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Abstract

Fintech, as the name implies, is the convergence of finance and technology. Technology
has always influenced the financial industry and, in turn, changed its operations. What is unique
about this FinTech revolution is that many of the changes are coming from outside the financial
industry, as young start-ups or large companies with proven technology are trying to disrupt the
existing industry, introducing new products and technologies and making the industry more
competitive. Back in 2016, the editorial team of The Review of Financial Studies recognized
this burgeoning theme in the global financial services industry and worked together to promote
research related to fintech.

In view of the fact that most of the previous studies have focused on the study of financial
technology itself, there are few studies that compare Bank 3.0 before and after its
implementation, and the data obtained in the past studies are limited in terms of annual periods,
and there are few studies that use intelligent capital measurement. Therefore, this study
constructs 63 quarters of data on domestic financial industry companies from the first quarter
of 2005 to the third quarter of 2020. First, this study uses data envelopment analysis (DEA) to
calculate the efficiency values and incorporates intelligent capital variables, which have rarely
been used in previous studies, to compare the operational efficiency of the financial industry
before and after the implementation of Bank 3.0. The Malmquist productivity index (MPI) was
further used to measure the productivity change before and after the implementation of Bank
3.0 in the financial industry. Finally, the efficiency values and Malmquist productivity were
compared using a four-quadrant diagram.

Keywords: FinTech, Bank 3.0, Data Envelope Analysis, McKinsey Productivity Index, Smart
Capital
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PRI “(unbanked) FEAHEASPTTII ARG » BHEFER DT BEIVIRITHZ > HFE
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fasE RN SR ER bR B ERAVR R - JRRIEERESREAVE T - BAL © 8
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(2) {HEFH (FOLER)

=~ WA
(—) BRMELS 7% (Data envelopment analysis, DEA)

DEA &% A4 (efficiency frontier) 4EEMEUE B —tEFEDHIE LIRS )T
LA BAEHRCE 8 7= (EEEEMR SR ﬁﬁﬁﬁ%& SRR A HE
SRt ERER > MRERE I 2AAE e A B HIE » R A - EHTREHESCRENERIE
& MMEHHES LRI E 7 ANEE » SRS Ry E R E A eEE R
PERIRHERY AT - R —TEMEZEHY T H (Banker et al., 1981) » fER8CRAI# & EA
N B -

B FRAEBZ TR AL ER T HENCR KBS (frontier) Z W58FALTY Farrell © {F
Farrell (1957) FfrEEERYEm S “The Measurement of Productive Efficiency” " » H. 5 A F 35
“EEARNERE
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2.[EEHIEEE (constant return to scale, CRS) ©
3LEFERTS YA (convex) [FEL > FERIRIEEAN BIE o

AIIFE > DEA #52 E SR A A BaS SRty » B — R S h iy AR AE ek e > 'EdAn
HAREAL (decision making unit, DMU) HYRE A~ HHIEFE ST R Z2 il 2R g 5
NIE& RS LY DMU > DEA 8RR E He A\ M S i A ReR HHBSREE K 1
FERAAEEST LAY DMU AGE REESCR - I3 il URFE 2 A RCRE R A - 67— (B

FHELUR A4 E R DMU R R 2 2% -
4.CCR &=

CCR f5z0/ZH Charnes, Cooper and Rhodes (1978) Fra¢f iz - ifi HEE AR
BEE - Bos ZfE k AVRCeRE - FfTalh M UkErRZ

ES=1uTY‘r'k
Max H, ==2+£*+—™X 1
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st =2 T < j=12,..,n
i=1 ViXij
u.=2e>0> r=12,..,s
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Hr Hy @ FKECAREAAAEERCRE Y+ BEDMUErIHE HEE
Xir * SBk{EDMUSITER ARE u, + B rfEE HHIH 2 RERY
v; ¢ SRR ATHZ FEEL

Y (1) Z0R— 0 BERMEME] (fractional linear programming) 5504 Z2KE# - [NIE
Charnes, Cooper and Rhodes % (1) ZUEH S &R MARE]Z (2) ZULAFIDKRAR © 40T

Max Hy = Y7_1u Y (2)

s
s.t
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m
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i=1
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5.BCC &=

Banker, Charnes and Cooper (1984) j& CCR Rz & E R ER AL - 7 Rk
TSR P LA B - RSO SCR o BRI RIITEER  (pure technical efficiency, PTE) Ed
RIS (scale efficiency, SE) » DA & A [F R AR IR AE W fhEHE - AIIZ T
#y BCC AL - 24 BCC HEABIRATT

Max Hy = Yy—qUpYpr + g 3)
S m
s.t uTYrj—ZviXij+ukS0 , Jj=12,..n
r=1 i=1
m
Z VX =1
i=1

u.=2e>0> r=12,..,s
v,=2e>0> i=12,..,m

Horp w B FIERTRUEEINETERR - Ewie>0 RAUREENAER > Fon DMU FE KT B
RUSHIRRE T AR - wpe=0 RyRi & - #2rn DMU FEEEABGIRRE NAE » we<0 By
RUSEEIAESE > Fon DMU 5/ N B B EGIRRE T A -

(=) Malmquist “E 7 J115 80/ 14

Hij#lt Charnes, Cooper, and Rhode (1978) Ff2Hy CCR #4157 Banker, Charnes, and
Cooper (1984) 5 g & BEHA 2 Fffakiess » [ Fare et al. (1989) AR AR JIHEE
(Malmqusit productivity index, MPI) » HI[E] D43 A RN [FIRFHA 2 R H) » Wi
A TR R B R 8 E)) (efficiency change, EC) FIFL{i7%8#E) (technical change, TC)
WA {IEL 5B 3 g s HAARAR 2 RARE « SR L7 A e 1[5 —([E DMU 724 [FIEART - R fir s s
HAgEIEZZ 7 J] (total factor productivity, TFP) HYETE -

fREZ Caves et al. (1982) Ffrf@thiAYZE Al Malmquist 427 S5 8UE S - 56 tJH1EE ¢+
12 Malmquist ZEZE TR © .

_ Dg(Xt+1,Yt+1)

Mg T Dpixty?d (4)
1 _ Dt+1(Xt+1,Yt+1)
Mo = =i Q

If Fare et al. (1994) AlJjE Caves et al. (1982) FrEZAVE t HiEL t+1 Hf>Z Malmquist
A ESHEEINLLIS A DGR [EIRAME N A2 R4 7ZE ) (total factor productivity, TFP)
HISEENBI - Fora b -
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1
Dg(Xt+1,Yt+1) Dg+1(Xt+1,Yt+1) 2

TEP — Mo(Xt+1; Yt+1’ Xt, Yt) = [ Dg(Xt,Yt) D5+1(Xt;yt) (6)

& TFP>1 » FoRazaHihny DMU EENHNGEE » K23 TFP<1 » oA E 23R -
LRGESAEE E AR 2 Malmquist 2227581

TEE E R BIEGE T > Malmquist A 7 S EhF5 8] 73 R i3 E) (technical
change, TC) K355 #) (efficiency change, EC) :

1

CRS 1 1 . Dt+1(Xt+1,Yt+1) Dt(Xt+1,Yt+1) Dt(Xt,Yt) E
MO (Xt+ ;Yt+ )Xt; Yt) - 2 Dg(Xt,Yt) [Déil(xt+1,yt+1) D(g:)—l(Xt,Yt) (7)
Hr
t t 2
_ D (Xt+1,Yt+1) D (Xt,Yt) 2
TC(CRS) - I:Dg-?-l(Xt+1,yt+1) D(I;-(I)-l(Xt,yt):l (8)
_ Doyt
EC(CRS) = = im ©

FtpsseRsEgh TC(CRS) Rysh t TS t+1 A RIS ICERVIZE © %5 TC(CRS)>1
Fn DMU £l K255 TC(CRS)<1 » FonBiirEL - 55 EC(CRS) fyEt#: DMU {£
t B ¢+ MR B E IR ARER DMU 2 #5H < 75 EC(CRS)>1» R DMU ERATLE |
[ 275 EC(CRS)<I » FRIRERAEIL -

2 [REAEZFHUE RN ~ 2 Malmquist ZE 7 153
FESEFHRITEN (G T AP SRS EC /3R AT RIr8eR 858, (pure technical

efficiency change, PTEC) K FH 3 8 &f) (scale efficiency change, SEC) : EC =
PTEC(VRS)*SEC(VRS)

Hrp
PIECIRS) = ias (10)
t+1(yt+1 yt+l P
SEC(VRS) = DS LYIICRS | Doy D|cks ”

pEt(xtt1yt+1)|vRs / D{TL(XtYY)|VRS

PTEC (VRS) RZ BRI N RHRERZIE « 5 PTEC>1 » FORKCRIGE - KZ
& PTEC<1 » RIFRECREIL » SoMEEREH) SEC>1 » Foras of L FIMHEHES t Iy
A AR S BT R RE RIS © S 2% SECH<I » RIIFR/REE v SAHETRER « B2 AR
U B (e S A R A

(=) BRI ABLE HIRFE
e ABLFE WIHARBMERETTE » Bl A - ik - Bk ~ WINREZERK
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1.4 7% (Production Approach) :

REE WM LRRRTR B8 - ARG - DUEEARSRIER - BGiRE
YRR L - TS SRR IR P B MR S BIE KA R T LVESERAE Rtk
AEE -

2.ff11% (Intermediary Approach) :

TR R TR TR ARSI h iR - R SR 700 R A B TR A
8 IR ER ~ BGRHVAERES - REEREFBEHFESEAEAES  HRESE
SEPTRE K DUBRHUZ FIRYAE - AR E R sERR 1 IR UCE A A (T LR R A — A i
P AR AIRZ 558 ~ EA - SRR - FIEEH - EHIAZS BB & S5 -

3. &7 (Assets Appoach) :

BEEE R AR > BUERTT R & B it - LRt EER AR
At S R AR E R AR - I IH R B E SRR TR M EZE -

4. fhfE{E A (Value Added Approach) :

i BEMAER B AFLELE - B IHEE A AR RS
bt Dr(E ey - AR Ry RS i FLMRURITINEE 205 1R H Ry B s P R s B
Z o R RN -

S5(ERFERCAE (User Cost Approach) :

{5 P& A AR (£ —IH SRl fve A B S E R E H B - $0& rE i Bk i
R RA > SRS RAYIA B RIA NP A - R HCAR Ry e e ey 7 LH I S 2
BRI -

HHERIT BA 2 TR A B E R - AR 28 S 2 EAERISOR - SRR/
EAREEES A B I - BUERTT Ryl /o > IR RIAT IR K RIS E
SEVRRKTE > (e TP IR HUR 2 -

JFUZZS: net income
FE U A Interest revenue

e NIREEE

& e 4E%H: total assets

M BRI 22 44 %H: Total Stockholders' Equity
& T A% number of employees
=FE2EH]: Operating Expenses
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BT 71E: Production Contribution per Employee
SHERFES (X IR ): Years of establishment

2 - HREEREST

REERIFE AR S — R R Eeat oot - 58 80 Ry S B ARt ZE AH R I
I REETREREE A Z ERGER > BRI AR R AEE IERZ EEER
T B TE R R R AR A IR B SRR B A E D FE B E HF AT -

— Rt

ARBFFEE AR A G B A T #Z0R LR (Taiwan Economic Journal, )T i TEJ)
FoIl 0BT - G4k 34 REEAST - FRZEHARD R 2005 G5 —F 2 2020 =54t
63 7 » JLEEHAE 2005 FFEATERILAE SEATRNHYT 34 - W fE T 63 FELRHEI TG
HE— R ST B Th R TER A B Y IR AE 2S5 -

B EPHEEERER > Bank 3.0 181 - B TESEE A ~ FIEE M Z AN EE
SEH9HEILE Bank 3.0 BISIE  EE B DR B 2 RIS - EdF S B DRI
FERK 493 BO/EAS » FE B Bank 3.0 % 0 ST R THES FIUBEE 5 » SHEN
HOHRRIAR - BRI ATEELE I SO » 558585 4-1 #1542 > Bank
3.0 BIfRHI HAG TR -

#4-1  Bank 3.0FIHI— R4k 51

R I8 AR e/ IME NN
SFULEE (FFIT) 5,717,897 6,206,744 0.01 34,100,000
BT EHE ((Fo) 1,437 1,040 0.01 8,158
FEIA (FF7T) 8,364,542 8,650,281 49,957 43,900,000
dHERFH () 33 22 1 93

EFEMEE (fFiT) 806,000,000 789,000,000 32,800,000  3,960,000,000
R ELR 4850 (fFoT) 47,800,000 47,800,000 2,139,495 252,000,000

ETAE (N 3,721 2,617 102 10,810
BELEE (1) 3,113,090 2,848.801 30,364 16,400,000

#4-2  Bank 3.0& IR AT

P iy I8 A e/ IME ANH
SFULEE (fFIT) 5,849,967 5,384,589 146,918 31,100,000
B TSEHEEE (T 1,485 1,250 143 18,021
FIEUWA ((F7T) 6,457,668 6,395,487 210,152 33,200,000
HEFH (F) 41 22 6 103
LEELEEE ((FT) 1,260,000,000  1,160,000,000 50,100,000  5,160,000,000
AL B REZS4B%E (fF7T) 85,100,000 78,200,000 4,534,197 378,000,000
BT AE (N) 4,173 3,230 161 15,530

=EEH () 3,080,387 2,818,257 94,677 15,300,000
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= SRR AR T

PRABERMSE TR TR - BRAVACRTE 2 2] DEA BYIRE] > & ATRELE S
THAVEE RN SR EE BN ZA E BUR > ZaH R Z MR EE RS - I HEEA
TR HIH VAT SRR o AL > AT AT HUAY P A\ TH B L TR A T R FR AR A el e
TE ° FH BZ B ARARZE AR o T SRR - P BEEAY 3 (2 IR EE 5 (AR AT =3 EARRE
W] HEER AT AT A ~ B E G - AN BRI B IR T -
AR SR AR 1T > 3E2 R 4-3 Bk 44 -

%4-3  Bank 3.0FiH—FZ AR 2= AHEE ok

T s o
e BT RIS
DA 0.3215 0.100 0.3306
BELEEE 0.6256 0.1778 0.700
Fie PR 4o 4R 0.6157 0.2538 0.6891
BT A% 0.7604 0.1349 0.7351
=EERH 0.9377 0.4611 0.8985
F4-4  Bank 3.01&Hi— R/ B AvfE 2= MHRE 2=
I Nve N — e
o B B BT FIEA
DA 0.3874 0.0969 0.4416
BELEEE 0.8873 0.0895 0.9199
Hee B FEE 4o SRR 0.8947 0.0794 0.8801
BT A 0.8870 0.0867 0.7477
=¥EEH 0.9590 0.0594 0.8786

= BRSO AZ EREE

7% 4-5 Ky Bank3.0 FiIR1T5E 2 DEA e {H  fESRIrieREiZS > RUpsER
1T~ SH—PE5RIRTT ~ —(ErRa2EeRlT ~ JRE RIS ERTT ~ T EEEtrse Rl T » T Bl
ASRIT ~ EESEEREEIRTT - JIEBSRIRT « JEFTEIRRE SRR ~ RIS RaSERIT ~ =il
SRAT ~ FUORPESEIRT ~ BRI EER SRR T » RSRIRTT - A REIRRR SRR T ~ B
SESRTT » HAERITRCR/NGY 1 RAHSHERCR > AIRE R AT RAIED © AR
22 JURPEFRIRTT ~ HRSEIFRR SRR T 7K SRSRIRT T ~ B S PSR SRe T ~ AP T
TR sEERTT SRS EPR R SEERTT ~ T E(EEEraEeRIT ~ TRl ASRIT ~ SF R
SESRAT ~ IR FRIRTT ~ B TIPS SEERTT ~ IS SRERTT ~ S MESRTT ~ S hpssiie T
2R R SR T ~ LR SRIRT ~ R SR IRT ~ RS IR T mI SRR AR -
FEUTE B fIMER FEE 5 e e AR DO 8 » DRIEE T I AR 2R SRR — D s R -
FERIEEREN T - A7 Ry AR B - ARRTRSCRE R ENA T/ K - EigsE
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EIRTT ~ MR T - TAERSEIRIT ~ B RERIT - GILEFRSEIRT - SRR
PISRIRTT ~ BEESE T - FERREIRT « FERBSREIRTT ~ IR (ERARRTT ~ HrotrasER
17~ EETUNRSEIRTT ~ ZIEIRIT - TUARPSRERTT » H RS EIPR R SRIRT T » /K SRR T
Bl SR SR T ~ BALREERTT - ASFTA R Z LB E 52.9%

2 45 Bunk 3.0 BRI DEA (A

BT _ S ISES SRS IIEES ERES K e g 1 HEZ
T H e B R T 1 1 1 Crs 1
28 TSR T 1 1 1 Crs 1
T IEREIRTT 1 1 1 Crs 1
SRR T 1 1 1 Crs 1
altE iﬁrﬁﬁiﬁag 1 1 1 Crs 1
BT B PR PSR IR T 1 1 1 Crs 1
EEEETE 1 1 1 Crs 1
HERRHEIRIT 1 1 1 Crs 1
SE P PR SR 1 1 1 Crs 1
(S R IRTT 1 1 1 Crs 1
l_f}jﬁﬁéﬁ%fﬁp_ 1 1 1 Crs 1
25/ NP ER 1 1 1 Crs 1
EESRTT 1 1 1 Crs 1
TCARIFERIT 1 0.999 0.999 Irs 2
H B[ pE R T 1 0.999 0.999 Irs 2
7K S RISEIRTT 1 0.989 0.989 Irs 3
fﬁ”ﬁﬁéﬁiﬁﬁ 1 0.978 0.978 Irs 4
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