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R&D Commercialization :

A DEA-Based Three-Stage Model of R&BD Performance
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This study proposes a three-stage model of R&BD performance which captures commercialization outcomes as

well as conventional R&D performance. The model is composed of three factors

researchers), outputs (patents and papers), and outcomes

stages are defined for each transformation process between the three factors

*inputs (R&D budgets and
(technical fees, products sales, and cost savings). Three
> efficiency stage from input to

output (stage 1), effectiveness stage from output to outcome (stage 2), and productivity stage from input to
outcome (stage 3). The performance of each stage is measured by data envelopment analysis (DEA). DEA is a
non-parametric efficiency measurement technique that has widely been used in R&D performance measurement.
We measure the performance of 171 projects of 6 public R&BD programs managed by Seoul Business Agency
using the proposed three-stage model. In order to provide a balanced and holistic view of R&BD performance,
the R&BD performance map is also constructed based on performance of efficiency and productivity stages.
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Figure 1. Three stage model of R&BD performance
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Table 1. Variables

Ikjin Jeon - Hakyeon Lee

Type Variable

Description

References

R&D budgets

Total amount of funds

Ruegg and Feller(2003), Revilla et al.(2003), Guan and
Wang(2004), Farris et al.(2006), Meng et al.(2006); Hsu and
Hsueh(2009); Lee et al.(2009); Lee and Cho(2014), Park(2014)

Bonaccorsi and Daraio(2003), Lee and Park(2005),

tnput Guan and Wang(2004), Wang and Huang(2007),
Researchers Number of participating researchers | Meng et al.(2008), Sharma and Thomas(2008), Lee et al.(2009),
Hsu and Hsueh(2009), Liu and Lu(2010), Guan and Chen(2012),
Lee and Cho(2014), Park(2014)
SCI journal Number of papers published in Rousseau and Rousseau(1997), Bonaccorsi and Daraio(2003),
papers journals listed on SCI Guan and Wang(2004), Garg et al.(2005); Lee and Park(2005),
Meng et al.(2006), Kocher et al.(2006), Wang and Huang(2007),
Non-SCI Number of papers published in Sharma and Thomas(2008), Hsu and Hsueh(2009),
Outout journal papers | journals not listed on SCI Lee et al.(2009), Liu and Lu(2010), Lee and Cho(2014)
utpu
P Patent Number of patents filed in domestic | Rousseau and Rousseau(1997), Revilla et al.(2003),
applications and foreign patent offices Zhang et al.(2003), Lee and Park(2005), Wang and Huang(2007),
Meng et al.(2008), Sharma and Thomas(2008),
Patent Number of patents issued in Hsu and Hsueh(2009), Lee et al.(2009), Liu and Lu(2010),
registrations domestic and foreign patent offices | Guan and Chen(2012)

Technical fees

Amount of money charged for
technology transfer

Georghiou(1999), Linton et al.(2002); Guan and Chen(2012)

Revenues from new

Outcome | Products sales products/services Park(2014)
Cost savings E;);;ofz:;ii from process
4. R&BD A3} 34 A7t $pste] Eopd & Rdol d A 7Y H A
Hdos 4%t JFA AR, B2 AL(FY - 9 B2
1 BARE 4 A S5 719 BAE B48 AQLF A4S AE
a7 243 AGESAY 43 T AT LT A
EATE AN P R&BD Z2AHAEES Aoz 3 AA 7& A gsf AAY dE 719 2 AE Ea
307) R&BD 43 RS A 43e] 438 24T e 02AY dokd BF0l A5AES AUsEd B4 T
A R&BD ZEIHAL A 24 719 2 tigh At Eas 2 Yt 2005358 20139744 Ao A s 6719
FAOE oAl ofoltfol g A H AP FORE A&7t R&BD ZEIFS T3 A 171749 Z2AHAEES £4 o
g w vdE AN 719 dehe AR S e 7] FeE AdAsen, 22O 5E Y ZRAE s
Bo) A7 AL AT A )% Ao HAE FARE  ob <Table 259 ATk, ZZIPE WS N 2FAFE
shol vjd 5908 Ao U Z2AE 2 S DGR <Appendix 1>9] F R
Table 2. R&BD programs
Program Number of projects Goal
A 7 Developing design technologies
B 14 Supporting strategic industries
C 7 Commercialization of transferred technologies
D 64 Commercialization of technologies of small and medium enterprises
E 6 Enhancing district-specialized industries
F 73 Commercialization of patented technologies
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Table 3. Stage-wise DEA results
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Stage Number of efficient DMUs Percentage of efficient DMUs Average efficiency scores
Stage 1(EFFICIENCY) 14 8.2% 0.390
Stage 2(EFFECTIVENESS) 6 3.5% 0.214
Stage 3(PRODUCTIVITY) 8 4.7% 0.186
Table 4. Spearman correlation coefficients among three stages
Stage 1 Stage 2 Stage 3
(EFFICIENCY) (EFFECTIVENESS) (PRODUCTIVITY)
Stage 1 .
(EFFICIENCY) 0312 0.085
Stage 2 *
(EFFECTIVENESS) 0.808
Stage 3
(PRODUCTIVITY)

< 0.01.
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Aop o] 2RI F7 N0 E AL A U Be 5
Z2 O] E&H 0 YriE o] A3} 9]¢ gfofe] o] g},
ol TAHE A3}y HelMe Z2ao] obd NE
FAES DMUR 55t E84 A48 S48, o] n}
gog 2299 JHE SHsE A (bottom-up) H
WS 8851 = 7o) & A3 thLee ef al., 2009). ©] W] DEA &&
A ATE ATELEVIAE ¢ glonz AUt ¥4 v
Asl M= ANOVAZE obd Bl 2=2] 7] 3l Kruskal-Wallis

4& s of 3ot A 428l M ZHF TRAEY T &
1S BE O 2 Kruskal-Wallis A S E3) 67 T2 1%

[o5
o2 1o
tlo o

Aol & FAH 0 E HAAsT B <9(mean rank)

9
FOE 22O 1Y U &9 & =T ®
Z+H R E 93k v 24 7]$ 2 Mann-Whitney
bl 8 2233 74 45 Aol FAA &
t}. obgf <Table 5>+ A GARZ 7] =21
|2 & 235 Yehd Aol

A SA A BRolA 2233 7t o Aol 7t e A
o2 Jehto dAE 22389 £9= ] Aol
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Table 5. Performance comparison among programs
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o2 A 9 4 BA7 o 284U 22314 gtha
Hrlsr| = ofd) wha] B oM #3832 B A

Ao @ ol ok 4 9l 249 MEY 2 Flel 43}
A & (performance map) S A A 8t} A 3} 2] £ & EFFICIENCY
¢} PRODUCTIVITY S T 20 2 8= 22 e ~ Jg| 2
ARG F WA B Z2AE £3¢ 9% 4242 £

2483 & 5 YE INPUTS EUHSE 188k dhd 4t
W42 2412 QUTPUTH OUTCOMES BH 3o}, w)ehAf

EFFICIENCY & 7] &9 R&D #4 9 ¢ thu] 4 #HE 9|3}
3 PRODUCTIVITY & R&BD #4¢] £ tiv] 434E 2n|
3}7 €tk EFFECTIVENESS ©] 74-9- R&D 9] At&E 0] AF¢ 3}
2 olojA & F BAY AAE Yr|StEE it HjE SH
oAA 2 A E=Zo] o]E & Y olYgl PRODUCTIVITY
of o §- 743 o] FRBAE YN EE F3 A=A 1
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Program Number of projects
(EFFICIENCY) (EFFECTIVENESS) (PRODUCTIVITY)
A 7 109.07 37.07 60.36
B 14 122.00 51.61 53.71
C 7 56.57 87.57 158.93
D 64 79.23 104.66 98.41
E 6 134.58 28.50 28.50
F 73 81.64 85.50 81.50
X? = 18.958, X? = 31.921, X? = 37.048,
Statistics of Kruskal-Wallis test df = 5, df = 5, df = 5,
p = 0.002 p = 0.000 p = 0.000
Relative comparison using
. E>B>A>D,F>C D>C, F>B>A,E C>D>F>AB>E
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Table 6. Distribution of four performance categories for six programs

Program Innovator Utilitarian Scientist Underdog
Frequency(%) Rank Frequency(%) Rank Frequency(%) Rank Frequency(%) Rank
A 1(14.3%) 2 1(14.3%) 4 3(42.8%) 3 2(28.6%) 3
B 2(14.3%) 2 0(0%) 5 8(57.1%) 2 4(28.6%) 3
C 1(14.3%) 2 6(85.7%) 1 0(0%) 6 0(0%) 5
D 7(10.9%) 5 12(18.8%) 2 17(26.6%) 4 28(43.7%) 2
E 0(0%) 6 0(0%) 5 6(100%) 1 0(0%) 5
F 13(17.8%) 1 12(16.4%) 3 14(19.2%) 5 34(46.6%) 1
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Appendix 2. DEA efficiency scores of three stages
Program DMU EFFICIENCY EFFECTIVENESS PRODUCTIVITY
A RNBD00I 0.39678 0.00000 0.00000
A RNBD002 1.00000 0.00000 0.00000
A RNBD003 021774 0.00000 0.00000
A RNBD004 0.24417 0.00000 0.00000
A RNBD005 0.99951 0.06890 0.99963
A RNBD006 0.99909 0.00000 0.00000
A RNBD007 0.24119 0.08614 0.18861
B RNBD00S 1.00000 0.17286 0.17286
B RNBD009 0.66441 0.00000 0.00000
B RNBDO10 0.49918 0.60691 0.59465
B RNBDOI11 0.46254 0.00000 0.00000
B RNBDO12 0.87168 0.00000 0.00000
B RNBDO13 0.35372 0.00000 0.00000
B RNBDO14 0.33503 0.00000 0.00000
B RNBDO15 0.28964 0.00000 0.00000
B RNBDO16 1.00000 0.00000 0.00000
B RNBDO17 0.47265 1.00000 1.00000
B RNBDO18 0.42433 0.00000 0.00000
B RNBDO19 1.00000 0.00000 0.00000
B RNBD020 1.00000 0.00000 0.00000
B RNBD021 0.18570 0.00000 0.00000
C RNBD(22 0.23846 0.13732 0.37765
C RNBD023 0.00007 0.18571 1.00000
C RNBD024 0.50001 0.21126 1.00000
¢ RNBD025 0.00006 0.14671 1.00000
C RNBD026 0.24179 0.15844 0.45387
C RNBD027 0.00005 0.28571 0.33333
C RNBD028 0.23475 0.15844 0.40770
D RNBD029 0.11046 0.25098 0.13162
D RNBD030 1.00000 0.21046 0.14435
D RNBDO3 1 0.40001 0.19854 0.13993
D RNBD032 0.11765 0.25351 0.13275
D RNBD033 0.66667 0.11537 0.13322
D RNBD034 0.38096 0.14042 0.37328
D RNBD035 0.47059 0.14975 0.14542
D RNBD036 0.00004 0.30000 0.15000
D RNBD037 0.11765 0.22866 0.11897
D RNBD038 0.32099 0.22048 0.17525
D RNBD039 0.00004 0.38650 0.18475
D RNBD040 0.00005 0.28000 0.36506
D RNBDO041 0.35484 0.20110 0.24000
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D RNBD042 0.40651 0.15660 0.14571
D RNBD043 0.39786 0.19461 0.13361
D RNBD044 0.39081 0.00000 0.00000
D RNBD045 0.37132 0.00000 0.00000
D RNBD046 0.23530 0.22601 0.13780
D RNBD047 0.25796 0.00000 0.00000
D RNBD048 0.39416 0.00000 0.00000
D RNBD049 0.66797 0.22660 0.16204
D RNBDO050 1.00000 0.13333 0.13333
D RNBDO51 0.36111 0.20636 0.13958
D RNBD052 0.22223 0.66913 0.19993
D RNBDO053 0.14667 0.25351 0.17143
D RNBD054 0.00004 0.36630 0.17528
D RNBDO055 0.35294 0.16828 0.13559
D RNBDO056 0.22449 0.00000 0.00000
D RNBD057 0.48575 0.17357 0.15501
D RNBDO058 0.33334 0.18032 0.13308
D RNBDO059 0.21193 0.49705 0.34803
D RNBD060 0.46802 0.20054 0.13374
D RNBDO061 1.00000 0.10808 0.13318
D RNBD062 0.00003 0.34286 0.13310
D RNBD063 0.82353 0.14436 0.13320
D RNBD064 0.00003 0.34565 0.13347
D RNBDO065 1.00000 0.32626 0.13462
D RNBD066 0.11111 0.28657 0.13271
D RNBD067 0.00004 0.25714 0.13975
D RNBDO068 0.00003 0.34286 0.13194
D RNBD069 0.11066 0.28657 0.13315
D RNBDO070 0.00004 0.84785 0.34446
D RNBDO071 0.00003 1.00000 0.18149
D RNBD072 0.37399 0.20122 0.17177
D RNBDO073 0.14667 0.42252 0.28571
D RNBDO074 0.23677 0.22096 0.16404
D RNBDO075 0.00004 0.17143 0.19673
D RNBDO076 0.41296 0.14836 0.15181
D RNBDO077 0.00003 0.32242 0.13811
D RNBDO078 0.44385 0.15228 0.13350
D RNBDO079 0.13773 0.21385 0.15027
D RNBDO080 1.00000 0.24587 0.22185
D RNBD081 0.58824 0.29080 0.36000
D RNBD082 0.21592 0.34330 0.22222
D RNBDO083 0.25532 0.34330 0.28571
D RNBD084 0.61905 0.32146 0.22222
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D RNBDO085 0.44000 0.27775 0.28571
D RNBDO086 1.00000 0.34573 0.44444
D RNBDO087 0.22449 0.00000 0.00000
D RNBDO088 0.45454 0.80900 0.64286
D RNBDO089 0.37501 0.27775 0.22222
D RNBD090 0.29310 0.11364 0.17816
D RNBD091 0.79553 0.17286 0.22180
D RNBD092 0.31818 0.27670 0.24743
E RNBD093 0.50001 0.00000 0.00000
E RNBD094 0.42954 0.00000 0.00000
E RNBD095 0.50001 0.00000 0.00000
E RNBD096 1.00000 0.00000 0.00000
E RNBD097 0.58681 0.00000 0.00000
E RNBD098 0.82407 0.00000 0.00000
F RNBD099 0.28755 0.00000 0.00000
F RNBD100 0.00004 1.00000 1.00000
F RNBD101 0.59423 0.19855 0.22198
F RNBD102 0.54541 0.20994 0.22222
F RNBD103 1.00000 0.10808 0.13346
F RNBD104 0.22222 0.00000 0.00000
F RNBD105 0.11111 0.00000 0.00000
F RNBD106 0.23121 0.00000 0.00000
F RNBD107 0.22222 0.20110 0.13299
F RNBD108 0.11765 0.00000 0.00000
F RNBD109 0.00003 0.68571 0.26607
F RNBD110 0.72032 0.00000 0.00000
F RNBDI11 0.36668 0.21116 0.13949
F RNBD112 0.13637 0.00000 0.00000
F RNBDI113 0.47059 0.14313 0.13460
F RNBD114 0.21005 0.34478 0.22292
F RNBDI115 0.11111 0.00000 0.00000
F RNBDI116 1.00000 0.07056 0.23363
F RNBD117 0.11765 0.00000 0.00000
F RNBDI118 0.00003 0.34286 0.13328
F RNBDI119 0.22449 0.00000 0.00000
F RNBD120 0.14287 0.42353 0.22230
F RNBD121 0.20000 0.75762 0.57143
F RNBD122 0.50001 0.19252 0.13171
F RNBD123 0.99657 0.00000 0.00000
F RNBD124 0.53882 0.00000 0.00000
F RNBD125 0.37501 0.00000 0.00000
F RNBD126 0.50544 0.19025 0.21966
F RNBD127 0.78970 0.26051 0.28113




438 AqA - o3t
F RNBDI28 0.70698 0.00000 0.00000
F RNBDI29 033868 0.21034 0.13446
F RNBDI30 022541 0.00000 0.00000
F RNBDI31 0.18122 0.00000 0.00000
F RNBD132 0.74265 0.11455 0.13414
F RNBDI33 0.00003 0.07143 0.02876
F RNBD134 0.00003 0.31714 0.12311
F RNBD135 0.43220 0.48406 0.46120
F RNBD136 0.44445 0.34432 0.26000
F RNBD137 0.00003 0.41931 0.16259
F RNBD138 0.15437 0.24717 0.13276
F RNBD139 0.37507 0.21034 0.13458
F RNBD140 051800 0.17219 0.16197
F RNBD141 0.16913 025351 0.13333
F RNBD142 0.00004 033429 0.16714
F RNBD143 0.66666 0.00000 0.00000
F RNBD144 026957 0.18902 0.13162
F RNBD145 029885 044403 022013
F RNBD146 0.46234 031504 021915
F RNBD147 022107 1.00000 1.00000
F RNBD148 038461 0.18032 0.13720
F RNBD149 0.41380 1.00000 044824
F RNBD150 0.00004 0.52857 022722
F RNBDI51 0.46860 0.37804 026123
F RNBDI52 023570 0.24000 0.13459
F RNBDI53 0.00005 057143 0.66666
F RNBD154 0.79084 0.18292 0.19429
F RNBDI55 1.00000 0.11000 0.13732
F RNBDI56 025001 032679 0.22064
F RNBDI57 022222 0.00000 0.00000
F RNBD158 0.26688 0.00000 0.00000
F RNBD159 0.88869 0.00000 0.00000
F RNBD160 0.94118 0.00000 0.00000
F RNBD161 0.33333 0.00000 0.00000
F RNBD162 0.00005 0.85714 1.00000
F RNBD163 0.22222 0.61539 0.33362
F RNBD164 0.19345 0.00000 0.00000
F RNBD165 1.00000 1.00000 1.00000
F RNBD166 0.11111 0.00000 0.00000
F RNBD167 0.86183 031928 021667
F RNBD168 033248 0.00000 0.00000
F RNBD169 021441 0.00000 0.00000
F RNBD170 034092 0.00000 0.00000
F RNBD171 0.40001 0.00000 0.00000






