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A Sectoral Approach in Assessing the Data Economy Ecosystem:

Focusing on the Finance, Real Estate, and Medical Service Sectors in Korea

Abstract

The main objective of this study is to conceptualize “data economy (DE)” and to assess the current state
of fostering its ecosystem in three particular service sectors in Korea — finance, real estate, and health
care. To that end, we, first, synthesize the key arguments advanced in the recent literature as to the
expected socio-economic effects of DE and, second, perform the meta-analyses based on the academic
articles of relevancy that are extracted from two international databases: 263,974 articles in the fields
of health and medical science from PubMed, established by the National Institute of Health of the U.S.;
and, 26,859 articles in the fields of finance and real estate from Web of Science (WOS). Our results are
summarized as: for our analytical purpose, DE is defined as an innovation ecosystem in which digital
data is collected-shared-analyzed-utilized such that regional or national welfare gain can be realized; Its
key elements include DPA(Data-Platform' Al)-driven infrastructure along with various enablers, both
market-driven and institution-driven; The expected effects of DE, as discussed in the literature, are
categorized into three types — (1) the platform effect, (2) the prediction power effect, and (3) the new
analytics effect, whose implications to the three sectors are also elaborated; According to the meta-
analyses performed, the DE-related academic studies have been growing in an explosive phase in all
three sectors since around 2015, and the trend of increasing co-authorship and inter-country
collaboration is also observed; And, those articles written by the Korean authors (according to their
affiliations) show a fair standing in terms of the quantity, i.e., number of articles (8" place in both
databases) but are being lagged significantly compared to other advanced economies in terms of the
quality (e.g., average number of citations, newness of research topics). Using the above findings, we
discuss the policy directions and tasks for activating DE and expanding its social effects in the three
sectors examined.
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ZE MHA p2p CfE S 3 ZH AMH|A (cryptocurrency &
mobile payment services), =&-0{EHIO|X| (robo-advisor) 7|8Fe| FEXIXIE AMH[A HF A
HIA (InsurTech), A &= AMH|A (RegTech)y S0/ ZERHEICE (Cho (2020) 35 ZFHOIM
of HHA MYE2 371 R MH|A MEXZE FE O|FD ALK (1) 2EIYPES =ZSsh
,(2) HHA 71 (&Y REIHEe] 7R, =l Yalstef, Oj=
of #=1t €2 Hlgg HF 7IEe Oi7|®), 22l1d (3) 7|E =87 (2d, SHe

Ab S). (EIH 3O CHet ECH XtAet 2EE2 [F= 1]0} Cho (2020) & X)

re
firal
1
rd
Ho
lo o
B>
N
148

THI 222 X 1082 B MAXNCE ZUH YFEME 29 ATk 0l9f o
o2, p2riiE X FA2tREHES 42 2 2YAY A 27F 20138 $117HE 2 (USD)OIM
2018\ 3,017AEE 2 sEZE 258 HESHAULD, ZZMXE SIS Mt MA © XS0
N w2 AZEM7F ZHEE| D QUCH (Cho (2020)) =UHOIME 3709 CIHUNME 2ol &3
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SR (A0l (2016), 7H ¥ (2017), EA (2019 Of|H|Q17})), Ch2] p2pCHE & A|
(e:]
o

X Y SO|CE f2|Lt2te] PePHETHA 2 2017E 172 RAOGAM 2020 3 7|&E 9.6%
Hez IA B, 7|E a87#e ERZE HisiM= ot ojojst #=F0|
Ch” X fe2[Lig 38520 DX E2tE &5t 28Xez S)e Ea7t A= o
OlHE&= AH|XR7|Y A&0[3H HOH, tiEdat (HE4dd o|F AHM-=7|det off =
sh HO|H, 28AH|Xt HEl HIO|E{E (e.g., digital footprint & CHOHA OO Z3Eh &

UL,

THI30 et 20 20153 B FE AxEl 2ELiater Zel, Oj=0A= AFHUO|
S 2 otz Cfget 22tel 8 AHIATt

=
ST, oxf Ol=2| THIA Y2 0l AHU 7|8t 2etel a8 AME|L0 HHE
et & = QUCEH oE ST, 19900 S 0|2 FHEEIIE FE22 ASHHE
MAAABRI(AUS = Automated Underwriting System)s AH|AHCHEMHON.CHE7| 235
ot7| 28 AASt= QAHU 7|8to] B2BMAZ #H5I%L, O|F &5t0 W8 CiE4Eo
OS] 42 BEE AR 2EE AUE2|AFE O[A] HO|HF SAZHE, €1

=) S°t0 EIIoHA =R, Ol g848R 2829 MM HI|ld.asdE ¥
Ho2 EO0l= A7|7 =UCL® oXf oj=e| EHIARI|XHE F22 19900 AUS
of MM HEUEMUEE/UESUL T IHYE B2C E= C2C 22AALHO
M (QES/ZEEE 7|8 2D F' 914_ of oM g-HEd HOHE A

7

o
YI7tE 2celez Aot AL ([JE' 3]01|A1 2& Heb 20| EH%’“E'%L‘ ol 8 2
ot 7tibgg] 280 22t tiEel Ay ZFAEY) =2 7o =E 0|
=o| THR Z7|IXHE2 7|EQ UE HE0f vISte 20t &0 tiEaddar e A
82|23 2| SHOME 20t ot ZUE TESsE AR LIERD (HE Ol%

SAXHO| HlE FHO|AM). (Fuster et al. (2018))

[ 3] Ol= p2PUiZ M2l HyXQl =22t b

10292 5 olFo| Al OHEvIKE S2|uiztel papriE U F2tREHY 222 J|EHo
2 n9Y DAZ0| OiE IEYDI 9IF (B, “bottom fishing” AYRUZ 2=, 23|Ltztol

7H
P2PLHE A|E2 2017H 55%0|A 2020 3E 158%= =3).

8 0|0f CHSt =2|= Cho (2007) &=
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Borrower

If verification

Completing
online
application

required

Being notified
if approved

Y

Receiving to-
do list (VOI,
VOA, etc)

Online If yes Choosing
simple 7 > offer from >
application the list
Receiving loan in
bank account
Platform
Initial
eligiaiity Dispersing loan
check
to borrower

A

Determining
if verification
is required

Providing information
to loan originator

Originator holding loan

A

|

Reviewing &
deciding
approve/deny

v

Assigning risk

for x days and selling |, Finding investor |_ grade &
back to platform for loan pricing
ZX: Cho (2020)
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O (AL (2020), 2= (2020)): (1) 709 oR7|E9| HEX

ol

&0[ 0f2 Aot

o|F7|F A
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ot

oo

58’ CBMAE F=ot=0 AN
M2 (=2 HolH
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— A‘iHlﬁ/

=
“EEX
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=
—
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olzmg

HIZLARE W - BHEH 7HXEE=2 0[0f

ol F&2| HIOIHBA

7

2d

-
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2) 7SA HIOIHE Ol&
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S5t A1, O|F 2ot AAAH LMY TSt= At ZXSEE UACEH (‘Clover Health’
7l ‘Roche’@t EESI0 “Clover Therapeutics’S &SI A OAH T HIAH

(2020))

(12 4] ADIES(oT) 7|HHO] AN =8 Al (X|OjSR} =7| & Ap2)
Health Care Device A

DOMO Safety

Behavioral pattern of a healthy

Behavioral pattern of a 81-year-old female
80-year-old woman

Alzheimer patient (MoCa 23/30)

CAR Classifier CAR Classifier
e "!-.'--_.'..'..lll = =-:;: - --I“
i - S e ="
— — = ke -
:T=.-===---= -;;:;gg T F

EX: AL (2020)
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m.  Clo[E{ZEH|e| 7| = a}

HOIHEHM Zdsto 2= 7|tgats FA7 Of EEH st =2 X<t
Bt ofoMel & A7 SIStE FM0|1, & M= 0I5 EAH0AM =2
HOIHZEM2l BM-At=lH 7|tzaE 371 fRE22 F2ot0 F2lotAt: 1) A

(platform) 21}; (2) OIF & (prediction power) SLH 21t (3) ME2 24 7|'H (new analytics)

|O
%

iljd

DHY E3ME 7|EHel MH|AE 7|EQ| CHHAH
71802 ZAA7|D (0|2 QIgh AH|XIZEO| 2 7[H ZCiet

2 ot CIX|EH0lE (AH|AHE) S
= ZACE =91 ULt HHI FEZ0M ot &2
5 20| ofsfM= o[o] Cr=2o| ===0| YHE|RUCtH (Philippon (2015) and (2016),
Cho (2020), O] d& (2021) & &ZX). ZEHI EE0MZ DPA 7|8t2] MH|A XS0 &
H|Xte| ol SO X He{H| &2

oy
k>
tu
o
9
i
Y
o
tu
=
0
!
ol

UL (Baum (2017), O]
oG (2020)), CIX[EAA ':":'01|A1 ot S74H| &2 A4 A AH[Xz& JO 21t

A
7F 7|CHE| 0 QUCH (AL (2020), U (2020))

gLt ¢7] oM = oot &2 ZF 718t MH|Ao| == 24 BEE0M 7IE
S7ls2 F&83 (&, E5/M=- disintermediation) NS XEsty 180 Za it
LEoh LBt A2 =o|% QU ALt f2[HEte] EHHA-ZFHA-CIX L &
=M= O|et Z2 ES7Het od0] OFF ZEEX| Gi= A=z MetE|X|T, 7171
et Z0| HH ALl HAE MHAKMSAL g8t TS &2 & FE20M 7IE =
: = SAHZ 7[te

87|20t 2d.-4e0| gz Aot A= Of¢Et ot ok &
HICHEH A H| A S =

Jto] BHEst ZHYSHO JHs A4S H0lE BAES EaE & At

2ot #HAH2Z, HOIHEA 2FoA S8Z 2 o 2|0|§ ZtX|=7t2 O[of| CHst

- |
o EAE HLYE A EES el E 5 S (Transaction Platform, TP)1} SAMEEHE



(Innovation Platform, IP)2 2 -Z2tC} (Evans and Gawer (2016)): MAS| A Ct2o| =Xt
oF Ci=o| 33X/ Ed E3EFS S50 2etele=z2 AL N dE-MH|A2] A
et (O O|=9 Zof ZcHE eBay, =2 P2PCiE Z3E ZOPA — Zone of Possible
Agreement 5); HH, Ao HL FUEF MSA= 7|2 AZEEGHEY Y A ~2ZEQ)
°l-7| g

=0| Ale| HiH OtOIC|0E EHFS SO

mjo

—_

o|n

o 37t HAO| (0f: OfF2| “App Ecosystem,” OtOFZEC| “Market Place Vendors”

0|9} Z+e SAIEEHZOl FQ MITQQL £HSH HHOXIO| SHQ} (“critical mass” T

= U9 o= Hdol Ae=2 (OFO|C|of-XAh7|=9| 3/E ¢ 7HX

=0l 2 O'|}\‘|) =9 |_Tl UCH ot 27 7Y 250 JAOM EHEF Tl HO|H
=

g J|=xol Ul A 3 T

0x
mjo

2 Ho o

4> o

ol "HHIEP % = ULk

O|2t AT CtHA ZEHE(“Multi-Sided Platform, MSP”) H|=L|A O|22! 7qafiH|
O] & AMNELYL+E (“high-friction markets”), 2|1 ELCt 7|= FAHQ AYLF+E (H
1 ICT, Cloud 2 AMBSHE), XI&7tsstl H3&Ql MSP| &EH0| 7ts%t ACE =
F2 QUCE (Rochet/Tirole (2003) & (2006)) O|= CIO|EHAX 7|8te| 2&
of MBEICtD = == UCH £t 2F HR0Ml EMEC| X0 AN RIZHE
HE S0 ANl H4E-MH[AQ| 7 AHejof X|SsloF Stz gt

Ctet PE 50t HIOIHEX S| ZT7|H

> ofp
>

J

> o
o oF
+n“

Pl
rir
,_]
av]
-
Hit
)

mu g
H
Ok

3.2. OI=Z3 (predictive power) 21}

HOIHZEMl = OE 22 HojHe X377t 7HE 7Yl 2HEAM z[Ho|
ditvle = H=HA ZEE OS5t UM 2R VtsdE HFE AR =9

" MSP O|20f 2I5tH =Y ZME0| Ch=o| ZHMFNIt Holdts 22 0| 7to ZHEA HE

¢/3 Z3f(indirect network effects)2 21510 Helfl k= AE/MH[AQ] 7tAO0| 7|EQ| EAlnt He
MYEE = AS (F, 7H40| SHAHIBMOELH FH MFEE|AHLE, MX|0ls &9 7tA0| LtEtE =
AZ). &, EHE HOXE “money-side”2t “subsidy-side"2 T&£5t1, X0 CisiAM= EHEQ]
TEES fI%t0 (5, B0 E |FE57| {5to]) 2o7tA £= 89 HH2 (&, F
) HH-S=

ot= A0 7ts&

[ ]
“critical mass”2|
Z/8E2H M3
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, A ()M E= HiP &

Mol=ol HE Hrgo 7| ge AHﬂEg(Quahty adjusted Production, QP)= AKX QI 290l

URAFA, T A2 A =35)9 Fo 2shM ZAEE[L, QL2 CFA| AR FHEO|
L

7ol ZEEoht JHE Z|Y¥0| ol5S Sotof HH:

-
ox F
50
M
=
oy
5
(@]
o
e
o
=
ol
é
o,
=~
5
o]
5
[\)
(a»)
[\]
—_
p—
1o
o
je
(0]
g,
°
m
=
Il

AT

=

e 5

=N @l e, = g
A

(1) QPi,t = QLi,t ! FAi,t

(2) QL = W = Qi — [0 + ga,i,t])z

(&7] Aol = 7HE 7Y, g HH HETH MAMI|E, HiEZ Q9| [B+e]2 AME S
Zotoh M 7|0 ot fE5XS LEF-) A 20IM HIolHe| HH2 7ol %H o
A71£0)2 oFst=0 JAAM 2X}(ee] =& Mean Squared Error, MSE)2 Z0|& &1t
7b 4, Ol CHA| HXQl MA0lQL) X MAZQP)2l B7IE X2fdte ARE &4
St QUCH EESh dAto| B7h= olof EMQl Ah=Ql HO|Hel ¥S T7tAI7|1, 7=

- o=
2 0|5 SRAUL=N FHHQ 0|70| 7tsot A= =25t QUCt

=anl
Oto|C|of BlO| HO[EH2| &=

=25t ULt &, MEZ Ble A2 MSE ZAazutvt
ZHME Ho|He 40| Z7tatof et ZAstn, Ol= MSEQ| oot 0| Fol2t= Atd
of Z|elstct dgfLt o[et 22 22| HEN= &« =HE HO|Hel 20| o|of 52
g [0 LIEtLE SA0|1, AEE ﬂf 22 272 7|8, de(1 7|E0 #=53 H0o[HQ
A0l Zt2 0= HOlHe X0 wE WAtEo| St 0|9 F7t £E7+ 20| #

Xl 22| ZA (increasing returns to scale) 2117t LIEFE = QU= A E =2[5t1 UC|

(Farboodi and Veldkamp (2021)) &7 RHOZHEEH T EE £ StLIO| =7{&= MSE Z20

7\dtok JHET[ol Mitd ddute HEE Jls ZEE|O(QL) AN HH2 oY H
4 0 =3

gto| MAMEZ FIHAZICH= ZO|Ct (F, “envelope-pushing game changer” 72 9|

2

Pt

=2 257 ¢

TOAME HOIHE At=2l §4E 7He FEALE & A[Z0] 2u, ¢7]

o
42 0|F X=0|27| Hite 4o S A7 22 242 Y

A



olgh.

Z2 WM oot =250| HolHEHe o5y Bt 21 245t ULk
HANBHHC =HoAM HO|ES =’-?’519E eigt Folzehdo| ist o= F7t
(Ordonez (2013), Fajgelbaum et al. (2017)); 2 8A A 7HE 7|2 MEfI™0 it o=
g ST QIst 7| XI7|XHEH[22] ZHA (Begenau et al. (2018)), CHEA|ZOA] Xt XL2|
MEe2(A30 Ot o5 Stz oot BEE2 244 ZZ (Gambacorta et al. (2020)).

=8AYMe HOH X2 e FAHEHe ZE a8AHAS 200N 20 X
shgytg)et 2| 239 £Y0| Ztsof X1, 0|2 QUSHM ME|AKMSARE A~H|AF o] HE
HIO S0 28&E =+ ULt St A0[ =L AJAMHO|CH dHM=Z %= 2= 28|

—

A AEgelaae] FY0 AN 22t A 2EEH A et HIo|E 2| A0l (O

—_
£ “digital footprint’2 HH) FE-=E FZX

x5
HiAte] AI8S30 2F U X8O BENS £YOEA MUK Y NgOY £F 4

d D3o| M- E =0|1, 0|9 ZIE Z8A

= O
HI Xk(“thin filers”)0fl CHEF S8ZEE0| 2= 27t A= A2 =26t UL} (Lin et
al. (2013), Puri et al. (2017), Hildebrand et al. (2017), Freedman and Jin (2018), Berg et al. (2018) &)
elrOolH Aol Z20= HOIH W HAz==2ZX 2 &85 S50 XMt 2235 Bt Fu

SHAl H83tl, Ol oE/MEL0 2850 ?lde 2E8H2R sR-2idts AS 7ts
StAl otH, olel 2tz FME S|, HHAY| ot 22 ARH 27|58 =0l 2

Wt EEE= ALE =25t UL (HIATE (2020))

FSUAZ R0 = HolHe X 8 sR= g8 =40 tiet 7HXE2t, 22

1 ESLAAIFel F0| ZM0| AM ZHHX|+=E 0|8%h UFHE =0l AL=E =9
Z|30 UCH (Glaezer et al. (2018), Wan and Lindenthal (2021) &) 2|EAMH|AL] FL20| = GO
Eol X1} EEFES &% IF-242 2 XzgY L= MO /o ME= 2%t
FES daA7le 2ot/ g = AD (BH R&D IS S5t0), 0|2 2ot AtelE
X9l BTt O[0X|= ZIE =5Y F U2 ALE =25t ULt (24T (2020), &
A= (2020))

33. ME2 EM7|H (new analytics) 1t

HO[HZN £ stLte] S8 52 M2 d-HaE

oln
ro
Ok
Ral
or
N
rc
10
A
iz
N
IE
mjo
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Soto] Lyt §Y-HEE Xtz oigt 240| 7tsof Xbt= HOICL OE =89, 25
A ATE 7|Z2 o ZMES =0 e o=, Ma232MOl: 0j=2 ‘10K 21

=1
O
O A3, 2L AGMEZ Al

ujn
ofm
_g_l-
N
1K)
1o
x
=
>|.EI
=o]
0
A
1x
oln
o
bt
ry
0
el
Ral

N
re
10
=
hu
o
0

J

3
A0 SESED U2 (O: regression trees, LASSO, random forests, ensemble

2T EQO ot JE-EgE0 ULt (R, Python &).
O|2t #E5L0] PubMed H WOSHM FET 2258 F4 F20M HO|EHBA &
Sz 7I9E 2M0M X2 (2016~208E 77 F) Al 2HE THOI7F Z[BIFALRlL e
2 ZMEACH (2 5, [2E 6] HX).

I=
Im

« EHAQER TtE&=&E2 2016~20F 7|7t X|El F|RIE (EX: PubMed): 1. Machine
Learning (ML); 2. Neural Networks; 3. Algorithms; 4. Deep Learning (DL, 2016~20'F 7| Zt
5 MZ 38t 7| E); 5. Artificial Intelligence

5284 st&=F 2016~204 7|2t X[H 7|E (EH WOS): 1. BigData; 2. ML;

ML-DL & Al 7[|gte| G|ojy A wiAl2 0|0 U= O| 7|=(General Purpose

Technology, GPT) O =&t A= HIMEHLD ULk =, =X 2| AREED UAD

(pervasive), T S 7|72 #0F ofL|2t OJ2fe| HMoE HE 7ts5tn, dA Hit

o o0jU= S OXICH= 2|0]. (Teece (2018)) Al 7|8te| HIO|HEAM 2 7|2HM2 2 C}
o L

=
AREO] Yoto] QIZto| IX|-GjN A5 BY 5HUS CfM

got ¢l 4 ol Y40
1, X200 AMZBL(neural network) BAZS 7[HIC 2 St= HH'J((DL) 242 HEHL|7}
SR Us S=OICH %%—'?'—5'-01“19| 22 OEHOIN, 2R E0Mol AIE EET
Mol BREMSRUN MUEASE HS 20| AHAIIHO| OIXE dE| i3 &
4 SOl tiet 2SS4 Z217F 22 =20 20520 QEED 0l =252 Al 7[7He
=G0l 7|Eo] S| H|50 (of: HHMO|22| HSHUAQ “econometrics”) O 52Xt

M2 Z4A7l= A2 Easta ULt

<
2]
S
i

13 0|0f CHgt MH|O|= Mullainathan and Spiess (2017) &=
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Medical Records Syste
ms, Computerized

N
-

7|¥E Z0| (PubMed2| MeSH Headings 7|&; 1991~2020)

R e e S

» Neural Networks, Compu

-a Signal Processing, Compu
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1996-2000 2001-2005 2006-2010 2011-2015 2016-2020
Artificial Artificial Artificial Artificial
Intelligence Intelligence Intelligence Intelligence e ElgData
Expert System Decis;::t:umpport 4 Genetic Algorithm +Machine Learning - \:~» Machine Leaming - Machine Learning
Decision Support ufl ' Artificial Artificial
System 4 Neural Network g i Neural Network HIV \ i e Intelligence
F ‘ \
Intelligence i Expert System « Machine Leaming Digital \ N Social Media 4 Digital
Artificial ! ;'- < Learning i A Decis;oy;::xnpport 4 Neural Network \-, - HIV _~/ Social Media
\ i \ 7
Computer \ F Genetic Algorithm /f < Simulation 4  learning \ \ Model Y Learning
\\ \ ;o
Scheduling \ \ 1 « Machine Learning % Adolescent iq DataMining % N Digital / ‘' §{  Sustainability
\WV\ i/ if 3 \ 4
Leaming ,-ﬂ 1| ; > Simulation Exposure ; Aplpr:lc’:;we \f'; Data — ‘-_;+ Data
\ L H o3 L y:
g 1§ ] H ‘i é
Machine Leaming |} : Model Population s Classification |, % Twitter ;A Deep Leaming
\ 4 3 H \ i
Network \\g{‘ Y, Classffication i American Indian v { Knowledge "‘z,.\ y Analysis \ | Machine
Decision Analysis S\ Decision make H Bankr'u;?tcy ] Intelligence Z& Data Mining \ { « Model
A/ 3 Prediction PARY v H
R\ : i 5 Z
Optimization 4 \'J’ P Forecasting i Data Mining / i Market \ I, < Leaming \ \ China
i ’ l ."..:. - W
Simulation 'x/' Heuristic N : Decision i China /{ Urban \ \\ Algorithm
? X \ H i ‘
p LU | ¢ ' .
Neural Network e 1 Intelligence R Dose Assessment H Management | - Technology 1} Smart city
‘ W ‘ I\ Y
Forecasting "~ 1_ anstizz;sase ' - Heuristics Risk // \« American Indian \%  Technology
; i i i } L
Model ‘ &«{\ Network i Humanoid Robot | Analysis ! ¥ Classification \-" Analysis
\ ; 5 \
\ % : .
\y : Knowledge i - . v S
Classification \ Scheduling ! Managsment 7 Cognition Privacy Data Mining
4 ¥ v H ) Big Data
Connection Artificial Leaming ' Internet Education Analytics
Construction Dialogue Memory ¥ Simulation Gender Forecasting
Function Image of God Technology American Indian Research
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[OA8 71 EAH-9l2 20F at==& ZF0|: Global vs. Korea

Digitalization in Biotechnology and Medicine

Publication Ye Count (Article)

ar Global Korea
Global vs. Korea ;
1992 1,847 1
9 q 1993 2,069 2
] 35,000 3,500 5 1094 2,294 E
o o 1995 2,699 1
= 30,000 3,000 > 1996 2,672 6
> =5 1997 2,478 E
Q 25,000 2500 © 1598 2692 7
o ' Inflexion 2 ' 0 1999 2,998] 21]
o o 2000 3,260 2]]
9 ~ 20,000 2,000 o 2001 3,642 43
T © e £ o 2002 2,011 34
«© —8 15,000 Inflexion 1 7/ 1500 © @ 2003 4,287 74
o — <o © g 2004 5,559 68
=il -+ 2005 6,553 9
2 = 10,000 =3 1.000 o = 2006 7,016] 116
e 7 “— 2007 8,693 151
o 5,000 (& / 500 O 2008 8,662 158
o) - S 2009 8,816) 209
Q _ B Kol 2010 8,370 197
2011 9,073 260
S SR83358858 ey 2
= RRNERRRSESREANE = — T
Publication Year 2015 13,774 242
2016 14,871 247
2017 17,435) 553
Global —Korea 2018 21,753} 809
2019 27,372 1,059
2020 34,293] 1,445

(12 5] 38554 20 sakg x0]

Number of Publications

[Data] Frequency of the WOS articles

Article count

2000~ Inflexion 1

Inflexion 1

1985 1990 1995 200 2005 2010 2015

Publication Year
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[18 9] 2H-2|& 20 Sh&=&: Top 20 Countries
Country Count Rate (%)|
Top 20 Countries
2 |China 20437| 1478
3 |UK 6.41
. . 56,105
Top 20 Countries by article :
4 |Germany 5.46)
147,804
By all authors *
( y ) 5 [Japan a5 446 4.05
.00 6 |taly b3 185 3.79
g 28 7 |canad ' 3.07,
anada 3
26,878
25.00 .
8 |South Korea 2.93
-y 5,676
X 20.00
o 4510 14.78 9 [France b3 591 2.69
© 0
5 15
— i
10.00 I 10 [Australia 2612 2.58
6.415 45
" 7405379 i
500 3.07j2.93b.692582.41227 193 1771501 08 1 04 0.93 0,88 0.87 11[Spain b1,102 241
0.00 I [ 12 [Netherlands 19 854 2.27|
€« ® ¥ > € > o]l 8 £ ©» @ = W € € £ > € .
o £ 5 5 8 s zgle’e 5 5§ 235 § 5 & 8 5 ¢ ¢ :
315 £ ;;' = %l S 15 ,§ &S| 8| £|& ‘T; E § 3 5 13 [India 16.865 1.93
3 ClEy | = £ £ e e 14|Brazil 1.77]
13 z @ 15,478 :
I )
1|23 5 6 713 jo 10 1 12 13 14 15 16 17 18 19 20 15[Switzerland |5 155 1.50
L- Country 16 [Taiwan b 227 1.06|
17 [Sweden 0,089 1.04
18 [Belgium 5156 0.93
19 [Turkey 7 706 0.88
20 [iran 7 509 0.87]
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+=: Top 10 Countries

Distribution of the WOS articles

Corresponding Author's Countries

Country Articles Freq SCP MCP MCP_Ratio
1 USA 7,010 0.27 5,657 15353 0.19
2 CHINA 4,314 0.17 2,869 1,445 0.34
3UNITED KINGDOM 2,132 0.08 1,343 789 0.37
4 SPAIN 1,127 0.04 826 301 0.27
5 ITALY 1,074 0.04 686 388 0.36
6 GERMANY 972 0.04 623 349 0.36
7 AUSTRALIA 779 0.03 471 308 0.40
8 KOREA 704 0.03 526 178 0.25
9 CANADA 691 0.03 464 227 0.33
10 NETHERLANDS 570 0.02 340 230 0.40

SCP: Single Country Publications

MCP: Multiple Country Publication
s

[18 12] 8834 20F d&e=E: 27tE 0|

Number of Publication by Country .
Al authors The WOS articles

AUSTRALIA CANADA CHINA
6000 -

4000~

2000~

O.

GERMANY ITALY KOREA
6000 -

4000~

count

2000~
o I 1T | O

SPAIN UNITED KINGDOM USA

6000 -

4000 -
2000~ J
0- |

1980 1990 2000 2010 2020 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Publication Year
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Trends of co-authorship &
cross-country collaborations

Average Number of Authors per Paper Number of Publication
Single vs Multiple author

Avg.count
Avg.count

.v\ ..1 .. ..“ ,l' ,.M y "'\ 198 Y ‘v"'\', 1991 2 1 2
Publication Year Publication Year
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Most Productive Countries (WOS), SCP vs. MCP
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0.37
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Distribution of the WOS articles
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Top 20 countries that Korea
collaborates with

40.00

35.25
35.00
— 30.00
* 25.00
o 20.00
o 15.00
T 10.00 6.83 555 5,54
5.00
0.00 <l al =]y
©w £ § 35
s & £
3
112|134
[18 17] 2873
1991 ~ 1995
1 South Korea 27
1996~ 2000
1 South Korea 68
2001~ 2005
1 South Korea 281
2006~ 2010
1 South Korea 872
2 USA 3
3 Japan 2
4 Canada 1

3.362.992.802.75 2.72 2.69 2. 01 1.96 1.93 1.81 1.37 1.37 1.301.15 1.04 0.94

Japan
Australia

Canada

Italy

o]

2§8£85§
T | =

E= 5453

g a

gco

)

-4

9 10 11 12 13 14

Singapore
Switzerland
Pakistan
Finland
Ethiopia
Belgium

-
&)
—_
(=]
-
~

=2 I ARRES IHEY
2011~ 2015
1 USA 389
2 China 109
3 UK 51
4 Japan 40
5 Germany 39
6 lItaly 34
7 Spain 32
8 Australia 21
9 Canada 20
10 France 12
11 Belgium 11
12 Czech Republic 9
13 India 9
14 Malaysia 9
15 Pakistan 9
16 Netherlands 7
17 Taiwan 7
18 Austria 6
19 Greece 6
20 Poland 6
21 Singapore 6
22 Luxembourg 4
23 New Zealand 4
24 Portugal 4
25 Sweden 4

30

== =W AFAEe =YY F0| (57t)

Country Count Rate(%.
1 JUsA 4,271 | 35.25
2 |china 827 6.83)
3 |Germany 673 5.55
4 UK 671 5.54
5 Papan 407 3.36
6 |Australia 362 2.99
7 |Canada 339 2.80)
8 |taly 333 2.75
9 |ndia 330 2.72)
10 fran 326 2.69
11 [France 243 2.01
12 [spain 238 1.96
13 Netherlands 234 1.93]
14 [Sweden 219 1.81
15 |Singapore 166 1.37]
16 [Switzerland 166 1.37
17 |Pakistan 158 1.30
18 [Finland 139 1.15
19 [Ethiopia 126 1.04)
20 [Belgium 114 0.94)
0| (Al71E)
2016~ 2020

1 USA 3,830

2 China 688

3 Germany 621

4 UK 618

5 Japan 354

6 Australia 341

7 Iran 324

8 Canada 323

9 India 308

10 Italy 278

11 France 230

12 Netherlands 227

13 Sweden 215

14 Spain 202

15 Switzerland 161

16 Singapore 154

17 Pakistan 149

18 Finland 132

19 Ethiopia 126

20 Belgium 102

21 Poland 102

22 Portugal 102

23 Brazil 100

24 Taiwan 82

25 Denmark 79
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Total and average

Total Citations per Country

Country

1 USA

2 CHINA

3 UNITED KINGDOM
4 GERMANY

5 ITALY

6 AUSTRALIA

7 SPAIN

8 CANADA

9 NETHERLANDS
10 KOREA
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citations (WOS)

Total Citations Number of articles  Average Article Citations
A

B) (A/B)
54,979 7,010 22.1
42,604 4,314 9.88
41,984 2,132 19.69
13,585 972 13.98
13,582 1,074 12.65
10,951 779 14.06
10,621 1,127 9.42
8,913 691 12.90
8,684 570 15.24
6,897 704 9.80
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“Newness” of Topics by MeSH Age

Total MeSH Headlings
Avg.
Sum. Total Count
Country : (MeSH
MeSH A Articl

(MeSH Age)  (Article) Age)
1 Germany 4,067,471 155,373 26.2
2 France 1,854,449 70,681 26.2
3 USA 19,282,407 734,135 26.3
4 Japan 2,098,968 112,909 2%6.6
5 WK 4113.648 152,001 o7 1
6 Canada 2,069,033 75,999 972
7 Switzerland 971,324 35758 272
8 ':ether'a”d 1,507,057 54,966 7.4
9 ftaly 2,373,947 85,842 277
10 Spain 1413584 49,963 283
11 Australia 1,525,376 52,812 28.9
12 India 1,147,221 39614 29.0
13 China 7153615 245,107 20.2
1 iOUth ot 1682.656 55677 30.2
15 Brazil 1,292,673 42,256 306

E

20] EH-2l& &20f

TNl HAY =ZHE R

Major fopic of Me SH Headlings

couty Sy TS S 19
1 USA 2,323,299 101,181 23.0
2 France 219,370 9,372 23.4
3 Germany 470,789 20,003 23.5
4 Japan 303,831 12,863 23.6
5 ltaly 258,077 10,711 241
6 Switzerland 119,539 4,967 241
7 Canada 255,851 10,507 24.4
8 UK 529,376 21,623 24.5
9 Spain 184,541 7,450 24.8
10 Netherlands 169,766 6,806 24.9
11 India 137,596 5,459 25.2
12 China 881,420 34,838 25.3
13 South Korea 175,603 6,836 257
14 Australia 188,267 7,269 25.9
15 Brazil 139,553 5,060 27.6

SEeE: 0=of gFH 0|

[J Digital health research trends: USA (Cont.)

Artificial
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Algorithms

PmdYear

Machine
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Leaming Theoretical put
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er
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7
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" %o o 40 4000000000000 o0o0o0o0o oo o
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MeshHeading

= Artificial Intelligence
W Deep Leaming

= Machine Leamning
= Models, Biological

WEN Natural Language Processing
W Neural Networks, Computer
W Robotics
. Software
BN User-Computer Interface

PmdYear
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[] Digital health research trends: Korea (Cont.)

Artificial Deep  Machine Models,  Neural Networks, Support Vector
MeshHeading  Algorithms Intelligence  Learning Learning Theoretical Computer PhYlogeny Robotics ~ Software Machine
PmdYear Top 10 MeSH Headings
1991 ) [ ) ) ) 0 0 0 0 o
MeshHeading

1903 0 0 0 0 0 1 0 0 0 0 o | agerioms
1994 ) o ) 1) 0 0 0 0 ) o 07 mm Arificial Intelligence

= Deep Learning
1966 1 9 £ b 2 & 2 ha 2 9 = Machine Learning
1096 0 ) 0 ) 2 2 0 0 0 0 3001 mmm Models, Theoretical
1997 0 0 0 0 0 1 0 1 0 0 W Neural Networks, Computer

== Phylogeny
1908 0 1 0 ) 0 0 0 0 0 0 50| mmm Robotics
1999 1 0 0 0 0 5 0 0 1 0 W Software

= Support Vector Machine
2000 0 1 0 0 ) 5 0 0 1 0
2001 3 0 0 0 1 5 0 2 0 0
2002 3 1 0 ) 1 5 0 0 0 )
2003 2 1 0 0 2 3 0 0 0 0
2004 n 7 0 0 1 4 0 1 2 0
2005 2 15 0 0 0 7 0 1 3 0
2006 1 17 ) ) 1 7 0 2 2 0
2007 2 20 ] 0 5 9 0 5 5 0
2008 2 2 0 ) 5 13 0 4 2 0
2000 2 20 0 0 4 3 0 1 0 0

ol

2y 12 i 0 U d & 0 2 2 O 1991 1996 2001 2006 2011 2016
2011 18 2 ] 0 3 2 0 s 4 2 Pmdvear
2012 2 7 0 ) 2 9 1 EX 3 7
2013 7 ” 0 0 3 9 0 2 1 7
2014 2z 17 ) 2 8 7 1 2 1 5
2015 2 s 0 2 4 15 0 1 s 1
2016 12 3 0 18 5 18 0 3 3 4
o7 14 2 5 EH s 2 5 7 3 10
2018 2 7 2 55 5 60 5 2 6 7
2019 31 5 % 82 9 9 16 " 13 9
2020 20 2 69 a 4 4 38 6 s 4

(O3 22] EA-9lg 20F &==&: 7T (2019 & 2020)

[0 COVID-19 shock: Overall

2019 2020
Rank Mesh Headings Count Rank Mesh Headings Count
/ [Machine Learning 1,773 s sehifie Lissming
2 INeural Networks, Computer 1,697 1,088
3 |Deep Learning 1,211
7 JAgorthms 11 2 Neural Networks, Computer 1.007
5 |arificial Intelligence 523 3 |Deep Learning 840
6 |Robotics 399 4 Arificial Intelligence 4399
7 |Software 334 5 gorithms 444
& [Natural Language Processing 260 6 |Pandemics 236
g [Support Vector Machine 250 7 Robotics 221
/O [Electronic Health Records 212 8 Phylogeny 219
/7 |Models, Biological 208 G Betacoronavirus 206
/2 [Magnetic Resonance Imaging 205 /O [Software 186
/3 Models, Theoretical 198 /7 |Coronavirus Infections 144)
/4 |mage Processing, Computer-Assisted 186 /2 Pneumonia, Viral 140
15 |Phylogeny 180 /3 |Telemedicine 136
/6 |Gene Expression Profiling 174) /4 Bupport Vector Machine 127
/7 [Transcriptome 169 /5 Image Processing, Computer-Assisted 112
/8 |Signal Processing, Computer-Assisted 164 /6 Dental Implants 109
/9 [Computer Simulation 162 /7 Magnetic Resonance Imaging 102
20 [Computational Biology 150 /& Natural Language Processing 101
/9 |COVID-19 97|
20 Mobile Applications 93
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[L2 23] O|= “All of US” ARIC| A|Z7|"H d1t0f Cist =&

Table 2. Scientific Goals of the All of Us Program and Expected Timelines.*

Goal Years
End of 2018 End of 2019 2020-2022 2023-2027 After 2027
(N=94,000) (N=>200,000) (N=<650,000) (N=>1 million) (N=>1 million)
Return data to participants - + +4++ +++ .
Establish demonstration projectst + 4+ o +
Discover genetic and environmental correlates ++ +++ ++++
with disease
Improve predictions of therapeutic safety ++ R 4+
and efficacy
Discover disease biomarkers ++ 4 4+
Connect mobile health, digital health, and ++ 4 4+
sensor data with clinical outcomes
Develop new disease classifications + 4 4+
Support clinical trials + 4 4+
Enable machine-learning applications ++ +++ 4+
Improve understanding of health disparities ++ e+ 4+
Develop and test new therapeutic agents ++

*

The expected number of participants in the cohort is shown for each time period. The number of plus signs in each cell indicates the antici-
pated relative degree to which each goal may be accomplished during the estimated timeline for focused research.

 Demonstration projects are scientific studies implemented by the All of Us program to show the quality, usefulness, validity, and diversity of
the All of Us research data set and platform. In these projects, the population and data are further characterized, and the data are evaluated
with a view to determining whether known associations can be replicated.

N Engl J Med 2019; 381:668-676
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*  Sitra, and the Kalasatama-Otniemi cluster (Helsinki, Finland); “Fair Data Economy”

* Innovate UK by FCA (Financial Conduct Adm.); “Consumer-oriented financial innovation”
focusing on the FinTech hub in London (& the PolicyLab initiative)

*  “Bristol is Open,” Bristol, UK; For PPAP

*  Copenhagen Data Exchange, Denmark

*  Amsterdam LivingLab case, Netherland

* Barcelona, data-driven SC, Spain

*  MpyData by PingAn Insurance Group, Shenzhen, China

* Dallas and Austin, Open Data, the U.S.

*  Two SC experiments in Korea, in Sejong City and Busan

* CLC (Center for Livable Cities) and LARC (Living Analytics Research Center), Singapore

*  Fujisawa township, Japan; For resident participation for increasing QOL
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