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ABSTRACT 
Pitch accent realization requires voicing. However, high 
vowels are sometimes devoiced even though the vowel 
carries a pitch accent in Tokyo Japanese. This devoicing, 
then, would obliterate the pitch accent were it not for other 
effects which preserve the accent information. Previous 
studies showed that there is either a pitch raising after the 
devoiced region or an accent shift to nearby moras in those 
cases. Two production experiments were conducted to see 
how various conditions, such as tonal context, boundary 
location, and syllabic environment, affect the pitch accent 
preservation. Results show that accent shift is strictly 
governed by the boundary and syllabic conditions but pitch 
raising does not always make up for the lack of accent shift. 
Accent location information is lost in such cases where 
neither pitch raising nor accent shift occurs. This suggests 
a relatievely lower functional load of accentual contrast in 
Japanese. 

1. INTRODUCTION 
Short high vowels are often devoiced between voiceless con- 
sonants in Tokyo Japanese. This occurs even when the 
vowel carries a pitch accent. Some previous studies claim 
that the accent on the devoiced mora either shifts to the 
neighboring mora [l, 5, 7, 91 while others claim that the ac- 
cent stays still in the mora with concomitant pitch raising 
after the devoiced mora 14, 81. 

Phonological studies on accent shift further claim that 
the shifted accent cannot go beyond a word boundary nor 
onto the second mora of a heavy syllable 17, 91. However, 
their data is solely based on impressionistic observations 
and secondary data source. Pitch raising phenomenon has 
been studied with electromyography [8]. It was found that 
the activity of cricothyroid muscle remains even though the 
vowel is devoiced. However, the corpus covered only 2-mora 
words in isolation. The blocking conditions for accent shift, 
such as word boundary and syllable structure were not cov- 
ered in the study of pitch raising. 

Moreover, tonal context of the pitch accent was 
not taken into consideration in neither areas. Since the 
advent of Pierrehumbert’s framework on tonal description, 
the role of phrasal and boundary tones is of fundamen- 
tal importance in the study of Japanese accent system 

PI . Two production experiments manipulating tonal 
contexts, boundary locations, and syllabic environemnt 
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Figure 1: (a) Consecutive devoicing, (b) single devoic- 
ing (c) %mora, (d) 4-mora. Gray italic Hindicates the 
tone on a devoiced mora. 

were conducted to see how these conditions determine the 
occurrence of pitch raising and accent shift. 

2. EXPERIMENT 1 
2.1 Method 
Experiment 1 focuses on the effect of tonal context on 
pitch raising. The tonal description system based on [6] 
is adapted, in which pitch accent (H*L), phrasal tone (H), 
and boundary tone (LY) o are the basic units for description. 
Figure 1 depicts the tonal context variation caused by the 
devoicing pattern and word length variation. When the last 
two moras of a 3-mora final accented word are consecutively 
devoiced, the phrasal high tone on the second mora cannot 
be realized (la). It is realized only when devoicing is singly 
on the accented mora (lb) . When the last two moras of 
a 3-mora word is devoiced, phrasal high tone cannot be re- 
alized (1~). However, it can be realized in a 4-mora word 
even though the devoicing is consecutive (Id). 

Words were embedded in a fixed carrier sentence: 
[kore wa WORD to jomimasu] ‘This is pronounced as 
WORD.’ Each word was presented five times in random 
orders. Presentation of words was self-paced. Twelve 
speakers (6 male and 6 female) ranging from 22 to 35 
years in age participated in the experiment? All of the 
speakers were from the Tokyo area. Recordings were made 
on a DAT. ESPS and waves+- package were used for mora 
segmentation and FO tracking. Segmentation was done 
visually. 

2.2 Results 
FO contours of the same word with different devoicing pat- 
terns are plotted in the upper panel in Figure 2. Singly 
devoiced tokens have a phrasal high tone realized on the 
penultimate mora, while consecutively devoiced tokens do 
not. This indicates that pitch raising only occurs when 
there is no realized phrasal high tone. The pitch after the 
devoiced region was significantly different between the two 
devoicing patterns across four speakers (Two-way ANOVA: 
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Figure 2: Sample FO patterns of consecutive vs. 
single devoiced words (upper) and 3-mora words 
vs. 4-mora words (lower). 

F(1,22) = 5.74, p < 0.025). 
Similar results are obtained in the length condition. 

the lower panel in Figure 2, both 3-mora and 4-mora words 
have the penultimate accent and the last two moras are 
devoiced. 4-mora words have a phrasal high tone realized on 
the antepenultimate mora, while 3-mora words do not. The 
results again show that pitch raising occurs only when there 
is no realized phrasal high tone, which was significant across 
four speakers (Two-way ANOVA: F(l, 26) = 12.70, p < 
0.014). 

Results show that pitch raising is dependent on the 
realization of phrasal high tone. This suggests that pitch 
raising is not just a local effect of devoiced accent but 
conditioned by the pitch contour of the larger domain. In 
other words, pitch raising must be integrated in a process 
that determines the overall pitch contour of an accentual 
phrase. The relation between pitch raising and accent shift 
is the focus of the next experiment. 

3. EXPERIMENT 2 
3.1 Purpose 
Experiment 2 is designed to (1) verify the occurrence of ac- 
cent shift, (2) examine factors which might block accent 
shift, and (3) determine what happens if accent shift is 
blocked. In addition, based on the results from Experiment 
1, tonal context of the devoiced accent is further varied in 
terms of the distance between the phrasal high tone and 
pitch accent. 

Figure 3 depicts the strucutre of the material. When 
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Figure 3: (a) Boundary before vs. boundary after, (b) 
Nasal and boundary before vs. Nasal before boundary 
after, (c) Manipulating distance between H and H* 

there is a boundary before the devoiced accented mora, ac- 
cent shift to the left is not expected to occur. However, 
results in Experiment 1 suggest that pitch raising is sup- 
pressed after a realized phrasal high tone. Thus, the only 
option left in this case is a rightward accent shift. On the 
contrary, when there is a boundary after the devoiced ac- 
cented mora, there is nothing to prevent the accent from 
shifting leftward. Pitch raising should still be blocked by 
the preceding phrasal high tone in this case. 

We might also block accent shift by restricting the seg- 
mental make up of the words. The second mora in a heavy 
syllable, such as moraic nasal, first part of a geminate, and 
the latter half of a long vowel is not a legitimate tone bear- 
ing unit in Tokyo Japanese [McCawley:68]. Thus, we can 
expect that there is no accent shift when the devoiced ac- 
cented mora occurs between a moraic nasal and a boundary. 

In Experiment 1, the phrasal high tone was always 
adjacent to the pitch accent because the corpus did not 
contain enough long words. What if there are intervening 
moras and the tones are not adjacent at the moraic level? 
The distance between the phrasal H and H* is manipulated 
to answer this question. 

3.2 Method 
A corpus of 20 compound words was examined, half of which 
were control words with no devoiceable moras (Table 1). In 
order to control the boundary location with minimal differ- 
ence in segmental material, [Jiken] ‘exam’ and [ken] ‘ticket, 
right, area (all homophonous but different morpheme)’ were 
chosen for the second element of target compound words. 
All words have lexical or compound accent on the antepenul- 
timate mora. Four words in the target set contain a moraic 
nasal right before the devoiceable accented mora in order 
to give the required syllabic environment for the blocking 
of accent shift. Word length was varied from 5 to 7 moras 
for the tonal distance condition. 

Words were embedded in a fixed carrier sentence 
[WORD ga ari masu] ‘There is WORD.’ The speakers read 
each sentence a total of 12 times for target words and 6 times 
for control words in a randomized order. Four female speak- 
ers different from Experiment 1 participated. All speakers 
were from the Tokyo area ranging from 25 to 26 years in age. 
Digitization and measurements were done as in Experiment 
1. 

Two measurement points were extracted from the 
pitch contour and compared in the following analyses. FO 
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Table 1: Corpus for Experiment 2 

Dist between H & H* 
0 1 2 
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Dev 
kari # Jiken hatsurwa # Jiken somurrie # Jiken 

No “provisional exam” “pronunciation exam” “exam for wine tasting” 

nas 
Bnd 

Ctrl 
tJiri # dsiken kimura# dsiken kaedama # dsiken 
“Chile incident” “Kimura incident” “substitute incident” 

before 
Dev 

hoN # Jiken hasoN # Jiken 
“final exam” “‘destructive test” 

Nas 
Ctrl 

naN # d$ken sumoN # dsiken 
“difficult case” Sumon incident” 
tJosakti + ken kosakurtfi + ken kurisurmasb + ken 

No 
Dev 

Yopyright” ‘(tenancy rights” ‘Christmas ticket” 

nas Ctrl 
arabti + ken maeurri + ken srxxwa@ig6 + ken 

Bnd “Arab area” “advance ticket” “Swahili speaking area” 
after 

Dev 
niNtJi + ken $urreNtJY + ken 
“child custody” “French area” 

Nas 
Ctrl 

haNdgi + ken ibuNk& + ken 
“judicial power” “different culture area” 

at the voicing offset and the voicing onset were those which 
were extracted to see the effect of accent shift and pitch 
raising respectively. 

3.3 Results 
Sample results from one speaker are shown in Figure 4. 
Pairs of devoiced and control words in the non-nasal con- 
dition are compared in each panel. The upper row shows 
the LLboundary-before” condition where the word bound- 
ary is supposed to block the accent shift to the left and 
the realized phrasal H on the second mora of the phrase 
should block the pitch raising after the devoiced region. As 
expected, there is virtually no difference between devoiced 
and control words in FO both at voicing offset and onset. 

In ‘Lboundary-after” condition in the lower row, 
the expected result is the leftward accent shift since 
there is no boundary on the left side of the devoiced 
accented mora to block the accent shift. Pitch raising is 
not expected to occur in this condition either because of 
the realized phrasal H. However, the results show only 
a slight difference in FO between devoiced and control 
words at the voicing offset point. The difference is not 
statistically significant in a 4-way ANOVA across all speak- 
ers. Although the main effect of devoicing is significant 
(V, 337) = 22.491, p < O.Ol), the boundary condition 
and its interaction with devoicing has no significant effect 
at the voicing offset (F(l, 337) = 6.608 and 3.810 respec- 
tively. Both are not significant after Scheffe:‘s method for 
groupwise correction.) Results in moraic nasal condition 
are quite similar. There was basically no effect of pitch 
raising nor accent shift both in “boundary-before” and 
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igure 4: Sample results from Speaker AS. Non-nasal 
conditions only. 

“boundary-after” conditions. Distance between phrasal H 
and H* has no major effect. 

3.4 Discussion 
Results in Experiment 2 show basically no effect of devoic- 
ing. Devoiced words have about the same pitch pattern 
as voiced control words. However, the fact that there is 
no pitch raising nor accent shift in devoiced words has a 
significant implication: the accent location information is 
lost in those words. 
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Figure 5: Mean duration or aevorcea mora ana 
the following consonant 

4. General Discussion 
The results from two experiments suggest that speakers do 
not always compensate for the obliterated accent location by 
either pitch raising or accent shift. Multiple conditions such 
as boundary locations, tonal context, and syllable structure 
have to be satisfied for either one of them to occur. How- 
ever, given that listeners can tolerate those devoiced words 
without explicit accent location marking, why do pitch rais- 
ing still occur when conditions are met? 

Devoiced moras are said to have shorter duration than 
voiced ones [3]. This might be considered as the reason 
for pitch raising after the devoiced region. Assuming that 
tones have some intrinsic duration, the pitch accent aligned 
to the devoiced mora may spill over to the following mora. 
However, that was not the case in the data obtained from 
Experiment 2. 

Figure 5 shows the mean duration of the devoiced re- 
gion in all “boundary-before” words compared with the cor- 
responding region in the control words. That is, [Jik] in 
[Jiken] and [dsik] in [dz’k ] 1 en are compared for each speaker 
in Experiment 2. Two speakers indeed show that the de- 
voiced mora (CV) is shorter than the corresponding voiced 
mora. However, the entire duration of the devoiced region 
(CVC) is marginary shorter than the corresponding part in 
control words (Two-way ANOVA: F(1,355) = 4.853, p = 
0.28). Considering the small effect size (4 msec difference in 
means) with respect to the tonal alignment, the “spill-over” 
hypothesis cannot be supported. 

A more likely situation is depicted in Figure 6. Taking 
a consecutively devoiced word as in Experiment 1 for 
example, the magnitude of the pitch range of the word 
with pitch raising (left panel) is enough for listeners to 
at least recover the saccentedness. However, if there is no 
pitch raising in cases where the phrasal H is also devoiced, 
the magnitude of the pitch range is under represented 
and listeners cannot detect whether it is accented or not. 
Therefore, pitch raising may occur as the last resort to save 
the accentedness of the word. 

Under represented pitch range I,/ lIII;% I/ 3IIsz;~ 
CLe $ CL IIy $ P 

Figure 6: Devoiced accent with pitch raising vs. 
Hypothetical case with no pitch raising. 
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NOTES 
1. Not all 12 speakers show consecutive devoicing including 
accented mora. Thus, the results reported in this paper about 
the difference between pitch contours are based on the 4 speakers 
who produced enough material for a systematic comparison. 
Other detailed results of Experiment 1 are reported elsewhere [a]. 
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