J. Soc. Korea Ind. Syst. Eng Vol. 44, No. 3 : 248-261, September 2021 ISSN : 2005-0461(print)
https://doi.org/10.11627/jkise.2021.44.3.248 ISSN : 2287-7975(online)

Analyzing the Efficiency of National 6T R&D Projects by
Two-stage Network DEA Approach

Hyundong Nam * Taewoo Nam'

Graduate School of Governance, Sungkyunkwan University, Republic of Korea

AEISET) ANLARA0) B8Y A
25] YESIT DEA H20] 48

f
G s
Che e R Eika L

Scientific and technological performances (e.g., patents and publications) made through R&D play a pivotal role for national
economic growth. National governments encourage academia-industry cooperation and thereby pursue continuous development
of science technology and innovation. Increasing R&D-related investments and manpower are crucial for national industrial develop-
ment, but evidence of poor performance in business performance, efficiency, and effectiveness has recently been found in Korea.
This study evaluates performance efficiency of the 6T sector (Information Technology, Bio Technology, Nano Technology, Space
Technology, Environment Technology, Culture Technology), which is considered a high-potential promising industry for the next
generation growth and currently occupies two thirds of the national R&D projects. The study measures the relative efficiency
of R&D in a comparative perspective by employing the Data Envelopment Analysis (DEA) method. The result reveals overall
low efficiency in basic R&D (0.2112), applied R&D (0.2083), development R&D (0.2638), and others (0.0641), confirming that
economic performance and efficiency were relatively poor compared to production efficiency. Efficient R&D needs policy makers
to create strategies that can increase overall efficiency by improving productivity performance and quality while increasing economic

performance.
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<Table 1> National R&D expenditure and R&D performance status

Category 2012 2013 2014 2015 2016 2017 2018 2019
National R&D expenses 554,501 593,009 637,341 659,594 694,055 787,892 857,287 890,471
GDP & R&D* 3.85 3.95% 4.08% 3.98% 3.99% 4.29% 4.52% 4.64%
IT 189,434 202,612 219,391 213,099 234,879 287,317 307,329 330,158
BT 42,459 45,043 48,097 59,946 56,137 62,111 66,401 76,262
NT 71,193 78,193 83,587 86,609 85,499 76,201 87,371 88,185
ST 7,058 7,312 7,088 13,049 12,230 11,603 14,789 15,436
ET 59,189 60,359 65,578 62,271 62,777 70,009 79,636 77,641
CT 4,525 4,346 4,917 7,027 9,365 7,841 8,075 8,098
etc 180,642 195,145 208,683 217,592 233,169 272,810 293,680 294,691
S-A Technological Achievement Economical Achievement
Category sol Domestic patent Oversea patent Royalty Comm_erciali
Application | Registration | Application | Registration | # contract C-A zation
2015 41,919 31,180 20,210 5,305 2,347 8,858 2,582 28,800
2016 41,143 31,108 19,920 5,711 2,151 9,029 2,892 26,171
2017 39,032 32,501 19,641 5,444 2,246 8,951 2,401 32,994
2018 37,385 30,807 16,670 4,923 2,121 8,365 2,664 28,025
2019 35,849 28,192 14,975 4316 1,670 7,372 3,169 20,088
YoY Growth rate 1.8% 0.2% 5.3% -71.2% 9.1% -1.9% -10.7% 10.0%
AGR 4.0% 2.5% 7.8% 5.3% 8.9% 4.7% -5.0% 9.4%

GDP & R&D*: National R&D expenditure as a percentage of GDP, S - A: Scientific Achievement, C - A: Collected Amount, AGR:

Average annual growth rate.
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<Table 2> Domestic and Oversea Research Cases of National R&D Efficiency

Researcher

Input, output variables

Main Contents

Park and Seo
[38]

Government research
expenditures,
# of projects
# of patent application
# of commercialization

Inefficient development areas were identified and trends in productivity change were confirmed for
promising new technologies that are directly related to the establishment of the foundation for future
growth in Korea. It was derived as the evidence of the study that evaluation and analysis should
be conducted to reinforce areas lacking in efficiency and accurately analyze the performance of
national R&D support projects.

Byun and Han
(5]

R&D expense
R&D manpower
dissertation(SCI)
patent, royalty

Efficiency for 195 national R&D projects for new growth core technology projects was studied.
It was significant to differentiate it from the existing efficiency analysis in that the output variables
were measured separately from quantitative performance and qualitative performance, and the lack
of academic dissertations and patents revealed the cause of inefficiency. Therefore, it is argued that
the efficiency should be improved through the project.

Hwang et al.[22]

R&D expense
R&D period dissertation,
patent, revenue
employment

The R&D projects of major national ministries are classified into 12 projects. It is consequential
that the influencing factors were found through the tobit analysis and potential improvement values
were derived through the benchmarking analysis, while the measurement of the projects for which
the homogeneity of R&D was not secured, was proceeded.

Kim[27]

R&D expense
# of projects
# of international dissertations

Research was conducted on the performance of joint R&D projects in the basic and source technology
stages among 28 projects operated by the Ministry of Education, Science and Technology and it
suggests the necessity of pointing out and reestablishing the policy objectives and problems of research
performance of the national R&D project.

Wang and Huang
(42]

R&D manpower
development expense
patent, dissertation

The efficiency of 30countries with active national R&D activities was analyzed in 3 stages and
confirmed the factors that affect the efficiency value by using tobit analysis. By deriving national
R&D from environmental factors that are generally affected, the purpose was set to provide policy
implications and recommendations for each country.

Halaskova et al.
[18]

R&D expense, researcher,
government budget Scientific
documents, Citable documents

Evaluated the R&D efficiency of public and private sectors in EU countries, the difference in R&D
efficiency between the private and public sectors of European countries was confirmed. This study
presents an efficient R&D environment by providing valuable platform for policy makers related
to national strategies and innovative investment and education plans.

Lee and Park
[31]

R&D expense, manpower
technology import,
dissertation, patent

A prerequisite to increase the productivity of R&D is to be able to measure the productivity, and
for this, the DEA methodology was used. The study showed that Singapore had the highest efficiency
and China, Korea, and Taiwan are relatively inefficient in R&D. This study suggests a direction
for R&D policy making in Asian countries.

Hsu and Hsueh
[21]

R&D expense, manpower,
development period
dissertation, patent,
commercialization

The relative efficiency for 110 projects that received government financial support for nine years
from 1997 to 2005 was measured, the need to adjust the input amount was suggested to prevent
inefficient R&D from being carried out in the R&D budget compilation. Additionally, an appropriate
level of government financial support showed a significant effect on research efficiency.
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Input Intermediate Measures Output
Xy =  Zua — T Y
X = Sub-process 1 Zaz Sub-process 2 | | Yr2
Xin =T  Zaj — T Yy

Production process DMU,

<Figure 1> Two-stage Network System Model

Z42ke] DMU j(j=1, 2, ... n) = m7§ <] El‘?ﬂ]ﬁi T
(i=1,2, ..., m) 7} 1A (sub-processl)o] FLH o]
E‘rﬁ]i?—lﬂ DN AdZ8 Ak 2 (d=1,2, .., D)7} &
Hr} o] A& QA4S 572 A (Intermediate) 2 483 3
2T Al(sub-process2) T a7t wrt 2D‘r74] BE o] A
F84% y,0r=1,2, ., s) ® UEIYL 284 ARE
ko eI CCR 2o 7uksl] DMU A g5

2 x4

s
maxe() = E UpYro
r=1

s.t.

Eu Y™ Eulz” EﬁkkaSOV]
Zlur’”m + E Bibyo =

u, = 0,r=1,2,--+,s

u, = 0,i=1,2,---,m

By = 0,k=1,2,--,

9 wee §a 7t DMUS) B8HS BT A4 5
Qe Foom BEEe] Huze] "oldr. wepy
A 284S B HA 2848 EEee Aol &
gAolm Alz®l Yo F A 84S FHAS
2 FGrre A9 194 284 o' 2uA 284 '

Zahah] Zu7 lj—ov]

h=1

Zuixiozl

i=1

u, > 0,5=1,2,---;m
o, = 0,h=1,2,---,q
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By = 0,k =1,2,--,1

2 S
max00= E UYro
r=1
s.t.

s q. l
Zluhyrj — lglahoehj — kZlﬁ’kbkj <0Vjy

q. 1
Z a0y, + Z Biby, =1
h=1 k=1

u, = 0,r=1,2,--+,s
oy, = 0,h=1,2,-++,q
B, = 0k=1,2,.]
Liang et al.[34]> Two-stage DEA 2&ollA A &&
A& z+7y 91 9’2 AYsla 2u-A F7F 59 247}
XHO}Z] %= "Lﬁoﬂ"i %‘{}QEX]JLJ A7 T4
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. Two-stage DEA Ef‘é% 7]%2i Z} GAl A St

RO SN

i
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T 2 A9 ALFS, AR R 89 55 & AbEo] A Y AKE AYse 2ARE e84
B3 DMU 7holl A& vl 7Fsafol 38 omgith11].  7F2Ee tieh 7pEatEe] v gy £9o] AF =
ol & Ao AU AAVES THAALES A AS T2 akEo] AAEA GE A, a&A9 ldel
of AR oito R MPH = F7tAFNEE Ve F 71 AEeA v 1S E 5 AUk A B4 AR

TO R UEH 6TEoke] A7dnlel A4s i or A 9 9 AEo] A gle 49 7 /MY F Ak
TiEste]l EA o] AREsklTh g DEA &84 B shue AEA Aol b siye 24" Y
Me AF-EA e Wt Cook and Zhu[8]E= DMU 9] & 4b& W4 o]o] o2 FE o Ty} 4tEe] o] Foixl 4
A7F 2 5 A5s AASSAT oY ZAl= DMU 4 folt) o] A9 2 o] EA 4 dljdetA] ev)el A9
= AF, t5-2e DMUZE &4 ZdEold sjgate] ity ASA o djdete 6TiEobol A w3l Frl=e] &
ARE SRS AT 5 AUtk ol AHsto] BE A ik ok ARl ASA7F AFEAE R EX sk
N7y A E SAATS By A B AEd ASAE A ?i? 74] 6T AlH-tof 217H A&
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<Table 3> Operational Definition of Variables

Main Factor Measuring Indicator Operational Definition Unit
DMU 6T related sector Section by 6 types of promising newc:[reclértlé)logies such as IT, BT, NT, ST, ET, Business
Input Natlonal.R&D National R&D expenditures from 2012 to 2014 invested in research by 6T sector Million
[5, 37] expenditure Korean Won

# of published SCI The number of publications of SCI dissertations for achievement recognition
dissertations for among R&D achievements in 2017~2019 generated by national R&D expenditure Case

Intermediate | achievement recognition for each 6T sector
Output # of don}est‘ic patent The number of domestic patent applications among R&D achievements in Case

[22, 27, 42] applications 2017~2019 generated by national R&D expenditure for each 6T sector

# of oversea patent The number of oversea patent applications among R&D achievements in Case
applications 2017~2019 generated by national R&D expenditure for each 6T sector
4 of commercialization The number of commerc‘ialization among R_&D achievements in 2017~2019 Case
Output generated by national R&D expenditure for each 6T sector

[21, 31, 38] # of royalty contract The number of royalty contract among R&D achievements in 2017~2019 Case

generated by national R&D expenditure for each 6T sector
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Operations efficiency
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Input Intermediate Output

- Published SCI

- Number of domestic
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- National
R&D Expenses
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<Figure 2> Two-stage R&D Performance Model
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<Table 4> Descriptive Statistics of input-output Variables by Research Stage

. egzzlrcch Input intermediate Output rggggfgh Input intermediate Output

6T R&D SCI | D-A|O-A|E-R |E-C 6T R&D SCI | D-A|O-A|E-R|E-C
K-C 951 1,002 402 33 29 46 K-C 988 224 218 64 91 57

N-G 497 614 281 39 8 31 N-G 524 60 175 49 31 28

3 [-S 1,358 | 1,332 669 58 80 167 i IS 1,844 192 398 45 278 185
0-1 1,051 624 324 40 407 101 O-1 1,436 186 333 44 230 127

B-T | 5709 | 4,767 745 85 96 94 BT 974 458 157 20 97 39

BT H-C | 3,654 | 4,567 916 102 305 150 BT H-C | 2,582 990 439 50 207 97
AG 2,054 962 326 12 345 148 AG 1,604 555 250 10 861 225

N-D 753 1,154 252 33 3 18 N:-D 141 64 39 3 6 6

- N-M | 1,441 | 2,098 460 31 68 38 NT N-M 546 192 161 10 208 35

N-B 331 512 129 12 2 8 N:B 71 58 24 7 1 8

N-P 704 924 202 20 5 11 N-P 444 75 73 15 15 22

S-T 469 52 30 0 9 2 ST 294 13 12 1 8 2

P-T 107 113 33 21 1 7 P-T 164 6 14 0 0 3

ST A-T 114 124 40 1 2 5 ST A-T 346 21 37 2 3 5

E-B 243 69 20 2 1 5 E-B 49 8 6 0 1 1

EN 2,049 994 269 24 307 52 EN 1,315 254 188 11 220 54

C-P | 3222 1,999 602 54 62 73 C-P | 2,247 423 364 38 136 127

ET M-E 204 150 52 3 37 5 ET M-E 438 47 98 17 40 24

c-C 380 181 30 3 0 5 c-C 211 26 24 1 10 7

L-C 129 57 42 4 16 13 L-C 118 23 38 6 32 29

cr R-D 73 35 20 1 19 8 1 R:D 82 1 12 0 64 12
mean 1,214.0 | 1,063.3 | 278.3 27.5 85.8 47.0 mean 781.8 184.6 | 145.7 18.7 120.9 52.0

min 73 35 20 0 0 2 min 49 1 6 0 0 1
max 5,709 | 4,767 916 102 407 167 max 2,582 990 439 64 861 225
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<Table 4> Descriptive Statistics of input-output Variables by Research Stage (Continued)

der\gilgappgﬁnt Input intermediate Output resea?cngector) Input intermediate Output

6T R&D SCI D-A|O-A|E‘R |E-C 6T R&D SCI D-A|O-A|E-R|E-C
K-C | 3,399 197 613 71 1,224 326 K-C 418 111 49 11 34 39

N-G | 1,999 63 194 55 351 114 N-G 537 85 50 40 17 36

T 1-S 5,628 228 981 44 2,550 786 m I-S 712 234 146 80 57 108
O-1 | 6,555 86 494 37 1,391 370 0-1 1,650 566 199 99 193 146

B-T | 1,081 303 228 26 532 117 BT 664 416 27 38 7 74

BT H-C | 4573 965 1,016 163 2,785 491 BT H-C | 1,721 913 138 41 140 125
AG 1,673 332 415 12 2,769 498 AG 2,379 442 34 9 127 80

N-D 270 56 81 3 95 30 N-D 29 62 9 9 2 8

N-M | 1,242 232 287 20 884 166 N-M 146 343 36 27 29 39

NT N-B 124 42 34 13 41 15 NT N:B 3 38 8 0 2 15
N-P 499 89 123 21 221 62 N-P 104 64 13 5 12 10

S-T 809 23 40 1 150 4 S-T 298 11 14 1 11 5

P-T 1,701 16 28 1 35 P-T 328 108 12 10 0 12

ST AT | 1,91 18 57 2 12 30 ST A-T 37 11 26 1 1 4

E-B 89 4 8 1 4 4 E-B 228 1 1 0 4 0

EN 2,410 256 512 19 2,334 265 EN 996 146 34 6 33 20

C-P | 7,530 554 1,040 106 1,645 499 C-P 1,481 204 110 17 47 52

ET M-E | 1,020 67 168 10 672 129 ET M-E 53 14 4 0 6 10

Cc-C 385 33 56 2 101 46 c-C 123 4 4 0 1 0

L-C 463 11 104 7 349 89 L-C 195 42 38 7 77 33

T R-D 295 5 55 0 418 81 T R-D 73 8 14 0 29 9
mean 2,169.6 | 178.8 | 324.0 30.7 907.3 | 202.2 mean 605.1 190.8 47.6 20.0 40.0 40.8

min 89 4 8 1 4 2 min 3 1 1 0 0 0
max 7,530 965 1,040 163 2,785 786 max 2,379 913 199 99 193 146

K - C: Key component, N * G: Next generation network infrastructure, I + S: Information system and S/W, O - I: Other information technology,

B - T: Base technology, H - C: Health care related application, AG:Agriculture/Marine/Environment,
S + T: Satellite technology, P + T: Projectile technology, A * T: Aircraft

Nano material, N * B: Nano biohealth, N + P: Nano based/process,

N - D: Nano device and system, N - M:

technology, E - B: Environment based, EN: Energy, C - P: Clean production, M - E: Marine environment, C + C: Cultural contents, L - C:

Living culture, R - D: Research and development field.
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<Table 5> Two-stage Network Efficiency Analysis Result

6T basic research field efficiency scores 6T applied research field efficiency scores
O-E|T-E | E-E O-E| T-E | E-E
Key component 0.1966 | 0.7625 | 0.2579 Key component 0.1793 | 0.6632 | 0.2704
- Next generation network 0.2579 | 1.0000 | 0.2579 - Next generation network 0.1650 | 1.0000 | 0.1650
Information system and S/W 0.5044 | 0.8605 | 0.5862 Information system and S/W 0.3100 | 0.6476 | 0.4787
Other information technology 0.5449 | 0.5449 | 1.0000 Other information technology 0.2724 | 0.6971 | 0.3908
Base technology 0.0676 | 0.2918 | 0.2318 Base technology 0.1226 | 0.4839 | 0.2534
BT Health care related application | 0.1677 | 0.5214 | 0.3216 | BT Health care related application | 0.1164 | 0.5110 | 0.2279
Agriculture/Marine/Environment | 0.2949 | 0.2949 | 1.0000 Agriculture/Marine/Environment | 0.4328 | 0.4687 | 0.9235
Nano device and system 0.0979 | 0.6816 | 0.1436 Nano device and system 0.1312 | 0.8253 | 0.1589
Nano material 0.1079 | 0.6487 | 0.1664 Nano material 0.2143 | 0.8836 | 0.2426
N Nano bio health 0.0989 | 0.7640 | 0.1295 NT Nano bio health 0.3248 | 0.9961 | 0.3261
Nano based/process 0.0640 | 0.5838 | 0.1096 Nano based/process 0.1555 | 04973 | 0.3127
Satellite technology 0.0270 | 0.1143 | 0.2358 Satellite technology 0.0210 | 0.1222 | 0.1722
ST Projectile technology 0.2558 | 0.5880 | 0.4351 ST Projectile technology 0.0566 | 0.2588 | 0.2188
Aircraft technology 0.1790 | 0.6601 | 0.2712 Aircraft technology 0.0417 | 0.3234 | 0.1288
ST etc 0.0787 | 0.1559 | 0.5049 ST etc 0.0626 | 0.3606 | 0.1736
Environment based 0.2108 | 0.2316 | 0.9102 Environment based 0.1277 | 0.4306 | 0.2965
ET Energy 0.0927 | 0.3537 | 0.2622 ET Energy 0.1741 | 0.4864 | 0.3581
Clean production 0.2572 | 0.4504 | 0.5712 Clean production 0.1691 | 0.6734 | 0.2512
Marine environment 0.0503 | 0.1749 | 0.2877 Marine environment 0.1075 | 0.3410 | 0.3154
oT Cultural contents 0.4136 | 0.5419 | 0.7632 oT Cultural contents 0.7526 | 0.9821 | 0.7663
Living culture 0.4673 | 0.4673 | 1.0000 Living culture 0.4378 | 0.4378 | 1.0000
basic research field mean 0.2112 | 0.5092 | 0.4498 applied research field mean 0.2083 | 0.5757 | 0.3539
min 0.0270 | 0.1143 | 0.1096 min 0.0210 | 0.1222 | 0.1288
max 0.5449 | 1.0000 | 1.000 max 0.7526 | 1.000 1.000
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<Table 5> Two-stage Network Efficiency Analysis Result (Continued)

6T | development research field 0 .eéflme;c'yEscor(IeEs. E 6T | other research(sector) field 0 .eéflmef]rc.yEscor(IaEs' £
Key component 0.2157 | 0.5978 | 0.3609 Key component 0.0188 | 0.1070 | 0.1754

- Next generation network 0.1278 | 0.3216 | 0.3972 - Next generation network 0.0130 | 0.2367 | 0.0547
Information system and S/W 0.3140 | 0.5779 | 0.5433 Information system and S/W 0.0291 | 0.3750 | 0.0777

Other information technology 0.1267 | 0.2499 | 0.5072 Other information technology 0.0194 | 0.2029 | 0.0957

Base technology 0.2432 | 0.7004 | 0.3473 Base technology 0.0214 | 0.1756 | 0.1220

BT Health care related application 0.2663 | 0.7369 | 0.3614 | BT Health care related application | 0.0153 | 0.0880 | 0.1742
Agriculture/Marine/Environment | 0.7237 | 0.8221 | 0.8802 Agriculture/Marine/Environment | 0.0077 | 0.0141 | 0.5468

Nano device and system 0.2528 | 1.0000 | 0.2528 Nano device and system 0.0528 | 1.0000 | 0.0528

Nano material 0.3112 | 0.7657 | 0.4064 Nano material 0.0529 | 0.5831 | 0.0907

N Nano bio health 0.2772 | 0.9137 | 0.3033 NT Nano bio health 0.9357 | 1.0000 | 0.9357
Nano based/process 0.2792 | 0.8203 | 0.3404 Nano based/process 0.0205 | 0.1709 | 0.1198

Satellite technology 0.0813 | 0.1622 | 0.5011 Satellite technology 0.0042 | 0.0186 | 0.2266

ST Projectile technology 0.0089 | 0.0541 | 0.1649 ST Projectile technology 0.0070 | 0.0937 | 0.0746
Aircraft technology 0.0351 | 0.0968 | 0.3627 Aircraft technology 0.0179 | 0.2261 | 0.0793

ST etc 0.1006 | 0.3032 | 0.3319 ST etc 0.0010 | 0.0010 | 1.0000

Environment based 0.4235 | 0.7046 | 0.6011 Environment based 0.0046 | 0.0256 | 0.1813

BT Energy 0.1490 | 0.4580 | 0.3254 ET Energy 0.0071 | 0.0522 | 0.1353
Clean production 0.2881 | 0.5473 | 0.5263 Clean production 0.0371 | 0.0371 | 1.0000

Marine environment 0.2666 | 0.4807 | 0.5546 Marine environment 0.0005 | 0.0122 | 0.0381

oT Cultural contents 0.4320 | 0.7449 | 0.5799 oT Cultural contents 0.0438 | 0.1524 | 0.2874
Living culture 0.6189 | 0.6189 | 1.0000 Living culture 0.0371 | 0.0618 | 0.5998

development research field mean 0.2638 | 0.5564 | 0.4594 other research(sector) field mean 0.0641 | 0.2207 | 0.2889
min 0.0089 | 0.0541 | 0.1649 min 0.0005 | 0.0010 | 0.0381

max 0.7237 | 1.000 1.000 max 0.9357 | 1.0000 | 1.0000

O - E: Overall Efficiency, T * E: Technology Efficiency, E * E: Economic Efficiency
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