Research Report

RE-081

OAE Ak FANEA A7

Study on Digital Industry and Innovation System

21

[ |

oA/

op>
ok
ol

ol / #aly

[ 4ze /ol A

M
M
0

2020. 01.




folod, st

{15

o1 7xto| 7

RO
ST

NEM 20N LY

Zd
=

?_




o

B/

—

o)
~

B/
Np
N

TA| A LA

o

0
X3

)A

Pa—

m
s

al

A

3

B/

oy

e

o

oF
B/

g

—

o



A1 A = - cersesesssssasnensnessenessassasssanens 1
A1 QT HIT  ceresersssrssrsssssssssssssssssisssssissssssissssssssssssssssssssssssssssssssssssssssssssssasssens 1
s B e = e T %

i RS B = NS F- S PN s — 4
A 1A AEEQITL ZAR| A A eerrserssrssesesserserserserssssssssessessessesssssssssssssssssssssessessasssssssssssses 4
A2 SATEO] HFHE  cerserssersserserssessssssseusssssssssssssesssssssesssasssesssasssessssssssssssssssssssssssssasssesss 7
A3H B 0] HOJE]S A TF wrrrrrrrsremssssssssssesssssssssssesssssssssssssssssssssssnssssssssnssssssssssssess 14

A3 gAY JAEI G5  AGE AT A G eeeeeeeeeeenen veersnensrnencansnsaasaness 29
A1 YR E AT HE S 7] AT e 29
A2A T2 HolHE 7|0 Z 3 AU IS 24 BA s 24
A3 AT QA §FE A BA - 20E D] E|(Q20) e 33
A4 S BE)2 93 A2 AT SUTF A AR coeersensssssssissssisenes 41

A4A A A FEO] T : A ATFH A reereerrsrsssssssssssssssssssssssssssssse 43
A1 A3 7| A 28 A2 AEFH oA HHEL FHE o, 43
A2A AL 7] S A 228 7| HEO] A G I} O cerreeeeresersenssisenssnsensensesensssasensnases 53

A5A AE - 62

F 1 & - 73




2-1> DEA<®} SFA

-
2t

<

19

2-2> = AFd o] Metafrontier Malmquist A|5=9] & AW

-
st

<

21

w5

A
il
)

oF

K

26

27

R

28

29

a0

b

30

-
st

(R 3-8 A o

33

bo

34

o

=
T

B 2 &WA 74 Ao ds)

35

M= HolEl o] o

=N
o

(F 3-12> &

36

N

G 3-130 AAEE W% HolEd o

<E 3-14> ZAW|A 714 A<= "Ho|gel o

45

(E 4-D /\]iEéll /\]_57_9/] _—rLAé

60

61

{FZ 4-3> Practices Space SHEL] X%, Y.:.%— 7(6]9/] ceeetescesensensentestasensensenstrsessessestessnsessessessassnne

67

=i
=

=]
L

5-1> A A -l e]

-
st

<



<.;_1_ - “F‘I: 4
5
2>
hya B ol E Z o
R LN
I;‘IZ]‘] §]—
=
‘]
1_-
T

(%
5
-3
T
A8 %
x4 3}
1_.0/]
ks
e

2



2-11 SWAFE T} HWAFES] BB} Z20] sremsrsrsmssssssmssssssmsssssssssssssssssssssssssssssssssassssssssssess 5
2-2]1 SWAFE 0] AAAA 7] T HBE Z20] s 6
2-3] DEAS} SFAQ] FEA] A HIZL woereersersesessessssssssnscssensessississssssssssssssssessssssssssssens 8
D-4] CRS HFA] tessussussussussusenssassaseussussasesssusesossossossossssssssossssssssossssssssossssssssessssssnssnsssssnsinstsses 8
D-5] VRS HEA] corssesssuscsasssssssssassasssssssssssssassassssssssssassassssssssssastassssssssssastastsssssssssssasiasssosssssss K
2-6] CRSEF VRS F-EA] THA] seerssorosssrssssrssssnsrssssssensessssssessasossesssssassssasasssssssssssonssssssssoss 8
2-71 Metafrontier Malmquist 2] Z=2] FY wereersesrssssssssssssssssssssssssssasssssssssasessssssnsess 14
2-8] AHEAQL AHHE F LA BT coevcrsercrsernissnsisiscssisssssssisssssssissssessissssessascssens 16
2-9] AREANAL EAZ FBA] HITL soererescrserscscsinsisississsssssssssssssssssessessissssssssens 16
3-1] BA 25 X D AL BA Y B i 23
3-2] A ZFE HIIEZE cnmnccssmsnissusssssissssssusssssssssssssssssssussssssssssssasssssssssssassssssssssssnd 27
3-3] AFH U TFA 2] G BBl Z20] s 29
3-4] AFE Al AT ZETFEA]ZR0] T TF ceeerrernsersenscnssinsiinessssssssnssssssssssses 31
3-5] A oy A AT W3 320|(2013.12Y~2010.6LQ) «werrrrrssrssrssrssrsssasaraenss 31
3-6] BA-AA} 25 45 W3 3F0](2018.10 2 ~2019.6Y) seeeereerrsressessussarsnisnesananss 31
3-71 K-means Z# 28 Al ZA7F QA BEE QIFA ZTF ZE eeeeesesenenne 33
3-8] BAF ZHE S70 T2 FFHH  cevrerreresnresnnennineniineinsesssssssasssasssnssssnsees 39
3-9] ZFS FHE] ALE] A A ZSE] ceeeeeeeeessssssmnnssssssssssssiinsssesssssssssssisisssssssssssssssiies 41
3-10] I 2 A9 <9 HAHLE Ed A5 A AQ TNAL s, 49
4-1] BT M ET Z2AFE ZRF s 44
5-2] A 2B Tho]i}u] 0] T HE FH| eeecscsescnsissnsinsinnsiissnsisnssnssssnsssssssissssssens 45



4-3] G827 =2 oA Hlg} B T Tl JLE s 46
4-4] A A SHABE 93 3o} W TEIO] AT EFL eerrerrerrsersnessenssensensensens 47
4-5] 7154 21Zo] SAo] 7FALe oo ThTF QNTTA AT cerveserserserssrsseasenss 48
4-6] ZHE A O] THEF QNTFTHA Z T cerrsersersserssrsserssesssrssesssesssssssssssssssssesssessseas 49
4-7]1 Two-dimensional practices space $]9] B AFS wwrrremsrrserrsssssssssssssssserannd 51
4-8] WY AFTFS] AT ZFL O] W FL]Z cerersrrsmsssssmssssssssssssssssssssssssssssssssssssssssssssssassess 59
4-9] Z6 2 E S} TFA 71 T EH]D JLE coerrereensesnensessessnssesstssssssensens 54
4-10] A+3] 7] 2 A 228 B1EFS] BHIEIE] AR QlTEBER| I csssrrssssssssssssssssnnnss 55
4-11] ZFBFEIE 10 AH] 22 E FEAF ceemressssssssssssssisssssssssssssssssssssssssssssssssssssssssssssssssens 56
4-12] ZABL25E 2. HIOJE] U[EQ T FIF ewererersserserssessssssssssessssssesssesssessssssasssesssssseses 56
4-13] FEEE 1. FAEGH| L FIF corrrrrrrermsssssssssssssssssssssssssssssssssssssssssssssssssses 56
4-14] A F-9eF FEZ5: SAE Bass FLE e 57
4-15] A -6 F25: 1Y TH G HJE correrrcneenenesnessesssssessessesssnss 57
4-16] A -G EF B2 G AFB] E G correerrserssersersserssesssenssessesssensstssssssesssessssssanssesssessseas 59
4-17] A BF-FF TET: HILIPQ cerrrnercrnnnnnsneeeninisssessssssss 59
5-1] T2 TR A BA1G] HEA cerresssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 66



Table of Contents

Chapter 1. Introduction sesusresuesacnesacnasasnacaaacaaseces 1
Chapter 2. Measuring the Level of Digital Transformation -sesssssssessessessessereaceacaceee 4
Section 1. Capital Input and ECONOMIC GIOWLN ressssrssesssssrsssssnsensensenscnsensensensensensense 4
Section 2. Research Methods sseeseceeceeceeceeceeceeceecencencencencencencencencencancencancensenseccacaccacsacsed 74
Section 3. Results and DISCUSSIONS seseeserserceecceccecceccecescencsnccascassensescescescsscsascascencencence 14
Chapter 3. Adverse Impact of Digital Transformation - sessserssacsasaesucaacancs 22
Section 1. Literatures on Digital Innovation and CONfLCLS «eeeeseseesesencesessncsneasncanss 22
Section 2. Analysis of Conflict Index Based on News Data «eeeeeseeeeseeesessecssaenss 24
Section 3. Case StUdy - Smart MOblhtY(OZO) ......................................................... 33
Section 4. Implications: Governance for Conflict Management «esessseeeseeeseecnceenes 41

Chapter 4. Digital Transformation and The Government : Policy Simulation ----43

Section 1. Socio_technical Systems and Simulation .............................................. 43
Section 2. Policy Impact Analysis and Socio-technical SysStems seessseeseeseseseenenesd 53
Chapter 5 Results ........................ ssssseesssssssesssses eooe eooe eose 62

References ......... eooe eose o 73



FO
12
[0

1. 919] Wit +4

[0 A9 HHE

o ZHAk3HDigitization)oll A A B3HDigitalization) S AA ol AR ALE,
NAGF7A = HEkA 7)== YR A 2HDigital Transformation)o] 413}

- Ozb AAE, AREE Ao T2E WHARAE, gAY ABoR A
Avko] WS AoWA e B 4E, He3t PFo AP oss
A3 Mo] ERAH O WeT &

o] O
T BRw.
- b =27} #8r|E Ad A% 7)&, A 841 Al 2~El(innovation system) o] A]
_7%._

5 8

2 A E(multi-level perspective) B oA =25 7] A &3

o T Yo Qg A3 AAY HBo] 7w A3 ko] XIS HAS B
AdEolgta B, o3 B oA HAE 7]zl o3 ARSI AA A& F3H

Aal 2l A8H gelgge) 2AH Ao F2L 24

E3) IdE Aol AHE B3 F387 AAE ANHL 22Y0Y 24U s
ATANE TAH A Fgdo] swo] He 24 wde Qe @

0 @9 A

o (1x ¥x) o|84 2d3 Add AL A /3 ==

Oxg Aol tidk AL A A A g o] & AE thofdt fd-e A

o = (o]
- ASIAA S OAE HEEs B4 stE ZEdY I EF
- Ropd UAY Ao 54, A AR L /I 24

- Bopdl Oxg Ase TR AAH Y £E

o 22 dx) AlEHCIA, §4, 2 AA

- gAY Aol g A3 AEFAH AlEdol A AFA 8o =ANA
- SWEJol & A A 7oe S48 yAE e 5 vl
- 334 YAY dgS A AAAH A9 =FGhift Strategy) A Al

4



o Al AN2HE FAS ThEoU e A2l ofFA SR o] B3 =o 2
A FA e MES A, A=, A2e] #H-dA EA4sta e, A 71« 4HY
o7t ©9je] g4 AxgoE ERE 7 I

o A oA FILELX BA g4, A Tsd R, ANE BHCE TR, o]F
T84 JHe] Bl AR e go R Q) A -7|eAAY eSS AW

- olgd AL AVEs Ee e FA ool 1w, S EA Y} F&
AA BT AR e $ T o S olA &4

o T=2 HITEL 7|E9 AA(regime)7} T2 AA = WH3lst= AL A
(substitution), ¥ 2H(transformation), =}/ (reconfiguration), o|& = =4
(de-&re-alignment) & &3t

- Ztztol AA A FIFEE FA FA 71&Y EAol trEn, oldulz}
gilo Aals 2 7 U=

o 1APAE ATlA= HAE @A, HAE dalAeE HAE &7, FEH A, 2,
2utE ®2RIgE], AntE guto] X [0T7HA S i oz 24

o A A, AT A Y HolFH oA ALE A olsiH AT e mFA
JQAEIE BE 5 AR A o|p7F HAE S-S 7FE4= A3 8102 Yehytom,
ek olg 9l AAFH Ae, FE T|ed a<Qlo] Ajaler 4

<HHZXole] 78 FT& L >
e MR R
CH | Ao FAHIE AT J[¥olod, Mztsty mWuAM Aol EMg Heoloh L xef X
(substitution) | 7lol= A™MHAE M5t 7| & MM = M=stn websh Lo olsi i &
Ao FAHIE 7|E ZI¥olod, MAHl Ao SEMs Helct 7[E 7| ¥l oSt
i 2 S E sl gEo| of alsloy, Tolsol AN Mol ZME Uz sAo| A
(transformation) | =11, &7|==22| WEMEES (1) 7|E7|Y0| AI|&1 77|&s 2F st £
S gl () 7128 gAZe s wanas welo
X7 7|& J|dnt Lx[Ztol]l SHA A MEER AFEAIE dHEC Ao Hits
TS | E7] BoplsoA-nrze MRS ZEox Zo| WEE SojE HAl
(reconfiguration) %z}jézﬁfloﬁgéc?ﬂg | ME22 st T=o HE=E otsoul A
o 2 WEoL XY clekstA Fot™ J[Eol | &of|l Fojste MRS AE
IR 4o T | E sid Jiz dmoz e olgepl Hok, ofnf eisy sRel WEIE Ul
. ciel 240 Lx|S0| ZAotsid 2 Zolm M2 Xujx A SR

* X Geels(2016)2

I

1z AT MY



o AR AU 1 Aol F ATE wEFH ARA H2ol: ICT
Apow sgdolston], Tad ATelx ICTARC HAA A4y ol
HFRE Jodste Ao Urd

- A Aol AREAE B LZEG 0] ARo] 2 AR AT YA
gagol 7leds e BAQon, WS FYAEe HmEFe Husiy
AQAAY AL fovl FFL AAE ARasGE AL ¥

o 3tAIY I A=V =7} 3 A ke &
ATol A= SWAHLS] AW 7=

= 2 3 EU KLEMS, 53} 922 Asia KLEMSE &-8-3}o
ER ATE S8 5S¢ AN
O A&
o T AR, TAZ A4 DEARA 2+ $evet
s A9 e Ao 2 UL,

lo
‘.‘o{«
o
o,
o
Al
|t
Hl
N
2

o AHH A4 o] W3S E38 Mamquist B4 o= FEAQl A ZPoA =
FFEY Aul2Y, AEL, FETAGAAE 3 A= AS FUF

o WA T\l o] AS SWARAL F2E F|ewATe] ARE F3r FHH
89102 Agakn, FRFIE B FHI=



00

Uo

o =
= ™

&F

25 &7l 93

—

1

L FAZ UAY s FA vlgg o] A

EER PRSI

B2 v, AR A

.

3} 7

TZE WA3ATIH, o]

o o|#

nl
Kl

0l0

[e)

=
o
=

Hd

]2}

&

%] o]
h=

T

ax
H

o

-

A
A3 A3}, HAE o]

o] QS A=zl AL A HE
OAY A Aol MR

-

He)7h opge} )

-y

T

f| 45

S

F 4571 tiE-Eold, A M8 o g

SAlOl FEHom Gulsts e M2 ol 84

= Tkt
F | Alo] BQ3

=4

Ot Aol M2 =L BATE FusA]

YA Ao mE 745 A3 dxrl god 238 &5 EA o
dde 5

APEE BE AAFAVE 34

o (&% A £4) "A
HL3goeH A



0. UXIE Mgt 859 g . ¥ Agd0lM
O AlEdiojd X R2g SEE

o AB|7|EA 2ol Ak g ollE HWE|al AHEE FFAINI] 80
AlEH A 7ol gFstA E8FHL A=

- B3] QS8 AN AEdeld B mdy e BAEA e n
Ae Z2ay] 98 Azate AAT guol oAR AP A54eS
qesy) A

o AgHIA PHEE 245 JEol ek AlxE TholtEx, ol 4
3 %

O A2 oL A HEE

o Azdl tholyu g Azwe] BH 543 dHE ATss Pgowow,
hya

o AF7lEA2d e HP e FEAEe Tof HEkshH
¥ (dynamic stable)S 43

o A& (landscape) Y X|(niche), & A (regime)S A
NEAA JAAAEE T3, FFEEEE T
7V

[ HAXP B S

o ?%HXV]HJ o HAdEHo|a BALH o7 FrAkgss BRI deAee
7 A4S d78h=t 7
o FYAIMRFPL A3 7)eA~H ThEH T2 AF, UX, €S 2T g
2o AHE £ dow, o Wi Tt A7V FAAIINRY
ALE 7l e 28d A&k &
O MBIIISAIAY 18] MGt IS
o & Aol e T+ ZLYE AR tdoz A2F gojuy 2o} P27 HE



239 47k

o] o
A=

P
T

o =
<&

o o

o

U, 93, A
- AzH oy

tar, A7, R&DFAL, AR &0 &

ojn
oR

<
0

il
H

"

)

_
o

—t
Ile)

o= g7

(€]

391279k

O ¢

NS dde2 HE 7Hsds &<



summary

1. Research Backgrounds and Purpose

Recently, Digital Transformation, which changes the industrial structure, society, and
even individual capacity, has been accelerated. Computerization and informatization have
changed the structure of the industry. However, this view is to increase inputs to increase
outputs, and to select and concentrate on the inputs. In the age of digital transformation,
input-output paradigms are difficult to respond effectively to social transformation.

This study examines the process of co-evolution between technology and society as
the transition of the social system because of the digital transformation away from the
input-output paradigm. In particular, in the first year of study, we derived the types and
policy implications through industry cases. In the second year, we will develop a
measurement model that is the basis for establishing a digital transformation policy.

2. Measuring the Level of Digital Transformation

It has recently extended input resources from labor and capital to ICT capital. In the
last year, we analyzed the software capital contributed to our economic growth and
productivity using growth accounting. Although the proportion of SW input as a capital
is insignificant, it revealed that this factor that has a significant effect on enhancing
industrial competitiveness. However, it is difficult to explain the difference in efficiency
between countries and industries. This study assesses the level of digital transformation
through the contribution of SW capital by industry and international comparison.

DEA (Data Envelopment Analysis), a non-parametric method of comparing the efficiency
of individual comparables, is used. Malmquist productivity index is used to compare
comparisons over time. We analyze the determinants of these productivity contributions
by Tobit regression method.

DEA analysis shows that Korea’ s efficiency is significantly higher than that of other
countries. The Malmquist analysis, which analyzes the change in productivity over time,
confirmed that it improved in manufacturing but declined in services, light industry, and
agriculture, forestry and fisheries. In the case of productivity contribution, SW capital
Is a positive factor in narrowing the gap with the global technology radius, and also has



a positive effect on the improvement of efficiency of variable scale variable.

2. Adverse Impact of Digital Transformation

Conflicts between innovators and traditional market participants occur in
government-regulated industries or in government-assisted industries. In these industries,
asymmetry in digital capability and regulation is commonly found.

We gathered news articles related to digital transformation conflicts to analyze the
relationship between conflicts and government interventions. As a result, conflicts has
increased since the end of 2013, and the change in conflict intensity was nonlinear rather
than amplified and resolved linearly. We found a close relationship between the frequency
of conflict, policy presentation, and consumer price index.

The implications of this study are as follows. First, digital transformation conflicts should
be managed according to the characteristics of stakeholders and industries. Second, there
should be a minimum inclusive regulatory framework for all businesses to compete fairly
in each industry. There is a need for a stable conflict management system that can be
sustained by emphasizing the principle of balance and minimizing social costs in
government, business and society interactions.

3. Digital Transformation and The Government : Policy Simulation

Various simulation models are used to broaden understanding of socio-technical system
of digital transformation. Simulation models includes system dynamics, discrete event
modeling, and agent-based modeling according to the degree of abstraction.

System dynamics are an approach to studying the dynamics of a system. Predicting
the transformation process is possible by establishing a causal map and constructing the
flowchart by mapping the landscape niche and the regime of the socio-technical system
with the components of the system dynamics.

The agent-based model is helpful for studying emergent characteristics at the system
level by modeling the interactions between nonlinear and discontinuously interacting
actors. The agent-based model can look at the topography, niche, and regime of the
multi-layered structure of social technology system in one model.



This study confirms the applicability of system dynamics and agent-based models in
the shared mobility market. The conflict structure of the mobility market can be applied
to the multi-level perspective theory of socio-techncal system and can cope with niches,
regimes, and topography.
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A2 OAEY Ao 42 =4

A ARREA A

L ICTSk 73A9243ke] aA

EEE 2o EAT Ao tig FAE A8 27]9 AFe FE AEA]
A 78S AFd= ﬂ Greenwood at al.(1997)2 FAA(E3], F+2ES A
zo“ﬂl)%—' 7]%‘%& ] i«l =3 7]501 Astd Au=E FEste] 2HEA ] A

) Al é <7

and Violante (2002)¢] AellrMe FH=24 7}2%11—’?% =
A, ARG = A SHY AT Fto]l AEA Y e
S BH3ith J8]a Schreyer(2002)= =71zt ICTAIFS] 7HA 274 WHo] /o]
MEZLY] AFAR] FXE vla 248t d#EJE ARE AAs] 9
A et

ShH BAZ O R [CTAMHC] AAA e 71938t & 43 A+2+= Martinez et
al. 2010)0] AYstol] ALEE = AEAE HICTAEANFZE, 7|AAH], 540D} ICT
AHEA(ELES ], AZE 0], BAFHDE FE3st] AEA o AstE [CTAHEFS] o]
n= AR e A BES 7ot e W3len, Molinar et al (20132
AAIA EAe Sl U=(EF, &, =, v=) EFA  FEHOE AEA
Azt ezt Adnk A= ICTE Qg o= 43k Van Ark et al. (2002)%
AA3A S £4& B8l ICTRAet AHEA)7F EUEuropean Union)e] 714373 A4t
A S7Hl dritg 719 eAE S48 19909 FHY BAVE E3kE A vl
o] Azl Holzl Fagtk aQlo] v ICTFEAY ] zpolet [CTAHEAS] = 4t
olgtx FAAT olZdt ATY sFY ARAMA AT =7PE ICT AL 7]
3k A7 gks] JaEa e, Vu 2013)= ICTAHEAZY A7MEE AAAAS
1%p A= FHAAHSS =9I, Edquist and Henrekson (2017)& ICTS} R&D AHEA)
7} 28919l EI7EA] S vAlE 43S B9ty 18] Strobel (201602 HY
I waE e R Fg A, 599 AAALGA doAA FdE ICTEA7T
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= ol EUT= HoA F =7k Aol7h EAES W Th FoAMAHIY SHA
B, 599 A9 Aol A Aakgt ICTEHA1Y Sg&37F 33, w22 $4% ICT
AR I FFo] T AR Yepyith

AT 1A & AFAAE AAIAE Bl AZES S Ao] -2 A 8%
P AEE £ GDP 443 ol& ARlske £ 84+ AR, =%, $8
LA OR FREY £ 9lor, olgt AFHE AsE IFAAFER KIPKorea
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AaL, stego] AR Fa HlFY Af o
o] A2 FExtels KB fFow|g FABA(L=0.127)E Holi o] FF
of A& e feliA SWAHRY AAARE 7oz F52 dart lee WIATh
g ) =B A4Rdo] BAZ o7 slekets 19809 o]F AT EY Y] AR 7]

Aol oF 471%E AR k. ols AZESo} A Aol ARSI 2l
o g AYE FF U shtelt =TT AAAE S ALY 5 9
e F0% Baasehs 3L AEA FAAYE 232 BEE
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[23 2-2] SWARLe| A4 7] % W3} Fo
8%

7%
6% m 2 B0E
) 4.14% 4, nﬂfn
=k g STLE
o — : ————
4% = SW
3% )
mm H[SW
2% 3 4
101 =0 * SWHIE
o
1 o
Z 00% 0.97% 4
/0 U I
19 - :
2% ,
1970s 1980s 1990s 2000~2012

2. ANA FENNS W A

SWAHRA 7} iAol Z1ofshe e SAT 13 A7 dAAdAA SWAH ] o
¥ A A sdste F AP Al PAE ARE SAs, o|2dk SWAHE
o] AW A4S FUPEE vlaste] SWAHLo] =7} Ao mA= EH A
T Bk AXNAQ AkdolA AmE 871 o

ICTAHEA 7L Aol mRl= | AAA Ao E48kaL7 3 71E dFEs
Dimelis and Papaioannou (2011)¢] 73-% 199358 2001 d7}A] 4271=-2] =efsh dlo]
HE &4 ICTAHEA =71 msabddd forleid 3882 d3s Fo
= A& AFY3, HESFFH(non-patametric) #2419l DEA(data  envelopment
analysis)e €83t Ceccobelli et al2012)2] A4+ EU KLEMS #A5E Z-83)A]
OECD 147)=r9] 5884 S 7|eWs) 7]%—7}4—7_31 AEZH o2 Bt [CTAHAR)

O

S Ataad g9 Aok AZARS A9 BEE vwsty ICTAEA S 9%
< WEssith 283 7P HZol 389 Fujii et al2019)¢] A5llA= EU 1470=
& Oeg 53] ouAadREA ICT7F A4k ZHoA ojud FFE FUe
A =43

J2)a Bl =42 (non-patametric) w41 <l DEA(data envelopment analysis)e -8



A =7RRE, ARIRE 7197 AdE aEA ApolE AHstke ARZE Ui,
Chen et al (2006), Cao & Yang (2011), Appiahene (2019)7} th3tz o ]E} U] 5257 5
A71HE WdoR SWARLY Fo® HRlEe Adde 3
Groupware & 7]1G&#BISW7F A4 felm|e /i a3E v
o] AF= 719& SWY FFE AlEstst] 72 SWO IS B4t 71‘301]*1
71E A9k ApEAo] Ak

B AT SWAHRS] A Zlom #4e] AgAlelA Hel JdEE SWARS
A =St A vl T AAE BN HTHl swkete] = AbdE
SWAHL RS a3 SA =4 vaE stz ok

A2 Ao HE

1L Atad AAA - A5 xHd(Data Envelopment Analysis (DEA)

F&4 vael AHEHE tEAQ F 7 EE AtKor HIE or o)l 7)Y
sl w4 WHQl SFA(Stochastic Frontier Analysis)el A& 7]HF w3z v
DEA(data envelopment analysis)7} A3ttt DEASF SFAE W E21 Apo|= <lal,
A Zt5e] EAo] wet A W E deo] dasty £4 ARz dddt Aol
7} Ay st

ofg e} o] AT B Myl wF Z47ho] Arhyo] o] AFAte] Ao

8%k, 2 d7e vlaide] He A Ul EDecision-Making Units; DMUs) %t
aeAe Hlasks Ak 7|9 Wl 242 el DEAS 7|Rte g jit

Hn: 2 rf
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Returns to Scale) Wlo2 FEE 4 ot DEAS] tixz A< Charnes et al(1978)

o GEY-I4ENEE A= A AReks|(decision-making units: DMU)S] A4H4 7}

224S 2487 a4 ARAAS Tejelx W ®E DEA 2R 28)€ 7)

Wsioith DEA WPES o83t T2 7195 Maste] gy U A%E 529
Y3l

B &A(relative efficiency)S H7fsls 23 olt)

Charnes et al(1978)c] 7Ret Hx9 D 9l
(constant return to scale: CRS)Y 7F48<& H}E‘foi 71Ea 84

TFrgol B (constant rerurn to scale, CRS)e] AL, B3 §8AF A& 3k
&40] 4 TUF 9, R 7Pd(variablererurns to scale, VRS)S 7%, F #%

BA
o] AZ AolatAl Hrh ol FRFYEHCRS) E&AH FE257PAVRS) E&4
o] Aol RO Ao, T kel zolE FE E-&X(scale efficiency) o2 XA g
}2)

2) CCR 413 CRS, BCC #2413} VRS7} 9415] salein 2 34 98, 5, CCR wAoAL CRS o
3712, BCC AolM: VRS e %4AS AH8ste Mol BEAolU, CCRY BCCAlA HAel &g
T2 e Sl volstel 4

X



[ 2-4] CRS %4

Qutput CRS efficient frontier
¢ - Input orientation
ot SAcrs- 1
. Eff. score = o4
5] on - Output orientation
i Acrso
/{ Production possibility set Eff. score = TiA
P : TAcps- o
A
0 , u : : .
(1] ] 4 5 & 7 Input
[17 2-5] VRS "2
Oytpui
VRS efficient frontier / E O DQ] §%}é
s / . .
/ - Input orientation
1 ‘“\'Il.'ﬂv['l LA UDVRS_ 1
N /.R/ Eff. score = D
4 o oD - Output orientation
/ VD
Production possibility set Eff. score = ———
14 {\ VDVRS* 0]
0 T } 1
0 ; ; 4 ¥ ' Input
[19 2-6] CRS9} VRS E&42] A
O 7284 100% &4
Output CRS i.'ﬂ'll-‘ii.‘lllfl'lllllV - CRS: A
1 - VRA: A, B, E
O D9 584
¢ YR Mot Rontier - CRS: Technical Efficiency
1 UDcrs- 1
s TEcrs = UD
9 Dexss _ - VRS: Technical Efficiency
' Dygsy
UDyrs— 1
"‘l'lL"-l TE VRS B UD
g B - #39o] &84 (Scale Efficiency)
’ ' % ' Input UDpg_
0 1 4 3 6 7 SE: CRS— 1
UDyps— 1
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2. AakAgd el W3lEo] . Malmquist Productivity Index (MPD)

DEA7} iz &-8Al(relative efficiency)& ZA4sh= 2golghd, Algtol] W A4k
e W3k 5 1% w487] flal ke E”H‘O] Malmquist A4H3 Aroltt. 7] 22
Malmquist B4H3d A9+ &4 71k, 54 2158 IAst A& F 7131 A
Hl& 52 1] tigt 7)shE = -l 7‘33&@ ol A AEEE o, A, 7]
= T 5 FUoE Yo AtEste F84 A4 A (TFPDeF Aol F o)
ﬂ‘g«] A 58Ql V1€ &SA(TEl or TECI - catchup effect), 18]al AHA
AEADOMY), & 229 7l& gilol o3t A SHE Yrlshs 71sAsAHTCD)
E Ttk

& 5o P A A7, 4 159 AFex P production possibility set)o] =k

a3 Pt 719 R, IF0l £3 FUEY AiEs Aeldtar & 5 Stk

L
A

rlr v _|1

P,tfy:( )|x can produce y AP =Pl t=1,...,T, A>0 (/_\J' 1)

(2 D& olx¥8 EA Al7|(contemporaneous)e] A Fs1E IS YERH,
Caves et al. (19822 o]¢} 22 oA ths o] Malmquist H4Hd A+F A9
Sia=3
Ds(xt+l’yf+l)

Ds(l‘t,yt)
o714 AT Di(a,y) = ABA7)E(benchmark technology)ol Al (z,y) ¢ CRS AHEX]

& &-8(output-oriented technical efficiency)a} 22 7ido|t}.

Mgyl 2t Ty ) = . s=tt+1 (2] 2

D (a,y) = 0¢ > 0l(z,y/¢)E Py, s =tt+1 (4] 3)

Jg 9 (A ellA A7 Malmquist A 71 Al ¢ Z11A of ™ 41
7114 ol u}2} A 4kol k= EAE 7HA =, =,
Myl 2y T = MU e Ty T I e BAdo] ofFlolt) o] & Hekshr] s
Fire et al. (199 ¢ 719} t+1 7] Akole] Malmquist A4HA W3t A5 7|84 3}
of AT+E AT

, 1/2
1/2 _ D',y ypn) | DU Ny ) (/\] 4)
D'(z,.y,) D' N (z,y,)

ﬂl(l't'ri‘/t’fwwyw 1 )= [M(wt,yt,q:ﬁ 1 Yi+1 ) Xﬂﬂlt7yt’$t+ Y41 )}

3) Fare, Grosskopf, Lindgren, and Ross(1992)9] WHAE AMAMAY A4 (Malmquist Productivity Index)o]]
ot AAkAo] Wit Zo| EAo| 9T,



M(zypa, sy )2 B0 el ¢ 9F t+1 7] AbolY] LS F7Ha > D3EAY, W
sl7F AW =1), HaTH ! < 1)< YERAT

717kl FrokA] ek B4 T1F A 7|zt Az AL HstE A E7] S8

el Zo| Intertemporal Malmquist A4Hd A g=olth, B4 1§ &3 fUEe A
713t BA AW Fs e AAsta ol & v o2 Malmquist A5 FA 3

Mty = PO (4 5)
A 71l AR AgE FAE H“HH Al dg 2] 27|33 24X
A5E EF ARt AibeR e FAR
D'(x,y) = inf {¢> 0l(z,y/¢)= P} } (4} 6)

o]¢} o] A 7|7to] A%l A= Pastor and Lovell (2005)] oJal et et Al
Aol dHglo]l TLS AFae 2t7] WjEol <=3Hcircular) Malmquist A4 A2}t
Bt Adgsrt 13 Fag<Hhomogeneous of degree one)dol= =z thS-3}

C el i Dt+1 t+1 t+1 t+1 t+1 Dt(l_t yz) 2
Miaty 2ty ) = X{DHl t+1 t+1><D( y)} 2 7
Dt-%—l(xH—lyH—l { t+1 f+1/Df+1(xt+1y;+l))}
 D'a'y) D(a',y'/D'(z",y"))
TRt BPG! !
TR BGP!
= FECX BPC

A71A rre LHbAQl 7]& & -&A(technical efficiency)E YER 1, pre= A 7I3T
o tiate 71t £& 84S Hole YA &&4 Abol(best practice gap)E 9
mgtt pre>1% AS, 7] B 170l & B SAIA A47bs 7 Alintertemporal
benchmark technology)oll Bkl 4SS oJulslal o]& 7]& ARE ou|git) Hit)
2 pre<1 AE, 7] BB +17lel F O FAIE A4Es7 Al(intertemporal
benchmark technology)oll A HAA 1L < ov]siy ol 7|& HEE 9u|soh

Malmquist A4H3 RG-S 71<ae4, 159 884 W3l 187 884 W3l 5o
2 Zefste] E4jo] 7hsgr ]TE: etafrontler Malmquist 2§43 A<=k KO
and Lee, 2010). =& 54 &3 AHEY A 7|33 A4 AR Es AAst
o]Z nl&to & Malmquist AFE F3 a}g Al o]t}

4) D(z,\y) = AD(z,y)



DG($t+l yt+1)

tot t+1 41 ) Al
M V= T Dy (51 8)
A 71 AR AgE FAN] A AYPTE B IFY A7Igt A
AEE BF A8l AWISREE T
Dz,y) =inf{¢>0l(x,y/¢)E Pg} (4] 9

Metafrontier Malmquist AJ4H3 A4+ o3 o] &&)7} 71s38ith

t+1 t+1 t+1
MOty Ty ) = TEt XBPG —X ren 7 (/—\1] 10)
TE BPG TGR
= FCX BPCX TGC
TEt+1 Dt+1(l‘t+1,yt+1) }\]
EC= TE! = Dt(t t) ('_‘ 11)
I,y
BPO: BPGt+1: D]($t+1’yt+I/Dt+1($t+1’yt+1)) (/v\—]] 12)
BPG! D(z',y'/D'(z',y"))
t+1 G f+1 t+1 t+1 t+1
ro= LGR"_ D (« t t/D( v ) (2 13)
TGR D (:L '/ D' y'))
714 rere BA Yol £3 1% r 9 HA FUEE 7495 Metafrontier9}
o] §&4 i}ol—e— ouigttt. &, rer=1°1H, AA IFE T 7les Tse

B dAFdAE 7] Mamquist B4HE AeE S8t AL WslE 7le8 e84,
&4 W3l OF% 884 WsE Ralste 248k, =pE - 4



[Z1% 2-7] Metafrontier Malmquist #15=¢] 7id

= (Global technology
=== Intertemporal technology

— Contemporaneous technology

Y

XI=: Oh and Lee (2010)

AFE £X9] HlolE et A

7Rt AA %, B, SARAY 5o WslkE vla - Frsky] Ha) ARIA W
2ol Fastglon, o]& g Ho|HMo|2E 53 Zlo] KLEMSoIH, & AF& o
do|E & &8st FAgt
A2AF AANA o] F3 vl=re] A AR} Al tigt A& EA8h] 913
w3o] Yoz EU KLEMSO tlo]eju]o] A F33le] EU 39=S oz 19703
o] & 727) A’ AHK), L), AUAE), SHAM), MHI26) Tl tst A5E
T3} 3 EU KLEMSS 593+ &2 0 2 BRICs =712 vl &3t ofxjo} & Y]

F Zo] World KLEMSe|th. World KLEMS

1. 49 dglo]g : KLEMS DB

Z7FE7A] E3FeE dlo|Efu|o] A T3
“EQAMA A Wi

5) EU KLEMS®} World KLEMS dojej#o] 20| thst H@e stz
Groningen t&tg€ o4l EC(European Commission)9] AR x|

(2016)" & A1

6) Bart van ArkE &4l
O =2 EU KLEMS Z=2AEE Ad)
=2 o] Atg+ ASIA KLEMS(http://www.asiaklems.net/)o]] £}
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Z2 A ES= Harvard there] Jorgensonn & F5°2 EU KLEMSo| sk A3l
o] FELE FIF o, olF Tl et AmRe YA EFAA AFst=
KIP(Korea Industrial Productivity) DBel] 7]%3}al Qith

B AF A= EU KLEMSY 2 ASIA KLEMSoll &A5l= A5E Fgste] =7t
o] A sdHolEE TSeke] EA%t KLEMS As9| 7H 5
A5kl gk AlE3tE AEE AFstal At Holt

53] 2 A7t 23E 7 e ICTAREY A%, AFEAD, $47171CD, SW ¥
tlo|EjH| o] 2(Soft DB)E F-&E3te], I7pH - Ak SW A4E 2 Fxpol] tigh A=
FAgkol F Fastal APEStE ulolEHlo] 2 AlFsta vk ey o]& Zo] A
31 ICTAR ] gk A AAs7F G5 57t A rete AR, vx-& X3t
& 1970=9 EU KLEMSAIRE &40 AHEE Aolth. =3 d&9 7%, ASIA
KLEMSell &3f glom Hol A5e] GulolEr} §lo] 20123974419 Aswh
A7 Jom, mZE A ERl o] = dE AsE FAIERUSIC
Rev.3)E wz7] wjio] A4gEF(ISIC Rev.H)E wWEE EU KLEMS A&} 4AFdnj 3
A TH0st L = F1 1870103 ofajo} 27)=(3=, dH)& =3
7hE - Al B8 sfd(unbalanced panel) AHRE &R BA3E, Z1E
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8) http://www.worldklems.net
9) EU KLEMS+= &30l 9= 2871=o tigt ZIAHlolHE AlFstal lew, £7PA0 g ul=9] Hojgz 5Y
gt PAo=r AFsta ony 2017do] E3e 4l EU KLEMS g A4EAEF(ISIC Rev.4)o] Sh3
199588 2015G71X]1Q] AFdE FA4E, BIHA], =&, A2 59 A AFeE Alsstl s
10) A2 miRANY &, & 2770 Ador i (D)sFa4td. (289, QFAEE Az, (DEw E 71EA
F AxE, G)FA/Fol E A, OAY/AF TH AE AL (DEEAIE, 8)1F7/Zetad U v|F458
= OF&A=R, (10471 L Fs7]7], (11)71A4 2 g], (12)8784], (13)718F A2, (14938/5=/
7t T, (1549, (16)=A0d, (17)2d ¥ 23, (18)&A/&8 AvlA, (19FE A AHlAY,
(20038, 2RS4, (22)28/7]e € AAv2d, (23)558% 2 =9, (24)n5, (25)2 L A}
35X, (26)0& ¥ MHEJWE, (27)7]8F MH|A 5
11) &3 187172 (1) LAERo}, (2) A, (3) =Y, (4) Hut=, (5) o|AEYo}, (6) L2, (7) AHQ, (8)
HTE, (9) =2, (10) 712, (11) o]&aof, (12) 2]FofYo}, (13) UEHE, (14) EHE, (15) AHH,
=
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(16) Z=H[Uol, (17) 22817]0}, (18) B2

12) KLEMS Ataolsl 27p8 Azt zho] st oo S
(CZK), HI0}3: IRUY|(DKK), ®7tele ®eE(HUF), E2tee x9E|(PLN), A9He 22 LHSEK),
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A BY AHE DEA 248 Y= 4 AlE "34 7] 74 (contemporaneous
technology frontier)2 7]&2.
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Pt

B efficiency(crs)  Eefficiency{vis)

(2) Aol Wgl3o] B4 (Malmquist Productivity Index, MPD)

Ak o] WalFol= 4k 7lea &4 WHSKEC, Efficiency Change), BA1% 7]|&
WHAe] Az H3KBPC; Best Practice gap Change), 229 A4bAAe] Azl W3}
(TGC; Technology Gap ratio Change)& afjajA 4%k}

HA A 71Ea84 W3HEC Efficiency Change)s tAH 3} t+1 A-olx e 54
7k £ AHIOMU o &4 WalE on|sty, /i DMUS 7584 W
SHEC; Efficiency Change)= 2+ AlA<] 71&&&-d(technical efficiency) ko] Wsls
du)sithal (11 #H1). 7|e&eAd Wt ZsigE AETHEo] 45d 49
3 DMUS] ZFWelA 9] di&Rl 7lea&do] Algto] 38 wet 7j4=a 9
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= Ywsta, AT A-5e I WY 9rE 7RI
=4, SAA 7led e AxF HIKBPC, Best Practice gap Change)x= 54 4H
ANRE ALl FAA AV edRd#e Tedar WsteE S5, ole
4 4 259 AFE AA7IEe ARt e Ve JEE Yugitt. £ 4kl
BEE AAHE=1...D< FTE /M &&40o] £ DMUE ol&3l A% 7l«d
Zd(intertemporal technology)S #Asta, o|FA AT FAA 71€dAT tAHY]
<=7 (contemporaneous  technology)#He] Ax+& BPG(Best Practice Gap)E 7 ¢}t

gttt &, BAA ZlewAd Ao Ax HsHBPO# BPGE ¥3stE on|dtt. T4
W7o AR WsKBPOL 18T & A-HEE F7He0] ¢l A5, Alitol &
54 4] Arriegqlo]l dojuA ZiewAd 7k He vERdTh

AR, 2298 AAEA e Ax WM3HTGC; Technology Gap ratio Change)s A4,
AXNAAA 39 ArrledZded =298 AT A8 7leHd e 4 ¥
stolm] EA A%l EMIIEH &4 Aapt Algto]l AuwA drky JiA g
1 PeEAE Vet 229 A Tke] AXHTGR)7F A7te] 7HHA ZolErhe
7

1:1

_>.:_llrrljz

rE oy o HH>

X

1

fru

e 54 g EeAol ey 1§ vas) Fe 2g ordc we
A, FE Aaste] A% WeHTGO} 1uth 2 BHIGCe] Z7hgo] 42l 7

2), Y AITF el TeAol Mt vws) AN 98-S ek

Metafrontier Melmquist A4+ A58 243 2%, Seluete] 49, A8del4 A
e 71EE8H9 WAEOE T Uehb out 38 Aol ARG TR
gpgol UBRIEL AZYolut Aulsgle] B9 T4l sekshs FAE Bath A
3 FEAE B8 Y Lok Hvlel FURAR NG HEY VI A 3

=

O] AZYNN FAF S1$uAR A% BP0 F7heol YR et
| s2RA eEde 2S¢ 5 Uk T AZY FAAE 24,
Fol 8 AHYWPPIOIL 7B AZHUOMN), Telm Q% Aulzgolis FAH 7]
EuRTe ARt HH AAE 2O etk ol AR B8 wet A 4
of B840l Sestn UL ot
2 Aanzse) A% WEIGOE BA4 71enzste] A% MsiEPOS 4
3 SR ROl Mtk AN ATUS A AzYNAE Aot 5
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190 R,

A=, ol

<R

A 2ot FYAele Az
Y gaugstel A3 AsEe Jnd

2-2> =) AF9] Metafrontier Malmquist *|5=9] &

ol ©

IR

(9] : % Z7}+8]
TGC

(Efficienc%/CChange) (Best PracticBePCg:ap Change) (Techn%%ge%g%?p ratio

CRS VRS CRS VRS CRS VRS
AGR 0.000 0.000 0.001 0.001 -0.044 -0.108
MIN 0.000 0.000 0.007 0.041 0.012 0.000
FBT 0.000 0.000 0.001 -0.009 0.017 -0.088
TWL 0.000 0.000 0.036 0.035 -0.066 -0.103
WPP 0.000 0.000 -0.019 -0.042 -0.096 -0.175
CRP 0.000 0.000 -0.015 0.231 0.318 0.008
CHM 0.000 0.000 0.009 0.307 0.518 0.056
RPN 0.000 0.000 0.003 0.019 0.118 -0.018
BMF 0.000 0.000 0.002 0.016 0.064 -0.078
EILIE 0.000 0.000 0.003 0.353 0.666 0.074
MAC 0.000 0.000 0.006 0.276 0.436 0.008
TRS 0.000 0.000 0.025 0.392 0.503 0.006
OMN 0.000 0.000 -0.026 -0.047 0.071 -0.051
EGW 0.000 0.000 0.000 -0.142 0.003 -0.001
CST 0.000 0.000 0.055 0.044 -0.036 -0.016
WRT 0.000 0.000 0.090 0.134 0.094 0.021
TNS 0.000 0.000 0.001 0.001 -0.068 -0.314
ACM 0.000 0.000 -0.007 0.073 0.123 -0.014
INC 0.000 0.000 0.004 0.448 0.876 0.250
FIN 0.000 0.000 0.003 0.039 0.163 0.026
RST 0.000 0.000 -0.024 -0.163 0.025 -0.090
PST 0.000 0.000 0.001 -0.371 -0.208 -0.091
PUB 0.000 0.000 0.001 -0.028 0.111 -0.171
EDU 0.000 0.000 0.000 -0.112 -0.186 -0.224
HNS 0.000 0.000 -0.035 -0.448 -0.258 -0.021
ENT 0.000 0.000 0.004 -0.003 0.066 -0.142
OosV 0.000 0.000 -0.095 -0.182 -0.011 0.029




(3) SWAHE-9] A4 71 = BA (Tobit Regression)

SWAHE 9] A 7|5 AA Rl B2 Jed g AA8%, BA4 Vel
74 A AR QRIS o] BAg.

HA 71e8 &4 AR 8RS Hotaly] YA FHAEA S sk, dEtdoR
FE492 skt 0ollA Adkak 1Atoldl EAlebH, oleh o] dhE H A5E
censored data 3-& truncated data 2}a a9, o|FA F&WHETE B W) EfP‘é%
745 4R o7 EH(tobit) 8 WAE AHEST B AT ofgiet 2ol g EX
3] 7] 2)(panel tobit regression)S A&k} FA3r),

9; :ﬂo"‘Zﬁizit-l-ui—i-y” (/_\} 14)
0, if6;, <0

0, =40, ,if0<6;, <1
1 ) 1f02t >1

A AedA p= F7PE - AE NEEAE YREH, o, LAYS UEITh 2
AToMe /PEEAE 1] fo doad RIS AREsislon, asAY 24
8Rlo g2 FARANA ICTAEAY v& 224 A" ICTAEAZ gt ICT
AEAE A AZHAR FRSIAE, ITAEA(computing  equipment), CTAHEA)
(communication equipment) 12|31 SWAREA(software and database)= gt

HZEHe) A3, SWe e B84 el FHHA ANE FE A0 Ueky
om, B3 FARA F SWARAY Hgo] B AYYFE BEYE & 0
Heit: 2R dUT SVARAL TRERACRSE 4R A5 $349 9
FE AW FREAMAVRIL T A FHHA 9FS F= 02 ehd
Ohool: T ESHTY WAE T 2 ), 224 YUY SWARAE FRELA
ot B G FAW £5w NEEelE FHA 9FS FE gow
shogich)




2 SWARAS Hg3 BEA Aol SWAHRAL AZ JusE 4% T R0
Uehdtl, 224 A0 SWARAS A%, BF Al FASE 224 9 22
of WA FaFs w7] wiEol| B4 ZAdd i Jg3t HES HsliAe AdE
DNHel F7h wae] 2T
R 2-3 7leEeA 2A8 74
SEaEs 28Rl SN J2¥d ZAx 2@
25
CRS VRS CRS VRS
0.923++ 0.937+++ 0.973++ 0.969+++
Intercept 0.000 0.000) 0.000) 0.000)
EXRER = 0.180w++ 0,132+ ~0.124xs ~0.048+++
TAH=R b8 0.010) 0.011) (0.007) 0.015)
EREX B ~0.065++ 0.134ex 0.29 e+ 0.21 4+
CTAHER| H] 8 0.011) 0.014) 0.007) 0.013)
EXEF = 0.230 s+ 0.090+++ 0,128+ 0.25 e+
SWAHER| b2 (0.007) 0.010) 0.006) 0.008)
Sl S 0.044++ ~0.008w ~0.064+++ ~0.046+++
il S ) (0.005) (0.007) 0.003) 0.006)
sLnES 0.053+++ -0.021++ 0,107+ 0,116+
il 7R oh) (0.004) (0.005) (0.002) (0.003)
S 0,025+ 00674+ -0.132¢5+ ~0,175ws+
i ) (0.002) (0.005) (0.002) (0.002)
BEx % 7,606 7,606 7,606 7,606
Log-likelihood 10867.63 7755.03 17866.84 15721.62
» 2SS oto| &= . Errorg 2olo|, X} wsx s« Zb2f X 2olF

1%, 5%, 10%E <2|o]
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2010). = TE HIH2 ARE FAY #R oA ARS-TH o A 23 A ¢
7} At} Ludwig Gumplowicz(1883)7F g3t £ FAo] thE ot AEE 25
2HE FE= g EHQ A7} v nfEa249 gujo|th nfEa s A3 AFEA
| 24& FReH, e Tu Z UEH BA JFIoh = nfl2axes A
= Aol TAol e W, AHe AsFoe ASH &
gislo] TAilo] Stk mtEase ZEHEEOLEY o] BRAEH A3 ZAFo] AL
gt AZglon, e A 252 AR gettal A4 i 259
Zof| tisfiA MEHoE HIg A EHE HdRolty I 7|EHoE 45
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[ 3-3] 4118 4MA 71A A4 s} o)

350,000
300,000 l, —_— (A
250,000 - IL’:'L _— Dl
200.000 in ¥ —_— WY eg)
150,000 FEULEN
== — =)
100.000 -
M 2F(2| 2FE)
so0.000 o zig )
0,000  -tmmmm LA FTTTITITITITIT L TITITTT YTTTTITT ETTTTITIITT TITT ﬁ-"é"ﬁ‘: -ﬁ[@.‘. [jl”
SESECEsSSYEsSdYEEsEEE8Bs e SO —
SIS ERASESEo - od5Isasras  ASEHTE
AZ7I17E YD AP 25U EE w9 Ax §5 58 ot WA ¢l
T, &% BEA FF R Foks Pu Huoln, o Poks o3y &% /M
g Holx g}
CE 36> =EINEEFY A AT
| =% X = S =5 =28 S S4 35 o=
2003 0.052 0.007 0.048 0.015 0.009 0.006 0.013 0.013
2004 0.040 0.007 0.046 0.013 0.009 0.006 0.012 0.013
2005 0.041 0.006 0.043 0.013 0.009 0.007 0.012 0.013
2006 0.041 0.006 0.041 0.013 0.009 0.007 0.011 0.012
2007 0.039 0.005 0.037 0.012 0.008 0.006 0.010 0.012
2008 0.035 0.005 0.033 0.012 0.008 0.006 0.010 0.012
2009 0.032 0.004 0.031 0.012 0.007 0.006 0.011 0.013
2010 0.030 0.003 0.026 0.011 0.007 0.006 0.010 0.014
2011 0.025 0.004 0.025 0.012 0.004 0.005 0.010 0.015
2012 0.024 0.004 0.025 0.013 0.004 0.005 0.009 0.015
oo 0.0360 0.0049 0.0354 0.0126 0.0073 0.0061 0.0107 0.0131
L
3;’\_ Ey'cl-_l 100% 14% 98% 35% 20% 17% 30% 37%
S, B 7 U0 Be] GPAT GEHL QB 4 e AT 2 71 B
@ AEE e go| AT & Ytk

GE -7 A At A 719 A

S5 | we | o2 | o= | 22 | o=n | 22 | 95/
_Lé:_/'\__ﬁ-%d_ ‘||_|_ =] =T [=r=) T o /I’L‘gr I‘”QF
7|5 | 525007 | 181572 | 537498 | 132,304 | 6394 | 81813 | 105753 | 51,057
ES (250%) | (89%) | (265%) | (6.5%) | (03%) | (4%) | (5.2%) | (2.5%)
A~ %L o4
ASATH | 504 40.1 458 19.1 63.8 55 89.9 852
A
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Model 1 MLE Polynomial Multi-level Growth Model
Est (SE) P>|z|
B1 [_cons] -14.40603 5.514464 0.009(+*+)
B2 [Majdtzdl ] 0.41142 0.075230 0.000(**x)
B3 [Cl X & &} X ] 1.50838 0.197456 0.000(**x)
Log likelihood -1804.8102
Wald chi2(2) 86.61
Prob > chi2 0.0000
LR Test vs Linear Model chi2(2) = 367.95(0.0000)#*+
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Model 2 MLE Polynomial Multi-level Growth Model
Est (SE) P>|z|
B1 [_cons] 4.652006 2.262271 0.040(+*)
B2 [2sedelr] 0.144551 0.024479 0.000(x*+)
B3 [E X & 3tX| =] -0.266733 0.122621 0.030(x+)
Log likelihood -1545.0793
Wald chi2(2) 35.06
Prob > chi2 0.0000
LR Test vs Linear Model chi2(2) = 42.88(0.0000)+
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Model 3 MLE Polynomial Multi-level Growth Model
Est (SE) P>|z|
1 [_cons] 98.222 (1.508) 0.000#+
B2 [HMExelE] 0.073 (0.028) 0.009++
B3 [ MelE] -0.024 (0.016) 0.134
B4 [C| X & SHX| 5] 0.090 (0.075) 0.230
Log likelihood -1309.2218
Wald chi2(2) 8.16
Prob > chi2 0.0428
LR Test vs Linear Model chi2(2) = 87.78(0.0000)x**
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A &8I 9lon, o] HHEES Jo= /‘]'517]3}‘]—}—\-11_! %] ol3lE YA &
a3k 7]

Al Al

T2 A S

oy Aol 7HAE 7129 WA dEA AlEd ol A LAY

S AR E IFF(retroductive) FHANAM AR A9l A AREE ) o]
o} AFE Zol=d 798 4 Yk dr)A QF(reduction)F FHE A e n|Fe]
A 231= 223 AR ZASE A= Aoz dFA Aol A&
3 of theh W FARSHY Fdoly A9HI BEA HAAF A 43ag
gatrlol Agsitt. =g AlEH ol WHES AA AAC & FFE 1E F 3
Ao JaFe A dS3tuA A7|Ad FHAA FHSd BAE AT FA F

& (Discrete Event Modehng)& Us Utk o] T Al2E tgolyH X~ e T
2 #xol Xlsko = THM l 29 T AP ERS Holy] wFe) AL



(17 4-1] 29y WHES F43} &

CYFVCETTNY 27 o 20 =2 Azo| H5f
(2l4 MIE Afat,
O3 2 £,

o A2

il e i e TS

T r’/: ﬁl\- * /
DE -k *
-l

&=

Discrete event *
(process- * *
centric)
- modeling Agent based
L2 21} Y modeling
(ZICH M5 A, -
CNEEESS

S ¥ i o, Hetet 201, SE, Hel, Azt

W T

A= oL ZZl(Anylogic) A7HRIZ

2. A&EIgolYE A B E

A WFE Pixte] gAEA T 2, BA, AAE 5o BFEAES AxESEe W
H&Zo|tiForrester, 1961). 7|4 Al2ElS w&d) 23(feedback loops)ehes T+25
7FAH, Se13 )53 (dynamic pattern of behavior)S 7H-th= E4Jo] Qth

A2d goluElaes sjew oo tidt Age uigo R g Al ARal(systems
thinking) & 53l U¥=A|=(causal loop) AA7F F8&H|, o714 Al2=El Akal(system
thinking)+= & Abx, Fed Abdl, AMEZA Alae] Aa2hgs F8 TAFTHEH
<, 2002).
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T4 e

AlZte| Hato| whE A|AES] SENXH Histol =HE F1

SEfA AL (Dynamic thinkning) Ol BFe A tbAl

L £ =2t 27X AHl(closed loop thmkmg olrcular feedback
| = Al (feedback thinking) system)E AlAHEIQ Al &F HAYUSSZ 2X|st=
A}EHFA!
AFA A A} (operational thinking) AlAade] @40 MAME A AISH0] o|afst= AbTLEA

A 2~®l AlaEs @ake] s E(continuous patterns)S wFetaar, 3 el B (endogenous
feedback loops)S 3 A& | Blth(policy leverage)E 2= Ao g ko] wrw 2
Zol 2o yrw fx g FLE(Sternman, 20008 4 Utk WA ko] ww 23
(positive feedback loop)= 73} FZ(reinforcing loop)E% Egjw, A A xElo] 7}
StEAY, 25 okegto] vhEdE JhsAo] e dEd Fxoe SALE, 3 e
< FHHoE Adlels £4o] EAGT. ggoE o ITW F3(negative
feedback loop)= & FE(balancing loop)=, HXEATFEH I =(goal seeking
feedback), ¢F43} w &l Z3(stabilizing feedback)Z He]m AJxvlo] 7388 =)gs}
of ®slo] thsf A olm A2E PATE Qe 3k AR e v
y=n 23 (balancing loop with a delay)= AAEHAE T Al Fe)7t 3
o2 FskA XA shH, Al2E YollA ¢ 5o Jem £127} dhEEo] 53
AE T84 He EFS Adoh

(o2

Jl:l o

(2% 4-2] A28 Tholupelse] wew &3}

s Desired Value m Desired Value +
of Variable of Variable

K_, Error Q Action \» Error Action
Variable 1 @ Variable 2 \ \ 7£
Jr\/ Variable Variable

a. A Reinforcing Loop b. A Balancing Loop c. A Balancing Loop with a Delay

AtZ: Carroll et al.(2019)

Danermark et al. (2002 973 F& #HoIA A28 AE o3 22 A 7}
A GAZ AWsta Atk A WHA= Identification and characterization of the
transition phenomenon®. 2 A|2~Hl HoloA MAFZRE JEslr] 3] AA Ak}

delay



2E Hol A E4e Hofstal AAskE @Alolt) o] @AM e AAAHHAL
A, AE7F JEF ) FAAFAAE A5)E FA &&sA Aok

T WA A= Conjecturing generative mechanismse|th. o] @Al A= ukebst 2
o] S T8l sl 7Hd ke Sl YA w7 Y E(generative mechanism)

o, Azdl doluElse ARANEES T2 BT fAST

o
X,
ol

r
&

npz] 9t @Al = Modeling of system structure and simulation®. 2, AAE 7MEES =
d3}sl7] 95t Al2"l golyy s RElES Flskes @0t o] "o E YERY
W T 193 2

(28 4-3] @54 32 WY vl B e 7z
Existing
1. Unexplained Theoretical ,_— Knowledge on
Phenomenon X gap Transitions

Induction - Case . )
Analysis Repeat Cycle Abduction
' with Abduction

" T2 Generative

Evaluation .
Hypothesis H

Deduction

2. Facts by . .
. by simulation

necessity

XI=.: Papachristos and Adamides, 2016

@ Azdtole s mdel A18)7] &2 2ol 28

AH3] 7]« A Z="ll(Sociotechnical system)2 AF3]7]< @R (Sociotechnical Regime), YA
(Niche)Z FA4=0o] 9lem o] g WF& <l 73 sje(nternal Reinforcing)3 W&
Z nlH(Internal Disrupting) .= F&FS W=t} o] F HHS A} Js2eS F
3 A& o= WelsiH, 2454 WHeElsE 5 H 52 #¥(dynamic stability)S & A3}
Hoth YA = olg mRVIAE F djEo] AaAEste 9T wAYUSS RHESH
"ot o714 tded FHAA 4 Hol 29 oioﬂ/ﬂ WA ks Aezkgols ¢ I
Tl S oy F3x9) EA {ARSIT
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Landscape: Reinforcing
or disrupting forces

é Sociotechnical system N
+ —_—
Sociotechnical Regime

Social Technical
Reinforcing or
Internal
Reinforcing
L% /

A}Z: Papachristos(2014)

A"l ~E A7 A 2Fle ASEe] AEd  diEAQ
Papachristos & Adamides (2016)2] d-olt}. o] AFoAE 7|54 AF 4

o2 T
Al

WA MBI e 2E AR B 15 AF Y OEH0R FRIE, A
3-71%4 A andscape)®] WIHZE HAF FHE
s QT F2b Wskse e Bk BF 10
v, el7]o] AT F7hol BRHUA 9ol AFs Brke W AS-71¢H A
a2 A4
202 A8-71% @79 A9E OECD Fvbel Al 4k 4] Wshsh ofo] mhe
Nz, Telm 7S el Ang AN oY A Wske 4Fd W
o

4
)

Qbrlol Tig 2HAFES] AZ4 Sk BaE Zoleha 2 4 k. mAgoR B
209 A9 7154 AFl SAFUA ARS WAL BT 2HAET Aol
FFL A B A AN

O
93 2 T 19 ARIAAEE AnY 7} Wese] As ARE e
SAER AAHo] Qor, 4 WiEe] Y, A%, YAl 47 ts HE AL
o3 SRk

2ol Mgl SURE e £ESHE 1S YA A
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(78 4-5] 7154 42l S0 7 dojo tigh AaaAA =

Trends Trends

[ ‘ Niche 3 Regime | |Landscape

/ novel toods
Health aware _ \ Scientific data on -

Population

lifestyle POPulatlon functional fﬂOdS ‘\ +
change+ mlhty of , Increased
information on | S, +regulation
+ diet-health link ‘_\\‘” Scientific *
Governmental research
initiatives i
Functional * i
unctiona Med_lca] +«—1 GDP/ Demographic
food services + Income
. Trends
markftmg Need'to control demand growth

population /
health status+‘\lx ~“Needto £ Health *

-+
' reduce health #—— care cost (Drug plc)

rug plc
+ i {cost g£n$ﬂ
3 < Business ‘ +
;" Need for ~ /’T opportunity /+ Need to
\healthy food/ - \, " Capabilities reduce drug

| R & D cost

+| & resources of the

\ 2 systems

! food system

\ _capacity _

AIZ :Papachristos and Adamides(2016)

2
-

= gAY AMHlx FRE AHAE 2413 Ruutu et al.(2017)e] AT+
= %ﬁ% Aol Frofshs AbgAt ¥ 7&"“ A EAE ARAL ol e
HolEle] S7lgs AR AWste AAALE s 18H

) &
L=«
o|N r2 rju
N,
)
X



(27 4-6] SAF iAol the ABAA =
+

/Q—\ Platform
B1

Competitive Development

Effort Competitive +
effort
Platform @
Revenue
/ Platform +
development

End wants ‘\
(=)

i Value to End
Users
Data network

Accumulated effect

+ Data + +

@ Service
Value to-Ser\nce Bikaseidi Providers
Prov’dew
+

AI2 : Ruutu et al.(2017)
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) 2%l RIFE RIAE A3 FIE Uehith 3 WA 23223 RIS &
AF AHAY SPE EA9F vEde SUAIL, ols EUFE Nl AREHE
R&D T4 S7He SUAA T AREAR] 7HAE S7A7IH ARA S712 94
He Fzojth F WA A8 Fre FUE ARAE Bkt 25 = HolHL
BOFAAL o]= BA] ARGARS] 7HA] SUR olojA|= Fxolth Al WA= SHFE AR
AL 7P o] EE Foshz 71 7HIE "L o= o] ZIelAle Aulx
TUZE oA ARAE] 7] SUR o]ojA|= Fzojt.
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3. FAAT R

(D) FAAZINEF S 7| & HAYE

FAA; 719 R npRIA R nd g ol EAEF 07 Fo Ak FARRE
o] A5Ag AN2EHS A= mdolth YA 7 BFS A|AHLS M= 3
AN B4 o2 AHshr] ofg|® AlXE Apde AR EAS ATy, 39
A7y HAL el FEFE ot St Tl ARG W9E HHlolEste A4S Tt
A AN 2"lE EA48ket &olsttt (Rand & Rust, 201D.

FAA 7 23 4
FAxte] WF FHES W
El3A HE(verification
v‘rz-lo]a. S} /‘* 11:]_

@ AANREYH A3 20 ABE
WA 71 mPE ABYIeAzEe BEE T2 A, A9, UNE B @
Qo AwE 5 g Aol k. AL WSAANA FRL MAL 9y paw
HEG 5 QoM AR W FEE D A2 WelA AFFEL AEE 7}
Ax oAl Be AsIeA s ABEe] A4 Ul tgA7I7lel At

=3

AAAEY S ALE]7]E A|2Hd H83 AFZ+ Berman et al.(2008)0] STt
Bergman et al(2008) FAAE A9 HZF F9xHcomplex agent)e} thre] T
P simple agenh)E  FERFPoH, o] PYAEL ¢ Fxo F
(multi-dimensional practices space) ¥oll4 Z7] th& P2 o= PFatA Hok
3 B2 o] 3 HolA oy Bk} *}11}33}% Ei— 3= 7ML loH,
1719 FE7F2e UlE Fxo wet v Al7]e] Zgdd. I g g o] F
2 RAA ] BAA QWA wf A7) vtk BT PAAE F 3}1/}«] FA2E A7
sk A4s WeA Foh ol AR AR I F9Ae] A3 (preference)gtal &
4 9lom, oJRL EF Pk UF Fxo| FIFE A Atk oA =3 B3 9
AR U FET27 g F9ATT AEZ AT 5 A St ol IoA A&

N
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[19 4-7] Two-dimensional practices space $]2] A=

Py o lPV &)
) olo @ o
niche © Q%OO © ©
(\ ON&OO O(o OOOOOO o
regime ) og _© ¢ R
» . w ® e @ ? 80
< > - s ®
T @ ~ < ecfike -
niche o o ©
@ @
\ N, ®© © O
@ I I
@]

AIZ :Bergman et al., 2008b

3 392 AR eA 2E 2gkEd] mek Ux|, 2" YAENA), Rz T

& Atk GRS @A AAd A -7l AAE YEde, 43 3EE o
o &5s &3 @tk UAle MEE ALEC] Bols sk PAAE
Ao AE Aty AFH Ao E AER dACE Aoy sk gtk
npRE o 2 Sabd UAe dild YA Aboldl] EAjske F9AE UERith EE &
Z BAA= o] Al 7Y FHA F T N ol sFEH=T, A Bl @
gk 7He] B eApTro] ZHA| Ht.

o] PRt I AE FAOIWA T FAAY ATl FEFE HAA ok @
FAxke] HE7} 15% ﬂl A o= A= UAR ER7EHH 33 9 =
ST A eE Ao 24 l—t— ke AEe 97k Fol "o
o] M37t 15~50% dwidle e UAZ UYXIHET S5 Fols -
ol W 7 #A<l 63141}015} o|HTH T A AT E ol weks o
= £57F 9 S =11, 9 A 7P Bol BEd de XoE Ao |
.

o] A= T2 FxolA w2olHA AR oA He dHE thexet 2ol
A5, YA 4, —E—%F FE2EE, Ao VA vAYUSFeE Ay + Ut
(Haxeltine et al., 2008).



< 4-2> AR datge] WAYS

C 8
= HLAXIE AMO| ZE MS2 O BIHIFIZ 98 olse| ware A
(adaptation) THsts dAUES
HAS ST e geinisol MTsA Re 27t WME o, oEH Pxold U
(emergence of | = x; ’
niches) <<
(abszrp“on) eXIl of e A7|E JIF e WHXE E4sln M2 HS
b sorng | FAKE 288 71 Uxl FEel YRS M2 A S4E 23
(trans%r(r)rLanom delxSo| LxIo &aE L, dAoR RES HWEAFIE I
sk, B3k @9} e gAY A s whEojUls W& FZ(nternal structure)
= E‘r—% %?Jr 2o B3 d9ae 9 P Hole Ane] A7)el wEh A
o] A Euj(resource generation)e] BErt @k A "tk o]gA AAE AP
g
E2]7 4=8&(physical capacity)?} A=2 <&nstitutional capacity)dp AH&EA Hth
o3 F8olet Qe Ve Y, AR, At 58 T2 Lo A= F&
ojFk A, 4HAA FH| VIES A BEE Tith

[1% 4-8] 39 A+e] metabolism %

support landscape

AGENT A —_

."| T /" adaptive "\ agent
' behaviowr type /N

physical

> . H
4] W H
resource CApaILy P
set price - generation & v
allocation institutional i

capacity

change
practices

XIZ : Bergman et al., 2008



A2 AS)71eA 2" Z)hke] FA ey o=

L AZ)7EAN2E 7] AAE tolyga 2

SHe Ui, 2% 22 I BHEY Ae A AARcE wEA AZAs)
ek vty A9 87 20149 A AESHOY M= AT
WY e 54 5‘_%‘% ko g 201549 3¢ At ARlAE FAHT $H
of Aulx Fo o]% FA|(Lux), FW(Callbus), ElE]7}7KTitikaka), 2Fxk=e]elo]A
(Chacha creation), 252 M5 & ¥xklo] A7F&A} o9 sAY Wy 2,
E7} 55 Ffrshe Anlzgo] AU Azt

o]3t Mu|x F F#2(Poolus)tt EFtHTada)et 22 Mu|As oA A5} 9
deizgE IAZ FAE H3) AuAE AT Fojxo A AAAEASFH
A8lzol| ZE T AollE S8AE FEoE ddske As 8T S AR
SHT AR RS "e AE J3oH, g Afde Az s 11
A% o) 15905 olskel A +xzF gl Thsd RS AR EETI} JAE
A SAshE A2 FAE 3zt
dejeet AAT=7F FHE HAGANA = AAA whlis] gk
FAE A e AT AEE dEE 71TE
JARLY FAE A= on, 2019¢9 12¢9

‘I“ >
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o=
T

Ay}

[¢)

F
o

o

T ZEYE A YA A deo] A&F oo HHEA]] BA FA U=,
R GANME ASH R Al W oy AbgAEe] #Hele Tk Z&
A 7181E

skl oH Rk MB|AE ESASkAL ok BAGAICdME o] AuHl2Fe]
TA & ARIEE 7€ AR 4" A ZAE d=diad abdsia gla, AR

= o ¥ A 97g usel dssA HuA A

g7t Al dsiAl " o
FANH A&HQ v= It FPEATT T F YJrio|Ew, 2019). ©1F 8okt
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A 52| of

mEs] 1

H|ZL|A 23] .
By - ROl AENY 4w A

olyg wHTERE T ARZ|eA2EY gEsTREd A&s Eod o 2
. ¥4 A ¥(andscape) SHolAE FHAAY seTAdY sH0] Aot FHAA
o Aste] AfrolA FHE dtiqlo] AeEE S on|st=t A R
o] o, tuzAyg e wulglge ZT& mul ol <uldojn|dlu)), AHA
(Erpo]a) T Tt AstE Ffdhe ARl2rF AAsta ok 53] o83 s/7A
Al Herd e SHed, ET wE, FAEA B 5 EAAGAA UEE AL

o2 A9 FEAAE AAYA A, A BE B4 =y gAe v
Zoh Sol YA B ICT W47 A8 A=
= A

AR 20 AR eY, 23 A

H] %{regulartory compliance cosp)o.& o] A
H]-&-S(institutional cost)E A &3HA H}.
YA $2e] wlzUz mde 34 AR o AdAdE ARE AU A
dolElEhe 714 §39 A9 2A Boh ARA A TH RUYEE Aga)
= g Au 2 ALY £k 7 ALg R A Bee shh o2 AAHEL o] AYS
R&DEAS} A= v]goZ U AE3HA HH R&D A= AH| A9 HL Fole=h
8T o& JHATEAEE YEHH thae 293 2.
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(23 4-10] AS)7]eA 28 nigke] mRlefE] A daeA =

Global
mobility —\
/ trends Competitive
Needfor T gap
ride-hailing
Social Service
benefit + quality
e
-
R
i
Population Icr Service Development
lifestyle infrastructure .
change \
. + g i i +
Business Accumulated + Data R&D

opportunity

Resource + Available (B4
—-— o

marketing
5 Regulatory

+

— e
data resource @/} . investment
+ Data network Eﬂ:ey s
X +
generation rasource : e e
o Ride-hailing :

Regulation — 2 ompliance 4 Institutional
/ oo cost L
Jr\

Goverrment stakeheolmdmter Nich Regime Landscape
intervention engag = trends trends

~—

9 QIR T AZIA] TEw FEE JHATH A AR I FEIE MuAs ZE
- o] R&D At AL Blgo] WFA 1, R&D FAL S
u Mulze] A o dojual FSHoRE &RAES HYe FIAA BA
e}
9

&3}, AEAH2 Ao P Fol FETh o]FA HolHYF Bgd HHos F8H
| AE 29 Ho] I FH Mulze) AL HolHE Al Fnt.
PR qtAleenl g Bl diside #EFZIE EARt. AR Ad
Hlolg A2 AlghE Aoz o] Aol Al vlgel AeHH RD FA= &
A Bk gARs) AR AR Aol AdAE 2bef deE o] HANIEE 4
A713, R&D FAE FaAIY. ofefdt 5of Fxe= Aw AMHls A el FAkst
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data resource \ "
5| Resource +| Avallable /
generation resource
&+ Ride-hailing \
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esource wailable
eration resource
marketing \\
< ulation =

L | Institutional
cost

:\
Stakeholder
Regime landscape

A= : oL (2019)

>
funi)
N
T
1o
L
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|
o
ol
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o] QIFEIATE nIFOZ ALF]7|&A 2% (stock flow

diagram)<= AAsoF 3ot AF-FF TE=E o UFAETHA
ARt 2713k 9ehe Ae weth £ 4
w9 (Bass diffusion), AH42] A3 Eulj(Resource generation & allocation), A <]
(social benefit), A% 7§ J(government intervention) & YHrEo 2 A HTH

1A Bass(1969)¢] g4t el A o] A2 =8 AHpotential adopter)S©
H o3k = EuiAS 53 Fuayiadvertisement effech); WEgsF E==
T B3N word-of mouth effechol] G L=tk 7P & shte A did<
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A Ruutu et al(2017)2 o5 gste] FAAA 7INke] ZHE AR 2o A8
NS GG, T84 AEA AH2E 278t A F8A2 Eobd
AJE #H7] WAYS(discard mechanism)3} ERALY] M) 22 st Qe
AYZ(switch mechanism)}& =&t ojuf Aelo] 7|12 B, YiAE
Bol Mulzrt ZAA FEA A A= WS 34 1
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(1% 4-14] A% 585 24¥ Bass 2l

<SocialBenefitToAdopters> [..]
DiscardFraction [..]

==
=~ il
Switchers [..]
D=
R A . @ \
DisgaritaT.] Lo ) SwitcherNetinflow [.] ~ (0) SwitchFraction [..]
J SwitchingRate [-] i
\ Potent\a[Adopters[ 1 Adopters [.1 |/ = Qe
=E 7 IndicatedSwitchers [..]
& >[l<
| AdoptionRate [.]
[ <4 s
= [\ 3 \ / "L} AdopterFraction [..]

/ AdoptionFromAd [. ] [
" \

@ Q:-AdtﬁbﬁonFromWOM [.]

v

AdEffectiveness / . L <SocialBenefitToNonAdopters> [..]
G AdoptionFraction [..] -

TotalPopulation

cﬁ ContactRate

— (:;‘- . o _

Al=: O|&R! (2019)

ol
rLl

A48 wrfoll thali Al kA AFABAA Zol| A A3 vpe}t o] 252 A4
H]O]H Ado g FEatH ol ErkA 7S 1A & & Utk R&DFA

=2 g AR ERNEg mu AT Axpt EAE w fAee ALl
7}’%@]\0”% A% B&Y A AR Lol weh AEsoF dt= 7HHo] AAH
Ao 2 PR dolE AP Aznig 3EEr] Ruge AEHR A=
o7 7MHE 4 o, toly Ade WAFE AA FE&A A HlEe S T}
‘/:': }\/\E]_-
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ICTinfrastructure

(# ConstRegime

%]:_

[ L?

<ICTInnovation>

O

T e AN #E g uE

<DataPerUser> [..]

»

| GlobalMobilityTrends
|
Y

3 @
<AdopterFraction> [] B a .
C e \ CompetitiveGap [..]
; : ———— i
4 *,. > RnDInvestment [..] Taxation [..]
<Adopters> [.] () e B
Ij i Output [..] J/ . =y )
"‘ /, O <Governmentintervention>
. ‘ResourceGeneraﬁon L1 U / InstitutionalCost [..]
~ L S I - —~
€3 > L—— X >E 3
@ DynamicPricing [..] ; 4‘/\\ Resources [.] ™~
<InstitutionalComplianceCost>
DataGeneration [..] / D P
~ / |
t\ﬂj [ -2y DataRateFromSwitchers [.] ‘rF)ataPerUser [
- ]
» A CumulativeAdopters [..]

D <Adopters> [..]

A= : o2 (2019)
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InnovativeRate

SocialBenefitToAdopters [..] - é; LandscapeTrends
O . &
4> <DataPerUser> [..]
{ ez C‘} RegulatoryRate
‘ DI 5 >

. SocialBenefitToNonAdopters [..]

= ICTInnovation
A

@] = X InstitutionalComplianceCost
ail . <AdopterfFraction> [..]

@
L)

O Governmentintervention

O <Governmentintervention>

\SocialBenefit [..]
<InstitutionalCost> [

@- 'U'

S <Resources> [..]

@
=2 <RnDInvestment> .a

A= : olZE! (2019)

2. A371er 2 7Rk Az ik 2d

A3 7| @A 2E o A Pt 7|nk RAE o g BAsy] fsliAe WA dA7HA
o] Agk Ay 7t &4 & ook &ta1, o] HMeke] Alue]ol wil PARAE Aot
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Increasing structuration
of activities in local practices

L
Socio-technical
landscape
{exO@enous
comtext) '\ Landscape developments 1y o >
."' Y pul pressure on existing regime, -~
¥ % which opens up, 7 New regime
r % creating windows 7 influences
~ of riunity for novelties pndscape
Markers, bever oppe iy / landscape
; = pn:,ra‘n.'uf ‘et .4
Socio- . AT N - S
o s ir =T .
tl."it-ll'l.ll:d] | .‘:-'-.'rg'nﬁ_O
VEEAIE Palicy - P
L& -
Crilitu ’
fur‘ri‘lufrp,'l > \/
R
Socio-tec ’1“"'“1'“”' 15 "dynamically stable’. New configuration breaks through, taking
On differe d:.icm.ja:-n:. there are ongoing processes advantage of *windows of opportunity’.
1 / Adjusiments occur in socio-technical regime
I
I
-
; o
External influcnces oh !‘h . Elements become aligned,
- r-na . tu"."""ﬁ 1 !1.”'.- "I:L - and stabilise in a dominant design
LY ShpotiamOns s lﬂ* il y ﬂ Intemal momentum incresses,
y > /‘
4 < o
Niche- A %A ry
innovations A __':"'1
;’/‘ =¥  Small networks of actors support novelties on the basis of expectations and visions
Learning processes ke place on multiple dimensions (co-construction)
Efforts to link different clements in a seamless web

» Time

* A2 : Geels (2011)
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(Transformation), A} 7+A(Reconfiguration), — o|€3 | E(De-alignment  and
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