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Korea’s R&D investment has significantly increased in recent years and the quantitative outputs such as number of papers
and patents have also increased with the investment. However, the quality of R&D outputs has not been fully addressed. In
particular, quality of technical performance, such as the quality of patents, has attracted little attention. In this paper, a Data
Envelopment Analysis (DEA) method was used to construct models for efficiency analysis of R&D investment, focused on quality
of technical performance. Indices were proposed to analyze the quantitative and qualitative efficiencies of R&D investment. In
order to effectively analyze R&D efficiencies, the measurement units of the input and output variables were standardized. Based
on cases of livestock quarantine R&D projects of Korea, the quantitative and qualitative efficiencies of national R&D projects
were analyzed and factors that would influence R&D efficiencies were identified. This paper suggests that both quantitative and
qualitative efficiencies should be considered when measuring R&D efficiency. Also, it is recommended to carefully consider
the characteristics of R&D projects during project selection stage.
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<Table 1> Studies on the DEA Efficiency Analysis

Researcher year DEA Model Input Variables Output Variables
Nam et al.[24] 2008 DEA AR Research expenditure, Human resources SCI Papers, Patents, Technical loyalty
Kim et al.[15] 2009 | Ouput oriented DEA | Research expenditure, Human resources SCI Papers, conference, Patents, Human resource

training, Technology spread

Park et al.[29] 2011 | Input oriented DEA

Research expenditure

Papers, Patents

Goven’t expenditure, Private expenditure,

Kim et al.[11] 2013 | Input oriented DEA Participants, Rescarch Period Papers, Patents, Sales
Lee and Cho[19] | 2014 | Ouput oriented DEA | GOVen't expenditure, Research Period, | gy pere paents, SCI Paper IF
Human resources
Kim et al[10] 2015 | Input oriented DEA Goven’t expenditure, Private shgre, Papers, Patents, Technology transfer, Technical
Human resources, Research Period improvement
Lee et al.[21] 2015 DEA/Window Research expenditure, Human resources SCI Papers, Patents, Technology transfer
Um et al[32] | 2016 DEA RAM | Research expenditure SCI Papers, Domestic Patents, Global Patents,
Technical loyalty
Lee and Lee[20] | 2016 | DEA/Malmquist Index | Research expenditure, Human resources SCI Papers, Patents, Technology transfer

Kim and Chung[12]| 2017 | Ouput oriented DEA

labor cost ratio

Goven’t expenditure, Private expenditure,

SCI Papers, Patents, Technical loyalty,
Commercialization

Research Period

Kim and Cho[13] | 2018 | Ouput oriented DEA | Research expenditure, Research Period SCI Papers, SCI Paper IF

Park and Seo[26] | 2018 | DEA/Malmquist Index | Goven’t expenditure, Projects Sc Pape.rs’. Pa.tents, Technical loyalty,
Commercialization

Kim and Cho[14] | 2019 | Ouput oriented DEA | Research expenditure, Research Period SCI Papers, SCI Paper IF

Lim and Jeon[23] | 2019 | Ouput oriented DEA Rescarch expenditure, H resources, Papers, Patents, Product
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W F R&D FAF 284 F4S8 984 = DEA By
o] = 8 Qltt. <Table 1>7} o] DEA E3o| &
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<Table 2> Number of DMUs

R&D= A7l tjgh E3Hagoz Al W A
e T 84 A diF ofedgol o, dad
Toll A= R&D FAF21 7} A zhe] AAel st §&
A& BA38TH12). <Table 3>3 #o] DEAZ &3
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{Table 3> Reference of Variables

Type Variables Reference
N " ditu 10, 11, 12, 13, 14, 15, 19, 20,
e€search expenditure 2]’ 23’ 24’ 26, 29, 0
Input

Research Period 10, 11, 13, 14, 19, 23

Human resources 10, 11, 15, 19, 20, 21, 23, 24

10, 11, 12, 13, 14, 15, 19, 20,

Papers 21, 23, 24, 26, 29, 32

Patents 10, 11, 12, 15, 19, 20, 21, 23,
Output 24, 26, 29, 32

Technology transfer |10, 20, 21, 23

Technical loyalty 12, 23, 24, 26, 32

Commercialization 12, 23, 26

Goven't expenditure Project DMU
vear (Million won) (Num) | (Num)
2007 21,800 123 10
2008 14,500 121 17
2009 15,000 121 10
2010 19,800 118 13
2011 21,600 151 19
2012 23,900 161 12
2013 22,600 178 11
2014 21,300 178 4
Total 160,400 1,151 96

*Based on the data obtained from[25].

+ 53]2] SMART(System to Measure, Analyze and Rate
patent Technology; ©]3} SMART) 23} oz A3}
th. SMART= 53813 4tel7]3 g3y 18 3] oA &
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<Table 4> Input and Output Variables for DEA

Model Variables
Research expenditure
Qula\l/r[ii(';give Tnput Research Period
Output Number of Patents
Research expenditure
Quﬁé?;ilve Toput Research Period
Output SMART Score of Patents

A T4 BCC Eo o) d=d 44 aeAd
A7 ga&Aol BAHeR Fond Hol7t dEA
el EAsATh 4H a8l Hite 0504, 24 &
A9 FIFS 072902 YEon, 93 w9 EY
AR AR, EAHSE FnE Aol7t A= AR #
AE A A 7T AEAR e B, 58 e
A FFo] & 7 dv] MF A0 sofr L gl
o, F A S G e A4 FEol U ®
& Ao otE Yt o= A tidAbg el WIE 5
R&D7} obd AR F% R&DoIH, 4T w9
TEHATAS} tigtor AHE Ao 7| sow

A,

{Table 5> Comparison of Efficiency Results

Type Quantitative Qualitative
yp efficiency efficiency
Mean 0.504 0.729
median 0.462 0.726
Descriptive SD. 0.165 0.148
Statistics Min. 0.394 0.349
Max. 1.000 1.000
observations 96 96
) Test statistic 309.5
Wilcoxon ™
p-value 4.19E-13
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<Table 6> Statistics of Efficiency Results : Organization Type

Type organization type | Efficiency | DMU | p-value

Quantitative | Research institution 0.508 88
0.3435

Model University 0.459 8

Qualitative | Research institution 0.716 88 0.0038™"

Model University 0.867 8 ’

p < 0.01; ™p < 0.05; "p < 0.1.

R&D @A 9] A5, ¥4 2&4S &4, M,
124 59 £ow = veuth 24 284S
FAT7E 7P =4 vegen, 894, 71x2AT &
O % Yehutth R&D THAE 15 7 Blul A3 A4
A 3ed BT AR FovE Aolrt fle Al
=2 F4HA

<Table 7> Comparison of Efficiency Results : R&D Stage

Type R&D stage Efficiency | DMU | p-value
Basic Research 0.449 12
Quantitai Applied Research 0.548 34
antitative
efficiency Development 0492 4 0.1242
Research
other 0.394 2
Basic Research 0.708 12
o Applied Research 0.709 34
Qualitative 0.543
efficiency Development 0747 4 -
Research
other 0.756 2

p < 0.01; "p < 0.05; "p < 0.1.

**p < 0.01; *p < 0.05; p < 0.1.
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NEFRTrIe Ay, FH a2 41, A7,
< Ao dEuth 24 2848

o]
<Table 8> Comparison of Efficiency Results : Technological
Life Cycle
Type R&D stage Efficiency | DMU | p-value
Introduction period 0.443 35
Quant.itative Growth period 0.540 45 0.0007""
efficiency |  Maturity period 0.511 11
other period 0.590 5
Introduction period 0.717 35
Quali.tative Growth period 0.750 45 01909
efficiency Maturity period 0.733 11
other 0.611 5
™p < 0.01; p < 0.05; p < 0.1
SEAT AT A, FA B8-S 5T (collabo-
rative R&D)7} =& 102 Yepyton dA g4 o
%% (non-collaborative R&D)7} =2 o2 YERITE &
AT o Fo wE 5 3F Al A AA 584004 F
AR O R Fo|ng xol7} = Ao EAHIA =
ATte] A m&A o] = YEluthe A2 270 o]/
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S3he AN 9 AF5EYFATL AHoR 59 43}
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A3 BE7} glon, FEAT Al B, FulB
% golr] g 5 AFSFPFA dYY AT ZE
b itk 7H FAE ol B s AR PEsta 9l
7] dhiel, 9818 BT ghAel vs) griHos 4%
o0& $4gk At Aol ofrke A0R AT £ 9

<Table 9> Comparison of Efficiency Results : R&D Collaborative
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{Table 10> Correlation Analysis between Efficiency and
Number of R&D Collaborative Organization

Type

Type collaborative type | Efficiency | DMU | p-value
Quantitative | Independent R&D 0.487 50 05418

efficiency collaborative R&D 0.522 46 ’
Qualitative | Independent R&D 0.758 50 0.0493"

efficiency | collaborative R&D |  0.697 46 '
43 2843 SSUHT 2t HEEM

TEAT %o W 49 syl BAMoR &
ofm gt xfol7b ypebe] wet, FEAT 71H o 128

Type Quantitative Qualitative
efficiency efficiency
Qualitative efficiency 0.110 -
Number of R&D 0.060 0255

collaborative organization
™p < 0.01; "p < 0.05; p < 0.1.
584 2

2 AT = A TFNEALE o 7]EA Al 55
qitE AR 84S A4S f8 AE T4 BCC
2s &t FYHgTe A, A0S AR
sk, AAEWe A4S, ¢4 284 4L 59 AT,
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Atk R&D 540 wet 2848 vust 23, 44 &
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TEAT ool met EAHOR FoluF Ao} gl
Ao BAEAT R&D WA RE $H FeAY 2
4 584 25 5440 fevd Aolr} fe Ao
2 RN ATedE F hete 24 asel
A deon, FEAT oFelN wEde] 27
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