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Agent affective computing in human-computer interaction

Liu Tingting', Liu Zhen’" , Chai Yanjie’, Wang Jin', Wang Yuanyi'
1. College of Science and Technology, Ningbo University, Cixi 315300, China;

2. Faculty of Information Science and Engineering, Ningbo University, Ningbo 315211, China

Abstract: Human computer interaction technology has been promoting to realize intelligent human-computer interaction.
The user’ s emotional experience in the human-computer interaction system has been facilitated based on the realization of
emotional interaction. Emotional interaction has been intended to use widely via Gartner’ s analysis next decade. The agent
can be real or virtual to detect the user’ s emotion and adjust the user’ s emotion. It can greatly enhance the user’ s experi-
ence in human-computer interaction on the aspects of psychological rehabilitation, E-education, digital entertainment,
smart home, virtual tourism, E-commerce and etc. The research of agent’s affective computing has involved in computer
graphics, virtual reality, human-computer-based interaction, machine learning, psychology, social science. Based on Sco-
pus database, 2 080 journal papers have been optioned via using virtual human (agent, multimodal) plus emotional inter-
action as the key words each. The perspective of agent’ s perceptions and influence of users’ emotions have been analyzed
and summarized. The importance of multi-channel in emotion perception and the typical machine learning algorithms in

emotion recognition have been summarized from the perspective of agent’ s perception of users’ emotions. The external and
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internal factors affecting users’ emotions have been analyzed from the perspective of agent’ s influence on users’ emotions.
The emotional architecture, emotional generation and expression algorithms have been implemented. Customized evaluation
methods have been applied to improve the accuracy of the affective computing algorithm. The importance of emotional agent
in human-computer interaction has been analyzed. Four key steps of agent affective computing have been summarized based
on current studies: 1) An agent expressed its emotion to the user. 2) The user gave their feedback to the agent ( they may
or may not express their satisfaction or dissatisfaction via some channels like facial expressions) . 3) The real-time agent
perceived the user’s emotional state and intention and adjustable emotional performance to respond to user’ s feedback.
4) A standard (e. g , the completion of emotion regulation task, the end of plot) has been reached, the agent stopped
interacting with the user, otherwise, returns to step 1) . The current studies have shown that user’ s expressed emotions
via facial expressions, voices, postures, physiological signals and texts on the aspect of user emotion recognition. The
multi-channel method has been more reliable than the single channel method. Machine learning can be used to extract emo-
tional features. Typical machine learning algorithms and their applicable scenarios have been sorted out based on CNN
( convolutional neural network) nowadays. Some solutions have been facilitated to resolve insufficient data and over fitting
issues. Spatial distance, the number of agents, the appearance of the agent, brightness and shadow have been set as exter-
nal factors. Agent’ s autonomous emotion expression has been targeted as the internal factor. An agent should have an emo-
tional architecture and use facial expression, eye gaze, posture, head movement gesture and other channels to express its
emotion. The accuracy of the emotional classification model and users’ feelings has been assessed based on an affective
computing model. The statistical sampling analysis has been listed in the table. The existing emotional agents such as low
intelligence, lack of common-sense database, lack of interactivity have been as the constrained factors. The research of
agent affective computing in the field of human-computer interaction has been developed further. An affective computing for
human-computer-based interaction and an agent could be a channel of emotional interaction. Knowledge-based database and
appropriated machine learning algorithms have been adopted to build an agent with the ability of emotion perception and
emotion regulation. Qualified physiological detection equipment and sustainable enrichment of emotional information assess-
ment methods have developed the affective computing further.

Key words: human-computer interaction; agent; affective computing; emotion; perception; performance
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AHLAZHE A 35 A ORI IR i i R BRI SRS
e RN 1 8 REAR . MBI I P G 4 2
Ja B R RT LU e ) R PR R A Rk,
R P BESRT R, 52, %M
FHP L 1) 8 RE AR S 52 B0 P A A 1 I 5 U Y
$, 2) TE R BEACA a] F P o 21 BN BE AR
I I, R RE R 2 X P B R AR R R
Roxas %8 A (2018) WFFE R L, 48 RER S BEA% (3R
ORI R AR A BB S A I, TP I 25 2 2 BIAR I R R
TR REAANT RS T A S T LA PR
REMRRO AR, TEF LR BB T , 1545 mT LLE &
R, XA BT S H AT AL S,
Hoi R L 1 AR

B RE VAN 1 RS L B B A R AT LA A
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1) P RIL G S E B RER R B — e 1 25

2) P W REAA A 1 48 Al — 58 B st (T AAT
B it n] ABEA B Ast ; S 05 nl REG 6t nl BEAN I AL 5
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3) B REMRSE IR T P 81 2R S TR AT
RN RBL, LAWR R P R At

4) IR E—RE bR (AN 5E B 45 R AT 55 R
) EREA S IR S P A, RR PR 1) |

2 FAPIEERM

TSP BT U 1) B REAA e Y
REAABEAE X T 2 L 1 DR 0 15 2 10 A7 Al 1) 2R
RUBESE UM HI P S 25 2R BRI B . T2 iR IUE
e, B TR iR 45 46 ) 7y 22 B Ay
VAT, Quan 2E A (2017) fii F2H & {513 1 25 05
XA TR B T U, BEICAE N (2018) X
ST St B BT B EOR#EAT T ERiR . (HIE,
AU —E IE PHCAY 1 25 5 BT AN S8, T REAFAE
SRR BERAN RO, B DAy T S A T R R
1, WAAFAEXFERY ] L, Samara 55 A (2019) 1 FH
— P )2 B HLAR % > J7 ¥ (hierarchical parallelised

binary support vector machines, HPBSVM ) X} ] ' 7E
FEZH (HR ARG BE I $RAE Excel It Pac-
man ) FI#E )52 B, (WLE LA ) 2ok A% o (0 17 2 647 40
Br, KIS 593 2 BAH L, 78 F 3 &8 BAT 55 1
], FH P A TR A% & AR AR AT 22 (B SR A5 A))
NREHERA R 25 T P 5 1SR AE I Y SE BRI AZ B
HEMRE AL LIS AR TR FE Aok
Plas et . PRt 3 75 245 & 2 MMl fE L
RSB 12
2.1 ZBEERHERM

T EIE AR Z M, KRR RS (59 K
AT Ry EAE 5 RSO B2 HRTHFE 8 2 1y L
Fhim 18 (B b RN BE RN AN, 20115 Jiang 45, 2020 )
D’ MelloFll Graesser (2010) %1%} X i | B A& 15 5 A w
TR WA VAT T AT, XF—1>32 min 1)
R BRI B U AR, 1L S 5 E AT T RIE
AW, B SR 1K BT (spontaneous affect
judgments ) ( 7 AR AT AR] Ap 4B 45510 ) 1 [ 22 B[] 2]
Wi (fixed judgments) ( PRFEHRE 20 s f55100) , 45K B
7N TE B SR I W b TS R O T A A
T i1 5 s ) 0 B v, b SORHE B A A1), X T [
S S [ DRI | =30 ) P 25 I o T L T T Rk
X T TN R 2 S BE 25 S, (B TR R
AT I AN RR R b X A ARl G 4, HAE STt
b 5 =R TE AR Y AT T S T AR Dy = T
RIREAR . [RII, 78 A SR A Wy b s & B &S &
TRIE S RRGEIE AN B A58 T, PRI AR T HAt
PN TE R U, BHATE 5l AN RIS A B 7R XGHE
RN TR LA 35 78 [ S [] 0 D o i S 1 Je
A BNV (superadditive effects) , i 7E H 2R 15 B H
W P B R BRI ZE O, RIS BT
FOAFE =N 10 38 /E 20 M7, Kessous 48 A (2010 ) ZI X%}
NUETE R G A A ) DL, A& B, e
AIZH S BOR B i, L R AR 5 B9 25 U R
10% . %25 5 1977 A AT BRJE P FR O AR U S FniE
AT AR AEAS B Br 3, D’ Mello #1 Graesser
(2010) X B 4435 5 R 4 09 B Hie Lo BORLES , AL i ]
tekscan R R 7 4 A 15 D0 2R 0 A 00 00 3K AE AR T
FALE RS, T Kessous 55 A (2010) fiff FH B {4
(432 By A48 8 T2 O R 2 J3E R
Bl A 48 BOR G DU 22 FOm T AR AR, AN, 7
Kessous %5 A\ (2010) B9 TAEH , iIBESE A& LT X
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58 AU SR EE I A SR AR B 3 R A (Mel fre-
quency cepstrum coefficient, MFCC) | bark fEH
BORME MRS K B R AT 400, L, B iR 340 %
FRE LU T 70 2 1 B G b b ST O T b Bk A
BN PR 2G4 EE ., 50 0w HLEE
AN AEARARAE A (2018) T 1L % Bk ik b ( blood
volume pulse , BVP) il i A A 1 &R F 1% 18 18 A0 #b 7238
AR T A AE FAE S BVP W] LU 2 35 Sk 3K
W, TE B AR LERAEBE 1T ELHG b &7 O (B
I AR, BE SR 1 B 5K 35 M AR AR

SMATIT 7, 22308 18 18 B LL Bl S At s 2 0
58 ARG XEE AT FINT, (A2, BATZ
M E H RN SRR B SS S AR
SO A BE S 5 UL ELRGEE RS & . A, 28
AT D ARLG FUEE b PR & — AR 22D
WFFE R ERAEL
2.2 BHEBMPHNREIEE

JCve {18 I S — i RRAEER AR 2R
WHEEWNTAE, W THLE S 2 TR R S ORI 23
5 0 HA WL X W84 TAE 2Rk I bLAR 7
AJREARSII . Kanjo 55 A (2019 ) il A& FRM 22 1
28 AR S 13012 33 V3 #2225 ( convolutional neural
network and long short-term memory, CNN-LSTM ) fY
IRAITEXR H R 6 T LA AT 28 8 3 25 19 AR 2R
B E AR BT A S B REAE SR I, Ma A
(2019) £ X540 WA 8, 6 2D CNN AR E545
TR FEBUAS , 3D CNN AR 0 FZ Hh A 1o 5 2 1
SRR A S PO Al T P I 2RI . 25,
i RS 2 M 4% ( deep belief networks, DBN) F T
PEIEN ) 2B 28 FRAE 1 i B AR R Ml &, T
S F¢a AL (support vector machine , SVM ) #E47 1% 44
A28, RV 28 N (2018 ) 1 I S 45 1) 2 LR HIL
R (random forest) 11 g B2t , Ifad it A% 1%
R (grid search) VEE KIS b 1M RE Fc i O HE S BU1E
AR TR O TS 2 SCA I T Y R
PUB B T AR IR DG BE 2 R i A SCAG AR S B3 2 4
i o Filko I Martinovie ( 2013 ) {d# F 32 18 43 43 #1 #1
15 N 22 9 2% 3 A 5C B 1 AR DX 9 AT 2 TR
Zhang %5 N (2015) A T fif e 2D APk B 1)
F)ft , S Bz S ADOE B AR A TS B0 T BTS20, $2
—A~ 3D T EVEEIT (action unit, AU) 58 BEAH A1

T FUN 2R ¢, FH T 057 28 1) 208 0 S 355 1) [ )
%16 A~ AU R JFR I —F 6 D A& 1
IYFEASKT 6 Bh BEANGE 45 AT 4y 26, A IR AR
ot FH kT B ) 3R 2R N RE R AT AN A BB i 1 EL AR
il 25 M 2% ( complementary neural network , CMTNN) ,
BAR Z C A 1Y R AT B0 Y 2 52 5 % A5
TR SR, B SR LT RYIR & R
I AR L PR T TR B A R IR A
B4 % RAF-DB ( real-world affective face database)
($1ﬁ<§§) Fl RAF-ML ( multi-label facial expression
database) (ZFr%5) , F42 T 38 W X P A K g
) DLP-CNN ( deep locality-preserving convolutional
neural network ) 8.7 Fll Deep Bi-Manifold CNN 5. 7
DB - i 2 BBCRRAIE ( Li #1 Deng,2019a,b)

B T BH S AT o2 2N, WA — TS
A X B AT 23 SR 00 T [ 2 o 1 25 64T 0 26
(Ajili 55%,2019) . A [6] 1 25 15 51, & hn il 48 A
(2020) f I RlA HE R 55 0105 9 25 BRURf 28 ) 25 (joint
rank and regression convolution neural network, JRR-
CNN) X A9 B B AT 1 At

FIXTE L 3 KT SVM 82 | Bt A58 B 1
K, LA CNN AR B TR JE 7 M) LI IR B i i 2
Ko(2018 ) J& T 1H #5145 1R 3 25 iR 45 K& CNN 5§
CNN 5 LSTM (RNN) #H 45 & 19 T.4E, Shu % A
(2018) 7EXS AE FAF 5 1A% 25 IR0 A5 A h 51 2%
TA/L 5 F CNN,DBN, PNN ( product-based neural
network ) Fl LSTM 1Y T-Af, {HJ2 R EE 5 2] BAR AR
T AL A R SRR A K Ty, AN id
T/NBAE S 2 T ELAE — 2 2 45 1 SRR A A
(AOGHR S T M G4, N T
PRI SEa) B T AR 2 B0k IR LA R 24
FRA 0 46 6 A3 (Li F Deng,2020) , 45532
W HIBIBLAS 7 A INER 1 s,

3 FHeeEXAPRIEERI

WFTEE REA T XS P A 28 7 A R i A B T
GF BT P AR TR IR REIR . R TR REMR
Xk P 25 0 B AT 5 3 20 DT 7 T R 0T, — 2
iR RE A 2 e 3 (0 SR 26 4, — 8 REAAAS B 1
LRI,
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Table 1 Classical machine learning algorithms in emotion classification

ik

VAR5

RIF R 22 P 2% ( Zhang %5 ,2015)
CMTNN( Zhang %% 2015)

LW SIERIC(AU) 15
WA T T Iuor 2R, 1 ELREWS B (LB Y 73 245 Al T

B (Zhang %5 ,2015) e s

support vector regressor( Zhang %5 ,2015) W AR EIE ST (AU) Y5R B
DAG-SVM( Quan % ,2017) (e S

BEBLARbR (BRI 45 ,2018) [CEVIES

SVM( Kanjo 25,2019 ; BEIT¥F 25 ,2018) I ES

HPBSVM ( Samara %:,2019) (S

CNN-LSTM ( Kanjo %5 ,2019) R A BEFHLAN AT 2R 8 A R RN EE B
2D CNN(Ma %,2019) U IR S I

3D CNN(Ma % ,2019) PG HR 1) T 5 3 155 e AiE
RIS & M4 (Ma %£,2019) FHIERLA

DLP-CNN(Li il Deng,2019a) BAFBEN

Deep Bi-Manifold CNN( Li 1 Deng,2019b) AT

3.1 EmiEsfHaIMNIESG

5 4 R R Be A ) L P AR B I 28 1 — A
FEIRAE, BRILZ AN, SN S A 15 s 2 X FH P
LA, TEE A MBFFE b, T 25 5 1 SR i
e PRI 2R 2 A S H] B S R R A R R A S L
SRR

1) 2 (] B B AN BE AR S B BIF 98, Bonsch 4§
N (2018) AN A2 ] 1) /1 32 &, X i A 15 2 T
R A P 6738 BE AT OY . 25 SR R Re Ak
5 45 AR BERA BB 2 % F P 673 B = AR R i, 5
B L, B BB R T B EFE S M K 5
BAANE RERAH L, L BRI T B AP AE 25 I K,
LI RV RE T D4 A0 1 45 B, BEAL B REIR T R & 4
FH P A mg Jak

2) 8 BE A4 B S P IE 25 A5, Volonte
FEN(2016) (EHIEA BRI FIZE SN e
PR (UL 1) TS5, DA KR B i 1A A0 1) L 52 S
X P £ R, G 1 XS 2 R IR STk
LR AT 175 Ak (— ol s 45 S 5K 1 T Bl ) AN T i ]
SRR BT, KBRS AN UL G T 28 BB T 3t
T FABSI L, DA 33K I R A R 5 TR 1Y B
FHEIMINRFTRESAN G S5 B A 25 L1

N, AHSE RS AN A B T IS > 1 +E 2 1
Sk, ISR ZE MR AN R 25w Y
14k, B B A L Lo PR & A 2 L EDA (electro-
dermal activity) 5K, X 58 e AR SN UL Y 552
BRI

D
(@) 2% (b) Ril (c) F At
K1 R RS
Fig.1 The appearances of the virtual patient

((a)real; (b)cartoon; ( c)sketch)

Zibrek 75 AN (2019) #5250 5 Volonte 5% A
(2016) BYZEPL, I A KMIAY B, BITE 137 55
b B BN R BE AR RE AT ] P AR 2 B 21
TS TR Srh , B B AMI R Re 14
X} A 28 18 5 Wil B TG AN XU Ak 9 5 R A,
J& , Volonte irff}\(2019) 1t FH T80 A8 A9 — 2 25 e A4 G )
BRI R KA AT R P B 2 AT T Y
SEMFERE  RrEE R IR fr B ahad B rh, B R H
SRR REARAR B T P I 2 G Ak,
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FIF e T 24, (AT Z RIAFE B 8h R, 729
NI BAGIEE 1 A2 BB, 8 e AR 1 67 T 155 25 3¢
I, P ARG T 7 0 S FH P 156 4 5 e 17 Ak
(55 4 BYBE, P AP 25 AN 32 LB 1 7 T s
DL SR 03 [F 2 A 7E T, 78 BEAA 17 TH 1 26 4K e
B, BCS R AU P 1 28 5 i A HeAth I
VLA T AR LE A IGO0 T 8 Be AR 2 AR & i
BRI, BERXAS R SR B B TR Re IR
AR,

3) L HRXF FH P I 45 9 R, Wisessing 45 A\
(2020) X5 BT P B 46 2 64T T — R 5
TEARSZH A8 F 326 (key light) DG (fill light) F1%E
EEG (rim light) = 5 BEEH | {5198 48 B F0 506 L R
(key-to-fill ratio, KTFR) XJ 1% 2% ( 15 %% Ak . EW.
2% YU R SR BRI S| i sg e, kT KBRAR
JUS- 207 71 DO = A= & S N i = R, F Q=R L e
) B LR e, R 2 BiR, Hoh s 1—4 47
SR T 100% 42,1 ¢ 1 KTFR A 51
16 : 1 KTFR AY3EG B4 1 0 1 KTFR 1975 2% 4t Al
16 : 1 KTFR Ay 244k,

(a) 5L
K2 HARR AR GEk

Fig.2 Agent with different realism

(b) ik (c) Fil

((a)realistic; (b) middle; (¢ ) cartoon)

SER R IR, T REAAR S UL ey | 52 B AR e G ok
SRR I 51 7, (BASRE S i A IR RS 47
X TR G R, H 4RI Z KTFR B0 | 1
X T BB GV, PR AR RS 28 %5 FH P i i 5 |
J1433% KTFR (520, B R 2 J2 , G B2 AR n]
REFG IR O 23k (0 23 BEARR %, BT ATE IR
Bk 07 3 SR R RIS L
3.2 EREFBEERRT

BRI A EIE SRR
ST T7 18], 322255 S 76 WL 1 & HE R BT A GOUE 1Y)
LRI ST
3.2.1 THZEHESR

TR 28 A2 WG R AT DA DA 22 00 J2 T % 4 A ok
FREHEA TR AR | AT LA DA 2 T Xof o — B 43 i
FRBEBOT I, T ERER S —Fh 2 W A T B
A5 TR RRAATS 2 A L R P AT R K R 2R A
HZEVER] ., EAENEAR TR & B B E
BRI R RBE T .

EMA (‘emotion and adaptation ) j& Gratch I Mar-
sella(2004) $2 1 9 2 24 IO B HE S, RUVF Y B AR LS
BN S A B E 0L, OF RSP 4R
A LA, 607 A AR L 8 45 1 A5 5 DA B sl 4
Fr BTG Y PR g BERHIE , B 7E A8 LU BB
T KRG 2547 AT I SO R, B o) T %,
A Z 0 — DR T2 HESRE

WASABI( Wasabi affect simulation for agents with
believable interactivity ) 1% 24 28 #4 ( Becker-Asano
Wachsmuth,2010) J& 55 — /> PRI 4244, = 2 o ik /2
FEARE ™ AR 00 T AR 15 28 RN B e AN A LR ) 1Y
AN G — B R HAT R I, W 455 1 BE PAD
(‘pleasure-arousal-dominance ) %5 0] I 58 A, 1% B A 22
(hope) \RL L A%, E ( fears-confirmed ) F1 %t & ( relief)
3 FPRATE 2 AT N o 7RG B A FERS R
RBAR XTI T IR PEAG A B0l . TR
PRI TES ) PAD =385, PA— 7€ 38 B 51 & JBUE
T4, A BRI S A R % . — AR
B H AN SR 4 — M BT R IS4
haly, R AR 1 4 09 A LR, B AR
55 48 00 A 85 T 5 — PR 70U A 15 48 WU 25 7 PAD %5 (]
i T g, SRR TR A — P R RE IR RE RN E)
ML . VEER 1 A A AR 2 AR 1 2 A T 3k
FEHR A 454 , WASABL /9 TAEIE R AP, B
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ISR — SRS HIAE R 1 SRR A RO 4
(52, H e 3l - 25 TARIF AR Z L,

AT 01 48 RIS AN 1k —, 0 B Tl A 1 2
WA Z . S TR —FhiE I BEAY | Rosales 45
A (2019) X EA I TAEREATER G HEIT, ik 28 T A
FR LRI T A S BUR 90 R 1 45 A 1 e Y
3AEALR HER B ST N, IR T —
AL 3 A FEARBR I TG HELE . ZHESR 53y
3B B BB 1) 1 O RS AT PEAL 7 AR iR
FAGHATH , X — BB AT S EEAR S (1)
RN 26) A 5% B B 2) 1IX— B BeA IS RE Y
S5 AR ARG BB 3) LY BUR A AN 72
EE R, R il 1 BG4 170 b i Jeedes e
T A TR T SRR A B ) B S A% 2 AT R o ) 25
AR GBI AT A AN SRR IR

BREFAEPE A3 2] AN | HLAR 27 2] Sk fE T
FRME W EA R, T ERER Lk
O, AT DL LA I AH G AL 27 > 531, Moussa Al
Magnenat-Thalmann (2013 ) 7E 15 25 HEZL P i Q 2%
>J (Q-learning ) & 7 RE A 2T I B4, W&l 3
B

K3 BAEY =T R R R

Fig.3 The agent with emotional learning ability

AR A B AR P P 2 i |
AT 28 TSR REAART 1% 1 I HAT B R
SRR Q 2 2 U5k il i AT S R A g 2%
Al , AN W2 2 AR A2 H R AU RPRS T SRS Q fH,
HHRAWER, R R 2 BARE s BF BA 1Y
RS2 PES FSEELE NE™ JUE , By
maxPE™" — max/NE™

i : i

(1) BEATIH—AE, 13 58) 1 ~ 0 Z a2 Jih

A, A LA Q (E, Bkl

R™ = +0.5 (1)

Q= (1 =) Q7 + a(R™ +y maxQ)
(2)

AP, QU RIEA R Q {5, 0 BB RER MBI i 22 1.
RA s ATDIHEBAR BRI Q. a e [0,1] 22
2R Y Z KR ErE ) s BASE IR R,
y e [0,1] JEHra 250, 5 5 RE AR N 7F 2 KR
R R Rl TS ET AL R, AL
Al DU e 2 AT A B VR R AT 4232 09, AT A i i
EANTTEEZ I, 77 AL BB IS I T REE FH P s P
R EhE,
3.2.2 fhgRM

TE 7% WAE 42 | 75 B 26 4T EAR B oW %
W, BRI AV 2D, e FE AR R
1%, Wojdel F Rothkrantz(2005 ) 7£ Ekman (1993 ) f)
TR LA TG Bl 4 3R 4t (facial action coding system,
FACS) 5L b, 42 th 3 TS 800 R shm . &4~
BRI — A2 B BATC(AU) B FACS HE LY [A]
BWEIIR (ES R Uik SR 7 NERE ok i Bea e S5 TiT s ) NI
DIRESRAS H AR T B84 1% . Tinwell 558 A (2011) Xf
T P15 1 P a0 0 2 5 2 3 0 7 €2 10 228 M % i A 7 F
I8, VTR A 3G 2 B SIE 4 A OC, SEg ik
T 6 P 25 Won Y B IRSR G S B, AR
1o S A 28 AN 23 380 AR 40 1 22 M R i b | AR
P DGR IX 4 Fofvlss 28 ) 238 i A7 €007 28 %
Castillo 5 A (2014) WF5E T 15 CBK sl 4 1 35 sh i, 5¢
T AR A 3h 2 [H), HE O b ) 4 | 118 -
FiF Sz (B AR AT eSS . Amini 48 A (2015)
AR T — 3 2 sl A sl F HapFACS, T
A 3 AEATRRIREIAR, DL FACS RS AbRiE, AT LIA
BRCHE ol L 1) TS Sy

BT A Z A0, RIS AL LA S350 o) im 5
PG HADALS A AT LA T 1% 45 09 R 3K, (B AH SC A 5Y
LA R, Queiroz %5 A (2008 ) 54738 B HH A BE 1A
IFERRAT A, S (R R A ELAT SR R Bl A7,
BT BB A= 5 AN [ 175 R A AR X L 4 R 2145
PEMAE R B R IB I, Lee A1 Marsella (2010) X}
NATTUETE B Y i Sk iz 3l R F 5T, SR LA 2% 21 O
2, Al Tt R B P A R AT TR Ak
BF 1] 5 T b R T R0 O ik AR Y s Sk T AR
Shiratori %5 A (2006 ) 8 1 £ 15 sl V5 {1 (o (A B H 3t
o LA IR, Aristidou S5 A (2015) BF5E A ]
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T AR SIE R IR B, R R B A, AR
P E 43 BT LMA (laban movement analysis ) 5 5| 51
YEFR IR A BOIRAS , 32 1 A4 AT T 43 A A R4
SR ARBLE A A2

PTAER , NATTE fil ot 1 1 25 AR BB =X 1 gk A7
TR, Tewell 4 A (2017) T 3 AP
i 2FL ) AR AL I 1) 4 v A1 L A 1 4 i B e
J1,anE 4 Fos

S DA B A |

Fig.4 The thermal array display on user’s arm

4 FTMNITE

TEABLESE R, o B S A BRI 0 HE A7 1P A 2
WA HY  AHHLSE B2 WT ST B IFAG 5 ETE (&
BIWTARKAT , XWFTEA—E ZREE TR
NS BE 5, 5 2 A9 2 P P JZ e 5 B8 o P

TS AT PEAL A 2 — D AR R EAHE 1 2E
NEERHA L, RN B G G PE Al 2
Ir PSS, — 2SI X1 4 o 2SR A A R A T
i, 73— 2E P P SR eSS HI Az 1
FATAGHXT 25 55, R IS 26 B h i B A & 2
AELE AR 2 AR M 56 3IE 45 R (Quan 55,2017
Samara %5,2019) B AT an 2 & B & 0 42 i) B i, )
BIA—EESE EUETT 7 (D’ Mello 1 Graesser,2010;
R4k 55 ,2018) o 45 2 JEPPAl L 0, 75 E 0 ]
Gt o Ir IR SE VAR & — R 3 A 5 1 AT
i BN 2 fieos . MeAh, AT DA I 28 o ki it

( Bonsch %£,2018 ; Volonte %% ,2016 ; Zibrek %,2019)
M4 L (E =) R (nominal scale) ( Volonte 5%,
2016,2019) fliid A BT, o FH A= BUBCHE J e Ak 2 1)
LRI (Volonte 55,2016 ) , ffi F IE 1 4 2 Bt 3%
(positive and negative affect schedule) ( Volonte %,
2016) [ % & 3% (differential emotions scale-I1V , DES
IV) ( Volonte 45,2016 ,2019 ) Fil SAM ( self-assessment
manikin ) # 3% ( Samara 55 ,2019) {174 & #E47 A 3%
T2 2, Al At 25 7 78 8% i 35 (social presence
scale) ( Bonsch %% ,2018 ; Zibrek 45,2019 ) il &2 i %k,
T B 5 HAL B A/ i 4 (058 B RE Y O BRI AT
NS HRRE,

®2 ERWITEABRIGEITSRTE

Table 2 Common number of participants and statistical analysis methods

Geit oIk

LEEPN

SPSS22. 0 P-value %} 3%  Bonferroni % 1E

WIE FRUE2E 5 22431 ANOVA | Greenhouse-Geisser 1
1E EEH R

BT Wald GEiti i MBS J5 22737 ANOVA Levene
[T AR = Y Y 2 d

A8 S e TR L ( cross-lagged panel model, CLPM) [
(i

SEIE b2 DU R

27 A (Bonsch %5 ,2018)
62 )\,5}3 éﬂ;y@(ﬁi 20 )\,‘Eﬁ 22 j\,%ﬁﬁ: 20 j\)(VOI‘
onte % 2016)

622 N, B R 70 /BN . 175 A (Zibrek %5,2019)

45 A (Volonte 4%,2019)

23 N, AN SRR, — A4 11 A, — 4 12 A ( Becker-Asano #ll
Wachsmuth ,2010)

5 17 i

IR NS B A IR RN BT BT 5 B 2
AP BERE AR 2 A BT AL
1) 22308 18 115 4% R TR) R, 6 T BRLE T A4 1

PGSR E 28 H R BT 20 1E 58
B AR AETRA . T HI TRE
ZBRGH A C LS 4, AN [A) P 1 45 AT RE AR T
AR IR T TSI E AR5 B A L
VU BRI S 195 i BLSe s 26, NI, 3
o 2238 T A HLAE BB P i B 2 — M E
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RAWIFERYIT 0], C2A TAETT R 13X J7 AR
RKOKEUR 45,2020) , 454 2/l iE 15 B ik — 4
SO P B S 2, B, X7 T BT 7 2
HE— DA A4 1 55 R RE M A SR RE T L B Atk
KOs 0 a5 R SO )

2)FREARRY B F o R, AR RE MR B
ZER ISR REA SR, AN BEALE S P B3 Hod A
PEATIEEE IR A ST . S T IR T REIA 2
IBAIE R, 5 B G L as 2 T W ik, HATHLAR
S AR IR A N R PR IR 202k
TR TR GEA R 25 R B, AN, BA T g
JTBE REVR I AT RE J1 8 i 52 HL A AR T R AR
B IFFET PO HT R AR R R 45 R B O
SR SIS RSO, A, R R
A8 SRR 2R FIAR 5 B BT 3 0005, DUBR A T P
I i SCAR L X P A S22 15 4 A - B
L, SE N A B B IS HAT 55

3) AR A R, AL B R RE AT
TR — AN B 22 B S LR A AT 40, A
FER—E MRS AT S B0 B F1k . A,
e ZL RS O HEE HRL GBI T BESE CERR
Fhoe m 88 2 A B BRI R U SR, #2145 3
AT RO AL HAT, A S T A R
EEOR A TIAAL GE IR L O B S R R 2 A5
RS R SN R SN P L NI
5o KRR EANF Ll AR A BB 58N BT
WREATE, L RHERATE

6 % 1iF

AILAE HH ) B A Ja
BREARA N E A AR, R T UK
EN PN R 4 BE Tl S A L N3¢ RV A
FHP 2 i BERE JE 718 B T Y 208 X T 1A S 5t
s TP I B HEAT R, DT 38 2 4 IO VR 2 T g
oK, B P EE AL I 2 i L i & e
SR VR RE A HEA 715 IR S T 1) T S SRR O, Y
REMRI RO AT BA FRI R R

RS T A6 R SCRREE 12, DA 47 28 TR A
BB 2 R BT N BUA AR BT B4 . R
I 2 SR T3 T, 8 R A 1 2o R A W i 25 36 1 SRR
M P E ARSI E 2 BB, IR 218

ARG RO B A

2]

PRERMLAS 7 2] D7 i AE AR W & i HOC T 238 H
ARG TAEM A Z W, TR e E LTy
T, 7 8 BE MRS 20 AN PR T B X TP 9.0 BRI
WFFE TR BT AL, 7 RE MR A 1 25 A5 0 rp 42 JUHL
o 2 WO S E B 4 R B T ik 22—, ey
W B e R R =T — P EAREMN
Jral,

BREACE BOT NI & Z Rl G 2 P, o7
FHE BRSO B OG5 . A A SCY
TAEX e Sa e TAFRER RIS 51 £ APEH,
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