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OECD 3ld=& oz AL 55 Frhgh
A Hiol FFolAw, A A9 AEH &§ WoMe FFol W FE o
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(6.5%)% T (6.0%)°l ©]o] 39E ZIESIATh EI FERI7|E BHE AFHEH S
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AMe Eve Ad HA5o2 E2FHE T AASEA=Te] v vaEHQl
Ao AHEHUG. 53] HA ¥ GDP tiH] R&D FAtdl= B3t 71&F 9
HAPE S 19989 229 5 @R 5, ofddlEe} @A Ao AA=om F
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EIRAS S i B
A5l 313%@9« AL, | Alz"le] WlEEAS FAlRHL,
HIAART | BFE A 2 RS FAY
o) Laspeyres, Fisher A4 o) Ak
Nzde] wESAS meleta, | Axgle]l HEeds ned,
AARSE | BEE FA4eA &8 s 23}
o) DEA, Malmquist #|5 o) BARIES
O® DEA
DEAE= Y3 b= tish 7HAA R 43 A UAA 25 W, 7IFolvt RlgE

Z2A3 22 gAEA A9 (decision making unit, DMU)S  Jdi (relative

as
efficiency)S Z743t7] fallA 7/MddE vIRSFZH e stUR A, o5 FIgA35

= XS g3 BokollA 23, B, 7Y s A4S BAst=d d9 &8
=1 3tk DEAY EHZFHE& EE AFXEo] A4 A (production frontier)d 1 oF
o EFo|==F sl= vHIESF A EZZF7 A (envelope frontier)E 2o}, 10 ZHE E
ol F=E ol&ste] Zt DMUS B EES FA3dk= stk DEAY] 7HE 2 &
He styes B9 FUH AEs 2te ALHe ddEss ER9 JEAE A
AetA a8 F e Hold

DEA E &2 X498 (constant return to scale, CRS) 7} 3¢ CCR &3

L
I RS 7 (variable return to scale, VRS) 7} 3sl¢ BCC R3o=z F+i+&
= Utk CRS 7ML BE DMU7F HA =N wdE wolwt sttt =a4xd
Ao ABAH Ag o= st DMUZF & 2 & g
THCoelli, 1996). =& DMUZ} HAFFEAAN EFHA B 4F
&3t 3 884 SHX = FEEE(scale efficiency, SE)S] FFS A
Banker et al.(1984)= o]&|3 A& dl43st7] #al CCR 295 &3 BCC =¥

S Akt CCR E?féoﬂ Me FEEES AHSHA FRenR F HYoM T
gt a&54S A & & (overall or global technical efficiency, OTE)o]2}al &}
‘?}‘?i, BCC 58101]/‘1‘— TEFYS Ao ng F B 73 A4S &

589 4

B & (local or pure technical efficiency, PTE)¢|2tal o} 5
1£88S <5788 2 Y F(SE=OTE/PTE)°]t}.
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Malmquist BAH AT AHo|&9 & QoA A< (distance function)®]
3 A|9Es Malmquist(1953)e] oJaf|A Hz=Z =AU
2 Caves et al.(1982)°] <Jsl] Aito]&<] Wt
A AATgH S A HRlA, & AFE Malmquist AL A Rl HHESHA
o I % Malmquist AT e ALY A EokE JuiHA
Arcelus et al.(1999)2 EFHHIEEAF(Tornqvist index)$} 3] M A 4=(Fisher ideal
index)2} #Zo] g <4#Hxl A H] 3] Malmquist AR 571 2t A
S A2 2okt AA, Malmquist AAHIAFE ARG Wglacls Ve
Halol g EWMstE FalE & Atk =4, Malmquist PR+ 7HEAAEE &
ToHA @formg, JPARR S FAjst o A3 EAE WAL F Ao AA,
Malmquist BAHIAF= ETY FUH 4SS 0] F Ao2=2, aASE F
& dart vk A, Malmquist B AT HIEH s oS iste 2
v A" HH3 V€S 8= oA et
Fare et al.(1994)<= 21(1)& #o] &A% Malmquist A3 AF (M HE B9
shAaL, AAA L] e (ES whek ARt wE AATIEe] o] F(shift), F
7wl (23 HE 239 Y. Malmquist 23X 7 B8 e A9 T84
WL FAZAE S vtdsta, 7ledsirt dARAE s g
of Slt}(Fare et al, 1994). A|Zko] Aol we} 7]&o] HASIA =™ Malmquist
A TE 1Y 2 @2 23, 7leo] HESA H4d 189 F2 @S e
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F&Wse VEds &3 T AT 4+ Ao a8y ALbAgo]l S thar
St et: &4y 7sH B HAS £ Jon, nrAE ALkAgo]l A
3 E s Ve By E&57F Y & A tH(Grosskopf, 1993).

M,f t+1 [Mt Mt+1]1/2 /
1/2
Df,(x”l, t+1) Dz+l(xt+l,yt+1)

Dt(xt yt) Dt+ l(xt yt)
_ Df;r 1(xt+1’yt+1) Dé(xt+l,yt+1) Di(xt’yt ]1/2 (1)
Di(xt,yt) DL‘O+ 1(xt+1,yt+l) Di}+ l(xt,yt)

Malmquist 43RS ALbsl7] Asis 20 238 419 ALTSFE
A Aok dth Caves et al.(1982)& Al2Hlo] HlE&AJo] EA3IA] &1, FEF
By 7)) HHPH S /M-I U, Malmquist A2 A= EFAH2E AHEA]
T FAAFY HER2 ZAtdua stk ol AFE EFE AHAFITAE
o]-g3te] A F vk wlE&EAdo] gtk JHEstE A EFHIZEAFE V]
Ewstel agWstE FAlE  flode AS gusth wepA Al=Fe] HagA
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et al.(1994) AAA =Hlo] EAste= HIAEAS 118 3t7] 9184 DEAE ©]&3te
A5 AxtstAdn. AR ZadME w7bE R&D A|2HY HEESAS
123ty 98 HIESFA il DEAE ©]-&3t9 Malmquist AAHI A9 A= g

1) A5 7+3
o] 2= OECD Z7pE #87]&FEe] R&D &E&8A% S £437]
A3 FUAEE R&D 25 (stock)¥ R&D 9
A4E a#gd F8" SCl =&F9 553
20019747 T4} =9 AA LA SETE 7} <
2 E4stdth. DEASH Malmquist A AFs 24420 SJAAFE G A A FE
o= T2 5 e, & Aode BF A
R&D £5-& AHA] R&D A2l 9sir B4
AR FEF F SoBg wWEA A7 A5G
e 7oA R&D 255 73817] s s R&D AR, 2%
°|HE aFslof ek EaldlM= R&D AlAHE AHAl R&D A& 7
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SCI =& 3% 279 2S t&“—’éé}ﬂ 93] A= SCl =55 20014704 9] 3
AE3FE vie Fd AJAE3FE 78 F I Fo] M 12 298E TS
2 RES Foll, o] e A=W SCl =5 ¥3te] " SCl =E¥FE T3}
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o, =29
o], ¢, Wrld, 2¥Ql, L2EF¢}, o]gglo}, B, T2 e AYPT R&D
g&o] ¥t olstE Yegth 53], 29&, AUt v, £ R&D &&°] v

S T TE PTE SE
ElR=1= A=t 0.666 0.820 0.812
2 9ol 0.467 0.567 0.828

=d 0.465 0.590 0.790
v = 0.908 0.977 0.929
) 7] o) 0.445 0.460 0.969
229~ 0.987 0.989 0.998
N 0.630 0.640 0.983
o=t 0.770 0.970 0.794
2 ~EFo} 0.537 0.664 0.828
olgg o} 0.451 0.618 0.734
SRS 0.565 0.567 0.996
7Htek 0.957 0.963 0.994
Z g 0.412 0.563 0.732
A= 0.886 0.995 0.891
Ele=n 0.507 0.544 0.928
3F 0.913 0.925 0.987
it 0.660 0.741 0.887

TE: AA71€8 S, PTE: 57188
SE: #X2&%, TE = PTE x SE

TEEE] AS v, d7)d, 292, ~5Ql, &, Ay, Ads, 3=, 35
T Rt 24 JEya, dg9ds, =290, Y, 9=, L2Ego}, ojgdgol},
g2 HFERYG 94 eyt gREEo] FdRd w4 yehd I7HEY
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Yo A% vF, 292, 97, Q2Eeol, Aut, AAE, EF2 ehgeh

<} 3> R&D #&&°] 18 =7}

CCR =3 BCC =¥

1] =3(2000) H]=(1991, 1994, 1998, 1999, 2000)

2291251991, 1993, 199) 2291251991, 1993, 1998)
G199, 1997, 1998, 1999)
Q~EgoK1991)

ZATH1991) U199, 1994)

AZH=(1998, 2000) ATHE(1991, 1992, 1993, 1994, 1998, 2000)
TF(1994)

<Y 1>& 3, v, 4B R&D &89 WIFAE JeEd Aotk o]
3¢ R&D &&o] ALsiA Frhsthrt 19980l A7) stgksigr) 2ks 3 &3}
= FAe Atk o] Al7]el gk 943‘&94 AL Z 7199 R&D &0 dytyo s
A=, dATHHRE vHEIHZ 23t 5ol ASHAY] WEolth AA= 3
o] mIFEFEAFE 19983 54527104 19999 50337108 oF 78% AT
=3

1.0

0.8

L.~
e

0.4

0.2

0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ i
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

<39 1> g, "5, 8 R&D ZE&(TE)9 FA

<E 4> Zpro] AA EFY HAHAETFEY HE, S R&D &89 19] 7]
8 23 Hit AEHFES el Aotk R&D &80 £ v, 295 o
=, My, Ad=9] FHF ASHEES o o ukd =



52950 A E—é—%i\:} 7 Uehgth ols @%3 QRo] krnt

rr
A

2 = SCI =% H=53Ed
HEs= 18.0 29.7
299 433 62.1

5 41.0 41.0
u) = 23 3.6
7] o 54.0 56.6
ENOFS 1.1 5.9
Eav )| 36.1 80.6
= 3.0 7.4
RL2Ego} 33.6 35.3
olgg] o} 38.2 38.7
JE 63.1 433
As=s 3.7 3.7
ZG 43.7 437
A= 0.5 0.5
Elen 76.1 45.6
5 75 10.0

@ R&D A 4HA

<3# 5> 19913dF-E 20009 71#] 2] 109 < Z=o 71zt (1d) &8s A
(EQ), 71=¥3tA4(TC), Malmquist AHAH A F(MPI) o] AR (7188 w)S HEbA
Aotk Al 7FA A BF 2 gho] 1RY AW F7HE ovsta, 1 gho] 11Xt} 2
oW TAE u|gith o E Eo E&WSAFUE 110002 H &) 10% S7H
g= AS 9ulstar, 1 gol 090003 &&o] 10% FAaAde AS o g
EAZAT, AwkA o7 OBCD %71 R&D Aol Z7H2.3%)8 Aoz e,

1.

\1

A (05%)H = 804
R&D AabAlo]l AF I 142% = 714 Zo] =7}

—

%)% Aoz eyttt e
o2 Yelgon, 179 A%

&
N

A
He NEHAG1%)RTGE EEMAB7%) Ae Aoz Yekth a8&Wste] 7
< Saro] AW 87%E Aol /M wWol MAE AoE YEgon, QAEgo}
= AW 29%=2 &) 7P ®ol stHe Aoz yEyt. 7wt 49 3
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<3} 5> R&D A2HA

SR

S T EC TC MPI
EIR=E= At 0.978 0.989 0.967
r29o] 0.989 0.986 0.975

5d 1.037 1.020 1.058
vl = 1.019 1.040 1.059
) 7] o] 0.989 0.997 0.987
29~ 0.996 0.987 0.984
=) 1.049 0.985 1.033
= 0.997 0.997 0.994

Qe ~Ego} 0.971 1.002 0.973
olgkg] o} 1.046 0.997 1.044
dE 1.042 1.051 1.095
7Hvtet 0.992 0.991 0.984
Zgs 1.019 1.003 1.023
Ad= 1.032 0.984 1.016
= 1.087 1.051 1.142

o T 1.002 0.992 0.994
Bt 1.017 1.005 1.023

EC: E8W3AF, TC: 71&HE A5
MPIL: Malmquist A4Hd A4, MPI = EC x TC

<™ 2>, <™ 3> <19 4> Axd I uZ, dEO FE&HIAS, J|=
W32, Malmquist AR5 FHAE Yebd Aotk AdlFoz R&D H&0
2 "534 R&D &80 A= FAR FFE3] Srtstal e dE9 AF 2&
W37t o H AElE Hola 9l Wk, R&D &9 WHIr 71F & 3
o] A% BEE&WFAFIE 438 WHata Utk ZlswstAFo A9 g, vs, o
2ol vl Y-S Holal Uth
——E mgn @
1.4
1.3
1.2
Y //'\.</.
10 | W —
0.9 |
0.8
91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00
<Y 2> =, va, dE BEHIIA|F FA4
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<a¥ 4> 3=, m=, GE 9] Malmquist A4HIAG2] FA|

<# 6> R&D AAHIES 19900 ARF7](1991-1995)¢F 117](1996-2000), 1]
3L 1990\ th (1991-2000) = T3t &3 ddelrt. 1990dd] A wt7]o] R&D A4+
Aol 74 E=A F7HE Ite = (133.7%) o2 UEhgon, A9 AFHe F2
FENA(120.7%)2 Aoz vEbytth o] AL 1990 M ykr)el] o] SCI =
nZESEAFE7 42 177%, 113% Y S7H 7] W&ot} 1990 d ) F4k7)
R&D AAiHdo] 7Hd A1 S7H =7k 48(99.9%) 22 UEiston, 1319

49

o
ook ot 2 )

HE 87K 40.7%)F 71E8242.0%)0 AoZ YElth 1990dd AAze
=3} AR o] R&D }g}\]-/HO] ZY 7y 218.7%9F 116.8% S71st A2 YElytor, 1
o] dFEe =] A &M, B A 71EFAR] Ao E YERETh



<% 6> 7178 R&D A B Ay

Lah= 1991-1995 1996-2000 1991-2000
=7} EC TC | MPI | EC TC | MPI | EC TC | MPI
Ygd&d= | 0954 | 0983 | 0.937 | 0.831 | 0.973 | 0.809 | 0.816 | 0.930 | 0.759
290 | 0902 | 0.896 | 0.808 | 0.950 | 0.968 | 0.920 | 0.902 | 0.866 | 0.781
=Y 1.064 | 1.001 | 1.065 | 1.276 | 1.168 | 1.490 | 1.389 | 1.197 | 1.663
0= 1.001 | 1.061 | 1.062 | 1.166 | 1.284 | 1.497 | 1.183 | 1.315 | 1.556
W 7)o | 1.000 | 0.993 | 0.993 | 0.935 | 1.051 | 0.982 | 0.908 | 0.990 | 0.899
292 | 0974 | 0910 | 0.886 | 0.977 | 1.027 | 1.003 | 0.968 | 0.965 | 0.934
2~# ¢l | 1.280 | 0.899 | 1.151 | 1.187 | 0.932 | 1.106 | 1.534 | 0.852 | 1.307
= 1.030 | 0.951 | 0.980 | 0.976 | 0.999 | 0.975 | 0.972 | 0.952 | 0.926
L 2Ego}| 0.790 | 0959 | 0.757 | 0.971 | 1.066 | 1.035 | 0.765 | 1.019 | 0.780
olgrgjo} | 1.244 | 0976 | 1.214 | 1.213 | 1.038 | 1.259 | 1.503 | 1.053 | 1.582
J R 0.979 | 1.058 | 1.036 | 1.407 | 1.420 | 1.999 | 1.443 | 1.503 | 2.168
Ayt | 0.955 | 0.934 | 0.892 | 1.048 | 0.999 | 1.047 | 0.933 | 0.964 | 0.899
ek | 1.047 | 0959 | 1.004 | 1.141 | 1.072 | 1.224 | 1.189 | 1.054 | 1.254
AH#= | 1160 | 0.932 | 1.081 | 1.124 | 1.043 | 1.172 | 1.330 | 0.998 | 1.327
Elen 2208 | 1.058 | 2.337 | 0.915 | 1.420 | 1.299 | 2,120 | 1.503 | 3.187
GRS 1.049 | 0.945 | 0.991 | 1.065 | 0.919 | 0.979 | 1.014 | 0.863 | 0.875
Bt 1.102 | 0.970 | 1.069 | 1.074 | 1.086 | 1.166 | 1.186 | 1.064 | 1.261

@ R&D &% 7173 H
R&D " &4 9SS VA J7I58ES =517 98] =7PE A% R&D
E&(PTE)Y IMDe 71348 Hriazte] AABAE EA43AH. o5 3
IMDS] =7HEAE A9 HrradE H4E o) &3t

o7t 9EA
g 2Asgt agn A Ee TR AY BAeAL RFoR FUF B
2 QAT

fe=]

= AA

443, R&D E&T BRALTY ABIAT g w4 ek, 3A4
A7 A9 g o ushdoh =3 R&D A& 99 MDY

o
i
r <
X
S
=,
=
L)
fr
)
-

= 7HaE AR 23, R&D EET

LA A= £9Ato)7 Sl Aoz UEETH o]E AR HrieodWE Ay
B, AARAE AL JREE, APGEE, TR ¢H9 7 R&D £&
= zZol7t fle AeE UEwt &, #Er|sRFe R&D & =

, 23 s dH #AVE A

Oi 2 & itk odd AHE FAIEREY R&D WEE AFE =EF 5

o
rlo

A
lo
o
2
oX,
:;l
T
)
fr
N
2
:‘_l,
o
4z
Lo
y.op
o
oX,



|52 grka e

,(5) GDP tjH] R&D F#}¢] 5717

Mo oww R ¢
o
_t%ﬁmoﬂmm o e L N RS
i _ﬂ_ —_ _.E nMo o J._v —_ ,:1_ sy %o S T T m B EE X E J._v
Jo A T "R = "o RN L o o A H =
o RN SRS ST T = TR
R ] & 25 bE g2 b m el
5 T aFH = N BEET
% M 3 " D 5w H o 2 =) o ©
= 0| T o oo £ Wu_ﬁ g - Ny < b K g AR
WM % AR RS- IR
W e O 5o PR T o G N
N o) T o 1] o~ o TR S NV w0 X
™ 5 B oF ok & 0 No = &
T G = T E 2 ® o @ e
ﬂﬂ%ﬂlm'o] @%ﬁ?ﬂwm?drw_mﬂ Woﬂmﬁ_o_a.ﬁ
o B2 g mcﬂﬂuiﬁ%ﬂaam.;%% Mo_aaﬂwﬂodr
o R g L_Lﬂomaﬂw,owuﬂ_siﬁr Aﬂﬁ%éu
- ~ =~ = w XA o T BT 2 R
I R T GG e N N
N ) R 2= <oy ° oI B e A
! = ™ our AR N °H o ol o T NCg
= ﬁa o < - ,:1_ ! OE ~o OE _.E faze) [a /.
LT 7 aEuEngE#mL%A@mﬂ_fu o
_,__/l o N m T mh b m. A B n N o me = <) No o Mnm_v o 4
5 A F O ® M N = T+ oy Wo ~ o dp = Mm o o Zo o of
— . iy [
N M By 0 R iy o > B OB X Mnm_ ol oy ol nx ﬂ]@ T o
R Log s g @ﬂaﬂ%xﬁo@@o_e.EAOaﬁ
N oo T M 2o TN La%:_amoogmalmr s B
4 o ] N = ASg T % o 5 = z T = _.E bt
o O iod o) Y i <~ A b | R g _ﬁ_ o ujr iof % o Njo o] X ~
o] A Hp oy Wb N ™ o= o of m >~ 4 X =zn X0 ﬂ.pl
) B = 3 = 0 o X om & op o}/ B o= 4k N =Y
powom Fo mgwruo%aM]%o_MEMQ.g 7
%A%%ﬁw% _g__owu%ﬂar.w_ﬂﬂmmAmomqm@
— T —~ T v iy ) (@] 5
zmerm%ﬁAR%_ __Lmﬂuvumza%ﬂﬂL@E%ODa_@mﬂE%
o = =a o ) % N o5 B s O fw R o) = o
PRg Rk 2 R N (R RS wow A ow K
T T s y ~EZEETIT e Uw S
%P X ML S o o o M m o T oo X u_.m et _ O o| &_ < o X
T o N A’ K = 3 oo P o XN r N
xs PR ELET G SR I F LR P
o . #m%ﬂ@,o_LNJOMy% 2T &
S G
x TR R

o] A% 1990



L 1990d ) AW7lol= 71EEAS Y3 o] 1=
U oolgg M LR/RE BT & Jdve Hol Foslior st fuksid o
A R&DY A== 7143 =83 E5 = HA R&D A9 QR 1< #str|sAl

S ti3Eshy] WEelth

3l

M

al

ﬂ?l_ll

[
)& ATBERARL |

et e R - AT %789 719 002),
Arcelus, F. ]J. and P. Arozena(1999), “Measuring Sectoral Productivity Across

Time and Across Countries”, European Journal of Operational Research, Vol. 119,

pp. 254-266.
and W. W. Cooper(1984), “Some Models for

Banker, R. D., A. Charnes
Estimating Technical and Scale Inefficiencies in Data Envelopment Analysis”,

Management Science, Vol. 30, No. 9, pp. 1078-1092.
Brown, M.G. and R. A. Svenson(1998), “Measuring R&D Productivity”, Research

Technology Management, Vol. 42, No. 6, pp. 30-35.
Caves, D., L. Christensen and E. Diewart(1982), “Multilateral Comparisons of

Output, Input, and Productivity using Superlative Index Numbers”, Economic

Journal, Vol. 92, No. 365, pp. 73-86.
Chavas, J.P. and Aliber, M.(1993), “An Analysis of Economic Efficiency in Agriculture: A

Nonparametric Approach,” Journal of Agricultural and Resource Economics 18, pp. 1-16.
Coelli, T. J.(1996), “A Guide to DEAP Version 2.1: A Data Envelopment

Analysis(Computer) Program”, CEPA Working Paper, Centre for Efficiency

and Productivity Analysis(CEPA).
Debreu, G.(1951), “The Coefficient of Resource Utilization”, Econometrica, Vol. 19,

pp. 273-292.
Fare, R, S. Grosskopf, M. Morris. and Z. Zhang(1994), “Productivity Growth,

Technical Progress in Industrialized Countries”, American Economic Review, Vol.

84, No. 1, pp. 66-83.
Farrell, M. J.(1957), “The Measurement of Productive Efficiency”, Journal of the

Royal Statistical Society, A CXX, Part 3, pp. 253-290.
Financial Times(2001), “New Millennium’s Winners and Losers”, Financial Times

2001,10.29.
Grosskopf, S.(1993), “Efficiency and Productivity”, in Fried, H. O. C. A. K



Lovell and S. S. Schmidt(eds), The Measurement of Productive Efficiency, Oxford
University Press, pp. 160-194.

Koopmans, T. C.(1951), “An Analysis of Production as an Efficient Combination
of Activities”, in Koopmans T. C.(eds), Activity Analysis of Production and
Allocation, Cowles Commission for Research in Economics, Monograph No. 13,
Wiley.

Lovell, C. A. K.(1993), “Production Frontiers and Productive Efficiency”, in Fried,
H. O, C. A. K Lovell and S. S. Schmidt(eds), The Measurement of Productive
Efficiency, Oxford University Press, pp. 3-67.

Malmquist, S.(1953), “Index Numbers and Indifference Surfaces”, Trabajos de
Estatistica, Vol. 4, pp. 209-242.

Sudit, E. F.(1995), “Productivity Measurement in Industrial Operations”, European

Journal of Operational Research, Vol. 85, pp. 435-453.



