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Abstractr We  studied  process of  information integration thorough observing  dynarnics of  tum-taking  in dialogue for buildmg consensus

between two  persons. We  analyzed  this phenomenoll based on  kinernatical viewpoint  and  1inguistical viewpoint. From  kinematical
viewpoiTtt, the ternporal developmeni ofresponse  time of utterartce was  analyzed. On the Qther hand, from linguistical viewpoint,  temporal
development of  pragmatics regarding  their consensus  was  analyzed.  As  a  resulg  their typical developments were.clarified;  Response time is
oscillaimg  temporally. And  synchronization  of  response  time  between two  persons was  observed.  Besides tinimg  of  this synchronization
corresponds  to timing ofgetung  to consensus.  [Ihis result  indicates that rhythniic  phenomenon  in dialogue has an  irnportani roll  in this kind
ofinformationintegration.
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1, lntroduction

  Dynamics. especially  rhythm  and  synchronization,  is one  of

the important viewpoints regarding  to infbrmation integration.
Principle of  infbrmation integration had been studied  in the brain
science  by Singeriil and  Varela[2], Singer had clarifigd  that
oscillation  in the visual  cortex  of  cat  establishes  recognition  of

visual  pattern. Besides, Varela had suggested  that a  kind of

desynchronization of  neural  ensemble  is necessary  to change  of

cognitive  state. These studies  suggested  rhythm  and

synchronization  contribute  to irrtegrate inforTnation.
  We  picked up  communication  among  human  as  one  of  such

information integiation, and  we  studied  conversational  dynamics.
To  date, there are  some  studies  in 1inguistical field and  kinematical
field,

  In the field of  linguistic dialogue analysis.  research  ahout the
pragmatics of  a  dialogue between persons who  meet  for the first
time has been done by Usami[3]. Besides, speech level shift  had
beeri studied  by Ikttta[4]. ln this field, diseoveries have been made

relating  to how  social  relationships  are  reflected  to stmctures  of  a

dialogue; such  findings have included the differences in the
temporal  change  of  politeness and  freqpency of  inserting topics.

due to the Telative  power of  the two  persons socially.

  On  the other  hanq  in the field of  kinematic dialogue analysis,
there are  researches  about dialogue dynarnies by ikegarni[5] 

r6].
 in

these studies,  it is clarified  that transition ofdynamics  ofa  dialogue
is shQwn  for each  topic. Researches related  to tm-taking have
been conducted  by Ohsuga['1 and  Sato[S]. Ohsuga  invesdgated the
relationship  between turn-taking and  prosodic features. Sato made
use  of  tum-taking  to rnake  a  dialogue system  between robots  and

hurnan. Besides it is clarified  by Hirschberg[9] that variation  and

1erigth of  pitch in a  phras¢  are  related  to termination and

continuation  ef  utterance.  in addition,  methods  to detect utterance

are  showed  by Takeuchi[iO],
  However  the research  which analyzes  the  relationship of  the
linguistic pragrnatics of  dialogue and  kmematic  dynamics of  it has

not  been conducted  yet. From this background, in this research,  we

aimed to clarify  princtples of  inkmajion  integrador! threugh

connecting  pragrnatics-side and  kinernatics-side in
dialogue-communication of  two  persons. We  analyzed  temporal

developmerit of  response  time  as  kinematical side,  at the same  time,
ternporal development of  pTagmatics relating  to consensus  was

analyzed  as  lmguistical side.

  in this report,  methods  of  experimerits  are  explained  in chapter 2.
the results  are  illustraied in chapter  3, and  we  discuss the results  in

chapter  4.

2. METHODS

2.1 Consensusbuild[ngtask

  An  experirnent  named  
`Tlie

 Consensus Building fask] was  as

fo11ows. We  asked  two subjeets to make  one  speculation  about

something  unknown  for thern using  given data in several  minutes.

Only two subjects were  in a room.  The same  material  conceming  to

the speculation  was  handed to subjects  respectively.  in addition
diifbrent rnaterial  was  also  harrded respectively,  They  could  tell

everything  by conversation.  But it was  restricted  to show  another

person their own  data and  to use  stuff that was  not  given like a  pen
a  notebook,  a  calculator  and  so  on.  They  were  asked  to speak  as

much  as  they could  about what they were  considetmg.

  There had to be correct  answer  for a  topic. Ihe topic and  its
material  had been given to the subjectsjust  before an  experiment.

  After the conversation,  they told an  experimenter  one  speculated

answeri  The amount  of  fee had been varied  to their answer.  After
that they answered  a questionnaire. in the questionriaire, they
answered  two  quesdons. (ine was  subjective  evaluation  of  level
ef  consensus  distinguished 5 levels between two  persons every  3O s.
Another Was the subjective  timing of  consensus  between them.
Z[his evaluation  had been conducted  in a  room  alone.  When
everything  had boen fmished, fbe was  paid for their particlpation.
  in this report,  a  task named  

`Price

 Speculating Ilask' was  used  as

a  Consensus BuiIding Tbsk. in this task, stibjects  presented one

price of  something  whose property was  shown  in given materials.
in this report. this task was  to speculate the correct  rerrt ofa  roorn

of  an  apartmeni  through dialogue, Handed material  was  about
detail of  another  room  in the satne  knd  of  apartmeht.  Different
materials  were  handed to two persons  to speculate  respectively.
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2.2 Procedure

 The  subjects  started this precedure of  experimenis  only  after

having confirmed  that they wouldn't  have any  trouble or  external

pressures that would  affect  them on  the ime. Once  in the room,  the

procedure and  rules  of  the task were  explained  to each  subject.

Just after  this step,  subjects  had a  chance  to ask  questions on  the
series  of  procedures Mereover, they were  asked  to mactivate  their
mobile  phones, During the experiments,  drmking and  eating  were

forbidden. We  recorded  their behavior as  well  as  their voice  as
stereo  sound.  [[his procedure was  adapted  to the whole expenment.

2.3 Subject

 Two  subjects  in the consensus  building task were  regulated  as

fo11ows. [rhey aiready  knew  each  otheq  same  acadmic  grade  if
they are  studenis, same  sex.  same  natiomality,  and  could  speak
naturally  about a  range  of  issues without  hesitation.

was  used.  Sound rate  had always  been 32 l(Hz and  16 bit in all the
exper1rnents,
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Fig. 3. Definition of  response  time

2.4 Experimentalsystem

We  had the subjects  sit down  in chairs  wrth  no  arm  rests,

face-to-face, and  with a 50 cm  high table between them. It was
silent,  under  norrnal  illumination and  comfortable  temperature with
the experiments.  We  used  a drgital video  camera  (DCR- PC300K.
SONY)  and  a  headset-type oriented  mierophone (MS=HS67BK.
ELECOM)  to record the behavior and  voice  of  the subjects  These
microphones had monaural  output,  So the voice  of  each  subject

was  recorded  into a  video  camera  as  one  part of  stereo  sound.  Ihe
location ofa  table, chairs  and  a  video  catnera  is as  Fig 1 and  2.

      ...ul."ptcheir
   ".tv"  l

[l] :
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table

    i ":g2ra

ew

Fig 1 Experimental layout Fig. 2 Image  ofexperiment

2.5 Ana]ysismethod

 ln this experimerrt,  a  response  time was  defined as  time length
betweeri utterances;  offset  time of  utterance of  one  person and

onset  time  of another  person as  Fig.3. 0ver 1.5 s  pause was

regardedasaresponsetime,

 Audio  and  visual data was  inputted to PC  as  AYI  files using  an

application  entitled  Movie  Maker (Nhr/2.1.4026,O, Microsoft) from
a video  carnera,  After that, only  sound  data was  picked up  as

WAVE  files using  an  application  entitled  Virtual Dub  (Nhr1.6. 11),

 in addition,  we  picked up  data of  each  subject  as  a  mollaural

soimd  from the stereo sound,  using  SP4WIN  Custom  (Nhr:2.2b,
N'IVI]4tMr). Additionally, we  got tmporal  data of  the iniensity of
each  voice  using  honing window  frorn raw  data of  the sound.  We

got 1O fiames oftemporal  intensity data per  second  After thag we
obtained  the length of  utterance  and  length of  response  time to each

person referrmg  to raw  data of  amplitude  or intensity of  utterance

as Fin.4 and  5 indicate And  graphs al)out response  time were

described using  an application  entitled  Excel 2003

(Verl1,5612.5606, Microsoft). 1[hese calculanng  psocesses can  be
done automatically  using  Excel to some  exterrt, so  we  can  obtain

result roughly. But data in this report  was  done by manual  work  for
the accuracy.  To obtaill  auto  correlation  and  cross correlation frorn
uttcrance  length data, MATI.AB  (Vet.7.04.365, The Math  works)

3 RESUUI'

 This series  of  results  was  chosen  as  typical set  of  result  in the

price speeulatmg  task,

 Figure 4 indicates raw-sound  clata of  amplitude  recorded  over  7
rninute  in the consensus  building task  Fig.5 indicates intensity of

sound  data based on  that raw-sound  data. Tliese both tiers illustrate
cornparisons  between subject  A  and  subject  B. Fig.4 and  S show

that two  subjects  kept talking during the range  of  time. Horizontal
axis  shows  temporal development.

 Figure 6 indicates response  time Horizontal axis  shows  temporal
developrnent, And  venical  axis  shows  response  kme. Solid line
indicates response  time  of  subject  A  to B. Dotted line indicates that
of sUbject B  te A
 Figure 7 indicates response  time  averaged  every  lO s, The way  to
look mari[ers and  axis is parallel with those ofFig.6.
 Figure 8 indrcates auto  correlation  ef  averaged  response  time
subject  A  to B  based on  the values  indicated in Fig 7. Horizontal
axis  shows  lag time, And  vertieal  axis  shows  correlation  value.  This
auto  correlation  was  taken every  1O s as  a  lag. Fig.9 also  indicates
auto  correlation  of  averaged  response  tirne of  subject  B  to A.

 Figure 1O indicates cross correlation  of  averaged  response  time
between suhject  A  to B  and  B to A  based on  the values  indicated m
Fig,7. The way  to look markers  and  axis  is parallel with those of
Fig.8 to 9 Fig.11 also indicates cross  comelation  of  averaged

response  time between subject B  to A  andA  to B.
 Figure 12 indicates evaluations  wiiich had dolle by two subjects

sulijectively after the experirnerrt, Subjects were  asked  to amswer
the extent  of  consensus  between thern using  recorded  video.

Besides, vertical  lines show  the tiine ef  subjective consensus  of

both subjects.  432swas  chosen  by subject  A. And  323 s. 695sand
428 s were  chosen  by subject  B.
 Figure 13 shows  subjective  eyaluations  which had done by 5

people who are not  suh]eets. The  method  was  parallel with that of
evaluation  by subjects.

 Pragmatics over  Nvhole  conversation  is indicated on  Fig.14.
Pragmatics in Fig14  was  expressed  based on  semantics,  for
example.  as  fo11ows between  270  and  280 s,  between 295 and  31O s,

and  between 420 and  435 s described in Fig,15, l6 and  17
separately

 Figure 1S indrcates semantics  when  they are  at a IQss to proeeed
in their conversation,  Fig.16 indicates serriantics  around  near

consensus  in one  part of  conversation.  Besides, Fig.17 indicates the
semantics  near  a  final consensus.
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A26Doh
 shiyoukanah.

(How can  we  decide? )

B26Sono
 mensekmo  sa-.  . ,

(Well, that amoimt  of  surface,

well...)A27Ah,

 ima itteta nedarmyori  takai

hazu nanda.
(Ah. it rnust  be more  expensive

than that price, right?)

B27Ettu
 cyottomatte. ima. . .

(Oh. wait  wait  now...)

B30Honto
 ha tabun motto  sa  ga

(in fact, maybe  bigger
differenceis.)

A31Sa
 ga. Aruhazu

(There must  bedifference.)

B31Sa
 ga aruhazu  naiidayone...

Nandayone.,,

(There is difference, right,)

A32Hazunandayone,,.

(Must be, right.)-

B70Jyuuniman
 kyuusen  nanahyaku  en.

{129700yen)

A71JYuusannmamkirukanriji?

(Less than 130000  yen?)

B71Iikanrijidayo.

(Soundsgeod.)

A72Aridayone

(liisverypossible.)

B72Jya
 jyuuniman kyu-sen

nanahyakuen  de. ,
(So decided on  129700  yen.)

A73De
 ikou.(lt's
 done.)

Fig.15 Semantics
between 270 and  280s

(Translation in English)

Fig.16 Semantics
betwoen295and310s
(Translation in English)

Fig.17 Semantics
between 420 and  435 s

(Translation in English)

4. DISCUSS]ON

  in this experiment,  we  measured  dynamics of  utterance  and

pragrnatics of  utterance  simultaneously.

  About ternporal clevelopment  of  dyriamics of  utterance,  it
seems  that there are  oseillated  variations.  For ercample,  response

time of  subject  B  to A  in Fig.7 seems  to be oscillated  rqpeatedlM

like it increased around  50 s. around  90 s. and  140 s. About
response  tirne of  subject  B to A, it also repeatedly  oscillated  1ike
it increased around  200 s. around  300 s and  around  370 s. We  will

confirrn  this oscillation  statistically  lateT; using  auto  correlation

and  cross  correlation.

  in addition.  there are  trends to be synehronized  each  other;  for
example.  response  tirne ofboth  subject  Ato  B and  B  to A  in Fig.7
seems  to be synchronized  each  other  after  around  280 s.

  Abeut  temporal  developrnent of pragmatics of utterance,  it
seems  that stages  of  exchanging  opinions  positively and  stages of
considering  rnatters  were  repeated  in Fig.l4, stages they said

they 1ingered to speak  and  relatively  positive stages were  shown

altemately.  including considering  about  subjective  evaluations  in
Fig.12, 13, subjective  consensus  timings indicated by vertical

1ines are  in relatively  positive evaluation  in Fig.12, 13. They
correspond  to relatively  positive stages  in which  positive
exchange  had conducted  in Fig. 14.

  And  vertical  lines around  450 s in Fig.12 show  they had
reached  their subjective  consensus.  The tirning of'consensus  can

be also conf:ttTned  in sernantics  described in Fig.17. Besides,
Fig.13 shows  these evaluators  also gave high poirrt around  that
timing. Through these sUbjective  evaluations  mentioned  above,

pragrnatic process toward consensus  Was confirmed.

  It also  seems  

'to
 be there are  relati{mships  between temporal

development of  aynamics and  that of  pragmatics. It means  there
are  relationsihips  between sympathy  in pragmatics and

synchronization  in dynamics toward  a  fima1 consensus,

  In order  to indicate this, we  picked up  two temporal parts of
range  of  averaged  response  time. And  dynamics of  the two part
was  analYzed  using  auto correlation and  cross  c6rrelation.

  The  two parts are  the first 180 s and  the last 180 s  in the
dialogue. These part were  pragrnatically differerit significantly  in
evaluations  used  the subjective  evaluation  values  in Fig.12 and

Fig.13 (TLtest, n=6,  a=O.05).  About the last 180 s, we  can  say  the

period is at the state  of  around  consensus  pragmadcally, it has
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statistically  high evaluation  and  different ftom begirming 180 s

semantically  as I mentioned  above.  So  we  tried to find also the
kinematical diffl:rence or  same  psoperties between the two
periods using  correlation  amalysis.

 About  the ending  part, Fig.8 and  9 indicates auto  correlation  of
response  time of  the two  subjects  separately,  Auto correlation

reptesents extent  of  having cycle  of  variation  ofresponse  time of
each  subject.  in these figures. both begiming and  ending  part
have some  significairt  values around  O.3 at  absolete  vahie,  So it
indicates there were  seme  oscillations  in these dynamics,
 Fig.10 and  11 indicates cross correlation  of  response  time  of

the two subjects  separately.  Comparing betwuen tiie begging part
and  ending  part. there are  recognized  relatively  high value  of

ending  part in short  lag time, In Fig,10, the correlation  value  on
lag O is over  O.6 and  in Fig.I1, it is around  O,4. But those of  in the
begirming part in Fig.1O to 11. they are  relatively  low value  rather
than that of  ending  part. This rneans response  time had become  to
be synchronized  each  other  at the end  part ofdialogue.

 Considering these correspondences  between dynamics and

pragmatics toward  a final speculation,  it seems  that there are

some  correspendeni  relationships  between them, We  have found
these properties in other  exarnples  of  same  kind experiments.

 [ETiese results  indicate that oscillating  and  synchronizing

phenornena have important rolls in this kind of  inforrnation
integration. This principle can  be applied  to vaiious  fields.
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