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Abstract The aim of this paper was to suggest a national R&D performance measurement index from a new
perspective. Government is trying to transit the R&D paradigm from ‘catch-up’ into ‘lead- forward’. The problem
of the existing performance evaluation was first identified, and the performance evaluation method of domestic &
overseas research center & government was then reviewed. In particular, this study first referred to the creation &
innovation indices, and focused on the national innovation and R&D ecosystem. Next, D’Aveni’s Hypercompetition
theory was applied to suggest a new performance measurement index, and AHP analysis interviewed from the
domestic R&D performance evaluation experts was performed. This study contributes to the new national R&D
performance index for the creative economy.
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BARAEE FAT F A= A AAAQ Al Al ol ol Eekt) 20129 R&D FAY 759 V|FomE v
o, oleld HA1A BEE BERAE EAAE, a9ln o oF 12 U] oF 4900l @5l 17t St
R&D 4B B33 5o Ade Rxajed 71Ee] @b R/D WA 47 SRolA) e 2g oo} s
R&D A#ASAHAARE M2 BANA HARIst AAl SCI =% g5 AA LRSS 53] 2Adsta qlom
sag @k ol @ A7l9) RAA BAF AdH  5¥ F945 £ ASHOR Fk5n UoH5l.
A% A7 Ao BeH, kel el mEe A oR dEH SRS §
ol& 9l ¢4 71¥ =7F R&D 74 2 435 o AL gtk & IMD #3h7|< 44 55 Ed2 A&
a1 7 F #AATE $o) R&D Aozt AR, 3 felue} e 089 3191004 12d 2912
AR ASE doprlaia} gtk o] & wVFR&D A 95w Awslela 1249 7 IMD #sEAE 59, 71E
SAARE AEA TS 93 T W RED A AW 1498 AN vl )
Bk Aol TS obgel S/hRRD AW e RED ARAe] A bl et 4
7F AR e) @A NARERS Tetsly] Sl ole] AF A Frke AAEH Uk 5 v § BT 8T
g oS24 DAveni®l  FAFAolE  (3773])= OECD Bi(48)el 53] wjgstar JArH6].
(Hypercompetition theory)S 2-8-3}9tH3]. 5 o] 2l 539 A5 $7ESY vgo] gl Vsl 5 &8
N O R
Qo) g B, D) e A2 b 5 Qe o] gomi WA AFE Aakae, g 28
& gsto] AEE 77FR&D AR E ARE AASE A2E v For EAde] =avbar gitHl. =7t
A} gt R&D A#47t TARES T8 23 v 2ok
AR B ASTAARPORE 2 gl s
AHP(Analytic Hierarchy Process)= UtHF thote] ths} [Table 2] Problem of national R&D performance
of THel WA E e FAle ol e|abaAe cvaluation
_1]3_‘ §j___ Hgﬁ P 74]5 HO]—T:Q 0]"4—[4] H Eloﬂ /1«1 xﬂ }\]61_} /k(;] R&D 1.0 era R&D 20 era
HH7} A E 7F AL E 25 Y8 AHP £4 7] - mainly quantitative evaluation(less quality)
% % % %_3]_%1\ 1o U] 21 @' 3]_93\ Similar - only short*Ferm ?Va]uatlon .(no'longfte%rrn)'
- R&D execution without considering application of
R&D output
- less basic/original - No preparation of
2 :'_'1'-7 I' R&D El' H 7 |' I‘"E . _,_x-"x—l Different technology performance
development enagement syste
- less commercialization agement system
Fejuete] =7 R&D FAbele 2013 7] 17.1%
[Table 1] R&D era classified
Class Before performance evaluation intro. R&D 1.0 R&D 2.0
Period 1960 - 1979 1980 - 1989 [ 1990 - 1998 1999 - 2005 2006 - 2010 2011 - 2015
B Improvement Preparation of 1% plan for 2" plan for managing R&D
ra of leading Catch-up R&D performance managing R&D performance with creative
ground R R
technology evaluation performance economy paradigm
R&D B Catch-up R&D — Leading, Challenging,
purpose R&D for catch-up Creation R&D Creative R&D
R&D Application of R&D for R&D for Both growth/maturity stage R&D and
Aree bottle-neck export advanced basic/original technology development
a technology business. industry asic/ongina nology pmen
Fast follower — .
Strategy Fast follower Market leader Market-creation leader
Method Each project-based R&D R&D Pre-review R&D ecosystem
Owner Government Government, Firm, University Firm-leading, University, Government
Source : [1] partially adopted.
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[Table 3] National R&D performance index

Main Categories

Sub Categories

Scientific
Output

<Research papers> 1) SCI, 2) KCI

<New resources & materials>
3) bio-resources, 4) chemicals

<Social effect> 5) prize

Technological
Output

<Intellectual property>
1) patent, 2) non-patent Knowledge property

<Non-intellectual property>

3) technical innovation

<Creating growth momentum>

4) content & SW, 5) service development

6) product development, 7) plant development
8) development of new medicine

<Social effect> 9) prize

Economical
Output

<Direct output> 1) loyalty contracts

<Indirect output>
2) technology utilization effect
3) supporting SMEs

<Technical commercialization>
4) Technical commercialization

<R&D services> 5) R&D services

<Human resources(Industry)>
6) training and cultivating human resources
7) creating jobs (launching businesses)

Social Output

<Human resources(public sectors)>
1) training and cultivating human resources
2) creating jobs (launching businesses)

<Public welfare> 3) public services

<popularization of science>
4) publicity (information) activities
5) science culture

<International cooperation>
6) international cooperation

Infrastructure
Output

<Research infrastructure>
1) shared facilities 2) designated facilities
3) computing systems

<Space>
4) space development, 5) space utilization

<Defence> 6) weapon system

Source: [5]
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3.1 R&D HutH7t FAT

1|22 1990\t ©]$ GPRA(Government Performance
and Result Act)2} PART(Program Assessment Rating
Tools)& =483, R&D FHEE 44 74 4 4
7] AAA 2aE SAE7] A% STAR Metrics
(Science & Technology for America’s Reinvestment:
Measuring the EffecTs of Research on Innovation,
Competitiveness and Science) AI=ZE 2010 thHE 2
Aoz 7 Fo|t9]. o] ZZ3E& NIH(National
Institutes of Health), NSF(National Science Foundation),
18] OSTP(Office of Science & Technology Policy)
A2AGel & F=E L et o] TS F3f A
WA E-e] 33t Fake] JEES FAske Afe vt
=
- A AAFHEE 29

=
- 84 dHAR 5

i

3

- 2R mA= A o]FAd B 1E)

- A 37l mAE FIHES] F4, FH)

EU9 R&D A4 H7HEE ZHd9)a Z2 )
(Framework Program, FP)o] ¥hA sl |4 3}E ) o
] FGrle] 7] A g (relevance), &7 (efficiency),
F 34 (effectiveness) o] th. 20133 7H4] FP 7715 433}
I AA FP 87](Horizon 202022 7/14)E 43 Folt}

3L tee] 7)3e] w7t R&D AAE7HE 3k
P ARbH o g na BU, 9 5 &l Faae
7} R&D A3 7te] 928 AAlstE =7F 249 7ol
zElo g A8 5 e FAHQ AREIAES oA
st gAE etk whEkA] FAAR] w7 A X
XA gt golahA] e Aol

Lee & Park[11]2 R&D #5371 7|39 4oz
FA-AEES 7wtz 3 DEA(data envelopment
analysis) 7|'H-& 2435k A7 R&D &84 v
T2 FYa) ols ERAAE ) B3R s e
SEvgs FalasA ol 7MY WolAe B &t
Aoz yepth 2 9 Cozzarin[l2]l= 7ivcl A%
R&D EZAE J/IAEE FY-AEE AEZ F4d3)

o
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ARE A, 71E a8l Az, e e 5o

2 2443 v} 9t Bornmann[14]2 R&DE] A}3] 4] gk
o o3t dFo 7iE A8l VY EF, 18 Ve
A Z:(‘)j %L% X'“}‘] 0}')«)\]:]'

4 71l tigh BlalAd T 53 Pho et
g =dl 7|4 = R&D A HE54
WHoR A 9 @7 Fof 7]9(scoring method,
AHP, comparative method)¥} Benefit-contribution 7]%
(H-&AHGEA, A 24, AR IE)S vl
skl AHP7IW o] 7Hd $-sivhal ddatdl

3.2 SAXE Y YEXE
$e)) 7)E 2749 RRDAA
w1 918 R&D 3+
g3} o] gl B4l

Porter & Stern[16]-2 3

2714 29, 5 = =

& AFaglon] 719 ZuolA A 4] B

Fe28E Zxsdnh FHAFEV)Y  Innovation

Union Scoreboard (IUS, 7]¥ FEuropean Innovation

Scoreboard)= EU ] 91572] 24491 g4l gzl djst

J7t AdE Age] AT =72 &85 Qv EHT

F ARRE 7Y, 71998E, A vo] SA4staL

[Table 4] IUS index

Index Number of Index

1) Enablers

Human resources 3

Open, excellent and attractive research 3

system

Finance and support 2
2) Firm activities

Firm investments 2

Linkages & entrepreneurship 3

Intellectual assets 4
3) Outputs

Innovators 3

Economic effects 5

All 25

T A& 710 E vaA Hale] HAZ FHA duks
(Moderate innovators) #| 4 A4H(Intellectual asset)#
g3k A A]2#ll(Open, excellent
research system) SHol|A] B} FiERT} £35S Hol

a ek okze] galo]l AlEd &4l S I=r(Modest

i o] a

tjo
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innovators)- zs| B3 o A 2E] ALY
AA 2D 71997} A 4l(Linkages & entrepreneurship), @
A17HInnovators) §-w-o] B F-EH T} B34S o =
t} ghH 39 dighal Fo] waEsh= Global Innovation
Index(GIDE A% 7} 827 8749 57)e] A=
PA ek 2709 A EA TR FEete] Frketal 9l
t}, o]F R&DI} #H#Ho] 7L Hopz AR 2 A

(Human capital and research), H|ZY2x

A o] 3

X0 o 2

s
(Business sophistication), &% A #HCreative output)
s 5T 9

a9 xA|42E Hong Kong Creativity Index(HK
D), Euro Creative Index(Euro CI) European Creative In
dex(ECI), Global Creative Index(GCD) 5= & & UtH1
71. ©]52 Z+7] Hong Kong, Florida[18], European Affai
rs, Ut EEE tjg} FolA] wastal k. oE A%

SR e el Behr1ed 2l Bag 2gl A
w4 8ol AEA a9l A AuE PR A ol

[Table 5] Collection of Creation Index

Classifier HCI Fg’ ECI | GCI
. R &
Analysis target HK s EU | natio
ns
number of index 8 9 32 7
High education (0] (0] O
Creative class (6] (0]
Human R&D member o) (0] O
factor Labor flow 0
Culture/art 0
education—based
Science/ R&D investment (0} (0] (0]
technology Patent (0] O O
factor ICT Infra 0 0
Culture participation (0] O
Cfit;;e Culture benefit | O 0
Culture consunmption (0] O
Legal system'’s
. )
independence
Constitution Perception on
factor freedom of press
Entrepreneurship
Tax support O
.. Social participation (0]
?;ftljrl Openness, diversity (0] O
Attitude, Value (0] O O
Creation Industry
- sales " 0 0
ng:gxz Creation Industry 0
Value-added
Production O O
Source: [17]
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[Table 6] R&D performance evaluation framework

. . Performance
Innovation Innovation .
mode measurement main
category index
Basic/original
Step 1 Creation technology R&D output derived
development

Step 2 Political risk | Industry market

reduction structure reform
Functional | peny vt & | Transferring R&D
Step 3 risk reduction ecosystem reform output
(Architecture rigk) | €%
Basic/original +
Step 4 Feedback to stepl | growth/maturity | Reinforcing R&D

of step 3's output technology env't & ecosystem
development
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[Table 7] Suggested R&D performance index

Main Cate-
gories

Sub Categories

References

R&D Output
derived

Knowledge/technology

Chen et al., 2009,
Ministry of Science, ICT
and Future Planning
(MSIFP) 2013,
Donga-Bain Creative
Index (DBCI), 2013

Technology assesment of
R&D output

Chiesa 1996,

Bremser and Barsky, 2004,
Cozain, 2008,

Huang et al. 2009

Researcher upbringing

Innovation Union
Scoreboard (IUS),
Global Innovation Index
(GID), Global Creative
Index (GCI),

Porter and Stern, 2001,
Lee and Park, 2005,
Chen et al., 2009

Transfer-
ring R&D
Output

Utilization of
knowledge/technology

Lee and Park, 2005,
Hsu and Hsueh, 2009,
Chen et al., 2009,
Bornmann, 2012,
MSIFP, 2013
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1US, GII,
Economic effect of  |Bowen et al., 2008,
commercialization DBCI, 2013,

MSIFP, 2013

[Table 9] AHP analysis - Main Categories

Porter and Stern, 2001,
[R&D cooperation activation/Cozain, 2008,
among government and

industry-academy Go, 2013,

Bashir, 2013

National Science Board, 2012,

H.XK. Creative Index (HCI),
R&D infrastructure & |Porter and Stern, 2001,
competence enhancement

MSIFP, 2013

Hollanders and Cruysen,2009,

HCI, IUS,

Openness of R&D  |Euro Creative Index (ECI),
Reinfor- [international collaborationBowen et al., 2008,
cing R&D Lee, 2013
env't & |[Form R&D-friendly social|Bruno et al., 2008,
ecosystem culture MSIFP, 2013
. . Lee, 2013,
Acquire fuéfe industry DBCL 2013,
COMPELEVENESS — InisIrp, 2013
Hue, 2003,
Build sustainable Lane and Bertuzzi, 2010,
social environment Dindire, 2012,
MSIFP, 2013
4.2 MBEN
3 Aol A= AIQkE 57k RD 437t A ) 5
AT E E&57] A8 R&D A7 A&7t A A
e ok AHP wA1E skl AHP w2 v
Higrl tiste] Al B E3 ok FAlel o3
AR BYE 98 AAE WEoA, Erhs
AFE] (Thomas L. Saaty)ell oJsf 7h&=] AvH4]. I3
BAYIES Qg A7 01 v A9 uhg A
AHow wa glov], 01-02 Aele] LY B 5
Skt g o Har Q4] oo ZAdte] Fef A
2714220  ABA W&o HEUNE vol b 4E
5.2 Alele 3Tel MBS ke RAseT. A
i AEzA Folake] 53& Table 83 2th

[Table 8] Demographic characteristics of the respondents

Spec. Respondents Percentage
Gender Male 31 &
Female 6 16
Private 16 44
industry Public 15 40
Education 6 16
R&D 13 3H
Job Research 10 27
Others 14 3
10 yrs more 15 41
Career 5 ~ 10 yrs 12 32
5 yrs less 10 27
All 37
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Ranking Main Categories Weight Consistency
1 [Reinforcing R&D env't & 04625
ecosystem 00143
2 R&D Output derived 0.3647 ’
3 (Transferring R&D Output] 0.1727
b A B4 Ao x A 719l 01
olat heht Aw 713 B3teka ek BT A
F9] A9 Table 994 o] yehyit
R AL 7HEH 24 A% R&D $7 % Al
Al ZsF7r 7V A el o, o] 'R&D Ad At
) aiA 278) B Toe Fog ALY
at9] Al Axe] 7oA 4 A3k Table 1024

2t} R&D 374 5 AehA sl o] skl dEol A= v
g AAAAY SHRe} A&7 ALY BAEFE G
o], R&D =&t 9 & T, ‘R&D 83 ALslE3t
4, R&D wAEY M Bl 459071 =7 vsich

R&D A £F'9) 9] &5 7tex5 B4 4
WA A o] g = v en, oz

A4 - 71% ATE, RED AHE 7% NEHA fo
= Fosta BAEQ. B8 FEawe 4t A
A 7le ATFE R AT Y o] 148 E o
Fa® W7t gRond GF Ay AR m9d
Aol A7)dh R&D Ak A3 o] &b g5 7}
FA% BA8 A3 Adst AAT T A Ve
wow, thgow g - ket RRD HY 243k, Al
A 7le At S8 sow Ve
[Table 10] AHP analysis - Sub Categories
Main Qam* R‘tjmk Sub Categories Weight Consist-
gories ing ency
1 Acquire fut.u.re industry 02974
competitiveness
Build sustainabl .
Reinfor— 9 ‘ uu? sus@nabe 02664
cing R&D _ socia environment
vt & 3 R&D mfrastru’ctu}’fe & competence 01773 0.0060
ecosystem enhancement
4 |Form R&D-friendly social culture| 0.1311
5 Openness of R&D 1.ntcmat10nal 01276
collaboration
1 Researcher upbringing 0.4419
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