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Abstract

This study aims to analyze the efficiency and influence factors of research and development in the
oceans and fisheries R&D by using data envelope analysis(DEA). For the study, R&Ds which are Ministry
of Oceans and Fisheries exclusively managed between 2017 to 2020 are categorized by oceans and
fisheries, and DEA was conducted on a total of 1,686 DMUs. Each research field was divided into three
models: R&D stage, institutional type, and participation type. The input variables are research funds and
research personnel, and the output variables are papers, patent registration, technology transfers and
commercialization. Firstly, the efficiency of oceans and fisheries R&D was analyzed through CCR, BCC,
and SE (CCR/BCC) models. After that, statistical significance differences in the efficiency index between
models were confirmed through the Kruskal-Wallis test and the Mann-Whitney U test, and post-analysis
was conducted. The types that showed inefficiency suggested methods to improve efficiency, and the
reasons for the research results were analyzed while presenting the characteristics of each type and
preceding studies. In the future, this study will be able to establish related policies such as planning
oceans and fisheries R&D tasks, budget allocation, performance evaluation, and improvement of research
efficiency or use them as basic data for decision-making processes.
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<Table 1> Preceding Study on National R&D Efficiency Using DEA

Researcher Subject of Analysis

Input Variable Output Variable

Paper, Patent, Royalty,

Byun and Han(2009)

195 R&D projects in IT industry

Fund, Personnel
etc.

Kim et al.(2009)

11 major R&D projects of the Ministry of
Education, Science and Technology

Paper, Technology

F P 1 . .
und, Personne diffusion

Park et al.(2011)

121 government R&D projects

Fund Paper, Patent

Park(2013)

1,394 BT and NT R&D projects

Fund, Peronnel Paper, IF, Patent, etc.

Lee and CHO(2014)

316 R&D projects of the national health
technology

Fund, Personnel,

Period Paper, Patent, IF

Lee(2015)

-143 defense R&D project

Fund, Personnel,
Period

Paper, Patent,
Practical use

Bae et al.(2016)

‘NT R&D projects of nine nano-related
ministries

Fund, Personnel,
Number of projects

Paper, Patent, Royalty,
etc.

Hwang(2018) -23. national projects and 88 detailed Fund, Personnel Paper, Patent, Royalty,
projects etc.
Paper, Patent,
. t , .
Wo00(2019) -33 wind power and bio R&D projects Gove@men find Creation of
Private fund
Employment
. . . Fund, Personnel,
Lim(2020) -60 defense basic R&D projects Paper, Patent

Period
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<Table 2> Sample selection for DEA

Selection Criteria Oceans Fisheries Total

Oceans and Fisheries

R&D(2017-2020) 1,007 875 1,882

Exclude ‘Other’ in R&D stage 67 55 122
Exclude ‘Other’ in institutional 74 74
type
Total 866 820 1,686

SO HEWSE mEedd, Fdoszi o
TH), ATAYL, AR EF, 5, 7%
A

T JH, <Table 4> 7|ETAFE HoAF

<Table 3> Input and output variable information
used in DEA

Type  Variable  Unit Description

‘Government funds to R&D

Fund 1,000
u ’ projects (Excluding in kind)
Input
Personnel | ‘Number of researchers

participating in the R&D project
‘Number of SCI level published

Paper 1
papers

Patent | ‘Number of patents registered

internal and external

‘Number of technology transfers

Output
Put Technology concluded under the technology

Transfer
transfer agreement
. -‘The number of productions or
Commercia .
. sales made using the transferred
lization

technology

<Table 4> Input and output variable information
used in DEA

Field  Variable Min. Max. Ave. S.D.

CCR 0.0192  1.0000  0.17308 0.17502

BCC 0.1861 1.0000  0.51628 0.17124

CCR/BCC  0.0571 1.0000  0.29638 0.17155

Fund 5,000 16,114,226 411,841 974

Personnel 1 83 13.04 11.11
Oceans  p per 1 84 1.62 3.4
Patent 1 14 1.29 091
Technology 9 1.02 033
Transfer
Commercia 16 104 054
lization

CCR 0.0106  1.0000  0.20745 0.17761

BCC 0.1648  1.0000
CCR/BCC 0.0643  1.0000
Fund 3,000 7,752,675 293,487 572

0.43202  0.20266

0.43825  0.17235

Personnel 1 94 11.74 10.3
Fisheries ™ ver 1 34 171 2.07
Patent 1 14 13 0.92
Technology 9 1.07 0.52
Transfer
Commercia 21 111 1.08
lization
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Variables (Ocean R&D)

o
15}

nr
% FArEol HUMATFNEANY S A&
AR $l8 NTIS
F 86670, =4k 82071
CCR¥ BCC DEA X
718 QM=
= Foixl A

Folitk= A

ool A=
WA g S8l
i, 71EwA a9
el o, F5
A7 sl A

R

2ol Mg Az
o] EEA "WML 7EA
9l tH<Table 7>).

Fund Per. Pap. Pat. T.T. Com.
Fund 1 <Table 7> Efficiency scores of R&D stages given
DEA model
Per. 337" 1 by odels
Pap. 139" 281" 1 Field Model Min. Max. Ave. S.D.
stage
Pat.  .097" 190"  0.054 1 CCR 0.0192 1.0000 0.1512 0.1457
TT 08¢ 0057 0037 .190~ 1 Basic BCC 0.1861 1.0000 0.4878 0.1565
(N=177) "¢CR/
Com. 097" 0.027 -0.005 .158* 0.001 1 Bee 00691 1.0000 0.2774  0.1515
Note : * p<0.05, ** p<0.01, *** p<0.001 CCR 0.0227 1.0000 0.1655 0.1377
Oceans Applied BCC  0.1959 1.0000 0.5249 0.1477
. . N=252
<Table 6> Correlation Analysis of Input and Output ( ) ICBCCIE/ 0.0571 1.0000 0.2907 0.1525
Variables (Fishery R&D)
Develop CCR 0.0233 1.0000 0.1863 0.2022
Fund  Per.  Pap. Pa  TT. Com. ment ICBCCIS/ 0.1956 1.0000 0.5228 0.1879
N=437 0.0720 1.0000 0.3073 0.1883
Fund 1 ( ) BCC
CCR 0.0106 1.0000 0.1441 0.1274
Per. 478 1 Basic "BCC0.1648 1.0000 0.3560 0.1761
(N=161) "CCR/
Pap. 288" 365 1 e 00643 10000 03770 0.1327
Pat. 301% 256+ 184~ 1 CCR 0.0213 1.0000 0.2198 0.1879
i Fisheries *PPlied BCC 0.1648 1.0000 0.4204 0.1902
- N=119
TT. 0062 2197 .1000 .298 1 ( )ICBCCIE/ 0.1291 1.0000 0.4703 0.1665
Com. 0.041 149" 0018 0000 .62 1 Develop . CCR_0.0233 1.0000 0.2236  0.1841
ment .BCC_0.1732 1.0000 0.4572 0.2071
Note : * p<0.05, ** p<0.01, ***p<0.001 CeRy
(N=540) . 0.1085 1.0000 04494 0.1799
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Aokl A SR AT ATAL Al A AT EEde] M $5ee
% S5ehi EWAt B840l AP WolXE 3, ATslwe A opel AA EfAelH] gL
207 ekt Ao etk AT mEsY A9

ATHAE FHo] AT vA= FFE el E A 2Rl FAANE VE4 4
gaisty) giste] AFAZ-gYs PYS FP oz Hangr
93 1 AFE= <Table 8>3 72T} CCRE ol A
- _ <Table 9> Tamhane T2 results between R&D
L ATRATL S F 2F ATyl .

- stages and efficiency score
TS vAE gRlow yERen, BCCY TR
Mean

S| S = Z2=AlH ol 5L 2 R
wH EYelMe FAR okl &S mAAL Field Model staZLel()I) stl:(:el().l) Difference  S.D.  P-value
AFopl A GBS WA = Ao e 8
u Applied -.0349946 0.014807 0.055
sket Basic Develop .

ment -.0370468 0.015002 0.041*

<Table 8> Kruskal-Wallis test results between Basic 0370468 0015002 0.041%
R&D stages and efficiency scores Oceans CCR - lied Devel

PPRECDEVEIOD (00522 0.012038 0,998
ment

Field Model Chi-square  Freedom P-Value Develo Basic  .0349946 0.014807 0.055

CCR 9.677 2 0.008%* pment Applied -.0020522 0.012938 0.998
o BCC 3.935 2 0.140 Applied -.1012628" 0.016492 0.001""
ceam CCR/ Basic  Devel
C Vi * *
2.397 2 0.302 cop -.0644621 0.022282 0.012
BCC ment
CCR 45.153 0.001*** CCR Basic .0644621° 0.022282 0.012"
Applied
Fisheries -....DCC 43.759 0.001%+ ppiedDevelop 30007 0.019579 0.174
CCR/ 27.691 2 0.001*** ment
BCC ) ) Develo Basic .1012628" 0.016492 0.001™

Note : * p<0.05, ** p<0.01, *** p<0.001

in)

< AAE BAE 9kl fovgk Aot
U2 B thal Tamhaned T2 AFEAES
st tH(<Table 9>). AFS-wA1A ¥, gt
Wopell A B fou] gk xpo] 7} A w Q)
Goll e SEGA AdTFaEA]l e ARG
FskA dEbgon, 53] 7| 2w ok SAA
o=

O

Foust o AFEaEY Zol7k AU
o}, FARREokoll A= CCRI} BCCE oA 7k
AZF doid oz AFasdo]l Hojd vk, 7]
ZAF7F vlagdelded ol e AT
o Femgt oty g, V| xdATE R
284 SHAAL Hlggdolghs AME g
kel

pment Applied .0368007 0.019579 0.174
Applied -.0795397" 0.012789 0.001""
Basic  Develop

-0756901" 0.019938 0.001"

ment

Fisheri Basic .0756901" 0.019938 0.001™"
es BCC Applied Devel
elo

mentp -.0038496 0.018960 0.996

Develo Basic .0795397" 0.012789 0.001™
pment Applied .0038496 0.018960 0.996

Applied -.0724007" 0.013013 0.001°
Basic  Develop

-.0932507" 0.018499 0.001"

ment
CCR/ Basic .0932507" 0.018499 0.001™"
BCC Applied Devel
PP ;V:nfp 0208501 0.017110 0.534

Develo Basic .0724007" 0.013013 0.001™"
pment Applied -.0208501 0.017110 0.534

Note : * p<0.05, ** p<0.01, *** p<0.001
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<Table 11>°A4] 7 A3}E Q& 4 Ql+=dl, Al  <Table 11> Kruskal-Wallis test results between
Bgs Aguw goky) Aol pE abslel institutional types and efficiency scores

i=] = O [e) = 1 KN
Tel Aradded 9FE vAvs s ¢ Field Model ~ Chi-square  Freedom  P-Value
/\ h:]' <Table 12>'— TamhaneE] T2 A}‘—_';i ”ﬁ% CCR 56.936 2 0.001***
Al AoE BolEt) el e digte] A Oceans ~ BCC  109.853 2 0.001""
A7 AR AY A7)l vlE] Hojwkal, A (I;(élg 18.273 2 0.001""
T ZEAo] 7 "ol = Bo® e CCR 54.109 2 0.001™""
) o Fisheries BCC 44.614 2 0.001""
<Table 10> Efficiency scores of institutional types CCRJ
given by DEA models BCC 35430 2 0.001
Note : *p<0.05, ** p<0.01, *** p<0.001
Field ™Y Model Min. Max. Ave.  SD.
- - i stitutional
CCR_0.0238 1.0000 0.1855 0.1960 Table 12 TamhanedT%ffretsults between institutional
Industry BCC 0.1956 1.0000 0.5383 0.1772 types and etficiency scores
N=395) CCR/ ™M
( ) 0.0571 1.0000 0.3008 0.1843 . Inst.  Inst. _ooon
BCC Field Model Difference S.D.  P-value
type) type) o
CCR 0.0278 1.0000 0.2014 0.1667 085750 001350, 0001
Oceans University BCC 0.2362 1.0000 0.5673 0.1507 Inds. e 0 013034 0,001
(N=221) CCR/ . Inds. .0289759 0.013502 0.094
poe 20843 1.0000 03255 0.1721 CER Univ. 1300726 0.013899 0.001°
Inds. -.1019968° 0.013034 0.001"
CCR 0.0192 1.0000 0.1284 0.1346 ISt S 76 0013899 0,001
Institute BCC 0.1861 1.0000 0.4363 0.1503 Inds, - Univ. -0158986 0.014934 0.638
(N=250) CCR/ 0.0691 10000 02636 0,143 " Inst. 0570565 0.013027 0.001
) . . 1431 " Inds. 0158986 0.014934 0.638
BCC Oceans BCC Univ. 1 " 0750551° " 0.014077 0.001°"
CCR 0.0294 1.0000 0.2440 0.1848 Inst. ~.Inds. 0570565 0.013027 0.001°"
Industry BCC 0.1732 1.0000 0.4554 0.2070 "..Univ. -0729551" 0.014077 0.001 "
(N=266) CCR/ Inds, UiV -0247296 0.014833 0.262
0.1698 1.0000 0.4971 0.1734 Inst. .0371391° 0.012955 0.013
BCC CCR/ Univ. - 1nds. 0247296 0.014833 0.262
CCR 0.0106 1.0000 0.2143 0.1975 BCC " Inst. 0618686 0.014696 0.001°
__ University BCC 0.1648 1.0000 0.4670 0.2100 Inst Ands. -0371391° 0.012955 0.013"
Fisheries (N=300) CCR/ " Univ. -.0618686 0.014696 0.001
0.0643 1.0000 0.4104 0.1895 Inds Univ. -.0115735* 0.017553 0.882*“
BCC ©Inst. 0891600 0.016659 0.001
CCR 0.0185 1.0000 0.1611 0.1289 CCR Univ. .. Inds. 0115735 0017553 0.882
Institute BCC  0.1648 1.0000 0.3662 0.1720 Inst. 1007335 0.016232 0.001 -
(N254) G Inst, . Inds. -.0891600° 0.016659 0.001
0.1112 1.0000 04095 0.1298 Univ. -,1007335" 0.016232 0,001
BCC Inds, .Univ. :0297039  0.016076 0.183
Note - * p<0.05, ™ p<00L ***p<0.001 o Inst. .0828782° 0.013924 0.001
Fisheri o\ (. Inds -0297039 0.016076 0.183
es *Inst. .0531743" 0.013981 0.001
om ol EAAOTLE §oudt ZFo|t} 4 Inst inds. -0828782" 0.013924 0.001
= = } _ " Univ. -0531743" 0.013981 0.001 "
Aol CCR EgelA = digh, BCC R ollA Inde. . Univ. 0867530°0.015255 0.001""
= A A7 A ggAow = ezl ..Inst. .0875875° 0013392 0001
AAZE Mg asA R&DE FA3k3 CCR/™ [ inds.-.0867530° 0.015255 0.001
o} AR oke] AF7|HE S ekRoke) nlRvbRA| BCC " Inst. 0008344 0.013636 1.000
_ Inds. -.0875875  0.013392 0.001
o = o o
2 AR el AL vaeHd dvdes IS Univ. 0008344 0.013636 1.000
A3 7107 vhebyT) Note : * p<0.05, ** p<0.01, *** p<0.001
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<Table 13> Efficiency scores

of participation types

olF, FAFHI ATESY YIS T
APdE W-FEY AAS FE @lssion
(<Table 14>), AFZHQ AIZRA Axs Awn
W afekat ARl B YAy de] Fud
TR aedor AFARIS FIEAG

(<Table 15>).

<Table 15> Post hoct results between participation

given by DEA models types and efficiency scores
Field % Model Min Max. Ave.  SD. Field }t’ya;z Model DMUs Ave.  SD.  SE.
CCR 0.0192 1.0000 0.1289 0.1391 CCR 286 0.1289310.139105 0.00823
Lead BCC 0.1861 1.0000 0.4464 0.1623 Lead . BCC 286 0.4464410.162277 0.00960
: CCR/
(N=286) ]C;:lz 0.0691 1.0000 0.2575 0.1454 see 286 0.2575260.145436 000860
Oceans Oceans
o CCR 00238 10000 01945 01565 CCR 580 0.1948450.186549 0.00775
articipai
pati pa  BCC 580 0.5507220.165062 0.00685
" e CCRT 580 0.3155340.180113 0.00748
(N=580) " 0.0571 1.0000 03155 0.1801 BCC : : :
COR 00106 10000 0.1607 01237 CCR 400 0.3657250.174927 0.00875
Lead BCC 0.1648 1.0000 03657 0.1749 Lead ?CC; 400 0.1607080.123690 0.00618
(N=400) CCR/ 400 0.4092310.138834 0.00694
BCC 0.0643 1.0000 0.4092 0.1388 Fisheri BCC
Fisheries 1sheries CCR 420 0.4951600.207238 0.01011
Participati-— 0024, 1:0000 0.2520 _ 0.2074 _ BCC 420 02519620.207415 0.01012
BCC 0.1732 1.0000 0.4952 0.2072 Parti. cor/
e Y 420 0.4658780.195283 0.00953
BCC
(N=420) " 0.1416 1.0000 04659 0.1953
Note : *p<0.05, ** p<0.01, *** p<0.001
Note : * p<0.05, ** p<0.01, *** p<0.001
<Table 14> Mann-Whitney U test results between V. A =2
participation  types and efficiency ==
scores B oA DEA WHES A gate] g
Field Model Ma““'yhimey Wilc\‘;‘x"“ Z  P-Value 3} FabRole] R&D EE8AS BEAETH al
FARTY dEor  FAd A I
CCR 498015 90,8425 -9.573 0.001 FARE L T : ;o? H-‘j Iﬁ
o] & Tl A= o] 3 2 A F)
Oceans BCC 56,1065 97,1475 7755 0001 1686742 Al3AIE DMUS sb ehelE 2 s
CR (o 106170 5145 0001 Qom, AFEEFe] AHZ olojX=d 714
BCC ’ ’ - ' A&7 B skE A4S mEske] 201795 € 2020
CCR 47,393 127,593 -10.798 0.001 kj7]]—x] _/':ggla jll_x_ﬂ Eﬂo]H% %‘@6}22‘4. Er‘(ﬂ
Fisheries. BCC 55,655 135,855 8366 0.001 Mrne A7 ATeES ARsT, s
CCR/ ) .
Bec  T264T 152847 3349 0001 R SCIEE, EFEE 7)&oldns, AlYE
Note : * p<0.05, ** p<0.01, *** p<0.001 A-E AAsda, 4 A F3S A A, #
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