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Estimation of User’s Conversational Engagement
Using Eye-gaze and Head Movement Information

Ryo Isum, 23 Ryora Ooko,™ Yukiko Nakanof3
and TOYOAKI NisHIDAT!

In face-to-face conversations, speakers continuously check whether the listener
is engaged in the conversation by monitoring the partner’s eye-gaze behaviors
and head movement. The goal of this study is to build an intelligent con-
versational agent that can recognize user’s engagement from multiple types of
eye-gaze and head movement information. In our previous work, we developed
a method of estimating the user’s conversational engagement using user’s gaze
transition patterns. However, it was not accurate enough. In this study, we
looked at other factors, such as gaze duration, distance of eye movement, pupil
size, and head motion. Then, based on the analysis for these factors, we used
them as prediction parameters, and set up prediction models which consist of
different combinations of parameters. By comparing the performance of these

models, we discussed the useful parameter combinations. As the result, it was
revealed that a model that integrates eye gaze and head motion information
performed the best andwas able to predict the user’s conversational engagement
quite well.
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Fig.5 Disengagement scores with respect to 3-gram duration.

gooobooboobooboooboobobooboobobbobbobooboo gbooobboobobooobooboobooooboboobooooboboobUobo
gbooobooboooobooboobooooboobooboobobobooobooboobobo gbooboobo
gobobooobooooooboboooboobooboobooboboooboboboobobouDbo 45 0O 0O O
gooooooooobobo gboobooobooboooboboobboooboboooboobooboooboOobobooo
O0400ms00000C00O0DOOOO0ODOOOOOOOODOOODOOOOODDOO 0000002 000000000000000000000000000000000
gbooobooooooboooobooboooboo 1boboobooboobboobobo gbobooboooboooboooooboooooooboobDoboobooboobobo
gooobooboboooboboooob0oedbooooobOobDOobObOODbODOO gbooboooobooooboooboobooooboobDoboobooboboobobooDbo
gobobooooboooooobooboboooobDoboobDobobooOoobLUubo gbooooboooooooboobooooobooobooobDoboobooboobDUubo
gbooboobooooobOoooboooDoooobooOooboboboobOoOobDOoo.7e goboboboobooboobooboooog

00o0oooooog Vol 52 No. 12 3625-3636 (Dec. 2011) (© 2011 Information Processing Society of Japan



3632 O0O0O0O0O0O0OOOOOOOOOOOOCOOOOO

2 6

= *

g 5 * ®wo o

m 4 -

He ‘Q___ ‘Q___Y_——— ."—

%3 I

D P e .‘ * ¢ ¢

JE 2 ¢

i *

f 1

)E 0 T T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65

R B IR (R 7 U — o) (B2 kL)

06 OD00OO0O0OOO0OOOOOOODO
Fig.6 Relationship between eye movement distance and disengagement score.

R S M = WaD
3
.

30 35 40 45 50 55 60 65
g FLEE (mm)

07 0DOO0O0OO0OOOOOOoOOoOO
Fig.7 Relationship between pupil size and disengagement score.

gooooooooooooooooboooooobOobOoooboobOboboUooooDoboo
gobooooboobo0 immboOooooOOoOooOoOooboOoooboboOoooooooan
ooooooOov70000000OOOC0CCOOO0O0ODOODOOOOOOOOOODODOOOO
goboooooooobooooooooooboooooooobooooooboooooooboo
gobooboooooooooooooboobooOoooobOoOoobooobooooooooobooOoo

00o0oooooog Vol 52 No. 12 3625-3636 (Dec. 2011)

ooooooooooobob -0s60000000D00000O0O0DOOOOOOO0OO
oooooooooooooooooooo

5. J0OOooooo

goboboobooooooboooooooobooboOooooooboOooooooooooboo
gooooboboodoooooodooooooooooooOobooooobooboOoOooDboOnoo
ooooboooooooooocooooobooboOoooobOoOoOboOoOoboOobOoOoDbboo
goooobooooooobooooooboOoboOoooooboobOooooboboOoooobooboo
gboooboooooboooodooooooobooooooooooobooooOobooboooo
goooboooobooooooobooooboooo

0000000000000 DO000000000x0y02z20000000 roll0yawOpitchO
OroooooooooooooooooboboboOobOb0bO0oobooooooooooooan
Oo0O0O0O0000000O00O0DO0030fps0000000O0DODOOOOO1000300
oooooooooboboi1oooooooobooooooooobooboooooooooonooo
000000000 8(a-1)0(b-1)00000 00100000 x0Oy0Oz0 rolld yawd pitch
gooooooboooooooobooooooooboboooboooboooobboobboooDobDo
—-0.1700.1600000000000DOOOO0OOODOOOOODODOOOOOODODOO
oooooooooono

ooboooooooooobOoOooboooboooboooOoObOoboObOObOObOObODOOooon
00000 8(a-2)0(b-2) 0000000000 DOOOOOOOOOODOODDODDOO
ocobOoooooooOooooooOobOOoOoOOOoOoOobobOOCcOOOOO0OnOO 0450
o900000000000000O0OOO0DOOOOOOOO0O0OOODOOO0OOO000
OUo0ooOoo 8(a-3)d(b-3) 0000000000 DOOOO0ODOOOOUOOUOOOOOO
—-0.2600.15000000000000000000

gobooooobooooooooobooboooooOoboOoooboooooobOboOooooDooo
goboooobooooooooooooOoooOoobOo0oOoOOoOobOOoOooboobooo

6. DO0OO0OOO0OOOO

6.1 DO0OO0OOO0OOOO0O0OO0
gb40s50000000000O0COO0DOOOOOOOOODOOOOODOOOOOOO
goooboooooooooooooooooooboobooooooobooooooooDooonoo

(© 2011 Information Processing Society of Japan



3633 0UO0OO0O0OO0O0OOOOOOOOOOOOOOOOO

(a-1) BHHBALIE (a-2) SHEBALIE O RN (a-3) THEBALIE O JaH 5
+X =y Lz + Amplitude x = Amplitude v+ Amplitude z +Frequency X ®Frequency v *Frequency z
180 0.8 5.8 "
» A A _ _ _a R S _a ﬁZ _: ﬁA 56 .
A7 160 - w06 — AL s a0
[E: - [] . n a ] a '] T — e 3 =" E 5.4 F=/—=— = — — e
140 - 2 0.4 e i e (75 2 s = . = _
mm) . . LI, %)é - P -':__':"—F‘::_SFB ‘ :.‘ & 52 — =
120 +— v . [I]EIE 2 ":_ & — S a = ]
(mm) [ (Hz) ° :
100 T T T T T T T T T | 0 T T T T T T T T T 1 48 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 g8 9 10 0 1 2 3 4 5 6 7 8 9 10
RESMEEDFERIBE RESMEEDFERIBE LEBINEEEOIERBIGE
(b-1) FHHEREER (b-2) FHEREIER D HRIE (b-3) FHEHEREIER D J& £
+ Roll = Yaw + Pitch + Amplitude Roll = Amplitude Yaw + Amplitude Pitch + Frequency Roll =Frequency Yaw -+ Frequency Pitch
15 0.5 5.6
=] o R — I ol 0.4 : = 5] 541 e o o .
iz 5 %= & BB B 8w : i e . #E 0T . L .
ﬁ % 0.3 = = % L - - " B A - - -

0 T T T T T T T T T 1 W /.::—_,.--!"-_ . & W 52 - — _‘______v:. —
=3 gt . . . . = 02 | = 1 - Teeeh
(o) ) P S o “ N © ( ) L — -===F " - ( ) - -

- a " - - Ll 5
-10 0.1 p==== T— .
*— * L]
- 15 0 T T T T T T T T T 1 4 8 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 g 9 10
LESMEEOFEBE SFESMEEDOFBEBE %ﬁ%mﬁ§®¥FﬁF

08 OOOoOOoOOooOOoobooooooo
Fig.8 Relationship between head pose and disengagement score.
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Table 1 Results of evaluation.

Result Engagement Disengagement

Model Precision | Recall | F-measure | Precision | Recall | F-measure
3-gram 0.704 0.964 0.814 0.475 0.075 0.130
3-gram+M 0.750 0.991 0.854 0.597 0.089 0.155
3-gram+M+Dr 0.787 0.979 0.872 0.796 0.237 0.366
3-gram+M+Ds 0.764 0.982 0.859 0.712 0.128 0.217
3-gram+M+PS 0.866 0.975 0.858 0.667 0.145 0.238
3 g%“;?g Dri 9849 | 0.968 0.904 0.845 | 0.504 0.631
Head 0.874 0.996 0.931 0.931 0.270 0.419
All 0.887 0.979 0.930 0.913 0.641 0.753
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