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Abstract In line with the recent wave of the 4th Industrial Revolution, the environment for defense R&D
is transforming into a center of high-tech military technology. In particular, developed countries are
strengthening control of technology exports and technology transfer to protect advanced defense science
and technology. For this reason, the budget demand for securing the ability to develop independently
high-tech weapons and core technologies suitable for the future battlefield environment is increasing,
and increasing efficiency in R&D investment has been highlighted for efficient distribution of limited
budgets. This study examined the efficiency of the defense basic R&D project using the non-parametric
approach, DEA. The R&D budget, R&D researcher, and R&D period were selected as the input variables,
and the number of papers and patents were used as output variables. The efficiency of basic R&D
projects was analyzed through CCR, BCC models, and SE. Lastly, based on the efficiency measurements,
the cause of the inefficiency of R&D projects was suggested, and ways to improve efficiency were
suggested. This study is expected to be used as useful information that can be applied to project
performance management through efficiency analysis of basic defense R&D projects and be reflected in

the project planning stage through feedback.
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Table 1. Overview of Basic Research Projects

Program

(Code) Description

General Basic Obtain original technology in the field of

defense technology and future source
Research
(GBR) technology that can be used to develop
new concept weapon system
. Promote the project through liberal
Pure Basic - . - . K
offerings in the field of defense science
Research . N
(PBR) and technology, such as physics, chemistry,

biology, and mathematics

Promote the project through liberal offerings
in cooperation with international professors
in targeting participating professors in

International
Joint Research

(IJR) general universities and specialized research
centers
L Group research system of the defense
Specialized R
specialized research center composed of
Laboratory . . ) .
©D five or more basic research fields required
for future core technology fields
Specialized Research centers committed to academic
Research Center |research institutes and departments to focus
(SRC) on specific technology areas
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Table 2. Previous studies on the efficiency analysis of defense sector

Variables
Researcher Methodology
Input Output
Jung(2005) R&D budget, Employee, Total assets Total sales DEA
Jung et al. (2010) Employee, Total assets, Material cost Total sales DEA
Jung and Yu (2011) Employee, Total assets, Material cost Total sales DEA
Jeon et al. (2012) R&D budget, R&D reéearcher, Total sales DEA
Total assets, Operation rate
Park(2013) R&D budget, R&D researcher Patent, Commercialization DEA
Hong et al. (2014) R&D period Paper, Technology diffusion, DEA
Commercialization
Kim and Hong (2015) Total assets, Employee, Expenses Total sales, Profit DEA, Malmquist
Park and Ma (2018) |R&D budget, R&D researcher, R&D period| Paper, Patent, Acquisition technology Bootstrap DEA
Chae et al. (2019) Employee, Weapon System Cost Total sales, Net profit DEA
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Fig. 1. Research framework
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Table 3. Variables

7129 AR AN 2YEEA $83%t ikee
22l & 4 7). S5 ANY 2IE v s
=

o RS EPS

4.1 TIESAHY L MR

340 A8E R, A0 TS EABE Table
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Table 4. Descriptive statistics of data

Variables Max Min Avg Std
R&D budget 14.55 1.06 4.51 3.01
R&D researcher 54.00 0.89 10.62 10.59
R&D period 108.00 27.00 63.35 29.49
Paper 43.50 0.00 6.19 7.79
Patent 22.00 0.00 1.53 3.14

T, Akeras 7o) AuAlE B4R 23 Table 5
oF Zt. 7tHlE A7R1(0.332), A7717H0.775), =
£0.762)3 FH+H) FHBAE e e Al
22 A7717K0.355), =<(0.279)3 F(+)2l oA
£, I =20.589)% F(H2 FHBAE Hol
I Qe ARkAog W Aozt fodt AHuAE

Type Variables Definition
3l 9 2 HAALS AAsI= ALAlL. Flo]sk
Total research funding for the L}E}LH‘L "101 %T d é‘—- - Eo]—q—‘— A}éa g‘]—‘l%
R&D budget . A1
project (100 million won) ,{r\_ %1]:}
Input R&D researcher | Total participating researcher (M/Y)
R&D period Total R&D period (months)

Paner Number of papers published in Table 5. Correlation analysis among variables
Output ap domestic / foreign journals

Patent Number of patents applied or Variables R&D R&D Rng Paper Patent

registered at home and abroad budget |researcher| period
R&D
budeer | 1000
—‘IE‘CQ%—}FETI:‘ 7]% ﬂ?oﬂ/\—] 7]’14' ‘fg,—'ol /\]"g‘ﬂcﬂ = R&Dh 0.332" 1000
researche X

A7, AT, AF7IEE AR ATHlE 4 P | 000
Fol A &gt AH|E AYsielon, AqtlElE IA| R&D | 0775 | 0355 | ) 5o

N ) ] period (0.000) (0.005)
of 298 F FALUY) o FolstATk AT . 002 [ 029 [0 | o
717he 2A AT 7170 Sfulick, AEESRE A T e
A AR QAHT i k=B E3Z AFs% Parent | o504 | ©0117) | @089 | ©o13) | 0%

o e Avdel 7|2aT 20E B Aus

* P<0.01, * P<0.05
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£(PTE)}E £43% A3}= Table 63 Zt}. CCR 23
9] 71&H®E&A2 H 0.407(40.7%), BCC ¥9] <=
71e€a84L W 0549054.9%)= e i
DMUES &84 oA 4AnEd  4~1170
(6.7~18.3%)9] DMU7} &&202 Yeon, th9]
DMUE2 AdiFdog vagde BxE HYt &
CCR E3@of|A= 47§ DMU(6.7%), BCC ZaolA= 11
A DMU(18.3%)7F &&4 o] 12 HQl &&F<
DMUZ Yepgict.

Table 6. Analysis results by DEA

Number of Number of Average

Efficient DMUs |Inefficient DMUs Efficiency
TE(CCR) 4(6.7%) 56(93.3%) 0.407
PTE(BCC) 11(18.3%) 49(81.7%) 0.549

Table 72 712A7/EIA f30] W2 584 &
A AiE YehR Aotk CCR EPoAEe =z
SRC7} &&4%] DMU H[E0| 4HHo & £ Zo=&
ettt A 347] DMU % 47H(11.8%)2] DMU7L &
€342 DMUE Yepgow, 71&a&4(TE) WHwol
S51%E 49%= T84 AT Fart Qokes AL 9
vtk T2 73 GBR, PBR, JREEF &&39 DMU
7h & 3 e EXHA] ghe Ao R v 712 A
LA 4] 2239 F 7P v EEHR] 308 e
3t} BCC ZEoAs m=2 73 PBR(80%)0] &84
DMU H[&o] Ao R &2 A0& Ueyfon] 1g
I3 JR(50%), SRC(11.8%) =02 Wetyte}. T2
GBR #A 177§ DMU & 170(5.9%)9] DMU7} &&
29l DMUE el 7|2 A0 470 2209 5

Table 7. Analysis results by basic research type

7 BlESHQl o= YEyth CCR, BCC &2
% 5829 DMU H|&°] WA Yepd 2734 GBR

43 Hgsyd 32 24

CCR 39| 7|&a&4(TE)Z BCC ¥ &7
£a84(PTEE B3l 12 a&A(SE=,)08 78
5 9loH, &57ER &Y Y ae TAE B9
DMUS] H|&&4 ERlo] &7|&4
ZARJNA Ei= 2 SHA HAYSH=
8E&4 N BHFE ANE S Ak %
#ET £471E884 ol & Aole vagdY
Qlo] B4k = EWof| glow, WHfR &47|&8 8
#Eh 2 384 Fol & Feole Haede d
Qlo] Fold EYS A9 AE2 Aot 7|ed &
Hol Qloka & 4= Qlch

Table 804 7|&&&4Y, +571&€a &4 dto] =&
191 DMU+= =29 S&840M % B&4 #tol 1+ UEt
WEE DMU 41, 472 =33 F 4719) DMU= 39
Tz A 284S 24 Al o 5= Qlch
Yz 567] DMU % H]&&4 o] #& =del
DMUE 1570(25%), 71&24 ZH DMUE 417H(68%)
2 Yepdtt ool DMU7E 71&3 Rlof o8 vla
£33 ACoE Yt B4 59| SEth= AES T
£ 5o a8 AT Fart Qi

Table 9= 7|2AWHLTA] f30] e 29 &
&4 B4 23E Uehd Aotk =28 SRCE AA|
3470 DMU % 470(11.7%) DMU7F #Z 9] 47 884
S 243 Aoz Yo, DMUE 7|& ¥ 12 &
oA RE HEgHQ] AoE eyt Z2 I3
GBR, PBR, [JR &% 729 &&4& &% DMU7t
o 3= EAHA] e ACE U

U Tt

TE(CCR) PTE(BCC)
Program Number of Number of Average Number of Number of Average
Efficient DMUs | Inefficient DMUs Efficiency Efficient DMUs | Inefficient DMUs Efficiency
GBR - 17(100%) 0.217 1(5.9%) 16(94.1%) 0413
PBR - 5(100%) 0.294 4(80%) 1(20%) 0.943
IR - 4(100%) 0.473 2(50%) 2(50%) 0.685
SRC 4(11.8%) 30(88.2%) 0.510 4(11.8%) 30(88.2%) 0.543
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Table 8. Inefficiency analysis results by SE

Causes of Inefficienc Causes of Inefficiency
MU (CTCER) (E(Tii) SE PTE SE § DMU (CTCER) (E(T?E) SE PTE SE :
DMU1 0.277 0.565 0.490 * DMU31 0.707 0.790 0.894 *
DMU2 0.059 0.198 0.298 * DMU32 0.880 0.926 0.951 *
DMU3 0.076 0.198 0.384 * DMU33 0.494 0.555 0.889 *
DMU4 0.382 0.386 0.989 * DMU34 0.593 0.628 0.943 *
DMU5 0.380 0.960 0.395 * DMU35 0.573 0.581 0.985 *
DMUG 0.161 0.395 0.408 DMU36 0.239 0.269 0.888 *
DMU7 0.367 0.392 0.938 * DMU37 0.150 0.160 0.934 *
DMUS8 0.113 0.119 0.947 * DMU38 0.214 0.265 0.808 *
DMU9 0.280 0.593 0.472 * DMU39 0.3360 0.367 0.916 *
DMU10 0.110 0.282 0.391 * DMU40 0.875 0.943 0.927 *
DMUI11 0.141 0.150 0.939 * DMU41 1.000 1.000 1.000
DMU12 0.155 0.163 0.951 * DMU42 0.741 0.788 0.940 *
DMU13 0.045 0.049 0.928 * DMU43 0.324 0.325 0.997 *
DMU14 0.188 0.500 0.376 * DMU44 0.220 0.268 0.823 *
DMU15 0.376 1.000 0.376 * DMU45 0.455 0.494 0.921 *
DMU16 0.361 0.387 0.932 * DMU46 0.267 0.292 0.915 *
DMU17 0.222 0.678 0.327 . DMU47 1.000 1.000 1.000
DMU18 0.622 1.000 0.622 * DMU48 0.653 0.687 0.950 *
DMU19 0.180 0.714 0.252 * DMU49 0.316 0.633 0.499 *
DMU20 0.187 1.000 0.187 * DMU50 1.000 1.000 1.000
DMU21 0.252 1.000 0.252 * DMU51 1.000 1.000 1.000
DMU22 0.228 1.000 0.228 * DMU52 0.547 0.547 0.999 *
DMU23 0.139 0.273 0.509 * DMU53 0.395 0.395 0.999 *
DMU24 | 0.466 0.466 0.999 * DMU54 | 0.320 0.320 0.999 *
DMU25 0.436 1.000 0.436 * DMU55 0.547 0.624 0.878 *
DMU26 0.850 1.000 0.850 * DMU56 0.711 0.711 0.999 *
DMU27 0.317 0.343 0.924 * DMU57 0.366 0.377 0.970 *
DMU28 0.044 0.045 0.976 * DMU58 0.508 0.534 0.951 *
DMU29 0.161 0.161 0.999 * DMU59 0.279 0.285 0.980 *
DMU30 0.500 0.514 0.974 * DMUGO 0.614 0.620 0.991 *
Table 9. SE analysis results by basic research type Ql =F2 A 10%, Edl+ F 373% SH7F 223t
Program Inefficiency of Inefficiency Ol'at'imal 7—'/1_0_—§ L]-E]-}j:l:} ‘l’E_?j étﬂoﬂk]% ca:i?l%] é'—‘/"\_ﬂ-’ ﬂ-
pure technology of scale efficiency = é.?j_oﬂ/q% E3 %_I;Hﬂ— 7]—;%]— ‘]?_l_g_-o] -\é_g_fﬂ— 7}4\‘O_E 1,]—
LT e ) Ehdth T2OW PBRS FUSHIM, AESHHE
IR 250%) 20%) - T2 JRo| 7FE aEor AES %t A
SRC 28(82.4%) 2(5.9%) 4(11.7%) o7 LjeRgtTh
DEA 204 B] G842l DMU+ &AW = & Table 10. Target quantity to improve inefficiency
2Tl LS B9 HES IS BART B T T T
%Z:],_QE 1:47] -Or]’é‘H ‘::_,_]'*é’é‘HO}: S} ?—‘-]]Z:],?_]_ EHE Z‘]]/l] gram | budget |researcher| period Paper Patent
3 ot = DMUEE B¢ 4R Aks Z718 & GBR | -2.865%) [-99.8(46%)|-99.3(13%) | +13.3(36%) | +48.5(441%
A A v g9 HE A& S 9t} Table 10 PBR | -0.3(5%) - |-60203%)| - |+8.5(853%)
= 712N 79 vlaed s fie =Y UR | -64G0%) | -5.662%) | 4329%) | - |+2162%
(AR EREe U Zloldh. AR A SRC | -17.8(9%) |-79.2(20%) |-736.2(27%)| +13.5(4%) |+111.X145%)
EE Sguedl A7rls Wet 15% AFIES B T T a5 |20 234701%) +67(0% | 4286759
25%, AF7IHS Bt 21% S47F "Qsky, A
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