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Abstract

Social problems, such as economic instability, aging population, heightened competition, and changes in personal
values, might become more serious in the near future. Affective computing has received much attention in the
scholarly community as a possible solution to potential social problems. Accordingly, we examined domestic and
global knowledge structure, major keywords, current research status, international research collaboration, and
network for each major keyword, focusing on keywords related to affective computing. We searched for articles
on a specialized academic database (Scopus) using major keywords and carried out bibliometric and network
analyses. We found that China and the United States (U.S.) have been active in producing knowledge on affective
computing, whereas South Korea lags well behind at around 10%. Major keywords surrounding affective computing
include computing, processing, affective analysis, research, user modeling categorizing recognitions, and
psychological analysis. In terms of international research collaboration structure, China and the U.S. form the largest
cluster, whereas other countries like the United Kingdom, Germany, Switzerland, Spain, and Canada have been
strong collaborators as well. Contrastingly, South Korea's research has not been diverse and has not been very
successful in producing research outcomes. For the advancement of affective computing research in South Korea,
the present study suggests strengthening international collaboration with major countries, including the U.S. and

China and diversifying its research partners.
Key words: Affective Computing, Scientometrics, Knowledge Production, Knowledge Structure, Network

Analysis
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Table 1. Number of papers produced and cumulative number by year

Year Nurr'lber' of | Cumula-tive Year Nun?be{ of | Cumula-tive Year Nurr'lber' of | Cumula-tive
publications number publications number publications number
1985 1 1 2004 9 34 2012 76 278
1988 1 2 2005 8 42 2013 71 349
1998 1 3 2006 17 59 2014 38 437
1999 1 4 2007 14 73 2015 98 535
2000 2 6 2008 23 96 2016 92 627
2001 3 9 2009 28 124 2017 109 736
2002 8 17 2010 51 175 2018 113 849
2003 8 25 2011 27 202 2019 125 974
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Table 2. Number and percentage of Affective computing research production in the top 20 countries

Rank Country Nuz;‘t;zz it Percentage Rank Country Nug:}s):z a? Percentage

1 China 208 0.214 11 Australia 37 0.038
2 United States 184 0.189 12 Switzerland 36 0.037
3 United Kingdom 124 0.127 13 Greece 28 0.029
4 Germany 71 0.073 14 India 27 0.028
5 Spain 67 0.069 15 Taiwan 23 0.024
6 Italy 50 0.051 16 Portugal 22 0.023
7 Netherlands 48 0.049 17 South Korea 21 0.022
8 Japan 45 0.046 18 Turkey 18 0.018
9 Canada 43 0.044 19 Brazil 16 0.016
10 France 38 0.039 20 Malaysia 14 0.014

20 Sweden 14 0.014

ol 4542 FAE Adekedrp, ol T3] A7A

Fig. 2. Diagram of the number and percentage of Affective
computing research production in the top 20 countries (unit: case)
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Table 3. Number of research production of Affective computing in the U.S., China, and South Korea

Yearl;ofdll(:;)i\:)vrlledge U.S. China South Korea Yearp;)ofdll?;)i\;vrlledge uU.S. China South Korea
1985 0 0 0 2008 7 6 1
1988 1 0 0 2009 5 3 0
1998 1 0 0 2010 10 6 1
1999 0 0 0 2011 7 2 0
2000 2 0 0 2012 12 13 5
2001 2 0 0 2013 12 14 2
2002 6 1 0 2014 12 16 2
2003 4 0 0 2015 22 25 1
2004 1 1 0 2016 10 29 1
2005 3 3 0 2017 17 27 1
2006 6 3 1 2018 27 26 1
2007 5 4 0 2019 12 29 5

Total 184 208 21

Table 4. Number and percentage of Affective computing research production by top 20 fields

Rank Research Area WTaloe oF Percentage Rank Research Area Inless OF Percentage
cases cases
1 Computer Science 747 0.767 11 Materials Science 37 0.038
2 Engineering 329 0.338 12 Decision Sciences 24 0.025
3 Social Sciences 153 0.157 13 Chemistry 21 0.022
4 Mathematics 87 0.089 14 Chemical Engineering 19 0.020
5 Psychology 77 0.079 15 Bg%;igci‘c‘gl“rsaii:;‘fes 14 0.014
6 Neuroscience 73 0.075 16 B”jﬁ??gjﬁﬁi‘gﬂm 13 0.013
7 Arts and Humanities 65 0.067 17 Multidisciplinary 11 0.011
8 ggc']:;;‘l‘éscz‘lfar(;‘;fg;; 52 0.053 18 Environmental Science 9 0.009
9 Medicine 46 0.047 19 Health Professions 9 0.009
10 Physics and Astronomy 41 0.042 20 Energy 6 0.006

Fig. 3. Diagram of the number of research production of Affective
computing in the U.S., China, and South Korea (unit: case)
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Table. 5. The number and percentage of Affective computing research production in the U.S., China, and South Korea by top

10 fields
Research Area uU.S. Percentage China Percentage South Korea Percentage
Computer Science 144 0.783 159 0.764 17 0.810
Engineering 47 0.255 80 0.385 9 0.429
Social Sciences 39 0.212 15 0.072 3 0.143
Mathematics 8 0.043 33 0.159 - -
Psychology 21 0.114 - 0.000 - -
Neuroscience 16 0.087 13 0.063 - -
Arts and Humanities 11 0.060 - 0.000 - -
B'°°I1\‘:g1‘ésct51y;r%?;‘f2; and 9 0.049 6 0.029 4 0.190
Medicine 11 0.060 6 0.029 - -
Physics and Astronomy - - 11 0.053 - -
Materials Science - - 16 0.077 - -
Decision Sciences 6 0.033 8 0.038 - -
Chemistry - - 0.029 - -
Multidisciplinary - - 7 0.034 - -

Computer Science

Engineering

Chemical Eng
Agricultural and Bicl
Business, Management and

100 200 300 400 500 600 70O 800

Fig. 4. Diagram of the number and percentage of Affective
computing research production by top 20 fields (unit: case)
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Table 6. Cooperation with the top 10 countries of the U.S., China and South Korea
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Top 10 countries u.s. Percentage China Percentage South Korea Percentage
United States - - 22 0.106
China 22 0.120 - - 2 0.095
United Kingdom 11 0.060 11 0.053 - -
Australia 8 0.043 - - - -
Germany 8 0.043 5 0.024 - -
Netherlands 7 0.038 - - - -
Switzerland 7 0.038 - - 2 0.095
France 6 0.033 - - - -
India 5 0.027 - - - -
Turkey 5 0.027 - - - -
Egypt 3 0.016 - - - -
Japan - - 19 0.091 - -
Finland - - 3 0.014 - -
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Fig. 5. Diagram of the number and percentage of Affective
computing research production by top 20 institutions (Unit: case)
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Fig. 6. Affective computing research production countries
by top 20 institutions (unit: case)

523 ol ATk 1 2ol = HU(26%), F=(25%), v
get=253)¢] 370 YEbot 2hzf 270 7]3o] Affective
computing AT+E Tt Sth

71 vl 2=912~209), EZWYoK8H), olgg] o}
(10J

P
Tﬂ_o/] 71—2—8} X—]iﬂz—l _o/];qi
computing A77F FH I e

Sk 9]0 SR oL ojgE]of, Ui
7R 713 A =S AL 3o &
Affective computing 91-7-7F JZFH] AS & T U
). YoM = Tokushima Universityoll Al -F <3}

Affective computing A-1E st JATh

7. &1 1070= =7HE B

Z=3o] FHol 224(12%) 2.2 71 &
st AS & UTh 298 IHOE 117(6%), 3919
247t 59t 22U 8A43%)E 715 59

o 691 M TE=S} 2922 7(B.8%)ClTh 79+
e 671(3.3%) 891, 991+ ZH2t Q1=¢ H7I= 57
(2.7%)013}. 1095 1R E 374(1.6%)°It}. = T3
n|=2ke] HE o] 2274(10.6%) & 7 718 e A4y
S 3 e ACE Ve 291 Yo = 197
(9.1%)°1tk. 3995 FF2 2 1174(5.3%), 49 549 5
22.4%), 59 695 27t 374(1.4%) 5 71=3 ok
0] - 1091%el Eol7F AR FAT T, 2
9t 242t 274(9.5%) FES &

HF%

Lo
2

ok %E—Z‘.o] Ha o] Uk A B A

gk ATFTEY St HEdS A S
‘3 &3t =1 7H=3 Affective computing & A
= slloF & Aotk 8> FARS] #AE R
=0] =i 19l A28 S3 o] F=, H=
o F Ut §9S 3 Ao E Yehdth dlxF
S38HE9l Affective computing #-0F= T 7],
b HYS7E AFete ARt 7P,
= Faste Aol 4 AUAE =

lo

roh N rlo
o

o

£ oo
2L e
w2

; Jé
bins)

Jn =
re
e

)

o} 3+ Affective computing= 213-A| 53

=2 A ]
d g2 Aol Ao He Zsolth A
AR Ae] FERA 5L A AAVS, BF

¢

B 73t 5 oheksk okl AA Qo] @
AHAT7 v & e

Affective computing H°F=

SERTIEE

.

Z33} v, 9=, 55
o] gulsl AJLE 35ty Y= ACF Hol EFS
e 9Ee & o Jskey Pl
F7Ves A7AY g ddisior & el

RERI

2.8. &2 109 2 ML

Affective computing #°Fe] =52 F+=Z IEEE
Transactions On Affective Computing®] 63%H(6.5%)%
7HE Bol E3E I UATE 291+
Of Human Computer StudiesZ 28%H(2.9%)E 2| A T}
39]= IEEE Access 24%(2.5%), 4%+ Multimedia
Tools And Applications 22%(2.3%), 5% = Interacting
18%H(1.8%), 69+
Multimodal User Interfaces 173 (1.7%), 7$1+= Sensors
Switzerland 16%(1.6%), 8%+
(1.3%)°] Tt} wFA 9. 2 Biologically Inspired Cognitive
Architectures, IEEE Intelligent Systems, IEEE Transactions
On Multimedia 3712 Ade] 2tz 10H(1%)= 7153
o FE A% J okt AT #
A Fofe] AdollA FE =] E3EATh

International Journal
With Computers Journal On
Neurocomputing 133

AFY, FUEFY

RS

2.9 HE®IZ Mg Est =Z7H R&D &AM

AR 7INEE FAHCE S UEDA E4 9

of
St Cluster [1] #3789 A2, Cluster [2] T34,



Affective Computing £202| X|AIMAL X|AILZQ} HEQIZ0| st BEAM A7 69

Table 7. The number and percentage of the top 10 publishing journals in Affective computing

Rank Name of journal Number of publications Percentage
1 IEEE Transactions On Affective Computing 63 0.065
2 International Journal Of Human Computer Studies 28 0.029
3 IEEE Access 24 0.025
4 Multimedia Tools And Applications 22 0.023
5 Interacting With Computers 18 0.018
6 Journal On Multimodal User Interfaces 17 0.017
7 Sensors Switzerland 16 0.016
8 Neurocomputing 13 0.013
9 Biologically Inspired Cognitive Architectures 10 0.010
10 IEEE Intelligent Systems 10 0.010

Table 8. Author's keyword by Cluster

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
affective computing virtual reality physiological signals user model emotion analysis
autism affect recognition pattern recognition neural network sentiment analysis
emotion model physiological computing heart rate emotion facial expression
recognition
artificial intelligence psychophysiology emotion classification mood e-learning
emotion detection feature selection pattern classification music deep learning
affectlve.cor.np uting emotion recognition feature affect empathy
application
pervasive computing arousal physiology Social media virtual agent
Table 9. Author's keyword by period
1st 2nd 3rd
(before 2013) (2013~2014) (2015~2019)
user model affective computing emotion analysis
affect autism sentiment analysis
emotion model facial expression physiological signals
e-learning emotion detection deep learning
mood facial expression recognition neural network
emotion recognition pattern recognition physiological signals
psychophysiology feature selection artificial intelligence
affect recognition virtual reality heart rate
mood physiological computing affective computing application
user model emotion analysis virtual agent
affect autism emotion classification
Cluster [3] <1213} #F, Cluster [4] ©]8x} B2, 2] s}, %ix—? okl WA A4 A77F XA Aok
Cluster [5] A2)#4] 502 FEHATH A7 hw_wﬂl Ist 717H20133 o] A)oll= A
Affective computing-= affective computings Z3 2 el tigk AF7F F2 AP AT 7, A
2 52 Y AR L UARA, AL BRAS Y WHE AN AEAE DuseL QY 24
T 2 AERES RuE Al Bajo] 9 A 7] (e-learning)¥+& ok A= Affective computing®l] T g+
=g o 4 qluk qIzbe] B AN AT EH,  AF7E AYHAck 2nd 71242013-2014) o= B
71, Aeletd Ale, At 53 AdE et A TRl te A7t F2 FEAT 24, A9, A
T WSl olF Aeistale] BRI AT, EF  o1E 542 A5 Aol heiss: A7 7}
BN S T "W 714 Al 717HA] ohest 4 A T AEE AV FE F8EA 3d 717



70 SXIM - k| - 0|l

, empathy

&

emMotionjanalysis
g virtualipeality
virtuabiagent
affect regognition

physinlugi@mmptir&a@al
®
aps

sentimetipanalysis @

facial expression

egotiogmodel sum

psy(hu[‘/slo]ugy

autism A :
feature@election
artificial iitelligence e eniion Tensee

< affective tin,
emotionjgetection “'” %physmlo’alsi.als -

useriodel

erwpon‘ognmon
- L = affect @5 @orheatrate
affective cofitifg PRI Redtaigty emotion dlassification
seriouggame o :
misic physiblogy
y ’ deep learning mged
pervasive@omputing
Istm
facial expression recogni
e-leatning
socialimedia
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