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Informationa l  Potential s o f  D y n a m i c Speec h Ra t e i n Dialogu e 

Hanae Koiso *  an d Atsush i  Shimojim a an d Yasuhir o Katagir i 
ATR Medi a Integratio n &  Communication s Researc h Laboratorie s 

2- 2 Hikari-da i  Seik a Sorak u Kyoto ,  619-0 2 Japa n 
{koiso ,  ashimoji ,  katagiri}@mic.atr.co.j p 

Abstrac t 

We examine five spontaneous dialogues conducted in Japanese 
and analyz e th e potentia l  o f  speec h rat e chang e t o signa l  th e 
structur e o f  informatio n bein g exchange d i n dialogue .  W e 
foun d (1 )  a  bi-directiona l  correlatio n betwee n speec h deceler -
ation s an d th e opening s o f  ne w information ,  an d (2 )  anothe r 
bi-directiona l  correlatio n betwee n speec h acceleration s an d th e 
absenc e o f  informatio n openings .  Ou r  dat a sho w tha t  th e cor -
relation s hol d no t  onl y i n th e cas e o f  a  singl e speaker' s speech , 
but  als o i n th e cas e o f  multipl e speakers '  sequentia l  utterances , 
wit h o r  withou t  m m shifts .  W e als o sUid y possibl e disnir -
bance s t o thes e defaul t  correlation s an d identif y th e limitatio n 
on speakers '  cognitiv e resource s a s on e majo r  constrain t  tha t 
interfere s wit h th e accurat e signalin g o f  informatio n openin g 
by decelerate d speech . 

Introduction 

Th e researc h reporte d i n thi s pape r  i s a n attemp t  t o elucidat e 
th e functio n o f  dynami c speec h rat e a s contextualizatio n cue s 
i n conversationa l  Japanese .  W e clai m tha t  change s i n speec h 
rat e i n conversationa l  Japanes e hav e definit e potentia l  i n cuin g 
th e structur e o f  informatio n collaborativel y constructe d b y th e 
participant s o f  a  conversation . 

W h en peopl e engag e i n conversation ,  the y no t  onl y express , 
b y mean s o f  utterin g word s an d sentences ,  wha t  the y inten d t o 
get  acros s t o othe r  conversant s abou t  th e topic s o f  discourse , 
but  als o express ,  bot h intentionall y an d unintentionally ,  mes -
sage s concerne d wit h th e situatio n i n whic h th e conversatio n 
i s takin g place .  Thi s secon d typ e o f  expressio n i n m a n y way s 
direct s h o w th e firs t  typ e o f  expressio n i s t o b e interprete d b y 
conversants .  Th e secon d typ e o f  expressio n i s usuall y carrie d 
out  throug h non-referentia l  an d non-lexica l  mean s suc h a s 
prosody ,  gesture/posture ,  gaz e an d backchannels .  G u m p e r z 
an d othe r  sociolinguist s (Gimiperz ,  1989 ;  Gumperz ,  1991 ;  Er -
ickso n an d Schultz ,  1982 ;  Aue r  an d Luzio ,  1992 )  introduce d 
th e notio n o f  contextualizatio n t o captur e thes e processe s i n 
everyda y languag e use ,  an d calle d th e signal s involve d i n th e 
secon d typ e o f  expressio n "contextualizatio n cues. " 

Ther e ha s no t  bee n m u c h researc h devote d t o speec h rat e 
phenomen a fro m th e perspectiv e o f  thei r  potentia l  a s con -
textualizatio n cues .  TTii s i s partl y becaus e primar y interes t 
i n speec h rat e phenomen a ha s bee n directe d towar d appar -
ent  rhythmicit y i n speec h an d it s relationshi p wit h under -
lyin g physiologica l  mechanism s o f  speec h productio n an d 
perception .  Speec h researcher s hav e bee n studyin g tempo -
ra l  organizatio n o f  h u m a n speec h an d hav e foun d tha t  a n 

*  Als o wit h Nar a Institut e o f  Scienc e an d Technology . 

isochronou s uni t  ca n b e hypothesize d behin d speec h produc -
tion  an d perceptio n (Lehiste ,  1975) ,  eve n thoug h th e actua l 
speec h material s d o no t  manifes t  exac t  isochron y du e t o in -
tervenin g physiological ,  cognitive ,  an d linguisti c factors .  I t 
has als o bee n observe d a m o n g speec h engineer s (Sagisak a 
an d Tohkura ,  1984 ;  Fujisak i  an d Higuchi ,  1980 )  tha t  con -
tro l  o f  th e tempora l  organizatio n o f  syntheti c speec h greatl y 
contribute s t o it s naturalness .  Thei r  interest s hav e als o bee n 
focuse d o n physiologica l  an d cognitiv e mechanism s o f  huma n 
speec h productio n an d perception ,  an d thei r  result s  ar e mostl y 
base d o n rea d speec h dat a o f  a t  mos t  sentenc e length . 

I n contrast ,  ou r  researc h focuse s o n th e informationa l  poten -
tial  o f  speec h rat e change s observe d i n h u m a n spontaneou s di -
alogues .  I n actua l  conversations ,  w e notic e tha t  peopl e chang e 
thei r  rate s o f  speec h fro m time  t o time,  an d thes e loca l  modula -
tions  i n speec h rate ,  togethe r  wit h insertio n o f  pauses ,  provid e 
hearer s wit h variou s clue s abou t  th e stat e o f  th e speaker s an d 
th e stat e o f  ongoin g conversations ,  whic h wil l  subsequentl y 
be exploite d b y hearer s t o stee r  thei r  reasonin g i n interpretin g 
what  the y hear .  Thus ,  deviation s fro m a n isochronou s speec h 
rat e i n conversatio n hav e potentia l  a s contextualizatio n cues . 
Severa l  researcher s (Crysta l  an d House ,  1990 ;  Koopmans-va n 
Be inu m an d va n Donzel ,  1996 )  hav e recenti y starte d lookin g 
at  thei r  informationa l  potentia l  t o indicat e discours e relate d 
information ,  suc h a s th e given/ne w distinctio n an d th e impor -
tanc e o f  th e informatio n bein g expressed .  I n thi s paper ,  w e 
focu s ou r  attentio n t o loca l  change s o f  speec h rate ,  namely , 
acceleration s an d deceleration s o f  speec h ove r  consecutiv e 
pau- s o f  utterances .  Speec h rat e i s particularl y interestin g fo r 
conversation s sinc e i t  ca n be ,  an d we'v e foun d tha t  i t  is ,  col -
laborativel y manage d throug h synchronizatio n an d sharin g o f 
speec h rat e acros s speakers . 

Th e problems ,  then ,  ar e (a )  exacd y wha t  type s o f  infor -
matio n ar e conveye d b y loca l  dynami c speec h rate ,  an d (b ) 
h o w tiiat  informatio n i s exploite d b y conversationa l  partici -
pants .  Th e mai n focu s o f  thi s pape r  i s o n th e first  proble m o f 
informationa l  potentia l  o f  speec h rate ,  an d w e examin e cor -
pu s dat a o f  spontaneou s interactiv e dialogue s t o validat e ou r 
hypothesi s relatin g loca l  dynami c speec h rat e t o informatio n 
structures . 

Hypothesis 

Interactive dialogues manifest information structures at var-
iou s levels :  loca l  coordinativ e structure s (e.g. ,  adjacenc y 
pairs) ,  dialogu e topi c structures ,  an d highe r  leve l  intentiona l 
structure s o n bot h discours e an d tas k relate d plans .  Thes e 
structure s for m a  hierarch y o f  informatio n structure s fo r  dia -
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logue .  Withi n a  hierarchica l  structure ,  th e simples t  piec e o f 
informatio n t o b e signale d b y contextualizatio n cue s i s th e 
boundary/non-boundar y betwee n informatio n units .  Wit h re -
gar d t o sentenc e an d phrase-fina l  prosodi c rise/fal l  patterns . 
Pierrehumber t  an d Hirschber g (1990 )  an d Hirschbcr g an d 
Gros z (1992 )  foun d tha t  Englis h prosod y ca n signa l  th e en d 
boundarie s o f  informatio n unit s a t  th e en d o f  prosodi c seg -
ments .  Similarly ,  w e conside r  tha t  loca l  change s i n speec h 
rat e ca n mar k th e star t  boundarie s o f  informatio n unit s a t 
th e beginnin g o f  loca l  speec h segments .  Th e hypothesi s w e 
examin e i n thi s pape r  ca n b e state d a s follows : 

Loca l  deceleration s an d acceleration s i n speec h rat e ca n 
wor k a s contextualizatio n cue s fo r  th e opening s o f  ne w 
informatio n unit s an d fo r  th e continuation s o f  existin g 
informatio n units ,  respectively . 

Methods 

Dialogu e Dat a 

We examine d liv e task-oriente d dialogue s conducte d b y dif -
feren t  pair s o f  speaker s t o tes t  ou r  hypothesis .  Al l  o f  di e dia -
logue s wer e take n fro m th e Chib a M a p Tas k Corpu s (Aon o e t 
al .  1994) ,  a  Japanese-languag e versio n o f  th e Edinburg h M a p 
Task Corpu s (Anderso n e t  al .  1991) .  I n eac h dialogue ,  on e 
speake r  (th e "follower" )  trie s t o dra w a  rout e o n a  simpl e m a p 
of  landmarks ,  followin g th e instruction s o f  th e othe r  speake r 
(th e "giver") ,  w h o hold s a  simila r  m a p wit h th e complet e 
rout e o n it .  Th e giver' s m a p an d th e follower' s ar e hidde n 
fro m eac h odier .  Also ,  landmark s o n on e m a p m a y b e labele d 
differently ,  o r  eve n absent ,  fi-o m th e othe r  map .  Thi s make s 
th e tas k reasonabl y difficult ,  an d th e averag e lengt h o f  th e 
dialogue s i n th e entir e corpu s i s abou t  1 1 minutes .  W e use d 
th e first  3  minute s o f  eac h dialogu e fo r  ou r  analysis . 

Speech Rate Measurement 

The dialogu e corpu s dat a consis t  o f  speec h dat a wit h thei r 
transcription s int o Japanese .  Th e speec h dat a ar e sample d a t 
2 0 K Hz an d wit h 16-bi t  accuracy .  Ou r  measuremen t  o f  speec h 
rat e wa s base d o n th e averag e mor a duration s o f  sub-utteranc e 
units .  A  sub-utteranc e uni t  (SU )  o f  a  dialogu e i s a  stretc h o f  a 
singl e speaker' s speec h bounde d b y silence ,  an d th e averag e 
mora duratio n ( A M D )  o f  a n S U i s th e duratio n o f  th e S U 
divide d b y th e numbe r  o f  mora e appearin g i n th e SU' .  Thus , 
a smalle r  A M D o f  a n S U mean s a  greate r  speec h rat e ove r  th e 
SU.  Tabl e ? ? provide s basi c fact s abou t  ou r  data ,  includin g 
th e mea n an d th e standar d deviatio n o f  th e A M D s i n eac h 
dialogue . 

We compar e th e speec h rate s o f  a  pai r  o f  temporall y con -
secutiv e SU s an d cal l  a  pai r  acceleratin g i f  th e A M D o f  th e 
succeedin g S U i s smalle r  tha n tha t  o f  th e precedin g S U ;  a  pai r 
i s deceleratin g i f  th e A M D o f  th e succeedin g S U i s greate r 
tha n tha t  o f  th e precedin g SU . 

Information Units 

We inten d t o swd y whethe r  th e change s i n speec h rat e ca n 
functio n a s a  contextualizatio n cu e t o th e opening s o f  infor -
matio n unit s i n dialogue .  Fo r  thi s purpose ,  w e classif y th e 

'Crysta l  an d Hous e (1990 )  use d th e averag e syllabl e duratio n 
(ASD)  a s th e measur e o f  speec h rat e i n English .  Ou r  measur e 
replace s syllable s wit h morae ,  whic h ar e th e segmenta l  unit s o f 
Japanes e speech . 

Tabl e 1 ;  Characteristic s o f  sub-utteranc e units(SUs )  an d av -
erag e mor a duration s ( A M D s )  i n dialogue s fro m th e Chib a 
M ap Tas k Corpus . 

dialogu e 

1 
2 
3 
4 
5 

number 

109 
93 

134 
132 
137 

SU 
mean duratio n 

(ms ) 
836.1 1 
873.0 3 
781.5 8 
612.0 2 
777.0 4 

AMD 
mean std .  dev . 
(ms )  (ms ) 

125.3 3 64.6 4 
122.2 2 61.3 9 
121.3 4 46.2 6 
128.5 0 76.1 8 
122.9 8 59.4 3 

pair s o f  SU s i n dialogu e int o openin g pair s whos e secon d 
S Us star t  th e expressio n o f  (typicall y n e w )  piece s o f  infor -
matio n an d non-openin g pair s whos e secon d S U s d o no t  star t 
suc h a n expression .  Ou r  tas k i s t o stud y possibl e correlation s 
betwee n th e acceleration/deceleratio n propertie s o f  th e pair s 
of  S U s an d thei r  opening/non-openin g properties . 

I t  shoul d b e note d tha t  task-oriente d dialogue s ar e particu -
larl y suitabl e fo r  ou r  analysi s becaus e th e structur e o f  th e tas k 
itsel f  make s i t  clea r  wha t  informatio n i s t o b e exchange d i n 
what  order ,  an d thu s i t  i s  relativel y eas y t o reac h a n agreemen t 
abou t  whe n a  piec e o f  informatio n i s introduce d diuin g th e 
dialogue .  Thi s i s importan t  becaus e w e nee d a n independen t 
characterizatio n o f  iiiformatio n structure s i n studyin g th e rela -
tionshi p betwee n dynami c speec h rat e an d informatio n struc -
ture s t o avoi d circula r  arguments .  Th e tas k fo r  th e M a p Tas k 
dialogue s consist s o f  subtask s fo r  th e identificatio n o f  land -
mark s an d di e followin g o f  path s b y cormectin g landmarks . 
We determine d opening s o f  informatio n unit s b y referrin g t o 
th e star t  o f  thes e subtasks .  Exac t  point s ar e locate d b y identi -
fyin g syntacti c marking s o f  sentenc e an d phras e begiimings. ^ 

T y p e s o f  Sub-utteranc e Un i t  Pair s 

(a ) (b ) 
Speake r  A : Ul W2 

(c ) 

Speake r  A : 
B: U2 

Speake r  A : 
B: 
A: 

U2 
U3 

(backcharmel ) 

(d ) 

Speake r  A : 
B: U2 (backchannel ) 

Figur e 1 :  Type s o f  S U pair s considered . 

We classify pairs of SUs into four categories in terms of 
conversationa l  tur n structures .  Th e categorie s are : 

^Our  demarcation s o f  informatio n opening s roughl y coincid e 
wit h wha t  Trau m (1994 )  call s "initiation s o f  discours e units. "  I t 
is ,  however ,  ye t  t o b e see n whethe r  w e ca n us e Traum' s notio n o f 
"discours e unit "  a s a  precis e characterizatio n o f  informatio n unit s i n 
conversation . 
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(c)  cross-speaker/tum shift 

Im. l 
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(d)  cross-speaker/no turn shift 

Figur e 2 :  Speec h rat e an d informatio n openings . 

(a )  th e pair s o f  directl y adjacen t  S U s mad e b y sam e 
speakers , 

(b )  th e pair s o f  S U s mad e b y sam e speaker s flanking a 
voice d backchannel , 

(c )  th e pair s o f  S U s involvin g tur n shift s acros s speakers , 
and 

(d )  th e pair s o f  S U s involvin g voice d bac k chatmel s fro m 
hearer s bu t  n o tur n shifts . 

Th e tempora l  structur e o f  pair s fo r  eac h o f  thes e categorie s i s 
show n i n Figiu- e 1 . 

Results 

Figures 2(a) to 2(d) respectively show the distributions of SU 
pair s o f  categorie s (a )  t o (d) ,  relativ e t o thei r  propertie s o f 
acceleration/deceleratio n an d opening/non-openin g o f  infor -
matio n units .  Th e absciss a o f  eac h figur e mark s th e range s o f 
loca l  speec h rat e change s ove r  th e S U pairs .  Th e blac k an d 
th e whit e colum n ove r  a  rang e represen t  th e numbe r  o f  open -
in g pair s an d th e numbe r  o f  non-openin g pairs ,  respectively , 
fallin g withi n th e range .  Sinc e backchannels ,  b y definition ,  d o 
not  star t  n e w informatio n units ,  al l  th e dat a i n Figur e 2(d )  ar e 

classifie d a s non-openings .  Tabl e 2  summarize s th e results . 

These figures clearly show that there are distributional dif-
ference s betwee n openin g an d non-openin g S U pair s i n loca l 
dynami c speec h rat e changes .  Opening s o f  ne w informatio n 
unit s ten d t o co-occu r  wit h deceleration s o f  speech ,  an d non -
opening s ten d t o co-occu r  wit h acceleration s o f  speech .  Ther e 
i s a  significan t  effec t  o f  informatio n opening/non-openin g 
on dynami c speec h rate :  F(l,571 )  =  158.144, p <  .001 . 
The sam e effec t  i s  foun d i n eac h cas e o f  (a) ,  (b) ,  an d (c) : 
i^(l,251 )  =  42.466, p <  .001 ;  F(l,177 )  =  136.367, p < 
.001 ;  .F(l,64 )  =  9.016, p <  .01 ,  respectively .  Thu s co -
ocurrence s ar e universa l  acros s S U pair s i n differen t  tur n 
structures . 

There are two points that need to be noted. First, from Fig-
ure s 2(a )  an d 2(b) ,  i t  i s eviden t  tha t  insertio n o f  backchannel s 
by othe r  partie s doesn' t  chang e th e speec h rat e characteristic s 
withi n singl e speake r  utterances .  Secondly ,  a  compariso n o f 
Figure s 2(a)(b )  wit h Figure s 2(c)(d )  show s tha t  loca l  speec h 
rat e characteristic s ar e universa l  acros s single-speake r  utter -
ance s an d cross-speake r  utterances . 
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Tabl e 2 :  Speec h rat e chang e i n dialogues . 

nu m 
mean 

sul.dev . 

Single-speake r 
(a )  adjacen t 

open non-ope n 
50 20 3 

55.6 3 -43.1 5 
59.7 8 93.7 8 

(b )  flanking 
open non-ope n 

15 5 1 
83.9 9 -5.5 7 

105.8 1 124.2 9 

cross-speake r 
(c )  turn-shif t 

open non-ope n 
82 9 7 

62.4 7 -21.3 5 
65.6 1 33.5 6 

(d )  backchanne l 
non-ope n 

75 
-52.7 5 
45.4 5 

Tabl e 3 :  Accurac y an d comprehensiveness . 

(a ) 
(b ) 
(c ) 
(d ) 

tota l 

l a 
non-ope n 

/accel . 
99 .4 % 
97 .4 % 
91 .3 % 

-
96 .8 % 

l b 
accel . 

/non-ope n 
7 8 . 8 % 
74 .5 % 
76 .0 % 
9 0 . 7 % 
7 9 . 8 % 

na 
ope n 

/decel . 
6 6 . 1 % 
52 .6 % 
9 0 . 0 % 

-
75 .9 % 

Ub 
decel . 
/ope n 
7 4 . 0 % 
6 6 . 7 % 
76 .8 % 

-
7 4 . 8 % 

I n f o r m a t i o n a l  Potential s 

Observatio n o f  thes e clea r  correlation s betwee n loca l  speec h 
rat e dynamic s an d opening s o f  informatio n lead s u s t o examin e 
th e potentia l  o f  loca l  speec h acceleration/deceleratio n t o wor k 
as contextualizatio n cue s fo r  signalin g informatio n structures . 
For  a  possibl e signa l  t o wor k a s a  contextualizatio n cue ,  w e 
need t o establis h it s signa l  accurac y an d comprehensiveness . 
The forme r  i s a  measur e o f  th e correctnes s o f  informatio n 
signaled ,  wherea s th e latte r  i s  a  measur e o f  th e coverag e o f 
th e signaling .  Tabl e 3  summarize s ou r  analysi s o f  speec h rat e 
dynamic s fro m th e standpoin t  o f  thes e tw o factors . 

Acceleration 

I n orde r  fo r  acceleration s i n loca l  speec h t o b e accurat e signal s 
fo r  non-opening s o f  information ,  ther e mus t  b e a  regularit y o f 
th e form : 

la: Accuracy of acceleration signals 

I f  a  pai r  o f  S U s i s accelerating ,  i t  i s  a  non-openin g pair . 

Correspondingly, in order for accelerations in local speech to 
be comprehensiv e signal s fo r  non-opening s o f  information , 
ther e mus t  b e a  regularit y o f  th e form : 

lb: Comprehensiveness of acceleration signals 

I f  a  pai r  o f  S U s i s non-opening ,  i t  i s  accelerating . 

The regularity la means that, at least potentially, speech ac-
celeration s functio n a s accurat e marker s o f  non-opening s o f 
information .  O n th e othe r  hand ,  th e regularit y l b mean s tha t 
al l  non-opening s o f  informatio n ar e potentiall y  marke d b y 
speec h accelerations . 

I n eac h o f  th e Figure s 2(a )  t o 2(d) ,  th e are a t o th e lef t  o f 
th e zer o lin e ha s muc h mor e (an d longer )  whit e column s tha n 
blac k columns .  Tha t  is ,  a  grea t  majorit y o f  th e acceleratin g 
pair s o f  S U s ar e i n fac t  non-openin g pairs .  Mo r e specifi -
cally .  Tabl e 3  show s tha t  99.4% ,  97.4% ,  an d 91 .3 % o f  th e 
acceleratin g pair s o f  type s (a) ,  (b) ,  an d (c) ,  respectively ,  ar e 
non-openin g pairs .  Overall ,  96 .8 % o f  th e acceleratin g pair s 

ar e non-openin g pairs .  Thes e number s suppor t  th e regularit y 
la ,  an d indicat e tha t  accelerate d speec h i s a  fairl y  accurat e 
signa l  fo r  non-opening s o f  information . 

Not e als o tha t  i n eac h o f  th e figures,  mos t  o f  th e whit e 
column s ar e t o th e lef t  o f  th e zer o line .  Tha t  is ,  a  grea t  majorit y 
of  th e non-openin g pair s o f  S U s ar e acceleratin g pairs .  I n fact , 
Tabl e 3  show s tha t  7 8 . 8 % o f  th e non-openin g pair s o f  typ e (a) , 
74 .5 % o f  th e non-openin g pair s o f  typ e (b) ,  an d 7 6 . 0 % o f  th e 
non-openin g pair s o f  typ e (c )  ar e acceleratin g pairs .  A  pai r 
of  typ e (d )  ha s a  voice d backchanne l  a s th e secon d S U ,  an d 
by definitio n a  backchanne l  open s n o piec e o f  informatio n 
i n dialogue .  So ,  i f  i t  i s  a  genera l  tendenc y tha t  non-openin g 
pair s ar e acceleratin g pairs ,  the n a  grea t  majorit y o f  th e pair s 
of  S U s o f  typ e (d )  mus t  b e accelerating .  I n fact ,  ou r  dat a 
shows tha t  a s muc h a s 9 0 . 7 % o f  di e pair s o f  typ e (d )  ar e 
accelerating .  Overall ,  7 9 . 8 % o f  th e non-openin g pair s ar e 
accelerating .  Thes e number s suppor t  th e regularit y  lb ,  an d 
indicat e tha t  accelerate d speec h i s als o a  fairl y  comprehensiv e 
signa l  fo r  non-opening s o f  information . 

Deceleration 

Paralle l  t o th e regularitie s i n accelerations ,  th e followin g 
form s o f  regularitie s mus t  hol d i n orde r  fo r  speec h decelera -
tion s t o b e accurat e an d comprehensiv e signal s fo r  informatio n 
openings : 

Ila: Accuracy of deceleration signals 

I f  a  pai r  o f  S U s i s decelerating ,  i t  i s  a n openin g pair . 

lib: Comprehensiveness of deceleration signals 

I f  a  pai r  o f  S U s i s opening ,  i t  i s  decelerating . 

The regularity Ila means that, at least potentially, speech 
deceleration s functio n a s accurat e marker s o f  opening s o f 
information .  O n th e othe r  hand ,  th e regularit y li b mean s tha t 
al l  opening s o f  informatio n ar e potentiall y  marke d b y speec h 
decelerations . 

Unlik e th e cas e o f  accelerations ,  however ,  ou r  dat a sugges t 
that ,  a s fa r  a s signalin g regularitie s ar e concerned ,  a  sizabl e 
amount  o f  slowdow n betwee n S U pair s i s necessar y t o b e 
counte d a s a  deceleration ,  especiall y fo r  th e accurac y reg -
ularit y  Ila .  Fro m inspectio n o f  th e dat a displaye d o n th e 
right-hand  side s o f  Figure s 2(a )  t o 2(c) ,  w e choos e -i-20m s fo r 
our  examinatio n o f  th e deceleratio n regularities . 

Fro m Figur e 2  w e se e mor e (an d longer )  blac k colunm s tha n 
whit e column s i n th e are a t o th e righ t  o f  th e -i-20m s line ,  excep t 
fo r  Figur e 2(b) .  Thi s mean s tha t  fo r  S U pair s o f  type s (a )  an d 
(c) ,  a  grea t  majorit y o f  th e pair s deceleratin g b y mor e tha n 
2 0 ms ar e openin g pairs .  M o r e specifically ,  66. 1 % an d 9 0 . 0 % 
of  th e deceleratin g pair s o f  type s (a )  an d (c) ,  respectively , 
ar e openin g pairs .  Thes e number s suppor t  th e regularit y Ila , 
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and indicat e tha t  decelerate d speec h i s a  fairl y  accurat e signa l 
fo r  opening s o f  information ,  a t  leas t  fo r  pair s no t  involvin g 
backchannels . 

I n eac h o f  th e Figure s 2(a )  t o 2(c) ,  mos t  o f  th e blac k column s 
ar e t o th e righ t  o f  th e +20m s line .  Tabl e 3  show s tha t  74 .0 % 
of  th e openin g pair s o f  typ e (a )  decelerat e b y mor e tha n 20ms , 
and th e sam e hold s fo r  66 .7 % an d 76 .8 % o f  openin g pair s o f 
type s (b )  an d (c) ,  respectively .  Thes e number s suppor t  th e 
regularit y Ila ,  an d indicat e tha t  decelerate d speec h i s als o a 
fairl y comprehensiv e signa l  fo r  opening s o f  information . 

Thus ,  w e ca n conclud e tha t  speec h rat e change s i n dialogu e 
hav e definit e potentia l  fo r  signalin g th e structiu- e o f  informa -
tio n bein g expressed .  Speec h deceleration s o f  mor e tha n 20m s 
cu e opening s o f  information ,  whil e speec h acceleration s mar k 
th e absenc e o f  informatio n openings .  Bot h type s o f  signal s 
ar e highl y accurat e an d comprehensive. ^ 

An Interfering Factor 

I t  woul d b e unrealisti c  t o suppos e tha t  thes e cues  ar e infallibl e 
and totall y  comprehensive .  A s Tabl e 3  shows ,  th e correlation s 
betwee n dynami c speec h rat e an d openings/non-opening s o f 
informatio n ar e onl y statistical ,  no t  logical .  Th e regularitie s 
l a an d Il a allo w overal l  exception s o f  3.2 % an d 24.1% ,  re -
spectively .  Consequendy ,  ther e ar e case s i n whic h speec h 
rat e change s carr y mwinformation :  speec h acceleratio n m a y 
indicat e th e absenc e o f  a n informatio n openin g wher e ther e 
i s one ,  an d deceleratio n m a y indicat e a n informatio n openin g 
wher e ther e i s none .  Also ,  th e regularitie s l b an d li b allo w 
overal l  exception s o f  20 .2 % an d 25.2% ,  respectively .  Tha t  is , 
ther e ar e case s i n whic h du e signal s o f  dynami c speec h rat e ar e 
absent ,  ther e m a y b e a n informatio n openin g wher e ther e i s 
no speec h deceleratio n tha t  signal s  it ,  an d som e non-opening s 
m ay b e unmarke d b y speec h accelerations . 

Tabl e 3  show s tha t  th e greates t  irregularitie s ar e t o th e ac -
curac y o f  deceleratio n signal s D a i n singl e speake r  speech : 
of  al l  type-(b )  pair s tha t  decelerat e b y mor e tha n 20ms ,  47 .4 % 
ar e non-opening ;  o f  al l  type-(a )  pair s wit h th e sam e deceler -
atio n property ,  33.9 % ar e non-opening .  Le t  u s loo k a t  thes e 
irregula r  pair s mor e closel y t o find  wha t  kind s o f  extr a factor s 
ca n interfer e wit h th e accurat e signalin g o f  openings/non -
opening s o f  informatio n b y dynami c speec h rate . 

On a  close r  examinatio n o f  th e inmiediat e context s o f  th e 
irregula r  pair s i n question ,  w e find: 

A. 48.1% have their second SUs preceded by silence of 
mor e tha n 700ms.' *  Fo r  example: ^ 

enow) G: 
F: 

G: 

im a ir u tokor o kar a 

ha i  <4256 > 

nanameu e n i | 

(Fro m wher e you « 

(Yes ) 

(Obliquel y above ) 

'Not e tha t  thes e findings  ar e concerne d wit h th e potentia l  o f 
signaling .  T h e y ar e th e basi s fo r  th e stud y o f  th e cognitiv e processe s 
i n w h i c h suc h potentia l  i s  exploite d b y conversants . 

* A silenc e o f  7 0 0 m s i s m o r e significan t  tha n i t  m a y first  appear . 
T h e m o d e o f  silenc e duratio n o f  ou r  dat a i s 1 5 0 m s ,  an d silence s o f 
7 0 0 ms o r  longe r  ar e les s tha n 2 0 % o f  al l  silences . 

'i n th e following ,  th e pair s o f  S U s i n questio n ar e enclose d i n 
boxes .  " G "  an d " F '  stan d fo r  th e give r  an d th e followe r  i n th e 
dialogue .  T h e n u m b e r  i n < > place d afte r  a n S U represent s th e 
lengt h o f  silenc e be twee n th e S U an d th e succeedin g S U .  A n Englis h 
translatio n o f  eac h S U i s s h o w n t o it s right. 

F:  ha i 
G:  ik i  mas u 

(Vei ) 
(Proceed ) 

B.  3 3 . 3 % hav e thei r  secon d S U s followe d b y silenc e 
m o r e tha n 5 0 0 m s ,  w h i c h i n tur n i s  fol lowe d b y th e 
same speaker' s SU . 

G: 

G: 
sek lz o n o alij a w o 

tot t e <1408 > 
G:  sekiz o w o gurut t o 

mawatt e kudasa i 

(Betwee n th e ston e staniei ) 
(Go through) 
(Go aroun d th e ston e statue ) 

C.  29.6 % hav e secon d SU s tha t  ar e exceptionall y slow , 
namely ,  thei r  A M D s ar e 300m s o r  more. * 

G: 
G: 

G: 
G: 

sosi t e sok o kara : 

et ton e 
(AMD:  320ms ) 

(An d fro m there ) 
(Well) 

h i d a r i :  :  (Theleft ) 
h i d a r i  n a n a m e n i < 5 7 6 > (ObUquei y t o th e lef o 

D.  1 1 . 1 % h a v e filled  p a u s e s ,  o r  "fillers, "  a s thei r  s e c o n d 
SUs. 

G: 
G: 
G: 

hanse n no: : 

n: 
hidar i  n o 
yonsent i  kura i 

(Of  th e sailboat ) 
(Uhm) 
(Abou t  fou r  centimeter s t o th e 
left ) 

T h e r e ar e m a n y irregula r  pair s tha t  h a v e t w o o r  m o r e o f  th e 
structura l  propertie s A - D .  T h e fo l lowin g i s a  pai r  o f  S U s tha t 
has al l  four : 

G: 

F: 

G: 

G: 

syuppat u tite n 
kara: : 

hai  <864 > 

eetto:: : 
(AMD:  331ms ) 

(Fro m th e startin g point ) 

ores ) 

<1536 > (WeU) 

karuk u migin i 
hukurer u youn a 
kanj i  d e 

(As thoug h yo u lightl y deviat e 
to th e right ) 

A plausibl e a c c o u n t  o f  thes e structura l  propertie s i s  tha t 
sinc e th e cognitiv e loa d i n producin g th e secon d S U o r  sub -
sequen t  SU s i s heavy ,  th e speake r  delay s an d slow s dow n th e 
secon d S U (cas e A ) ,  o r  slow s dow n th e secon d S U an d delay s 
th e thir d S U (cas e B ) ,  o r  make s th e secon d S U exceptionall y 
slo w (cas e C ) ,  o r  use s a  slowed-dow n filler  befor e th e thir d 
S U (cas e D ) .  Overall ,  74 .1 % o f  th e irregula r  pair s i n questio n 
hav e on e o r  mor e o f  thes e structura l  properties ,  an d diu s ca n 
be plausibl y attribute d t o th e cognitiv e loa d i n producin g th e 
secon d S U o r  it s successors. ^ 

*Th e A M Ds o f  300m s o r  longe r  ar e "exceptional "  i n th e sens e 
tha t  th e valu e o f  300m s i s mor e tha n twic e th e standar d deviatio n 
away fro m th e averag e A M D.  Se e Tabl e 1  fo r  th e averag e A M D an d 
th e standar d deviatio n o f  th e A M D s . 

^Ther e ar e als o othe r  irregula r  pair s whos e immediat e context s ar e 
none o f  th e abov e kinds ,  bu t  whos e globa l  context s ca n b e considere d 
"stammerin g speech. "  Her e w e simpl y characteriz e th e relevan t 
cognitiv e load s i n thi s an d othe r  case s a s thos e i n producin g secon d 
or  subsequen t  SUs ,  bu t  thi s doe s no t  preclud e th e possibilit y  tha t 
othe r  kind s o f  cognitiv e load s (say ,  i n comprehendin g th e partner' s 
speech ,  memorizin g o r  inferrin g th e configuratio n o f  he r  map )  ar e 
involve d a s remot e causes . 
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Thi s suggest s th e followin g vie w o n th e cuin g o f  informa -
tio n opening s b y speec h decelerations .  Generally ,  i n th e cas e 
of  a  singl e speaker' s sequentia l  speech ,  deceleration s o f  mor e 
tha n 20m s potentiall y  signa l  opening s o f  information .  Thi s 
i s perhap s als o th e cas e o f  a  singl e speaker' s non-sequentia l 
speec h flanking  a  voice d backchannel .  Wit h thi s "default "  reg -
ularity ,  however ,  a  cognitiv e constrain t  o n th e productio n o f 
subsequen t  speec h interfere s wit h an d slow s d o w n th e relevan t 
utteranc e wher e ther e i s n o openin g o f  information .  Give n 
th e defaul t  informationa l  potentia l  o f  decelerate d speech ,  thi s 
slowin g dow n carrie s misinformation ,  indicatin g a n openin g 
of  informatio n wher e ther e i s none . 

Thus ,  th e signalin g o f  informatio n openin g an d non -
openin g b y speec h rat e chang e i s no t  a n isolated ,  o r  "shielded, " 
functio n o f  speech .  Ther e ca n b e variou s extr a constraint s 
i n dialogu e situation s tha t  interfer e wit h th e regularitie s l a 
throug h lib ,  makin g th e signalin g les s accurat e an d compre -
hensive .  Ou r  analysi s i n thi s sectio n identifie s th e limitation s 
on speakers '  cognitiv e resource s a s on e o f  th e majo r  con -
straint s interferin g wit h th e accurac y o f  th e signaling . 

Conclusions 

We examined corpus data of spontaneous interactive dia-
logues ,  an d applie d statistica l  method s t o find  regula r  cor -
respondence s betwee n loca l  change s i n speec h rat e an d th e 
structure s o f  informatio n bein g expressed .  Thi s metho d per -
mitte d u s t o identif y th e potentia l  o f  dynami c speec h rat e a s 
contexmalizatio n cues .  W e foun d bi-directiona l  correlation s 
betwee n speec h acceleration s an d th e absenc e o f  informa -
tio n opening ,  an d betwee n speec h deceleration s (o f  mor e tha n 
20ms)  an d th e presenc e o f  informatio n opening .  Thus ,  dy -
nami c speec h rat e i n dialogu e ca n potentiall y  functio n a s accu -
rat e an d comprehensiv e cue s fo r  opening s an d non-opening s 
of  informatio n expresse d i n dialogue . 

The correlation s i n questio n hol d no t  onl y fo r  singl e speak -
ers '  utterance s bu t  als o fo r  multipl e speakers '  sequentia l  ut -
terance s wit h o r  withou t  tur n shifts .  Thus ,  eve n whe n ther e 
i s a  shif t  o f  speaker s durin g dialogue ,  th e subsequen t  speake r 
decelerate s he r  speec h i f  an d onl y i f  he r  speec h open s u p a 
ne w piec e o f  information ;  otherwise ,  th e subsequen t  spe^e r 
maintain s th e acceleratio n patter n establishe d b y th e precedin g 
speaker .  Intentionall y o r  unintentionally ,  th e speaker s collab -
orat e wit h eac h othe r  t o maintai n thes e regularitie s governin g 
dynami c speec h rat e an d informatio n structures . 

However ,  suc h cue s ar e neithe r  infallibl e no r  totall y com -
prehensive .  Ther e ar e variou s extr a constraint s interferin g 
wit h th e regularit y o f  thes e correlations ,  whic h partl y reduc e 
th e accurac y an d comprehensivenes s o f  th e cuing .  O n th e ba -
si s o f  th e structura l  propertie s o f  th e "irregular "  sequence s o f 
utterances ,  w e identifie d th e limitation s o n speakers '  cognitiv e 
resource s t o b e on e o f  th e majo r  constraint s tha t  interfer e wit h 
th e accurat e cuin g o f  informatio n opening s b y decelerate d 
speech . 

Thi s pape r  i s thu s a  developmen t  o f  Gumperz' s ide a o f  con -
textualizatio n cu e i n th e directio n o f  dynami c speec h rate .  Ou r 
approach ,  however ,  wen t  beyon d tha t  o f  ou r  predecessor s i n 
usin g strictl y  statistica l  method s t o identif y th e relevan t  cuin g 
potentia l  an d t o measur e it s accurac y an d comprehensiveness . 
Our  approac h i s als o distinctiv e i n tiiat  i t  give s explici t  atten -
tio n t o th e extr a constraint s tha t  interfer e wit h wha t  w e hav e 

identifie d a s th e defaul t  cuing . 
I n thi s respect ,  however ,  w e nee d a  mor e systemati c char -

acterizatio n o f  wha t  thos e extr a constraint s are ,  whe n the y 
interfere ,  an d h o w the y mak e th e relevan t  cuin g les s accurat e 
or  comprehensive .  I t  woul d als o b e a n interestin g extensio n 
of  ou r  wor k t o investigat e h o w othe r  feature s o f  speec h (e.g . 
text ,  pitch ,  an d power )  interac t  wit h th e dynami c speec h rat e 
t o mak e redundant ,  conflicting ,  o r  supplementin g signal s o f 
informatio n opening/non-opening .  Thes e investigation s wil l 
be take n u p i n futur e work . 
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