THE PERCEPTION OF MORAE IN LONG VOWELS
Comparison among Japanese, Korean and English speakers
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ABSTRACT The sentences have intonations #melwords have accents in the
spoken languages. The functions of accent is to dikiehain of

There are three kinds @bkushuhakithe specific timing morae) sounds into someparts thatcomposethe sentence, and to
in the Japanedanguage such abe moraic nasal, theon-nasal distinguish the meanings of thveords composeaith the same
consonantand thelong vowel. Even thouglapanese native speech sounds. English has stress accent, Japanese has pitch
speakers can perceive them perfectly, it is diffioitJapanese accent and Korean has neither stress nor pitch accent. Korean has
learnersfrom abroad to perceivand produce them. To make it no accent to distinguish the meanings and has liaisdarity the
more efficient forJapanese learners to acquire them, we need ftelations between the parts in sentences.

i tigate how J ti ki huhak _
investigate how Japanese native speakers pertekigshuhaku The Japanese sound, ' ga~ kekoso_kyckitfthe pitch of the

This study examinebe perception of mora or morae of Japanesemorae'ga’and 'kyo' which follow "_", islow, and the pitch of the
language specifically irthe long vowel. Previous researchersmorae kekoeo' and ‘o#tr' which follow "™, ishigh) meansschool,
(PHiroya Fujisaki, Miyoko Sugito) haveassumed that duration educationand '_ga~ kekoeo-kyo_okis' means'school education'.
contrasts alone arénvolved in perception. However we We have a Japanese minimal pair: ' dila(bridge) vs. " ha_si'
hypothesize that the accentual change in the midst of asémmg)  (chopsticks).Only the difference of the accent distinguishes these
would mark the boundary between the morae and would affect ttveo words.

erception of morae by native speakers of standard J . . .
P P y P naard Japanese In the accent system of the standard Japanese the pitch of the first
Based on thehypothesisthree kinds of perception tests with mora is always differerftom the pitch of the seond as '_ha" si', '
computer-edited sound stimuli weggven to native Japanese, ha_si','_a me' (candy) vs. me_(rain).

Korean and English speakers. The results of ttestesuggest

that native Japanese speakers count the number of morahynot 2. THE EXPERIMENT USING A SEQUENCE

by the duration of vowels, but also by the accentual change which  OF VOWELS INTERRUPTED BY A

indicates théboundary between morae. @re other handpon-

native speakers count the number of mawag bythe duration of CONSONANT
Is.

vowels 2.1. Procedure

1. JAPANESE SYLLABLE, MORA AND The nonsense words [_a tade_s], [ a taapgeorsjunced by an

ACCENT adult male standard Japanese speaker were fmedhe

] ) ) experiment as the sound stimuli. The original sounds were
The phonetic units of English and Koreare syllables, and the yacorded into a digital audio tape and the sound stimuli were

units of Japanese are syllables and motzpanese’, 'English’and created by’ PICOLA (Pointerinterval Control OverLagnd Add).
'Korean' are divided into syllables as 'jaspasnese’, 'engelish’ and 'ko

ereean’. The same meaning words in Koreme dividedinto ~ The duration of the firstowel [a] of [atadesjvas shortened in 3
syllables as ‘il*bosneoyeongeo’, 'hanegusgeand thewords in  stages (1.0, 0.6, 0.3), and at the same time the duration of the
Japanese 'nishoge’, ‘e :*go'and 'kanekoekuego'. The Japanese second vowel [ajwas lengthened in 5 stages (1.0-2.0). The
wordsare also divided intmorae as 'nishosigo’, 'esesgoand 'kas duration of the first vowel of [ataades] was lengthened in 3 stages
nekoskusgo'. Japanese native speakers dividewhed 'nihongo’ (1.0, 1.2, 1.5), and at the same time the duratidaajfafter the
(Japanese) into syllables as 'nislgmiend also into morae as 'nie consonant [t] was shortened in 6 stages(1.0-0.375). The total
hoenego'. Inthe former, each syllable is the sound cluster toumber of the sound stimuli was 33, ands&@s of these stimuli
pronouncevith ease and in the latterach mora ithe unit of time.  were recorded into a digital audio tape at random.

n nativ rceive th hm has th . . . .
Japanese natives perceive that each mora has the same IengthThe subjects were divided into the thggeups; 10 native Japanese

The difference between 'me'(bone) vs. ‘hoeme'(true feeling) is  speakers (groupl), 9 nativeKorean speakers (group K1), 9 native
the existence of the nas@ibkushuhakun', and thedifference English speakers (group E1). The subjects were asked to listen to
between 'kistefwear and) vs. 'kiste' (stamp) is the existence of the the tape using headphones and to markittesof 4 choices closest

non-nasal consonafibkushuhaktt', and 'kutu' (shoe) vs. 'kuetus to what they perceived;atadesu”, “aatadesu”, “ataadesu”, and
u' (pain) the existence of vocallokushuhaktu'.



“aataadesu” written in Japanese Hiragforall, Korean Hankul influencing Japanese native speakers perception of the number of

alphabet for K1 and romanization for E1 on the answer sheets. morae othe firstvowel; a consonant [gnd a pitch change. In the
following experiments since sound stimuli withocbnsonants

2.2. Results were used, the badisr perceivinghe first vowel isonly the pitch
change.

Figure 1 showshe percentage of times that subjects marke ; :
“aatadesu” when thdistened to the stimuli creatéwm thesound g'l' The Experiment with the Sound

[ataades] by lengthening the first vowel in 3 stages (1.0, 1.2, 1.5). Controlled by the SpeeCh VelOCity
The duration of the sendand thirdvowels was shortened to 0.375

. The two nonsense sounds [ a ade_s], [ a aade_s] were used for
in all cases.

the experiment. A male standard Japanese sp@ateounced
thesetwo sounds with 6 degrees of speegtocity and with 3
degrees of pitch change ; flat(no pitch change), nofsnaéll pitch
change), and emphatic(large pitch change). The pitemnge

(o2}
o

speakersvho havelearned Japanegghonology(group J2a), 10
native Japanese speakefsohad not learned Japangsg®nology
(groupJ2b), 21 native Korean speakers (groupK?2). dfteéces on
1 1.2 15 the answer sheets were “adesu”, “aadesu”, “aaadesu”, and
The Duration of the First “aaaadesu” written in Japanese Hiragana or Korean Hankul.

Vowel 3.2. Results
Figure 1: The percentage of times that subjects marked “aatades'J_.t"

i

when they listened to the stimuli created from the sound [ataadfﬁiupKz The stimuli is [aaades], apdonouncedhith 6 degrees

by lengthening the first vowel in 3 stages with duration of the ot speech velocity0.11-0.34 sec/syllable) and 3 degrees of pitch

second and third vowels shortened to 0.375. change. Based on our hypothesis that the pitch change affects the
perception of morae, it is assumed that even if the spesdotity

: ) was slowed and thus the total duration of the vibmtame longer,
Even thoughthe first vowel was lengthened to 1.5, J1 did noty,o number ofnorae inthe long vowel would be perceived as

perceive the firstowel ofthe stimuli as [aa] (two morae). On the having many morae as the original sound (3 morae; [aaades]).
other hand, K1 perceived it as [aa] more than 5 times of 10 of the

stimuli, and those in E1 did asanytimes as K1 did. Thmore the As Fig. 2 shows, in the flat pit@hange, J2a perceivéte original
first vowel lengthened, the more they perceived the stimfdigds sound as [aades] when it was pronounced fastttendlower the
(two morae). stimuli was pronouncedhe great were the number mérceived
morae. On the other hand, the stimuli with normal and emphatic
pitch change were perceived as having 3 morae Eahgven
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= 50 occurs betweethe firstmora andthe seond mora. Thetimuli

5 10 A were recorded into a digital audio tape. The total number of the
=] </‘ . ;](11 Ztimulli we(aj_s 36, and 10 (sjets of these stimuli werorded into a
e —— igital audio ta t random.
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. 2, 3 showthetypicalresults of an subject in eagtoupJ2a and

As Fig. 1 shows, J1 rarely perceived the stimuli as [aatades]
thoughthe duration of the firstowelwas lengthened. On the other\,nan the stimuli wagpronounced slowerthe number did not

hand, both K1 and E1 perceived them as [aatades] when the fjfRlease as much as whitte stimuli werepronounceduith flat
vowel was lengthened. In standard Japanese, however, the acegfh, - Furthermore, the number of perceived morae of the stimuli

of the firstmora must be differer_itom the accent_ ofthe second, \ith emphatic pitcithangedid not increasenuch compared to the
there was no accentual changetia lengthened firstowel [a] of  gimuliin the flat and normal pitch change.

the stimuli. Thus the subjects in 3tho perceive morae by the

accentual change, did not perceilie stimuli as [aatades]. On the In Fig. 3, the Korean subject did not perceive the stimuli in 0.11

other hand, non-native Japanese speakkosperceive morae by sec/mora velocity as 3 moraed the number of perceivetbrae

the duration perceived it as [aatades]. increased constantly whehe stimuli waspronounced slower.
Regardless of the difference of the pitch level, the slower the

3. EXPERIMENT USING A SEQUENCE OF  speech velocity becameie morethe number of perceivemiorae
VOWELS WITHOUT A CONSONANT increased.
Two experiments examinetiow the pitch change affects the

perception of morae in a sequence of vowels without a consonant.
In our previous experiment we assuntieat there werévo factors
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Figure 2: The typical results of an subject in group J2a. The
original sound of the stimuli is [aaades], and pronounced with 6
degrees of speech velocity and 3 degrees of pitch change.

Figure 5 : The standard deviation in normal pitch change.
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Figure 6 : The standard deviation in emphatic pitch change.
Figure 3 : The typical results of an subject in group K2.

Fig. 4-6 show the standard deviation in 3 degrees of pitch changég' The Experiment with the Sound
o " Controlled by the Duration

The perception in the normal and emphatic piichnge ofl2a is

stable compared to that in the flat. pitch change. IF means that tA&, 1o nonsense words [aades], [aaades] pronounced by a male
accentual change affette perception ahorae of native Japanese gtandard Japanese speaker were fmséte experiment. Aarly

speakers. On the other hand, there was no differ@moag the o1t of the ‘aa’vowel in [aadeswas shortened by computer
pitch levels in the results of K2. Itmeans that the mitenge does gy nihesizer in 4 stages (24% min.) creating 4 stimuli. 10 stimuli
not affectthe perception of K2. If the pitcbhange is clearly \yare created in the sameay by lengthening date part of the
indicated, the subjects in J2an perceivéhe number ofmorae el in 10 stagel75% max.). From [aaades] 8timuli were
more easily, and ifhe pitchchange is not clearly indicated, it is created by lengthening an early part of the ‘aaa’ vowel in 6 stages
difficult for them to perceive it. (293% max.) and 6 stimuli were created by shorteniategpart of

the vowel (24% min.). The original sounds were recorded on a

digital audio tape, and wemnalyzedand synthesized by DSP

Sona-Graph 5500 andPC Prameter Manipulation and Synthesis
—.— J2a Program byKay Elemetrics Corp. The total number of sound
—O0—32b stimuli was 31 including thevo original sounds of [aades] and the
three original sounds of [aaades]. 10 sets of these stimuli were
——K2 recorded into a digital audio tape at random.

The Standard Deviation

The subjects were divided into the thggeups; 8 native Japanese
speakersvho had learned Japanepéonology(group J2a), 10
native Japanese speakefsohad not learned Japangsg®nology
(group J2b), 21 native Korean speakers who had learned Japanese
(group K2a), 9 native Korean speakevbo had not learned
Japanese (group K2b). The subjectgyiaup J2a, J2b and K2a
were the same as those in the previous examination chidiees

" ou

are “adesu”, “aadesu”, “aaadesu”, and “aaaadesu”.

sec/mora

Figure 4 : The standard deviation in flat pitch change.



3.4. Results 4. DISCUSSION

Fig. 7 showshetypicalresult of an subject in J2a and Figh®ws In the examination using the sequenceafelsinterrupted by a

one in K2a. The original sound dfe stimuli is [aades]. We consonant, wherthe duration of the firsvowel of the sound
hypothesized® that native Japanese speakeasild perceive the [ataades] was lengthened, Japanese subjects did not perceive it as
boundary ofhe firstmora in a long vowel bihe accentuathange, [aatades] nor [aataades] even though non-native Japanese subjects
and use the duration of t{@ccentually determined) firsioraas a did. Thus it appears that if there is no accenthahge in the
measure to determine the numbemofrae inthevowel. Based on sequence of vowels, native Japanese speakers do not perceive the
the hypothesis, it is assumé#tht when the duration of trearly sequence as bimoraic. In other words, duration contrasts alone
part of thevowel is shortenedthe sound will be perceived as affect the perception ofnon-native Japanese speakers, and
[aaades] (3 morae) artdat when the duration of the late part isaccentual change affe¢ke perception of native Japanese speakers
lengthened, the stimuli will also be perceived as [aaades]. more than the duration does.

In the experiments using the sequencevofel without a

© g 4 consonantthe accentuathange washe only cue to perceive the
E = 3 ‘ first mora. As the experiment with the soucmhtrolled by the
ED = m B speech velocityndicated, if there is a strong accentabhénge in
2 -% 2 the sequence ofowels, native Japanese speakers perceive the
Q % 1 sequence more clearly and easily as multi-moraic.
a0

0 50 100 150 200 5. CONCLUSION

The Percentage of Duration Previous researchers MiroyaFuijisaki andViiyoko Saito) insisted
that only the duration of thevowel affectsthe perception of the
Figure 7 : The typical result of an subject in J2a. The original pumber of morae. Based on the results of our resezoafever, it

sound of the stimuli is [aades] and an early part of the ‘aa’ vowdr clear thahotonly the duration of theowel sequencbeut also the

. : 0 o accentual changeas an important influence on the perception of
was shortened in 4 .stages creating 4 stimuli. Ten stimuli were Japanese subjects.
created by lengthening a late part of the vowel in 10 stages.
Japanese learners, iwhose mother tongue length is not a
distinctive feature of vowels and no plural units are perceived in a

long vowel, must acquire the ability to catch the accentuahge

© g 4 in the midst of dong vowel in order to perceivihe number of
T = 4 - morae of the vowel.
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