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Proposal of a Numeric Model of Mutual Evaluation between the Participants in
Dyadic Active Listening Conversation for Developing Listener Agents

Hung-Hsuan Huang*!, Sayumi Shibusawa*?, Yugo Hayashi*3 and Kyoji Kawagoe*!

Abstract — Our project is aiming to develop an active listener agent who provides
mental care to its users. This is a task even difficult for humans and thus there exists
an issue: whether it is possible to build such an agent. In addition, numeric metrics
representing the state of the active listening conversation are required for the decision
making of the agent. We propose a model representing the dynamics of the attitude and
mood of the two participants of active listening conversation and verified the possibil-
ity of building an active listener agent with empirical results. We analyzed the corpus
collected in a human-human dyadic conversation experiment from three view points, the
speaker (potential user), the listener (the role that the agent will play), and an observer
who did not participate the conversation (who is supposed to be able to observe the con-
versation from a more objective view). Encouraging results that suggest the possibility
of the development of an active listener agent were found in the analysis: the attitude
of the listener can have an influence on the speaker’s mood, the third person can detect
speaker’s attitude, and the mood of the speaker can be potentially observed by another
person. Finally, we show that the subjective evaluation on the speakers’ attitude can be

estimated by low-level features like smiles, head nods, and speech state.
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tening agent
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ELAN. The annotation tracks are pre-
labeled with 10-second graduations
and the borders of participants’ utter-

ances
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Fig.6 Conceptual diagram of evaluation
value sampling. The horizontal axis
shows time (ms) and the vertical axis
shows evaluation values
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Table 2 Summary of the impression on attitude of the participants from the
point of view, himself / herself, conversation partner, and the observer

EREE2 22 A
ZmE | N Ly Ls Vi Vs N L Ls \%Y; Vs
1-A 222 | 5.253 | 2.426 | 3.586 | 1.000 | 214 | 5.490 | 2.376 | 3.846 | 0.971
1-B 136 | 8.683 | 1.730 | 4.368 | 1.123 | 136 | 8.683 | 1.732 | 4.706 | 1.072
2-A 136 | 8.626 | 1.737 | 4.360 | 0.693 | 136 | 8.617 | 1.868 | 4.713 | 0.696
2-B 121 | 9.792 | 1.132 | 4.438 | 0.944 | 119 | 9.956 | 0.140 | 5.092 | 0.870
3-A 236 | 4.819 | 2.310 | 3.572 | 1.008 | 245 | 4.613 | 2.342 | 3.955 | 0.863
3-B 133 | 8.658 | 1.462 | 4.165 | 0.738 | 133 | 8.657 | 1.463 | 4.617 | 0.847
4-A 145 | 8.035 | 1.504 | 3.393 | 0.999 | 146 | 7.977 | 1.637 | 4.240 | 0.909
4-B 146 | 7.894 | 1.877 | 4.041 | 0.650 | 145 | 7.945 | 1.822 | 4.207 | 0.804
5-A 121 | 9.814 | 0.949 | 5.091 | 0.823 | 121 | 9.814 | 0.948 | 6.380 | 0.683
5-B 120 | 9.762 | 1.222 | 3.983 | 1.041 | 120 | 9.761 | 1.225 | 4.258 | 1.129
6-A 188 | 6.256 | 2.292 | 5.702 | 1.009 | 188 | 6.258 | 2.294 | 5.793 | 1.008
6-B 153 | 7.691 | 2.089 | 4.444 | 1.171 | 156 | 7.546 | 2.202 | 4.513 | 1.106
7-A 156 | 7.579 | 2.566 | 4.122 | 1.205 | 156 | 7.583 | 2.592 | 4.910 | 1.313
7-B 128 | 9.017 | 1.613 | 3.055 | 0.699 | 128 | 9.017 | 1.613 | 5.172 | 0.708
8-A 152 | 7.778 | 1.751 | 3.934 | 1.613 | 151 | 7.832 | 1.699 | 4.563 | 1.507
8-B 125 | 9.356 | 1.441 | 4.200 | 0.800 | 125 | 9.356 | 1.448 | 5.280 | 0.700
9-A 166 | 7.101 | 2.219 | 3.590 | 1.232 | 165 | 7.144 | 2.155 | 3.970 | 1.291
9-B 192 | 6.111 | 2.209 | 2.839 | 0.941 | 190 | 6.178 | 2.274 | 2.942 | 0.985
10-A 160 | 7.340 | 1.877 | 4.106 | 0.638 | 160 | 7.339 | 1.876 | 4.756 | 0.599
10-B 176 | 6.691 | 2.339 | 4.449 | 0.655 | 177 | 6.653 | 2.387 | 4.921 | 0.615
11-A 118 | 9.857 | 1.013 | 3.169 | 0.740 | 118 | 9.859 | 1.012 | 3.839 | 0.701
11-B 168 | 7.016 | 3.305 | 3.851 | 0.955 | 168 | 7.016 | 3.305 | 4.333 | 1.137
12-A 254 | 4.626 | 1.967 | 4.539 | 1.096 | 248 | 4.739 | 2.136 | 5.032 | 0.975
12-B 174 | 6.673 | 1.993 | 4.391 | 0.856 | 174 | 6.673 | 1.993 | 4.885 | 0.883
S.D. 36.5 | 1.534 | 0.536 | 0.621 | 0.228 | 36.1 | 1.534 | 0.628 | 0.687 | 0.230

3 BEEAANDTNVOFEFRERME. IN] % 7 ~N)UEE, Lyl 27 NVOER
XDEY (B), [Lsl %7 NVOEXOEEFES, Vil %27 L OMEOREK
SENE, TVs] & 5 NV OMEDRHERAE 2K

Table 3 Summary of the evaluation values of the all four observers.
“N, "“Lar, 7“Lg, 7*“Var, 7“Vs” denote the number of labels, the
average lengh of labels (sec.), the standard deviation of the length of
labels, the average of label values, and the standard deviation of label

values
B4 a5 LUF T
BlgE | Al | N Ly Ls Vi Vs N Ly Ls Vm Vs
1 B 803 | 8.748 | 1.471 | 3.870 | 1.096 | 803 | 8.748 | 1.471 | 4.068 | 0.995
2 Lzl 779 | 8.860 | 1.333 | 4.483 | 0.790 | 778 | 8.872 | 1.319 | 4.266 | 0.891
3 2| 899 | 7.879 | 2.054 | 4.577 | 0.747 | 905 | 7.832 | 2.086 | 4.573 | 0.756
4 2 [ 792 | 8.786 | 1.342 | 5.178 | 0.848 | 792 | 8.786 | 1.342 | 4.941 | 1.076

AR D RRGEAE S
Table 4 Validation results of the hypotheses
from the three view points, the par-
ticipant himself / herself, the part-
ner, and the observer

BigeE 3l & Wz

SAL SAs LAs | LAL OAs | OAL
SMg | 0.433** | 0.533** | 0.230* | 0.187 | 0.208* | 0.195
OAy | 0.240% | 0.194 0.229% | 0.215% | 0.503**
OAs | 0.224% | 0.211* | 0.220* | 0.191
LA | 0.186 0.182 0.229
LAs | 0.187 | 0.202
SAg | 0.408**
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HIFE LFoRahEE L LTREINS
(SMg/SAs) =i L FORER2BRT LI LT
HUFOLRNEHETE S,

H2:5E UL FORBE2BREVMATE S
(SAs/OAs) =36 L FIcxd 2 Faiflilia Lo
IT—VzY MBRERBIONEGD 55 LU FORE % KA
TE5.

H3:55 L FORNEEE L FOME FOREIINT 5
IR THEINDG (SMg/SAL) =T —Y x> hDFTHE)
ETNVEIEL L FEEHT 0L, SiLFORS % VUWIREE
THR T e aHETH 5.
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BT —Y v MORRICHF IERSFESINE OB MTHIC L 2BELETILORE

=AY/ 2 DHEE L [ DM HAEHAE T VA RL
TWa X512, AR TIXERMORED ALK
WThHh, BELIATDERLSINZFIZHRLTWAS.
H1~H3 DIEHIZDOWTIX, fHERDNIE, NEEf%
tRETELLEZOND.

4 DFERD S, FELUFOXRTDEALICHEE 52
LIRBEEND DD EPRBINT WS, L UHEEF
DIRDZENDELFICWVWHIREZ 525220 TEN
X, BLFOLKDIEELRETHAS (SMs/SAL -
0.433, SMg/SAs :0.533). WHDXFEE DI NNRERE
PR, NBIRIERWREDIZREZEREI SN
5. B UNGEHFZ VWRSICIELHER L BB
ERAL, TOBOE HEWET -V MIEET
i, 2B U CEELF 2 VOWRSICHERFT 5 = —
VIV hOERENAETHEEEZD. —HT, fiH
DRDCEEZFET DI ORI IR N, &
WEIFEARWD, SAg/OAg (0.211) 13H BFEED
FHBED B B Z L 3R I T W 5.,

F7z, RANOHCGHGiZHEL LT, SEHEF L
BEIZL->TREZHET 28ENICEREI VD ZH
BT 5705 LT - I & FREE O H Tl & g 3
iR &, 56 UF - B & FREE O B Tl & Bi5H
I OB % i U7z, SAs /| OAs , SAs /| LAg
DZFEIZBVWTARTHIZZNTNDOHD T )LD
AEOLEOEHEZHET U Tt REZIT- 120, X
R SNAA ST (p=0.84). FRIZ LAL /| OAL ,

Ronigdhrorz (p=0.44). ZORER»S, FHEICEE

BRHERD 2 WBIRE X, KAFRLTH O XFHIBML
TWAHYHF L, FHEHEOREHNFHEIZEWTIEZD
AT RERAERZ NI Db o7z, T 5T,
OAs/LAg(0.220) & OAL/SAL(0.240) IZZNZ N5
WHBER D > 2R E XA T, FHE T 28AH
WL THHAFREIINREZHUETEZ 5 I LHRE
ENz. UEERETHE, T —Y )y FDFER
ATREME 2 R T 2 ERAERA B OoN- L E R 5.
5.3 FHEERICHEESZ2AEEDHZERD
ER

FHAEHAME DAE R U CREET 2 At DR & U
T, 2N#E O L EIERFEDFEENE Z 5N -0,
AEITIXZ OFBIZDOWTHGEE 21T S, & 5 ITBIEA,
SINEOWHTHEZ B L2 D2 RT. BIEEN
FHEIZHEGE LTS TNV DOHAEHLEDAEZ R L
U7z7=8, 2ETI11@YH 5.

N7 BIZERENPES UM 11 M2 EH L, 8
REOMHNBIZ t MERITo722 25, BlIEEOMH
X BFEDHEREAITR SN 572 (p=0.84).

AT ECEEERCHEEE 21 AR SEE L, W EWH,

(73)

5 BNk & BIEE OB LR B fE
Table 5 Correlation values between the ob-
servers and experiment participants
regarding to gender

SR % S
BsE R % S % LS
SMs/OAs [ 0.181 ] 0.176 | 0.309* | 0.281*
SMs/OAL | 0171 | 0.135 | 0.354* | 0.288*
SAL/OAs | 0.201* | 0.180 | 0.322% | 0.309*
SAL/OAL | 0176 [ 0.198 | 0.449%* | 0.346*
SAs/OAs | 0178 [0.191 | 0.267* | 0.311%
SAs/OAL [ 0.167 | 0.155 | 0.298*% | 0.287*
LAs/OAs | 0.196 | 0.215% | 0.266* | 0.258*
LAs/OAL | 0.238% ]0.192 [ 0.279% | 0.258*
LAL/OAs | 0.208% |0.141 [ 0.288% [ 0.190
LAL/OAL | 0171 [0.191 [ 0.325% | 0.303*
OAs/OAL [ 0.449%* | 0.503** | 0.560** | 0.605**

HENEWHROZHTtREZT-o722 25, AEEN
Ronkhrorz (WWEWHFEY:0.238, LBV
¥9:0.291, p=0.33). FEEOMEL L IZky¥avo
EBRAHELZEZTWDEIEEAR. £, K0 e
BETNVEHERT 5 3 DDREHUIE W TEEEZE D % 5
ERET L 25, WIhbAREVPBREI AP
7= (H1: p=0.11, H2: p=0.39, H3: p=0.22). - T,
K5 BEET VT EN DLV EEZONS.

S5W)
6. FELFOREOBHEE

4. FE 5 BOEBEROSNTIE, =T—Yz v bD
KA & U CTHEBEREE DS =4 T b B BI5H 1T & 2 3
ERWED, T -V bOERBFIZAITT, T—
Vv NDITENIRRET B72DDANHT-B, FEL
TFORE2HETHET 2HENDH D, AL TRE
U TWAFRETHE S NZEIERFEII B W TOSNEM
DIHEFH AT A T %X Y72 OfEHy S B cHt
ETEDLDE D P OWBGED Fhfiteat %47 - 7. (EHIEA
DN TSME N SEEIER - SN REEL Ta
oz —varviERoTWwah, SEHERITEEEIC
WAF T 57-0, HESHEEHRDO NGB TH L LE X
. £, AT <A 2 THETE 2IESEBHRD
i, MHE, BEHEL Vo —L RV VS FL
12 & 256 U FREE O EBEHEEO BB E T TV &R
PEU Tz, KRBT PG 217 - 72 BEIHEE € T VI
DWTCEHHT 5.

6.1 HEBZEDER

ERBINFEIZBERT L 0o 203 L FORRED
HEMEEIZHZD, O—L )L - O ZF)LIEMERNIC X
LENPELDBEEZ NS, BMNHEDOMWERNC X 51D
ZINXLTEE0IZ, £OTF—K2a—nX2AD5 b,
LA RTIZEDETHIERIZHMES RT 28 L,
FHORTOTF =& A2\, REE D HE)HEE O HIEHE
1%, 4 /OBEENPNIFTZT V%R Z 237 TIERL
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Fig.7 Results of segmenting the distribution
of Z-score normalized observers’ anno-
tated labels to seven areas

L=t DIZEDL. R6ICTRTRBEEFEDITNT N
D 1~7 ODFHIEDZE R NI T B Z ATTH50H
% & 512, BBEEOFHEEDMEANIES DE D -
. W, BgEDES LR Tay hL, FOH
A2 A CHEBOFIRICEIE 35, MTICESERA
UL 7TREIDBEDERRO L EWMEILRE Z AT
2R, BEOHEHEIX, &7~V TRy LMD
HUTFOEHEANEL, TOIRLDET LTI T
S IDHEEHE E SN 0L T 5.
6 BlEE (A~D) 2T 725 U T 0 FIg
OfE» S ERbLENFZZ AaT7T D~

Table 6 7 scores of the evaluation labels of
the four observers

1 2 3 4 5 6 7

-0.781 | -0.562 | -0.343 | -0.124 | 0.096 | 0.315 | 0.534

-0.802 | -0.603 | -0.405 | -0.207 | -0.009 | 0.190 | 0.388

-0.750 | -0.499 | -0.249 | 0.002 | 0.252 | 0.503 | 0.753

O Q| wm| >

-0.772 | -0.544 | -0.316 | -0.089 | 0.140 | 0.367 | 0.595

6.2 O—LARI-TTFIICEIEEOEHHTE
BEOHEMEDMEIZH -0, FMiEIC &5 E8
T CTRY T+ 7 THENZHREEZ 5 b3,
HMEL L Ta—L R - 7PV X 2%
E LTz, F£7z, BBWIZEEEIZSNMLTWEE 570
AR E UC, FabsE 2 HEEIzmA /-
a) FE OB

T OMERE OWURIZH LT, SINEIEHEHZ LT
WA ERTHIETAZ L IZNEETH 2720, EH
DR IIERFZE 2R L COHEBI TN v 7 Fik%
MUz, WEEEBIZSMU 7288505 O 5 5 BIEAIC
10 AN&ED, FEHD— AN Elan % AW THEEHIZEE
UFDE - 72 LHIE T B EFIZ smile, £ 5 TlEARW
fE T IZ A Y B D neutral &\ T RILEHT 2475 7.
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X E SRR D 5 2T DOFE L F OO % 77 /3—"T
ELMHEOMEGE M) I VT, TRLVDOMNT WS
RFfE 2 BHERER Y/ 7 b visage SDK %= W TR L, #H
N=v (BOET, Off, JH) OBE 28T —& &
LT 30 fps THST 5. visage P SHR LT —X %
BT —2& L, F—ZIA =27 —)L Weka Bl %
AWTEMEE2To72. BAK 10 A OEIET —
K% HWT J48 REAR (DHMEE 93.3%) 2 Fkd %
Z & THIDOBERE DMUR DRI 72 5 13T DRI
BIER L2707 5L TIR) VT BTz,

b) fH & O

AHE DM B EH O L IZIEEKIZIT D D3,
HEIIRGERLRY, 7V —LBIZRETESHDT
X2V DT, visage D5 %7 L — L EOHEEZ IS L,
HI7 L—Lh DB AEDNS, WL T 5K % #fEE
5. Wz visage DI IERIK, BALED A E,
DM E L ZTDE{ETH 572, FH U7 JAS PE KR
DKL 902% TH o 72, JIRIMEK LT TS
LTI—NRANDEELFOHEEEZ IR VI LTz,
c) FeahHHE DB

LEEFEBRTHBIMF MO TR 72 LTHS S
BXIZ, Praat 2 H\WTHGEXEIDO Z XV EMITTED,
[Fahd) & [RIFEL TV OEKE TSIV
NEHIZIR>TWS., ZDT LR, BT 5%
AIVIDTV—LXDiEE S DDORGEE /DX [H
FTHMD, TDO5OOXMDOH, FiEL TV BHEHH D
HEEBHLU 2T R LTHWA.

k&g a), b), c) DREEE W THEREAZ MEK
U, i Cl_7zH#fE HEC BB ¥HEZ1TS5. =—Vx
VN DOINEERET B, 5L TFOREE 7B & Mh
KB 28R <, HERIZWWEEEZ LTWS
MESIPTHATHBEEZOND. DEIENEL L X
% L REEDRIBIRINAR L 7 B 728D, [HBRD 2 EE % 3,
5, TELUTHELO ML — R4 7 2MEEL -, DEIE
IZRIST B F v AL ALD 33.3%, 20.0%, 14.3%I2
XU, JASPEART 58.2%, 49.3%, 29.4% D7 JE¥EE
BESNT-.

ETOREBUIZONT, Fv¥ VALV EOKEREE
MITED, 20 TE 5 HEUTOREIREF ¥ VA
VARVIZH U TEWERTHETET WS, ZOE
ETNTIEELE R RMEEKEELE SN TRV,
O—L LA 7 FIZ K BELFORER L DA
HEME DR CE T2 B R B,

RAPSENNEEI1Z, AHOBEF (LAs/SAs:
0.202), #52#H (OAs/SAg:0.211) T Z(KFLE D
EL2ELNT, SVEETIELFORELZRIHTE
BLIEE Aoz, BEHRY AT 75—,
SEEEmR Y, L0 OBEWEHMT S Z & THRE
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BFREEY 2a—)b, [THESEY 2L, T=A—T3
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G A G o T AER 2 RMAE N ZITIED D Z L1272 5.
DO, RAEFCTHIHEDKELZEHHL I LIET
50, FHVAVOBHBMHEIFEE TSRV, kiR
e UCTHBHEEY 2 —VOKBENMEIrOEY 22—
WZHLUTEDESITHEL, BRI —TFD560D
A KBRS Bk, FEELZI-Y Y P EHAV
T EIHFERTEEL .

7. HBDHYIC

= —> x> M, FIAE GELE) ORI
L[ ERURBRPOMIREITI &S, EBUTEE
BEVRDOEND. KX TENEERERICEDE,
BAEALFTREZ2GE LU F L B & FOMEAEHE TV L 9
DA ZIRET S, ZORMAZFML, EEc—
Vv hOEBPERSFME UTHRITA2H6ENH S
3ODRHEWRIET S, 1 2HIZ, FELFOKSHE
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