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Abstract This study analyzed collaborative R&D projects funded by the Korean government from 2013- 2015. For
this analysis, input and output variables of projects were considered, and a combination of those variables was
itemized. The output-oriented variable return to scale (VRS) model extended from the DEA methodology was adopted
to evaluate the cooperation efficiency of the types of R&D collaboration, which were classified according to the
project leader's organizations. In addition, hierarchical cluster analysis was conducted using the efficiency results of
the scientific, technical, and economical outcome models. The results showed that cooperation efficiency between
large companies and public research institutions was relatively high. Conversely, cooperation among medium-sized
companies, small businesses and universities was particularly inefficient. The clustering results demonstrated the
various strengths and weaknesses of the types depending on publications, patents, technical loyalties and the number
of commercialization. In conclusion, this study suggests differentiated investment portfolios and strategies based on
the efficiency results of diverse cooperation types among industries, universities and public research institutions.

Keywords : DEA, Efficiency Analysis, Industry-University-Public Research Institute Collaboration, Cooperation Type,
R&D Budget Portfolio
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Table 1. Prior Studies on the DEA Efficiency Analysis
Output Analysis
variables Model
papers,
patents,
technical
loyalty,
program
registration
patents,
technology
outcomes

Input

Observations .
variables

Authors

247 projects of
laboratories
selected by

Korean
government

Kim and
Park
[21]

human output-
oriented

DEA

resources,
expenditures

TDPs of
Taiwan
government
316 R&D
projects of
Korean national
health
technology

Chang human

[22]

CRS

resources,
VRS

expenditures

human output-
oriented
CRS/VRS
Tobit

regression

Lee and
Cho
[24]

resources,

expenditures,
research
periods

papers,
patents,
IF averages
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Park . proceedings, .
[12] of Korean periods, human oriented
NT/BT accumulated VRS
resource
knowledge . . L.
development Table 2. Cooperation types by project leader organizations
human
ject lead Collaborati .
143 Defense resources, papers, output- pI'O_]eC' e'a <t ova 'ora'lve Cooperation Types*
Lee . . organizations organization
7] R&D expenditures, patents, oriented
Projects research practical use | CRS/VRS Industry LC-Ind.
periods University LC-Univ.
77 National human articles, OL}tput— Large company Research institution LC-RI
So et al.| Convergence resources patents, oriented others LC-others
[25] R&D expen ditur;s technical CRS/ Univ.-RI LC-Univ.-RI
Programs P loyalty VRS X LC
9 ministries Industry MSF-Ind.
related to the | expenditures, papers, University MSEF-Univ.
Bae et national Num. of patents, CRS ) ) Research institution MSE-RI
al. | nanotechnology |  projects, technology VRS Medium sized firm others MSF-others
[23] research and expendit}lres transAfe'r/coAmm Univ.-RI MSF-Univ.-RI
development per project | ercialization X MSF
prjgg‘r:;ns Industry SB-Ind.
’ . Universit SB-Univ.
Collaborative Rmvers;ly_ o B lev
Lee and Research expenditures, papers, output- Small Business esearch instifytion -
Lee projects of 10 human patents, IF | oriented othérs SB'Othf}rS
[26] government resources averages VRS Univ.-RI SB-Univ.-RI
research X SB-Univ.-RI
institutions Industry Univ.-Ind.
30 regions of University Univ.-Univ.
China patents, patent Universit Research institution Univ.-RI
(univ. and . transfer, Y others Univ.-others
expenditures, . DEA, .
Yu et al. research human technical Tobit Ind.-RI Univ.-Ind.-RI
[27] |institutions with loyalty, . X Univ
resources *’.. |regression
IUR ' comm.crcmhza Industry RI-Ind.
collaborative tion University RI-Univ.
outcomes) R b instituti Research institution RI-RI
esearch institution
others RI-others
Ind.-Univ. RI-Ind.-Univ.
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Table 3
Observatior]
(DMU)

Observations and Variables for DEA Analysis
Analysiy
Period

Input variables
Output variables
- national expenditures
private expenditures
- labor cost ratio
(total labor costs/total expenditures)
- number of SCI papers
- number of patents
(applied by weights of domestic ar
global application/registration)
technical loyalty

Methoc

Cooperatiol
types by
project lead,
organizatiol]
(n=30)

2013

2015
(3 years

outco

me-or.
ented

number of commercialization

ATURED)FEAM ] WHE-L 8 A3, 714
A gk, AAH Ak A Ao Qze gz 54
o4 9le Zoltk, 3 =EoAE AR tridolA
S48 b4 4l SCeE, 7147 A3l w95
8, BA4 A3l 7R} ARIS 15E BeAYE

478

g, 3¢l 58le qll/=9, 2d/559 7HsAE @
gzte] ukdstoirh. & At A 243t DEA AU
4 W= Table 39} 2t)

AT 7|2 A Table 49} #o] WFHI
FFAATE vilg- 2 Holrt

Table 4. Descriptive Statistics of Input and Output
Variables by Industry-University-Public Research
institute Cooperation Types

Input Output
Goven’t Private TechnicaComme
) . labor | SCI L.
Items | expenditure | expenditure ¢ | paper Patents |1 loyalty|rcializa
(Million | (Million :af ("prns) (Num.) | (Million| tion
won) won) O | (Rum- won) [(Num.)
Max. | 5,864,284 | 1,421,303 | 0.40 |48,398| 3,260 | 47,149 | 2,330
Min. 7,443 303 013 3 2 0 0
Mean| 579,524 207,042 | 030 | 1,870 | 190 | 2,217 | 184
S.D. | 1,093,062 | 303,046 | 0.06 | 8,651 | 578 | 8431 | 441
T FAkE e A2 Table 59} 22,
AR s Fa71900 ol FAEa gl
RIZRA I 27193 719e14] el Bkt 9]
oh ARl Ak diske SddTIE SR
Bo] =FHa vk

Table 5. Descriptive Statistics of Input and Output

Variables by Industry-University-Research
institution Cooperation Types and Research
Participants
Goven’t Private Technical Comm
. R labor| SCI L.
Leader | expenditure | expenditure cost | paners Patents| loyalty |ercializ
Org. | (Million | (Million | [P*P®" \Num.)|(Million| ation
ratio |(Num.)
won) won) won) |(Num.)
Large
compani| 1,300,892 | 2,197,216 (0.18| 553 333 1,909 | 278
€s
Medium|
sized 822,529 520,189 10.24| 215 230 247 178
firms
Small
business| 4,915,878 | 2,344,883 [0.35| 758 687 1,618 | 3,715
€s
U“t‘i‘é:r“ 6,962,610 | 594,124 |0.34]50,908 3,579 | 48,588 | 1,103
Gov’t
researchi 3 303700 | ssagss [0.34] 3,659 | 877 | 14,138 | 251
nstituti
ons
Total | 17,385,709 | 6,211,267 |0.31]56,093 | 5,706 | 66,501 | 5,525
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Table 7. Results of Input and Output Itemization Model
Efficiency in Industry-University-Public
Research institute Cooperation Types

Priva Ko Scient | Techn | Econo
. . |Gov’t wled | . . .
Cooperation basic| . te ific | ical | mic
Types* VRS onen orien .ge outco | outco | outco
ted inten
ted . me me me basic VRS Govt Private  Knowledge Scent¥ic Technical Economic
S1IVE oriented oriented intensive outcome outcome  outcome
LC 1.000{1.0000.336/1.000| 1.000 | 1.000 | 1.000 ——1C ——iC-athers Lc-ina LcR Leuniv Le-Univ-R
LC-others 1.0001.000[0.050(0.001| 1.000 | 1.000 | 1.000
LC-Ind. 1.000]0.853]0.052(0.047| 0.013 | 0.260 | 1.000 <led by Large companies>
LC-RI 1.000]0.518]0.050(0.049| 1.000 | 1.000 | 1.000 1200
LC-Univ. 0.576]0.571[0.060{0.052| 0.082 | 0.547 | 0.141
LC-Univ.-RI 1.000/0.498|0.037]1.000| 1.000 | 1.000 | 1.000
MSF 1.000[0.819[0.138[1.000| 1.000 | 1.000 | 1.000
MSF-others 1.000|1.000{0.136[0.006| 1.000 | 1.000 | 1.000
MSF-Ind. 0.382]0.396(0.046(0.011] 0.005 | 0.386 | 0.085
MSF-RI 0.402]0.396[0.042(0.012| 0.018 | 0.402 | 0.194
MSF-Univ. 0.699(0.7220.182]0.062| 0.045 | 0.603 | 0.328 PRSCVAS Govi | Frvae | fnowlsdgs Scenific Tedhncsl Economic
MSF-Univ.-RI 0.52410.529(0.082]0.045| 0.088 | 0.619 | 0.184 - o I
SB 1.000|1.000{1.000{1.000{ 0.015 | 0.255 | 1.000 R o MSFUn.  — MSF-Uni-R
SB-others 0.780(0.865]0.529(0.114| 0.008 | 0.125 | 0.865
SB-Ind. 0.677/0.666]0.4920.161] 0.005 | 0.206 | 0.667 <led by Medium sized firms>
SB-RI 0.537]0.504]0.346|0.253| 0.016 | 0.243 | 0.469
SB-Univ. 0.645]0.645]0.469(0.279] 0.029 | 0.298 | 0.541
SB-Univ.-RI 0.361/0.361(0.141]0.288| 0.035 | 0.276 | 0.191
Univ. 1.0001.000|1.000(1.000| 1.000 | 1.000 | 1.000
Univ.-others 0.865/0.903 0.488]0.054| 0.941 | 0.517 | 0.260 o800
Univ.-Ind. 0.630]0.629(0.272]0.095] 0.193 | 0.518 | 0.405 400
Univ.-Ind.-RI 0.632/0.676(0.125|0.019{ 0.261 | 0.644 | 0.381
Univ.-RI 0.538]0.569[0.221|1.000| 0.437 | 0.660 | 0.202
Univ.-Univ.___[0.683]0.674]0488[0.039| 0488 | 0.615 | 0.607 R L St R Bt
RI 0.441]0.458[0.327[1.000| 1.000 | 1.000 | 0.326 e cmte . cor S R
RI-others 1.000| 1.000|0.426|0.004 | 1.000 | 1.000 | 1.000
RI-Ind. 0.858/0.895/0.117]0.055] 0.042 | 0.423 | 0.895 <led by SMEs>
RI-Ind.-Univ. 0.765/0.891[0.111]0.093| 1.000 | 1.000 | 0.781
RI-RI 1.000|1.000{1.000{1.000{ 1.000 | 1.000 | 1.000
RI-Univ. 0.817]0.741]0.710(0.073] 0.193 | 0.429 | 0.817
Means 0.76010.7260.316(0.327] 0.464 | 0.634 | 0.645 0800
*LC : Large company 5.
MSF : Medium sized firm
SB : Small Business
Univ. : University
basic VRS Gov't Private Knowledge Scentfic Technial Economic

RI : Research institution
Ind. : Industry

ol =

fo 1o 1% o

i)
4 &
FE 3
Noox
oW

N

o &
o
)
=
o
ol
NE 4

ro

B
-1
+ g
S

for L
g
=)
A%
~
Ho
ofl
tjo
2
to
(o
ot o
o
oft
By

<
£ ¥Q
o ol L

m to 4
ox -
)
¥
1k oo
o

oo
~NOREE
My yo ofy
ch
= mx f
N
H
N

é‘

2
oX,
Ko

-
huncs
=)
>
ik
toby
N
3
il
2
YN,
¢
3
fetl
i
oo
_?L
o,

TeE
= o
o X

rir
=
(ot oiN
v
£ w0 ¢
ﬂllo —E‘
¥
S =
- 1o
_O|L g
I n‘ﬂ
L oX
[o 2

v
=
[

bt

ML

x4

3@ M

i1 o

oriented oriented  intensive  outcome  outcome  outcome

. LI 11TV e LI MV -OthiErS. Univ-ind

Univ-ind -R

Univ.-R ——Univ-Univ

<led by Universities>

7
basic VRS Gov't Private Knowledge Scientfic Technical Economic
oriented oriented irtensive outcome outcome  outcome

e R e R -OTHETS. RHnd. RHnd.-Univ. RIRI e R U i

<led by Research institutions>
Fig 2. Curves of the Input and Output Itemization Model
Efficiency in Industry-University-Public Research
institute Cooperation Types and project leader
organizations
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