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Editor’s Introduction

Journal of Information Management is an academic journal published by Chinese
Society of Information Management as a platform for information management
researchers’ publication and research sharing. Since the first issue published in 1994,
this journal has been published over two decades, and each year has four volumes
published at the first month of each quarter, namely, January, April, July, and October,
respectively. Journal of Information Management is a TSSCI journal of National
Science and Technology Council. This Volume 29, No 4 contains four papers from
various areas, as follows: Kung, C.F. & Hao, P.Y. “A Stock Closing Price Prediction
Model based on Deep Neural Networks and Deep Fuzzy Twin Support Vector Machine.”
Huang, Y.C. & Huang, T.Y. “Do Citizens Cross the Digital Barrier? A Longitudinal
Analysis of Digital Governance Services.” Hsu, C.W., Fu, J.R., & Liu, E.L. “The
effectiveness of personalization: Using product involvement as the moderator to
explore the difference of ad effects of pop-up and banner personalized advertisements
in the mobile web context.” Su, F.Y., Chao, C.M., & Yang, W.Y “Applying Stimulus-
Organism-Response and Flow Theories to Explore Factors Affecting Instagram User
Stickiness.”

Chief Editor,
Farn, Cheng-Kiang,
Visiting Professor,

Chung Yuan Christian University, Taiwan
October, 2022
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Kung, C.F. & Hao, P.Y (2022). A Stock Closing Price Prediction Model based
on Deep Neural Networks and Deep Fuzzy Twin Support Vector Machine.
Journal of Information Management, 29(4), 303-333.

A Stock Closing Price Prediction Model based on

Deep Neural Networks and Deep Fuzzy Twin Support

Vector Machine

Chien-Feng Kung
Department of Intelligent Commerce, National Kaohsiung University of Science and

Technology

Pei-Yi Hao*
Department of Intelligent Commerce, National Kaohsiung University of Science and

Technology

Abstract

Stock closing price prediction is an important problem in the intersection of
computer science and finance. Due to the potential advantages of stock closing price
prediction, it attracts generation after generation of investors as well as scholars to
continuously develop various prediction methods from different perspectives, a
multitude of investment strategies, different practical experiences, and a myriad of
theories. The stock closing price is often affected by hot news, and the tweets related to
news reflect the heat of the breaking news, as well as the sentiment of investors towards
the breaking news. Consequently, analyzing tweets and historical stock market indices

may help us to predict future price changes.

Since the stock price is affected by many factors, it is difficult to predict through
a simple model. Deep learning methods have the advantage of learning features.
Support vector machines have the advantage of generalizing very well. This paper
combines the advantages of both models. Therefore, this paper develops a hybrid deep
model to automatically learn important features. This deep model is composed of
convolutional neural networks (CNN), bi-directional long short-term memory
(BILSTM), and attention mechanism (AM). CNN is utilized to discover the time-
invariant features of the input data. BILSTM is used to extract time dependency features.

AM is used to extract the influence of feature states on the stock closing price at

* Corresponding author. Email: haupy@nkust.edu.tw
2022/4/21 received; 2022/6/18 revised; 2022/7/18 accepted
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different times in the past to improve the classification performance. The obtained
feature is fed to a deep fuzzy support vector machine to build an optimal stock
prediction model. As for this study, the highest forecast accuracy is 76.9667% and
87.0856% for Taiwan Semiconductor Manufacturing Corporation and AU Optronics
Corporation, respectively. When compared with previous prediction models, the
method proposed in this study is significantly better than the state-of-the-art support

vector machine and deep learning models.

Keywords: Stock prediction, Fuzzy support vector machine, Convolutional neural

networks, Bi-directional long short-term memory, Attention mechanism
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FARF TR O A SR AL R AR TR R 2 - B
Bk e 42 TR b FRE3% etk & o (P AR BT (0 Rk aE ] F o2 R
#E+0.0003% etk A > B Rt i (k)2 (T ke i 2 @ eniiChe s ¥ 0 Hao
etal. (2021a)# 41 i * Hof §F 4 L o & 48 (fuzzy twin SVM) & 55 ] 9% i itk & AR
o P - BHEOWAZT o (fuzzy hyperplane) k 4 &) { F 7k} & {7 lagw] > &
POAE PR AR R ¢ i 112 @ AN § 4 fe(Latent
Dirichlet allocation, LDA) k #B~ < F ¢ A i Jif i T Mgt > § ¢ Fige
PRGN E L R F e B USSR P LR B R RER RS o

AT Y RRAEA 0 d 30 CNN & LSTM 54 & AL A ficd » #7147 i

R €T g Y B 2 AM T UHIRE & TR G5 R
i iEm TR o F]Rt Mﬁ #-% & * CNN -~ BiLSTM £ AM % AJ2
W TERIR ALY chpE A R X RRfoiE R A S Y T T otk s SVM ki
Hede IR TERIBCA] o 2t ko R Y AT G RO R L B T 0}
PP TR R B OO R R AP REEEFAESE Y K0k

- e Ao L L E e R enIERlan 4 .

;\Pi“%

AL 1 R R4 TR AOR AR BE > AT T R 6 L PI3F 5 h IR F B e i
FIpt oo 57 S F B SR RK x%m%ﬁv,ﬁi\:r“m’i;n%?}?,?fﬂ']gt‘ a“f? Y RE P
R L n% ’fé~ﬁiﬁp Lok AP R BALFH R OFE IR T B aniThy (T

BIFT P ORE R DRy c A PR PEF Y E 2 FHBH pB I RIS S
FAAFSM GRS SRS R T Y ERE PR OB T REE

BRI AR R AT IR el R R R G R ‘&fﬁr’v’ﬂﬁi% L
TR RIERIA KRR R ’}’é%ﬁ?mi\f‘ s 3B *“38}:1% G LA R g
AFFE o (RHLEEHE PR S FIRR e 5 QB PRIRE R AP R
F875*° CNN-BILSTM-AM £ F R o £ #F e £ 807 2 R3PS - X 98 L 2
B SRR R B AR Ty DM B RS ARG IRR
B 2 5o 48 R & BARRIHCA] - AT L F RERP-M AR iR R 03] A4
¥ f 4 5 3B (convolutional neural networks, CNN) ~ g+ & ® =48 (bi-
directional long short-term memory, BILSTM ) f=i3 & # # 4] (attention mechanism,
AM) &= o CNN ¥ 1 ,uji;f] e L fidp ¢ R B e & e e 8 (LSTM)
A UAEA B (Recurrent neural network, RNN) sz » v #d 7 RNN + %
R B ) % o BRI R AE o BILSTM v 12 v & I L pFRY B 7| Bcdy chdp 3
T AM ¥ 7 I EERT R R %‘32%:3% (RIS SR S 1 B gt Y et el
i ARACB 2 c F A AP RREAI FRLOEIRR RS F PR
3 ehd F R -4 ~ CNN i‘f‘ﬁg"%é{ » @ CNN ﬂis‘] MenE p e § RAR G pE
Y B 5% ¢ 4% BILSTM 334 o
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I e W ot ROy
i
Deep fuzzy
twin SVMM
1
AM
T i I
o) ) @)
backward ! T — t —
- | LSTM |« ISTM <«~—— LSTM
| . | - | " BiLSTM
forward i/ ,
~ LSTM - LSTM /| LSTM |/ -
E i
1
e CNN CNN CNN SR
i Ij
™ B | e
E m_—_ =t i e Time line
= | C8 1|
— e —_—
Day t-2 Dayt-1 Day t

Bl 2: % & CNN-BILSTM-AM £ #i0ds /% & L 47 o & 48 0 1 37 R 107

BILSTM i i5 5 w87 F 288 ko 4758 R G 7% % M (2o mHir;}F,
Heer %t s FTRE R 2 ang a8y riﬁkm,)iﬁv TP IR A WP R AR
% F o BK O LR FRREETEATEREP L Fe B SHA RS
B KRR p il o BT kO A PR 4 SRR P i A R
BF TSR AR o

CEEEANERBEY S PR TR KR PN Ak

AR FEREVHN LA RAP S L RB I REEHEN TR
( Convolutional Neural Networks - CNN)*F B> CNNE_Pp & % B A 5B (deep
neural network ) e B i 4 > AR U R P ELiEEd o v H 3V R
CAEB A A AR RS« ONN & 7 0% kAJEE 6 A5 chF A o 37T A
BB v A TR SR ER R S e ALY AR CNN R
Bei L A B E R R B A E R ERFABAO RTAPAR
dofr @ % CNNK A 47 & 463 I 473 ch T4 & $5 B AR B e 84 3 B 27 4] e T
ﬁi’ﬂﬁwéﬁﬂii&ﬁr*ﬁCNN$¢i%¢+m%#@w%ﬁwLb%,CNNﬁ@wﬁ%
N T R S
& CNNe B e e £ 8 4% 2 inﬁw%$f—%m%awmwﬁﬁ$%
(BILSTM):& {7 4 45 £ B ¥ chik i % o

(- )E BCNN R FFP~= p R i A28 $oibrdy 4 e
MUI/\CNN;MH@%@@@;JU\ FIFFTARRAEERELL T B
Behp e 5 BRI RIL L AR o A7 ¢ > £ | Maratkhan et al. (2021)4?5r Y
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SRR 0 VI LT EE A T en 2 RAIZ B o Fors 42 2 40 E 2 op
P4 zg.g;;% T HRCE ZHOL TR A % e HAEE o iiﬁ*r;fp I I ’Jﬁ FE A T
A BT E o AT o RNPERY 15 A7 Ff'mr}iﬁtr«‘fﬁ%%’ HiEgrm 15 7% F
R R IE (6-20 X ) 2 = o 4piky i 8 & T 354 (simple moving average,
SMA) ~ 4c i # & T 358 (weighted moving average, WMA) ~ 3 #ic#} 6= & 125
(exponential moving average, EMA) ~ #% f # # T 324 (Hull Moving Average, HMA)
= € 4p #ic# B+ T 22 (triple exponential moving average, TEMA) ~ & f £ b 4 6>
iaf.ﬂ:}ﬁ #(Moving Average Convergence & Divergence, MACD) ~ 4p ¥f 54 33 4p #
(Relative Strength Index, RST) ~ = & 45 % (Williams %R, W%R) ~ 7 &1L f 4 #ic
(Commodity Channel Index, CCI) ~ & 1. #+ £ #.#+ 45 1% (Chande Momentum
Osciliator, CMO) ~ 7 4 % #.4= F & (percentage price oscillator, PPO) ~ i #
#8 5 E (Rate of change, ROC) ~ % & F £/ £ 45 ¥ (Chaikin Money Flow
Index, CMFI) ~ Eee gt (directional movement indicator, DMI ) fe#2 4= 41
A B e 3 %%(Parabolic Stop And Reverse, PSI) = 24 # & * TA4J (Java FH s %fr
Sl )E 15 B ﬂafﬁfﬁ*ﬁ*r@fv’ﬂ %Hﬁf%ﬂﬁ(f‘“ T TP AR
B33 iy el 0 B MR I IEH S0 B % 0 20 PR TR Y
PR talic®) 0 F] 5 AR enp R AU R —rwi ChFH e R APEIE- B
Rt i ISxX1S etk HY (7R z\»ﬁi/{h‘ipﬁl—’ IR A 3 mfﬁﬁ-?ﬁ-?hﬁ«-(6 20 % )o
iEARA 4 ]%]n‘g\m% & &r%] 3 97 0 i #iﬁv#ﬂ Tt B OV e o
%% (Maratkhan et al. 2021)#7 3 > 2% i - jiedy Hhchdic i@ 4= [l L A1 $][0,255]
SRR EA RS RE S S8 L R e R A R L S
% CNN 3] 447 0 B ¥ 5 p i i foiiedy i > 302 3% CNN &5 - K o5
e £ 0 Ak BILSTM #2732 47 & FFRF enT) % B % -

Intervals
6 7 8 9 10 IT 12 13 14 15 16 17 18 19 20

SMA 123 150 129 112 98 86 83 90 83 101 101 95105 91 96
WMA 223 223 223 174 140 131 123 109 102 97 97 97 97 91 91
ACD 177 169 167 162 156 148 140 133 127 120 116 113 109 106 102
RSI 166 162 159 155 151 147 143 139 136 132 129 126 123 120 117
% 177 175 173 171 168 165 161 157 153 149 145 141 138 135 132
CI 177 179 186 196 197 201 201 206 204 208 205 208 205 208 203
oC 171 177 181 185 188 190 191 192 192 192 192 191 191 190 189

255221 199 160 125 98 81 69 60 50 42 34 27 20 13
HMA 123 150 129 112 98 86 83 90 83 101 101 95105 91 96
EMA 174 171 165 161 158 154 152 148 148 145 145 142 142 139 140
MO 170 165 158 153 150 144 143 138 138 133 134 130 131 127 129
PO 111 117 111 105 99 94 92 94 90 96 96 92 96 87 89
MFI 94 148 145 110 98 95 99 100 98 97 92 92 93 86 91
MI 0 17 30 38 44 48 51 53 53 53 51 49 47 43 40
PSI 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

B 3: CNN $iea 1 2D 8 ~ Bl s o)

indicators
<
>

(= )EECNNREFERF p b FHE 2 F R PF
AT P o X3 Kim (2014)F 7 chfagg > i g ;ﬂq‘;’\ » v & (word
embedding vector)£? ¥ 4 5 g (CNN) > FEEAVFHA O WM SHE
m&‘&? SRS e A o ONN ARF B ? 30§ 2557 AJRATE > 1395 Kim (2014)
ST Rl CSe el ¢ Bfotp i f gl B (bldes & Pen1 (59 5 128
fﬁt) P FT LAY FAESY O RRLFOAEHAE o T AP AL A

’
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FRRE 128 Wit F o AR RIL Y F A 470 ONN e e 7o~ A
- BEMA - BE P R o- BradEk o gL APRE p L anag
FRBRA-LORIZE-FF oI riiFY ¥ d “f B2 FEkArd ]
S0 fef 0 AFTE R ¥ word2vec 1 K k4 & 64 e £ & oGP~ P
word2vec #AUgpF P e i dent T F B Y RS e 0 HA D
T AR B F L 05 50 R P B B JR3T enA Bt o Frpce £ g
41‘32’{9:@;%_?«"4%7?%%#31%:(’%%* AR AP o) A PRIk -
B enbddeani g v 23R H L0 > R Aok 2407 o

Lo 2 el ki

LAY el
2 PR FHEIk > ARE LR & o
iRl & S P E 2 TR AT ][RR R R[F &
R o % 3%%%4%®§%mu%
2 * e EEIe —*@V\)\Wﬁ
3 d1 d> dn
o -0.28 0.20 -0.63
¥z % 0.81 -0.45 0.23
P4 3F -0.18 1.21 0.35
SN 0.41 0.68 -1.53
)l 1.16 -0.77 0.70
* 0.75 1.12 0.84
* 45 1.13 0.55 0.67
I 3o 0.30 0.36 0.20
20392 % 2 FMED KR %hﬂm%@”’ihﬂﬁudh S
wEFE NTHE > He £ 5(0.30,0.36,...,020) 0 &P e AL L %S gk
»@i’QLNNwﬁ»%ﬂ’f - hB¥%tEd n BH +w¢’wem“
FR QBRI IHEOR e R R LT R e RARR B AAHL 2
ESN RN
St =S1DS2D -+ Dsa (1)
BY D27 FBEFE P AT I o ?—*m?’ﬁgi&m’* “f,—»nxk
2D FE o T Ok s A dst 2D aErEAR S %]lzaﬁigj % CNN 4 > £ CNN

SHA  SEHE R FE - Bl S ik DR (convolutlon kernel)ig 7 ¥
AT Fr #w%:%] co BRI F2N(2) T
¢ =fW-sjjn-1+Db) (2)
B g dha ¥ RAILIS Y j BEAE o f 2ERME S PR S
wAEHPELEL (WeRY s h & 7 ¥ ot iaEad ki k479

1

word2vec. https://code.google.com/p/word2vec/.
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G BB ) b kAR (Dias) 0 B FFE EVRIFEFY o LT RFELER
s i s W kP gk Ems i (max pooling) % i¥ » & N 4o
¢= max(c;) (3)

EiEB S BRI ﬁ%l VB v=¢1, &2, ++, Cu] :ié':—ﬁ;?)xj_}_-‘jigﬁi s H e o
Uit el - B - KBy e £ 44 4 BILSTM 03] A 45 & pF ¥ en7]
B % o

Y54 7 7 = % (Kungetal,, 2021) » 24 * 3 CNN £ {8 - B > 42 4 (full
connected layer)mﬁi%] dts 45 CNN #B~1 mﬁfi&fﬁ:o { PR > K edR R T
Bedp e ONN enb (6 - B 233§ om B4 S0~ > Vi i B4 5~ oy
MEo G- BRER G m e R vy vp £ CNN 15 fE iy w6 ) 20
T e FR(R 4 & 15x15 r’v’véwi)b'%#f%? s e £ o BRR ARSI FH Y o
CNN ehgfs - B 245k 5 m BAH 5~ NP R m BA K mrﬂﬁig,] A s AR
- BRREEZ maw Vt’VtKCNN KarFEHFEME s o 3l B+ @
FH e RER K(=64) 0 ¢ 5 nxk 0F BEAEL) TR T i e £ 0 5T
¥R EFTHOLG —?)?}?@ f— AR AP RV B v B - A2 T T v=v@ve
HP QR REEA vE- BARE L mtms § o NP -vAL L B A ik
wE o I ERE - PR S e £ 0 R PR A S 4Y BILSTM - iR
BiLSTM 4 %[0 v &2 15 o & 47 18 7 %] 5% B 1% o

CBERTEEIEREREREY PR ISR

% ‘2 75 & #8 (Long short-term memory, LSTM) #_- #& ¥ % # 5 % B
(Hochreiter & Schmidhuber 1997) » # & & k35 % @ LIFR AR PR R
% ot BRI AR AL 0 LSTM et it g g fk i ehb o 4 » g fp 30kk s
oo TPt o U LR A gl F EI%LﬁﬁPE%F'&lﬁipr}mlIz& LSTM £_d
k75 H ~ K i (memory cell state) » % 7+ 5 Cr» 8200 = B e BARP
€[0,1]> 4 » M F* z,e[o 1 22 AP o€[0,1]° 5= BRF §4p3 B
MUl L A Es o AP RGEALY o R EF Y AP A NI P LFH/E
B R AR B RS0 /»\i\ﬁfh’f— (EmpR T Ml kpAnigsd~
B R S © E o X2 RS g W E R R G
EEL O W LATE AR E AR g EiRGE e E S aru L By
BETERIEAP L o BB POEI BT 0 2P Wicg R E4E
"o brifco R £ % &

iy = sigmoid(W; * [ye—1, X¢] + b;) 4)
fe = sigmoid (W - [Vee1, Xe] + by ®)
Ce = tanh(W¢ - [Ve—1,X¢] + be) (6)

o = sigmoid(W, - [yr—1,X¢] + by) (7)
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LSTM ficie ® it 3 8 ~ 8 G 1\7@?] IRy PR T oY
Co=Cq-fe+ (i (®)
Y = 0¢ * tanh( Cy) ©)

AP EE P b - BREAHST mﬁgj A B FA PR )k g
r*zo LSTM ¥ 145 »xb Jf JE P B B 7| dicdy @ B pF B S 41 > Pt Folag £ 0

LAPM Bcdy Y s U LB AR AR IERIESY o EEFTENE 2
(CNN BB e )2 [ A (AR eI BRI e A AR R R R R B
g% dp g R SRR AT o

LSTM 8287 1 JE Peig JEHE cngF fican & ik g |+ e § > @5 LSTM -
BT T PR LD ok icﬁ?i'g#\ Rep g > T L5 % F g o
Ra o R BEFGFERIEY P ook s Y gEFR A Ay om e {ois e o 4
R F G oondk B IERH AR o F]t 0 Graves & Schmidhuber (2005)# &) e &
‘& 3P 22 1% %8 (bi-directional long short-term memory, BILSTM) » BiLSTM #_d &
LSTM &= » - A EjEE3 3l A k> - A KL > 28 B LSTM
P HE ek G @GR o BILSTM BEw S @ ER L TR Y kA ki
AR . d 3t BiILSTM ‘:‘{}ﬁﬁﬁ:ﬁ@ﬂﬁji R g it RE S T U S
Foi ke &g { ;{ﬁ’fﬁ’f‘izmﬁﬂﬂ.—%‘; » B 2 ¢ & BILSTM vk T 2 5 dh 8f
200 BFR B L it o @ B 2 ¢ o0 BILSTM #h-® 2 v e B
P E_ o Bedp i E”’”imfﬂ(ﬂ;ﬁ R IR R T ﬁ%] M) e

CHBEAR A PBHF LR R

A% 4 ¥4 (Attention mechanism, AM )#Z_d Treisman & Gelade (1980)3% ! -
AM i & L8 ip WARARRLL AR FAPRRTATIE AP
RgAMAEY hE - 0 o R A PR EBEIRT - 4R o Blde o A PRLE -
AP 3 F“’ﬁil.&ilm? oA g~ R M AREE o FIE BN
AETA LT DR R £ B R WIE B A ORI g R
CHARE T PR IR A T R T A MR BRI 4 BRI AT At
W Lo R OAM EEPEMI-B{EL L L ERRLL > £ 0
AR LT R e LR AR AT LA A 1N St R B mA 1
T p RETRIL PR EIER F R AL R R B S AR Ry &
TR o LR A P - Sd AWML FTirE S Ei&“f'glf—li@?l}‘ TE{ = e DE i N
PRI R B E R o R AR A BT "liiﬂi%]”ﬁﬂﬁ—
"K/ﬂ\??"* K Pf"‘”’]’g—é‘ 7\@/@——“&‘%4&({’ lE’J" ’4\/ ‘E, 4 ﬁﬁﬁf ;?}UW' L}% 2o r_]

mﬁ,ﬂ)\pz% TR 4 Bty g nerFgg,géﬁ,\rﬁgQg_mo—gi,;g_mrFﬁﬁ
f’f:a— BEMWES S X0 RESER- B A% E (query variable) & g o g fiEY
T hpm X gﬁ BEH AWML o 1542 # * soft attention | KiEH T ¥
o ¥ ER mﬂig,] CAE I B 21 BE N 5 B i mﬁiﬂ KA RER gl BE NN &
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N @R o q LARRE s LA P E Sl TR R LY

foh =
3 <

exp(s(xirQ)) (10)

a;, = SOfthLX(S(xi: q)) = ZI.V 15(x,9)
j= v

ARATESET A T AR A0

s(x;,q) = vitanh(Wx; + Uq) (11)

s(x;,q) = x;"q (12)
_xi'q

s(x;,q) = 7 (13)

s(x;,q) = xIWq (14)

T RAES A B B frRAEE > BY WUy AR E
B9 e ik S¥k d{ﬁ%l MM A R o BRI AL > APV UEF A
iR = NPE i N

att(XAq) = YV, a;x; (15)
PR FELAFE R REI R TR L RE

EAFTY o APRMEEF L L Fe £ 8 (Hao et al. 2021a) 1% & 578 & o
AFEE > R BILY kAR o O F 2 L 35 % £ #8(fuzzy twin support vector
machine)¥-Hct f £ ZHM & T F2 L HF e EP(twinSVM)F # > F ¥ 2 £ %L
AFe E RO PG NRE -

W s 4 L e £ (fuzzy twin SVM)E 5 - H2ET ik T o k& iE o
BT FUAEN AR EEREEAEL T={(x1, 0 ),(x2, 2 )X, v )} B ¥
XER" L% i T FHS R0 ye{- LIPS i & TR asgn A i=1,.. N
BB s AP 7 Np £ i Np Lo FnFie g7 el
ARV £ 7 5 B o BB A AP § Nn X5 Nn £ f &Y
TR BT L F AL BeRV 47 o &1 0P| LA N A BE AP LR
A ST AR ABEd AP EERSD - B AR RS
(feature space) » A s AT F G RGP LTe » THRIN A XS FE'F)*J%{
B ik el d & (fuzzy surface) » 4 B T 7)d P Silic T &P & o

KT, cHW,+B, =0 KT, cCHW,+B, =0, (16)
2o Wy=wio) &2 Wy=Wyc;) A5 8583 BAed 6 il ige e £
@ By =(by,dy) & By=(bydy)» W Eizd BARY 6w HBEE -0 &7
“Yicks F (fuzzy zero)” » T+ H - B=Z & 548 1 E 27 g @ LT i
Ow »C=[AB]’ # K 5. & e Slice & B2t — $d i lidod & » 29 —
BTG - BRRATY B o0 @ FE — AT B8 590 el ] S R B A 59
FEYARITARG o PR R 22 ¥ — B S iR A BhA 9 ERARAR R AR > A P F L KR
T i R A
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] M
min jwmpﬁm+QW+3%MW+W$+M+#ﬁCg@W%@

st.  —[(K(B,C")w,+e,b)+(K(B,C" e, +e,d,)]+&,>e, +e,I, (17)
_[(K(BaCT)W1 +e,b)) _(K(BJCT)CI +te,d)]+§,2e,-¢e)l ,E,§,20

. 1 M
min K B,CTw, e+ 222 (o e 2 42 Cosl Gy 20

st.  [(K(A,C")w, +eb)+(K(A,C" e, +ed,)]+E,, >e +el, (18)
[(K(A,C")W, +eb,)—(K(A,C e, +e,d))]+&,, >e, —el,, &,,&, >0
QPP(17)£2 (18)r1 P Hh i s — 70 A AL T & TIRZ ¥ AT S (bl4e - #7%] 1)eh
A B EEAE i fo o FPt o B 1V ERIE B R N RO AR T 6 27 ¥R e B Ax
FiTARE > & 1 QPP(17)& (18)ih P R andicehd = R ALT G HER "G b ] 1
(structure risk minimization) 54 > T EP B i CDVHRGE L BRI SRR
(model complexity) % fe > d ] v R I LA 0% % F F (upper bound) > ¥k M1>0
gOM>0 E* 2R A SR AR 2 R AR AT G Y - RS (B e
ATn) Q) A BLPEEAET U L 10 3B F LA 6E @ iR £ Ak £ 5F % de(slack
variables) E11, €12, &21 HEn BR > @ Flic C1 & G A% PR TR Sk T
& QPP(17)& (18)ihp - Snficin s = B J L iF L (M A FE R BT ER]) > &)
it QPP(17)2 (18):1 P 15 Bein® = 78 £ Jo 30 B | 1 20 1R & chA B4R 205K o &
- BRRAR A R R B R R 0 R A UR A BT A S e R
TR oSt &2 os RATEHE LR ARSI RR e e £ XA
QPP(17)£2 (18)£1 P {53 Bee % = I8 3 F$H 0 3 4 enflr By 6038 & o 005 74 7
ek & BE(Dlde > F230) 0 PR R RO B R AR R 0 KR D U S AR SR
ST 58 R Aot T O AL R F Y (overfitting) PRk 33U BE T ¥ OB S IR 5 4 o

¢ * Lagrangian 323 » 2\ P E DT A5 B 1R R

%l(au +0,,) R(S™S + M) 'R (o, +01,)
max

-1
W(an - alz)TRRT (o, —a,)+(1+ Iw)o'lTleZ +(1- Iw)aszez (19)
1

st. 0<a,,0,=<Cgs,

_71 (o, + uzz)T S(RTR + MII)_I ST(azl +a,y,)
max

-1
W((”Zl - azz)TssT (0, —0)+(1+ Iw)o’glel +(1- Iw)agzel
1

st. 0<a,,,a,, <Cs,

(20)
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19 S=|K(ACT) ¢|R=[K®B.C") e] 1)
u,=[w] BT =SS+ MI) R (0 +0) # v, =[] 4T = R (@, -0) (22)
u, =[W§ bz] _(RTR+M I ‘ST (0, +ay) B v, = [cz d ] :MLST(U,N —0,) (23)

Ff2 QPPs(19)£2(20) A P E I pELEwE W, = (w,c) & W, = (w,c,)
i 45 £ By = (bydi) & By =(bpdp) - L WIHCR W 5 > iR {lpATE
HABEXER BV B Y 5 BT KT A B xeR A0 vR- B
f%“ ERHEABX T EHRY 5 KT, CHW, + B, = 0chiedty £ - B4
Z AN Y wgky |KGL,Cw +by| X ie s K&, CMe, +d; -
HAR x 2y 6 K&, W, + B, = 0cpeiy & - BHfL= &35
oo 2P wgh s K, Cwy + by| B2 i K(x!,CMe, +dy o & 733
RN xi £HAVR- BaE o AP E R A6 T Y- BRO Y & SRiT o
W E G A S B RO S ) RN IE R S B &
Atk A= (my,c)) ¥ B=(mp,cp) okl 4 < HORE B HEA T
T ;|ETF/%‘§ Bkt
1 ifa>0andpB >0
0 ifa<0andp <0

0.5 (1 + i) oW

max(|al,|B])

Ala=mu+c)—(mp+cpg) & B=(ma—c)) —(mpg—cp) & ¥HfF= &7
#o# D= (IK(x],CT)wy + by, K(x{,CN)ey +di) & % i & &
KT, €W, + By = 02 4% » 8 xi ik JE4 © £ $H4E2 & 2) ok D, =
(K (xT,€TYw, + by, K(xT,CT)c, + dy) 4 ik d & K(xT,CTYW, + B, = 027
AEL X PRORERG > APl L e Bl § Sl h

fx) = R>51(52) = R(52»51) (25)
PSR R S ik B v B nj‘ ORI R A AR x BN R
AR o Bl KA f A n2 BNy - lLH&-%‘J g o SRR E R {4 AR
AR RS R o B EAR A B SBiAx) Y R HIERLES
i AR R X)NB e EAR A > R A x BT SR 0T A AR > TR
R LIEE i i};ﬁ% o P AR AT AR N K/ ETRRRE G iR R H
% & & ehiggh(Hao 2021b) »

CEERSE YV ERTFER P L E e BB RR
% 7] Wang et al. (2019) # £ anFhk L $F o B orfcg > Armg P > AP
$ o~ A F ¥ (transfer learning)T 3 k& = £FTe0E 5 iR A S L F e £
# o A X TR B (source domain, DS) % H & ¥ iz fx(source task, TS) » P k3 (target
domain, DT)% H & % = j3(target task, TT) > #&# § ¥ e1p &£ &% DS=DT & TS

R.p(A) = R(A,B) = . (29
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=TT pF > £ 4] DS ¢ endrid > k§esecie DT ¢ chf ¥ sz o X P o g
PP VSRR RS Y ) - K ﬁnm@qﬁw@g
WRBEF AL AEE DS T - R odp o A Fe E SRR ER S P R DT
AR ARSI A 45 e RS R S AR R B B e - R 4
Fro B SRR EDIERIE S R G BT B R B h- A
FRd M Rbe e B9 GRG0 L - A7 DS DT 2 B 5 & uz&f;
- R FHEHSEY NPT R AR R DS P &Y Flaaeit o kF
PR DT ¢ nF ¥ i4g o L B HBEY ¢ A/ S &ES > 2
(model/parameter-transfer approach) » © BEX kB frp i - TR 2 3 &
2 TR R ek 2k A 7 (Wang et al. 2019) -

Layer L, o
s
c-Dth (I-1)th (1-1)th  (I-1)th . Transfer based _J o
X o Wp,i Ni Wi R Fuzzy twin SVM =
— T
~Model ‘
| knowledge-(/-1) |
e
T
. - |
-
A
——T
[  Model ‘
__knowledge-3
— edge>
Layer L3 .
2nd 2nd 2nd 2nd 3rt 3rt 3rt 3rt
x C,, : P . . J Transfer based . Co . . . .
P.L P'L N.L N.L y " Fuzzy twin SVM g P'L P'!. NIL N'!.
—T
"" Moder"i‘
._knowledge-2 |
Layer L2 i
1
1st 1st 1st 1st 2nd 2nd _2nd 2nd
XCAWACAWA Transfer based > Ch: Wa: Cu: W .
P P N N 2
-! -! -! -! M Fuzzy twin SVM P.L p'! N.! N.I
I
- Model"'"ﬁl‘
__knowledge-1 |
— ~oee-
Layer L1
| Fuzzytwin 1st _ 1st 1st _ 1st
X 1 ] >Cpi | Wpi Cni Wyi
Bld: s gy R oL e 2148
= FEE N P2 Ao 4 = i A A .o X o AR e AK
Hawiviz4eT > BEVRFTFE{(xp)}, =L N B xieR AR DL

:p)

S R oy R HERRP R AP LR A5 (19)2Q20)hs S b iR
iR A Fe B A2 2B R - Bealiop A Fe B8 AP
N R L e RS RIS (T B R RGT R £ 8
- dr e BOIAI o BREY - K¢ o 305 0 LT8R xi= [, 0] 03
18105 el wei o Wi 0 BT o cp Bwpy AR AR PR TR e
SRR S 5 TR IERLY S B B ol B WA R A B 1 TR
i ;ga B d & RO IR Y S BEE TR > RS A PRI R FE R kh
e B F - A0 7 T A = g Xl OB e on WD #E

PUEE R g~ Pl B P (T AP R N LR
meyé. R PR e i § A R AT N
C TR TR SR L e RSB A (stack) 1 B - K chR iR B

£ &
==
+3
‘F
ﬁ”

R
R\m\-'*‘ﬁ-

1 o
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e R T
(# ¢ % transfer-based fuzzy SVM) g i 14 B JE 0 B 4o T

||K(A”h C" yw, ;. + elblT” +— (||W1T|| +||esr || + b2 + le)
+ C1sg(f11 +&12) + ||W1,T_W1,s(l—1)||2 + ”bl,T_bl,S(l—l)”Z

+ ”Cl,T_Cl,S(l—l)”Z + ”dl,T_dl,S(l—l)”Z

subject to (26)
— (& (B, € Y wyr + esbyr) + (K (B, € ) erp + eydyr)| + &11 2 €5 + €31,

T T
_[(K(Blth' c' wyr + eZbl,T) - (K(Blth: c'th )Cir + ezd1,T)] +$&11=e;,—e,l,,

flll le =0
—"’E

min = ”K(Bl”’ C””T) W, + ezsz” +—= (”WZT” +||eor || + b2, + dZT)
+ Czsf(fm +&22) + ||W2,T—W2,s(l—1)||2 + ”bZ,T_bZ,S(l—l)”Z

+ ”Cz,T_Cz,s(l—n”2 + ||d2,T_dZ,S(l—1)||2

subject to (27)
[(K (A“”, C“"T) wyr + ele‘T) + (K (A“h, C“”T) cor + eldle)] +&,=>e +el,,

[(K (A", ClthT)Wz,T +eibyr) — (K (A", ClthT)Cz,T +edyr)]+8§2, 2 e —el,
fle fZZ 2 0

HP oower, ekr, bt ¥ dir, k=12 N & P R (S ;j-}ug;aﬂ [ R cntihs 2 5 £
WRREA )L 280 D WLse-1), €k SG-1) , br se-0E dk sy, k=1,2 & & R
(~ ri&{av Il khirds L o BB e e)hirpE L 28 AV =
(x5, XN )RR S R LR e R A R TR v R TR
Bee B E L1 KRR R A- As @ e, x g xih=

X150, % mlc(l 1tk ng'li_l)th, cls,l,lfl)th,wlgl‘i_l)th] @ N (26)81(27) 2 B 1L R

P ohp o dikp ] T | wep — Wk,S(l—1)||2 . lewr — Ck,5(1—1)||2 . |lbrr —

by,sa- 1)” 2 ||dier — disa- 1)” =120 Q23 B S i S Y Ry o v

B e R (4 ,]* CE % [-1 K iR st— e )8 418 I e S AR W), Ck S(-
1), br s¢-)82 di, sa-1y, kK=1,2 0 A TP (5 ﬁ*u AR ice) KFev
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Y wir, ek, berE dir k=120 Z @i 30 0 B K MR EHR R Y I - &
Bdis= & AR FTS N LPRE xSl el [ 2 o &

Fo B8y RS a0 IEREEL > e e 2R T LR 4
B R%E%

*P’“’?‘ﬂ‘gﬁq%%fﬂff%}k%§ PR RAER] o B P AL AR
P‘ A ’Ef‘nb }ﬁ’!?/? _r‘ I% ’hﬁ.ﬁ&ﬁ—%%ﬁvmﬁ fﬁéz\zklﬁl—ag’lu /?_Q_EI%— ]B;ii)}” LA_\FI“V?‘J
e AR L LAERR D ik ek 0578

FOARDIR g g uR A o 5 7 R 2 e fobbF R R R AP
L2 3 A fed ook & l% Té FERF CE PR o AP 2 g o
SRR FROPE TR P F TR P ol o3 P
R PR A e 2 B G o R R R AR TR - BT s R AT

il

B e dTiE s By - RIFE BRI RS e (ks TS BaER 0 ¥ - 0%
ek MIERIE R A S (0 R TH TRy AR Y 0 %% (Haoetal. 2018; Hao
etal. 2021a)F AT 7 > S PRAERIE R A X { R TS BAEY o

¥ b Xu& Cohen(2018)e#7 3 £ F1 » * = & M 2t A ZIHH %D 2 5 £+
N PLE o ARF BT 2 b BECL LR S B S maiiiri"_h—rﬁzaﬁ
M AR BSPAT LR G RE R LT S
p‘ FAHET AR ARNK 08 £ R IR 2% £4F 5 2,084,935959,207 0 = % &
Bcs 2,821,457 5 = AR 108 & B KL &% 43?:?‘,; 117,500,587,969 > =
T #c s 2,085,296) 0 2#7 7 % B & MobileOl =k (https://www.mobile01.com/) 1 5
AR xdantmFadty B > TRAFPFRKARI8E 12 29 3 109
EF1P2p TP - BRE I G ENT S SES LA DY P AR
FRA o 23R ARG mﬁc |t FHdE > g & -

RN S R

ﬁ

‘4?%?

St g cfER % iE
FRAEE S 235 235
AT HF 7936 7408

R F 54.81% 50.73%

+ P AEF 2 T i5gkp 33.77 31.52

R REARRIE R I - BHOR A SR A YRR R R3008 1
7E+0.000396 L E R A 0 T )ff—ﬁ“{ PR SR sk AR R TR - R A HUE AR
PO ERROE R AR B R o KR B R RP3GRA 0 U G { k)
*'%‘J ek AL VR E 0 AT I tﬁﬂ’.ﬁﬁ:‘@ﬂt‘ PV ERE & ow R LIF A REAE SR
F 20} ER+0.00039 etk & 0 B it {F ke { T B b EE R 2 B i A
A vw@?ﬁ{ﬁa,ﬂ&?uﬁﬁam*@éwﬁﬁoiiﬁéﬂ’ﬂW§
LT SHBRSEKEF BERGRASREPEER -

2 https://www.twse.com.tw/zh/page/trading/exchange/FMNPTK.htm|
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0 Ap;|<a
[4p.]
2
2(—|A§i|_aJ aS|Api|£a;b
u(p,.a.b) = |A_T_b : 28)
1—2( Z" J 9D |ap | <b
-a 2
1 |Ap[|2b

B ApiZ 25 i BEApE AMpPER DD D PR R o ph o AP

# a=0 ﬁr b=median (|Api|) > i=1,...N>» 7% & > b E|Api|#¥ =¥ %‘3#5;4. ;\

(28) » & ’% R dAs L o Jhar b (TR ) Enl s R AR 0 B R

A A SRR B TACENIE Y AR E & o g E o B AR oo A (8

T“)ﬁ%mi%ﬁﬁya~o¢5ﬁﬁﬁ1,gﬂﬁ%wﬁi§;{ﬁaom

AR ERVVRIEE 0 T U R B LR B Btk A DIERREL o

By - BREY OABYVRAPRN S FER LRI L §RRRES

A RERCA] eI R 0 AV B¥ %

° Day& Lee (2016) £ 38 * &k #7 4 (T 4§ (deep neural networks) = A #_>

x@v#ﬂmﬁkﬁﬁiﬁ Af¢ﬁ&gm%ﬁo

o Pinheiro & Dras (2017)¢h> 2 3% * F ~ K % 3% % #- 3] (character-level
language model) 2R TR A S “»F&&?(recurrent neural networks, RNN) - I ¥ i%
B R NI R kA KLE R R o

° Yun, Sim, & Seok (2019)e37 ;2 £ * 3 ## 4 ¢ % k& (convolutional neural
network, C(NN) & AA# > & PALE Y > ¢ & - BHEF o r » &0 ¥
TR R OMEF IR e RiE - H P FES S - B ok om e
o B o E R OMET D o om ARG e ROBR S X2
2D % RAEAL G Bl o A B I ERAESEE £ 1 2 I CONN R
Ko KEH P PR BRI -

o Chong, Han, & Park. (2017)¢77 % 3 * 7 & #5415 4 B2 (deep neural network)
ARH T PEE B %Enf% % (autoencoder) % p & § ¥ & p 5 7 0Bl
GEF T AR P R R Rk R E o

° Fischer & Krauss (2018) s> ;2 i& * £ ‘&4 7z % ¥ ( Long-Short Term
Memory, LSTM ) &k #8~ % i iﬁﬁifﬁﬁ‘*ﬁm 7P e E PR R L iF
LSTM &k & &1 P cFX & % 2 ek ik 6 o

o Maratkhan et al. (2021)¢3= ;23& * 2D £ 4! 5 % E(convolutional neural
network, CNN) & A # > 5 7 #iL 4 Feenpr R 2| TR H = 2D ] i
TR B PR 15 B E FEFE TP LIS B RO RT 5
gt E o R FEBLE TR G- B 15 152D Bl KR
» I CNN ek » 1A SRR P L E 1o ks § 8 o

R

F_

F_
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[ Hao et al. (2021a)ch= 38 * (F gkt $52 7 e TR * B
% i 41 5. § 4 fie(Latent Dirichlet allocation, LDA) k& $#58~~ & # Bfeni 48
P @2 Mgl e 9 S MPAARLIOPFL L Fe 2 UL
IR PR ik g o
%4@W%Wm1aﬁﬁwm&&&ﬁﬂﬁﬁﬁwﬁﬁ&%’Eﬂ’ﬂW@
8 ek 31 % R B #E (ten-folds cross validation) k 3% & g et FE 5 - 2 ¢ > Day
& Lee (2016) ~ Yunetal. (2019) ~ Hao et al. (2021a)%2 Pinheiro & Dras (2017) £33 B
WA ok A RN e T L > RIERIE X ORE B R ok g o g0
Chong etal. (2017) ~ Maratkhan et al. (2021)175 Fischer & Krauss (2018) 7% & -7 >
=d e KL u% fé.;}ﬂﬁ;:mfﬁﬁﬁﬁﬁ“ﬁa;l RIFPIIE X GVLE 1% Bk g H o £
*é4mw%% FUBT & B HIEIS 5 T4 2 7 RE R B
SRR FES T EE > £ LY - hd AE e & aR {o CNN, BiLSTM, AM £ /%
)iiﬁ:/{’“ SVM 3 B3] » B o sg T o 4 82.1407% > W £ & % = n
Maratkhan et al. (2021) 44 % 5.1988 %> % $2 4 ¢ & {8 — 7| H gt ~ IR

#HoigrerEaP )‘—T-I%’Fé./éz\ s mzlﬁh]#&7mliaxp’j\§éa?ﬁﬂiﬁ’l
R HEHD SR TE AL LR RRRFR DA IAF AR LS 1 200
—*‘:}*k f e 320 &1 > Maratkhan et al. (2021)sP #0313 S T 2 ¢ K I TR &
@m@gﬂaﬂﬁamﬁzrnﬁ%4@>— L R B A D RS £
535 —*F]’m;}ik LTI H 250

o4 R e R R R IR R RIE
Day & LeePing;g: & Yun et al. Chong et ngszs& Ma:‘;lihan Haoetal. ## %
(2016) (2017) (2019) al. (2017) (2018) (2021') (2021a) TRl

e AR 62.9167 66.6667 67.6000 69.1667 70.1250 70.4167 71.2500 76.9667

% iE 61.4285 65.4286 63.5238 81.2381 81.5418 83.2381 81.9048 87.0856

T FESF TS 62.1726  66.0476  65.5619 752024 75.8334 76.8274 76.5774 82.0262

LT 8 6.5 6.5 5 4 2.5 2.5 1

AR RANT o AHT R R AT RS TR LT HE B
IR AT L1 u% FERIHA] ey @EL VBRI AR R A ek 1% Rk TR P ﬁ:’"]my
prlt o F Bk BEom o d LT AL ehAF sed2 > Day & Lee (2016) ~ Pinheiro & Dras
(2017) ~ Yunetal. (2019) ~ Chongetal. (2017) ~ Fischer & Krauss (2018) ~ Maratkhan
etal. (2021) £ Haoetal. (2021a)4% ! _’rﬁ?E;E'J'% E R H - BREEY A £
ERILER L AR A ATERIE S AP E B A2 D en? 2207 CNNYBLSTM>
AM 2 FR A FE 2 SVM > 2 ¢ CNN 7 B~ d1n iy T4l @ o [ 2L pF % (time-
invariant) | 4z > @ BILSTM ¥ 1 3 #ijget T 2Eph s | Hacadhm p 22 (8 o T % M
o ¥ AM PR E AL & e B8 FEBH SVMRIFFL G BE
SR IT R 4 B R T AL e 4 0 Fpt o AT R R oA ¢ ujﬁw g 4c
TRk ottt MR FRRRDF I FZARE 2 BT E AE S Kep
g3 fre ' 7% % > Day & Lee(2016) ~ Pinheiro & Dras (2017) ~ Yun et
al. (2019) ~ Chongetal. (2017) ~ Fischer & Krauss (2018) ~ Maratkhan et al. (2021) £2
Hao et al. (2021a)# J1 i ip| = 2 ¢ 4 g H - B 4L RGELFEE Y chy 3 T
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2K R el E T ) rﬂtbiwz&fﬂﬁ AR DRk o AR E B AT R
7 R PR Y AR Y F TS R e T AT T iR 5 i [E4
[ N N R ’ffhzl:mr)iﬁ PROF B2 S AHDFRBA T
FYRINMFL T RO R R R AT - 'lﬁs—%/’a\éﬁfiz& ' 7 3%
,—,s& 0.03% 7k A B2 FR 'k B {0 kg ] > e B R {0 ik ok AR A T
FARR AT e 2 AR R Ry W { L AR U P A R T A AR R e
AT R AER R FEL SVM TG i Y Ry R ASROPIET o T R
FH SR G R A ik 2 TER %‘*J"]E%#’?’ap e AR R e A AU e L
FREERE Y ey (FL IS o TREEHET  F PR TS
SRR 4 SVM (il £ AR 2 R /u-,ra%&%% PR AL A 2 R
SVM { iv 598 £ 323t en? L Fpt v B R E OIp R -
2SR BT E LT E S R TR

e fk T e
# % CNN 71.1667 | 81.5238 |
# % BILSTM 70.9167 | 82.6824
7?% 2 AM 75.0326 85.2529
# % twin FSVM 73.1250 84.8231
’ “"‘ FiERES T Y R 75.6667 85.2337

U H PP R AR P T (B 5%).

AP E D - BiR{o CNNBILSTM ~ AM &7k i § 4 L e £ 008
BARINCR > X R A LR iRE B - HHRBEAFL R DA BCE
HELR M A% BRG0P ) gA 9 (Ablation Analysis) kS & 7
M aE e SR BRI e R AT A ERY YOV g v N
2B F&?&éﬁ- PG I R T fRSARR I R G
R SRR T AR E R bk W R B R AEC R 2 15 TERIE
FES AU REEOT R IR A TR R e BN IR R R DT e 50 R
% CNN ~ BiLSTM ~ AM -~ fi%% 4 SVM &0k &4 5 IR oo
FRe &7 R A panpg A Y - ke > 38 RIS Y IR HC IR R
o L E P AP T’fﬁ\—.ﬁf_m?‘}{%iifi R EESRR T kS5
o # ‘ﬁ% CNN: 4 549157 » # ",f BRA SRR (CNN)BC L » $#5 S AT %

SRR TR 5.8% 0 ¥t R R IRl pa T MR T 5.5618% 0 d Bt ¥

20 ONN B $ 0 SR FES § B F enT 0 2 & R A2 L ONN 7 118t

P eI Y SO R 8 7 ?ﬁmr R AN B S

i R R m e/ FIEM G LA E R T T B

F b ?E,F u% e ik
® #'% BILSTM: 4v# 5 i - #5% fEw & =¥ ?%‘T%,%Q(BiLSTM)%s‘,fﬁE%é s

e LI B enIRRI AT T T 6.05 % 0 AT = F % B eI R AT TR T

4.4032% > d ¥ 8 > BILSTM % 538 i8] ﬂ@ﬁ.iﬁﬁ %E%“ﬁﬂ?ﬁ)gk AR R

F R iz 2 BILSTM ¥ 12 A 475 Y B 7] et /14 v B % B (> @ gt %éﬁe?ér_

PR R 7P NP % M & RN R R T F o
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o B ‘ﬁ% AM: 4cd 5577 0 “f AR BAAMBCER 52 S/ TR g
RIYCR T T 19341 % 0 #1304 K ) R RIPRE T T 1.8327% 0 AM
@%&ﬁﬁﬁﬁ%mﬁﬂﬁz%¥’w{AMrﬁ?u&&wﬁﬂﬁwﬁ

» AR R PR kAMﬂ”ﬁ” DR R B AEF R %S 5
R4 A g LR £ NTE o

o % ‘% twin FSVM: 7 gt joe» AP #-H K073 Y afics $ 4 L v £ #(twin
FSVM)#1 "% TP R B AenH K i B4 5 e B (single-layer full-connected
neural network) #- 2B~ X s ok 5 577 0 ",f W E4 L F e £ #(twin FSVM)
Wi th o #1405 TR SPTE R T T 3.8417 % 0 $3T & AR T eniE Rl
iy T 2.2625% 0 d 0¥ A > twin FSVM B $ g w5 B F o
TE'/*% v 3 & R FIR%E_CNN £ BILSTM 37 R R 3]s 2R ixdg £ K7

)"J" PrsstanFie LI PEAFERGEOL R HFE o LEwE

WE R pBEY :}iff'é:mnh D A RN ARE T s A st
§aﬂ;€vm)‘a‘$?ﬂ%}§7¢i SE N R PRSI TS Rl

\

PRt W R RS T ,é@r—lﬁﬁ_%ﬂi&lm PN gy A s s
R T Y R A R A e 2 ARG F B A s TR
ﬁ**»%wﬁmﬁﬁﬁ AL e
® BLRFERBEY R e ATHIGEERSFYE R PFL
A#i’rm»ﬂﬂbﬁm f#*mlﬁ“n%?ﬁ %mﬁ_'}"]ff*x#ﬁ?ﬂ’bﬁ s hod 5 BT
f/#‘% @;%;éﬁ 9 76‘: ’]‘?‘19 ’ ’H"& = f AR '%' ET”F{ Blrzae T 1.3 % 0 ¥
hgk%mmmknTﬁﬂ1%m%’dw?i’ﬁﬁﬁ%§?§%$iﬁ
FRAR L L e BB E IR E RS T R A B R
ﬁﬁﬁﬁvu&&mﬁﬂwﬂﬁ "1£@W@Maﬂpaﬁg®ﬁ@
Bt - B EY I HoBERAEcA Y hF Y FERES I T - K IR
Al > ¥ g ﬁﬁ”ﬁ S TR 5 [T FERDR W R OB AR o
) s 1R R BT o AT R N R - M A FREY R
R - RALR DT
@&@—@?%ﬂ’ip*wmﬁﬁ?ﬁ&ﬁéﬁé*?%\@ﬁﬁﬁéﬁ
¥ dp ek il tho i 1 2 RS AT R BEH ST EAE ST
LU RAEEARS DI RF > 2 6 Hr A&V RO E KA 6 BET Y
W ¥ LSRR P HLE @ﬁmﬂ’ﬁ%ﬁﬁﬁéﬁﬁﬁéiﬁﬁ’wﬁﬁﬁ
B ke BB hA L /S S ARF B o $TAE 0 P LR FRAER > RBIELR
*“@%&ﬁé@ﬁ#ﬁ%@%ﬁ’Wﬁﬁéi%&%pﬁamﬁﬁL FEF 0 iE
LR AR RE o AR F L AFDF EAS M B 0L d i s A A
gm@%ﬁ&,>ﬂxﬁx BWE 2 e TG0 BEDBEE P 2
FOU3 A EAE A ORI IR AR ALY he T RO B A
FrHSTRY B E- BEAOD RS AR TS R S $ B,
AMERT DT FALLE o R E- HRALAFERF -HWOHFRT AP

g
I

3
e

El
SN
S ELLS

t\mt



326 ENERBH L ANE HOH
WATRIR e BTG S0y R ol B 0 T L K
Pl B S s 6.7167% 3w A d 0 R L B RIFPIF R HERF
P i 1 Bt e FE e o oL IR R 4n BB o % 3 3.1506% »
AT ARBEEL R P F P F BB TR TR L

#0060 @ ORI dp e s ARF Y F #B‘r e~ R B PO A Bt E Y F B

c 17 " ié
Y dp B 70.2500 83.9352
XS 71.667 72.7619
AAF 2 FHER ;}ﬂ B e 76.9667 87.0856

FAN AL

TR T B B R R TR X 5 e R R TR AR
FOREAR CREREEATRENTE AL RS AREPA SRR
BF HEEFERTHFHEE S A OREST A 2L
TAE TR AE Y A AFPATE S o AR nde e PIELF @ RTE
FEORE S A RTEFHNZEEOER T ATALFER Y e 3 T
W BT BB A 0 S R S T S PSR A R AR R o A AR
PG A RER TR ?ﬁ%wﬂ%’w%&%gﬁ‘ﬂ?ﬁﬁﬁﬁﬁﬁﬁﬁ‘
Remd g AR 5% 5 8 AP 7 8 7 '] o

Rk RIS R ARAL R R L S e B ek
PR 28T paddFRest BEF34% ]j\ﬁﬂ”“miﬁl‘iﬁﬁs‘fif_‘t‘]ﬁﬁgﬂ’ﬁ 3
FHREE B FARR G AAFL R ] FP 0 Ay B A
ik G A RAFR DS B AP (ST E L) R TRARE R o
£V PR RGN F i 4 0 AT B {5 Mobile0l 2 5L & %
Foordhe BHET o A ko APFH ML ] SRR RE] S FHNP
BRCRE AP SR S G R HABAEREEEILL B Bk (7

Gugipli 4 o

P

M~ BB A KRR

%“ikéﬁwaﬁﬁﬂuﬁ?ﬁ@%ﬁ%ﬂﬁﬁiﬁﬁéggﬁﬂmﬁﬁfﬁﬂﬁﬁ

&éﬁmh?*%+%”¢n@ﬂmﬂﬁ%&k BB kiR At B
lé # ‘:_4 /?ﬂ._‘}p‘i:&,évp\ E’r’)}} £ ;}'H."? .‘?E’ TI"‘-!:")‘ F\ 2: j\'!F‘ /? ﬁ% ﬂ_’ bh‘? J i 4} é—" B)f-‘.%:: T%' ﬁ;.
P PRI ARS o F S S S SR EAL T LN B HT 0 S LT GRS AR 4

y%yq$$mo p?j%éﬁm i&guu¥%&§£@@ﬁﬁﬁﬁME
L5 H 7 0B AR LR 4 B L R R R
4%%¢€%zﬁﬁﬁéﬁmmwu—a#ﬁmmmﬁ«vEW%ﬁdmd@
RGBS B P R A el 6 T e B § A H R kA B R
PEE A R aw PRk o R 0 FETREAAFERLSY Sa o PlE2 R

pu)
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FFRED L TFR 6l 2 BARTE DR BS F o Flt o i
R £ »5»'%#ﬁ§£m)ﬁQE$Fé&§» @A R TR LA R E R i
B (- A R A LS o R AF LR & N ST 2P
R R TR E AR P R S ALE RN FE Y F P A R B
o W4 B e AR R B FE S AL 76.9667% 0 v+ W16 % PLpiedn 545 e k R 0 FE 5 5
e 6.7167% > $30 % id 2 P AL B | HerkEk PIR T AEE ¢ 0 K & AR Rk
FE 2 3 BB L e it R AT R AR S R 87.0856% vt i
rdp R A R AE RN DI FE SO e 3.1506% 0 iz A AR Y L R ¢ dp T
fﬁ”@ﬂﬁﬁﬁﬁéiﬁﬂ P - g R R o

R 2t R s BT R R R - B AR S N E A 3%
W 0.03%:HE & F B { L R ka0 (e RN RARE X3 AP > T A
22 AR g RN PN AR R B3R R - R A AR
RS 4 SVM d 3t g3 g ﬂiﬁﬂ\mﬁ_ﬁ]@?ﬁ CF PR RO AT G %
I‘i’is’f‘q&’iwﬁ B2 BFEE RO ARl AT 4 (AR ER AR ABRERIY A B

‘} A LR, 3¢ g i%mx;;,% FERE A ML S o

AL FE %ééﬂ’ A S EE X R RATE S AR A R e
HEE 4 F‘H%"J’ Ly AAHEwRR v E 0 B é mﬁz’l*\ﬁﬁ 1 CNN 4 B #5073
AT F R 0 Em B A 29“3’3)’“;1% FREIRRIS % o A K> AP R-EF PR

BL i3/ 2 ba FE ORISR v T F Y s R EFK l%a PR R S L SV
R S
37 2R

Cao, B., Zhao, J., Lv, Z., Gu, Y., Yang, P., & Halgamuge, S. K. (2020). Multiobjective
evolution of fuzzy rough neural network via distributed parallelism for stock
prediction, IEEE Transactions on Fuzzy Systems, 28(5), 939-952.

Chandra, R., Goyal, S., & Gupta, R. (2021). Evaluation of deep learning models for
multi-step ahead time series prediction, /[EEE Access, 9, 83105-83123.

Chen, W., Jiang, M., Zhang, W.-G., & Chen, Z. (2021). A novel graph convolutional
feature based convolutional neural network for stock trend prediction, Information
Sciences, 556, 67-94.

Cherati, M. R., Haeri, A., & Ghannadpour, S. F. (2021). Cryptocurrency direction
forecasting using deep learning algorithms, Journal of Statistical Computation and
Simulation, 91(12), 2475-2489.

Chong, E., Han, C., & Park, F. C. (2017). Deep learning networks for stock market
analysis and prediction: Methodology, data representations, and case studies,
Expert Systems with Applications, 83, 187-205.

Day, M.-Y. & Lee, C.-C. (2016). Deep learning for financial sentiment analysis on
finance news providers, 2016 IEEE/ACM International Conference on Advances



328 ENERER TN HOH

in Social Networks Analysis and Mining (ASONAM), 1127-1134.

Fischer, T. & Krauss, C. (2018). Deep learning with long short-term memory networks
for financial market predictions, European Journal of Operational Research, 270,
654-669.

Graves, A. & Schmidhuber, J. (2005). Framewise phoneme classification with
bidirectional LSTM and other neural network architectures, Neural Networks,
18(5), 602-610.

Hao, P.-Y., Ou, J.-B., Huang, T.-S., Lin, Z.-Y., & Wu, J.-S. (2018). Sentiment and topic
analysis on financial news for stock movement prediction by using fuzzy support
vector machine, Journal of Information Management, 25(4), 363-396.

Hao, P.-Y., Kung, C.-F., Chang, C.-Y., & Ou, J.-B. (2021a). Predicting stock price trends
based on financial news articles and using a novel twin support vector machine
with fuzzy hyperplane, Applied Soft Computing, 98, 106806.

Hao, P.-Y. (2021b). Asymmetric possibility and necessity regression by twin support
vector networks, IEEE Trans. on Fuzzy Systems, 29(10), 3028-3042.

Haq, A. U., Zeb, A., Lei, Z., & Zhang, D. (2021). Forecasting daily stock trend using
multi-filter feature selection and deep learning, Expert Systems with Applications,
168, 114444,

Hinton, E. & Salakhutdinov, R. (2006). Reducing the dimensionality of data with neural
networks, Science, 313 (5786), 504-507.

Hochreiter, S. & Schmidhuber, J. (1997). Long short-term memory, MIT Press, 9(8),
1735-1780.

Huang, F. J. & LeCun, Y. (2006). Large-scale learning with SVM and convolutional
for generic object categorization, 2006 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition (CVPR'06), New York, NY, USA, 284-
291.

Kim, Y. (2014). Convolutional neural networks for sentence -classification,
Proceedings of the 2014 Conference on Empirical Methods in Natural Language
Processing (EMNLP), Doha, Qatar, 1746-1751.

Kung, C.-F., Kung, C.-T., Su, C.-M., Hao, P.-Y., & Lin, Y.-J. (2021). Early detection of
sepsis utilizing deep learning and fuzzy support vector machine, Journal of
Information Management, 28(4), 447-478.

Li, Q., Tan, J., Wang, J., & Chen, H. (2021). A multimodal event-driven LSTM model
for stock prediction using online news, IEEE Transactions on Knowledge and
Data Engineering, 33(10), 3323-3337.

Maratkhan, A., Illyassov, 1., Aitzhanov, M., Demirci, M. F., & Ozbayoglu, A. M. (2021).
Deep learning-based investment strategy: technical indicator clustering and
residual blocks, Soft Computing, 25, 5151-5161.



MEREREEREREEMSEEIFRNEKNRKRETRR 329

Pinheiro, L. D. S. & Dras, M. (2017). Stock market prediction with deep learning: A
character-based neural language model for event-based trading, Proceedings of
Australasian Language Technology Association Workshop, 6-15.

Plawiak, P., Abdar, M., & Acharya, U. R. (2019). Application of new deep genetic
cascade ensemble of SVM classifiers to predict the Australian credit scoring,
Applied Soft Computing, 84, 105740.

Shi, Y., Li, W., Zhu, L., Guo, K., & Cambria, E. (2021). Stock trading rule discovery
with double deep Q-network,” Applied Soft Computing, 107, 107320.

Treisman, A. & Gelade, G. (1980). A feature-integration theory of attention, Cognitive
Psychology, 12(1), 97-146.

Wang, G., Zhang, G., Choi, K., & Lu, J. (2019). Deep additive least squares support
vector machines for classification with model transfer, /[EEE Transactions on
Systems, Man, and Cybernetics: Systems, 49(7), 1527-1540.

Wu, J. M.-T,, Li, Z., Srivastava, G., Tasi, M.-H., & Lin, J. C.-W. (2020). A graph-based
convolutional neural network stock price prediction with leading indicators,
Software: Practice and Experience, 51(3), 628-644.

Xie, L. & Yu, S. (2021). Unsupervised feature extraction with convolutional
autoencoder with application to daily stock market prediction, Concurrency and
Computation. Practice and Experience, 33(16), €6282.

Xu, Y. & Cohen, S. B. (2018). Stock movement prediction from tweets and historical
prices, Proceedings of the 56th Annual Meeting of the Association for
Computational Linguistics, 1970-1979.

Yan, Y. & Yang, D. (2021a). A stock trend forecast algorithm based on deep neural
networks, Scientific Programming, 2021(7510641), 1-7.

Yan, X., Weihan, W., & Chang, M. (2021b). Research on financial assets transaction
prediction model based on LSTM neural network, Neural Computing and
Applications, 33, 257-270.

Yun, H., Sim, G., & Seok, J. (2019). Stock prices prediction using the title of newspaper
articles with Korean natural language processing, International Conference on
Artificial Intelligence in Information and Communication (ICAIIC), 019-021.

Yun, K. K., Yoon, S. W., & Won, D. (2021). Prediction of stock price direction using a
hybrid GA-XGBoost algorithm with a three-stage feature engineering process,
Expert Systems with Applications, 186, 115716.

Zhao, W. X., Jiang, J., Weng, J., He, J., Lim, E.-P., Yan, H., & L1, X. (2011). Comparing
twitter and traditional media using topic models, European Conference on
Information Retrieval, 338-349.



330 EMEEER F_tNE FHH

i b

¥ # 6 TR (Simple Moving Average, SMA) i N % &y % i
T e E o0 P N e T

SMA(N)¢ = (¢ + cp—q+...+ce—y)/N (29)

B oo &%t 2 afe i > SMA e 5 (0,00) > MM 1 260 % 5205

g 106.54+106.74+106.67+106.97+107.96
5

‘v F # T 395 (Weighted Moving Average, WMA) Bt BT IaW LR ARITH
GRPB B E § < 2 RB D (B) P BE > R THEPFREDH V)i > WMA 3+

AN LI

p & e9 SMA & = 106.97 -

Nceg+(N—1)Cpmq 4ot Cron
N+(N-1)+-+1

WMA(N), =

(30)

~

oo A% i WMA hiE s 5 (0,0) 0 1A 1 56]0 %5 %5

106.54+2x106.74+3x106.67+4x106.97+5x107.96
e WMA &
P 1+2+3+4+5

ip ## # * 393 (Exponential Moving Average, EMA) s o3+ 5 = 2 &2 i H
#HE T iodple o AN R T g g NE DRSS 2 p 4
r1g - p A EMA+T G Beax (F Pl -t p EMA) B > Tk dic
=2+ (N+t1) o @ % pr Tt Yt b o £ g T MAp e dliean®ift > % ¢
P e EMA 35 238407 o

=107.1806 - -

EMA(N), = [(c; — EMA(N)—1) X ; ]+ EMA(N),-1 (31
EMA i s 5 (0,00) 0 115 % 1 56]0 %5 %5 p g FEMA &5 10697 »
%6 %5 p P EMA & 5 [(10836 — 106.97) X —] +106.97 = 107.43 -

A # & T 395 (Hull Moving Average, HMA)&_% 7 "% M & T 1o ¢ 4t &
338Em B NFPenhf o TiomE 0 TN2 p WMA 12 2 & 5 RS R4
NP WMA » #9718 %% 1 NenT 3 48p WMA T35 315 > Fmo ide T

HMA= WMA(Q2*WMA(N/2) — WMA(N)), round(sqrt(N))) (32)
HMA g 5 (0,00) °

= € 4p &M & T 328 (triple exponential moving average, TEMA) vESREH B
Bz Bo BT F IO 0 v T R B el i E A e T
TEMA =(3xEMA1)~(3xEMA2 Y+EMA3 (33)
2P > EMAl= 3‘;1 WA T 33 (EMA) » EMA2 |_EMA1 ma‘ﬁ A H T 15 EMA3
T_EMA2 ek cfs % 35 « TEMA hig 38 5 (0,00) o
T F 2 k#6584 (Moving Average Convergence & Divergence, MACD)
AFE DR (n P EMA) B (m P EMA)» EMA Edp8c# T30 &



RO R R AR BUR B A B A S B B R AR B TE 331
v 122 26 p EMA - R ¥ #-LEX Y EMA it 1@ L L
g (DIF), » % 4-®8 EMA #%aE ¥ EMA fa; 0 K15 > £ #% DIF ®{E
oo S deds 82T 350 g 9 TMACD 3, » myt B 2 50 4e

MACD(N);,1 = MACD(N), + ——~ (DIFF, — MACD(N),_1) (34)

H ¥ DIFF;= EMA(12) — EMA(26) » MACD &g 3 % (—00,00) °

#B #3345 4% (Relative Strength Index, RSI) ¥ - f&* k3= T§ § 4= 4
w3 et 0 RST 3= i #5 1 #k p AR G L% ehd BGERE) S
BHETEPARLE S S B P AR E L4 R
BB RE o Fwmy SN 4T

100 %)
1+ GV upi, /N)/E dwi, /N)
Poupe AR LR kDR £ dw LT g g o RSI v F i@
4 0 F 100 22 & > 2 RSI 426 SO PF & 7 e f eh4 B £ 20k e 4
BooF 2 plpgand aonmRnd §ooogd 1A0 5635 p

RSI(N), = 100

Bl

N~

. - _ 100 _ .
FenRSLE = 100 1+((0.2+0.3+0.99+0.4)/5)/(0.07/5) 96.02272

#1€ % £ #9351 (Chande Momentum Osciliator, CMO) #3258 e 5 @
FH L RD o P i} > P 2 S e

CMO = (Su — Sd)/(Su + Sd) x 100 (36)
Su L tdp TPFEH P ik p Py Rt e w X e F R 2R oo Sd AL
I._#FI TFEERNOTRP P gy @ ‘i{pi‘ l%‘ B X ‘1(4,5 l%‘ 2 X3 %3 ?‘J’lﬁﬁjﬁ&fr ,
CMO R iF i 4 %5-100 §+100 2 » %4 1 560 % 6 X 15 p # Fen

+ (0.24+0.34+0.99+0.4)—0.07
CMO & % ¢ )
(0.2+0.3+0.99+0.4)+0.07

® Riptk (Williams %R, W%R) 3% cogfds 2k & £k & /4 B3 kot 4g
BaAgg g o it B A e T

x100 = 92.04545 -

woor = 2~ Ce 100 37)
Hy — Ly

o Cm g Pl - HyR 482 N bR > LyR 282 N p b

1§ WOR i f-100~0%:ds BN =11 5% 1 3 b0 5 5 % 05 p 8 B e W%R

.. v 107.96-107.96

TR x100 =10 -
107.96-106.54

B A l} #.3=J & (percentage price oscillator, PPO) & - fd £ R F E > * 3t
47 P-if T 398 (m Day EMA) 2 i i © 394 (n Day EMA)2 ¥ chi B » % 00 F A
WA N A I o —*ﬁmia‘ql H2b o o NgeT

m DAy EMA — n Day EMA

PPO = 1
0 Day EMA x 100 (38)




332 HNEEER £ +15 FHE
He EMA & 4 45 #3580 » PPO i1 [l (o0, 00) »  BUABIDA (30 LK S8
FPEOPPO AR o REIHSAIREIZRAUTEFPPO L fE
# & g 4pF(Commodity Channel Index, CCI) 2 7 & e # T35
bl Rehip £ @ > H2 8 o 4o

ccr = Me = 5Me (39)

0.015D,
2o Mi=(Ci+Li+H)3> SMy =% M 1/N £ Dy =3 |Me_js1-SMe_i141/
N > CCI 3 Hrerip 5 g [f] te(—00,00) » FZAp WeAR § 2 PP R 2 9 R » AR MR
PR B e s E 1 A6 % 6 e 3 p PR CClL E S
108.2733-107.6089
0.015x0.44444

#& ?‘ & &4 # (Chaikin Money Flow Index, CMFD & >+ .= S5 p 7
BT AR A R B3 E 25N

N period sum of money flow volume

= 99.6667 -

CMFI =

40
N period sum of volume (40)

HP o F £ nE % E(Money flow multiplier) = {(Close —low) — (high— close)} / (high
—low) & ¥ £7% & (Money flow volume) =F £ /v £ %{:ﬁ”z(Money flow multiplier) x
%P F e b £ (volume for the period) » CMFI i f 1 fo-1 22 fF o 0¥t 4 1 5

. ” y y . 0265306x75 + 0.980392x77 + 0.317073x74 _
Bl > % 6 % 3 p ¥R g CMFI & &
75477+74

0.525891902 -

l} ﬁﬁ%frv “ 4p ¥ (Rate of change, ROC) & * B e BB NP o fek i
B REgEzZFOERLIE > AFRKED SR DERER - ROC

m%*?ﬁ 3 4T

C Cy_
ROC = """ % 100 (41)

Ct—N
ROC ﬁ%ﬁ{(—oo’oo), TV 1Y ,% gHh T L E X | g o IDae

% 1506)0 85%hS5p P EFHROC :;% 100 = 1.332

Yo R BEE a‘;] #%(Parabolic Stop And Reverse, Parabolic SAR)#% &35 F £
TR A hdd o B R o deT
SARu+1= SAR» + o (EP — SAR) (42)
HY > SAR,is & F m % Hp e SAR & 0 EP % ¢ + 2 4g% ¢ éﬁﬁx:g e
ABF P B KT o g A F]F 0 12002 SAhE 0 B R B RAIGTE  BlaiE#
TR A 0020 BFHUVEL 020 52 202 BRELIFTEF > ale™ 0.2
Ron3hE 0 F 27 2R 0 SAR B (0, o) -



EHEHEERERMEEFOERRRETRA 333

SR S

T 2 ﬁ,w“g]% B I iz i i E i&ﬁ—l\
(Open) (High) (Low) (Close) (Volume) R
11X 106.15 106.69 105.84 106.54 76
2 106.48 106.88 106.36 106.74 70 +0.2
3 106.75 106.95 106.65 106.67 72 -0.07
%4 106.67 107.15 106.66 106.97 75 +0.3
5% 106.97 107.97 106.95 107.96 77 +0.99
¥ 6= 107.96 108.64 107.82 108.36 74 +0.4




334 EMEEER -+ N5 HHUH




FNCEEE RIS 15 ? REBUBTERNEEED T 335

TP R LE (2022) 0 T AR B AR O w8 7 A RSO R Y ks
ERAY 0 FAFEEH 524 % el T 335-368 -

B F AR EEAR T v D
AR FR Y A R AT

+ Pt
PEPR N A SRS S -

% AE

&

B G R IRIE P F B (30 A MBS Bl o iR E S 5 ot
PR EF R E R M Ao o B g 2 DA B AN BRI s RR AR
- AP AT EERF LA EREF B A/ RSB ED AFL 2004
#2018 & NTRE FE A R AT WAL B A Rl R i * o T IE
AP F et K 2 E A MR E & £ e E B EEMEG A S D
A BB FPRIFDFERME R R e f o~ F v @ Fok
BN R L SR AT A RE B IOIRAR R Y F S a2 553
FS 2o HE o BEL R FRTARR YA RO FY DA Y
R FAHRE A B EHED R A ERERTRAS R LG A AT A
Bl * ¢ BB g ANERF G EFR TG PR ERERT
B ¥ §7r X8 PIEF PR andeiem 5 7 ”Lrwti o drim £ 7 Pﬁ-&@ﬁf}(q
AARANRET TRl g 0 2 AF 5 Br g BT TRad oo

G LB A Bl g Bl o~ BoiipIE s B = F

A A f’k’—‘ﬁ o T R 45 1 157323@mail.tku.edu.tw

2022/06/25 #.#& 5 2022/08/27 13 37 ; 2022/09/29 & =



336 EMEEER -+ N5 HHUH

Huang, Y.C. & Huang, T.Y. (2022). Do Citizens Cross the Digital Barrier? A
Longitudinal Analysis of Digital Governance Services. Journal of Information
Management, 29(4), 335-368.

Do Citizens Cross the Digital Barrier? A Longitudinal

Analysis of Digital Governance Services

Yen-Chen Huang*
Department of Public Administration, Tamkang University

Tong-Yi Huang
Department of Public Administration, National Chengchi University

Abstract

The emergence of Information Communication Technologies(ICTs)has changed
the interaction channels between government and citizens. The government has been
making significant attempts to make its services and information available on the
Internet. Digital empowerment is crucial to achieving sustainable development.
However, digital opportunity seems to be undoubtedly an obstacle that the public faces.
The study aimed to explore the use of e-government services by adopting cross-year
traverse and longitudinal analysis. The study is based on a survey, entitled “Digital
Opportunity of Individual/Household” from 2002 to 2018, by National Development
Council. Results from the study reveal that the percentage of utilization of e-
government services fluctuates between 25% to 35%. Middle-aged people, people with
high education level, and the municipal people have a relatively high utilization rate.
The results also indicate that digital divides exist in the citizens' ages and education
levels. Persistent lower levels of connectivity among people with older and less
educated. Luckily, the diffusion rates among gender and geographical/administrative
areas are increasing; therefore, there is room for improving digital access as time goes
by. The results of the present study help our government to develop a new policy,
enhance access to technology among underprivileged groups and broaden the scope and
complexity of building digital-government services, which would facilitate more
effective, responsible, responsive, inclusive and participatory public governance.
Keywords: Digital Divide, Digital Opportunity, Digital Inclusion, Digital

Governance, E-government
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% (Waseda University Institute of e-Government 2021) o &' R &2 & >/ 32 i B
L J'%" FooRER R F MR R s R % 4 R (Heeks
2008; *iEFe 2017, F ® 4 2006; FRAL~ kP & 2002)0 & Hp o AL~ FR PP §(2002)
FHARARTTF LR v ek PR AT AT H RN
WD IO OR Y D AR 2 GG R IR N RgET
BRI Bl 23 5 AL @ W AP(2006)x dp diegEeiip FF 2 0 2K
A BB e * e A S AR A RE R G I i i A e i
BT 0 B E R (2017)en T SaRAYA A AP A s SR I g AR
AREI R F PRI Y 2 EREEE RO oL ERF] -
‘i?ﬂhkﬂnﬁiﬁfj‘%é Bl TR 2 st Lo Feng o £ R AR
RN ﬂ CRRR 2 BRI R A Y - 2 a0 BT AT S RS

bAoA R RS 0T BT g RO RO i
Fﬂ“ﬁé%mﬁ%ﬁﬂ oot TRPEF FEBRFLFhLE A2 i g T
EN Vi (NlShl_]lma etal. 2017, Okunol et al. 2017)

% T}m\;,;b  TREE, 1E T4 | F € R R ?Y»\ﬁ*v?gtfif&:f,‘q‘ﬁﬂfé *
(Nishijima et al. 2017; Okunol et al. 2017; % #® #2 2006) - @ " & kg | 3% iz B %
KT BALBREFRERE R TT R4 PE BT dp R 125 Ajzen (1985)
‘74 41 et § 7 % 223 (Theory of Planed Behavior » f§j # TPB)® 4w > T ig 4 | &

B AR TRFE ) enLidiEit > ii4 3 Mg RPEINAIEFHF Lo
LR g BARTIEFE F B G AF 5 g 28y - Leha 4 o R
AL el FRBELREIGEL  F2 o FREFFIT o pAIFH AL a4
PEo R AL ¢ 'F M H 78 { Bl(Ajzen & Madden 1986; Ajzen 2002) - » %&{;ﬁ ;
FARFRNRE XD @ TR g R WIS E‘E”ﬁ -
HE RS O RIRR RS § LG RFES R F I IR AR o ] T
FHARETF Tt | EERCFA R B g% L ;w\ w 4
ICTs ig * Fag 4 | ¢ mﬁﬁ: 7% 4 (Digital Divide)£2 #c =8 € hif2) > (£ 5325 &
R A Bcipfpid * e & A #(Coklar, Yamanm, & Yurdakul 2016; Paul 1998) -

FARA B L B g AP R T B R AT 2 RIE
* 3k # 3 #£ (Robinson, DiMaggio, & Hargittai 2003; Hilbert 2011; 7& #~ 2003; 1§ 7&
,% ~EF I 2015 H A B BRI HRI T 2009) T A AR TR A A

F# % 5 | 973t # (Coklaret al. 2016; International Telecommunication Union 2017;
Scheerder, van Deursen, & van Dijk 2017; Paul 1998; % # # 2006; +k&3:# 2002;
IEH2003; e A - FE 2015, & B E A 2009) RS AT N A ;=4
Jrig * b oenjs R A8 (Nishijima etal. 2017; Okunol etal. 2017) « @ #c iz i 32 3 B
ﬂfr'ﬁ';:w%}i g 4 A ’P‘F [ S F A= Hei i g P T E T A PRl s I g
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B0 BimisI®e Vo dopl B8 ¢ 7 T X ohdf < (Ebbers, Jansen, & van Deursen
2017)

Foot o AT F LA RE AR THE AR Y e 0 AR R
Y R R B RO RR TR O € B e LR A i g
Sp WAL o AEp 2002 E R g EE RO A(FRIRFLEE TP
% ¢ 2003-2004~2010~2011; W73 E L i ¢ 2014 ~2015 ~ 2018; Grishchenko
2020; Pérez-Morote, Pontones-Rosa, & Nuiniez-Chicharro 2020; Scheerder et al. 2017) »
R oI g M B AR S - ER T GFE ST LB E R
LR R ARR R @0 REPRORREALR R B AR R T T
FwemmEis @Z]WP" PP oBCPERE BT YA NEFER i E
BT RiEFHE B P 2 50210 & & s 47 A % > 4o Nishijima & < (2017)4*
$o G HT g Ty iﬂﬁrx.&w%gnihim%?éﬁ“b‘”i¥%ﬂm
7 “7#c % o @ Scheerder & A (2017)& ¥/ e L RIF T { PRt p £ §
2 > e 95 ICTs cndgfd + ik Bg o %ﬁ?’ £ PR R R AT 0 BT
Rz Ry ¢ i AR VT S SR KRB OE & ST U
3% R Ec 8 B 2 - 2 (Grishchenko 2020; Pérez-Morote et al. 2020; Scheerder et al.
2017) e P A AT HOAIR AR 2 A7 2 F gy 0 AP P i
BFREMUE B BT Lo L BT LAE AR R kA e
AORNEG ERPTRITIFEIAH REF L FERT IS R%E R
%i@ﬁ%ﬁﬁﬁﬁ’ﬁﬁfﬂﬁﬁauiiﬁwﬁﬂW*%%ﬁﬁo

FOAFT R HFE 2004 E 3 2018 SR R AT T HAY Al R
¥ PR o BMA T AFT2Z AR ENT RS- R RET R
Frig ® crdB g 5 2 % - S EFPF s 0 A b R Al Y b el
WELTF LB T 2 Hd AFLELLFA T AREP I EL RN
A E AR Z 2 R PR AR AR L - B R B REFS T B B4
WA HFH R T  BERFEEFREEY > R RN R T E

LT E RN, F T AR %E R ICTs s * 2,0 & F
SV \.@:]g;;,_«_%)kg%}b Beng & B4 om ik? Fmom g o AT A RE E D
RARR M - R U BEARAKAEREF R S R E YR G 2T
B g S LSRR CPERBFREERRREFDER 34 T a Sk
EHF O RF AP TR L BB ESE B3 A Rl § > 2
B 2 &g R PR AR o
AR
ICTs iR E APt i { FFF 3B 5% %Wfﬂ&mﬁﬁwﬂ’
RN T REAT 7 QHEIIRIE DB, & ﬂ LT L g B 2T

g,;,« Fofpenfe * LR TR HMorh o a g2 D TAE R PRBY
zenpRagiE s Fafs o TERE F 1 (information rich or information-haves)




FNCEEE RIS 15 ? REBUBTERNEEED T 341

DI - J (information poor or information-have-nots)z_ & e 4 §E o gt >
ARG K fﬂ‘*ﬁw & mP\ SRR 2 SR e S IR E3 QLI ARE  Sul - R g
el G PR AR XA B8 ICTs PP 2 BP N bdeshrie » 1 o
Boimfh g 2 Fl R AR .

~ R i‘irfiﬁﬁﬁi'litf*’ % P i

1990 & & £ R K & A e ? 32 % (National Telecommunications and
Information Administration > ﬁgﬁf_ NTIA)&;’L N Tt X o d o T RE T
A& G TFRAET F (have)® T3t A d7 K (have not)d 4 2 B #72 2 % £
(National Telecommunications and Information Administration 1999) o d * 7 & 348

B~ ICTs r’v’ﬂﬂ*F’H\-E'/fI%Jy AR AR M BFoR o R PR L
i’—?gﬁ Fengh s o T AR IFnE D o @ AR e i % £ (R g R
BE+E B € 2005 2 477 5 R L Rt ICTs chig # A58 2 il L 215
W TRES T (mformatlon access) & o (Robinson et al. 2003; Hilbert
2011; % ® 42 2006; 1778 ~ & &% 2015; F & £ F 4 2009)c @ S F L4
EofimiE AL ¢ GRS FET NG RE R RO o bnbrig e 2 ¥ —‘ﬁ
g * 11 % i % (Cruz-Jesusetal. 2016) o 12 % B & * [CTs ensrze g M~ it 4§ ™
MEAFENGFEL P EF T ORFLFEDER R AR KA
PR R F 500 32 3 B 5 % (Coklar et al. 2016; Ebbers et al. 2017; Scheerder et
al. 2017; Paul 1998; % # 4 2006; +k= 5~ 2012) -

M ORBE A P BT S AR R R 3 S :}ﬁ ElE QLB gl
A BMaE T Ew g > Wpn Ty X gz "FEa R F]J qiz Feni B
P E L (RApFEL R € 2016; 583 2003) > F]pt o 17 & k#ic % £ - P
it ,ﬁr,ﬁrﬁ TR PA 2R A i g 2 Tz ¢ % (Digital Inclusion)
1P% £ (International Telecommunication Union 2017) o #ici> % £ I #ici= 8 ¢ g % -
i & E 5 T = BL4Fd (Cruz-Jesus et al. 2016; Ebbers et al. 2017; Scheerder et al.
2017): & - ~F B E P EenF L CEAARE DR P F D ARSOTRE R
MEFART R 4 R E O BREREOMA; ¥ WG e TS T
Sghe g2 A TR BRI ERT FHEY R S i%‘zaiuu
AR AT AN T EhB @ R RE LR Od 2 FHE RS RS
BEXRA R E ICTs e g R » % T AR 7 Faia'-o?g?\r?"”m AL FE >
AP E D] T2 g TR AL ICTs g * jﬁ“ﬁ“‘ EN NS s Ea - M

KEBOEFERS LBGEEG @A, U P RL 2 5 RE R F U FRE
grﬂb“ FEEIBRpERESEFL A RSP %, S PR R F e R X R
o FATRHEHNEET R BR 0 BB M RE SRR
A AREICTsd g mr FLICTs #rd Bptip SR ALE X LR ER G

mﬁaﬁ?‘ °
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FET A § S AR g AR TR 2 NG A
Rz a4 gt o 2 L RIES ICTs chfig* 12§30 2 Fehd 6w B2 58
(Coklar et al. 2016; Cruz-Jesus et al. 2016; Ebbers et al. 2017; Hilbert 2011; Paul 1998;
Robinson et al. 2003; Scheerder etal. 2017; % # # 2006; +x& 5z~ £ ¥ ¥ 2015) -
U2 o B A ARBEFERY ICTs hF FWE B K0 X T AL
u\ﬁﬁ)\,yz‘ﬁ_}fi, ll%%m ’mﬁﬁ%ﬁ K;}Flaxw,jﬁﬁlc"[smgfﬂ A E R
EARFESCNFERREERHERY FL R 0 SN G ETIRITR KA
f"j‘ﬁ-“'é» FED S BY B RBA g FHEFL O TE R ﬂi:l*’ffi)’:}—L g % %}ﬁg
(Cruz-Jesus et al. 2016; Ebbers et al. 2017; Scheerder et al. 2017; Wahyunengseh et al.
2020; w #Ex 2021; W RS E L R € 2017) o @ § it ICTs 4% S PRI A
Booe a0 % L%l“fﬂ}’?']:ﬁ T RAK L_ﬁilﬂJTIFTPRZZ‘ml% BRI = - -2 i B S
L3 2 layedy o3 oL el R ﬂcni;}zf‘j— T B PRFR 0 Rl AR R AT
IFEAeE g

RS 6 2 T

ICTs 33 B chle p > 3 e %7 % % fefpren3 4] i (Gibson, Lusoli, &
Ward 2005; Lijphart 1997; Tolbert & McNeal 2003) » { =¥ | & ¥ (Gushchin &
Divakova 2017) ~ 53 Ali & Gasmi2017) ~ 7 #(Ler2016) ~ A % 3 #2824 EA
B (% & B 40 2018) 12 2 4 & (Chopik, Rikard, & Cotton 2017) % & & & & chg
B £ & COVID-19 chp T F > { FEIANKEDEEFT AN ETHE > @i
FESE s 1 (T Al g T > B4R B8 € 97 T X (Eruchaluetal. 2021; Jamil 2021)
Adam £ Alhassan(2021)~ 5 ! ICTs e * » 5 24303k @ B#Er i - v 3 5 2
R e 45k o Krishnan, Teo £2 L1m(2013)i dp i B2 FTRF R B SO A Roen
FF o [ F MY MGG R A BEF SRR BB E® o A ICTs {
B RS B w § %7 4p B > Pérez-Castro, Mohamed-Maslouhi = Montero-
Alonso(2021) T &-%t3+ ¢ & 23 oh 17 B R 73& FE5# & ha 470 8 3 1 ICTs eh

R R L RGER RS B frdg A ¢ SRNgE OE £ 2 50 ICTs i e
BRAPAEDE RG> (HEIRREAAEDFE - Ra 353 %Ww%ﬁ
FRer' U4 > a RAFIE 528 f b DRI FRTLOMEYL T %

ICTs e B > 4oyl 7 TERE H a2 I ’k"ﬁ G g ’ﬂ,a\&c’_;
I~ B My U EAg s BmL R
@ @—ipi‘#g NER PP ENFE o F FER K TARE HBH RS
FTR-B%IFaNE DCREMETE > F e A RAICTs B8 ~ Y &2
* & & 7% (Azubuike, Adegboye, & Quadri 2021; Billon, Marco, & Lera-Lopez
2009; Erdiaw-Kwasie & Alam 2016; Grishchenko 2020; Helbig, Gil-Garcia, & Ferro
2009; Mumporeze & Prieler 2017; Ngwenyama et al. 2006; Pérez-Morote et al. 2020;
Ruano de la Fuente 2014; Scheerder et al. 2017; Seo & Bernsen 2016; 7 # 2003) °
He > g @nFF { L AFNP AT ook pr L WATH /L HE & K 2(Ebbers et
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al. 2017; Gounopoulos et al. 2020; Prensky 2001; Reddick 2005; Van Dijk, Peters, &
Ebbers 2008) - 2 & » 4p 3 46.% ~ et 2 505 Hhg £33 $ K et Gl dp A
TR Y AR R B S AT WA E S T ﬁ_ﬁi e BRI ik

T Kb 347 o BEAR O ES T AR CPHERRTARTEE AT
BHRY S FEKXARELASFTEFUR A EEN S SRS EIE b
ak o 3\@?14’ Cl e BRI E 0 B RTARR GRS > 4 T AAFT BT K

TR PEOITASEARS G RN A TR BT g o
DT A T SRR A hE B RRD o B S R AR T AR Y
Bofs o RIS A FRM ARt TREREFRP > 0T FEH KT A

B RE RS 2 B
(-) &w

EFPET A RS il 1 T E IV RS b kLA
R 3“7 B 3 ek 3L (Ebbers et al. 2017; Gounopoulos et al. 2020; Prensky 2001;
Reddick 2005; Van Dijk et al. 2008) - 335 £ & 4§23+ % (World Internet Project, WIP)
FESER AT w0 AR LA KM 2 B G 2d A AR
MEER AELY AN E P HEY Nk gt Fi92by 3 010 18 3 44;&7 R en
AL bl At A 45k e Ry P aed 2 IR ENgE A
e £om g TRt HY 2 65 R Bt %&M;}B}d‘ﬁ&ﬁ(WIP 2016) o

fopE s 0 T (2003) 45 AR 18 Al b ch R BGBFA T 0 Bk T A £ kAR
Fooww RN R REAI AT o R SR £ E Y & & ICTs &1
THFR Y PRI PR AR R AR il B (WIP 2016; B
= 2003) -

Ednd B PR A K@ ICTs enF &3 f » Mg EE R R
SRR R & 573 o R A (Digital Natives) @ ig b £ fEch#ici i R o
ML FRFNEERE N T AR F Y SRR R
BB E AR S R oc SRS HEROPR LT o pte FEaH L Ffgd
R R o BEB DR TR TR ORERT IR F
B #EE APIAARINA PR GRS ﬁﬂ%if‘?‘ »m o 5 3 3E ICTs

M#c=# % | (Digital Immigrants)(Prensky 2001; "% ~ B4 2018) o At —
R2ZT O R RFIERIBR IR AR VI E L A MR TR

T KRB F PRI 0 A & 4T A R MR e 3 1 R B K 3R Fofp(Van Dijk et al.
2008)

AiEd g SR T EEY KR Telici b g i X B
Beih = & ICTs i * + &033 %‘L%«‘—@(Ebbers et al. 2017; Grishchenko 2020; Reddick
2005; Scheerder et al. 2017) © Reddick(2005)4p 1 @ € E £ £ 7 » 55 ) T 64 fk eh
@ B Y P B S R - Fa AF] S I V- 26
RIE TG AR 5 oo fRdd koo TRt o RPN ECRHAR MIRIR 0 E'J#B%ﬁ e

F PR R AL N AP 03 3 > Scheerder % 4 (2017)4-%F 7 fF & ot

\\“'F l@

#

—

M oiS3F
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2010 & 3 2013 & chps# B & 47 > g #Edm 4 2 ICTs ehig % v 25 - TLehig
oo A EFRER O > Aol ER AL ICTs & % ¢ 77 {1k - Ebbers %
AQOIT)RI 44 18 At F e FGE (TR H o LR T F I E L AR X o FER
AXY & 3 B SCReAp B e sk o e 3 > Grishchenko(2020) 4 #F 8% R £73, Boig =
2008-2018 # s & B A 47 0 BEFRZIUTR Y 4 o EER BRI LSTFT R
ﬁﬁ%*i&ﬁ#wﬁﬁo
P Ao AR BAT Y WA Y R E R R R R Y AT B TRl

%QZimh& T FZ A RF] %—\&Wﬂﬁ TP EEL N AR
i 4 s A E RERAARIRE R AT L A - PR
(Grishchenko 2020; Prensky 2001; Van Dl_]k etal. 2008); % = ~ @& * Y fF LR >
EEF e SERFE T HEBAS SAPEFEAIRY FREART LR
R LB A2k * (Van Dijketal. 2008; P % ~ & 4 2018) EIERRN- A S 8
v XEL NS iR % f“;fzfj—ﬂﬁzz»m#m@f@’# BPRARY S p AR
WU RRPEMFT AR cAF LU R FER (ReddlckZOOS,VanDljket al. 2008)°

lw_?_@é’ ;ﬁ(ﬁﬁ ;fﬂ”" ¢ EH lkw?é?ﬁ(l“,ifﬁ % ICTs enig * F 4p ¥t
% # % (Grishchenko 2020; Prensky 2001; Reddick 2005; Van Dijk et al. 2008; WIP
2016) o km > 77 5"‘“‘#;] B¢ K ER G fRanfic i iE A 0 K¢ T ICTs np
FfEraq “er\ﬁlt H3 A4 % R ié* (Nishijimaetal. 2017; Rz = 2012; +&
teZF ~ R 4o 2009) - Van Dijk & 4 (2008)33 5 # =& NEedes B & Rt iE *
FoRER P F AN IR TR PRI R v E L A KA
hP EL NP 5303 45 Knr A o BIFY I REehT R 0 F @ gfﬁ%&@_f’z
Frgesh o B Hit ¥ LRI FRSF o FIRE KT 7 (2012)x dp 01 E &
NIRRT T EALHEFORL S POt EEY o P H B R e
R M ek X EL RPE AT R F 2B B R R
HE & o

(- Hhg E&d Lok r TERME - TFLEEFRT
S Fl A E R e Tl R R X R XA b A HICTs B AL
B R i-*‘uiim M fE(HRSPE ~ HRF 4o 0 2009) o Nishijima % 4 (2017)4-%= & & (7
BERAIT S5y FRY X EL R AP ET T ENT Jldl 0 KEEFR
Bm g erecsgon ,I%uq\;;b PPN EREY NS D 0 A RIS N E Tt
Frerdp MRS » AR 3 7 R iR R FRR O 2 A ER e 0 B
TR E P T EFA o F AT € AR S e e P B E
Y3 B SORIRIS S € P B P E A ¢ A RS B SRl RS 0 B
P B2 el il MSEFPR LS n AR e R EY N
f§ 7 % %8 (Nishijima et al. 2017; Van Dijk et al. 2008; +k% 7 2012; ++{>2f ~
HRF 4 2009) -
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(=) &v#aR

",ﬁ% TR TN ESE IR BT E T R PR AR PR
TARR CEHE RS . e A 2 RHEMORY 7 R RT- ERA
BT a DR MR Y N2 B oA EREPREZEF ST @
B8 € (58 2003; ¥ & X 2006; Billon et al. 2009; Erdiaw-Kwasie & Alam 2016;
Mumporeze & Prieler 2017; Nishijima et al. 2017; Seo & Bernsen 2016) - @ %t 75 4%
BRl- B0 RAREP g fiip g 2 T Xhy Qg KT RAF F L
AL G b g3 28 ¢ * ICTs(Cruz-Jesus etal. 2016; Gounopoulos et al. 2020;
Ngwenyama et al. 2006; Nishijima et al. 2017; Okunola et al. 2017; Ramsetty & Adams
2020; Scheerder et al. 2017; 38 - 2003) o fiL § EFchk v 4vadh™ > A WA g2
B ol IR LRZE G RESTY R A R 0 Tz R
(Digital Illiteracy) » & fLicv #2R % # > % & ICTs ehig * 1 > 5 o hig *
et o R AR Y €35 {5 hig% (Ngwenyama et al. 2006; Nishijima et
al. 2017; 37 5 2003) » @ 3 5+(2003)~ g KT A2 K AR F —'ﬁ P EPT R R R
RO S AR 0 TP L A EARICTs &2 m“ g &M o

KTARRTEFEPEF T RPN AERAY Y T3 - RET%E
(Cruz-Jesus et al. 2016; Gounopoulos et al. 2020; Ngwenyama et al. 2006; Pérez-
Morote et al. 2020; Ramsetty & Adams 2020; Scheerder et al. 2017) » Cruz-Jesus % 4
(2016)4* %+ 7 B 28 TB@?]MF/\#% TRRETALRS ST SR B
B 22 BRRS FIRE RYTARB ﬁ?gi”fﬁ( ek MH L ie
%% ICTs» %~ 2R 8 ¥ F]B_ﬁ_y W R 4 o G FIPY TR AR T 2 LR 3
PGB g 4 T U3 PR * fR AR o Nishijima # 4 (2017)&“1"- IRV TR
BEFT RS FRETARBRM DA AR ICTsF o P47 4 o %
A% 5 e * ek o Scheerder % 4 (2017)R) nJr“ﬁAF AN N A &?ﬁ BAYT BE%
FRRTAARRF ) R g TR T & ICTs enfe™ 425 1 F i
FOEA e ap s P AALE Y L SR e Ramsetty ¥ Adams(2020)~ 35 ¥
TARRKE D REFI AT T AT E

KIBRDL R F p A58 * > Van Dijk ¥ £ (2008)i&— # 4+
B2 RRY ﬁi)iii EfTAT  BEFRIPRYT AR DX RO KW 4 3 o
AR T 2 u% YR oRTBARKSONT e BERI U E TERERE
RIS @ T ARR B DR oo B M 538 B KRB SR @ Pérez-Morote % 4
(2020) 4%+ 27 B Fo B RS W) 17 2010 ~ 2014~ 2018 # s E B A 5 0 H v g
WK AR Y ﬁﬁ:ur_y‘r,,_mf% * L5 *ApRBE o R > Gounopoulos # 4 (2020)4*
HHFEOAIEFLI7H iﬁ Z?I AR ARG e B anE £ T
% o i@ﬂq;b AP HTARR M 0 T AR R B A sk

(33 L P E Ky ﬁiﬁim i'?kle%\?“? ICTs 14 % #ci= ;570 g #

&+ ﬁxiﬁ.&?é\mﬁf #r(Cruz-Jesus et al. 2016; Gounopoulos et al. 2020; Ngwenyama et
al. 2006; Pérez-Morote et al. 2020; Ramsetty & Adams 2020; Scheerder et al. 2017) °
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(=) &8

fRAZ w2 B ¢ 7 T X% np 48 B F T & B SDGs P g &
Bf 4 (Pawluczuk, Lee, & Gamundani 2021) » {345+ B R gD 47 v
P E AR FE I BH H s A s RS e R ERE T
Pl plEt A F o F A RR I 0 £ 4 - LB F(WIP2016) 0 @ AR
DEABET NS e L 853% 0 M T M BRO%MRFELR € o
2021) o2 T F F I T HET 7 H—’"]V)L‘%'J—*‘ i ICTs & * 1} o felici>% ¢ 7 & hp
%2 (Mumporeze & Prieler 2017; Scheerder et al. 2017; % # % 2006) - Scheerder %

L017)4 % pF 2 B (7 2010 &3 2013 #eapsE R AT BEFRTT
BAEPELE 2 o R vk RS DT R & ICTs g+ -5 BF o m
Mumporeze 4 % Prieler(2017)p] & $f2L cha B 7447 » S & T F R G E 12
WA AR TR R AAPROT T M S Rl ICTs chfd g AR E IS o
- % kBTN Y 0 3 Q0064 N AR R F IR
AAr R AT ARG fitE o ﬁ{:ﬁa » % E_f ICTs erdifg 11 % i
FCRpeRE b FHA RS 3 R iR i BRI OT R B E &
EAFE BF R R Y A T & (Mumporeze & Prieler 2017; Scheerder et al. 2017;

Z @4 2006) -

{8-HrHFEFTE S ICTs 2 ek F> § & ICTs cnig * F b5 -
AR o TP ICTs 5 B @46 > ¥ F B FRF e * v 4 > W
SN S Y el —'F'f v BB MR B PR U R 7}}_§ NI L 0
2 a@* 2% ICTs> & .éL_ICTs r’v’ﬂf‘é * b et 4 gvegdt (Cheryan et al.
2013; Mumporeze & Prieler2017) o @ @ st 4 e B2 7 » L1 5 KR § hRe
IRFE o Y S a2 AP R il o st ICTs iR R Ap $ande 0 » Ko

4 ;._Fn‘ WALfeF AL KT 0 ICTs 17 5 44 § (974 #% (Mumporeze & Prieler 2017) -
A g e Ak § B PR R0 > Cheryan ¥ 4 (2013)dp fidp it 7 (1A B At
X7 E G AL ¢ B JE(socially awkward) > I 4% 5 A ¥E S5 & 3k 7 (interpersonal
skills) » F]t > 3 ICTs 2 %2 A4 - Ao i F 5+ AR o &
F1 & o

BEAROE AFADE 2 0E L Koy G2 7o L b gefe oy
S T g Bl EED B Y (RRSEFEL R ¢ 2020 £
& & 4 (2009)~ :}F, oo i AR R AR oreed > HY o LM G R
O BARINA 4 PR o2 AR UL FlF e TR
54 L ICTs eni € » RSEF A THIH U Z PRDP FF 2 > LA EGI 5
R AL R b Gobrbr xR AT A A RSB R T
(Grlshchenko 2020; B R B L R € 2016, F &£ B F A 2009) o
Grishchenko(2020) 4+ % &% % 27 % B2 (7 2008-2018 & s & & A~ 47 > { Ko7 4 ﬁﬁ:
g T RgE IR ER o B A d VA PRRS AR
PO Z AR A O E R oS S i o Flet > 2B A ICTs e * + %
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FLSFR A3 LN FENEIR TR L i é c FREI ST
G ¥R L B gt o B2 Sini TN REER S ICTs (hF R 5w
Ao FRA AR G fREici 8 € 7 & %] (Cheryan et al. 2013; Mumporeze&
Prieler 2017; Mumporeze & Prieler 2017; Scheerder etal. 2017, % # #2 2006) > =
FA gI% SRy 5 e F ARKAR S T g g i ]V’Li%‘rﬁ%? R AR ”'L'rE'I
% 3 I s I % (Grishchenko 2020; % £ 5 & 4~ 2009) -
(z) T B
TR AR ERBINFTRDLF s { FFDICTs chg B > AF kG "Lz
FF iRz T ;FK‘ri AL S feRR b R E +“F§K‘r¥ L AR B s
A F R IUEE A AT TR RS R EFL m?};"]ii:)]ﬁ'v% Foig * » F|m
4)3 3 S ICTs % E %4 (Erdiaw-Kwasie & Alam 2016; ¥ & 5 2006) - § 3¢
TR AR P ICTs fhd | ¥ A Jedp i IS 7 i eig ICTs i B
b Eank T 0 4 ¢ F R RenF £ % (Billon et al. 2009) ©
FPE S BRI Q00NEHARE P B TR REFLS T S
HR B R OT AR A KT A A u& R e & S B TR
e 3 y &fi“" A a5 5 ICTs P TR e (ki d IBEFOFE o m S S
PN T F R R R Rririe (7 e %_/Eﬁ v A BB AREE T B R o SR E R A
AT G4 ZApMEFTuEE V2T ERICTs # B &Y FIM ’#ss)‘fﬁ’i ICTs e
e 1&7}9}%%%7 s R R R BCA ICTs e * b ot 35 ftengs =
(Grishchenko 2020; Nishijima et al. 2017; Okunola et al. 2017) - g* #F > "f S 413
HoeuE B o2 b PR R A 4 ik 2 o ke & 5 ICTs B B hE & R
Bk L PR A R AERT 0 p AR 3 SN F A 4 T sk A 0 3 1R
¥ % ICTs v & & & * (Billon et al. 2009; Erdiaw-Kwasie & Alam 2016; Seo &
Bernsen 2016) -
mEEARSOE AR BRI E 7 LD 7 IR AT My
GRS DI S 3~ N ﬁi:r FC PR AyS 3 F 4R I 0k 3E - Ruano de la Fuente
QoI e 17 e 7y » B W AT R G2 318 L FRSPET 0 3 F
B R R I PRAR R i}m Fom #RT A IE B DHEEPBE T
Eeom2hA A ~ Five E\"F‘]’ R B FORIRAR D & oo Py 1S TR
SERE b Fe 2 A R i i ICTs 3 B+ o ARG E G & F g B R4 (Billon et
al. 2009; Erdiaw-Kwasie & Alam 2016; Seo & Bernsen 2016) o @ 78 5(2003) 4+ ¥+ 4
REFFAT  Fhy FRARBEFDOF R 7 m it B* 2R & AW
KH > Ay RBERRFDER - R o EELR E > AR 2010 £ 112
2014 E /> IS ERD & B R feﬁ?kw:le » TP AR BF Rl o s g £
SR Pyt o MY KR R B CET R g B T BE R R
BRI Tty oL mﬁ:fi%}i g
BHa 2 o G ICTs 4 2 4 %1 QRAVRE > T %1 &2 ffpt 2 AR
2B o Ra o A F B ILE  Bein FCJrehiE * TR FAAFTBE,, $f3 2 &

>~ deb e 34;1,‘
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A mET ﬁ:}i—'ﬁ SRR R R A RE R B 6 7 R A
B3t A5 = & A i 7% #(Billon et al. 2009; Erdiaw-Kwasie & Alam 2016;
Mumporeze & Prieler 2017; Ngwenyama et al. 2006; Ruano de la Fuente 2014; Seo &
Bernsen2016) o 2t » AF7F 7 RAPH A R B ¢ PR B TR PR OB E R
o T fRAICT e B2 gl endt B 2 T o ik ¢ hip EEF 5 o T
A BARATRE G > T F 2 A HEHE R -

% ~ ‘fv“ 2] ';’E’F

dobe Bk RATR KPR FRG A A R AR RS hp 2 T
ERTARR M S A B G RK  H R R s PR ICTs erdiff 4p ¥4
AL EREEMMEN A S oo E ICTs ¥ T AL E 7 4&fF ICTs & * chfieix
¥ e 3 (Billon et al. 2009; Ebbers et al. 2017; Erdiaw-Kwasie & Alam 2016;
Grishchenko 2020; Mumporeze & Prieler 2017; Ngwenyama et al. 2006; Ramsetty &
Adams 2020; Reddick 2005; Ruano de la Fuente 2014; Scheerder et al. 2017; Seo &
Bernsen2016) > 28 @ » % ¥ ICTs el 2 ~ LA e 2 pel e B > B4 T3
%iiJﬁqulwg;@l;Jhﬁ.;I ’Elaﬂ‘ﬁj’““r %]‘\mypg\ %Lb,j\};{ﬁ
2 RESIE L A R B i F angi L%‘L ﬁd 2004 & % 2018 & B & B ek
PR RAF R o T RAFETA ARG TERIEE
PR @ 7 I F A chc g i # —‘ﬁ C P RO P R SR oo dr
AT AT E AR R R R R R AR 2 G F R g
7 Fﬁii%“'ﬁﬂér_ﬁifiﬁiffml% PHEAT (AN ?
# TA\ 47 2 %{&i A R SIE IRA > P E B LR ﬁv“ﬁzu;ﬁf‘j—mlé *
25 Rk m*ﬂuhré *benfin gt A RpEMERT MR Ay

PRI ERA > BRE TSI BT A SRR B 2 B ¥ 2 X 4G (Billon et al.
2009 ; Cruz-Jesusetal. 2016 ; {7 5cluf 3 % B ¥ 24 ¢ 2003 ~ 2004 ~2010~2011; W33 B L R
§ 2014~2015~2018) « % » BREYNA > PIEZIR X2 L FRT 12 FTALF K il
ARM TR NEMAD ¢ 7 TARIRG /R T IRE N RROEKEAPFFIR? oA
";ﬁ%tﬁ?% %mp AP R e 7 TR RN RRGEPRAOEL KPR TRGELA T
MFE A BN R Y ﬁ—g;mg Awfr,,b A FMAER? o B L_ﬁf;)»ms‘ruo\ LR AR
%’E‘JF‘?}”‘:)*J“" BYREBAE L ET ’*M} SRNRBENE FEREE A AR i T
ERE%ER < ! P N Fﬁ:ﬁm By TP s TR R AR R Y A RS
LA R ~fzfﬂw&~ﬂizﬂ e ‘s‘i“ LF FEE DRSS Y e B ARG
RIAAFRTT A R i@ % 17 ac g foen B 4 5 48 4*{%1’%“*—%" 3 %xxﬁi?“ RN ;)
BRI ARREREBAEAE 2y 4 T 4T Ep AR mlriﬂ FRGIVANEVE S
W&{@?aﬁ%ﬁ‘#&ifmd& B RIS TAKA Y ERERT?
w*‘%{ﬁt KN L_D'/U’:]-Ii”é% 4 mﬂtr*#ﬁgféﬁ #Bf’aw?] 2T RIE_S = fM,—maﬁ#mq’
BB LR R R R R J AT AN AR B AR P 0 BT
P i rﬁx M- KRG R R T E T AR BME)EI P s E
PIEGE- H R AR duf s > ERAEP 5 T A RSB R R BRI A LR 7
Bots o PIEZIR A M AFTRr ek * )0 ERAED 5T A ROE B BRI ik R AR (7
g. Ib: FEEE AR N A N Y wfgb] fRdd ~ G #4) 5 @ 2 (Ebbersetal. 2017) o %8+ i 4L B
TR R FT e R R R P UE R E R R e RS g Y R
ﬁfz»:; LR ﬁ O (RN 29/ Y= s A R G S R S L /AR Y o SN N W29/
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%= (UnitedNations » f§ #- UN)(2003) » ﬁﬁ:ff_f&:ﬂ]—ﬁﬂf‘é Y RBRAERREGDE X T
i
R (E-decision-making) % = B & =% > @ ﬁ}“"" -~ kAT F TR AE LR
dpd FAHHE S G AR i R W\xﬁ“%}iﬁv% B g o %*?%3&%‘1&:—‘}5 ) 1k &
§ (MFCH 2009)° 7 T F it Fa 2B I LB AAF BT RR Y o
g7 A A UK g B PR rﬂ o A R R ST sE SR A i A T
TR BB h% - o R E N KA RA B IR Y T e @
BT AL o 2R B3R 0 By ;._ﬂtliﬁ(f:]‘?f% berigdE T AT
SehiF h 0 @ QEEP e AR 0 - BT (7 3 3R AR R
A0 F B4 R A KA MR FORIRIR Y B P enie h A il g R F en
SRR R R Y REFIRYPE AN AR g R RiEE A
@R REWHIB D BER S REELEFR R AR T Bl § il
MR G %ﬁgﬂ’—x;#};—,%—, =i L R A A J:IS_JKFFI—]% s g 2 IR
(Proxy variable) » 2 { - ) A 4573 o FHAR DN R A B p e sk b nie * S €
% M (Ajzen 1985 2002; Ajzen & Madden 1986) -
P AT TR P XA FR R SRR 0 22018 EP A o RE PN R
d R AFFEE A R AFURRER PR A 2 AR ,,_JJ:FTmApp ~FB & Line

ETAS

\\\Xr (334

AS

=+ v 330 2 B (E-information) ~ & + it ¥ i 357 (E-consultation) 2 # § + i
'=:

PR TR R LR P F 2 FURFZRRT TR Fp%a%\s B g
d R R 37 3% 48 2% (Delphi method)’~ % 7 ¥ A3k § ¥ 5 ~ 2 RS K o
ForEsRAp TR 15 P pE s T *ﬁmwﬁ FREFR RK L(@E]%? Rg

2018) 3% R A G RE § T A2 AL MHEAKE AL R L B2 %"‘» rE

g

B - REDERR &V IEL ARV R A#H -

fp BT ARRAT AT MRS LA RDRWRAL > TR AR
TARR S M s RB(A S EES EEE V)R RIE o U A AT A WAk
IR R ARE o A BERAL A AR R E Do Rme F o AL
¥ ¥4 ¢ onE & 7% (Erdiaw-Kwasie & Alam 2016; Helbig et al. 2009; 38 #
2003) » e p Rt X _-ﬁ T i ﬁ;‘i}i‘k SR B R ERE Foa R ROk f:i%l“‘ﬁ
UL GIAREERS > D AE PR LRI HT B F R A PR

b s e 2 plE R .

S E-E - j-ﬁ EdiT 1 &% s *ﬁﬁzf‘j—ﬁﬁzt&f‘a@mﬁéﬁé AR WA e AR 2
EE D e ’?%\E’ _20184§mp’;§t‘ c Rl A TR R Rk App FB & Line
FREOTM o GATIEIEART T RAAT ~~T¢“%\ﬁ C PR BB A VM
L2, &0 @—iﬁ?r’ﬁ CE ‘IR‘J{F'--# E: P A TRt o PR R A i ens 5
FE - AERLEI - - RIS BI IR - BRI, F YA
o BTG R F

g R x%r&%j% RLLE GRS A AR IR e B T 15 ama 2
R F AR (R R R~ LR 2016) °

T A el i % (access) ¥ #o it F & (literacy) ¥ F1E o 7t € $30 A R h g irenit * b A 4 R
Wooka o d ALY BE R AT fd 103 A T A SRR > BE

ERTTAEL EAP T ERFEERE -
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PenB @it B2 ET TR R B AP ROT ARG TR AL
Lo ERRNERKT T AL G *K—J REPREZ S TAF] TEY
SR ARR B R e iﬁui‘h“r P EEE PR AT IR
LS AT N AR NN Qi 98 RS R L
Lie- ko B TR TR F Lo AT MR & ER TR Y
Pl nE s KTARR BN RB L ATF A B BE A T HC R
£ RV ARE S R AR B R R R ) TR HBER
AT R e B RO R A b A L SRR A TR AT
Whblet B A & Ay A RIEL AT o T2 R ¥ —*‘ jcxirr/w +7;
w’fﬁﬁ%%"@u51$%%¢’ﬂ;w%ﬁaﬁwﬂ@
(nominalscale) > &% "5 , ~ T& | £EH > & AFT R AR dir
(Binary Logistic Regression)i& {7 t& % - 4Fd B vt g > LR » 3 3047
F R ARR > AT A A B R AR (AR o T o
FHMAFET P RAEFEL KT AR LA £ E E R ¢ R (ordinal scale)
BlE mﬁwﬁ&%w%ﬁﬁé%whkﬁui EEET (TR HBEL 1T BB DF
BFUELED LR B RA IR EIABELES A e QW EREA T K
P - S N o) PR (N &r:}gﬁ%ﬂ’“hﬁﬂ » F PR R e Al B
[EH e 2LE fES 2 B M A1 hd B (S & 2015)c 5B M A IR s £ P A

i * 7L oded 15 BEEED B2E §F9 P e E’ﬁ%ﬁ;u ’Ft‘q;”'“rfr 2004 &
PrE ET B 2b B fE ) e A ;; 68.804 ~ 58204 » ¥ L T i fodcie b ¢
SEE SRS S R EE 2 AL Y MM L AP ROT 2004 azolsﬁf‘ﬂgj
&?W%ﬁJ’%mn%Km—@ﬁg FH AR E 4D 0 243 fE e
EFRA(RFFBELR € 2022) 0 po - L BT N E IE ,g:a;k,ﬁ e
PSP E T T R AT 1 L 8 R T

PR 2 IR R ERANARRF DR A0 T RSk A
FRp U h A (- HIFA AR 2 2E I A R AR AT b i
BB 0T fRRE 2 gt 1A .

SRR AR DR E RS F R LR R AR AR TS g
Lr‘ﬂ’ T POFEF T FERE 2021) 0 A 0 R IURR BT FEN AL F TR AT
FaeEgEE o § R R %@@ﬁﬁﬁ’ﬂBJ%ﬁﬁwﬁﬁ%ﬁgﬁﬁéﬁkéﬁoﬁ
HLE BB R G G397 2 R E R G R A 2% 0 L GIE L 2 T R EFRR S}
2 %ﬁ‘ﬁﬁ‘%f?%)“ I NN S Jf\ﬁ—ig‘}- LIRAE TR A B AT ATy AR
ETaR BN PSR [

SRR AR E R A TR 7 R AP ¥ 16 % B BOW R ¥ (variance inflation factor,
Wﬂmﬂa G0 AFTE 2004 £ 2010 # ~ 2011 # ~ 2014 & ~ 2015 & ~ 2018 & 1 VIF L 3
A% 1,001 ~ 1.096 ~ 1.082 ~ 1.002 ~ 1.105 ~ 1.073 » #5132 » B R » & & R ehp HIE AL £ &
o B AR .
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AP AL TRLIEAT ETEEREO TR AR B ER AL
(Frekem g3 B 54 € 2004-2010-2011; M5 E L B ¢ 2014-2015-2018)>
4 & 4442004 & 2010 £ ~ 2011 £ ~ 2014 & ~ 2015 & ~ 2018 &%= & B 0
AFRREFAAT U BERFET 02 F R ARG g PR &
2 ?L‘ FEHITH BT R LTS e 4 47 (Longitudinal Study) - 2010 & 2014 &
fﬁ CET s AP Fts 2011 £ 2015 EEF AT T L A
ﬁ B (H ) S 6 BB @ 2010 E 2 2014 E TR 4 £ 0 &iE

:}&FEPF'“ML4ﬁwm2018ﬂ mhm,?,r/.g%c 92T T B B R B o
S S ww\ﬁ"‘f A %’E‘. PR & mmw«w b i B
ER AL LG BNk LAV F PR IEEIAIEE § RFIUARE G 2
i e

Hag oo H R 2004 EOFHEL S - ERBAAHT I CFSRE-
information)*7i& (TR 4 0 P S 2 [ % gﬁla,—rl FoRtd ) HRE > T
FrRR 4 £ 4k 1,500 30 FofpY PHIRAR L B0 5T 0TS0 ;’&5& N .i@:u:;fv:fffné *
A P PR W oi e oW r;/,;ﬁgp F At B
2010 # 12 7 25 p 22 2014 & 12 7 25 p plA }ﬁ;gﬁﬂ s 2010 £ 2
ﬁﬁfﬁ‘I‘F“Ei%'J’ﬂT‘ééEs?%ﬁ’é BAirprd ~ A9 d v Ead G o
?\ziﬁiﬂu&ﬁ”%d/”\? = W/”%ﬁ PR L Ty = Frgw &+ 1 ,}J:FT":;J-%J PR
EL ﬁ?%}ap‘ﬁ" gt f bvgﬂf‘tf"j‘ R RSN Sk ) f%pik-}‘% PRA% » B i PRAZE B
3 5@ A REH2011 E R GBI ED S o

A1 EERRADATHE RS Zog
Egﬁ + «—E T
# & 3 1 ® =
B S RAPER s Ve E=n
) 2004 & 04 * 29 p 3
2004 & 14,120 68.8% 58.2%
06 % 15 p
) 2010 & 07 * 10 p 3| EgED
2010 & 16,008 75.8% 73.6%
08 * 19 p &3
) 2011 & 07 * 13 p 3|
2011 & 13,272 73.8% 71.2%
08 * 12 p
) 2014 # 07 * 14 p 3 EAgFD
2014 & 13,262 79.6% 77.3%
08 7 29 p i
) 2015 & 07 * 20 p ¥
2015 & 9,408 79.5% 75.6%
08 » 29 p
) 2018 & 07 * 04 p 7|
2018 & 13,222 88.0% 84.4%
08 * 30 p

TR kR AT ELR §(2022) ¢
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232014 EFFIBAL R A BT s L AMFD o RN TR PR
TF PR R PR BB H AR ffrr’v’w&:f‘ﬂiﬂ’ & 37 18p » B
SHERE D 2 R E LR F R0V 3F 5 \mﬁwmw 15k
B e AL A ICTs £33 P 822 T 308 P o JR(open source)i ¥ » F 2 5 ] 4
LN BRERI o EL E-ERNTA I IS oy amﬂ..aww;a & e
EEZRA AW AR S SR EERER RS T L 2R BBk
FCRPEET B 2% 30k (open data) ~ + #icdy (big data) £ 3 T *F & (crowd-sourcing) & * >
2 REAREIST DL RE LR o[ E 2015 & ARPRFELR 1
e T peppe 22T 4 (Join T4) %1 X W»ﬁ’v-“ﬁﬁ:adf(ﬁ‘j—mz@? » 7%
#d O BBREOTRE(E LE 2017) 22018 & R E I ”b%’i?:*f“fifﬁ‘
E R 5“%3&3@% il = e A ﬂtl*ﬂﬁz}/ﬁf&*’%& » s
EETEART RERE om LR ma’,**?‘ oy A “ﬁ}_i/iﬁﬁ«% 12 &

*W%%A FTERAAHES  EFRETR A 50 R l’e*/w\’}fr Flendd %7 0 n
IR L EROLTE ’}"bﬁﬂ-&}ip\ﬁz‘*ﬂz\fﬁiﬂ‘?—ﬁj EREFTALEF AR
FRAREAE CAAFRZE AX RIS FHALEA L

a‘ﬁgg%gfﬂa&aﬁﬁawwﬁ%

d % 2% 2004 & ~2010 & ~ 2011 & ~ 2014 & ~ 20152018 # &+ & &
FRHEMOS T F A L ERDILS S IEFRFF R LERE DS
Brass 4 orec > 50 ks end g E Y X E AR L GEEBHE S 5 A F L S0
PR g E T E TR v B R RLE B S  w BEor DA Rl e E
B, H= ’fuffm ARRINL > R A ER AT IFAE UFR o A 2004 £
2010 # ~2011 & ¢ >3 ¥ ‘«F§)ﬁﬁ 2 55 =2 2@ F]T 2014 & ~2015 & »
2018 & » B H 14 % §§}ﬁ—‘§}iﬁ AR =y 5%§fﬁ—*ﬁ’ﬁ’wb PR ERE s BILAR
BT ORT AR L EBEE S F ’i*‘vr* UECL RS e 8
Pers o §A P RITAE L Bt ARBDINA > d NNEE B ITD gt
B ED At G| TP B eng it 5 2004 & 7 2010 £ chE {EH WG S04 B
oo oFt A s 5 17.3%8 18.1% - @ 2010&*%23:%;'] CBER R MAT
B A9 3 A gD BT 0 L2011 £ 2014 & 0 FAED L B G AT
B oA HE 599%%2 60.0% 2014 EFFIEAL LR EEED > B & 2 A AT
FrAT AP h et B ERFD S Kk 2015 & pF S E S L
wjﬂg %FiftrS,L 68.7% > A ¥ 2018 & » Bl _4F 4 68.99% » - x L ot 0
F B %'L °

I~
Ry

"

N

SN
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% 2 FFEZ FEWOL F A

B 2004 & | 2010 & | 2011 & | 2014 & | 2015 & | 2018 #

12-14 & 5.0 4.6 44 3.6 3.9 3.2

15-19 #& 11.2 9.5 94 7.2 7.4 6.6

20-29 & 20.1 17.6 17.1 15.2 15.5 15.2

E:: 30-39 & 20.0 18.5 18.5 18.8 18.8 17.8
& 40-49 & 18.8 18.4 18.3 17.3 17.4 17.3
50-59 # 12.2 15.6 16.1 17.1 17.0 17.2

60-64 # 16 3.5 4.0 7.1 6.7 7.5

65 p 11t 12.1 12.2 13.7 13.1 15.3

AEF/p B 3.0 5.1 4.4 3.9 33 3.0

’ | & 14.2 11.5 10.3 10.0 8.6 8.1
iI B¢ 4 15.5 14.2 13.9 11.4 12.2 10.4
;i R 31.8 28.8 29.6 27.0 27.3 26.4
" AL 14.6 12.8 12.2 11.8 12.1 11.7
~ 7 17.5 23.1 245 28.6 293 32.7

By AT 34 4.6 5.1 7.2 6.8 7.7

1 7 48.6 50.0 49.9 49.6 49.7 49.5
& - 51.4 50.0 50.1 50.4 50.3 50.5
W EES 17.3 18.1 59.9 60.0 68.7 68.9
o b3 82.7 81.9 41.1 40.0 31.3 31.1

TAKR AT P TR

WP L g AR L S E R TR H g A A o R E A 0 B 2004
E RN A o EESP)E_ 12-14 &~ 15-20 & ~ 21-30 & ~ 31-40 & ~ 41-50 & ~ 51-60 #& ~ 61
Ferd b BEFRERE > FRIEFLIET A 0 LR AFF 2 A 0

2. B i A (%)

d& 37 ARG F A R S TR I AR R R
B o T2 eiEm 20 A KA I e b b HE TR ARG L E B A
Bl & 2004 & 28.4% ~ 2010 & 25.3% ~ 2011 & 37.9% ~ 2014 # 36.0% ~ 2015 #
24.9% ~ 2018 # 28.5% - FH A 7 o A W AF et A TR ant o ¢ KR
* 2004 & 28.4%# = 3 2014 & 36.0% e 3] 7 2015 & FFo Pl * tgE s 7 11.1%:

o 3| 2018 # PR pctg S & 3 28.5% 0 FEAE A 5 0 A R R g
ECEE O
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%03 frE g R r ot b

ER i * L
2004 & 28.4%
2010 & 25.3%
2011 & 37.9%
2014 # 36.0%
2015 # 24.9%
2018 # 28.5%

TR KR AFL R FER

40 fFE P EM AR IR T gt b

%IE 2004 & 2010 & 2011 & 2014 & | 2015 & | 2018 &

12-14 % 165 | 150 | 309 | 170 | 109 | 226

15-19 & 303 | 187 | 356 | 259 | 219 | 224

20-29 & 450 | 336 | 541 | 451 | 403 | 33.8

& 30-39 %& 415 | 412 | 560 | 548 | 442 | 398
i 40-49 & 245 | 312 | 453 | 458 | 402 | 38.8
50-59 # 147 | 185 | 255 | 314 | 265 | 284

60-64 & 121 | 13.8 | 246 | 124 | 186

65 fk 11t 29 23 5.0 8.5 2.6 8.3

FEF/A 0.7 0.7 0.0 8.7 0.0 0.6

] & 2.9 2.3 3.8 2.9 1.6 2.8
iI e &40 10.0 9.1 173 | 119 8.4 12.6
g BP o B 227 | 202 | 317 | 280 | 226 | 232
Zj i 485 | 393 | 556 | 484 | 393 | 37.1
B 558 | 448 | 612 | 540 | 460 | 426

e 725 | 575 | 783 | 72.0 | 584 | 50.6

e 7 285 | 239 | 375 | 363 | 296 | 29.7
b + 283 | 268 | 383 | 357 | 287 | 272
% B 361 | 295 | 403 | 382 | 31.7 | 294
e SR 264 | 246 | 343 | 327 | 254 | 263

FAKR : AT p FER

WL d AT s E R TR R hERA T PS> BEERF T R o0 & 2004
E R A o EESP)E_ 12-14 &~ 15-20 & ~ 21-30 & ~ 31-40 & ~ 41-50 & ~ 51-60 #& ~ 61
R EEREFERE Y RIEALIED X 0 TR AT LA o

2. H L F A (%)



FNCEEE RIS 15 ? REBUBTERNEEED T 355

- HRkgod 24V RPENMY Y bR Fooop o
RES LSS A K,% 72004 £ Bt HepE RIS AT £ B R
BYO03039 - Rk A R FEF o om kOS5 R P ER R
PERARE B R R RTARR Y DRI B - R ERFTE AT
§)ﬁ—;&_ﬂ_;§? FhF o FRLI A L F o Pun PR kg o RV IR

R S #‘J#M;s’w RN T LS
Hvi- BER o AREOTAE A AEES B R R BE AR ED B Rk
BB IR F o FHla S 0 T U IR b EA AR i ¥
Po R Fg - AR AP o BRI RTERY M EL
WEEF R R R F AR -

L~ gWFFRnEBERL T

Faend 2 2 fp M rc K enfe s Gl AR B 6 L3 AT e
WATE G 0 2 AP DM ARE 2 5 SEEARA[THEAZLEEAS
VoM g KR AL B R A AL R R R DR Y X E N KT AR
FAHRE Y o R BRI A3 RFENE BB R L 35 2T ik
P g o Wi - H B BB SR > R0 A Rend E s G e
£ EOGEE LG TR R B ER S RTARR N R AT

a5

-~ ERGER R FREPRTITH

hE RS T A F &R A ﬁ W B ECREMP F LA E;p
0.001) > E#&#r s e F PR3 A T AT ZEFEFTES G OATECR o &
PR AR R R R ﬁxwﬂf‘TmPRz} FpgEf ol fii=#  ple
Flaiw* 2 ~* YR ALAEUZZREMEFIE > d 227 '»-s:?
ICTs(Prensky 2001; Reddick 2005; Van Dijk et al. 2008; WIP 2016) o 3 & .7 [ &
A R BBl ¢ 2 PR ARy Ao Ty FIFE aEs e v a f2s

AE AR ARSI SFE PR DR - B %4 ¥ Scheerder ¥ 4 (2017)
ra oz Grishchenko(ZOZO)é*éhér e AR B ERSITZFATFRAPRF £ A2
FeficiFarmAFh X2 ARt it B Z RERPHS
RE DRI STT Miiﬁzré BB E PR R 2 AR
Br-FiLoFkm sﬂ'“\t};l‘fﬁ'ﬂ- & % ICTs eni * + 72 {1 &k (Grishchenko 2020;
Prensky 2001; Van Dijk et al. 2008) o F]* » iZ4rim 3k g ipdt P X & T#i=f % |
E IR FTenig ¥ We By = 5N EZ]KFT,,&:*JIFTFRzZ»miIQ B4 > 1

EAE NG P EEEDNRY T TR D TR IR
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RV TR A kiR ARE

Ky AR > FHRERED L i ¢ chh L | 2dp i & £ R
AT RN R EOREQB A E;p<0.00]) THime f o R AL Eig
ICTs JRAZ & ¥ sk 757 b4 ¥ 3 - KT AR L BRGF I LI FTasg
% € % % (Gounopoulos et al. 2020; Ngwenyama et al. 2006; Nishijima et al. 2017;
Okunola et al. 2017; Pérez-Morote et al. 2020; Ramsetty & Adams 2020; Scheerder et
al. 2017; 3 5 2003) o F ¥ ALK MF iR ICTs > FERAXE & & Tk 7 hfi
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3T E > Ak Bp] § AT H ] ens = (Mumporeze & Prieler 2017; Scheerder et
al.2017; Z ® 4 >2006)° Xm » & S AT FRI eI > 2 ARF A LT B
A Rom TRdlici 8 € 7 iR oo %ﬁ{;ﬁ PR BRI R R @
At 2 ICTs F 33 { % hFRERE > p - B %+ 3 Grishchenko(2020) 4+
HEARINBERFAL S5 - ROEFAES Floecd 2 BRAPAR{fE
B2 FiE ICTs P B » 7l d A A R pBagin 2 4] @ {

- Hed 2018 Echa ik kg o THUE AP AR ROR Y o BIA
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25 BB NAATRIE L R

Py 2004 & 2010 & 2011 & 2014 & 2015 & 2018 &
. B B B B B B
B8 E E E E E E
% (S.E.) B sE) B sE) xp(B) (S.E.) xp(B) (S.E.) xp(P) (S.E.) xp(P)
. -3.566™" -3.801™" -2.969" -4.326™" -4.335™ -3.540™"
(RS 0.028 0.022 . 0.051 0.013 0.013 0.029
(0.100) (0.102) (0.100) (0.121) (0.013) (0.128)
) -0.275™ -0.062°" -0.179™ -0.052°" -0.086™"" -0.076™""
E 0.760 -0.062 0.836 0.949 0.918 0.927
(0.015) (0.013) (0.012) (0.012) (0.918) (0.012)
Era) 0.842™" 0.686"" 0.722™" 0.691" 0.644™" 0.514™
2.322 0.686 2.058 1.996 1.904 1.671
iR (0.018) (0.016) (0.016) (0.016) (1.904) (0.016)
ERT -0.033 -0.323™" -0.158™" -0.108"™ -0.123° -0.009
0.967 0.724 0.854 0.898 0.884 0.991
(* 1=0) (0.043) (0.040) (0.041) (0.040) (0.884) (0.042)
i 0.097 1.102 0.021 1.021 0.142 1.152 0.118 1.126 0.239 1.270 0.039 1.040
imi-0  (0.051) (0.050) (0.042) (0.041) (1.270) (0.046)
# A ¥ 14026 15822 13214 13219 9377 12456
Log likelihood 13276.843 15297.058 14194.265 14598.734 9639.520 13681.350
Nagelkerke
R 0.315 0.232 0.304 0.252 0.235 0.158
Df 4 4

FAL KR AT p R

S T R D p<0.001, % 1 p<0.01,* 1 p<0.05 -
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Using product involvement as the moderator to explore the difference of ad
effects of pop-up and banner personalized advertisements in the mobile web
context. Journal of Information Management, 29(4), 369-396.

The Effectiveness of Personalization: Using Product
Involvement as the Moderator to Explore the
Difference of Ad Effects of Pop-up and Banner
Personalized Advertisements in the Mobile Web
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Abstract

This study examines the impacts of ad personalization and ad type on ad effects
(i.e., attention, attitude, and recall). Moreover, the moderating effect of product
involvement is investigated. The lab experiment with a 2 (ad content: personalized vs.
non-personalized) x 2 (ad type: banner vs. pop-up) factorial design was conducted.
Mobile webpages and experimental ads are built for subjects. Ad attitude, ad recall, and
product involvement are measured by questionnaires, while ad attention is measured
with the eye-tracking recording. A valid sample of 63 participants is collected out of 70
experiment subjects excluding 7 incorrect eye calibration cases. Results suggest that (1)
personalized ads improve ad effects no matter which ad type is presented. (2)

Personalized pop-up ads receive more ad attention and ad memory than personalized

*Corresponding author. Email: @ fred.fu@nkust.edu.tw
2022/05/11 received; 2022/08/18 revised; 2022/08/31 accepted
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banner ads, while no significant difference is shown for ad attitude. (3) Neither non-
personalized pop-up ads nor non-personalized banner ads increase ad attention or ad
recall; non-personalized pop-up ads receive less ad attitude than non-personalized
banner ads. (4) High product involvement enhances ad attention for personalized pop-
up ads while it has no effects on ad attitude and ad recall. In addition, the study offers
an alternative evaluation of ad effectiveness, which is further evaluated with ad
attention based on how it is affected by information processing. In addition, the study
results provide the mobile advertising sector with significant references regarding

advertisement design and placement in order to strengthen ad effectiveness.

Keywords: pop-up ads, banner ads, personalization, Mobile web advertisement,

product involvement
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Abstract

Instagram Stories capture the attention of young people in a media form different
from traditional posts by offering instant video making and posting. However, relevant
research on ephemeral social media like Instagram Stories is not enough. This study
integrates stimulus-organism-response theory, flow theory and characteristics of
Instagram Stories to explore the Instagram user stickiness. This study also examines the
moderating effects of users’ degree of attention and meditation on the relationship
between flow and stickiness. The research method includes survey and experimental
study. The results of the study show that Instagram’s characteristics foster the
antecedents of the flow experience, which in turn has a significant influence on
stickiness. In addition, the degree of meditation has a negative moderating effect. This
study applies the flow theory to social media dominated by smartphones and use
brainwave data to explore its influence. The findings can provide a reference for the
development of social media-related services in the future.
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AB > 3B @ F A A F B R %f » WaF AN PER R o pdEh T BGR o
H2a :pEsa 30 Foa 22 224 g ré»%a
H2b (s $20 P B 2 ol | 5 y -
Iﬂu%aﬁﬁﬁﬁﬁkwﬁﬁ%@pi
Instagram *IpFEHs gL 2 p F F|H AR ’%‘ HAD H¢ 7R E i
FoerdA o RAPNFEE M GH ST ﬂ&m’ﬁ/ﬁgﬁPJP
—"‘Ff M 12 ﬁr:% ¥, ¢ @ )4 (Brannon & Brock 2001)iE @ 3% & & &-cnip & o R
ol IR m’}i‘%ﬁ»gﬁ‘fﬁ&?}tg"?ﬂ E NI E A A giﬁ%‘/ﬁ B E A
& o @ &gk I (Reactance Theory)dq &t > % BAE A2 DAL § P P4 (£ §
AR AR RET AL LI RS T A R AT G 4 i (Brehm 1966;
Brehm & Brehm 2013; Wicklund 1974) # ‘J}J’%’" Fel WP HeHAissE
BREFSFRT o YT pd R g UG 2 %ﬁ»’*‘f"mﬁ"f = ‘E‘%‘%‘Jﬂ’
FAY R TPRAB G L *mﬂﬁ'ii‘fvx by oo o
Instagram U B R A m:fi /,%rllﬁw PR R ELR ik ATHEE PRATY
FRIG PG L AL B § SRR ?ﬁﬁ FLeB g LE
¢ AP F ;%ﬁﬁi“‘lié_%m,.q_EéE e A PR ‘% T X R R
FRpd s F A gRRY FREE P A 2 FEApI S AL TRIR
> 13236 (Mullainathan & Shafir 2013) 3 5k ff > (£ 82 § 51427 2 P et 3
AP R AT R B BE VLR w c0RE AR B‘f‘ﬂ_“ A B g foo F]PL AR f ep B AR
HPRF PR EFOLLBEGREY N Foen RSP F LR
w’%mﬁﬁﬁﬁwoﬂwﬂWﬁUﬁ%UTﬁm
H3a :ff > Mgt e 2 el 5 e 5 o
H3b (ff > Mo R iR 5 2w 5 -
3 R A A A T R i ﬁfé; BAFPP A B G R
(Chiu & Huang 2015) - Song & Zinkhan (2008 ) i&— # At 3487 03 4 F
e 2 BAEG @ FEEE S AR e et o AR Y B X A
BEFFELFTORE - FLA PR TR f AAAFEH e d et 2@
FAREF IR > A v R AL E R Y H F v B R o UER
#?‘E’ﬁ Sl B RHBB P F *‘i“éﬁtﬁ’?&‘iﬁ 2] iﬁ%@%’ﬂiﬁfs LR QEE Rz
BIHIE P TR R OREY Jp- PR Y e 1 B RBSITR FE
2apEAL M o - AR m ] £ 3 Y B A BEE e ‘v\fr £
Tegt R %0 g% RFRR o TUEE R R G AR AP R
kT E o bl P AR TR TR ES G TR TR
T IR R A TR RT B R R ML TR
BRI o FlHt NPT A T G o
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Hda 3 & it S FIE 5 2o 5 -

Hab 3 & (L0 P2 ool 5 8 o B2 50

Héc:3 #+ M g SR 7 2 v B8 o

R fiiea® o F AP RO F R Y BRI SS A e s -4

BEE A ERYFes MR BB N B A & kT S N (Seyfi &
Soydas 2017) = Chatman (1978)4p di 4c¥ & 8= ~ PR B 7| 5 &4 5 5 it dp (=¥
PER ) fodrdn P (Ac % PFT) © Genette G. (2001)3 5 @ iefd e = ~ 2§ ¢ 4k

2 AV - G\:f‘;'—’nb s FEA D HAEEOAIREEYY - 2 G W ik ®
};] lrj—\%gﬁa.ﬁ” &B}; ;}i—i/{,?gg"‘—ﬁ ' I\'_"Ej ,E/ ]; 4.’5‘-— ][}}%ﬁlﬁ /\%.-E:'?Lé ’

£rim B ied-k (Wu, Wang, & Tsal 2010) C Flt e R E R *%p% [ AR I B a=20
Boeod " Uph i pdlef &% A5 By ay B S ® o 5 B A A R
WP 2 EmE o SR mE R —'kF W @ g SR W iren
e 2P 0T Bt AR R ‘rSEIi'FiEé«? 3 B AL T
B G R EIERE HIT o F A Faﬁ AR LT ,F)‘;;L o

HSa :ze & Ha 2y dlg 7 o B2 50 -

HSb e & (o pr i dz o —%5’%?&)‘?—\ T

Hoffman & Novak (1996)4p i - 4;""1‘*&?' e E A i B A LR TR S o
PR AFHR R AR KRR EREAL DS g om ALF R Ldp
ferbex gl T AAFRE L R H ’ﬁ*fﬁl g a4 (Zott et al. 2000) - Pelet, Ettis, &
Cowart (2017)4p 1 g Jﬁii’;‘% AT 6 A 2 P Al Gk (s i BR)
TR M e B R i S AT e T R P At v U e
o RE S R4 B e ﬁ A pE S h’%é«—?} B oo

Ho v i Mm% {3k F A7 2w B -

W2 G AR A A BRI ] R T B AT A4 ¢ 4o Nakamura
& Csikszentmihalyi (2002)% 77 & /i it » B2 adF e e DoFhlisE s & > 112
Novak et al. (2000) A AR Y BB ARG TR B TR B0 g R
AR~ 4 £ o & Novak et al. (2000)s#= 5 ¢ > H B3 B LR 58 en 58k ffF
PR F B ISR 2 RE > TP A AT P R g iy ot
ke 1z ﬁfé#ﬁﬂt’ RABRURFEEE AL DR T ERRR 0 TR
FIY - BT AT PSR ERF R LB BT gk o

BRTFRAEAFI G RA I ARRT R A R Jﬁ;.:afﬁ“t
228 S8 1= o] N S fli%\»’%?*ﬁiﬁ’i? BETUFEH PN F 0 F]D g H el
Bl ch BT S o B B AAF AR ARG N F o i TR
EE IR EgRAATAFRLEPN F 4R AL IR 2 T §
FHEAFF o GlAo R B R Y 0 BT R IR IR B TN
B in Al gk o T A AR o TR IR R 2 0 B e W uwﬂrﬂé >80
- R X PIRAL SN enfAE > B 5 RO LR - R - Bl AR
Ties fit * UpEd GEARY A B T RARE T A > BRI R
SRR € ARG 7] Mok oy & TRAROR R R € E MU SRR AR F R R R .
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Iﬁm@wga%&ﬂaﬁwmfwfamﬁ$&$
H7b l/é * ':};lk Eﬁii%ﬁ;‘?_}i }li»d-'\* Ve .'75"‘!:.—? }i mﬁ %'grioﬁ

B

- N EIRVEREEK

AEIRERZ Y LA FFE 5100 mEELRE TS 2R Instagram
gt 28 20-29 #& ik 42.3%( Jan's Tech Blog 2022; ﬁv”m:\”a;f; 2016) - T B 4
REITEAFY m&“ﬂyﬁ’—‘ﬁ » ZRIRB LGRPAT R PRI AL y?']—"zixé
* Rk kB RIELT mﬁﬁﬁv%ﬁﬁm”m/ﬁ»&% O BRaRILLEBNE ’FF“%;
R %»@JF AT A 100 2> T L RAAR o @ G iE 48 PUEE B AL Pl
W FRFHEFATRFP FEFTER ARG IRY FRFIPFR 2L
petpEi g BE O A R F AP g RAEREE G a0 R T
,\,,p‘kﬁ:u 2o W RER E s o rﬂw,\,Pq BRELUIFER TSR LR 62
o R 7‘?]4”:}%-}%"—1 Preny ff KL RS L 0 R w BOURES S BB R
F’%‘}é‘tg'% ¥ F’ L T FA/F‘J'&’(,"? lLﬁtF] E] = ] IR - (At .Lg{;}f;{
o f o

E’«J 5825 o TR R4 &!‘A/?'ﬁﬁ?mﬁpf/& /\/P'J'ﬂzpw’r‘-"mg'up PER @
Pk TR TETL AL eq ﬂwﬂi\& B LB A - AL LR
FAATHEE S oNPRIARFALEAE RS L RA B F - e
%\»(Likert 7-Level scale) T % f7g = B > ¥ 2 R L (E 5 DI22F R L (ES
T)e R Bz w0 d w T LA F S Y % 2k L (Hardesty &
Bearden2004) WA P T fr R 1R R R 7 R T P R~ 3
Frigie s ORI AL BRI 2 kAL 2

L2 R B R ER 2 kR

o R F e 2 H TR R AT
N
SK1 | Az N A ® " pd i 2h 4 3L -
SK?2 #Bﬁ*#\%’* ﬂlhiﬁﬁ)@wﬁ}\gﬁ’f\‘f ;’%)"ﬁ
"'/V‘ ]Té H KETEEE@‘,,RE o
SK3 #Bﬁi is mﬁ*ﬁ@@a AR EL el > AN g’l.
i e BT LR i o Novak et al.
Bilg [ EE (2000)
CTl | A dom TP UpFd et st it o
CT2 NB R L F R (kT e
A
CT3 | #* e P AR gAY - =1 fXo
CTd | " U@ i@ ARHALR o
PR
CHI i D R EA R DR AAE
. R
B
Bt [CH (R (FHELHAL - B3 Novak etal.
FRE TR R A B R | (200
AP TP L e A e
CH4 | Apf>r B s oAb F i Ab st > @ %
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’f'ﬁ‘_ﬁt ‘%ﬂ’f#‘il 85 —',El @?“E_ I8 4, < fJT
[ P R p e d o
BB R
' i€ U fL R VR TSR o (B0 4
ARl | R R o (B
i€ PR fL R AR TR o (e W
AR2 ?r)ii)]ﬁ? BAIEINPY mﬁj = > 4o 4 | Novak etal.
o (2000)
AR3 | EFAREBEERALIIGE (3K
3 5h &)
TS 3 O EOR I (e e
AR4 | 5 s wslw )e R
SALEEE
DI ffi“ﬂﬁ%ﬁ@ﬁ?ﬁ%ﬁ’; PR FEHp e
gy AN °
Dy | & AR R o A f A LR S
RO
TD3 | kAR U LR 0 A g LR
SRS
BLg AR LAY R o T BT
TD4 | 57F (s k) -
D5 |2 EF AR Y IpE EEF AT Y o
£ 4o
R v Novak et al
o A s QR iy b oh BRI 2 5 '
T e |G TER R P RRERER LT 0000, Agarval &
B . EBURF R E 6 CRd s AT I Karahanna (2000)
£ S &- ) S
m;@‘%ﬁﬁ?ﬁvﬁ)fr’,’ﬂ s A f_tg ) 5\)&%,’?’_ te
SP3 | U
BEETRAE
TP1 E}«—)ﬁ ElEE’tthtmEE’t % > \'%B S AL
3OILH o
Tpy | IFBEZZSnEe FEREF LR
e
®FApEE L PE AR R R p¥ A
P | jpeu Fe s
TP4 SE;@%&L*: T Y R Aol IRF 2 S
T |
T | R AER G AL TR AR ER
/ BATEOR ° , Tate & Alexander
proctd | TL2 | @ % SUpEd fipro A @ 4y T pF {37 | (1996), Metzger
BHEEE (2007), M 4’
TT1 [A ¢ AiABHFLDFTFERT o (2007), H* &
TTy | 2¢ 6 GRS IR F R g0 | (2017)
4 ]'\ °
s | EAEA ,i'}i—ﬁf‘ug | A F|7RE # fi RE< | Lynn & Bogert
ﬁ;"/l) M G e (1996), Swami &
- SC2 | EAF(F/NL b fi b~ KA o Khairnar (2003),
sc3 |aagmaeyagoerane - | REEONES
TIA1 B F ARED AL Ay 0 BT e i o
G # TA2 |8 * "IpEde fia, o i€ 7 PR o :
TA3 | i@ * "I d ah iy 0 7 A okl o %cmlua%%z
A4 (@7 @R L eFHat s wang (2002)
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’f'ﬁ‘_ﬁt —;‘fﬁ‘i —"’E"—:,El @?‘E_ I8 4, QfJT
ST1 }“f%ﬂlf\lfﬁﬁq&/{ﬁ%w.%mﬁ,z’c‘frfg\;
’? o
wE T2 BLg U i 0 AL G UpREe i 4cif 7 | Escalas, Moore, &
g 2 ° Britton (2004)
ST3 | B TUREE ik o T LA B R R
eI LT ¥
At R Y
N FL2 5“ s PR G E G AEG o Novak et al.
FL3 | AR xrmizbi® ABRHLY - (2000)
FL4 BRm 5 o i K{If}?y@%@éﬁ&k@f!}.g:}%:}fq
I]"ﬁ o
SN1 [ Az S AR IpEEm@» "Aprd i o
SN2 (A et B ERL - .
SNz | FE T ARRAA A TR RS | oo g%"ff)‘
ILF R fi o
TABER G B L RA LT 3w A
SN4 %“ Fl \V = + ! =" F
- IR o
SR
23 HANART F #L &2+ (N=100)
B X S AN
g 36 36%
:I‘i\gj
& 64 64%
= 66 66%
5 B miL 31 31%
ey 3 3%
18~20 27 27%
ER 2123 55 55%
24 11t 18 18%
1~3 =% 24 24%
. v e L el 5 4~6 = 29 29%
FRRFRERESES o 6 16%
10 =x 12+ 31 31%
T 1 A 6 6%
1~3 & 45 28 28%
AP UES PR 4648 40 40%
79 i kb 11 11%
10 ~ 4502+ 15 15%
- X - =X 6 6%
o — 2 5= 10 10%
S350 SR % - %- iz 37 37%
BiFE L - =X 47 47%
AL R 100 3 stk d o F MR A A AT ARAcR 3 AT oo B

:F’:‘,’ V—,! 5

ERERA kR A B(649) % 3 T r++§ﬂ\g;(36/) TR~ G 66% @&

# eI A 21 fe~23 B § E(55%) - = Eﬁﬁﬂ“!p&‘v‘numﬁpﬂ‘u 10 =54 F B
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5T 3% o FABA PR L A~6 S AL < R (40%) o B oE FATF P Sk
B - P LR o479 RGR T RAATHELA T o A R
Neurosky = & g kR kPR £ 314 (B) % %A (a) & »
AL R T 488 A4k FEB IR Ti05 388 A4k

=R R
’ ?Pé‘ ijﬁﬁ

?Ewﬂﬁﬁmonv¢ﬁm‘ﬂﬁﬁﬁﬁhn%¢4i¢a@§5zau»g§aqﬂimg
Fhird F o5 5518
R § A HER S FERREE R AL ER e

L % 4 - Csikszentmihalyi (1975)% #%& 3 > ¥ % 4 < i 5%

fs T2 R R AT EE S 4 ff’%‘jfgyﬁ 34480 7
W AT ~ AL(Q006) % 7§ B ARG TRpE > PER b0 (R & A

sl %’vzﬁg%{.\p‘%ﬁ?;ﬁ 4 o
SR L 488 Adh o AR L BRERAEE Y RETE Y

EAF Y

RN

<

'%iﬁﬁﬁﬁﬁ3%ﬁﬁ’lbm
PR R

ﬁoaﬁﬁ%wﬁﬁvu%iiaﬁﬁﬁﬁw@’wﬁﬁuwamﬁﬁﬁ%i%

e ’?557@@{?5&%@‘""3{5\ PP E R RATER L o R A R
BT R L geR o F :,*:rs/,,\ﬁ L R
4 R AT A
¥ - ¥ ¥ =
B TEE ko) E | A E | v A | TARE | v A ik
Qb (7 =¥0) (Q3)
?‘:\‘}3‘_ 5 J F!'!l&
(}, )VEL i 292.80 48.00 | 900.00 180.00 300.00 345.00
']
&5 e = pE R
(;,') Bq 232.76 26.20 | 982.80 128.85 202.20 306.75
")
14 Bk 52.62 23.97 74.79 46.04 53.08 60.12
T RLE ()i 55.18 14.74 76.87 48.64 56.80 61.84

MR Bl 4 R T 35 £ 49495 Neurosky = 7 m};F, AP H> g RERIDF B F
Hok 8 0 BT E T 1-100 2 B enE i d o B % 4 4o 10-40 Jet s g B ki 40-
60 F 3|23 xR B E 60-80 B N n Rl kB F YT F ;80-100 & jipN A Riok M55 2]
% o

Fola 4t i

AR Y M4 4278 03] ( Structural Equation Modeling @ SEM ) ¥4k & 7k
BELAIT BREFEF & F 225 SmartPLS3.0 2 SPSS i¥ 5 4~ 451 & o SPSS
AN TR 2 i o SmartPLS3.0 * TR AR~ R ek~ BE TRk s

Bk € AFT 7 % SamrtPLS £. %5 U ¥ 1L G s )'”: 2| kA B {odf pe i)
(Hair, Sarstedt, & Ringle 2019) - 1245 Barclay, Higgins, & Thompson (1995) » & #
BRI A BN AR S DR ARE SN0 AT Y o
fF gz o —Ei’?;?iz‘?‘fg i B HAEEM@D S R P o B R ARG 40 (4%10) 0 Tt AR
Tk AB 100 #EERME Fo
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o~ R RE

(= )R A 47

R IR S T RALR 4 AR S R AR e RESERL
- MR EAARR 'lf‘*iHEFﬁmp‘}' AT ZERF%BREY 20
B (Composite Rehablhty) B Jfé%} BR o Avd 59T 0 AL P TG R b
FEREBEE <07 B L%, z\Trﬂ\P REELELF BR -

R R 3T fR S ‘_é'_:fﬂf%mlﬁ BT T E A AT 3T A
FeePPEL 0 T fRUTR Y OHTE 1B BT R AR I ATARRIE R AL o B
LR G T T B Pl N L T acrt B (Convergent Validity) £2 % %] 22 B
(Discriminant Validity)=® #& o Jcacsc & * *H Rl € § £ ;}g 1= ﬁv?ﬁ«? g E :}ﬁ 1=
3 - #ARR DM B KA 'é‘:fﬂﬁ.i—sb e R - HEo o HE 3 : % 1345 Fornell
& Larcker (1981)#73% i e plie Tz » (1)*1F o DT O RL 8
(Average Variance Extracted , AVE) & < *% 0.5« (2)#7% itk RENFFE L FE
(Factor Loadings) & + ** 0.5(Hulland 1999) » L % S #F 3 ¢ #7% 1p 1% e 7]
2 hFET 05T o

Ll 2 ROTR AT

R L | ﬁgxg | % P E | CR | AVE
- P T R%
SK1 0.864
ey SK2 0.025 0.916 0.784
SK3 0.866
CTI 0.861
g g% 8232 0.895 0.682
CT4 0.733
CHI 0.786
PR ggg g'gi? 0.935 0.784
CH4 0.027
ARI 0.860
o ﬁg g'giz 0.877 0.643
AR4 0.757
SPI 0.851
A TR SP2 0.818 0.883 0.717
SP3 0.870
TP1 0.855
. P2 0.842
1R i N
BIETEHR e o 0.922 0.748
TP4 0.866
D1 0.768
TD2 0.881
PR b R TD3 0.924 0.945 0.775
TD4 0.033
D5 0.884




414 EMEEBR F_+NE FHUH

L i) S Fl2 f & CR AVE
TL1 0.939
R Nes
ad=yed T2 0,923 0.929 0.867
. TT1 0.958
m R T2 0956 0.956 0.916
SC1 0.737
ﬁ%"} e SC2 0.844 0.865 0.683
SC3 0.890
1A1 0.816
1A2 0.815
5 M
Sl YA A3 0.809 0.884 0.655
1A4 0.798
ST1 0.710
HE M ST2 0.793 0.800 0.571
ST3 0.763
FL1 0.749
ek FL2 0.762
SRS FL3 0.866 0.867 0.620
FL4 0.766
SN1 0.822
Sy SN2 0.811
IF R SN3 0753 0.884 0.655
SN4 0.849
LA AER -- 1.000 1.000 1.000
TR -- 1.000 1.000 1.000
gl Y = ;’j %IE
Foae 0.915
PR 0.791
l. cha
P 22 OB o 0507 0.840 | 0.724
FTREy Ty 0.842
PFF R B R | RIETRSR 0.829 0.795 0.571
PR 4 W R 0.564
e P 0.788
> M "
P - Dot 0703 | 0.543

23 RUPRRPM S AES S B ﬁ%q;}? R R A
2 AT B T AR o hAT R B ERE AR 2 TIORR HE T S et
Himt =B e Togd B (AVE)ehT = 42 hficd < G & 1) v
H i 45 cdp Bk fic(Fornell & Larcker 1981) » 4r2 6~ 7 « tx 2 A7 3 # & % |7z
REjcarck 2 & f o

(= ) &2 ¥7(Multicollinearity)

FRPEAA RS B L2 Bl FAPM LGS 72 A2 R
e R TR N RN T S P PR 2
E2RIEGY P REHRREOEY AL FHR%BEA P LT L & AR
RS e AT L 5B YR F) 4 (Variance Inflation Factor: VIF) % 7
£ - Diamantopoulos & Siguaw (2006):£ 3% VIF & 7 /| %% 3.3 4 &0 & 77 ?‘[ij B
FREEMMORLE e Ay iﬁﬁ SmartPLS 3.0 B~{¥ 1 #m et % i (latent
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variable) & » £ * SPSS i& {7 SUkkir fF A 45 ¢ cha MU g (IR

%4 2022) 5 #

AF RSN 23 B%d B 4o Bl 5 p R0 B R F R LM 0 VIF e
7%t 1408 3 2851 2 B )] 3 33 ehk 4O FP AT Y A Ak SR AL
6 - [P RAAY GBEL

o AR | CH | CT | FL | IA | SC | SN | SK | SP | ST | TD | TL | TT | TP | AT |ME
?Z%)@ 0.802
Wt Bk BN
i C%l)r& 0.461 | 0.885
?é?)}’é 0.452(0.186 |0.826
& (FL) | 0.591(0.336 [0.331 [0.787
3w
(1A) 0.380(0.267 {0.399 0.180 |0.810
LM
?ZC)L 0.427(0.442 {0.092 |0.280 [0.182 [0.826
¥R 0.437]0.434 |0.378 |0.559 [0.317 [0.324 |0.810
(SN) ) ) . . ) . .
iR 0.37810.230 {0.714 |0.178 |0.447 |0.166 [0.432 [0.885
(SK) . ) . . ) . . .
A TR
& (SP) 0.447(0.233 0.226 |0.444 |0.353 [0.359 [0.291 [0.272 |0.847
E
(ST) 0.301(0.060 |0.403 |0.435 |0.404 |0.235 [0.269 [0.386 |0.480 |0.756
PR
& (TD) 0.260(0.298 {0.180 0.512 |0.171 |0.257 [0.592 [0.164 [0.194 |0.182 |0.880
(N
(TL) 0.297(0.128 {0.356 |0.256 |0.189 [0.191 [0.251 [0.418 |0.299 {0.328 |0.055 |0.931
w T
(TT) 0.393]0.243 {0.266 |0.257 |0.233 |0.258 [0.383 [0.092 [0.110 |0.063 |0.124 |0.087 |0.957
BIETRS
& (TP) 0.5760.375 |0.206 |0.513 [0.342 [0.308 [0.319 |0.140 |0.630 |0.297 |0.183 [0.133 [0.148 [0.865
LifeR
(AT) -0.075 [-0.148 |-0.060 |-0.050 |-0.144 |-0.090 |-0.197 |-0.149 [-0.085 [-0.073 |-0.131{0.107 |-0.2550.023 |1
TRAR R
(ME) -0.029 [0.108 [0.062 |0.061 |0.024 |0.114 |0.061 [0.116 [0.199 [0.099 |0.094 |0.194 |-0.0160.163 [0.219 |1
i e A M L AVE e 2
2T T RABAM GiceL
b FL 1A SC SN ST SAC CAA TL TAP
w77 (FL) 0.787
I B 4(1A) 0.182 | 0.809
#0 (SC) 0.278 |10.182 |0.827
%% & (SN) 0.559 |10.317 [0.323 |0.809
# % H4(ST) 0.434 0405 |0.235 |0.267 |0.756
Bt 22 4R (SAC) | 0.28 0456 |0.135 [0.433 |0425 |0.925
#’9$—%?5;%%{§%)§(CAA) 0.566 |0.389 [0.502 |0.506 |0.234 |0.416 |0.851
pE 324 (TL) 0.348 |0.283 [0.300 |0.420 |0.279 |0.428 |0.434 |0.737
SR j =
(Eizlj) 2RI 0.645 10392 |[0.411 |0.515 |0437 [0.287 |0.587 |0.269 |0.756

i e M L AVE e 3 9
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YE 2 % 3 (Common Method Bias)
Y0P 22 R AT g Y TR iR E S R T A 2 ik SRR T A AL

Fl o Ap e enficdp di A RIRQE F A P DB R~ RO G BE S R e
FERFE S > HRESFDBFE - AFTHEY S B 2HK%E R 2 HE B X
# * Podsakoff & Organ (1986)#7i 3% - Harman ¥ %]+ # @_(Harman’s one-factor
Test)> 2 » ARFLEBERE DR e p A 5 26223% 0 7 £ 3 50% iR B -
H =X > % Liang etal. (2007)i& 2 e j# F]% (Latent method factor) & %_»

= ;% 1 SmartPLS %@f‘?/’v\%‘? CHER G EE Y MHIT- BHEERA A RS A H
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effect Model)]/ [1-R*(% F »z/is #-4] Interaction Effect Model)]

AR E-HEFEH R AR SRR P RE R CFF R 2R
BAFE LG ¢ A%k o %4 MacKinnon (2008)# % 51 Bootstrap 4 k% # 0 ¥ 19
# Cheung & Lau (2008) ~ Cheung (2009) ~ Lau & Cheung (2012)4 %+ ¢ £ 3% s
170 A W D ok e TR B N R (1-a)100% 0T HE R B
(confidence interval, CI) » 3 # 3% % 95% Cl p* & 3 0> » isz‘?\é_ o B E K
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%]4 : Beath & Orlikowski (1994) stated that despite an emphasis on user-IS interaction,
the role played by users is relatively passive.

]+ : Given the low R-square value between conflict and project performance, Wang et
al. (2005) has suggested a mediating variable (i.e., user-IS interaction quality) to
further explain the impacts of user-1IS conflict on IS project development.
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