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POBRADFMZ 2 U, 5 LFORGERBI 285D x i, y#l, z#8E D oFEnA
f& (pose Rx, pose Ry, pose Rz) D7EL (var), HFHME (med), 10—t XA L
6 ((P10), 90 S—t ¥ XA E ((PI0) ZHWz. RFROMER, & X F Mo %tE,
SMEDEE AT, EroGHMA%Z <, Fro LAm%Z vy U, 3§ LFORERBY
LRARD x i, yEIA M DOAE (gaze_angle x, gaze_angle.y) D7EX, HHHRAE, 10,8—%
VR ANME, 90 83—t ¥ R A ARV, Action Units 1%, 76 L FOREREBIT 2%
Action Units (3%5.1) OFEDZE, FH9YHE, 10 85—k XA NfH, 90 83—k X AL
% 7=,
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ZLF

HEF

i L FOREXME 1Y

X 5.1: #HE DHE XH

5.4 9

AREITIE, HETFOMAE LEh LT LM ETROTOEEHIFHR & Do OV THN 5.

5.4.1 EREE CHENBHROMBBEIHR

M= FOMEMEE » HERIHROBBREHL T 272012, HESHZ1T-7-. HHEES
MZEITI1CHD, FRHEED T — X DIEMR I > TV 2 DR T % 72 DI Bk
5% TSvy R« Y4 LIBRERIToz. ZOME, 2TORMEICBWT plED0.05 K
L olz7z®, FREEDODMIXIERDHIIEDRVE WS Z e PRI N2, BN
DHERTE o t=720, HERBROEBICIZAY 7~ > DIENHEIREE A L.
BB EH LAR 2R 5.2, R53I1TRT.

5.4.2 BEEEORECERICEITIRRENRROLEK

RIS D X2 X o THREMEROMERNEND D 2 DS T 272018, Hibix
QBRI Tt T o 72, BRI, 380D 7 7 T — X OHREOFHEN—F L T»
BFFEDIH, 34D +2 (L THHMELTWS) LiHMETH o RS2 HEE = Gt
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& 5.1: Action Units O£

HE | AR HH | AR

AUO1 | BORHl%E BT 3 AU14 | KEERES

AU02 | EDOAMHIZ 1T 5 AU15 | BOMM%z N5
AUO4 | EZ RT3 AUL7 | % EIF 5

AUO05 | kg% B3 AU20 | Boisiz s <
AU06 | HZFH LT3 AU23 | BZE AL %
AUO07 | fE% BRIR X1 3 AU25 | B2 NP3 0B %R<
AU09 | BicBi 2 FHE 3 AU26 | 3HZ NPT ZH <
AU10 | EBE%® B3 AU4S | RERT 5

AU12 | BOMNZ51E EiF 5

11—>) kL, 3%2d -1 (BEOHHEMLTWRY) TH- -FHiEr HERE G
36> —>) & L7 g, 538 THH LMENREZ VT, MEESH 2 (KFIC
B 2 EFHHEOEZMNICDO RVt RELZHWTHE 2T 7. £5.2128BVWT, §ELF
tHEFER TN THBEREOEL - 1FEEDHEL, t MEDHEZR54ITRT.

BELOT )T =& =2 (BLHBRELTWARWV) LI LRENFEE L2720, AT -1
(BDEDOHBELTVWRWY) THoRKEPHEEREY L.



5 E B0 T - REERD DT 18
3 5.2: [ &= FOBEMEE ¥ 15 RHMEE O M B RE
W LF = F

HH TEL HOE P10 P90 oEL HORAE P10 P90
AUO1 0.0143 -0.1807 -0.2329 -0.0858 | 0.0514 -0.1423 -0.2193 -0.0611
AU02 0.0735 -0.1083 -0.1696 0.0195 | 0.0913 -0.0643 -0.0982  0.0248
AU04 0.2574 0.0684  0.0080  0.1200 | 0.2539 0.1252  0.0860  0.1652
AUO05 0.1116 -0.0813 -0.1369 0.0622 | 0.0500 -0.0828 -0.0824  0.0028
AU06 0.3841 0.2680 0.1563 0.3319 | 0.3435 0.1308  0.0550 0.2064
AUO07 0.2051 0.0782 0.0221  0.1433 | 0.3131 0.2269 0.1687 0.2697
AU09 0.2904 0.1120 -0.0554 0.2450 | 0.3445 0.1590  0.0537 0.2952
AU10 0.3140 0.1183 0.0194 0.2059 | 0.3111 0.1779  0.0941 0.2531
AU12 0.3594 0.2322 0.1151 0.2943 | 0.3407 0.1798 0.1009 0.2648
AU14 0.0501 -0.1101 -0.1744 -0.0277 | 0.1659 0.0534  0.0058  0.1078
AU15 0.1434  0.0025 -0.0886 0.1100 | 0.0438 -0.0860 -0.1265 -0.0260
AU17 0.2071 -0.0863 -0.1832 0.0491 | 0.1288 -0.1189 -0.1990 -0.0483
AU20 0.1723  -0.0305 -0.0958 0.1063 | 0.0859 -0.0475 -0.1033  0.0346
AU23 0.1365 -0.1150 -0.1596 0.0682 | 0.0676 -0.1020 -0.1456 -0.0126
AU25 0.2915 0.2089 0.0465 0.2838 | 0.3435 0.2523 0.1462 0.3308
AU26 0.2120 -0.0116 -0.1625 0.0977 | 0.2890 0.0859 -0.0455 0.1715
AU45 0.0736 -0.1253 -0.1731 0.0092 | 0.1808 0.0778  0.0074  0.1431

gaze_anglex | 0.2538 0.0465 -0.0041  0.1227 | 0.2807 -0.1303 -0.1466 -0.0994

gaze_angle_y | 0.3228 -0.0610 -0.1754 0.0571 | 0.4379 0.0876 -0.0469 0.2124
pose. Rx | 0.3318 -0.0780 -0.1898  0.0385 | 0.4351 0.0890 -0.0535 0.2241
pose_ Ry | 0.2626 -0.0559 -0.1382 -0.0034 | 0.2884 0.1247  0.0930  0.1449
pose. Rz | 0.2437 0.0378 -0.0387 0.1023 | 0.3116 0.0362 -0.0157 0.0777

# 5.3 B EFOMME » EHXDME - [AIE ORI

JHH

FHBEFREL

FEDME
#H Z D [AlEL

0.0846
0.5396
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54 @ELFLHEFZAZTATEHVHEZ RLUHEE L t € ORER

K= e (N=11) | K& (N=36) p f

a6 LF_AU06_r_var 0.0656 0.0426 0.0005
ahi LF_AUL0.xr_var 0.1253 0.0552 6.53E-12*
a6 LF_AUL2. 1 var 0.0711 0.0533 0.016
#6 LF _gaze_angle_y var 0.0031 0.0018 1.77E-05*
a6 LT _pose_Rx_var 0.0085 0.0095 0.8003
] = F_AUO06_r_var 0.0587 0.0364 0.0051
M & F_AU09_r_var 0.0216 0.0051 6.05E-15*
] = F_AU25_r_var 0.1707 0.0603 2.12E-17*
il = F _gaze_angle_y_var 0.0020 0.0009 5.54E-10*
] % _pose_Rx_var 0.0042 0.0016 3.9E-10*

*p <0.05
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#52, 53, £541HB X511, FHLFITOVWTIE, AU (BZHb LiF3) ,
AU10 (BEBZ EIF3), AUL2 (BoWbiz 5% LiF5) < gazeangley (FfD LA
&), pose_Rx (BHEFD x /& b ORELAE) 72 @230 2 FOHEME & sz R L 7.
RS m it o ARBE D LLES DAEER, AU06, AU10, AU12%° gaze_angle_y THIGTHNIEN D 5
ZepRERE Nz, —HT, BEFICOVWTIE, AU (EERS EF3), AU09 (S
ZHES), AU25 (FHZ NPT FTIIEZM ) % gaze_angle.y (RO L TAE) , pose Rx
(BEER D x #hE b DA AE) 7 Y2 & FOEME » S WHEBE R Uz, RS
BKHEDO LI OFER, AU06, AU09, AU25 = gaze_angle.y, pose_Rx THEEIINIZZEDH 5
e DRI N, AETE, FLFrHEETFERAZTNTEWVHEEZ R LN E =
FOHBEL D X5 LGN D 2 DPITONTEEREZITS.

6.1 FEELFORREHFEEICOWVWT

AREHITIE, FELFIREAT2REEDS L, HEFoEBE L SVWHEZRLZDDIC
DWCiEam s 5. AU06 3% B 28)fE, AUIIZOA%Z BT 28IfE2RLTED, ¥
55 HEPHICE# T 5 Action Units TH 5. KEHIIKRS T 4 T REIGDIEZEZ T TR L,
HFRICHLARTIZECIEIMRVD 2L SNTWVWD [26]. ZD7D, il LFEHIEH
BRADOHET BT, ai LFOH L ART EIHPHEEZFImEIN, FMRINICHEELE
DA FICBR - T-DTlERvwhreEZI6N 5.

AUI0 W EEZ5Z RIF2EE2R L TE D, GRESE X, £, miioRIICEE S
% Action Units TH 3. i LFELFERICZOEWENERL T 2 2\ Z 2IE, MiAREA
PHOWTHEFOTFEZIIZMITVWEEZLNS. £, —BRINCAUL0IEAT T 4
TR %5 2 2EHEED, D Action Unit & DFHASHETIRIAWHIRZ 52 % & X
TV [1]. AUL0 & fhod Action Unit & DBRZ T 6 Z & T, K HEEFOMMBEE
COBBREHLPICTEIENTZEEZIOLNS.

gaze_angle_y IXFARD L FAEEZRL TWA. 5 LFIEFHEEPICHENB DOFTHEEHR
DEMEIT SR, MEEHTFr ol E R T e BH b I TWE. —/HT, siLF
DXEEMETF IS Z AT 2 L RO HFORIC G TR0 0FERE 15 [27].
ZD7®, FELFEHEEZFIEM LT VLS REFANBICT 28 THEZES L, [
XFOHMBE 2 5 7DIHRZ AT TED, MRNCHEFOMBELTGE -T2 E X
bihb.

pose Rx |JBHERD x @& b O[EEzAHETH D, BHEREOEHEZ LT IcE#H» TEEIC
B L TWa. fiLFIRBWT ZOEMEIHFEOHFASCLCKXYID 2RI nTWS [22].
AUL0 DAL 53, pose Rx 76 b FFHH OIRFARIAVH X FOMMLICHET L e
BH & 1273 - 7=,
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6.2 HTIFORREHFEEICOWVWT

HEFICHTIREEDS S, HEZFORBE L SVHEZRLAED DIZOVWTiHmT
%. AU06, gaze angley, pose Rx 3Gk LF/ZT TR, BHEFTHHME L o W1HE
ZR L7z, AU06E, MZFIEELFLRRICEEOMEFIZE L AR T I 2ET 250K
DENTVWEHDEEZ NS, gazeangley lE, & LFCTIEIFEHENEDFHERDEE
H21T5 BICHO L U722, MEF I LEE) L THEPZEL L EZoN
5. ZL T, pose Rx bIAFRICEHE D E L2 EZXOHNE. BHOTWS Y —VIZRET
Y, ML, BEE2oMELHEANROAR2-7bDD, BEEZOREE SWHELR
bz, TOZens, HEFOMEIIIHBELEIBERLTED, BEZOMELD BiE
WTAHEHPEEXFOMMBEZIEET 2-DIITEETH S Z RSN,

AU IZRICLDZ A B 2EMELR L TE D, BEESLHEK, Z2ATHEETRLPL TV
Action Units TH 5. g LFOFHFHIIH L, NEZHFETZ TORWIREED S BT 21K
RETOREHETRHLLEEZONS.

AU IIEZHCEEZR L TED, HIERES, SRR LTERNLEZ D
2w, BEFE, FELFORFERICHER ORI T 2 RIGERT Z 23, HHOH
fREZTRTOICEHEETHL LWV ZEDBHLICR 5.




FBTE fEEE



b

HTE i 24

o
E:l

AWFLTIE, HEEGETOMNGEICEIT 2 H & FOMBE » NEESINE DR EIIIERO B
BRE2 oM T 2D HAEIT- 2. BARHNCIE, FEEa — 20 HXEESINE DR E R
ZHHL, HEFOHEME L 0BT ZITo72. ZOE, AU (EHoLR), AU0T
(BEDEEIR) | AU09 (BcBizHE3), AUL0 (FE# FiF3), AUL2 (BOWiE%E5]
x RiF3), AU25 (BHZ NP3 WWEZH ) REDPHEMEE L IEICHEST 2 Z & 2385
otz TRBIFEEHSEENRE, H2VEERPLEFERIIMECHEG T 23N
TED, METEIHER - R L TOBBICHARCRE IS TWAREERH 5. —7F
T, AUOL JEoWfllZ EiF5) 2 AU02 JEDAMlZ BiF5) 7% 3E xRz RS
#FfEr LTEOHBNRON, AULS (BoWtzs NF5) X AULT GEE EiF3) Y
B IRELL A © OB E AR X, FRE 2 ZAOHBEER L. THRSIFHEEETIC
ONTHD T 2P RE X NS, FHE L HRETIX, FEEOAEIXIZE ACHBENRS
N o7z, FEEDORBUIFEEL FOFEOHBENE N, 2, KELFELI 1Y
IE DG, HOIEE ZEEEITT S I1E S 23H = F ORI 2B 50 i# 2 R 3 R REMED B
xRl

SHROELE LT, R THRERICEH L Tniwnwizo, HERBEEID 5 m=eiE iz
CrHEFORBEOHBE 2TV VW EEZTWS., ZLTIALDHREZENL,
MNEEICBT 2EEFOEBRNEZEREST 2 AT 2R E L0 EEEITWS.
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AW7EE, HABEEERASHE NTT ARIFHRVTTEAT & OXFRFFROBRTH 5.



S2Z R

1]

Paul Ekman and Wallace V. Friesen. Facial action coding system: A technique for

the measurement of facial movement. Technical report, Consulting Psychologists
Press, Palo Alto, CA, 1978.

P. Ekman. Facial expression and emotion. American Psychologist, Vol. 48, No. 4,
pp. 384-392, 1993.

C. Goodwin. Conversational organization: Interaction between speakers and hearers.
In Talk at Work, pp. 1-30. Ablex, Norwood, NJ, 1981.

C. L. Kleinke. Gaze and eye contact: A research review. Psychological Bulletin, Vol.
100, No. 1, pp. 78-100, 1986.

A. Kendon. Some relationships between body motion and speech: An analysis of
an example. In Studies in Dyadic Communication, pp. 177-210. Pergamon, Oxford,
1972.

A. Mimura and M. Hagiwata. Understanding presumption system from facial images.
In IJCONN’99. International Joint Conference on Neural Networks. Proceedings (Cat.
No.99CHS36339), Vol. 5, pp. 3270-3275 vol.5, 1999.

Masaki Omata, Masaya Iuchi, and Megumi Sakiyama. Comparison of eye-tracking
data with physiological signals for estimating level of understanding. In Proceedings
of the 30th Australian Conference on Computer-Human Interaction, OzCHI 18, p.
563-567, New York, NY, USA, 2018. Association for Computing Machinery.

Herbert H. Clark and Meredyth A. Krych. Speaking while monitoring addressees for
understanding. Journal of Memory and Language, Vol. 50, No. 1, pp. 62-81, 2004.

Olcay Tiirk, Stefan Lazarov, Yu Wang, Hendrik Buschmeier, Angela Grimminger,
and Petra Wagner. Predictability of understanding in explanatory interactions based
on multimodal cues. In Proceedings of the 26th International Conference on Multi-
modal Interaction, ICMI "24, p. 449-458, New York, NY, USA, 2024. Association for
Computing Machinery.

27



B 28

[10]

[12]

[13]

[15]

[16]

[17]

[18]

Olcay Tiirk, Petra Wagner, Hendrik Buschmeier, Angela Grimminger, Yu Wang, and
Stefan Lazarov. Mundex: A multimodal corpus for the study of the understanding
of explanations. In Book of Abstracts of the 1st International Multimodal Communi-
cation Symposium, 2023.

Nashwa Ismail. Analysing qualitative data using facial expressions in an educational
scenario. International Journal of Quantitative and Qualitative Research Methods,
Vol. 5, pp. 37-50, 07 2017.

Sightcorp. Sightcorp. (2017) [Online] Available at: www.Sightcorp.com. Online,
2017. Accessed: 05/04/2017.

Jiabei He, Xiaoyu Wen, and Juxiang Zhou. Advances and application of facial expres-
sion and learning emotion recognition in classroom. In Proceedings of the 2023 6th
International Conference on Image and Graphics Processing, ICIGP 23, p. 23-30,
New York, NY, USA, 2023. Association for Computing Machinery.

Jacob Whitehill, Zewelanji Serpell, Yi-Ching Lin, Aysha Foster, and Javier R. Movel-
lan. The faces of engagement: Automatic recognition of student engagementfrom
facial expressions. IEEFE Transactions on Affective Computing, Vol. 5, No. 1, pp.
86-98, 2014.

Guan-Yun Wang, Hikaru Nagata, Yasuhiro Hatori, Yoshiyuki Sato, Chia-Huei Tseng,
and Satoshi Shioiri. Detecting learners’ hint inquiry behaviors in e-learning environ-
ment by using facial expressions. In Proceedings of the Tenth ACM Conference on

Learning @ Scale, LQS 23, p. 331-335, New York, NY, USA, 2023. Association for
Computing Machinery.

Renjun Miao, Haruka Kato, Yasuhiro Hatori, Yoshiyuki Sato, and Satoshi Shioiri.
Analysis of facial expressions to estimate the level of engagement in online lectures.
IEEFE Access, Vol. 11, pp. 76551-76562, 2023.

S. Shujan, A.T. Rupasinghe, N.L. Gunawardena, and D. Atukorale. Employee recruit-
ment: Question formation for employment interviews based on facial cue analytics.
DecisionSciRN: Decision-Making & Performance Management (Topic), 2016.

Skanda Muralidhar, Rémy Siegfried, Jean-Marc Odobez, and Daniel Gatica-Perez.
Facing employers and customers: What do gaze and expressions tell about soft skills?
In Proceedings of the 17th International Conference on Mobile and Ubiquitous Multi-
media, MUM "18, p. 121-126, New York, NY, USA, 2018. Association for Computing
Machinery.



B 29

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

[27]

Evelyn Z. McClave. Linguistic functions of head movements in the context of speech.
Journal of Pragmatics, Vol. 32, No. 7, pp. 855-878, 2000.

Takumi Wakabayashi, Yukihiko Okada, and Keiichi Zempo. Effect of salesperson
avatar automatically mimicking customer’s nodding on the enjoyment of conversation
in virtual environments. In Proceedings of the Augmented Humans International
Conference 2023, AHs 23, p. 334-337, New York, NY, USA, 2023. Association for
Computing Machinery.

Giovanna Leone. Nodding without understanding: An explorative study of how
adolescents listen to their teachers. In 2012 International Conference on Social In-
formatics, pp. 137-144, 2012.

Evelyn Z. McClave. Linguistic functions of head movements in the context of speech.
Journal of Pragmatics, Vol. 32, No. 7, pp. 855-878, 2000.

Ryo Ishii, Taichi Katayama, Ryuichiro Higashinaka, and Junji Tomita. Automatic
generation of head nods using utterance texts. In 2018 27th IEEE International
Symposium on Robot and Human Interactive Communication (RO-MAN), pp. 1143—
1149, 2018.

Patrick E. Shrout and Joseph L. Fleiss. Intraclass correlations: Uses in assessing
rater reliability. Psychological bulletin, Vol. 86, No. 2, pp. 420-428, 1979.

S. Kinoshita, T. Onishi, N. Azuma, R. Ishii, A. Fukayama, T. Nakamura, and A. Miy-
ata. A study of prediction of listener’s comprehension based on multimodal infor-

mation. In Proceedings of the the 253rd ACM International Conference on Intelligent
Virtual Agents (IVA ’23), No. 30, pp. 1-4, 2023.

Robert E. Kraut and Robert E. Johnston. Social and emotional messages of smiling:
An ethological approach. Journal of Personality and Social Psychology, Vol. 37,
No. 9, pp. 1539-1553, 1979.

Adam Kendon. Conducting interaction: Patterns of behavior in focused encounters,

Vol. 7. CUP Archive, 1990.



L EAE S

30



WHFesEnd 31

MRE « RIS UL

(1) BEEERE, MY, RPSM@EE, siEE AHse, RILE, SHEM: B = FoEheEE
WIB U TRIEERS A 7 o ARG, BIRUHEYERA V257 a v 2024 5w,
pp.658-661 (2024).

(2) BEEERE, WG, KPafel, RE, A, BHER: <L E—XVERICED
WCEYIRMHEZ RS 2 S X 7 A OMET. EHRUHYER S VR Y AR, <
VFRXF 47, 8L A & x4 L (DICOMO * 24), pp.468-474 (2024).

(3) WMIEF, BEEERRE, RPafei, s, A, BHEM: MEEcs ) 2 S L iR
HTEEROBRDO PRI M. B ZEREIRE 2 7R L —>ay e vy P U —
7% —t 2 (CN) |, Vol.2025-CN-125, No.6, pp.1-6 (2025)




