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The external R&D, which includes the adoption of the external technology and knowledge in addition to the internal R&D,
is one of important factors for the innovation. Especially for small and medium-sized enterprises (SMEs), the external R&D
has been considered as a key factor to carry out the innovation more efficiently due to the limitations of their resources and
capacities. However, most of extant studies related to external R&D have focused on analyzing the influence of external R&D
on innovation outputs or outcomes. Only a few studies have explored the impact of external R&D on the innovation efficiency.
This study therefore investigates whether the external R&D effects the industry’s innovation efficiency and productivity. On this
study, we used Korean manufacturing industry data of SMEs from 2012 to 2014 and employed a global Malmquist productivity
analysis technique, which is based on the Data Envelopment Analysis (DEA), to assess the innovation efficiency and productivity.
Innovation performances of external R&D group and internal R&D group are compared. Then, the sectoral patterns of both
innovation efficiency and productivity are analyzed with respect to the technological intensity, which is introduced by OECD.
The results show that the gap of innovation efficiency between external and internal R&D groups has gradually decreased because
of the continuous improvement of the external R&D group’s performance, while the external R&D group lag behind the internal
R&D group. In addition, patterns of the innovation efficiency and productivity change were different depending on the technological
intensity, which means that the higher the technological intensity, the greater the effect of external R&D.

Keywords : Innovation Efficiency, R&D, External R&D, Technological Intensity, Manufacturing Industry

.M E 3 A4l AGAPel Wk AAES 4 9 Gu

o} A%H AAE 98 A2 9T R&DA BE FAE

wEA Weke 7R A8 AlE FEol @A 71 g3 9y ey v)ee] nwstel Baao] taA &
Al BEzlo 93t 7 A ylo] BlAA]o] = 27

Received 14 November 2016; Finally Revised 27 December 2016; Al ’]oq ,:]ch ZO ;’] _Eﬁﬁ i O}\] ?i?yﬁ:}[ /‘]q
Accepted 28 December 2016 1o wet 7 Ee] Foixl BA LA HAs B A

¥ Corresponding Author : ghchoi@hanyang.ac kr THoR Fasly] g o R Yo X2 W oluet



126 Jiyoung Lee - Chulyeon Kim - Gyunghyun Choi

Qo] A 2s ket A2 E ol st NN 4
(open innovation)®] =Hetkqlo] i il ATHS].
Syt S2719e 2012 d 2R E Ve g A4 Al

2 AFIA F 99.42%, AEY FAF A= 76.37% 5 A
16‘} of g Al & s ZM shal ot 719 o=k
= W” 714 2ke] AA7E ZolEA] & ATH33].
wPﬂW 2714l Al =3 R&D O FAIS £33 A%
A A gRe v F2 = IA o] TH39).
AukA o7 F471de t7Idel vs) R&D AHUFH

lN

o] ojg o g 719 AAA Q) REDERF ohje} 9
o] 7|7 S g&H 0w &85 9 R&D Ed
m$- F23510H32]. &3 R&DE 99 7oy A4 B

& %}%8}04 R&DE Fdst= AL <fn|shy A4 R&D
g, 7] ol SOl E%P%E}[u, 43]. o=
d 9% 7]He] BF3 V& A
S A7 A5 ARAFE Gt
Q1 2l&5 o] 7Hs3tH29, 45, 52]. 53] &
71999 A olzfgt 9F-¢e] R&DFHL 71 AATF
Fiolr
ol

Jﬂ
2 o
ot
= o
ot

H
A

ol’del 71& A Z82 kst st B4
4°i de A ShrH4s].

AFEo] 9 R&D
JH #AE ASHoR &

o,
ot
g
=2
>
N

oﬁ i
JQ
52 7|
rlo

1% oo
E)
i&i_ﬂi
;QU:R
= o

L“Nﬁ*:
~

~
S

[

&

o,
FiOR
31',

Q

-

il

1o

=

1

Mo

rlo

o
r>

tlo
:L
_?L

N

— M=

o
2T o2 R

N

QL

N

(o3

~

:Lliﬂ

1o
>1’ﬂ>r

2
i

2
flo rlr
r
|o
fr
rO
<
m{gv
T
A
BE
o

o M K
0,
>
>,
2

A
o
2

=
r? o
re
—
rir
L AT
ot

=

o
N
2 o

)
Mz
1%
o

]
ko

ol
ol
=
=~
=2
t

AF-8-5}od fﬂ?‘fﬁz*}ﬁ (KSIC : Korean Standard
Industry Code)ol] we} Z7¥ Ax AYGES Yoz
AZA BAS TIPS g4 g8 2 A Bs &
Aol = AgEGEAMDEA) 7|5ke] 2 Malmquist

/\],] HeFA =9

&

2. O HiZ U MaoIT

2.1 2|& R&Det 4l Mt

wel g gk Ed A7)
SRty og7] wE
Aok 713W+9] %

— S
[24, 32], ole gk o R&D«] &g % A 3
g3 22 344 ko] 9 A, ¢
Fota JE A2 o FEHSA 9 A9 (complementary
external resources) 5 Qo wel TEHOR &8
Aol A AIE AT, 18, 27, 30]. B4, 9
B uFE gfjste] ohefd AR
)53 4= 9lo] R&D S T4l A A9 &
, 17,27, 28, 30]. AlA, o1& 7149
A2 719ks Ffate] R A
o1, 27, 28]. pA|L o2 AT
A2 ZA2E Fa AENE
ATH17, 27, 47].
&D7} A Ay B 7194
A3t Ahuja[l]E=
981~1999)—§— 3l R&D

Peotoh 24 —1m
kol 2 oXx
o
e M 2
m o N
5 o 2
— A o
ﬁ _>'4 }_ﬂ
Y > to
N o
4 TS
O_L4

O
tlo
(e mz
o\
» o=
[ o

4

fure)

=l
o
o
- N
Q.LJéizﬁmﬁrlrrimﬁoﬁﬂﬂL

F3 N Of_)l‘_"
Jn 22

o

¢

88 of

> 19

ox oy Il
>

i)
P
i)

P
tlo

_o‘lrl
>~;'O‘ )
w2
i&ﬁi
7
=]
)
Nej

LU O
N
2
tio
= rr
o
(o

e
X

rot jm
o 2
I

el
ol

ox ot o ot

[o ro,
ol
o
¢
pieb
o
o
=
o,
LY
=R
E
ﬁ

= 9]-r 71939 9 % WL 7]
71955 o 35:0}74] Asla g
t}. Love and Mansury[36]% D]% AH] 22 71 el A
ojuf FwAete] A AFIF HmE MR =E AT
= fo3 9GS Frhe S 2Uh Hwang et al.
2412 T4&7109] &5 R&D E=ol 719 A5 ol
Cgol drhe AS BYlow, o Bk B2 450
9% R&D O] HeFH &Hgo] gl 9 F G Aol wA=
AFES ATHoR FASATH2, 10, 18, 19, 48, 51,
54]. RFH Tsai and Wang®] o2 AToA= &5 A2
oju} 7)o HFA gloldlddol 4l B A el
s FA Ferhal U o m[49-51] H A a‘qeoﬂ =
3% Grimpe and Kaiser[13]2} Berchicci[4]9] <4
A FEAE 9N R&D7E Al ATt
= PAAR 1 FEs Holrkd A AR

2
FAeech 7% ArEe

R 87

&% o U ) met ol o O o 2

r10 o ﬂlio Om

o Jm

-



The Effect of External R&D on the Innovation Efficiency 127

o] R&D7F AtfAQ] Al 4FE gt mA= FF
A8k Aol 24S 93
R&D O] A4 Gl %
ofojit Akglel whek 1 d kel
Hwang et al.[24]< U2 7

S
i
2 2
>~ dlo
—~ o
fo

ok
ﬂrg
g
o 2l
38

G40 gl FAAA dFL MATE AL HAFYUA
g o e BAL S Aed 84 B4 3
dats 5 o B4 Baste AFad. ol
el A 7]E ATl 2 Pavitd2]el ola Aok

i)
ol
—_

€9

ot A S "‘}"SQ{\_ d| Al (technological regime)’
= 7 Ao et & - 7k BExl2
W

bt

(technological 1nten31ty)’-§— °o]-& 0}04 Qﬂ 2
343}tk Santamaria et al.[46], Heidenreich
[22], Tsai and Wang[51] 52 A& T3 7eFdFT =
el Pl 5 54 Afolrt qlvke Aol FlF Tt
Santamaria et al.[46]= A A= B E st 71 3+ HE=F
A AF7E NedTert $AY Skl &8s LMT(Low-
and-Medium-Technology) AFA Bt} 7| &- 557 =2 HT
(ngh Technology) AFelAl ©f A4 AT v
RS A5 o2 WY} Heidenreich[22]2 L
%«] e 34, 24, A" Pz EA=
QF-EEH ] 7|A e AZEE L9
R&D H & & B2 HFES FATES HTh 57| Tsai
and Wang[51]2] ATolA e 7EHTE7t S Aol
g Az 7ol o A4 F 7]s &8l Vs F
Aol fFofdt S WA etk AAE AAES
olfg 7|E AT EL VTR we A 54

B=)
M
1o
mlo

E
>

th2a 95 R&DO FHlY g Aol U5S Al
Abstg o o wgl B AFoAE 9H R&D & &
ol gg wrt o] g BAL 94 71&NEE o

o] R&DS] E8o] Hal TEA MAE FFS B
A 7)1E AT g4 AEde ARN Y Asxe
T o] ALE-E ATt Shin and Im[48] R&D FAH| <}
dEe SHHSFE 4438t R&D Az v IS
34 Ae F83 FH 54 FA T 7IdEE 74
H AbE i AA ArE S s A 288 E =
Zotith v Al e b Bt s 54317
oHy kst Fel2 WA wfEo] Baek and Noh

o
HEF BRE 5

st

velopment Analysis)S ©]-838}o]

A5 XA H(DEA; Data En-

A B BAEI

DEA+ 19783 Charnes et al[7]ol 28] A& A&7
Rom b FYH AE 725 AU JAAA S
(DMU; Decision Making Unit)e] Atid 284S =

A

e WMo E thFek ol de] AHE-E AT DE
A i 5 7 oyl 7P B2 S J DMU
B&4 Ty E P AR Bosta
HEo 27 Y "ol AgE 7Fo® 8§84 =
ghth. DEAS] A#E DMU® E&4 A=E e
0-1AFol 9] #h& zhe= S84 A< (efficiency score)7}
=1 o] g 1o IMHETFE E&AC] mos v
A7) LA DEA HAE RS o T

=% i) S7bskeE HA TRE Mse EWATEST
OJ,(CRS; Constant Returns to Scale) 7} 2] CCR E&[7],
TRl HAA(IRS; Increasing Returns to Scale)¥} &7
A|*J(DRS; Decreasing Returns to Scale)o] &8k 743t
< 18 e 7]'tﬂﬁ‘j/\°‘(VRS, Variable Returns to
Scale) 7F4¢] BCC =& a4 ) ilEHE =

it

oo 1ol oo [KORUOPr o do A

o

34 EHE = % —’F A
< (output-oriented)

(Model 1)
0" =min, 6" (1)
subject to
0" ), = S N (m =1, 2, -, M); (2)
Yo < TN (1= 1,2, =, N); (€)
N>0(G=1,2 - K 4)
)

DL N=1(G=12, -, K) 5

= kA DMUS| &4 A
= kA DMUS| mA A 79

y, = kWA DMUS] n®l A A& W
= DMU,9 7}5A

RN

=x)9] B = G
Productlon Poss1b111ty Set)ol] o] 3] Fg 5| o] glojof gt
ojugitt, 2 (4), 4 (5)= DMUE9] 7 o



128 Jiyoung Lee - Chulyeon Kim - Gyunghyun Choi

o et 4 (5)2 A9sd CCR 2do] Hr},
DEA 7|¥ke] R&D E&A3} 95 R&D9FS] w7
218k 54 ¢1 A= Baek and Noh[2]¢] 77} &
DEAE &3l 2006~2009d 713t §9Fe] R&D &
ZA%a 3 AEAS Tl NEE Al defe
A8k kAt 7 Al wiche] R&D
Z3lo] HlusoEN DMU 7Fe] Adh# e
xgs} DEA 54 4 A7t M2 FE4
SHAZE QAGATE olol & ATl A=
b ohA 4 (multiple-period) &84 2
Z2H Malmquist A4 A4S
Y3+ Baek and Noh[2]& o}%-2A ol 7]
5 R&D 9] A Z(intensity) <}
o o5 B43l7 ¢
Tol ﬂ*r R&DE &
/H,] x}o]

Tg T

L
=) nﬁo

Fol'
““5
mo oL

NI
d
ro,
ol
ox &
ot T

o2
o
e

M Zo1x

é
LN

ox I
AN
ox I
(o o

o

)
[-‘O
) o
EL
=
X

H
finss
>

I

o

ol

2 to
2oy 4 oox ml o 1x o O v mlm te H Mc

)
)
N,
ol
ol

N 2

{0 L'L‘-f =~
_I_/

H_z
e
5o e

i"

N
X
FPN
=
rir

].

B

o

-1c>r1ugm7uo;-wm_
E:]_:
i
Mo =
of\ _E
i

o
> ko =

o

=

2"

]_

e
o oy S
o oo ¢
Nis! ) r

1_‘
o N

=2,
>

Malmquist A 2 92} S (panel data)E AME
ato] A )] A WskE Sk A Ve
198213 Caves et al.[6]°] 23] A& A7N= S} Malmquist

]/‘1 A tﬂﬁ}/] A AIZE

r
oZ:
- HE rl

S
[ol
o
2,
R=)
gt

xqo 7]
R 4 £ &3l =5+ Malmquist BAH %
Malmquist Productivity Index)= A4 toll A t+1 2 tﬂﬁ}g
wj o] A WstE FAsks A 3kolw g gh(distance
function)®] 7N'd-& &8st Fojdrh o] v AMEHE= A
213 DEAY CCR R4 =9 T84 A3k
o< (inverse)oll s|Fetch o]k DEA<FS] & dS vl
302 DEA 28 7|Hko 2 3 Malmquist AAHd 24
2 199413 Fare et al.[12]0] <J&l] W= Aot
Malmquist A2Hd A= SA A58 vpep 2ol tA]
ol A tr1A o m Wste o] 7o) R /E R w
ZdEole /545 Ui ZdE] W &
(Frontier-shift effect)?} Z&E]oje} DMUS] Az} Sy
=4Z 9ujstE 4 @ 3(Catch-up effect) = 2o
lov 5 Fate] Adi# 7] Blag Faf ofW 24l
A Wigte] o FastA AgstdeA & ]
£9] Malmquist BAHd A= 370 o) A1A
8 AFEM o] A (circularity) & RHEAIZIA] gk
Aol glof o]& sjAsty] fsl A 7Itel AW B
DMUZ @ Ai7bsR3s At 4
Malmquist A4AHd A|5=7F 7025 ATH41].
714, A, A9 9 g4 Ad3 £A4 9= Malmquist
A B2 7ol 85910 ™ Yuan et al.[55]2 Malm-

i" C

m]o 4y

1

A o

Nels 22

quist 4] % =3
3]

4 &J’}i N5l &0l e As E’_‘i‘ir/}. Lu and Liu
[37]= dinke] IC (ntegrated Circuit) At ol &3k 7|gEe
R&D AR Wshe 2 Zidgo] st os) o] F

AL Fgolagdt. A ATE Guan et al[15]& UESY
o] #-ol A FA 4 (degree centrahty) U 7z4 T
(structural holes)s 2} 22 R&D @& WEH A9 F+34
57d°] R&D EE&A Wt} "Uroﬂ SR s F
te & Malmquistob 371842 3 =2ls) =

oAtol A= Malmquist A2Hd 4 ot
&8 oo wet A iAol ofg A Wstsh 1 9
al =2

Qo] FolalA] A% gl 243

o

3. &4 ¥
T 2y
2 s 9 R&D7E Al B&Ad A AL w el
MAE QS stotehedl I BAHo] sith mebd Al
&4 5 A WEE SA4sta, 9% R&DO 2E
of ol whe} o gA ek =A] EAEkI AkelE Ealel
HE AT Aol weh 1 Gl o9 dEHA=A &
Aotazl @b 2 o] Ay 2YE AelehH <Figure
>3} Zom vyt 2 WES EAstaust gk

(1) W R&DRF 88t 4 -9(Group A)9} ¢4 R&D7HA]
A S8t H-9(Group B)S YAl &&A Ao

(2) AlZtell wWE Group A9} Group B2 84 &84 2
AALA] W3 Z=o]

3) 71EdF = e 9 R&DO] o] A T &4
2 AL Bl WA= G Aol

I R&D type{:

Internal R&D (Group A)
Internal + External R&D (Group B)

Innovation :
performance

Time

Efficiency
Productivity
change

. * Low
TeChn f]l 0gic al ¢ Medium-Low
intensity +  Medium-High

+ High

<Figure 1> Conceptual Research Model



The Effect of External R&D on the Innovation Efficiency 129

3.2 &M MY

321 ¥4 25

Bl qto M thavlsr A7 AAlska 9l
T2 Vs A AP ARE Z85aA) s
o] AiEZAbE Ta7I9EY 2 &5 HHE XA
T A A AR e gEehE AE HHoZ 3

oA 283 2R E 2012~2014'3 7|7He] A}
ol 7} A|o A9 &9 719 = 1627, 1779, 2636
7| etk &4 DMU+ Al 94 KSIC9] 4t A/ T
2 AAstdl ol wtel 378 A -l tis) AE7F BF
A= 5970 Abdel el Wi R&DRE Fagk 719 o
2 7% 7 (Group A)9} UF-ETE ofyE} o] ¥ R&D
T e 71de® 4% A HGroup B)E TS
1187] DMUE tlido 2 ¥48 F33tt} F 7k#] R&D
FEE 7 - AFpE e AR ARE(H - R&D) o] 9]
s ], 91E A, Zle =gl sdske ¢
AR5 R&D) ol meh skt HelE 93

o3} =&l F 714 R&D F32 Group A<t Group

= 714 Tl A
2 AgE s BAol7] wiof ojo] 422%+= AlZKTime-
lag)®] T84S Awstal o] & ¥y g v 7]E AT
7} EA8H9, 14, 20, 26]. ¥HH Hollanders and Celikel-
Esse[23]9} Hashimoto and Haneda[20]¢} 22 2] 4
< AFollAe= FAl AbEo] HAE7|7HA] 9 time-lage] &
2 geAdddle & FS FA For AAE time-lag®]
Wstol] wE Aol FoJg xfol7} glrkal Bastgint. o
2% time-lagell daiA & ob¥7b] dad As|7r =4
31A] 2o Jeon and Lee[25], Lee et al.[31] 5 A+
o= o]& a1zl eFUT} HESH Nasierowski and Arcelus
[40701 Al mhe} o] o] 24 Wk 3} dlolE 9] 4
A 7ve/d S time-lags H &3] wrdst7|7F w5
o 7] ol o}A7HA] HHA o' A& 75T time-lag

(

EABHA et ol &
} 8 5 time-lagE FAET F & ‘R&D
i D :

ou R&

4 d
A& 4 9o 119 time-lagS 7H38t
PARAE EAA oY ol At
o} wepA] ATl A gRE 2}
o]

o2 Fou3t time-lage] EAEA &9k~

— o

e
e
-4
o
X
rir

m
1A
N
FN
o9]
(@]
(@]
fd
ol

(Model 1) 7]te]
2298 Malmquist BAHY #2415 o] &ate] Al &A%
g WstE BAskela 44 22 5849 Malm-
quist A2 WstE AT £ A= Al g8
e ST 7NE &

7hll 71 ol &8¢
=2 ¥ Malmquist %4

= il e 74

z

()

£

o)

3

o

f

3

Ll

>~

>

oo

$

=

2 2 50

o Pt o

&R —_ e

lo ¢ B
24 o

i o

iz % i

il ok

BN A2 g

> z e

40? o

[eh

3 g

N

J&70 AF 31547 (Successful innovation) & 4174 ,

A 7o BAH AN FEE 555 EFsto] H&AIRE A

3, HARIA R AR A A A o] &

Intellectual Property rights)S 417 3}91

7|Ee B AFE T gYs 3
=i

288 AT, 25, 31, 35, 53]. L °]F+= R&D &
oA ] FRe o) Fejrt dgsichar 7Hg
285 A8 Aol AUAA 4% 7]F0

7] wjZel CCR R R FAstH(flexible) A s+

<Table 1> Variables, Descriptions and References for Innovation Efficiency

Type Variable Description References
. Brown and Svenson[5], Cruz-Cazares et al.[9], Guan and Chen[14],
R&D employee T:rzolrlll:l?lber of R&D dedicated Jeon and Lee[25], Kaihua and Mingting[26], Lee et al.[31], Lee et al.[34],
Iout P Nasierowski and Arcelus[40], Wang and Huang[53], Zhong et al.[56]
npu
P Brown and Svenson[5], Cruz-Cazares et al.[9], Guan and Chen[14],
R&D expenditure | The amount of R&D expenditure Hashimoto and Haneda[20], Jeon and Lee[25], Kaihua and Mingting[26],
Lee et al.[31], Lee et al.[34], Nasierowski and Arcelus[40], Zhong et al.[56]
New products The number introduction of new or | Brown and Svenson[5], Cruz-Cazares et al.[9], Guan et al.[16],
P significantly improved products Guan and Chen[14],
Output Brown and Svenson[5], Cruz-Cazares et al.[9], Guan and Chen[14],
Patents The number of applied patents Hashimoto and Haneda[20], Jeon and Lee[25], Kaihua and Mingting[26],
Lee et al.[31], Lee et al.[34], Liu and Lu[35], Zhong et al.[56]
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{Table 2> Summary Statistics of Variables

4. 24 4y
41 M= MM g8d H 4y

2012~2014d ARE £
o7 ZF2d &AL zYUE o9 DMU
Ak B4 A3} <Figure 2>9F 2o] AWHE o2 Ul R&D
ok 583 Group AS] HiF FEH FTEA0] 9 R&DE

Variables Min. Max. | Mean | St.dev
R&D empl 37 59& Group Bl W3 A LFEbstE Group A9
employee _
(person) b 534 6d6 | a7 A5 g Z&Ao] 2013l F7HgThE 20140l T
R&D expenditure 10 978 016 | 87146 4 wrolzl ¥bA Group BE &840 #33] S8
(¥1,000,000) ? ' '
Successful innovation 0 50,08 291 378 i
(number) —
> 04 = =
1Ps 0 25 | 0173 | 0292 5 0340 s —
(number) 5 e- S
5 4 — 33s
Note : R&D expenditure includes both internal and external R&D o % f/-" =8-Grom A
expenditures. = ——=Group B
=
323 71ERFE
OECD[21]& = A A EFH(ISIC; International Stan-
0.0
dard Industry Class1f1cat1on) Rev3g 722 7|&45 LT CTE ETY

T gl wEl AA 23S Low-Tech, Medium-Low-
Tech, Medium-High-Tech 1231 High-Tech®] 47k
Fog ettt 2 Aol KSICA &3 A=

& OECD9 47H4] 7|=Hs% & sidsts ahdt
‘ITA]'}\‘]E aelate] digtdls A A S <Table 3>
2ol 474 FEER ERSAY 7 23 Medium-
High-Tech®} Low-Techol|l 438l= DMUZ} 407Y, 38712
7H4¢ @il High-Techell 43¢ DMUE 16712 714 27
UHERR

<Table 3> Technological Intensity Classification

Category Industry DMU

Wood, pulp, paper, paper products; Printing and
publishing; Food products; Beverages; Textiles & | 38
textile products; Leather and footwear

Low-Tech

<Figure 2> Global Efficiency, 2012~2014

zt AJdvktt R&D 3 @ (R&D type)oll whet 2=
| E%‘éoﬂ ZFol 7t O]—L’X]fé‘ Asst7] & =494, &
9 SR HE & EAHEA(ANOVA)S 33
A= <Table 4>9F 2} 2012, 20132 Group A9}
Group B9 E&A zol7b fFojglont 2014 d0l= +9
A o FEoR 1 zol7t Zo 5t o= Group B
<3l Group A9 &AL thh
Ax7F 21 E7] witol

&4

<Table 4> ANOVA for Global Efficiency

Rubber and plastics products; Coke, refined

Medium- | petroleum products and nuclear fuel; Other

Null Hypothesis p-value | Decision

Low-Tech |non-metallic mineral products; Basic metals and 2
fabricated metal products
Electrical machinery and apparatus; Motor vehicles,
Medium- | trailers and semi-trailers; Chemicals excluding 40
High-Tech | pharmaceuticals; Railroad equipment and transport
equipment; Machinery and equipment
Medical, precision and optical instruments;
High-Tech | Electronic components, computer, radio, television| 16

and communication equipment and apparatuses

Total 118

“p < 0.05.

53] 22 g84¢] =& DMUES 4% 2
<Table 5>9} 2t} 2012~20142] A AJHE 71+
22 ZdE S FAdh= 6719 DMU T 2013
= 2 aFv 10 ZREAE s
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9= 5ot olRE % R&DE PAFE Growp  FF F7 EE A3 AWYe] F 1§ mF FgHglon]
BollA % &&%< DMUZ} ®olx|al At a8&4¢] ZHE 7} thh £4H Group Al v £]F R&DE 8
EopA= oz Hol 9% R&DC] &&o] Hil B84 7 TR Group BE ZHE|0J = FFE o] A 7)3hel] 2
Pl 398 S VA3 gdrkw & 5 vk xAEels} s n Bl S Ao teky
{Table 5> Distribution of Outstanding Performers 42 M Q5H HA M U MAM B{F]
= . S AGUSES AT 3Y §9 U RED £ 19
2003 10) 50) mhe 9 BE4E <Figie 323} 2o] =43} 3]
2014 3(0) 7(2) .
Low Medium-Low
Note : The number of DMUs on the global frontier at each period 05 o :
is indicated inside the bracket. g oud :/.\. . i
A 228004 AFE vhsh o] YA Weke TE S 0 Lo A
of Watel 27 FH= Uk 5 vk Zeeo] Wa) | 20
Hop AW (A Aol vlsl tH1A1 o] ZE o7 S 2Y X 01~ T
dElofol] 79X SS onletal 15T} 2o HolH & \ \ \ | \ i
% ‘/]u]_(?_l_]jr _’4_1 _8_J+7]’ 15‘_\:} 3_‘34 t/\]X40ﬂ H] oH t+1 2012 2.013 Z.Ol—l 2012 2(.)13 2014
AN ZAeIs B RS e 1w Medium-Tligh Hieh
Aom Wolgeg ovlg 05
A WSk A @J} <Table 6>} 7o] Malmquist A g %4 i
Ad A gme] Hate A ko] g 7hAH 20122014 g 03" ____/-
of 2 Group A%t Group B BT YAl AL o] St §03_

o
|

Ao 2 et 2012~20131390 Group A2 AAHS S7F
ZA7F 24.97% 2 Group Bell Hl3h thax = AIRF 2013~ 012 2013 2014 012 2013 2014
2014»401] Group B] A4 717} 36.66% = 453 ' '
=7 Yeth 2012~2013We] A S T a8 1 <Figure 3> Global Efficiencies in Four Technological Intensity
Types, 2012~2014
{Table 6> Malmquist Indices of Two R&D Types

Soriod U5 R&DT 3338k Group A9 7 Medium-Low-

2012~2013 2013~2014 TechE AE wE 7jadTe f30M F=d 587

index A% index A% o] Yol A & Aol7} gl AL Z YERTh vhd U

Malmquist productivity o} ¢J5 R&DE EF FAS Group B 4% Low-

Group A 1.2497 24.97% 1.0716 7.16% TechE A3t ZE F3A 228 a8 S713)

Group B | 12265 22.65% 1.3666 36.66% T, Group ASte] E&A A 20134 o] 20|59

Catch-up effect ok 53] High-Techi= 2013 ©]F Group BE] & &4 o]
Group A | 09185 -8.15?) 1.2325 23.25:4) Group AR T FAH T

Fron:;lslﬁjf?effect 1112 11.20% 14880 | 48.89% BURS iﬂ 29 A4 2 R&D 4 FHRED type)

Group A | 14897 | 4897% | 09811 -1.89% of W =Y a8 Aol AH LR AT Al

Group B | 15587 | 5587% | 1.0838 838% =84, A ® s AE 7 BAE4(ANOVA)

Note : ‘A%’ represents the proportion of productivity change from & TR A= <Table 7>3 2T} Low-Tech> 4 A

fto t+1; A% = (index-1)x100(%). Ao A Group A2l E&AJo] =AW 11 Aol FolahA
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<Table 7> ANOVA for Global Efficiency of Two R&D Types

intgizri]tgo(l:%?:e(;ac!ry Period p-value Decision
2012 0.461 Accept
Low-Tech 2013 0.696 Accept
2014 0.718 Accept
2012 0.126 Accept
Medium-Low-Tech 2013 0.004™" Reject
2014 0316 Accept
2012 0.038" Reject
Medium-High-Tech 2013 0.009™" Reject
2014 0.238 Accept
2012 0.061° Reject
High-Tech 2013 0.718 Accept
2014 0.415 Accept
Note : Null hypothesis for all decision is ‘The distribution of global

efficiency of ‘Technological intensity category’ in ‘Period’ is
the same across R&D type’; *p <0.1, **p < 0.05, mp < 0.01.

71z el o5 R&DC| &g-o] Ak Wl
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ARl FAE Fal Q1% Al em 1 A= <Table
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Group Bo] A4 ol ¥ Zl ot o] % 7|3l = Group
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A°] Aol ¥ wo] FEHAIL o] F 7|1t = Group
Be] Aol 953 Wol S7hetSith High-Techw %
Ao A Group Bo] A4kAde] o] & Fo& 3fuo] ¢
B R&D 9] ko] g2 Fdwy} Avta e &
ATt High-TechE #|9J3t BE V&l Th
2012~2013'd 5<¢ke] AL o] 8 Ul
S o Ve oL xd
A= gk Ao ® EA AT ¥ High-Tech= Group
A®} Group B9 A F7F 9ol T2 A Yeld =l
Group B9] 7% oF 44% 2] ZHE]o] 33} 188.36% 2
453 ZHEY] 34 AHE v o= 7991% 52 A
AbAdo] s At} High-TechZ #|2)3h Al 714 39
2013~2014d F2to] A Sk 4 gt 8 9
1ol e High-Tech™ Z#E]o] o] 8 Yoz
LFEFR T

il

5. 4E U A

A= AA R&DEERE of e} 9ok HY s &
& R&D Fao] Ta7|gel ojuleh JE A=A 5
Az S gdo s 22 Malmquist A2 41 71
S @&sto] AFHoR A o¢ 37 OECD7F

<Table 8> Malmquist Indices of Four Technological Intensity Types

Technological Period 2012~2013 2013~2014
intensity R&D type Group A Group B Group A Group B
Malmquist productivity 15.33% 20.31% 17.11% 5.02%
Low-Tech Catch-up effect -6.36% -10.26% 30.37% 11.49%
Frontier-shift effect 40.35% 39.14% 8.27% 0.41%
Malmquist productivity 26.45% -1.61% 15.85% 47.48%
Medium-Low-Tech Catch-up effect -20.62% -45.53% 22.41% 101.03%
Frontier-shift effect 60.05% 86.60% -5.74% -20.46%
Malmquist productivity 31.75% 15.51% 1.70% 52.46%
Medium-High-Tech Catch-up effect -10.52% -6.24% 32.83% 71.93%
Frontier-shift effect 57.16% 59.39% -18.50% 23.03%
Malmquist productivity 19.26% 79.91% -10.26% 36.88%
High-Tech Catch-up effect 0.25% 188.36% -7.70% 1.70%
Frontier-shift effect 37.95% 44.06% 16.30% 29.50%
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