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 .clence

Abstract: This papcr lnvestigates the contribution  ef pitch-aecent information to japanese spoken-
word  recognition.  Pirch aceent  of  spoken  words  was  manipulated  by controlling  Fo. First, the present
author  investigated the re]ation  between word  intelligibility in the  presencc of  noise  and  the adequacy

of  accent  type  in those  words,  In the intelligibility tcst, participants were  prcscntcd with  speech  stimuli

and  a pink noise  together,  and  were  required  to identify the word.  In the rating  test, thc sume  partici-

pants were  presented with  the sanne  speech  stimuli  and  were  required  to rate  the adcquacy  of  the

words'  accent  types. Results indicated that the spoken  words  with  more  adequate  accent  type were

more  intelligible in the presence of  noise.  Next, the present author  investigated the rclation between
reaction  time in shadowing  words  and  the adequacy  of  accent  type in those words.  In the shadowing
task, the participants were  required  to shadow  a  word  whose  acccnt  type was  manipulated  as  soon  as

they  identified it. The same  participants participated in the rating  test, The reaction  time  in the case  of

the words  with  an adequate  accent  was  $horter  than in the case  of an  inadequate one.  These results

support  thc hypothesis that pitch-accent information in Japanesc spoken  words  niight  facilitate word

recognltton.
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            1. INTRODUCTION

   Japanese is one  of  the pitch-accent 1anguages, in which

high or low pitch is determined at  every  mora,  and  there is

the carrier  of  accent  on  the mora  just before the mora  where

the pitch drops to u  lower level [1,21. In a  pitch-accent
language, pitch height at  every  mora  of  spoken  words  has

little importance in comparison  to tonal languages such  as

Chinese. That  is to say,  in Japanese "where"

 the pitch fa11s

is important, whereas  in Chinese "how"

 pitch rises  and

falls is important, In stress-accent  languages represented

by English, a  spoken  word  can  appear  with  various  pltch

patterns, although  it docs of  course  have a regular  pitch

pattern L11. 
"Clearly,

 in Japanese  accents  are  realized  by

pitch as they are in English; but the Japanese  accents,

involving high pitch and  fo11owing low pitch, cannot  be

reversed  by intonation as  English accents  can  L3]."
   In Japanese, the  meanings  of  homonyms  are  often

distinguished by  their accent-position,  which  is determined

by a piteh-fa11. Examples ef  such  homonyms  are  Ha-shi,

Ka-ki. and  A-ki  [1]. When  a postpositional panicle 
"ga"

trails these words,  Japanese  standard  high-low patterns of

pitch in those words  are as follows:

Ha-shi

Ka-ki

A-ki

(Ha-shi-gt, (edge),

(ILt-ki-gtt (persimmon),

(A-ki-gt, (space),

Ha-shi-ga (bridge),

Kt-ki-ga (fence),

A-ki-ga (tired),

Ha-Ellhi-ga (chopsticks))
Ka-!,-ga  (oyster))

A-L/-ga (autumn)),

'e-mail/katsuse@fuk.kindai.ac.jp

   The accent  positions of  the homonyms  presented above

are  in the case  of  the Tokyo dialect, though  in Japanese,

uccent  type ef  a  spoken  word  often  differs between
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dialects. For example,  the standard  accent  type  for "A-ka-

ru-i  (bright)," which  is a  highly familiar four-mora word,
is Low-High-High-High, In practice,'another accent  type

Low-Low-High-High is used  in Hokkaido,  Low-High-

High-Low  in Toyama,  Low-High-Low-Low  in Ishikawa,
High-High-High-Low in Mie, and  High-High-Low-Low  in
Ehime  [4]. Further, there  are  areas  wherc  the 

"Ikkei

 accent"

or  
"co]]apsed

 accent"  is used.  In these  areas  the meanings  of

homonyms  are  not  distinguished by  pitch accents.  There-
fore, it has been  believed that pitch accent  is generally of
low importance for Japancse spoken-word  recognition  [5],
   On  the  other  hand, several  researchers  have shown  that

pitch-accent information indeed influcnces Japanese  spo-

ken-word recognitien.  Kitahara et  aL  l61 investigated the
role  of  prosody  in the cognitive  process of  spoken  langu-
age.  They  demonstrated that intonation and  pause informa-
tion ecaciently  worked  to facilitate language understand-
ing while  listeners were  engaging  simple  operations.  They

rcperted  that accent  information especially  contributed  to it,

   Minematsu and  Hirose [7] manipulated  the Fo of  spoken

words  in three wuys  using  PARCOR  analysis-resynthesis.

In CASE  1, the Fo was  constant  at  1OO Hz  and  in CASE  2,
the Fo was  translated  jnto another  accenL  type, In CASE  3,
the originat  Fo was  used.  A word  intclligibility test was

performed using  speech  stimuli  gcnerated by band-elimi-
nating  the synthesized  speech.  As a result,  intelligibility
in CASE  3 was  higher than that in CASE  1 or  CASE  2.

   Speech communication  is often  practiced in the

presence of  background noise,  When  this occurs,  phonetic
information is often  masked,  although  pitch information is
more  robust  to thc nojse  interference than phenetic infor-
mation.  It has been shown  that listeners can  catch  pitch
information well  enough  to recognize  the accent  type even

in the presence Qf  a  high-level noise  [8], Therefore, it is
expected  that the contribution  of Fb information -  espe-

cia]]y accent-type  information -  to word  recognition

shou]d  be clearly  observable,  even  in the presence of  noise.

   In the initial experiments  discussed in this paper, the

present author  confirmed  the  contribution  of  pitch-accent
information to Japancse spoken-word  recognitien  in the

presence of  noisc. She then examined  in the secondary

experiments,  whether  the conuibution  was  observable  even

when  there  was  no  background noisc  and  speech  was  not

damaged by band-Limitation and  so  on.

2. WORDLIST

   Japanese four-mora words  were  used  in the experi-

n]cnts,  These have four standard  types of  accent.  Each

accent  type is represcnted  by high-and-low pattern of  pitch
as followsi low-high-high-high for accent  type O, high-low-
low-low for accent  type 1, low-high-low-losN' for accent

type 2, and  low-high-high-low for accent  typc  3,

   The present author  controlled  the famitiarity of  words
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because a  word's  familiarity involves word  inte]ligibility
in the presence of noise  L9]. The four-mora words  were

selected  from the database inc]uded in Lexical Properties
of  Japanese [10] based on  the fbllowing criteria:  their

familiarity is 6,O or more  in auditory  presentation, their

fami]iarity is 5.0 or  mere  in visual  presentation, and  their

famMarity is 5.0 or  more  in both auditery  and  visual

presentation. The present author  produced a list of 200
words  selecting  50 words  randomly  from among  the

available  werds  of each  accent  type. In addition,  another

word  list was  prepared for practice sessions.  That word  ]ist
was  cornposed  of  words  other  thun those in the fbrmer List
and  satisfied  the same  condition  of  word  familiarity.

3. SPEECHSTIMULI

3.1. SpeechMaterials

   A  ma]e  speaker  read  the word  lists in a soundproof

booth and  the speech  sounds  were  recorded  en  DAT.  The

speaker  was  instructed to read  the ]ists rnonotonically  and

at  a  fixed speed  and  on  beat at each  Tnora. To  make  such

artificia]  utterances  easy,  auditery  and  visua]  cues  wcre

prcsented to the speaker.  As  an  auditory  cue,  a 140-Hz pure
tone  was  presented t'or about  100ms  through  a  pair of

headphones at intervals between  moras,  and  as  a  visual  cue,

a circle  was  incrementatly presented on  a monitor  at  those

same  intervals.  The mora  intervals were  determined  so  that

the word  duration became 850ms.

3.2, Representative Fo Contours

   Even if we  handle accent  type  as an  experimenta]

variable,  we  must  manipulate  the Fo of  stimulfin  practice
to manipulate  accent  type  of  the stimu]i.  Howcver,  because
Japanese is not  an  intonation-based ]anguage as mentioned

in the Introduction, strict]y speaking,  the accent  type  does
not  provide an  Fo contour.  Therefore, the present author

prepared a  representative  a) contour  for every  accent  type.

First, the same  speuker  uttered  a nonsense  word  loeoel
with  four types of  acccnts  several  times  and  the utterances

were  recorded,  Thc  same  auditory  and  visual  cues  used

in recording  the speech  materials  were  presented to the

speaker.  Fo  contours  were  then  extracted  from these

utterances  and  were  smoothed.  The present author  could

classify  those  Fo contours  into tw'o groups by their temporal

charactcristics  and  choose  twe  representatiye  contours  for
every  accent.  Next. in order  to select a representative  Fo
contour  from them, the present author  preliininarily
cenducted  a  sub.iective  evaluation  examination,  To generate
the speech  stimuli  for the preliminary experiment.  100

spoken  words  were  re-synthesized  by  transforniing the

original  Fo contour  into one  of  the smoothed  Fo  contours.

The  alternated  Fb contour  rcpresented  a stanclard  accent

type for the  word,  Three  listeners, who  were  from dffcrent
regions  of  Japan, were  prcsented a pair of  speech  stimuli,
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Fig. 1 Generation ef  stimuli  by anal}･sis-synthesis  system,

and  were  required  to select the more  natural  one.  As a

result, the Fo contour  ot' the elected  stimulus  was

determined  as  the  representative  of  the accent  type.  These

Fo contours  are ca]led  
"representative

 Fo conteurs,"

3.3. Re-synthesis of  Speech Stimuli

   Speech stimuli  for the experiments  were  re-synthesized

as  shown  in Fig. 1. The  original  speech  sounds  were

analyzed  by STRAIGHT  LI1] to extract  spectral  informa-
tion and  Iih information separately.  Speech stimuli  were

then  re-synthesized  using  STRAIGH]]  by  transforming

the original  Fo into an  alternative  Fh while  normalizing

the speech  duration to 850ms. The a]ternative  Fk) was

generated by adding  a  small  Fo fluctuation, which  was

obtaincd  by eliminating  a trend  component  from the

origina]  Fo, to one  of  the representative  Fo  contour,

because cach  Fb fluctuation influcnces the sound  quality of
consenants  L12-I41. Thus, all speech  stimuli  used  in the
experiments  were  artificially  generated with  high sound

quality. All srimuli  were  tapered for 10ms  at their begin-
ning  and  end.  The  sampling  frequency was  32kHz.

4. EXPERIMENTALDESIGN

4.1. Introdllcing a  Rating Scale for Adequacy  of

     Accent  Type

   In Japanese. a spoken  word  has a  standard  accent  (that
is, Kanto accent)  type, though  vurious  acuent  types are  used

in prautLce, depending  on  the  dialect. For  this reason  the

previous studies  conventionally  adopted  Kanto dialect
speakers  as  participants in their experiments,  Nowadays,

with  the  advent  of  media  such  as television and  people
actively  moving  from place to place, it is not  unusual  for
the participants to regard  plural accent  types  as  adequate

for one  spoken  word.  At least, most  participants may  have
aurally  heard other  kinds of  dialccts than the Kanto dia]ect.
Consequently, stTict  control  of  peTeeptual cxperiences  in

spoken  lunguage  seems  to be dicacult.

   Furthermore, when  we  treat the stimuli  accent  types  as

experimental  variables,  there  remains  the problcm of how
we  measure  the subjective  ditlerence between standard  und

other  accent  types.

   To  avoid  such  problerns, the present author  introduces a
new  subjective  scale  for evaluating  the adequacy  of  an

accent  type in a word.  This scale  ranges  frem inadequate to
adequate.  When  a  word  is presented as  an  auditery

stimulus,  paiTticipunts rate the adequacy  of  the  word's

accent  using  the scale.  They  den't rate  the accent  based on

whether  it is a Kanto  accent  or not, but rather  on  another
"standard"

 that is fbrrned based  on  the puiticipants'
linguistic experience.  By  having a  scale  with  several  steps,

a subjective  difference between the "standard"

 accent  type

and  the presented accent  types  is measuruble.

   [Ihe experiments  consisted  of  a  word  intelligibility test

and  a rating  test for the adequacy  of  acccnt  type jn a  word.

The  werd  intelligibility test was  coupled  with  the  rating  test.

In the word  inteLligibility test, accent  types in words  were

manipu[ated;  that is to say  the  experimental  variable  is
accent  type. In the  rating  test, the  adequacy  of  accent  type

for the same  words  as used  in the intelligibility test was

evaluated  by the same  subjects  who  participated in the

intelligibility test. The  intelligibility was  evaluated  based on

the rating  values  fbr adequacy  of  accent  type  in thc word.

4.2. Excluding  the Linguistic Learning  Effect

   Four kinds of  stimuli were  generated for every  word

with  the  four aecent  types:  type  O, type  1, type  2, and  type

3, In addition,  there were  five signal-to-noise  ratio (SNR)
conditions  in the intelligibility test. That is to say,  there

were  20 experimental  conditions  for every  word  in the

intelligibility test. To exclude  the linguistic learning
effect,  the experiments  were  performed  not  in a  repeated-

measures  design but in a  randomized  bLock design. Each
word  with  one  of  four accent  types was  presented once  to a

participant; four participants comprised  one  participants'

group. It was  randomly  decided which  of  the four partici-
pants wouLd  be allecated  the word  and  with  which  of  the

four acccnt  types.  One group  consequently  cevered  800
stimu]i  (200 werds  x  4 accent  types), Five SNR  conditions

were  allocated  to different groups, and  forty participants
participated in the experiments.  That  is to say.  there  were

ten ptuticipants' groups with  twe  groups allocated  to each

SNR  condition,

5. EXPERIMENTS:RELATIONBETWEEN
WORD  INTELLIGIBILITY  AND  ADEQUACY

    OF  THE  ACCENT  TYPE  IN A  WORD

   The expcriments  cemprised  a  word  intelligibility test

and  a rating  test to deterrnine the adequacy  of  accent  type

in a  werd.  All subjects  participated in the intelligibility test

befbre the rating  test, Stimuli were  diotically presented te
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the participants at 70 dB SPL  though  a paiT of  headphones

(STAX SR-A  PRO)  in a  sound-proof  booth. The partic-
ipants were  college  students  or  graduate students  and  had
normal  hearing. Most students  have lived in more  than one
region  of  Japan, Prefectures where  they  have lived longest

are  Hoklcaido, Aomori, Akita, Yamanashi, Chiba, Tokyo,
Hyouge  (four people), Osaka, Nara  (three), Hiroshima

(six), Yamaguchi  (two), Kagawa,  Ehime  (two), Fukuoka

(twelve), Saga, Nagasaki, and  Miyazaki. They were  paid a
small  amount  of  money  for their participation,

5.1. ExperimentI: Word  Intelligibility Test

   There were  five different SNR  conditions  involving
four noise  conditions  (SNRs: -2, 2, 6, and  10dB) and  a

clean  condition.  Under noisy  conditions,  a  pink noise  was

added  200 ms  befbre the start  of  speech  and  continued  untit

200ms  after the end  of  speech.  The participants were

presented the stirnuli  in a  random  order  and  required  to

write  a  word  as  they  tistened. A  500-HL beep tone was

presented 500ms  before each  stimulus.  Interva]s between
the stimuli  were  about  10s. A  practice sessiQn  was  held

prior to the experiment.  In that session,  the present author
used  20 stimuli  generated based on  the word  list for the

practtce sesslons,

52. Experiment II: Rating Test for the Adequacy  of

     Accent  Type  in a  Word

   The participants wcre  presented with  the speech  stimu]i

used  in Expcrimcnt Ibut in a  different random  order  and

without  uny  background  noise, They were  required  to rate

the adequacy  of  the word's  accent  type. The rating  scale

has five steps  ranging  from  
"inadequate"

 to 
"adequate,"

The  intervals between stimuli  were  about  6s.

   The participants were  instructed as follows:

(A) "Accent

 type"  means  the uppearance  of  a  change  in

voice  pitch. 
`iAdequacy

 of acccnt  typci' means  the extent

tu which  the accent  type ef  the presented stimuLi  fits the

word's  accent  type  that the participants experientialiy  rec-

ognize  when  the word  is presented as an  auditory  stimulus.

<B) The  participants should  rate  the  adequacy  of  each

word's  accent  type when  the word  is presented alone;  they

should  not  assume  any  context  surrounding  the word,

(C) The participants should  rate  adequacy  based not  on

how  they speak  the word  but on  their perceptual image
when  they  hear the word  as an  auditory  stimulus,

   Prior to the experiment  the present author  held a

practiee session.  In that  session,  she  used  20 stimuli

gencrated based on  the  word  list fbr practice sessions.

5.3. Results

   The frequency of  correct  or  incorrect responses  in the
word  intelligibility test was  countcd  for cvery  rating yalue

with  respect  to the adequacy  of  accent  Iype  in the word.
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Table 1 Cross table of  frequency ofcorrect  er  incorrect

 responses  in the word  intelligibility test according  te

 rating  categories.

Adequacy  rating

 ln  ratlng  test

   Frequency in
word  intelligibility test

[ncorrect Correet Totul

Clean

12345 76o21 334436207236371341442207238372

Total 16 1584 1,600

SNR  =  10 dB

12345 6354171432 3393S5139179408402409156193440

Total 160 1,420 1,600

SNR  =  6 dB

12345  76132M43

 56

16232020?239306238452266282362

Total 371 1,229 1,600

SNR  =  2dB

12345 23S15S

 93

 73142

)62200146134257397358239207399

Tottt1 70] 899 l,600

SNR  =  -2 dB

12345 41220611212222510993627418SS21299174196410

Tota] 1,077 523 1,600

The  Tesu]ts  are  presented in Table 1, In the table, adequacy

rating 1 means  
"inadequate"

 and  adequacy  rating 5 denotes
"adequute."

   Figure2 illustrates the relationship  between word

intelligibility and  adequacy  of  the words'  accent  type.

The  figure depicts the conditions  where  SNRs  are  1O, 6, 2,

and  
-2dB,

 where  the higher the adequacy  of  the accent

type  is rated,  the  higher the  word  intelligibility is. In this

way,  under  all noise  conditions,  there are significant

positive correlations  between word  intelligibility und  the

adequacy  of  the accent  type.
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Fig. 2 Rc[ationship betsij'een percentage ef  word  intelli-
 gibility and  adequaey  ratings  for cach  accent  type.
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   The  present author  calculated  Goodman-Kruskal's rank

rneasure  of  association  and  pcrformed a statistical test for

it. The results  reveal  that y  =  O.248 (p <  O.el) under  the

condition  that the  SNR  was  10dB, y =  O.261 (p <  O,Ol)

when  the  SNR  was  6 dB. 7 =  O.25 l (p <  O.O1) where  SNR
was  2dB,  and  y=  O.306 (p <  O.Ol) under  the  condition

that the SNR  was  
-2

 dB. In this way,  under  alt noise  condi-

tions, there are significant positive correlations  between

word  inte]]igibility and  the adequacy  of  the accent  type  in

the words.

   When  there  was  no  background noise, the intelligibility

reached  alrnost 100%  regardless  of  the adequacy  rating.

This indicates that thc quality of  stirnu]i used  in the

experiments  was  very  high.

5.4. Discussion

   Where  there  was  no  background noise,  there was  no

apparent  correlation  observed  between  word  intelligibility

and  adequacy  ratings;  however, the present author  sup-

peses that the same  me ¢ hanism  works  in speech  perception

as in noisy  conditions,  even  in that cage.  In the present
experimental  design, the correct  rate in the clean  condition

saturates: therefore, the effect of  adequacy  of  accent  type

might  not  appear  in the difference of  the correct  rate,

   Minematsu  and  Hirose [7] and  Cutler and  
'Otake

 [5]
showed  using  the gating paradigm [15] that the  initial Fu

contour  of  spoken  words  enabled  listeners to identify thc

accent  types  of  those  words,  thus facilitating werd  rec-

ognition.  In other  words,  there seems  to be a 
"uniqueness

point [161" on  an  Fo contour.  Minematsu and  Hirose [7]
asserted  that prosodic information is used  to help access  the

menta]  dictionaTy in long-term-memory  (LTM) by  lirniting

the search  space.  If the search  space  is limited, search  time

should  be shertened,  Moreover,  if recegnition  of  a  spoken

word  with  an inadequate accent  type takes longer time than

that with  an  adequate  accent,  reuction  time in shadowing  a

spoken  word  with  an  inadequate accent  may  be longer than

that with  an  adequate  one.

   In the  fo11owing experiments,  the  present author

measured  reaction  time in a shadowing  task to investigate
the contribution  of  pitch accent  information to the  recog-

nition of  spoken  words  without  any  background  noise  or

intentionui dumage,

6. EXPERIMENTS:RELATIONBETWEEN

 REACTION  TIME  IN  SHADOWING  AND

ADEQUACY  OF  A  WORD,S  ACCENT  TYPE

   This set of  experiments  comprised  of  a shadowing  tcst

and  a  rating  test for the adequacy  of  accent  type in a word.
The  shadowing  test was  coupled  with  the  rating  test, All

subjects  participated in the shadowing  test before the rating
test. Stimuli were  diotically presented to the participants at

70dB  SPL  in a  sound-proof  booth. Eight normal-hearing

participants who  did not participate in Experiments t and  II

participated in these  experirnents.  The eight  participants

formed themselves  in groups of  four because the experi-

ments  were  designed according  to a  randomized  block

design. Prefectures where  they have Lived longest are

Shizuoka, Tottori, Hiroshima (two). and  Fukuoka (four).
They were  paid a  small  amount  of  meney  for their pani-
clpatlen.

   Again, a  pructice session  was  held prier to experiments.

In the session,  the present author  used  about  20 stimuli

generated based on  the word  list for practice sessions.

6.1. Experiment III: Shadowing Task

   In the shadowing  test, the participants were  presented
with  the speech  stimuli  through a pair of  headphones

without  any  backgreund  neise  and  were  rcquired  to shadow

quickly and  clearly the word  as soon  as they  identified it.

At the same  time,  they were  instructed that they didn't need

te shadow  the word  with  the same  accent  type  they  heard.

They  were  also  instructed not  to stutter or  make  a slip ef

the tongue,  although  they  could  start  their utterances  befOre

the presentation of  the stimuli  had finished.

   A  500-Hz beep tone was  presented before each

stimuLus.  The  interval between  the beep  tone  and  the

stimulus  was  randomly  set between 500 and  900 rns.

   The  utterances  spoken  by  the participants were  re-

cerded  and  digitalized at  an  8-kHz  sampling  rate.  The

present author  segmented  the speech  period and  recorded

the interval between  the beginning of  a stimulus  and  the

beginning of a participunt's utterance  as  the  reaction  tirne.

When  the utterance  was  incorrect or stuttered, it was

excluded  from the  duta.

iOl
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Table2  Frequency of  stimuli  classified  inte rating

 categories  and  the mean  reaction  time.

EvaluationFrequencyMean  of  RT  Cs)SD  of  RT  (s)
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Fig. 3 Relationship between  adequacy  ratings  and  mcan

 reaction  time with  a  95%  confidence  inTerval for the
 mcan.

6.2. Results

   Table 2 shows  the frequency of stimuli  classified  into
rating  yulues  and  the  rnean  reaction  time.  A  ruting  of  1

means  
"inadequate"

 and  a rating  of  5 denotes "adequate."

The  number  ef  exclude.d  utterances  was  only  19, which

amounts  to less than 1.2%  of  all utterances.

   Figure 3 Mustrates the mean  reaction  time  every  rating

value  with  a  95%  cenfidence  interval of  the  mean.  Here  we

can  read  the tendency  that reaction  time shortens  as the

rating  value  ol' adequacy  increases.

   Spearman's  rank  correlution  coethcient  was  caLculuted

and  statisticaLLy tested to cLarify the rclationship  bctween
the  rating of  the  adequacy  of  accent  type  and  the  reaction

time.  The  result  indicated a  statistically  significant negative

relation  Lp =  
-O.l77,p

 <  O.Ol] between them.

   Marslen-Wilson  117] classified  shadowers  into two

types. Close shadowers  can  begin te shadow  before they
understand  the word,  and  the reaetion  time  ranges  from
about  250  to about  300ms.  Distance shadowers  begin to

shadow  after they have perfectly analyzed  the perceived
object,  and  the reaction  time is longer than  500ms. Only
eight  among  65 participants were  close  shadowers.  In the

present experiment,  the participants were  instructed to
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shadow  when  they identified the word;  therefore, the task

seems  to requirc  distance shadowing.  As u  result, the

number  of  utterances  for which  Teaction  time was  shorter

than 500ms  was  only  19 among  1,600, and  the shortest

reaction  time was  409rns. Thus  we  could  conclude  that

most  of  the shadowing  in the present experiment  was

djstance shadowing.

6.3. Discussion

   The results showed  that  reaction  tirne in shadowing

words  with  inadequate accent  was  lenger than that for

shadowjng  words  with  adequate  accent,  One hypothesis for
explaining  the  resuLt  is that recognition  ef  spoken  words

with  an  inadequate accent  type takes longer even  if

phonetic information enables  listeners to recognize  the
word.  A  simple  explanation  is that pitch-accent information

facilitates spoken-word  recognition  [7]. Another, more

comp]icated,  explanation  may  be possib]e. It has been
demonstrated that nonsense  words  are processcd in a

different channel  in the brain than normal  words  [19],
Marslen-Wilson [18] measured  the difference of  reaction

time between the shadowing  of  normal  words  and

shadowing  of  nonsense  words.  He showed  that reaction

time  in the case  of  normal  words  was  significantly  shorter

than that for nonsense  words.  Although "nerma]"

 and
'Cnonsense"

 have been distinguished from a lexical view-

point, pitch-accent information might  pluy some  part in

judging whether  a word  is nonsense  or normal  at early

stage  of speech  processing. In this case,  the differenee of

reaction  tirne in the  present experiment  might  rnean  the

difference of  channel  of  spoken-word  processing in the
brain. What  role  does pitch-accent information take  in
spoken-word  recognition?  When  does it operate?  [20]
These interesting problems still retnain.

   Now,  another  hypothesis may  exp]ain  the  diiTerence of

reaction  time: A  lenger time may  be taken not in the

perception process but in the production process, It is
known  that speech  perception and  production link together.

For exainple.  in the experiments  with  aLtered  auditory

feedback  the  correLation  between  a  perceived fluctuated
signal  and  produced speech  signal  was  observed  at about  the

l 50-ms point of  reaction  time. Thus, can  we  interpret this as

incaning  the  difference of  reaction  time  observed  in the

experiment  resulted  from the perception-production link?

   ln the experiment,  the participants mostly  shadowed  a

word  with  an  adequate  accent  even  if they  heard the word

with  an  inadequate accent.  Therefore, in the case  that the

perceived stimu]i  had more  inadequate accents,  there  were

consequently  greater differences ln pitch pattern beLween

pcrccived speech  and  produced speech,  A  speech  motor

plan may  take lenger in that case  because of  the perception-

production Iink. It is worth  noting,  however, that the

participants were  permitted to utter  words  with  any  accent
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in the experiment.  If the perception-production link had

any  strong  influence, it seems  ruther  natural  that produced
speech  would  tend to have the accent  of  perceivcd stimuli

because the participants were  required  to shadew  as  soon

as possible. Indeed, in a preliminary examination,  the

present author  required  one  participant to shadow  the

words  with  the same  accent  type as that of  the  perceived
stimuli.  Consequently, it was  diracult for him  to shudow

the words  and  many  incorrect utterances  were  observed.

Thjs suggests  the  possibility that the  participant had to

freshly re-construct  the motor  plan to utter the word  with

the perceived acccnt.  This is no  lenger called  a perception-

production link. Therefore, the difference of  reaction  time

in the experiment  seerns  to originate  in the perceptual

process, although  we  could  not  conclude  this due to

insucacient proof.

7. CONCLUSIONS

   In this research.  the present author  examined  the  con-

tribution  of  pitch-accent information to Japanese spoken-

werd  recognition.  Using  speech  stimuli  to maniputate  those

pitch accents,  the present author  conducted  a word  intel-

]igibi]ity test under  different SNR  cenditions  and  a rating

test for the adequacy  of  accent  types  in words.  The  word

intelligibiltty scores  were  examined  based on  the adequacy
rating  of  the accent  types. Results reveal  that  under  noisy

conditions,  the higher the adequacy  of  the accent  type  was

rated,  the higher the werd  intet[igibility was.

   In the  clean  condition,  the  particjpants were  presented

specch  stimuli with  manipulated  accent  type and  shadowed

the words  as  quickly as  possible. The present author

measured  the reaction  time  in shadowing,  with  the  results

indicating a  significant  negative  correlation  between

reaction  time and  adeguacy  rating  of  accent  types.

   These results showed  the contribution  of  pitch-accent
information to word  recognition.
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