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We are developing multimodal man-machine interfaces through which users can communicate by integrating speech,
gaze, facial expressions, and gestures such as nodding and finger pointing. To achieve this goal, we have taken the
approach of modeling human behavior in the context of ordinary face-to-face conversations. As a first step, we have
implemented a system which utilizes video and audio recording equipment to capture verbal and nonverbal information
in interpersonal communications. Using this system, we have collected data from a task-oriented conversation between
a guest (subject) and a receptionist at company reception, and quantitatively analyzed this dam with respect to' multi-
modalities ' which would be functional in fluid interactions.

This paper presents detailed analyses of the data collected: (1) head nodding and gaze direction are related to-the
beginning and end of turns, acting to supplement speech information; (2) turn-taking and listener responses occur on
average after 1 sec. and 0.35 sec. intervals, respectively, after the receptionist's utterance of a keyword; and (3)
synchronized behavior is observed in the interaction between speakers and listeners.



1. U &I

ALaAr 1 —20BICEVWPTVII 2y
— L a BEEERTIEHIC. BEAlEZEX S
/Y. BELEEBEALAEYLFE—-FIN b
— T LA AT7 I —ADRREEBELTWS, O
CE1—-REDMEEBIEL ERRBUEE,S T
bR TW3HF, CnETE, HEAEF—FK-F
PYIX, BEEWVWLEBE—-FE-FDT12 2T x
—ZCH-1-1-. BREMEFEEXRBTS ETIC
BESTWED- =,

BE. TAFE-HN- A28 1—-2ADRR
PEAICTHOhDDOHY ., BEEEVIXFvER
BULEVAFLR|I6)17]. BERBICLIE

FRP EEEBGORBEHAEDYE LHEH[B][12].

FAMEICETBEEY . FiRY., ST EXHR
B EDEBERLEARE EH B B[1][5)[7){13]o
Falt, TNFE—FN - La—T>187
I—XEEBRTACH Y. AEAORBITED S
h3dEBREBEE T3770—-FEE>T W
5, NIEFOEERBTNALLT . Bk, T
Bew-o2bObFALTHELTWVWS, 22T
AEANDBETE LA 3 HELEREL, F—aN
—ZAEBELT., TOTF—4AX-ZEHEKLBERE
REHIRY G EOEHREFMCBAEL. 225 8F
SRR 187 1 —ADREHHRILTEH
EERELTETWB[11]14)[15)

KIETIH., BHCAEADETRHE B E
BEYXBRYE2ECTLFE—FNHET—4 N
—ZCDWTIRAN, EIFHTRF—2REICDOV
T, BEBICEAIBHTT —aN—CEDEHEL
BT LR RN B,

2. YIFE—HFIWETF -2 X
T I

HFxlk, kWBAREEa—-vALE2—-T1—
ZEBRTIZEEBHIC. ALAORATREDE
h3BERPS I AF v L EEHMICESE - BIF T
E3TNFE—FNMERR O ITL (D) %
BEL £9]e TOYRATLIE, MEILHEIBEY

VI1AFvHERERT S (WEEECE) &

R L ARETF —2IIXY T {7-oTF— 2
N=Z{EL. ZOF—-2E2WMITEHBS (F— %
N— ZEIRER) IS hh B,

2.1 3$EERCSRER

HEEECIRIBIE . AL ADBITRHh S I HED
BTFEREEL. F-a~X—XTI3RETHD,

Bk, 26HE4E L HERE GHME) HMMET
ABREEEEL (WS, Ea—v 142 —Tx
—~ZADFEEE LT, FaXATLIiICLEER L
FROAH >V EHRPEDONEE BIEL TV S
o HEBEEIIY —LICBLEEh AL
ET AL > T3, BHENFELWHEBREE
BN LBERICE Y BBREE. 1001/ FDX
JY —LICEHFAICBLEE W3R MBYEEL X
E—HBPoNEBEBLTHEET S, —H. 2
HEYEE . TP AE—HERLTHALH
BHWBREOBYEEEWET 5, MEDOWEDH
Flid. ZhTZThOh AT 7E2ELTVTR
(55 X (-

22 F—Ha~N— BN

VTRICECSHSIhAMEF -2, RIC, »E
HMEBAERVUHELT. 5440771 XT]EE
EHRBEF A7/ EAL, *ERTr A7 1
J—JAF = aTHBE N, BEF—-217
L— L4 (1/30sec.) BII THBETRIRETH Y. BF
L UBEZEOBBICISUTINLFUYITAS
LI HEHTWVWSB,

B2k, SALMLTF—-2D1ITH3, 2 Tl
EOEE. =M. HKY. |REBOFA. RERT
DAhFIY —IZ20WT, T FhORBRENERE
FBHIRBAISNBD LTINS ENRTNS, &
T, MEESALOHTFITUERL, HEIE D
L— LBERT, LEICRFiBNE . TERICHER
FEDSANEERBZ EICEY, HBREICRS O
38 AHFOY—-EoRENERBEOAL 5T
HWRELZHENEDORICA Sh 3 HERROK
RISERERBIBAON B L HIChE > TV 3,
ZDEICERLESANI L TF—aRUENIC
WM TG BEETF—2%8bE8T. YIFE
—HNBET —EN=ZEFK, .

LDute Anslysty
‘Compenent

ovveeraata Collecting Componcnt

1 INANFE—FIMNERA AT L




e a
s00 60 700
kerukeSsd
tork, ey
Frs.REsse S katukesss
= ~ =] =
wpemnion | oo s e e . ——
‘anile
gmtwre RSN I
el o
contact «
apeech M - B SN B
Pa o~ towps-ror Insh | Furinede.cusdegozaing {errrsl B |
ketkeSib
task
HIK_REspse U_wketukeSin
= |
exvession e
eerture| o
O ontact Contact : Contact
D] SRR | R O R r—.T“;...

B2 S5~NNVF—20—1fF)

3. T-2EN-HDER

SH. TAFE-FNMERIRY AFLERAW
T, BRTOMEBELEICT - 22 INEL -, #HER
HIC [MESAESFRTRED BRI > TE L]
EWHBHEES AL, A 7Y— O ZANE &
BHRICHELTHS - /b, BHHENE L HBREIC
HELAZBRRIOBYTHS, HREBBE XL
BS5B. 1 0RT. AER AT LENHTE
BT 3HE:8BAKE, BERBREIZIOVWT. Th¥h
1 A EEOMNEF -2 RETE -,

®1 EBREH
AB BERMG
- [HBEOHBLERUK
2% | & BU [SH%EDSE
S (BBE | BRURE] 2:7Th3
Y% [55¥o -§§§?§§gg;§§1
< W =]
L) gEi2g
108 |- 51 £EBmMEEd)
g | (Bag | sAEHMTS
58) cEENEHEL TS

4. BITER EER

IDECLTESNAMETF—2I0. RBER
7. BEOBE (50FE) [ REOAEZICOL
T IRV TEBTI 1=, INY L TDOEL

E. AU TICHRAL 2 1 BHPRETIT> 1,
Lo, BIRCH .o TEEL., ” REREML” (®
3) BEE LA, I TREBL L. MBS
WTRBEHEF S TVWIRBEIET L E T3,
WEFI>CTEOBEY [EW] 2 ED. WhW
" HUIE” ERBALTH., HBEFELOE
BEER->TV3 L&, RERMOGRE TS,
RTTIR. BEEPEBHEIrHECSVTENEL S
EHREER-TWEIH . FESRESIANLTF -4
BIERE LTI L R &8N 3,

Receptionist

eye tgaze)

Subject F e to_Kato-koJial_one gaihimasa
cye (gaze) L
Enmhilllg noukling
(speaking turn)
100 a0 30
1 ] i ] 1 i s

B3 REEBW (speaking turn)

4.1 BEOFE ERIROAM

BI3ICRON 3L, AREELEYREIWVWE
HUTWB EEIIL, 58TV AENBBREE»T &
Wo BEE LT B,

MECHIIB I 8T E LTROBZINCDONTIR,
ZhETULIELITRHAS N T & ~[3][4]6][10], &
HITR. T 2ERBPRENTEEND LS &
PHEOUNBIOPCEREHTT. HREDOF
— 2 BRI L I,

411 BEOHHE (54T %)

T HBRESWEBROEDBHTS £
TWah, TOBREMEEERAN:, BREK?2
KRY,

R2TIE. HRECRTFEF DI LBV E
BICAUWTR LA, 7. HaFE13. 70%»%
HEDHD EEICRDNh3, REEI»HIEL
KDOWTHAMICRTA3E, Y0 F 23 REYA
DIEEY . BP, BOWIIAHELTWS, REM
UOBEN TOI LT R REFEL WET 59 1
EEZIOND, REHBMAOZRPD [F—XDE
Bl D56 FTEE, BRADOREICODVWTHKEXE
BREDEYINEDHTWBEEISND, £/,
REHUNDZRFD [1RW] EWHIREBIHESIS &
TEBRONS, 50, BRACPHALHICEN
3560TEIE. ThOo 2B LTRBLALDIC



AL TRI-TWEHDOEHEEIN S,
—7. REWRMOL DY TR, [~TT] &w
S BB, [~dhEb] v LERBNE.

#£3 REWMOBEETY Y TORRDER
(HBRENSDHBYUFIRIREAY TVIN LI P ER
#i L A 4ER)

[~p] Evo B EFICHRN, BEEER Subiecrs Behavior ‘
EF (BRBYE) KETVAPELE-TLED ubjects Behavior | ____SCBmeps __
DEEZBND, ; Prior-to turn - JEnd of wrn
: Looking at Gaze only 2% 23%
*£x2 SHTEOHRLH + Nodding | 14% |37% | 64% | 87%
(HWERED S & & O WA &35 + Fillers 21% -1 0%
Turns Seaments Specch Not looking at |Fillers only | 48% |63% | 0% |13%
Speaking  70%§Prior-to turn 5% INo speech 5% Others 15% 13%
Within turn Pause boundary Y%
33% " hai" 12%
" INouns & verbs 12% .
End of urn Auxiliary verbs F172 F£4 HUVWIOLEROFRNDAR
32%|Conjunctive particles  13%  (iggp gt 5D BIHARIC, BIHALUEIRREAD
Interrogative particles 2% TWBHE S ERRH LR
Nouns 9%
Listening  30%] Listener's response hai® 109% Subject's Behavior Scgments
30%]No speech 20% Listner Responscs
Looking at + Nodding 79%
) ) +"hai" only 3% 91%
RO BORETR, Y46TERHNIBL Others 9%
LTRA, BLF (REELD OREASIR Not looking at |+ Nodding 6%
BLTVB LD, BLWTWB EVWI BEEEAD e ,Wwﬁ o 9
BEERLELTVSE, COBVIEELTNI & +haltonly o o
T&, T3V EBEER > TWEVI LN DY Others 3%
%, ‘
:hamﬁiwe\ﬁﬁfsmﬁ%csmr\

EENTBEHATLEOY I HZEHERTE S,

AméﬁﬁWﬁﬁ

HEECH T3 BROBENEARS LHIC, RSB
HFTBT 2 E SICAERT SRR LM E BT L
oo BIVREMMDBEY LD WIC, HERE
PRAEYEICRREEITVEP EIPERL
W3,

RICHWNT, RERLORHLY TE. 587
XEESBESLED B L. 87%NE A THRMBY
ZICEBERYTTWD, —H. RERUOHBEY
Tid. HRENFSMHELECRBREAITVE WY
BEHrE3% TAEMESH TV S, LAL. XD
M. [&—] &p [2—] &V tVHWBRR
EERLTVWIHEENEV,

AL, BREDHVILHBARORROTTAE
AL, BRERALR T, #HRELII%EY
SEVHE TEMEYEOFERAV TV LN
bﬁ)’)to

CHhODKE,» S, RIEEEAFICET LEY
HVIBRICIR RGP IEFEEE, k£, REE
ERETILXCRBRBIrEFER( S IV
FEZ*RETIEAN H3 LRSS,

4.2 Nﬁ@@UtU®945>7

HETIR. ZAORECETI—FORICER
LTI L =R el ~NE, LA L. WEEIREEL
FLEEFOROPY EVTHSD, WENART
EEIcES EEIC, ABREDEIHEAILTIT
HEDORY LW ELTWVWIO N, KEITR. 244
ﬂé%tﬂﬁ%wﬁfm£$ﬁ®vutvhﬁﬁ
LTHREBI Ao T :

421%%13@943>7

S{HEYE L BRE OB TOREIENO 1 3
LU RBIRTA I, HRENFSMEYEEL S
REMEWEBTIEIILT . Thhs, B
W OREYM OERD VY S HEREOREBENV O
HEY ETORBREMEL

FORERE. RSICRLEL DI, BBREELZEM
EMENREL. 67%DREICSNTE -5

T LTV ThHbb, BHELEORENI K
boEVEIC, HBREIFRELBDTVS,



&5 REOEHOEE

*Time from the end of a receptionist’s speaking turn to
the beginning of a subject's speaking turn. - -

*Time (scc.)

339

> () (not overlap)
67%

<=() (overlap)

ZOZELDS, ASBBETANEH ST DOBEE
EXx vy FTI L BFORELRESTEHY» T
ICEE LR 3D TR EWHEWSIRMREIL T,
ZIT. CORBMERBTS D0, BRHELE
DREFRNDSHS5X—7— K SHBREDREERA
DBEYN ETOREEHEt (M4) 2REL .
EAE H3CHWT, SFHELEORE [T 0
X—=LTEbINTTL] ORDF—-7—-F |7
Max—L] 5, HRED [A—&] THEZR
EDREN ETOMBEBERREtET 3,

b, BERREURBREATICHEBINZEER.
HSO 00, HWBREDOISE ISR DBMIEY &
DEEEE —EE RV (General question {7 & [FR
BlsbdrUTLLID]) [ B0 LWL ADE
Z %K 3Ry (Yes-No question . 3l : [HIEE T
TENETH] ) L EEBEBERSHBIMY (Tag
question., ffl : [MEERTILVETR] ) D
3BEDZZAIIID 7=,

o End of turn -
Receptionist's utterance

RGN
response

t Beginning of turn

H4 F—7—Kh»5NDIEEERET

HWRERGICRT ., BEEREtIEGeneral
questionD# T—&FEK . Tag question DFEH
—&EW, RETBOEZMI LTI, BEYE
PHx—T—FERELTHPOFHIOBETHS
Enbhr ot

R6 F—T— L ORETEE COSRE

422 HWIBDRALILT

RIS, BBREI VI EEANSEIILTEE

Lz, TRV PI36FELETRINZIHN
SHld, WEERAL—XICEDBDIC, H5—
EDRAILITRBAIhTVWBEELIS NS,
2T, RHBYEORENOXF—T— K5
BEOHVIEHBAE TOBMERITLABE.
F40.358 T H - 1=, '

K7 F—T7—Fro5HVWILHAETORME

Variance

0.04

Mean time (sec.)

0.35

Listener response

43 BFBUFELHEEFOHEOREME
WRE L SHELEOROMEO XY LY £ &
SICEITL Tad &, MESRBICY LTV,
FEBEVDERBIESIEENHDZEHHEHES
hi-, X813, HBREHIREHELBELLVEE
LEWTBEE. BUHWISBIBARIC, S48
LEHEBICS TV AYRBEEEFCAG L
PHEERLTWVWS, ‘PS5 hHD LHIC, BEE
HMEOMERDOYEHWIBENDBARFIC, HREES
fHERENKIZS T VAN BEVWREBEESD
HB3EHI B LD, Thhb, FELFLEEF
ORITHIGTEXHRBOEBE VA LS . B
Lans, MEIEHOINATVDLHEESLS,

®E8 SMHENECHBRED LT ERURIR

(HEREOREHMOIAE Y &8 RUBVIBHEA
B & 1 DHERE L RHBYUEOBE)

Subject's tums ’S"CM Listening
Behavior of Listener
the two | Prior-to turn} End of turn | _Responses
Nodding | Both nodding 47% 65% 65%
Either nodding 49% 31% 16%
No nodding 4% 4% -19%
Gaze Eye contact 34% 80% 68%
No eye contact*| 66 (36)% | 20 (2)% | 32 (19)%

Mean time (sec.) Variance
General question 1.24 0:11
Yes-no question 1.06 0.12
Tag-question 0.44 0.05

*In the row labeled Gaze, the percentage of no eye
contact includes the case of bowing (the figures shown
in parentheses). During bowing, no €ye contact
occurred. . : ‘

5. £&®

INWFE-FN 13— A48T — %
ERT3ICHLY, NEADBTRhEATLS
BEPHECEEL, Tho &85 - W75
RATFLEBEL 2o BB ERIDER TR



B L RE (WERRE) OMETFT -2 IEL
o CHABF—RIIHULTEBEPEOBE LN
HBLTWBIBAICIANYLTETV. YIFE
—HNIEFEF AN~ EIEL 1,

CDF=AN—RAHEDIVWTRIFET o148
B LUTOMR%1B::

1) BEORIRY (KL TE) LRBOFEIIRE
AR ERERNI H 3,

2) REBEOTHBIBFREOX—-T—-KISFE
P1.OBEICET 5, £/, HBVI51E. HEFERE
DF—T—KH5FEH0.35HWEICEI B,

3) REEOTBXHWVWOIBNDEEIC, FELF L
MxF, ABCOILTOAEYHRBEEHE21E
BbrH3,

SEHOBIKTHEOINPICEEIGTEEEDE
BNERE., YAFLICHAAN INVFE—HI -
E1—T A 47— ADEWEERILTY
3,

S, F-2DHRKEHD ERICEITERT.
FeAN—ZICE DI HEETLVEBEL TV L
FETH 3,

KHRETOICEL T, BEIEHWA LS
BY AFLRERhEEZARICEB N AELET,
i ZEHBVEEVERBED vy —THREED
Bt BLUERICIHAV ALV ABRICHSH
WiELEY,

L, KRR, RWCPHlEEY +— THR
BLSVWTHENE LA L EFRBWAELET,

SEM

[1] R. A. Bolt, "The Integrated Multi-Modal Interface”,
The Transactions of the Institute of Electronics,
Information and Communication Engineers (Japan),
Vol.J-70-D, No.11, 1987.

[2] R. A. Bolt, "Put-That-There: Voice and Gesture at
the Graphics Interface”, Computer Graphics 14{3],
pp.262-270, 1980.

[3] M. Cary, "The Role of Gaze in the Initiation of
Conversation”, Social Psychology, Vol.41, No.3,
pp-269-271, 1978.

[4] S. Duncan, "Some Signals and Rules for Taking
Speaking Turns in Conversations”, J. of Personality
and Social Psychology, Vol.23, No.2, pp.283-292,

1972.

[51 P. Ekman and W. V. Friesen, ""The Repertoire of
Nonverbal Behavior", Semiotica 1, pp. 49-98, 1969.

[6] A. Kendon, "Some Functions of Gaze-Direction in
Social Interaction”, Acta Psychologica 26, pp. 22-
63, 1967.

I RN T WANPE SRy A BN,
Yay,fidehMea—vr LV —7 z—
AWFTE L TERE. 1994

(8] #REF. AN MK, VUE D BROBHINC X 5

TP, AT EEHSPY3-124, 1994

(0] Bk, HIT. SR =TT — 5 0 XL BT
95 4 6 WAL g X078 ¥ FE. SIG-FAL-
9401-6, 1994

[10] A. P. Thomas and P. Bull, “The Role of Pre-speech
Posture Change in Dyadic Interaction", British J. of
Social Psychology, 20, pp.105-111, 1981.

[11] AN, B D eV FE|—=F N T — ¥ =R |2
D RS OBENT. 1994558 S HUMAT TR B
BREA-342, 1994

[12] M. T. Vo and A. Waibel, "Multimodal Human-
Computer Interaction”, Proc. of the International
Symposium on Spoken Dialogue, ISSD-93, pp. 95-
101, 1993.

[13] A. Waibel: "Multimodal Human-Computer
Interaction”, Proc. of Int'l Symposium on Spoken
Dialog, 1993.

T, B, M T B TR —

& OIRPT. IA TSR 20V 6 A TR RIS

FE 5T 3L U4 1-7-20, PP39-40, 1994

[14]

[15] K. Watanuki, K. Sakamoto and F. Togawa,
" Analysis of Multimodal Interaction Data in Human
Communication”, Proc. of ICSLP9%4, pp.899-902,
1994.

(6] A, @A, Al 0 A= =12 D iR
WY AT bk F O, {5 FHMSPI3-130,
PP.17-24, 1994

R, . B A RN ERRE LT
YT E— TN AMGY AT DO E V1A
DEAR, 45 HSP93-128, pp.1-8, 1994

(7



