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This paper measures and compares the efficiency of national health technology R&D programs focused on
translational research program increasing importance using data envelopment analysis (DEA). Three input
variables and three output variables are selected for DEA. Inputs are funds, researchers, and project period and
outputs are SCI (E) papers, applied and granted patents, and impact factor. This study uses a three-stage
approach. In the first stage, output-based DEA model is applied to evaluate the efficiency of decision making
unit (DMU). In the second stage, based on efficiency scores of target diseases high-efficiency group and
low-efficiency group are classified. And then strategic portfolio matrix of translational research program is
composed of four dimensions combining research types. Mann-Whitney U test is then run to compare average
efficiency scores among four groups. In the final stage, Tobit regression model is used to estimate factors likely
to influence the efficiency. The results are expected to provide policy implications for effectively establishing
investment strategy and managing performance of R&D program.
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1.A & 2] 3 oF3HA & AHd (multi-disciplinary industry) &2 A 7}
T ] && FoFo] tH(Cho and Kim, 2003).
A7 173 HAAE 57 I A5 FEFE oz < O AL =AY 4o A A I8 RAdR
74 A7 9 A FEE B9 57]E(health technology :  AFY 48 93] 1995d0] RAE/EHNEHE A As L
HT)ol i@ FaHol ZopA L olon, Zimol M E HAE o5 ZAZ BA8r|ed ALY F28) o3 ok
24 (health industry) S 2 ZF4F (strategic industry) & & S148F  «B A 87| L o8} - (3. g T - JEARE &
1L HEAGEI e AH S AT R&D FAE GG Utk B o #EEE 7E, JFE - 8] - AE - FAE - Fof
ALY S DRI - 4 A (high value-added and 5] A% B B5 o] BAHE 714, 18] AA ) A%
growth industry), A4 7]%F 4+ (knowledge-based industry), T 2 Ao §AZHo] Bad AE D Au| A9 FHAHE V)
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&g TR EAY 57N Ax). d=5H87|£71g
H7 9 (Lee et al, 2013)9 20129 % Z7ATAEAY =
AL B BIA o 2w, 20129 7% $-2luhel A4 R&D
FANL 152 9,064 o= AR o4} thu] 54% FFo| 1L
°]% OECD A3 5AE 7|E 02 1A757 2 B4 fof
of 1233359 9(8.4%), HN7|EREEF 7|Eo=2s BA
o 87]% Eooll 12 1,043 9(6.9%)°] FAHAT 53], 4
2 AL FUAY F2, 49 2 B, 3913 BAY S
A 542 9l 19953 58 B 57] & R&D A= 313
Q3 ¢lom 20124 715 3,000 Y FF7A 27} S
A

2005@_1%1 MES e
lational research : TR) A Y& 24
T2 T AR5 Y AL R A A
77, G g Ag7e) o2 A
I AT dAZ HEZL
7 (bedside to bench)” 2.2 A &8 4= 9}, A A ¢
A= 72 7] 24 owoy}hwd%m@%ﬂw
#-& 2}A 3t} (Fontanarosa and DeAngelis, 2002; McGlyn e al.,
2003; Minna and Gazdar, 1996; Rustgi, 1999; Kim ef al., 2012). 5
AATE N 2ATE YRAT Abol9l $EATE BT 7
T, 3 7] Z(target validation), A F FH 7% g H A3} M
FAAE, FA AHA D (LG 02 dFoR) Fol FNATF
Hefol 2= 1 AF TR AFH G843 FE HrhsiA
WY Y AFES ol Aol T3 HKim et al., 2012;
Zerhouni, 2005a, 2005b; Zerhouni and Alving, 2006). ©] 7I'd &
19903 0] H ol A 7] 2 g gete] w54l B ol = &8t

AA QA Lol e A A g AR B AR &
011*1 '425”5‘}31 CAT O 719 59 HE olof o]

AT FAE FAHEA AT i B o] B &

—7]—0}3_’ ATHKim et al., 2012). S7HATF+= 20053 F-F 2012
A74A] 1,0009 9 o] o] FA4€ vhE 3198 R&D Aol
A AR HFe] AATL A3, 18 FAY £84 AT
7b oS- S 8% FAE FASL ok 3 =35 E7)
7} (Yu et al,, 2009)2] 120090 % RA B &A 77
A ASHZER A o] BEE FAAT EokE 20061 ~
20083744 71F 02 A dEATFTL 60% ol FS AT T
Z FAu ol Hla) A7 g, AH] FREE B 19 9 o
2 w2 Aos ey AT A5A 0L S8 d
Ao A FAAA tekAl FA Y FF
A5 FAAA A g 2831 B aAE A7 nt

o] 04-?94 2 FNATF 22 IR g &
A&7l %J‘jrﬂr Hlﬁ%ﬂ‘” %‘J‘jé 7

¥

& 92l
& ]% = U OIE -ﬂsﬂ 2d
AEs st A AR A 1jr-r](decmon making

unit : DMU)9 g8 E&A4& A= 83 Asxg

4

A ENFAYH LEET L 1Y 173

-4 (data envelopment analysis : DEA)% RS ’5‘} A} gt} DEA
© oA BFe 944 BAE 3, 33 EH deiA s
AHRAQ 7S & Favt gt A E ?l?fﬂ 1970

Shb SAste] 15 Thg Bofoll A A Y 1A, A A LA 9
Fo W27 Jdg &85 QItkLee and Oh, 2012; Sim
and Kim, 2009; Choi et al., 2010; Jeon and Lee, 2011; Kim et al.,
2012; Bae, 2013; Chun and Lee, 2013).

B A7 4L t53 2o A 2o A= o] 24 w7 3%
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(1) DEA

ditH o g &Aoo Erhe A2 YT m¥ojy Ad S
FYsto o 22 AAE AFAY sE AU A4d S @
=i 9 A& =83 Ado] L85 E 4¢E 7HeRi oY
o &AL AUH &84 (absolute efficiency)d oA E&
A(relative efficiency) &2 FEE =, dUjd £&42 #4
ol He AATA ] FYH] 4E9 vl &S ov|ste &
AN e84 A 5S¢t AAFAV M 28
A oA 4—7—’7‘]9} Hlastel AojAQl o s FdH of

=
(Charnes et al., 1978; Le
Farrell(1957)& %%
A7 EA, Bl SR,
DEA {79 dlAdo] H&= &2 7id
Aol Qo A4 A2 skt durael 7311]?:5.
—Er?JTJr AH2] #A 9 B3l Cobb-Douglas A4+
g el o] A E JH et #5E XPEE A
T4 (parameter) & 43X T, DEAT AHA Al A A Q0 3
SéEHCﬂl el 7H8 S otAl gL FolZl Asvto g A g
(linear programming : LP)oll A3} F 3} Ab29] A4taA &
R 0.2 $A U0k DEAL U3 48 AEE ol atol
A 4FHA 7 (production frontier) & T3 & Hl&& AT E A4t
117 379 7 2 (distance) 2 A4t 714 -& 9] W] gHTh(Shephard,
1970; Fare, 1988; Fare, Grosskopf and Lovell, 1994; Lee and Oh,
2012).
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= Farrell(1957)9] &
o] 271 % CCR 3L
scale : CRS)= 7}4 S =

3H4-et 7l o] T}, Charnes et al.(1978)

T2 o gk =< &1 (constant return to
80|31, Banker et al.(1984)°] &7
[e)

o)
e
o

BCC ¥ =R tig 7} (variable return to scale :
VRS)= 7H8 ¢ B¥oltt. A47te) Ry Fols H4s) g}b
A, Azg A3} steA o iet £ 7] E(input-based) B3,
4+Z7]Z(output-based) = 33 Z A EsEY
TERFIEHCRY) S BYE EEYAE

A7} H A 7t 2 (optimal s1ze)°ﬂ A
R R AR
] 9tk o]d CCR 289 o
H(VRS)S /M43t 254
3 7o) BCC Zgo|t}.
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ZF DMUY| ¢4 l%
ZASA Ha, 12

& (pure technical effi-

£/ (scale efficiency :

SE)& CCR oA dojA= 71 %i{%*& (technical efficiency
: TE) 3= BCC 23 A =471« &4 (PTE) o= U
FAFH 7T 5 QU Wef FRAEA(SE) ghol 15T 2o
A AR FYH e 2] FRY A HUFOR
AT A XA o5& ofv| gt

(2) Wilcoxon-Mann-Whitney test
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Uzt des AR2REH AtE ghol7] gl 254 A4
Hee B8 AUt 84 A= vlusted A8E

Tzte] E&4 Bl o & ¥ 254 (non-
5 oM =P8 F Y 22
747 ¥ (Wilcoxon-Mann-Whitney
test)] AHEHTE o] AWML T CHFHALE BE A}
ghol| Bop 27] £ o7 FEE vy 7 A2 FHE

Fofste] g EAES Fobod At FAT A
I A=AE AA 3= I o]t} Wilcoxon-Mann-Whitney 71
£ Wilcoxon-Mann UZ A, Wilcoxon &S] T AR 2 EE7]
=3

[SR=NCR
2=

o=
=
[e}

M1 oo S [y K
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3) B3] F(Tobit regression)

BN 242 AR S5AFT SAT o) e
EZ A R(censoring) = o} A= ¢ AHEshE B OIH. €
HHOE G&A ghol 05T 23 15T &2 gog A
of glof EHFH £4o] &4 dUALA I ZEETh DEA
€ 50 249 a8 AgE FHUFSENE, 184
of 9F< Md Aos FHE AAAA 8YsS ST
(AHH )R Fof o] & Atolo] #AE FALH st Aolth
EQS T £4¢ Bl AT aQlo] A4S BolEA EF
A BFAHRE DS 5 AT

Cheolhaeng Lee -

Keuntae Cho

22 APAF

DEAE 283t R&D S S T FE7|EY =EET &
H 3A 3714, & EA4 o] = 7H(nation) T A A A (pro-
gram) ©91 1A £+= 3HA (project) FAJAZ 2T & AUtk

(Park, Kim and Jeong, 2011).

= 7H(nation) 5ol A = Wang and Huang(200 ), Lee and Park
(2005), Park and Hong(2003) 52 77} 9a, E4 717 27}
7HR&D EEA H I E 95 EQM SR RED 2E, A9
d AEHFEE =5 B3] 5 A7) &2 A3 HolHE F
2 834t} Wang and Huang(2007) DEA, SFA(ZHEW 7
=4), :LFJL B 242 53 307 =7HE S R&D 5
HEgAE %ﬂ 393, FUHFEA RED 25
3 oﬂ‘_r“?la ,AEHTFEE =20 59 E o] &8t o
714 FE¥ -E"E.( tochastic frontier analysis : SFA)E ZEFE]
o] (frontier)& €& & (stochastic) 54~2](parametric) > 2 743}
= AFEALA Ry oz FrPHE AT BP0l Lee
and Park(2005) & 2770 72 A0 2 AZ A3 DEA R OE
FUHsE R&D FARIG A7 g, AEFE =2, 5
&), 28] 1 7]% 4% H(technology balance of receipts : TBR)=

o rﬂlo _1

o] &3FA I Ak SA L dle] BY-L 19941 ~1998d 74|
P HolEE, 422 1999 tlolHE &4319 1, 277 =

S Y O EHBIL ofAJo} THE «]EO’“E“OE
A3} . Park and Hong(2003)< 443 DEA S} Malmquist
< o]-&3ko] OECD 167) =7HE R&D E&4 3 438 24
Sta Aakd el wstagls aewsle 7|ewstE R8st
AT 1991 ~2001d 742 9] 1047k AAE A2 E

o] 835141 FUWFE R&D 257 R&D ¢ F o] AEH S
ESCl =&, nZEFEYolt) E3] SCl =59 A$ HUg

o

L5 o] &3t A7 2SI FAH A& A A
=149 483kt

A2l (program) 9] FEolA ] &A ATE Kim et al.
(2009), Park, Kim and Jeong(2011) 5°] Q1aL, 200913 o] S H-E]
A5 A R&D A S T2 A7 2 d o) $ttk Kim
et al.(2009)& FAHAFLALAL 1171E A2 2 20073 7
S5 34319 AHEAF BCC 2¥ 9| DEA £ 0 AQfd
< 1 23} Park, Kim and Jeong(2011)-2 A& R&D
200413 ~2006'3 1217] 4= R&D AFY U402 &&
A5 84 A9 207 2853 9 20 A 1
S 2 Wilcoxon- Mann-Whitney 744 & ©] &8l 157t
YIS HAE FAE 54S 248kt 1 A
THIE, BV T v, AT ol 12
£40] oA e ARE EE8AT 218U 9799
189 HAE B A0 T3t

IHA (project) ol A 2] E&A4 A= Lee, Park, and Choi
(2009), Hsu and Hsueh(2009), Byun and Han(2009), Baek and Lee
(2010), Han and Shin(2010), Lee, Kim and Lee(2011) 52 47
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AR HE 185t RAM B3 & 53l 243 284S 4 3. o)
£ CCR,BCC 2o T4 vwstith RAM R v ©H
o}s o B3 o &
Cooper et al(1999)0] A AT RYO2 7| LA 02 BCC Y 1) gy
35U T2 FHAS AT FYAGol} 4%
AP B o 3k AR A 7HA glo] HIEEAR S A o] A7+ DEA W &2 o] &3to] HHY87]< R&D A
AAsE WEFoZ &8s FHske otk Han and o E8&A4S B43luA 3o A4z oz A8 R&D AHY 9
Table 1. Previous studies related R&D using DEA
75 ) E5dr AEA avd
Wang and 3 DEA, EHI3]F
R&D2E, A9 = 57 . ,
Huang(2007) >, AT & 59 SFA(SHE¥ A5 A)
Nation S
=i, 53 A+ 2|8 DEA, Clustering and
E 0] ool & » 1 Th >
level | Lee and Park(2005) | R&DFAHH], A1 H 714 2= 2 TBR) ANOVA
Park and Hong(2003) | R&D2:5, R&DSI =5 =53 EY 2FZ2] 8 DEA, Malmquist
> Kim et al.(2009) AR F+RITY, A1 | =& Vet ZF=A % DEA
rogram - o == o E0) x| 5k ;
level Park, Kim, and Al (R ‘;—Lr, 2 E3 &9 F A8 DEA, Mann-Whitney
Jeong(2011) == uaA
Lee,' Park, and A7n), Aol =T, %5‘1(%%‘; 58), |4EA ’t‘%k.DEA, Kruskal-Wallis/
Choi(2009) st 5 Mann-Whitney U774
QTH(AR), A7, wE 592958 | SUA% DEA,
Hsu and Hsueh(2009) THCEE), 4 o L A24ds H -] <
AF7IZE AFRREFH S &3t EXs)A
=R EFEY, 52), | 2+&A3F DEA, Kruskal-
B d Han(2009) | AR, ©7h, 9799 ' I . .
Project yun and Han(2009) THICER ) AT 71&old T Wallis/Mann-Whitney U747
level =, 53=4 =%
Back and Lee(2010) | AHI(FF, RIZh, A799 29l 82 241F) = RAM, 2F&A]3F DEA
G _
Han and Shin(2010) | 8], dF91&, A477 O:’ T“i ° DEA, SFA(ZEHAEA)
] z?}a—d] X] T
Lee, Kim, and AFAY, AF77, =i, A AL, FDH(Free Disposal Hull), DEA,
Lee(2011) A7 RIZY 71E94, EY 5 3 A& A
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A5 A7, 9771t 5 FUES *}04"33 FAL At AE AddtE &5 AT (unilateral), 7] 2329} 12| 3}
7] g 240l A AAAEAAE Fo|F BEYERZ 7} FFLE $3E 5 AT (bilateral) 2 TEHT TS
HEES T 7/4\0 F03 P2 AEA 6k(output based) © AW S (disease- orlented)«l 3 2] 84 (goal-directed) Q!
B3 & 28349 THByun and Han, 2009) ATE 13 rﬂ BAASEEE 285 £ ot FAAT T8
A, 1949 i D % o] g3t 7 AEA(TE), =571 199 543 BN AR 742 27} <Table 2>, <Table
F&A(PTE), TEEE&A(TEPTE) S S48t A1 FEE, 3>3 2t} #3E DEA #4419 #EE L DMU 71 BT S
ARSI v BA »s}y_x} &t} ool 2vtA A E 1A 7Rl £ B AEH Y] ok whlEes 540 8l
N 523 5o e AT BAAESe 1EsAsT AE O DMUY ST AYUAA A A% 282 < DMUS H&0]
$4% A (goup)O.2 BHIT ATHYT 23¢ 5o FUALE A vEhdn S DM ﬂf% FRG AHES
ZAT Z2ad gt AL TEZ nyge pxg AT %Luj 37] Sste] £YI 2] RT3 4
o E3 AT SH 7] S0 Aol QAT wms Ay wo Btk e AASL AU ThBanker e al., 1984).
" (non-parametric test approach) = &3t HAE3tt. npA 9} 3
dAAME &40 T2 vAe 2UE A6 Hdl B 33WF A4
) B A0 A Al ] 5 H o X
PATobit egresion) £21 % SAHLA T EQTNT omigie pea w412 A 0 Aol 54 Aole
A A S 3THA AT S 298 <Figure 1>3 24, - = -
_ Hrgsta, @A oz SRyt 7hed MeE AAYste Aol
DEA 9} EHl 8] 7](Tobit regression) £41& 3718 B4 &A= . .
= Fasith WA DEA B9 FURTR A7u], A7AE, 1
EQl R Z2 I3 Version 3.0.1& AH83tA 3, 718 B -
: O ECESEERELE X RS EEEE R R
A2l e gl A ZlEE A 3 714 S-Link Version 2.28 & - o m
. 3 ARZ 7H Bol AEH L 1 AHE FEsted 78 o
Atk Fuz B AT o] &3 =&, 53 A HolHe | ) _
T8 BUHE $0Y Areln ATYAE A% A7)
=7} R&D A E 24 -l 574318 7] 5 A 4 4 B A H] 2+(Na- .
. A o £7} tt27] w) & Kim and Park(2004)9] A7 #z3}0]
tional Science and Technology Information Service : NTIS)S} ¢ - N N -
: i 68 949 20RD ohld 44 28 A DA
Aste] 5ol $E o Aol FHE A goH .
o AENLEE FAATE B8 A3 ¢4 A4 43
o SCIE) =1, 5395 F, 181 ¥ A &A 4 (impact fac-
3 EAYR & AASAT. EEL AT 22 4ol T ATAY 4
DEAS] A= DMU(S AFA R ek 9))zke] A2 ¢l mo]m g HE H7hsk=t del AHEETHOECD, 2001). 55+ a9 2
DMUS| 544 Hu7t Rolu Fash & ape gy o WOIARE 1€ 843 ARUS el 552 30
A2 20089 AAE ] 2010 E2E FAlol ] SCIE) = ZE, eE5AT FUSHEG £& /MAE YE L, 55
o] HoJ% 1A oA A& 3167]) FAl(project 2 Tl oz SIS LA B 5319 ¢ FURT ot AH 2
st} BAS 59 B Ao 45 SCIE) =2, & & 18T F the BAHO] UTHEmst, 1995; Hwang ef al.,
5 Adte FAEE 2d 37h4(2008d ~2012'd) LAY 7H 2009). DEA 41 93 £ 2 A=W TS 298t <Table
HT Agolth TAMATFE 2 ofell M ALHIL AJADT 49 2t
FNAT 22 884 HEH TESYL RY 72 9 (¢ . S
24 ” 7 vl 24 o[ EESTAnE
Output-based Portfolio matrix, Tobit .
DEA model Wilcoxon-Mann-Whitney test obit regression
<19A> <2HA> <BHA>
Figure 1. Research framework : three-stage approach
Table 2. Descriptions of two research types of translational research program
z=a4 AT 2 Aoy A LAt F29%
=i o= A - (unilateral) MERATFA @57 A7 et &, 213 ol | SCIE) =3, 53]
ST asATkiaenal) | ggelsAsh A EdeAr @59T | Ag29] 9 2d ol | SCIE) EE, 59
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Table 6. Results of correlation analysis
1] ATy AF71ZE | SCIE) =% | E3&YSE| IF I
1.0000 -
0.6598™"
1. -
Input (0.0000) 0000
-0.0080 -0.1440 L0000 )
(0.8872) (0.0104)
02836 I o
36 0.2511 0.0690 1.0000
(0.0000) (0.0000) (0.2215)
0.3479™" 03165 0.0167 0.1041
Output 1.0000
(0.0000) (0.0000) (0.7668) (0.0646)
-0.0070 -0.0265 0.1084 -0.0809 0.0644 1.0000
(0.9008) (0.6387) (0.0543) (0.1513) (0.2534) '
Significance level : .
Table 7. Summary of output-oriented DEA results
- i 84 =1 05 <884 <1 84 <05
& aEA 03526 97 A 4471 A 26370 A
(CCR =3) ' (2.85%) (13.92%) (83.23%)
57 04411 2371 A 7178 A 22270 A
(BCC 23 ‘ (7.28%) (22.47%) (70.25%)
y 7678 A 22778 A 137) A
288 8102
T 0.810 (24.05%) (71.84%) (4.11%)
Table 8. Comparison of average scores for inputs and outputs between efficient DMUs and inefficient DMUs
84 =1 05 < 384 <1 a8 <05
CCR =& BCC =& CCR =& BCC =& CCR =¥ BCC =&
146.778 133.087 198.205 185.648 138.856 136.572
Input 5.111 4.352 6.770 6.441 5.198 5.196
23.555 23.304 23.432 23.268 23.384 23.446
5.778 5.391 4.136 4.070 2.483 2.135
Output 3.778 1.870 2.295 1.535 0.300 0.279
6.338 5.061 4.094 4.049 3.407 3.286
4.2 DEAY CCR 289 A 26370 #}7(83.23%), BCC Z& o)l A 2227] A
) ] (70.25%)2 =A Yetytth F28& é A57F 191 FA = 76
CCR Rg g3t 7|& X (TE)% B 0.3526(35.26%), 7 31]-11](24.05%)E TR 23 FeAL AUAHo R A U
BCC :E?fé o o1& 571 BEA(PTE)S F 0.4411(44.11%),  lykr(<Table 7>). o] B4 A= vlm o4 DMUS 47} %
TREE CEUEERT AZIATFE 3 pMuztel B9, 4% 7he] A7} Aste] Uehe @abo
E%*ﬁ,% L : AL A UERE, ol 2 BdmEn) <Table 8504 B Hho} o] LAl FTho)
HlEEe) 4 EAEGE RSS2 2y mqge Ao w459 e 54 S ny,
oA s =9 B RHAN B & 7490 GAABER ARG T84 WL <Table 9>
F9] A E0 A, o] AT WAL o) 2o 7| ESA(TE), 5712 TSP BEEA
ZHEes o & i% Ag7h1E BAHAE (SE) BF 9EdTHGE §5AT7Y FF T840 B4 Y
CCROII A 97 ZHA|(2. Foll A 2378 HA(7.28%) 2 Ehtth GEATE CCR BH | 93 7| & ESA(TE) 7|22
Z 4 gAAHQ, ®, ®, B3), BCC ZFl 97 =

(50%) ujuol Bl &g PA =
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Table 9. Comparison of average efficiency scores for target diseases by research types
" & aEA TTlEaed TEEEY
e gEady | gsdr | g=day | g9%dr | a=day | gsay
O e84 0.2546 0.4815 0.3755 0.5571 0.7559 0.8521
@ 25 =4A% % 2¢=x4 2% 0.4320 0.7183 0.5209 0.7983 0.7758 0.8830
@ WiEn, 9% 2 A 2% 0.3304 0.4883 0.4082 0.5132 0.8285 0.9580
@ v A g 0.3020 0.6007 0.4118 0.6111 0.7999 0.9854
© &371A% A& 0.3109 0.7023 0.4063 0.7104 0.7930 0.9847
TIAE A% 0.4851 0.4386 0.5610 0.5199 0.8310 0.8294
@ NBAT A% 0.3083 0.4154 0.3920 0.4910 0.8238 0.8556
® ANE 23 0.3672 0.3519 0.4420 0.4693 0.8402 0.7909
© A&} BT 2% 0.2403 - 0.3792 - 0.7093 -
W g2 g 357l 0.3084 0.4321 0.4723 0.5116 0.7199 0.7965
@ A8k A% 0.2450 0.2892 0.3117 0.3984 0.7763 0.7541
@ ZEINAAT A% 0.3187 0.2419 0.4113 0.3123 0.8050 0.8111
©® 7€ 2% 0.3742 0.6769 0.4478 0.7916 0.8331 0.8527
3t 0.3359 0.4747 0.4254 0.5556 0.8049 0.8484
Table 10. Comparison of data for diseases groups by research types
Neagd TTIEEEA
2w gEAF L Roie oAt LR
18& | XNEE | 1EE | A8E | 185§ | AEE | 18& | AEE
A3 28 28 A3 A3 28 238 A3
DMU 113 165 26 12 124 154 32 6
g8 B+t 0.4004 | 02917 | 0.5514 | 03087 | 04766 | 03842 | 05932 | 03553
. 3t 116.611 | 116.218 | 377.615 | 365.833 | 116.508 | 116.273 | 372.938 | 379.000
REAA 3.172 4342 | 25849 | 59.407 3.449 4249 | 41778 | 21.781
it 4213 4.732 12.450 10.858 4.422 4.601 12.469 9.167
Input | AFIE ———
ETHA 2.259 2.307 4.492 4.684 2.627 1.999 4.459 4362
AN 3t 23398 | 23406 | 23346 | 23333 | 23403 | 23403 | 23344 | 23333
REAA 0.492 0.493 0.485 0.492 0.493 0.492 0.483 0.516
SCI(E) B 2.611 2.491 4.923 4.417 2.653 2.448 4.906 4.000
=5 EEHA 2.798 1.934 3.019 3.343 2.723 1.940 3.083 3.286
Output 5324 B 0.726 0.370 2.539 0.417 0.677 0.383 2.156 0.333
5 REAA 1.159 0.925 2.267 0.515 1.130 0.944 2.201 0.516
F R it 3.943 3.359 3.560 3.415 3.865 3.380 3.677 2.645
ETHA 2.908 1.707 1.824 2.382 2.809 1.735 2.077 1.156
A(PTE) 7| 2. & 571 A A @), ®, ®), 10, B)l A AA o] nE&HdS Joa o v|udl Aa&48 Jdo=
FHREG A Jehd 9, d5ATE 23 BAAS BERSY A7 HEEE B 2 A S O Hde Ay
(®, 0, @) At el dsto] HFgh oA 2 U B <Table 10>3} 2o} Jekzt £ o= 2jo) 7} glof Holu}
BRth TEEEAS @5d79 P57 A8 25 uEEA Hdo] Ay or gL ARE U 9o, ¥
H 2 70% o] 4o 2 Hlu A A YElth TATY Aole 1B EES Jodo] A8 &H S ik 7l
3 AU S Bol FYstEA g AAE Ui e Aol
43ZAAT T2 Y] TEEFQ B EAZoth 4] He] &4 HHFECCR ZHY A5
AT-LELHE0.5514), GEAT-LELSHE04004), FF
A BA B RS A4 S84 Foate 71EC2 Hd AT-ATEHEH0.3087), BEAT-ATEAR02917) A =
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o SAHSE 3 Aol

k3 o & o
FAT-AEEARH03553) AT €22 et 158E&E 7 JEAE 24T Aot gEdTfe F5AT oA
3o A5 s FEATI GEATRTG 0.1(10%) o) & 1ELAS HIAH ATEEE AGL §AFF 1%94 57
Aol A Yehd A& & 4 Sl HO 2 Fo3t afo| 7} EAshe ALE YEa, BEd -
AA E_A HTF L NZo2 HF ol A4S 1884 1ELAS AOH FAF-1ELAS AP o= Fo5
S AG Ha oied AS ASLAS Ao BRI A F %M §93 2olrt YEIYT o] = T84 Hgtol ¥
THYEE PR FAAT T2 U TEEYS & o] 28R ¥ A Hlg] E&F o)A ke AS
EY g T <Figure 2>¢ 2o BIAS @), (05 A vttt 28y d5AF- AL 4S8 Jdd A +-AE
93} CCR 233 BCC 2ol gt £4 A7t fAHA 48 A ttols £ BAFCE FAT Zol7t Sle
Uehstth 95d79] 4 15848 RgE Aa&dse oz yehy
22X g AAS 7 2o i 579 4= v
s UrEM@ Att AL 1 E LA F e 73#%_ A 45 ESA GFg0l B4
A 1370 R A3 Foll A 4~571(30.8~38.5%)7F EE3} 1
A, FEAL-TEEAS Ak WA 127] BRAEE Fol ojgel Aol tgt £ 25 EUIZ A 84 4T
A 9~1070(75.0~833%)Z tlF-1o] Agto] dFH = A2 mAE 298 4] d& EHITA E4L AAEHT
Uehgth g5 A7 A a2 Ade] 4% A4 137) el Z84 9F29 BHLE 84 g F5HSE 8740
23] Zo A 8~970(61.5~69.2%) % E& FXE Hol1 9 T E&A I A AoE AAHE AFATH], A Y
I, AT ALEAE A A 127] A FoA (FEAMFED), MAFAH T 5& FHUASFE 5ho] £
2~370(16.7~25.0%) & W& FEE Hola Yt} o] e A AtGth <Table 12> A WA E YL =2 £43 A3, CCR
E39 2w, Ad 584 LA AFATLE Y] &  EEHFBCC BF ZFIA AFATHIF E&A 0 BAFL
Aol & AddE BAEZ sty 840 Y& Jte  Z FYT JIFH S vAE AL FAT e, o= AT
HlE g AL /Ast] 84S ol Aol AT A AFuL T7/1E4E T840] Boldthes AL 9n|dth &
ojt}y, 53], HlE &Y Alo] & BHihe &58 7|€4 82 FA7Y AT AAE gz EAG Axe) o] g
of & AoZ ey A4t FAE 3 wgo] TRt AFHZL A4 BAFOE §3 Y+ A= AL
Z83tt Z UERT i 518848 AP A RE =
YUFE0] FAFOE FoF dFS WAA e A0Z Y
44 AT B4 237e=8 01%% A5 4 i_fsi S A, A
AY HFL AEA Fo FFE HAA e AR Y
2 AT E v 54 39 stve FAGTF 2239 BU FF AFFIA AFH G dFUE S B E&H0 R
o TEZYL WEY A & 4] A& F33Y &4 AT Fast T
DEAL.TEE YEAT-TLEE GEATL.LEE YEAT-1EE
1 A A2 A% F20) i A% AYE) A% A10)
kS k-1
& D,®,80, & @,0Q,3,
al @ % ®, 5,6, ] ®®@®®’ 9,5,0
L @, 0, ® s ’ @,®,0,0
YEATLALE YFATALE YEATALE Y AT-ALE
Al aw P A% Ag0o) Al aw ) A% Av)
k-1 k1
& D,Q,d, & D,03,d,
4 ®,®,0, ®, D, ® e ®,®,0, O, ®
@ O, O, @ 2 o, @
gEdT bbbl dEdT b:Eohily
(a) CCR model (b) BCC model

Figure 2. Portfolio matrix for translational research program
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Table 11. Results of Wilcoxon-Mann-Whitney test
CCR 23 BCC =3
T Rl oA e gﬁ’jg);g;é ;@'@ p-value g-‘-’jg})g;é 2% p-value
e 57 % [ SA %
GEAT.7a 843
| GEaT A58 ds 20566.00 -3.7234 0.0002 19179.50 -3.4578 0.0005
HE5AdT-1a 8238 "
2 s 584 133.00 -3.1718 0.0015 60.00 -2.2820 0.0225
GEATL. 78823
3 9Ea7nsgdd 7281.50 -3.3951 0.0007 9101.00 -2.7797 0.0054
GEAF-AEEA S
4 %%ﬂ%ﬂﬁ%é; 14612.50 -0.4230 0.6723 12445.00 04311 0.6664
Significance level : 1 0.01, 7 0.05, " 0.1
Table 12. Estimation results of Tobit regressions
2w A _ ]‘%%ﬁ? i — ‘ﬁ%ﬁ? i
1g&4% Aa&A g 1Eg&4% Aagd g
A7 0.2713120"" 0.268031°" 0.2414277°" 0.6141229" 0.390814""
Qg ATH] 0.0040819"" 0.005972"" 0.0027360"" 0.0008403 -0.007561""
CEC;; 2 0.0151793 -0.077481 -0.0035396 0.0778824 -0.151927"
AR vl & 0.0376995 0.035988 -0.0354012 -0.3516329 0.620471"
Log-likelihood 33.51125 -4.474239 78.68721 0.8929181 11.04745
k<) 0.3268024"" 0.276430"" 0.324190" 09514184 0.431862
A FATH] 0.0045827"" 0.007645" 0.002365" 0.0008464 -0.015227
};_C%: 2 < 0.0153797 -0.068559 -0.003462 -0.0981480 -0.316721
ARl HE 0.0244403 0.099396 0.019760 -0.6624393 1.625471
Log-likelihood 33.87945 -11.40141 2.533117 -0.5731841 3.174566
Significance level : ~ 0.01, " 0.05, " 0.1.
5.4 & regression) £ 02 &0l FFE MA = 8UE EH 2
3, AFGATHIF AeA Z7H) ol GEFE nHE AoRE Y
£ A7 EDEA 7S F&5t SAHETF ZE2OH T4 gy
S F W79 87]% R&D AY Y &4 S B8, T Yoprt B dTe BT AE2us 25 e S9 Bt o}
B BAASEE S84 W B2 7122 1ESAER A Y A9 2H S veste] 84S EHsga, 130 2
AP APoR A7 LR ATRIAY 2T 5 @ SHUE T84S BAY T84 Aold| gt 1ES
EARE SR A ALE AR AL TEZ YO RS Ao ALg YUoE 49 n nage 4 B3
AR &4 B4 23, d5dFEigs d5d97Y = 5 dAER&D Z}%Ql 54 &8 AR ALE AT F
8840 AR T $L AR FUHUD, REZAL  xoln AAR /123 438 2AS AN 2
i Egf o] 93 470 d% FEEEE A1 8843 ool Yt AYe EoA B4 A ATE Y= &
AT 18848 AT AEEAS Ev G597 gAo 2L A= AART BAE dsty 187 g=
ALedd co= L}ﬂ o Ad FRL ELAHNE T AdenEed YAdL ANE ELAL Fole Ao
Ao 2 Fog zfol7h Y AR AAHNT. EFATY 2T Aotk AF FEAL 5o 48 ATAHE ¢ Ho
e ALSAEE~N) vl go] LESHAFU~SNET ¥ AEgozH AW EAS d2sty FUAG A 71T
7ﬂ Uehd il @579 F5s LEEAIO~1070) e v £ 9e Ao B B B2Y Avs g3 FA T 2209
&0l AEEHT02~3/) Bt =A JEb T BB Aobit Wtk o}y RKD AHY Auke] e T A 43E F840



182 Cheolhaeng Lee -
¥2 08 g
H Ao dA 2= DMUY 5AAE R3] Y EF

AN FAAT AAZ AFeRY 1Et ALE SADT
TE I AA Y A4S 2WetE U AV UM AL
E LAY &5 T e voHE Rt £46
gu|7t U 42-‘3—@3} 3 59, =% 5
Ho] 43 9ol = A FHoutcome) ZH ol A

T e, ol d F4 & Az A
A Age) A3 #
B AFgAM e 137 A8E o R A3
AoE A= O}Oﬂo 2
gt o 4“]

Eﬂﬂ°

I
rlr
P

X odlo JN bt

lo
=

s=}
=

=

oo, of
o
ox My
ot w9
2 3
2 30

fru
re
M

e
] e
l-}:o(t f m:lm
o

3
bl ope
mu 1> ro

o

EEAR- M)

oX, & ~

>
o
=
N

FaEd

Bae, J. H. (2013), Efficiency Comparison and Performance Targets for
Academic Departments in the Local Private College Using DEA,
Journal of the Korean Institute of Industrial Engineers, 39(4),
298-312.

Baek, C. W. and Lee, S. B. (2010), A study on R&D efficiency with the
consideration of qualitative performance, Productivity Review, 24(4),
251-274.

Banker, R. D., Charnes, A., and Cooper, W. W. (1984), Some models for
estimating technical and scale inefficiencies in Data Envelopment
Analysis, Management Science, 30(9), 1078-1092.

Byun, S. K. and Han, J. H. (2009), Efficiency estimations for the govern-
ment driven R&D projects in IT industries, Hannam Journal of Law
and Technology, 15(2), 179-206.

Charnes, A., Cooper, W. W., and Rodes, E. (1978), Measuring the effi-
ciency of decision making units, European Journal of Operational
Research, 2(6), 429-444.

Cho, K. T. and Kim, S. M. (2003), Selecting medical devices and materi-
als for development in Korea: the analytic hierarchy process ap-
proach, International Journal of Health Planning and Management,
18(2), 161-174.

Choi, J. Y., Kim, K. S., and Kim, D. H. (2010), Productive Efficiency of
the Coastal Fishing Business : A Comparison of Data Envelopment
Analysis and Stochastic Frontier Analysis, Journal of the Korean
Operations Research and Management Science Society, 35(3), 59-68.

Chun, H. and Lee, H. Y. (2013), A DEA-Based Portfolio Model for
Performance Management of Online Games, Journal of the Korean
Institute of Industrial Engineers, 39(4), 260-270.

Cooper W. W., Park, K., and Pastor, J. T. (1999), RAM : A Range Adju-
sted Measure of Inefficiency for use with Additive Model, and
Relations to Other Models and Measures in DEA, Journal of
Productivity Analysis, 11(1), 5-42.

Ernst, H. (1995), Patenting strategies in the German mechanical engineer-
ing industry and their relationship to firm performance, Technovation,
15(4), 225-240.

Fire, R. (1988), Fundamentals of Production Theory, Springer Verlag,
Heidelberg.

Keuntae Cho

Fire, R., Grosskopf, S., and Lovell, C. A. K. (1994), Production Frontiers,
Cambridge University Press, New York.

Farrell, M. J. (1957), The Measurement of Productivity Efficiency,
Journal of Royal Statistical Society, 120(3), 253-267.

Fontanarosa, P. B. and DeAngelis, C. D. (2002), Basic Science and Tran-
slational Research in JAMA, Journal of the American Medical Asso-
ciation, 287(13), 1728.

Han, D. S. and Shin, M. C. (2010), Efficiency Evaluation of Academic
Research Support Program, Research of Governmental Studies, 16
(3), 185-215.

Hsu, F. M. and Hsueh, C. C. (2009), Measuring relative efficiency of gov-
ernment-sponsored R&D projects : A three-stage approach, Evalua-
tion and Program Planning, 32(2), 178-186.

Hwang, S. W. et al. (2009), Efficiency of National R&D Investment,
STEPI, Seoul, Korea.

Jeon, S.J. and Lee, C. U. (2011), Measure the Productivity of Airports in
Korea Considering Environment Factor: An Application of DEA,
Journal of the Korean Institute of Industrial Engineers, 37(4), 370-
357.

Kim, J. H., Kim, H. S., Leem, B. N., and Yoon, J. H. (2012), Analyzing
the National Medical Service Efficiency of OECD Countries Using
DEA and Malmquist Productivity Index, Journal of the Korean Ope-
rations Research and Management Science Society, 37(4), 125-138.

Kim, J. H. and Park, S. B. (2004), Comparative Analysis of R&D Effici-
ency of National Research Laboratory by Technology areas and
Research groups, Science and Technology Policy, 14(2), 21-36.

Kim, S. K., Ahn, D. H., Kim, H. J., and Shin, K. S. (2012), How to Make
Healthcare industry More Competitive Through Innovation, Science
and Technology Policy Institute, Seoul, Korea.

Kim, T. H., Kim, I. H., Ahn, S. B., and Lee, K. S. (2009), A Way to
Enhance Efficiency of Nuclear Program in Korean R&D Program by
Data Envelopment Analysis, Journal of Korea technology innovation
society, 12(1), 70-87.

Lee, H. Y. and Park, Y. T. (2005), An international comparison of R&D
efficiency : DEA approach, Asian Journal of Technology Innovation,
13(2), 207-222.

Lee, H. Y., Park, Y. T., and Choi, H. O. (2009), Comparative evaluation
of performance of national R&D programs with heterogeneous ob-
jectives : A DEA approach, European Journal of Operational Rese-
arch, 196(3), 847-855.

Lee, J. D. and Oh, D. H. (2012), Theory of efficiency analysis : Data En-
velopment Analysis, JIPHIL Media, Seoul, Korea.

Lee, S. H., Kim, S. Y., and Lee, S. J. (2011), Ripple Effect Analysis of
Regional Industry Technology Development Using DEA, The Jour-
nal of Digital Policy & Management, 9(6), 1-10.

Lee, S. Y. et al. (2013), 2012 Survey and Analysis Report of National
R&D Programs, Korea Institute of S&T Evaluation and Planning,
Seoul, Korea.

McGlyn, E. A. et al. (2003), The Quality of Health Care Delivered to
Adults in the United States, New England Journal of Medicine,
348(26), 2635-2645.

Minna, J. D. and Gazdar, A. F. (1996), Translational research comes of
age, Nature Medicine, 2, 974-975.

OECD (2001), OECD Science, Technology, and Industry Scoreboard,
OECD, Paris.

Park, S. D. and Hong, S. K. (2003), A Cross-Country Analysis of the
Efficiency and Productivity of R&D System Using Non-parametric
Methods, Journal of Korea Technology Innovation Society, 11(2),
151-173.



Efficiency Analysis and Strategic Portfolio Model of National Health Technology R&D Program Using DEA 183

Park, S.J.,Kim, K. H., and Jeong, S. K. (2011), The Study on the Analysis
of Efficiency of Governmental R&D Programs Regarding to the S& T
Outcomes, Journal of Korea Technology Innovation Society, 14(2),
205-222.

Rustgi, A. K. (1999), Translational Research: What is It?, Gastroentero-
logy, 116, 1285.

Shephard, R. W. (1970), Theory of Cost and production functions,
Princeton University Press, Princeton.

Sim, G. S. and Kim, J. Y. (2009), DEA-AR/AHP Model Design for
Efficiency Evaluation of Metropolitan Rapid Transit, Journal of the
Korean Operations Research and Management Science Society,
34(3), 105-124.

Wang, E. C. and Huang, W. (2007), Relative efficiency of R&D activ-

ities: A cross-country study accounting for environmental factors in
the DEA approach, Research Policy, 36(2), 260-273.

Yu, S. I. et al. (2009), 2009 In-depth Evaluation Report of National
Health Technology R&D Programs, Korea Institute of S&T Evalua-
tion and Planning, Seoul, Korea.

Zerhouni, E. (2005a), US Biomedical Research: Basic, Translational, and
Clinical Sciences, Journal of the American Medical Association,
294(11), 1352-1358.

Zerhouni, E. (2005b), Translational and Clinical Science-Time for a New
Vision, New England Journal of Medicine, 353(15), 1621-1623.
Zerhouni, E. and Alving, B. (2006), Clinical and Translational Science
Awards: a Framework for a National Research Agenda, Translational

Research, 148, 4-5.



