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Abstract 

T &%(EU&9.(<) .&%.J&%U&-+)L%)E' %E, EU&-+)L%
8&)E9%K,-%! "#$%&'%! =%)E' %S-, S, 9&%)%' &9(<E%
K, -%&8 +, ' (&' %C, EU&-9) .(, E)L%)<&E.9%.J) .%-&3
L(&9%, E%+, .J%B(E' 9%, K%9(<E)L9%., %&9.)+L(9J%
C, 8 8 , E%<-, AE' %(E%JA8 )E3C, 8 SA.&-%(E.&-3
)C.(,EH%T &%)E)L/V&'%&/ &%<)V&=%J&)'%E,'9%
)E' %)..&E.(, E)L%K, CA9%(E%.J&%C, E.&W.%, K%)%' (3
-&C.(, E3<(U(E<%.)9BH%$J&%' (9.-(+A.(, E%, K%
E, EU&-+)L%+&J)U(, -9%' (KK&-&' %' &S&E' (E<%, E%
.J&%./ S&%, K%' ()L, <A&%8 , U&%+&(E<%<-, AE' &' =%
)E'%.J&%,U&-)LL%S)..&-E%-&KL&C.&'%)%( #%')#"*
'%! %, K%+, - . /#0/%1! , )'21/011&3, - . H%X)9&'%,E%
.J&9&%-&9AL.9=%Y&%S-&9&E.%)E%0;7%.J).%A9&9%
U&-+)L%)E' %E, EU&-+)L%<-, AE' (E<%)C.9%., %AS3
' ) .&%' ()L, <A&%9.) .&H%

1! Introduction 

7E%&99&E.()L%S)-.%,K%C,EU&-9).(,E%(9%.,%&E9A-&%.J).%
.J&%, .J&-%S)-.(C(S)E.9%9J)-&%)E%AE' &-9.)E' (E<%, K%
YJ).%J)9%+&&E%9)('=%)E'%YJ).%(9%8 &)E.H%%$J&%S-,C3
&99%, K%&E9A-(E<%.J) .%AE' &-9.)E' (E<%Z%)' ' (E<%YJ) .%
J)9%+&&E%9)(' %., %.J&%C, 8 8 , E%<-, AE' %Z%(9%C)LL&' %
<-, AE' (E<%[1\H%#E%K)C&3., 3K)C&%(E.&-)C.(, E=%E, EU&-3
+)L%9(<E)L9%)9%Y&LL%)9%U&-+)L%S)-.(C(S).&%(E%.J&%
<-,AE'(E<%S-,C&99=%.,%(E'(C).&%.J).%)E%A..&-)EC&%(9%
<-, AE' &' =%, -%.J) .%KA-.J&-%Y, -B%(9%E&&' &' %., %<-, AE' H%
] (<A-&%1%9J, Y9%)E%&W)8 SL&%, K%JA8 )E%K)C&3., 3K)C&%
C, EU&-9) .(, EH%0U&E%.J, A<J%E, %U&-+)L%K&&' +)CB%(9%
S-, U(' &' =%.J&%9S&)B&-%M: O%C, E.(EA&9%., %) ' ' %., %.J&%
' (-&C.(, E9H%#E.-(<A(E<L/ =%.J&%L(9.&E&-%<(U&9%E, %&W3
SL(C(.%E, EU&-+)L%K&&' +)CB%Z%E, %E, ' 9%, -%<)V&%., 3
Y)-' 9%: H%: =%J, Y&U&-=%(9%CL&)-L/ %8 , E(., -(E<%.J&%
L(9.&E&-^9%+&J)U(,-=%)9%Y&%9&&%+/%.J&%K)C.%.J).%:%
L, , B9%).%J&-%.Y(C&%MC, E.(EA, A9%L(E&9%)+, U&%.J&%
Y, -' 9OH%#E%K)C.=%, A-%)E)L/ 9&9%9J, Y%.J) .%8 )(E.) (E(E<%
K,CA9%,K%)..&E.(,E%,E%.J&%.)9B%M')9J3',.%L(E&9%AE3
' &-E&).J%.J&%Y, -' 9O%(9%.J&%L(9.&E&- 9̂%SA+L(C%9(<E)L%

, K%AE' &-9.)E' (E<%: 9̂%A..&-)EC&%9AKK(C(&E.L/ %K, -%.J&%
.)9B%).%J)E'H%%X&C)A9&%:%(9%8 )E(K&9.L/%)..&E'(E<%.,%
.J(9%9(<E)L=%.J&%9(<E)L%)LL, Y9%.J&%.Y, %D, (E.L/ %., %-&C3
, <E(V&%: 9̂%C, E.-(+A.(, E%)9%<-, AE' &' H%$J(9%S)S&-%
S-, U(' &9%&8 S(-(C)L%9ASS, -.%K, -%)E%&99&E.()L%-, L&%K, -%
E, EU&-+)L%+&J)U(, -9%(E%<-, AE' (E<=%8 , .(U) .(E<%)E%
)-CJ(.&C.A-&%K, -%)E%&8 +, ' (&' %C, EU&-9) .(, E)L%)<&E.%
.J) .%C)E%&9.)+L(9J%C, 8 8 , E%<-, AE' %A9(E<%&/ &%<)V&=%
J&) ' %E, ' 9=%)E' %)..&E.(, E)L%K, CA9H%%%

7 L.J, A<J%<-, AE' (E<%J)9%-&C&(U&' %9(<E(K(C)E.%).3
.&E.(, E%(E%.J&%L(.&-) .A-&=%S-&U(, A9%Y, -B%J)9%E, .%) ' 3
'-&99&'%.J&% K,LL,Y(E<%_A&9.(,E9`%M1O%YJ).%
S-&' (C.(U&%K)C., -9%)CC, AE.%K, -%J, Y%S&, SL&%A9&%E, E3
U&-+)L%9(<E)L9%., %<-, AE' %(EK, -8 ) .(, E=%M5O%J, Y%C)E%)%
8 , ' &L%, K%.J&%K)C&3., 3K)C&%<-, AE' (E<%S-, C&99%+&%
A9&' %., %) ' )S.%' ()L, <A&%8 )E)<&8 &E.%., %K)C&3., 3K)C&%
C, EU&-9) .(, E%Y(.J%)E%&8 +, ' (&' %C, EU&-9) .(, E)L%
)<&E.H%$J(9%S)S&-%)''-&99 &9%.J&9&%(99A&9=%Y(.J%.J&%
<, )L%, K%C, E.-(+A.(E<%., %.J&%L(.&-) .A-&%, E%' (9C, A-9&%
SJ&E, 8 &E)=%)E' %, K%+A(L' (E<%8 , -&%) ' U)EC&' %C, E3
U&-9) .(, E)L%JA8 )E, (' 9%.J) .%C)E%&E<)<&%(E%JA8 )E%
C, EU&-9) .(, E)L%S-, ., C, L9H%%

#E%.J&%E&W.%9&C.(, E=%Y&%' (9CA99%-&L&U)E.%S-&U(, A9%
Y, -B=%-&S, -.%-&9AL.9%K-, 8 %, A-%, YE%&8 S(-(C)L%9.A' / %
)E' =%+)9&' %, E%, A-%)E)L/ 9(9%, K%C, EU&-9) .(, E)L%' ) .)=%
S-, S, 9&%)%8 , ' &L%, K%<-, AE' (E<%A9(E<%+, .J%U&-+)L%
)E' %E, EU&-+)L%(EK, -8 ) .(, E=%)E' %S-&9&E.%, A-%(8 3
SL&8 &E.) .(, E%, K%.J) .%8 , ' &L%(E., %)E%&8 +, ' (&' %C, E3
U&-9).(,E)L%)<&E.H%79%)%S-&L(8 (E)-/%&U)LA).(,E=%Y&%
C, 8 S)-&%)%A9&-%(E.&-)C.(E<%Y(.J%.J&%&8 +, ' (&' %C, E3
U&-9) .(, E)L%)<&E.%Y(.J%)E' %Y(.J, A.%<-, AE' (E<H%%

](<A-&%1`%aA8 )E%K)C&3.,3K)C&%C,EU&-9).(,E%

!" #$%&' (&) * &&&&+* &&&&+, - &&&&.* / 0+, &&&&.1* * 02

!" 3$%&' (&, 456&&&&4&&&&1- .+2

!7$$%&' (&, 456&&&&45* +, - 0&&&&1- .+8&

1* * 9&4+&: 4; 64<- &4+&1=>+- 5- 0

64<- &4+&1=>+- 5- 0
1* * 9&4+&: 4;

1* * 9&4+&: 4;
1* * 9&4+&: 4;

1* * 9&4+&: 4;

>; - 49- 0?>&
@- , 4A=* 0

1=>+- 5- 0?>&
@- , 4A=* 0

!" #$%&' (&) * &&&&+* &&&&+, - &&&&.* / 0+, &&&&.1* * 02

!" 3$%&' (&, 456&&&&4&&&&1- .+2

!7$$%&' (&, 456&&&&45* +, - 0&&&&1- .+8&

1* * 9&4+&: 4; 64<- &4+&1=>+- 5- 0

64<- &4+&1=>+- 5- 0
1* * 9&4+&: 4;

1* * 9&4+&: 4;
1* * 9&4+&: 4;

1* * 9&4+&: 4;

>; - 49- 0?>&
@- , 4A=* 0

1=>+- 5- 0?>&
@- , 4A=* 0
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2! Related Work 

;,EU&-9).(,E%C)E%+&%9&&E%)9%)%C,LL)+,-).(U&%)C.(U3
(./ %., %)CC, 8 SL(9J%(EK, -8 ) .(, E39J)-(E<%)E' %., %SA-3
9A&%D, (E.%<, )L9%)E' %.)9B9H%%? E' &-%.J(9%U(&Y=%
)<-&&(E<%, E%YJ) .%J)9%+&&E%9)(' =%)E' %YJ) .%(9%8 &)E.=%
(9%C-AC()L%., %C, EU&-9) .(, EH%%$J&%S)-.%, K%YJ) .%J)9%
+&&E%9)(' %.J) .%.J&%(E.&-L, CA., -9%AE' &-9.)E' %., %+&%
8 A.A)LL/%9J)-&'%(9%C)LL&'%.J&%-#( ( #%/! "#$%&=%)E' %
.J&%S-,C&99%,K%&9.)+L(9J(E<%S)-.9%,K%.J&%C,EU&-9)3
.(,E%)9%9J)-&' %(9%C)LL&'%! "#$%&'%! %[1\H%7 9%[5\%S, (E.%
, A.=%S)-.(C(S)E.9%(E%)%C, EU&-9) .(, E%)..&8 S.%., %
8 (E(8 (V&%.J&%&KK, -.%&WS&E' &' %(E%<-, AE' (E<H%%$JA9=%
(E.&-L, CA., -9%' , %E, .%)LY) / 9%C, EU&/ %)LL%.J&%(EK, -8 )3
.(,E%).%.J&(-%'(9S,9)Lb%9,8&.(8 &9%(.%.)B&9%L&99%&KK,-.%
., %S-, ' AC&%)E%(EC, 8 SL&.&%A..&-)EC&%.J) .%C)E%+&%-&3
S)(-&' %(K%E&&' 9%+&H%

[4\%J)9%S-,S,9&'%)%C,8 SA.).(,E)L%)SS-,)CJ%.,%
<-, AE' (E<%YJ&-&%.J&%9.) .A9%, K%C, E.-(+A.(, E9%)9%
S-, U(9(, E)L%, -%9J)-&' %(9%S)-.%, K%.J&%' ()L, <A&%
9/9.&8̂ 9%-&S-&9&E.).(,E%,K%.J&%c(EK,-8).(,E%9.).&d%
, K%.J&%C, EU&-9) .(, EH%; , EU&-9) .(, E)L%)C.(, E9%C)E%
.-(<<&-% AS').&9% .J).% -&<(9.&-%S-,U(9(,E)L%
(EK, -8 ) .(, E%)9%9J)-&' H%$J&9&%)C.(, E9%)CJ(&U&%
<-, AE' (E<H%%7 CBE, YL&' <8 &E.%)C.9%)-&%' (-&C.L/ %)93
9, C() .&' %Y(.J%<-, AE' (E<%AS' ) .&9%YJ(L&%, .J&-%A..&-3
)EC&9%&KK&C.%<-,AE'(E<%AS').&9%(E'(-&C.L/=%+&C)A9&%
.J&/%S-,C&&'%Y(.J%.J&%.)9B%(E%)%Y)/ %.J).%S-&9AS3
S,9&9%.J).%S-(,-%A..&-)EC&9%)-&%AEC,E.-,U&-9()LH%

[e\=%, E%.J&%, .J&-%J)E' =%9A<<&9.%.J) .%)C.(, E9%(E%
C, EU&-9) .(, E%<(U&%S-, +)+(L(9.(C%&U(' &EC&%, K%AE' &-3
9.)E' (E<=%YJ(CJ%(9%-&S-&9&E.&' %, E%)%S)-%Y(.J%, .J&-%
AEC&-.)(E.(&9%(E%.J&%'()L,<A&%9/9.&8%M&H<H=%9S&&CJ%
-&C, <E(V&-%AE-&L()+(L(./ OH%%$J&%' ()L, <A&%8 )E)<&-%
)99A8&9%.J).%C,E.&E.%(9%<-,AE'&'%)9%L,E<%)9%(.%
DA' <&9%.J&%-(9B%, K%8 (9AE' &-9.)E' (E<%)9%)CC&S.)+L&H%

[1=%2\%8 &E.(,E%.J).%&/&%<)V&%(9%.J&%8 , 9.%+)9(C%
K,-8%,K%S,9(.(U&%&U('&EC&%.J).%.J&%)''-&99&&%(9%).3
.&E' (E<%., %.J&%9S&)B&-=%)E' %.J) .%J&) ' %E, ' 9%J)U&%)%
9(8 (L) -%KAEC.(, E%., %U&-+)L%)CBE, YL&' <&8 &E.9H%$J&/ %
9A<<&9.%.J) .%E, EU&-+)L%+&J)U(, -9%8 )(EL/ %C, E.-(+A.&%
., %L, Y&-%L&U&L9%, K%<-, AE' (E<=%., %9(<E(K/ %.J) .%(E.&-3
L,CA.,-9%J)U&%)CC&99%.,%&)CJ%,.J&- 9̂%C,88AE(C)3
.(U&%)C.(, E9=%)E' %)-&%)..&E' (E<H%%T (.J%)%9(8 (L) -%<, )L%
, K%+-, ) ' &E(E<%.J&%E, .(, E%, K%C, 8 8 AE(C) .(U&%)C.(, E%
+&/ , E' %.J&%9S, B&E%Y, -' =%[P\%&W)8 (E&%, .J&-%B(E' 9%
, K%8 AL.(8 , ' )L%<-, AE' (E<%+&J)U(, -9=%9ACJ%)9%S, 9.3
(E<%(EK, -8 ) .(, E%, E%)%YJ(.&+, ) -' H%%7 L.J, A<J%.J&9&%
)E' %, .J&-%-&9&)-CJ&-9%J)U&%9A<<&9.&' %.J) .%E, EU&-3
+)L%+&J)U(, -9%AE' , A+.&' L/ %SL) / %)%-, L&%(E%<-, AE' (E<=%

S-&U(, A9%L(.&-) .A-&%' , &9%E, .%CJ)-)C.&-(V&%.J&(-%S-&3
C(9&%-,L&%Y(.J%-&9S&C.%.,%'()L,<A&%9.).&H%%

f E%.J&%, .J&-%J)E' =%)%EA8 +&-%, K%9.A' (&9%, E%.J&9&%
S)-.(CAL)-%E, EU&-+)L%+&J)U(, -9%' , %&W(9.H%7 E%&)-L/ %
9.A' / =%[g\=%-&S, -.&' %.J) .%C, EU&-9) .(, E%(EU, LU&9%&/ &%
<)V&%)+, A.%P6h %, K%.J&%.(8 &H%: S&)B&-9%L, , B%AS%).%
<-)8 8 ).(C)L%S)A9&9%K,-%K&&'+)CB%,E%J,Y%A..&-3
)EC&9%)-&%+&(E<%-&C&(U&'=%)E'%)L9,%L,,B%).%.J&%.)9BH%
*(9.&E&-9%L,,B%).%9S&)B&-9%.,%K, LL,Y%.J&(-%'(-&C.(,E%
,K%<)V&H%#E%K)C.=%[Q\%CL)(8&'%9S&)B&-9%Y(LL%S)A9&%
)E'%-&9.)-.%AE.(L%.J&/ %,+.)(E%.J&%L(9.&E&-^9%<)V&H%%[>\%
K, AE' %.J) .%' A-(E<%C, EU&-9) .(, E)L%' (KK(CAL.(&9=%8 A3
.A)L%<)V&%Y) 9%J&L'%L,E<&-%).%.A-E%+,AE')-(&9H%

i -&U(, A9%Y, -B%, E%&8 +, ' (&' %C, EU&-9) .(, E)L%
)<&E.9%M0;79O%J)9%'&8 , E9.-).&'%.J).%(.%(9%S,99(+L&%
., %(8 SL&8 &E.%K)C&3., 3K)C&%C, EU&-9) .(, E)L%S-, ., C, L9%
(E%JA8 )E3C, 8 SA.&-%(E.&-)C.(, E=%)E' %.J) .%C, --&C.%
-&L) .(, E9J(S9%)8 , E<%U&-+)L%)E' %E, EU&-+)L%9(<E)L9%
&EJ)EC&9%.J&%E).A-)LE&99%)E'%&KK&C.(U&E&99%,K%&8 3
+, ' (&' %' ()L, <A&%9/ 9.&8 9%[16\=%[11\H%[15\%-&S, -.&' %
.J).%A9&-9%K&L.%.J&%)<&E.%.,%+&%8 , -&%J&LSKAL=%L(K&L(B&=%
)E' %98 , , .J%(E%(.9%(E.&-)C.(, E%9./ L&%YJ&E%(.%' &8 , E3
9.-) .&' %E, EU&-+)L%C, EU&-9) .(, E)L%+&J)U(, -9H%%

3! Empirical Study 

#E%, -' &-%., %<&.%)E%&8 S(-(C)L%+)9(9%K, -%8 , ' &L(E<%
K)C&3., 3K)C&%<-, AE' (E<=%)E' %(8 SL&8 &E.(E<%)E%0; 7 =%
Y&%)E)L/ V&' %C, EU&-9) .(, E)L%' ) .)%(E%.Y, %C, E' (.(, E9H%

3.1! Experiment Design 

X)9&' %, E%S-&U(, A9%' (-&C.(, E3<(U(E<%.)9B9=%9.A' &E.9%
K-, 8 %.Y, %' (KK&-&E.%AE(U&-9(.(&9%<)U&%' (-&C.(, E9%., %
C)8 SA9%L, C) .(, E9%., %, E&%)E, .J&-H%%0)CJ%S)(-%J) ' %)%
C, EU&-9) .(, E%(E%)%(1) Face-to-face condition 
(F2F):%YJ&-&%.Y,%9A+D&C.9%9).%Y(.J%)%8)S%'-)YE %
+/ %.J&%' (-&C.(, E3<(U&-%9(..(E<%+&.Y&&E%.J&8 =%)E' %(E%
)%(2) Shared Reference condition (SR):%YJ&-&%)E%
*39J)S&'%9C-&&E%+&.Y&&E%.J&%9A+D&C.9%L&.%.J&8 %
9J)-&%)  8 )S%' -)YE%+/ %.J&%' (-&C.(, E3<(U&-=%+A.%E, .%
.,%9&&%.J&%,.J&- 9̂%K)C&%,-%+,'/ H%

#E.&-)C.(, E9%+&.Y&&E%.J&%9A+D&C.9%Y&-&%U(' &, 3
-&C, -' &' %K-, 8 %K, A-%' (KK&-&E.%)E<L&9=%)E' %C, 8 +(E&' %
+/ %)%U(' &, %8 (W&-%(E., %9/ ECJ-, E(V&' %U(' &, %CL(S9H% 

3.2! Data Coding 

16%&WS&-(8 &E.%9&99(, E9%-&9AL.&' %(E%16%' ()L, <A&9%S&-%
C,E'(.(,E%M56%(E%.,.)LO=%.-)E9C-(+&'%)9%K,LL,Y9H%

Coding verbal behaviors:%7 9%<-, AE' (E<%, C3
CA-9%Y(.J(E%)%.A-E=%YJ(CJ%C,E9(9.9%,K%C,E9&CA.(U&%



A..&-)EC&9%+/%)%9S&)B&-=%K,LL,Y(E<%[14\%Y&%.,B&E3
(V&' %)%.A-E%(E., %A..&-)EC&%AE(.9%M? ? O=%C, --&9S, E' 3
(E<%.,%)%9(E<L&%(E.,E).(,E)L%SJ-)9&%[1e\H%0)CJ%??%
Y)9%C).&<,-(V&'%A9(E<%.J&%j7":*% C,'(E<%9CJ&8&%
[12\H%#E%.J&%9.).(9.(C)L%)E)L/9(9=%Y&%C,EC&E.-).&'%,E%
.J&%K, LL, Y(E<%K, A-%C).&<, -(&9%Y(.J%-&<AL)-%, CCA-3
-&EC&%(E%, A-%' ) .) `%4- . %#5+1&! 1( 1%)=%4%651"=%7%*
0#"( , )'#%%"18$16)/97%0#*"18:=%)E' %4661")'#%H%%

Coding nonverbal behaviors:%X)9&'%, E%S-&U(3
, A9%9.A' (&9=%K, A-%./ S&9%, K%+&J)U(, -9%Y&-&%C, ' &' `%

;,<1/ 4)/=,")%1"/9!=:`%* , , B(E<%).%.J&%S)-.E&- 9̂%
&/&9=%&/ &%-&<(,E=%,-%K)C&H%

;,<1/ 4)/>,?/ 9!>: `%* , , B(E<%).%.J&%8 )S%
;,<1/ @+615A1"1/9!@:̀%* , , B(E<%)Y) / %&L9&YJ&-&%
B1, &/%#&/9C#&:D%a &) ' %8 , U&9%AS%)E' %' , YE%(E%)%

9(E<L&%C, E.(EA, A9%8 , U&8 &E.%, E%)%U&-.(C)L%)W(9=%
+A.%&/ &9%' , %E, .%<, %)+, U&%.J&%J, -(V, E.)L%)W(9H%

X/ %C, 8 +(E(E<%k )V&%)E' %l , ' =%9(W%C, 8 SL&W%C).&<, 3
-(&9%M&WH%! =%Y(.J%E, ' =%! =%Y(.J, A.%E, ' =%&.CO%)-&%<&E3
&-).&'H%%#E%YJ).%K,LL,Y9=%J,Y&U&-=%Y&%)E)L/V&%,EL/%
C).&<,-(&9%Y(.J%8 , -&%.J)E%16%(E9.)EC&9H%#E%,-'&-%.,%
)E)L/ V&%' / ) ' (C%+&J)U(, -=%1P%C, 8 +(E) .(, E9%, K%.J&%
E, EU&-+)L%+&J)U(, -9%)-&%' &K(E&' =%)9%9J, YE%(E%$)+L&%
1H%$JA9=%! =E! > %9.)E'9%K,-%)%C,8 +(E).(,E%,K%
9S&)B&-%<)V&%).%S)-.E&-%)E'%L(9.&E&-%<)V&%).%8 )SH%

Results 

T&%&W)8 (E&%'(KK&-&EC&9%+&.Y&&E%.J&%F2F%)E' %SR%
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,A.%K,-%DA'<8&E.%(9%1%9&C%)K.&-%.J&%&E'%,K%.J&%??H%#K%
.J&%)<&E.%',& 9%E,.%J)U&%&U('&EC&%.J&E=%.J&%??%-&3
8 )(E9%AE<-, AE' &' H%%

$J(9%8 , ' &L%(9%+)9&' %, E%.J&%(EK, -8 ) .(, E%9.) .&%
)SS-,)CJ%[4\=%Y(.J%AS').&%-AL&9%.J).%-&U(9&%.J&%9.).&%
,K%.J&%C,EU&-9).(,E%+)9&'%,E%.J&%(ESA.9%.J&%9/ 9.&8%
-&C&(U&9H%%#E%,A-%C)9&=%J,Y &U&-=%.J&%(ESA.9%)-&%9)83
SL&' %C, E.(EA, A9L/ =%(ECLA' &%.J&%E, EU&-+)L%9.) .&=%)E' %
, EL/ %9, 8 &%-&_A(-&%AS' ) .&9H%%f .J&-%(ESA.9%(E' (C) .&%
.J).%.J&%L)9.%A..&-)EC&%(9%9.(LL%S&E'(E<=%)E'%)LL,Y%.J&%
)<&E.%., %Y)(.%KA-.J&-H%%#E%S)-.(CAL)-=%.)9B%)..&E.(, E%
, U&-%)E%(E.&-U)L%K, LL, Y(E<%.J&%A..&-)EC&%.-(<<&-9%
<-, AE' (E<H%%k )V&%(E%.J&%(E.&-U)L%8 &)E9%.J) .%.J&%

C, E.-(+A.(, E%9.) / 9%S-, U(9(, E)L=%)E' %.-(<<&-9%)E%, +3
L(<).(,E%.,%&L)+,-).&H%%*(B&Y(9&=%(K%.J&%9/9.&8%
.(8 &93, A.%Y(.J, A.%-&C, <E(V(E<%)E/ %A9&-%K&&' +)CB=%
.J&%9&<8 &E.%-&8 )(E9%AE<-, AE' &' H%%$J(9%S-, C&99%
)LL, Y9%.J&%9/ 9.&8 %., %B&&S%.)LB(E<%)C-,99%8 AL.(SL&%
A..&-)EC&%AE(.9%Y(.J, A.%<&..(E<%U&-+)L%K&&' +)CB%
K-,8%.J&%A9&-H%]-,8%.J&%A9&- 9̂%S&-9S&C.(U&=%&WSL(C(.%
)CBE, YL&' <&8 &E.%(9%E, .%E&C&99)-/ =%)E' %8 (E(8 )L%
C, 9.%(9%(EU, LU&' %(E%&L(C(.(E<%&L)+, -) .(, EH%

4! Face-to-face Grounding with ECAs 

X)9&' %, E%, A-%&8 S(-(C)L%-&9AL.9=%Y&%S-, S, 9&%)%' ()3
L, <A&%8 )E)<&-%.J) .%C)E%J)E' L&%E, EU&-+)L%(ESA.%., %
.J&%<-, AE' (E<%S-, C&99=%)E' %Y&%(8 SL&8 &E.%.J&%
8 &CJ)E(98 %(E%)E%&8 +, ' (&' %C, EU&-9) .(, E)L%)<&E.H%%

4.1! System 

"7;q% (9%)E%(E.&-)C.(U&%SA+L(C%(EK, -8).(,E%0;7%
B(, 9BH%%a (9%CA--&E.%BE, YL&' <&+)9&%C, EC&-E9%.J&%
)C.(U(.(&9%,K%.J&%"#$%"&'()% *)+b%J&%C)E%)E9Y&-%
_A&9.(, E9%)+, A.%.J&%L)+ 9̂%-&9&)-CJ%<-, AS9=%S-, D&C.9=%
)E' %' &8 , 9=%)E' %<(U&%' (-&C.(, E9%., %&)CJH%

fE%.J&%(ESA.%9('&=%"7;q% -&C,<E(V&9%.J-&&%8 , 3
' )L(.(&9̀%M1O%9S&&CJ=%A9(E<%#X" 9̂%o ()o , (C&=%M5O%S&E%
<&9.A-&%U()%)%S)S&-%8 )S%)., S%)%.)+L&%Y(.J%)E%&8 3
+&' ' &' %T )C, 8 %.)+L&.=%)E' %M4O%J&) ' %E, ' %)E' %&/ &%
<)V&%U()%)%9.&-&,3C)8 &-)3+)9&'% P3'&<-&&3,K3
K-&&',8 %J&)' 3S,9&%.-)CB&-%M+)9&'%,E%[56\OH%%$J&9&%
(ESA.9%, S&-) .&%)9%S)-)LL&L%.J-&) ' 9=%)LL, Y(E<%.J&%? E3
' &-9.)E' (E<%" , ' AL&%M? " O%., %(E.&-S-&.%.J&%8 AL.(SL&%
8 , ' )L(.(&9%+, .J%(E' (U(' A)LL/ %)E' %(E%C, 8 +(E) .(, EH%

" 7;q%S-,'AC&9%8 AL.(8 , ')L%,A.SA.%)9%Y&LL`%M1O%
9S&&CJ%9/E.J&9(9%A9(E<%.J&%"(C-,9,K.%TJ(9.L&-%
$&W.3., 3: S&&CJ%M$$: O%7 i #=%M5O%)%<-)SJ(C)L%K(<A-&%
Y(.J%9/ ECJ-, E(V&' %J)E' %)E' %)-8 %<&9.A-&9=%)E' %
J&) ' %)E' %&/ &%8 , U&8 &E.9=%)E' %M4O%* ; j %S-, D&C., -%
J(<JL(<J.(E<%, E%.J&%S)S&-%8 )S=%)LL, Y(E<%" 7 ; q %., %
-&K&-&EC&%(.H%

$J&%9/ 9.&8 %)-CJ(.&C.A-&%(9%9J,YE%(E%](<A-&%4H%%
$J&%? " %(E.&-S-&.9%.J&%(ESA.%8 , ' )L(.(&9%)E' %C, E3
U&-.9%.J&8 %., %' ()L, <A&%8 , U&9%YJ(CJ%(.%.J&E%S)99&9%
, E%., %.J&%j ()L, <A&%" )E)<&-%Mj " OH%%$J&%j " %C, E3
9(9.9%, K%.Y, %S-(8 ) -/ %9A+38 , ' AL&9=%.J&%I &9S, E9&%
i L)EE&-=%YJ(CJ%' &.&-8 (E&9%" 7 ; q 9̂%E&W.%)C.(, EM9O%
)E' %C-&) .&9%)%9&_A&EC&%, K%A..&-)EC&%AE(.9=%)E' %.J&%
k -, AE' (E<%" , ' AL&%Mk -" O=%YJ(CJ%AS' ) .&9%.J&%j (93
C, A-9&%" , ' &L%)E' %' &C(' &9%YJ&E%.J&%I &9S, E9&%
i L)EE&- 9̂%E&W.%? ? %9J, AL' %+&%S)99&' %, E%., %.J&%k &E3
&-) .(, E%8 , ' AL&%Mk " OH%%$J&%k " %C, EU&-.9%.J&%? ? %
(E., %9S&&CJ=%<&9.A-&=%)E' %S-, D&C., -%, A.SA.=%9&E' (E<%



.J&9&%9/ECJ-,E(V&'%8 ,')L(.(&9%.,%.J&%$$:%&E<(E&=%
7 E(8 ) .(, E%" , ' AL&%M7 " O=%)E' %i -, D&C., -%" , ' AL&H%%

$J&%j (9C, A-9&%" , ' &L%8 )(E.) (E9%(EK, -8 ) .(, E%
)+, A.%.J&%9.) .&%)E' %J(9., -/ %, K%.J&%' (9C, A-9&H%%$J(9%
(ECLA' &9%)%L(9.%, K%<-, AE' &' %+&L(&K9%)E' %AE<-, AE' &' %
? ? 9b%)%J(9., -/ %, K%S-&U(, A9%? ? 9%Y(.J%.(8 (E<%(EK, -3
8 ) .(, Eb%)%J(9., -/ %, K%E, EU&-+)L%(EK, -8 ) .(, E%M' (3
U(' &' %(E., %<)V&%9.) .&9%)E' %J&) ' %E, ' 9O%, -<)E(V&' %+/ %
.(8 &9.)8 Sb%)E' %(EK, -8 ) .(, E%)+, A.%.J&%9.) .&%, K%.J&%
'()L,<A&=%9ACJ%)9%.J&%CA--&E.%??%AE'&-%C,E9('&-)3
.(, E=%)E' %YJ&E%(.%9.) -.&' %)E' %&E' &' H%

4.2! Nonverbal Inputs 

0/ &%<)V&%)E'%J&)'%E,'%(ESA.9%)-&%-&C,<E(V&'%+/ %)%
J&) ' %.-)CB&-=%YJ(CJ%C)LCAL).&9%-, .) .(, E9%)E' %.-)E93
L) .(, E9%(E%.J-&&%' (8 &E9(, E9%+)9&' %, E%U(9A)L%)E' %
' &S.J%(EK, -8 ) .(, E%.)B&E%K-, 8 %.Y, %C)8 &-)9%[56\H%%
$J&%C)LCAL).&' %J&) ' %S, 9&%(9%.-)E9L) .&' %(E., %cL, , B%).%
" 7 ; q =d%cL, , B%).%8 )S=d%, -%cL, , B%&L9&YJ&-&Hd%$J&%
-, .) .(, E%, K%.J&%J&) ' %(9%.-)E9L) .&' %(E., %J&) ' %E, ' 9=%
A9(E<%)%8 , ' (K(&' %U&-9(, E%, K%[51\H%%a &) ' %E, ' %)E' %
&/ &%<)V&%&U&E.9%)-&%.(8 &9.)8 S&' %)E' %L, <<&' %Y(.J(E%
.J&%E, EU&-+)L%C, 8 S, E&E.%, K%.J&%j (9C, A-9&%a (9., -/ H%%
$J&%k -, AE' (E<%" , ' AL&%C)E%.JA9%L, , B%AS%.J&%)S3
S-, S-() .&%E, EU&-+)L%(EK, -8 ) .(, E%., %DA' <&%)%? ? H%

4.3! The Dialogue Manager 

#E%)%B(, 9B%0; 7 =%.J&%9/ 9.&8 %E&&' 9%., %&E9A-&%.J) .%.J&%
A9&-%AE' &-9.)E' 9%.J&%(EK, -8 ) .(, E%S-, U(' &' %+/ %.J&%
)<&E.H%%] , -%.J(9%-&)9, E=%Y&%C, EC&E.-) .&' %, E%(8 SL&3
8 &E.(E<%)%<-, AE' (E<%8 &CJ)E(98 %K, -%4661")'#%F%
YJ&E%.J&%)<&E.%<(U&9%.J&%A9&-%' (-&C.(, E9=%)E' %4%/
651"F%YJ&E%.J&%)<&E.%)E9Y&-9%.J&%A9&- 9̂%_A&9.(, E9%

Generating the Response 

$J&%K(-9.%D, +%, K%.J&%j " %(9%., %SL)E%.J&%-&9S, E9&%., %)%
A9&-9̂%_A&-/H%%TJ&E%)%A9&-%)9B9%K,-%'(-&C.(,E9=%.J&%
j" %-&C&(U&9%)E%&U&E.%K-,8%.J&%?" %9.).(E<%.J(9%
(E.&E.(,EH%%$J&%I&9S,E9&%iL)EE&-%(E%.J&%j"=% -&C3
, <E(V(E<%.J&%A9&- 9̂%' (-&C.(, E3-&_A&9.=%C)LCAL) .&9%.J&%
' (-&C.(, E9=%+-, B&E%AS%(E., %9&<8 &E.9H%%$J&9&%9&<3

8&E.9%)-&%)' '&'%.,%.J&%j " 9̂%7<&E')=%.J&%9.)CB%,K%
??9%.,%+&%S-,C&99&'H%

7.%.J(9%S,(E.=%.J&%k-"% 9&E'9%.J&%K(-9.%??%M)%'(3
-&C.(, E%9&<8 &E.O%, E%.J&%7 <&E' )%., %.J&%k " %., %+&%
S-,C&99&'H%%$J&%k"% C,EU&-.9%.J&%??%(E.,%9S&&CJ%
)E' %)E(8 ) .(, E%C, 8 8 )E' 9H%%] , -%" 7 ; q 9̂%, YE%E, E3
U&-+)L%<-, AE' (E<%)C.9=%.J&%k " %' &.&-8 (E&9%
"7;q^ 9%<)V&%+&J)U(,-%)CC,-'(E<%.,%.J&%./ S&%,K%
??H%],-%&W)8 SL&=%YJ&E%"7;q% <&E&-) .&9%)%'(-&C3
.(,E%9&<8&E.%M)E%799&-.(,EO=%PPh%,K%.J&%.(8&%J&%
B&&S9%L, , B(E<%).%.J&%8 )SH%%T J&E%&L)+, -) .(E<%)%
S-&U(, A9%? ? =%egh %, K%.J&%.(8 &%J&%<)V&9%).%.J&%A9&-H%%

T J&E%.J&%k " %+&<(E9%., %S-, C&99%.J&%? ? =%(.%L, <9%
.J&%9.)-.%.(8&%(E%.J&%j(9C,A-9&%",'&L=%)E'%YJ&E%(.%
K(E(9J&9%S-,C&99(E<%M)9%(.%9&E'9%.J&%K(E)L%C,88)E'%
., %.J&%)E(8 ) .(, E%8 , ' AL&O=%(.%L, <9%.J&%&E' %.(8 &H%%$J&%
k-"% Y)(.9%K, -%.J(9%9S&&CJ%)E'%)E(8). (,E%.,%&E'%
M+/%S,LL(E<%.J&%j(9C,A-9&%" ,'&L%AE.(L%.J&%&E'%.(8 &%
(9%)U)(L)+L&O=%).%YJ(CJ%S, (E.%(.%-&.-(&U&9%.J&%.(8 (E<%
' ) .)%K, -%.J&%? ? =%(E%.J&%K, -8 %, K%.(8 &9.)8 S9%K, -%.J&%
? ? %9.) -.%)E' %K(E(9JH%%$J(9%.(8 (E<%' ) .)%(9%A9&' %., %
L, , B%AS%.J&%E, EU&-+)L%+&J)U(, -%C, 3, CCA--(E<%Y(.J%
.J&%A..&-)EC&%(E%, -' &-%., %DA' <&%YJ&.J&-%, -%E, .%.J&%
? ? %Y)9%<-, AE' &' H%

Judgment of grounding  

T J&E%" 7 ; q %K(E(9J&9%A..&-(E<%)%? ? =%.J&%k -, AE' 3
(E<%" , ' AL&%DA' <&9%YJ&.J&-%, -%E, .%.J&%? ? %(9%
<-, AE' &' =%+)9&' %, E%.J&%A9&- 9̂%U&-+)L%)E' %E, EU&-+)L%
+&J)U(, -9%' A-(E<%)E' %)K.&-%.J&%? ? H%%%

Using verbal evidence:%%#K%.J&%A9&-%-&.A-E9%)E%
)CBE, YL&' <&8 &E.=%9ACJ%)9%GHIJ =%.J&%k -" %DA' <&9%
.J&%? ? %<-, AE' &' H%%#K%.J&%A9&-%&WSL(C(.L/ %-&S, -.9%
K)(LA-&%(E%S&-C&(U(E<%" 7 ; q 9̂%9S&&CJ%M&WH%
G5A, )KJO=%, -%E, .3AE' &-9.)E' (E<%M&WH%G7/ &#%L)/$%*
&1"6), %&JO=%.J&%? ? %-&8 )(E9%AE<-, AE' &' H%%l , .&%
.J) .=%K, -%.J&%8 , 8 &E.=%U&-+)L%&U(' &EC&%(9%C, E9(' &-&' %
9.-, E<&-%.J)E%E, EU&-+)L%&U(' &EC&H%

Using nonverbal evidence:%%$J&%k -" %L, , B9%AS%
.J&%E, EU&-+)L%+&J)U(, -%, CCA--(E<%' A-(E<%.J&%A..&-3
)EC&=%)E' %C, 8 S)-&9%(.%., %.J&%8 , ' &L%9J, YE%(E%$)+L&%
4H%%] , -%&)CJ%./ S&%, K%9S&&CJ%)C.=%.J(9%8 , ' &L%9S&C(K(&9%
.J&%E, EU&-+)L%+&J)U(, -9%.J) .%9(<E)L%S, 9(.(U&%, -%&W3
SL(C(.%E&<).(U&%&U('&EC&H%%](-9.=%.J&%k-"% C,8 S)-&9%
.J&%Y(.J(E3? ? %E, EU&-+)L%+&J)U(, -%., %.J&%8 , ' &LH%%
$J&E=%(.%L, , B9%).%.J&%K(-9.%E, EU&-+)L%+&J)U(, -%, C3
CA--(E<%'A-(E<%.J&%S)A9&%)K.&-%.J&%??H%%#K%.J&9&%.Y, %
+&J)U(,-9%McY(.J(Ed%)E'%cS)A9&dO%8 ).CJ%)%S)..&-E%
.J).%9(<E)L9%S,9(.(U&%&U('&EC&=%.J&%??%(9%<-,AE'&'H%%
#K%.J&/ %8 ).CJ%)%S)..&-E%K, -%E&<).(U&%&U('&EC&=%.J&%
? ? %(9%E, .%<-, AE' &' H%%#K%E, %S)..&-E%J)9%/ &.%+&&E%

](<A-&%4`%"7;q% 9/9.&8%)-CJ(.&C.A-&



8 ) .CJ&' =%.J&%k -" %Y)(.9%K, -%)%.&E.J%, K%)%9&C, E' %)E' %
CJ&CB9%)<)(EH%%#K%.J&%-&_A(-&'%+&J)U(,-%J)9%,C3
CA--&' %' A-(E<%.J(9%.(8 &=%.J&%? ? %(9%DA' <&' H%%#K%E, .=%
.J&%k -" %C, E.(EA&9%L, , S(E<%(E%.J(9%8 )EE&-%AE.(L%.J&%
? ? %(9%&(.J&-%<-, AE' &' %, -%AE<-, AE' &' %&WSL(C(.L/ =%, -%
)%1%9&C, E' %.J-&9J, L' %J)9%+&&E%-&)CJ&' H%%#K%.J&%
.J-&9J, L' %(9%-&)CJ&' %Y(.J, A.%)%' &C(9(, E=%.J&%k -" %
.(8 &9%, A.%)E' %DA' <&9%.J&%? ? %AE<-, AE' &' H%

Updating the Dialogue State 

%7 K.&-%DA' <(E<%<-, AE' (E<=%.J&%k -" %AS' ) .&9%.J&%
j(9C,A-9&%" ,'&LH%$J&%j(9C,A-9&%:.).& %8)(E.)(E&'%
(E%.J&%j(9C,A-9&%",'&L%(9%9(8 (L)-%.,%$I#lj#% B(.%
[4\=%&WC&S.%.J) .%Y&%9., -&%E, EU&-+)L%(EK, -8 ) .(, EH%%
$J&-&%)-&%.J-&&%B&/%K(&L'9`%M1O%)%L(9.%,K%<-,AE'&'%
? ? 9=%M5O%)%L(9.%, K%S&E' (E<%MAE<-, AE' &' O%? ? 9=%)E' %
M4O%.J&%CA--&E.%??H%#K%.J&%CA--&E.%??%(9%DA'<&'%
<-, AE' &' =%(.9%+&L(&K%(9%) ' ' &' %., %M1OH%%#K%AE<-, AE' &' =%
.J&%??%(9%9.,-&'%(E%M5OH%#K%)E%??%J)9%9A+9&_A&E.%
C,E.-(+A.(,E9%9ACJ%)9%&L)+,-).(,E=%.J&9&%)-&%9.,-&'%
(E%)%9(E<L&%' (9C, A-9&%AE(.=%)E' %<-, AE' &' %., <&.J&-%
YJ&E%.J&%L)9.%? ? %(9%<-, AE' &' H%%

Determining the Next Action 

7 K.&-%DA' <(E<%.J&%? ? 9̂%<-, AE' (E<=%.J&%k -" %' &3
C(' &9%YJ) .%" 7 ; q %' , &9%E&W.H%M1O%" 7 ; q %C)E%C, E3
.(EA&%<(U(E<%.J&%' (-&C.(, E9%)9%E, -8 )L=%+/ %9&E' (E<%
, E%.J&%E&W.%9&<8 &E.%(E%.J&%7 <&E' )%., %.J&%k " H%%7 9%
9J, YE%(E%$)+L&%4=%.J(9%J)SS&E9%g6h %, K%.J&%.(8 &%
YJ&E%.J&%? ? %(9%<-, AE' &' =%)E' %, EL/ %5gh %, K%.J&%
.(8 &%YJ&E%(.%(9%E, .%<-, AE' &' H%%l , .&=%.J(9%J)SS&E9%
166h %, K%.J&%.(8 &%(K%U&-+)L%)CBE, YL&' <&8 &E.%M&H<H%
c? J%JAJdO%(9%-&C&(U&' %K, -%.J&%? ? H%%

M5O%"7;q% C)E%&L)+,-).&%,E%.J&%8 , 9.%-&C&E.%
9.)<&%, K%.J&%' (-&C.(, E9H%%0L)+, -) .(, E9%)-&%<&E&-) .&' %
g4h %, K%.J&%.(8 &%YJ&E%)E%7 99&-.(, E%(9%DA' <&' %AE3
<-, AE' &' =%)E' %gQh %, K%.J&%.(8 &%K, -%)E%AE<-, AE' &' %
7E9Y&-H%%" 7 ;q%&L)+,-).&9%+/ %'&9C-(+(E<%.J&%8 , 9.%
-&C&E.%L)E' 8 ) -B%(E%8 , -&%' &.) (LH%%] , -%&W)8 SL&=%(K%
.J&%' (-&C.(, E9%Y&-&%ck , %' , YE%.J&%J)LL%)E' %8 )B&%)%
-(<J.%).%.J&%' , , -=d%J&%8 (<J.%&L)+, -) .&%+/ %9)/ (E<%

c$J&%+(<%+LA&%' , , -Hd%%#E%.J(9%C)9&=%.J&%k -" %)9B9%
.J&%I &9S, E9&%i L)EE&-%MI i O%., %S-, U(' &%)E%&L)+, -)3
.(, E%K, -%.J&%CA--&E.%? ? b%.J&%I i %<&E&-) .&9%.J(9%
&L)+, -) .(, E%ML, , B(E<%AS%.J&%L)E' 8 ) -B%(E%.J&%' ) .)3
+)9&O%)E'%)''9%(.%.,%.J&%K-,E.%,K%.J&%7 <&E')b%)E'%
.J&%k-" %9&E'9%.J(9%E&Y%??%,E%.,%.J&%k" H%

] (E)LL/ =%(K%.J&%A9&-%<(U&9%" 7 ; q %&WSL(C(.%U&-+)L%
&U(&EC&%, K%E, .%AE' &-9.)E' (E<=%" 7 ; q %Y(LL%9(8 SL/ %
-&S&).%.J&%L)9.%.J(E<%J&%9)(' =%+/ %9&E' (E<%.J&%? ? %
+)CB%., %.J&%k " H 

4.4! Example 

](<A-&%e%9J,Y9%)E%&W)8 SL&%,K%)%A9&-r9%(E.&-)C.(,E%
Y(.J%"7;qH% %$J&%A9&-%)9B9%"7;q% K,-%'(-&C.(,E9=%
)E' %" 7 ; q %-&SL(&9%A9(E<%9S&&CJ%)E' %S, (E.(E<%MA93
(E<%)%S-, D&C., -O%., %.J&%9J)-&' %8 )SH%

T J&E%.J&%k-" %9&E'9%.J&%K(-9.%9&<8 &E.%(E%.J&%
7 <&E' )%., %.J&%k " =.J&%9.) -.(E<%.(8 &%, K%.J&%? ? %(9%
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