INDEPENDENCE OF CONSONANTAL VOICING AND VOCOID FO
PERTURBATION IN ENGLISH AND JAPANESE

Shunichi

Ishihara

Japan Centre (Asian Studies), and
Phonetics Laboratory, Department of Linguistics (Arts), The Australian National University

ABSTRACT

Data collectedfrom Japanese anBinglish showedthat both
phonetically fully voiced and (partially) devoiced
allophones of /d/ have very similaerturbatoryeffect on the

2. EXPERIMENT: JAPANESE

10 native speakers of Japanese (the Tolpitth-accent
system) who were recruitedrom the student and staff
populations athe Australian National University(ANU),

FO of the following vowel. It is considered, therefore, that thearticipated in thisexperiment. There were 5 malesd 5

phonetic voicing of /d/ (periodicity durindhe closure) is
not clearly correlated with
following vowel. Although the FO perturbation may be
caused bysomeaspects in theproduction ofthe preceding
stop which is not necessarily manifested in actual vooatl
vibration, this result indicates that there is stilp@ssibility
that people mayeliberately controlthe FO of thefollowing
vowel as an additionaktue to thephonological difference
between voiceless and voiced stopnsonants.

1. INTRODUCTION

The basic phonetic correlate ofhe phonemic dvoice]
contrast in a stop consonant tle presence vs . thebsence

females between 21 and 45 years of age. Athem werefrom

lower levels of FO on theTokyo or the prefectures adjacent to Tokyo, and finisiedr

schooling there. A reading listcontaining 4 disyllabic
words shown in table Wwas prepared in standarfanji
orthography.The first CV segments of theseords contrast
both in terms ofthe pitch of V; low and high pitch, and in
terms ofphonemic voicing type of C; [+voice]/[-voice], and
these CV segmentarefollowed by /k/. The informantswere
asked to read théist twice in theframe in the recording
studio of thephonetics laboratory ahe ANU. The material
was recorded omigh-quality hormal position tapes using a
Nakamichi tape recorder and a Nakamichi CM3@rdioid
microphone.

of vocal cord vibration during the closure of thestop.

However, it has been noted isome languages that th
phonemic #voice] contrast in a stopconsonant is
phonetically realised on the basis dfifferences in VOT

(Lisker and Abramson 1964). There are two typesaaiustic
cues distinguishing phonemic voiced and voiceless stops|
English, therefore, word-initial /voiced stops/ may be
produced either withshortly-delayed phonatior{short-lag

Stimuli taki “waterfall” tako “kite”
LH H L
daku “to hold” daki “steering
L H H L wheel”
Frame ima ___ to itte kuda sai
In HL LLL LLLL]
now part. say honorific
“Please say _ now”

VOT) or advanced phonation (VOT lead).

The first aim of this study is tosee whether there is a
difference ornot between these twallophones ofvoiced
stops, interms ofthe perturbatory effect onthe FO of the
following vowel. The second aim of this study is to
reconsider the characteristics @fnsonantally induced FO
perturbation inthe light of Tatham’s (1988)allophonic
classification on the basis of the resuttstained for the first
aim.

Following Wang andFillmore (1961) and Ladefoge(l 965,
1967), Tatham (1988) classifiallophones intothreetypes;

uncontrollable intrinsic events , controllable
intrinsic events ,and extrinsic events .Intrinsic events
can bedivided into uncontrollable intrinsic eents;
those thatmust occur because therare limitations (i.e.
physiological, acoustic, andneurological) onthe use of
available components and organs, arwbntrollable
intrinsic  events ; those thatcan be suspendedunder
Ehieiusitr éscdtaedein this study were part of a lesgedly on

Table 1: Four test words andcarrier sentence. L and H
stand for low pitch and high pitchespectively.

The carrier sentence in which each test word was uttered was
digitised with Macrecorder at a 22 kHzeffective rate
(sampling frequency = 22254), then edited and analysitt
Signalyse version 2.08. FO values of first vowel of each
test word were measured to see therturbatory effect of
preceding stop consonarand theduration of periodicity
absence before the release of /d/—if it is(partially)
devoiced—to see thperturbatoryeffect ofdevoiced /d/s. FO
values werepitch-synchronously measuredwith a mouse
directly from digitised audio waveforms displayed on a
Macintosh computer screen in a time-domaiapresentation

by calculating each period oluccessive vocafold cycle.
Duration of periodicity absence was also manually measured
with a mouse directly from digitised audicaveforms.

2.1.Results and Discussion: Japanese

Two types of VOT; short-lag VOT and VOT lead, were

consonantally induced FO perturbation in Japanese, Thai, amdognised in /d/ from the Japanese data. Figucentains a

English (Ishihara 1996).The method of datacollection,
therefore, reflectsthis fact. The data obtained from the
experiments on Japanese aBdglish are presented in the
presentstudy.

speechwaveform of/da/ (L) segment of/daku/. In this
production of/d/, the periodicity of /d/ dies outafter 30 ms
into its hold phase (short-layOT). Therefore,there is an
absence operiodicity before the release dfi/ for 45 ms



presumably because of thevell-known aerodynamic 180,
conditions (cf. transglottal pressure equalisation)Table 2
shows the distribution of these two types of VOT. In taase 1704

of short-lag VOT, the duration of periodicityabsence before 160l ‘,‘/k‘\/
the release of /d/ is presented in ms. 0—0—/'_/_.
2 4 6

1501
periodicity dies out 30 Jtal H1
ms into /d/ hold 140 A
a=30ms 130l @ /ta/ H2

burst

b =45 ms p A /da/ H1[-voice]

1204 O /da/ H2 [+voice]

110
0

I— hold

8 10 12 14

Figure 2: FOperturbation shapes of /t4dH) and /da/ (H)
(speaker JM2). X-axis is glottal period, and Y-axis is FO (Hz).
[+voice] standsfor afully voiced /d/, and [-voicefor a not
fully voiced /d/.

all]

Figure 1:/da/ (L) segment ofdaku/ (LH) preceded by the ]
offset of /a/ and followed by the burst of /k/ (The first token ofn both figures, the FO values of theowels followed by
Speaker JM3). phonemic /d/are significantly lower thanthe onesfollowed

by /t/. In figure 2,although /d/was devoiced in the first
token, the FOperturbation shapes dhe first and second

Low Pitch High Pitch tokens of /da/ (Harevery similar, and the FO values fafa/
Speaker 1 2 1 2 (H) are still significantly lower (g 0.0204) than those dfa/
M1 - - - - (H) from the first period to the sixtperiod which is the last
JM2 73 63 30 - comparable period. In figure 3, although /d/ was devoiced for
JM3 45 54 30 - both tokens of /da/ (H), the difference in FO values caused by
JM4 10 - 31 - It and /d/ is still significant (g 0.0122) from the firsperiod
JM5 17 - 18 22 to the fourthperiod.
JF1 8 14 15 14 170
JF2 - - - 16
JFS - - - - 160-
JF4 28 18 27 19
JF5 ) ) - . 150
140
Mean 33 22
Table 2:The distribution of VOT lead and short-lag/OT in 1304 A /ta/ H1
Japanese.”-" mearthat /d/ was fully voiced inproduction ;)] @ /ta/ H2
and numerals represent tlieiration of periodicity absence A /da/ H1 [-voice]
before the release of /d/ (in ms). 1 stafaisfirst token, and 2 110 O /da/ H2 [-voice]
for secondoken. 00
1

. . . 4 6 8 10 12 14
Judging from table 2, there are no clear restrictions relating to
the occurrences &fhort-lag VOT and VOT lead for /d/. VOT Figure 3: FOperturbation shapes of /t4H) and /da/ (H)
lead constantly appeared in all of the /dakegments 9 ) P L PES. L
articulated byJM1, JF3, and JF5, while short-lag VOT (spe_akertJMg).fX-ams |tsfglltl)ttal Pee;'d;)/d’ and Y-axis is FO (Hz).
constantly appeared in all of the /da/ segments uttered by Jllf\iO'Ce] stands fora not ully voicett.
and JF4.Moreover, for IM2, JM3, JM4, JM5and JF2, both
short-lag VOT and VOT lead were observed. Iseems, Table 3 shows the duration of the pBrturbation caused by
therefore, that the selection of short-lag VOT and VOT lead ighonemic /t/ and /d/ for the individual speakers. In the case of
idiosyncratic, or theyare infree variation with eachother, JM1, for example, the difference in Flues /ta/ (L) andda/
rather than one that is governed by phonologicaplmonetic (L) is statistically significant atthe first period, but the
rules. difference isnot significant anymore afterthe first period.
That is, the perturbatory effect of /t/ and kisappearedafter
Figures 2 and 3 show the @rturbation shapes of /ta/ (H) the first period, and it is 9 mafterthe vowel onset. In the
and /da/ (H) segments uttered By12 and JM5, respectively. case of thehigh pitch vowels, thedifference in FOvalues
The FO values are graphically presentptbtting the raw FO between /ta/ (H) and /da/ (H) &atistically significantuntil
values as a function of glottal period$he raw FOvalues the sixth period. That is, theerturbatoryeffect of/t/ and /d/
were t-tested (unpaired one tail) between thewels lasted until the sixth period in the high pitch vowels, and it
following /t/ and /d/ ateach period. In the t-tests, 0.05 wass 41 ms after the vowanset.
set as a level dfignificance.



Judging from tables 2 and 3, it is clear that the fwimnarily
acoustic allophones of /d/, represented by shortM&J and
VOT lead, have an almostentical effect onthe FO of the
following vowel. Although /d/ was devoiced 10 out of 20
/da/ (H) tokens (See table 2), the FO values of the pigbh
vowels following phonemic /d/ were significantly lowdran
those following phonemic /t/ for all of theubjects,except for

3.1. Results and Discussion: English

Similar to Japanese, twtypes of VOT; short-lag VOT and
VOT lead, were observed for /d/ in tiinglish data. Table 5
shows the distribution of these two types of VOT in all of the
/da/ segments. The organisation of table 5 issdmme aghat

of table 2.

JM3. This indicates that both fully voiced and devoiced (or

partially voiced) /d/ functioned similarly and lowered the FO Low Pitch High Pitch
of the following vowel. Therefore, it isunderstoodthat the gpeaker 1 2 1 2
low FO valueafter avoiced stop does not correlate with the gy 77 46 46 49
voicing of /d/ inJapanese. EM?2 ) 16 19 _
_ _ - EM3 89 89 105 113
Low Pitch Vowel High Pitch Vowel EM4 43 40 71 63
Speaker Period  Duration Period Duration
JM1 1 9 6 41 EF1 38 - 23 -
JM2 0 0 6 40 EF2 72 49 56 57
JM3 0 0 0 0 EF3 24 23 32 54
JM4 0 0 6 45 EF4 24 - - -
JM5 4 40 4 31
Mean 48 57
JF1 0 0 14 48 Table 5: The distribution ofVOT lead and short-lag/OT in
j:zg 8 8 ? 245 English.” -" meansthat /d/ was fully voiced irnproduction
and numerals represent thiration of periodicity absence
JF4 0 0 8 27 before the release of /d/ (in ms). 1 stafatsfirst token, and 2
JFS > 25 10 36 for secondioken.
Mean 1 7.4 6.1 29.7

Table 3: Duration of consonantally induced p€rturbation
in Japanese. The numeral in feriod columns represent Nth
period and the perturbatory effect of the prevocalic
consonants lasted untithat period. The numeral in the
duration columns is thecorresponding duratior(in ms) of
the perturbatory effect.

3. EXPERIMENT: ENGLISH

The participants were 8 native speakers oAustralian
English, recruitedrom studentsand staff atthe ANU. They

Judging from the English results shown in table 5, similar to
Japanese, therare no clear restrictions relating to the
occurrences of short-layOT and VOT lead for /d/. It seems
that the selection of short-lag/OT and VOT lead is
idiosyncratically decided, or theyare infree variation with
each other because EM1, EM3, EM4, EF2, and EF3
consistently have short-layOT, while EM2, EF1, and EF4
have both short-lag VOT and Vd&ad.

Figure 4 showsthe FO perturbation shapes of /t4H) and
/da/ (H) uttered by EML1. In figure 4although /d/ was
devoiced forboth tokens, thalifference in FOvaluescaused

consisted of 4 males and 4 females between 22 and 32 yeardyf/t/ and devoiced /d/ istill statistically significant (p<

age.All of them wereborn and finished theischooling in
Australia (New South Wales or Australian Capitarritory).
A reading list containing 2 disyllablic words shown table
4 was prepared. In the experiment of Japanese,
perturbatory effect was investigated at two differgatjuency
registers. In order to make the English study companaiile
the Japanese study, the reading list weesd in twodifferent
framesshown in table 4. When these wordse read in the
imperativeframe, their pitchesarerealised as HL, yetvhen
read in theinterrogative frame,they arerealised as LHThat
is, when these wordsre read in theseframes,the first CV
segments of the test wordsake acontrast both interms of
phonemic voicing type of C; [+voice]/[-voicepnd the

t

frequency of V; low and high frequencies, and these CV,

segments are followed by /KTI'he elicitation procedures and

mensural procedures are the same as Japanese.
Stimuli Ak« “tucker” | Aaki “duckie”
Frame 1 Say __ again(imperative)

L L L
Frame 2 Say ____ again(Interrogative)

L HH

Table 4: Two test words and two carrier sentences. L and%!

stand for low pitch and high pitchespectively.

0.0368) from the first period to the thirteenth period which is
the last comparablperiod.

hes0. A /ta/ H1
220l ® ft/H2
A /da/ H1[-voice]
2104 O /dal H2[-voice]
200.
190J
1804
170
160 . i i . . . .
0 2 4 6 8 10 12 14

Figure 4: FOperturbation of /taf{H) and /da/ (H)(Speaker
EML).

Figure 5 shows the FO perturbation shapes of /ta/ (L)/@at
) segments uttered by EM2. In figure &lthough /d/ is
lly voiced in the fist token of /da/(L) and partially



devoiced in the second token, tiperturbation shapes are ms between /ta/ (H) and /da/ (H), and theation isshorter

very similar to each other, and the FO values of toavels
following /d/ are significantly lower (xE 0.0195) thanthose
following /t/ from the second period to the sevep#riod.

170
1604
1504
1404 m; E ; E
1304
A /ta/ Ll
120 @ /ta/L2
1104 A /da/ LI+voice]
100 ' ' ' ' (@) /'da/ LZ{’-voice]'

0 2 4 6 8 10 12 14

Figure 5: FOperturbation of /ta/(L) and /da/ (L)(Speaker
EM2).

Table 6 shows the duration of the p8rturbation caused by

phonemic /t/ and /dfor the individual speakersThelayout
of table 6 is the same as that of table 3.

Low Pitch Vowel High Pitch Vowel

Speaker Period Duration Period Duration
EM1 8 51 12 61
EM2 7 50 11 71
EM3 0 0 9 71
EM4 3 23 7 43
EF1 4 19 12 50
EF2 11 44 14 41
EF3 0 0 9 32
EF4 2 8 6 27
Mean 4.3 24.3 10 49.5

Table 6: Duration of consonantally induced p€rturbation

in Japanese. The numeral in feriod columns represent Nth

period and the perturbatory effect of the prevocalic
consonants lasted untithat period. The numeral in the
duration columns is thecorresponding duratior(in ms) of
the perturbatory effect.

Judging from tables 5 and 6, similar to the Japanese data, it is

clear that the two primarilyacoustic allophones ofd/,
represented by short-lagOT and VOT lead, have amlmost
indistinguishable effect onthe FO of the followingvowel.
Although /d/ was devoiced 12 out of 16 /d&f) tokens, the

FO values of the high pitch vowels following phonemic /d/ 4.
were significantly lower than those following phonemic /t/

for all of the subjects. This indicates that both fullgiced

and devoiced(or partially voiced) /d/ behave similarly in

both occurring togethewith.

EM 3 has thdongest absence gferiodicity (105and 113
ms) of all before the release of /d/ of /da/ (H), and dheation
of the perturbatoryeffect of/t/ and /d/ is 71 ms betweefha/
(H) and /da/ (H). EM4 has shorter absence gferiodicity
(71 and 63 ms) before the release of /d/ of /da/ (H) &3,

than that of EM3. On the other hand, EF1 hasharter
absence of periodicity (46 and 49 ms) before the release of /d/
of /da/ (H) than both EM3 and EM4, however, the duration of
the perturbatory effect of /t/ and /d/ is 61 ms between /ta/ (H)
and /da/ (H), and the duration is longer than that of EM4, but
shorter than that of EM3. This indicatetherefore, that the
duration ofthe perturbatory effect of /t/ and /d/ does not
correlate with the duration ofthe absence operiodicity.
Therefore, it isunderstood orthe whole that the F@alue
after a voiced stop is not correlated with the voicing of /d/ in
English.

4. CONCLUSION

It has beershown that bothphonetically fully voiced and
devoiced (or partially devoiced) allophones of /diave a
indistinguishable perturbatory effect on the followingwel.

This indicates that the presence or absenceesiodicity
during the closure is not correlated with the gerturbation
contour of thefollowing vowel. A similar finding isreported

in the Chinese dialect of Wenzhou (Rosgersonal
communication). The FO perturbation may be caused by some
aspects in the production of the preceding stop which are not
necessarily manifested in actual vocal cord vibration, such as
vocal cord tension.The absence ofperiodicity during /d/
hold is actually caused biyansglottal pressureequalisation

not by the lack of vocal cord tensiohat is to say, the
tension ofthe vocal cordsstill exists even if there is no
periodicty during the closure. If this is true, the FO
perturbation may still be considered as an intrinsieffect.
However, this result still implies thdhere is apossibility

that speakers may deliberately control the FO offttlewing
vowel (i.e. for the sake of perceptual significance) as an
additional cue to the phonemidifferencebetweenvoiceless

and voicedstops in their language. If this teue, although

the FO perturbatory effect of stop consonantshas been
considered to be an intrinsievent, itmay beconsidered to

be an extrinsie@vent.
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