dB SW, 29/26 dB WS).   Hence, there were five kinds 
of conditions in eight different syllable structures and all 
this adds up to 120 test sets for vowel and consonant 
distinctions.   

Seven Japanese subjects who are Tokyo dialect speakers 
and seven Finnish speakers from Helsinki and its 
surroundings participated in the discrimination tests and 
were asked to choose one out of three choices including 
'uncertain'.  Thus, the number of word tokens was 1,680  
(23,520 word responses).  During analysis it was found that 
16 word tokens did not show any differentiation between 
short and long (all were short) and thus were eliminated 
from the analysis so that finally the number of word tokens 
became 1,664. 

The mean durational values of the boundary range were 
acquired from the uncertainty area, which lies between 
100% for short and 100% for long, as in Figure 1.  The 
variation range was ascertained from the difference 
between minimum and maximum overall mean values of 
word structures and five conditions.  These three choices 
were interpreted as short=S, long=L, and uncertain=U. 
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Figure 1: Ratio (%) of the uncertain area of 
CVCV/CVVCV to test // and // is shown for a Finnish 
subject.  The white circle shows the ratio of 'uncertain.'  The 
number on the horizontal scale at the bottom shows the 
number of stimulus continua 1-16.  S =short, L=long, and 
U=uncertain. 

3. RESULTS AND ANALYSIS  

The overall mean values of the boundary ranges and 
variation ranges for all responses were compared between 
the two languages, between vowels and consonants, based 
on syllable structures and variable prosodic conditions.    

3.1 DISTRIBUTION OF BOUNDARY RANGES 

The overall mean values of the boundary range were for 
Finnish (19.09 ms) and for Japanese (15.94 ms) when all 
stimulus word response times for vowels (17.88 ms) and 
consonants (17.07 ms) were pooled together.  These values 
show that the Japanese subjects took a shorter time than 
their Finnish counterparts in differentiation between short 
and long.  This result was also supported by the histogram 
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e 2: Count for the frequencies of boundary ranges 
 ms) for Finnish and Japanese.  The number on the 
ntal scale at the bottom shows each boundary range 
 Count totaled 1,664: Finnish=834, Japanese=830.  
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e 3: Count for the frequencies of boundary ranges for 
s and consonants, which were pooled from Japanese 
innish boundary ranges.  The number on the 
ntal scale at the bottom shows each response time 
 Count totaled 1,664:  vowels=834, consonants=830. 

OUNDARY RANGES IN DIFFERENT WORD 
RUCTURES 

verall mean durations of the boundary range (BR) for 
s and consonants according to the syllable structures 
sted in Table 2.  The Japanese subjects perceived 
 differentiations within a shorter boundary range and 
 standard deviation (STD) than their Finnish 
erparts in all four structures.  Particularly, Finnish had 
ghest durational ratios of all for CVVCV-CVVCVV.  
the Japanese perceived consonant differentiations 
 a shorter boundary range and lower STD than their 
h counterparts in all four structures.   Particularly, 
h STD was remarkably high for CVCV-CVCCV.   

verall mean ratios of BRs for vowels and consonants 
 the segment and word are illustrated in Figure 4.   1, 
nd 4 in Figure 4 represent each syllable structure in 
owels and consonants respectively (see Table 1).  The 

 of boundary ranges in Figure 4 were calculated on the 
f 100 % for segments and 100% for words (see Table 
pectively.  The mean ratios of differentiations of 
s and consonants had higher ratios in Finnish 
ls=10.0 %, Consonants=9.6 %) than did the Japanese 



counterparts (V=7.9 %, C=8.6 %) within the segment.  
There was a clear difference of the patterns in the boundary 
ranges, particularly for the vowels, according to the word 
structures within the segment between Finnish and 
Japanese, whereas these patterns became similar within the 
word.    

                  (ms) 

 SS FV BR JV BR F STD J STD

1 CVCV-CVCVV 19,8 15,0 1,2 0,9 

2 CVCV-CVVCV 16,6 15,1 1,2 1,0 

3 CVCVV-CVVCVV 18,0 16,6 1,6 1,1 

4 CVVCV-CVVCVV 25,3 16,5 3,1 1,8 

 SS FC BR JC BR F STD J STD

1 CVCV-CVCCV 18,4 14,5 2,3 1,1 

2 CVCVV-CVCCVV 17,6 16,2 1,4 1,1 

3 CVVCV-CVVCCV 17,8 17,0 1,4 1,1 

4 CVVCVV-CVVCCVV 18,4 16,7 1,1 1,0 

Table 2: Boundary ranges and standard deviations of 
vowels and consonants for Japanese and Finnish.  V= 
vowels, C=consonants, SS=syllable structure, F=Finnish, 
J=Japanese, BR=boundary range, STD=standard deviation. 
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Figure 4:  The overall mean ratios of BR for vowels and 
consonants within the segment and word in Finnish and 
Japanese.  S=segment, W=word.   See Table 1 for 1~4 in 
both vowels and consonants.  

The Finnish boundary range ratios of vowels within the 
segment were explicitly affected by the word structural 
differences, compared to those of the Japanese.  On the 
other hand, the boundary range ratios of consonants were 
rather stable in any syllable structures, compared to those of 
vowels in both languages.  The Japanese vowels and 
consonants were not very much affected by the word 
structural differences. 

3.3 BOUNDARY RANGES IN VARIABLE 
PROSODIC CONDITIONS  

Figure 5 illustrates the overall mean variation range (VR) 
ratios according to different word structures within the 
segment and the word in Finnish and Japanese.  In terms of 
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.  This implies that the Finnish had longer boundary 
 ratios as the word duration became longer.  On the 
hand, the Finnish consonants showed the opposite 
cy.  Both Japanese and Finnish consonantal 

onal differentiations within the word showed 
ably high ratios in CVCVV-CVCCVV, compared to 
her word structures.  Figure 6 illustrates the overall 
variation range ratios in variable prosodic conditions 
 the segment and the word.   
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e 5: The overall mean variation range ratios of 
s and consonants according to different word 
ures within the segment and word in Finnish and 
ese.  VR=variation range. 
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e 6: The overall mean variation range ratios of vowel 
onsonants in variable prosodic conditions within the 
nt and word in Finnish and Japanese.  Level 
anged F0 and unchanged dB, HL and LH=changed 

ith unchanged dB, SW and SW=changed dB with 
nged F0. 

s of the prosodic conditional variation ranges, there 
a significant difference in Finnish vowel 
ntiations (STD=0.46 %), while that of the Japanese 
very low (STD=0.21%).  The consonantal 
ntiations between the two languages had a smaller 

ion in Japanese (STD=0.02 %) than in Finnish 
=0.22 %).  Observing the ratios only within the word, 
fferences between the boundary range ratios did not 
very great differences but the variations did have 
it differences between the languages.  The 
nantal STDs were smaller than those of the vowels in 
languages.  Comparing the structural differences 
e 5) with conditional differences (Figure 6), the word 

ural differences affected more than the prosodic 
tional differences in differentiation between short and 
egments.  



3.4 MINIMUM RATIOS OF LONG SEGMENTS 

The minimum durations (and ratios) of a long portion 
within the segment were 116.4 ms (58 %) for Finnish and 
125.6 ms (63 %) for Japanese in the vowel.  The prosodic 
conditional mean variation ranges were higher in Finnish 
(6.3 ms) than in Japanese (4.4 ms).  This indicates that the 
Finnish reached the minimum durational point of a long 
vowel in a shorter time than the Japanese.  The minimum 
durational ratios for long consonants within the segment 
were 68 % (F) and 71 % (J).   Figures 7 and 8 illustrate the 
minimum durational ratios of long segments in four 
different word structures for vowels and consonants in 
Finnish and Japanese. The variation ranges of vowels 
dispersed more widely than those of consonants (compare 
Figures 7 with 8).  As Figure 7 shows, there is a tendency 
that the longer the word became, the longer the minimum 
durational ratios of the long segments became in the vowels 
for both languages, but this was not the case for the 
consonants in both languages.   

         

40%
50%
60%
70%
80%

Le
ve

l
H

L
LH SW W

S
Le

ve
l

H
L

LH SW W
S

Le
ve

l
H

L
LH SW W

S
Le

ve
l

H
L

LH SW W
S

1 2 3 4 

F V J V

 
Figure 7: Minimum durational ratios of long vowels in 
four different structures in Finnish and Japanese. 
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Figure 8: Minimum durational ratios of long consonants in 
four different structures in Finnish and Japanese. 
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 Figure 9: Minimum durational ratios of long vowels in 
five prosodic conditions in Finnish and Japanese.   

Figures 9 and 10 illustrate the minimum durational ratios of 
long segments (long vowels/long consonants) in five 
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e 10: Minimum durational ratios of long consonants 
 prosodic conditions in Finnish and Japanese.   

atios within each prosodic condition show rather 
r patterns according to the syllable structures in both 
h and Japanese.  Comparing the structural differences 
es 7 and 8) with the prosodic conditional differences 
es 9 and 10), the structural differences affected more 
he conditional differences in differentiation between 
and long segments.  

4. CONCLUSIONS 

the above observations, I can draw the following 
sions: (1) the Japanese took a shorter time than their 
h counterparts in differentiation between short/long 
s/consonants, (2) vowel differentiation between short 
ng took a longer time than for consonants in both 

ages, (3) the Japanese differentiated between short 
ng for both vowels and consonants within shorter 
ary ranges than their Finnish counterparts in all 
res within the segment and word, (4) the Finnish 
d the minimum durational point of long 
s/consonants in a shorter time than the Japanese, but 
nnish had wider prosodic conditional variations than 
ese, and (5) the word structural differences affected 

than the prosodic conditional differences in 
ntiating between short and long segments in both 
h and Japanese. 
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