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After the completion of human genome project (HGP) in 2003, biology went into “post-
genome era.” Many countries have marked different approaches in craving out a niche in the
biotech arena. Taiwan also proposed the “Two Trillions, Twin Stars plan” to advance biotech
industry. Taiwan’s biotech firms not only expanded in the domestic market, but also engage
in foreign direct investment (FDI) in order to enhance their competitiveness and efficiency.
This study applies the slack-based measure (SBM) to analyze how FDI affects the operating
efficiency of Taiwan’s biotech firms. We further decompose the technical efficiency into
three components: mixed efficiency, pure technical efficiency, and scale efficiency. The data
set, obtained from Taiwan Economic Journal, consists of 63 Taiwan’s biotech firms for
2003-2005. The empirical results indicate that FDI can effectively increase the mix
efficiency and scale efficiency. In addition, the appropriate R&D strategies of Taiwan’s
biotech firms should either invest massively in R&D in order to enhance the likelihood of
development of new products, or focus on production with a little investment in R&D. Other
findings include: (1) On average, Taiwan’s biotech firms could increase their efficiencies by
73.75 percent if all firms operated on the efficiency frontier; (2) If we omit the mix
efficiency, we may overestimate technical efficiency about 37.91 percent; (3) The primary
source of inefficiency results from the raw material inefficiency.
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A T

NFAE A #EETE (Human Genome Project ; HGP) A 2003 F-5¢ 5k A FHEL KRG
PARL " REERIREAL ) - SNBSS IR S R AR B 3 - BEE BRI - HEE S IHEEE R
etk o GEE 1985 FEAHRT " INs@ B Bl SEHEE) T 5 ) HEEh A SRR R T i B R
ARIHEIR - L 2002 FEAF AR F U SERIHERD Y1 R  PEER 2008 : BIR EBEFERETE T /Y
JREEE | R SENVERHEENES - SUTNEM S AR RN BRI SRR -
oA R R R TR B N R R R AN IR IE F B A B B2 % & (Foreign Direct
Investment ; FDI) DAHASHHE A H B #9555 T BURR « A » 75 58 B R e B B AR
FEraEIR FDI N - AAREREGEZERE—H T2 - ATl FDI #5884 RE .2
TOE AR R BT N A AT B ERET -

BB EEE M E#RCS - B AR EREE - sl - EREEE
Yi&Eraan b - AEEEFREINE TRE RS - 2004 4 2 BR AR B R ER Ry
997 (B£7T * HEIRESFEIRNEN 210 (EE7T - HIEK 2003 £ K 15% © RERTE
2005 FHA 201 (BETHIE SR ALERESE » ERIRIRE ST R 158 (83270 19
T BERE B HLERY 78.9% + HR RS BELNEER - HA ~ EIREE R FREIAE AR ELR
hld - HRBIFEAERE SRS | J g e -

NS IR AR RS SR R - HRTIERR IR S R AYREEL s BB R A R i s | /Y
JREEE | BURH EEHEBIRETAE S - FINYEEE T Industry 21, Z HEERAEYIRHTE
R RLEEE . — » FEEHIET T Biotech 2000, 2 FETE 2010 FFAE L B SELAIL 22k
TG A RE 10% - BN AEE B B HUH FHE S Bz oL A2 240 - AR FRRY
SRR BREA - ROREENRE - LI - R —/ NUBBGRIEE R - BNE 5
e FDI & @ iy I EEAY A T N - IRBIMRY 7/ - BRI E T
FEBRES K34 FDI B 5 A RO R R s & -

ERMIFE 71T (Data Envelopment Analysis s DEA) E&7Z 7Y FH A b7 25 Fd & K1 Al
IRE R EAIREAERL - HEETE N AT e € R = B ] DU & 2 o i% A B2 ot
Hi o FF 25T FIFH DEA 53 M1 48 FOips 2 48 7 JJ B3R (Graves & Langowitz, 1993;
Gonzalez & Gascon, 2004; Saranga & Phani, 2009; Chen, Hu, & Ding, 2005; Saranga, 2007;
Liang, Jiang, & Lai, 2008; Mazumdar & Rajeev, 2009; Kim, Harris, & Vusovic, 2009) ° —
fRAIBFZELRLL Farrell (1957) WIBE & M BRI 0CR BRI RER - @il IR M ey A4
LA A LB AR S ERAYEE 2N - AT RERL LA EE B R AR A LIS - EATE
A e SRR RO R Y L AIRE TR - FEREE R E KRR - PR Y22 » 5 R
W& T AR ER AE IR G LA E g Sny 8cs - AIATReE A S b g R AR E -
AT SR 3 A8 2 B2 15 A LL BN & P B RN A G4 » Wt — A eS8 2% e A
BRI ~ AIGEZER ~ R HAESE S -
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SR 5 BBIETRERE T - WEBE R - HRERROATERGR - R HASLZ
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iii]
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=36
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=

puiiy

&l ~ SBREREY

TR - FF B SN EER TR PR B YR R E R R - P R IRknE
SR H B TS AR R R A S E SR R RE S B IR i A BRI 43 Bl B E
F o WHE TS RAFAIRE B ZE R E 2L - Huang » Hu ~ Meijl ¥ Tongeren (2004) $5H! -
EVIRHECHR —EBEE A E - 5 Rt i H Empe® - HHBUFREEEY)
RHZ S A 7K 82 m FH R Y A H S HY © Lin B2 Wang (2005) s8R BV R ESE
R ABRRAEE « @FEIREELEEEENTE - OHAREE - T—IEit&EE
FEERVE JJHEEZE - Saranga (2007) JEAZ HIEE R DEA RN [F] 8 2 SR IS HY SR M pE
FHECE G HIEEET - B RMENEEREER A+ Saranga Bl Phani (2009) F5HIETE
AR MR T BRI - NG RE HH G W T A R R R TR © Mazumdar B
Rajeev (2009) 535 3 B R & B 3 N EE S5 BIHA B0 B A= 58 ik v 322 ) A S AR Vs AR DA
FHAEFETT » Kim et al. (2009) 5857 SERFR A BIIA TR T £ B A VI RH M & A8 8RN -

TR T 3 Ry e B AR YR E EAR R EHEE A FE » Grave Hd Langowitz
(1993) » Roberts (1999) ~ & Hall Bl Bagchi-Sen (2007) R 535 B 4E V)R HL i & IR
JRFEH W EE R A B RS AR SRR 2 AR © Qian B Li (2003) DAEI R
FZ U NMEZE RIS G2 - TNVERUEIE Z f 5 © Sharma Bl Lacey (2004) HYRF9ERE 8
S R R ) T 455 (0 (P B S WS PR 7 BRI TR B+ Saranga (2007) 0B T8 1 4 2 5156
RHA (#910-12 47 ) #R 2 HHI B R el (LB 42 L Pl 123 -

FDI & Rl ~ BREE Rt AR R AN FR] - B EUEE R B A FAEIE] » Lu B
Beamish (2006) fi5H HASH/ N34 2 FDI (S8 MG U 2 A IEMAIBAR » Liu B Shu
(2003) #EFR FDI ¥ 5 B 2 26 .2 HE TR R0CH BE & IR [ Y52 %  Thangavelu B2 Owyong
(2003) BT FE G SR EEUS HH A B R LAV DL FDT Ry B i iy BE 2 Al gy s B R B 3R R
7 112 B 0 Qian Bl Li (2003) 8 HY A/ INBU 7 A2 W) g i i e 8 A 908 R g A T 55
Pan ~ Li B Tse (1999) & Hi P HAE A K FE T 5509 5N 1E A1 SR B T 554 5 SRR
B IR HAE A - N3 Shaver ~ Mitchell B Yeung (1997) 28 F5 it 3t A SEE 7
SR BE SRR AR R A R -

2 BB IR S I A R R RS 2 AR ) BOERETT A BRI ST o B R B AR IR
(2002) ARFFSE RS A 5 S MR 2 T R 28 s R il SRR AR » Bk AN ~ B39 7 B
FalEE (2003) Fi5 HH AR RN R E ELE R AR/ » SREEHR BAIR B 28 (2005) 7R 3 18
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AR < B E IR A > Chen et al. (2005) F5 & RS A E TIE N IERBEES -
T NP R - BINE SRVREFEARE R - (E2H 1980 F£RFIHLIA -
BN ERETEL - (R IR 2 Mra 2 Ml & - IRV TR - HATHR
HWFEHET KoM FDI 5 8 A R R 28 -

2\ mRDE
Charnes » Cooper £ Rhodes (1978) EA& Farrell (1957) HYEH & 2% DEA - BT
1 H {# 7 36 B {i7 (Decision Making Unit ; DMU) ° RS ATE ANIEE A
(X250, Xy )+ ZEFE M OIEEEH] (01505059 ) © Charnes et al. (1978) FH Ttz # A H
IS (fifRE CCR AL ) fir & DMU j Z HlreR

M
max Z%ﬁﬂﬂ (1)
T SR
zM
"V 1o g

N

n=1 VX

Subject to

Uy, 205 v,v,,.,v, 20

CCR I HEFR = R KRB ATERL (Vi n = 1, 2,7+, N) BLEHBER (U, m = 1,
2,0+, M) #E > 15 DMU j BURTRCRIE R R 5 IRGMEIT R IRE T DMU HYRER
{E/INPREREERR 1> Al DMU BYRASECRIE Ry 1« 2811 - MRADR IR - BT _EAHE
PRI - 1] B g i IR 240 /% - Charnes et al. (1978) 5 il JERR IR - A PR

YN vy =1 BT F 2 SHEAR MR

M
max Yy
Uy Uy Uy m=1 mym/ (2)
VI ,Vz ,“‘,V,V

. N
Subject to anlvnxnj =1

M N
Zmzlumymh - Zn:l vn'xnh < 0’ h= 1’ 2’ . "H

umZO, m:l,z’...,M; VnZO, n=1,2,"',N,

FMARRMEAR ENEZ EHENE - AR Rt ERIPES AT
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min 6’j
0252 A1 (3)

Subject to 0.x, —zthl,lhxnh >0, n=12,---,N

~ Vo +Zf:1ﬂ,hymh >0, m=12,---M

AsAysens Ay 20,0, s free

— RS o AL RGN W+ M < H+ 1) » BBEHRETE - il 2 BALYIE
REEH R B DMU KRfE—K o #R4 Farrell (1957) FEF » %% DMU 1 0 {HEIE
HEHT%8=8 (Technical Efficiency ; TE) HIfdiEH{E o #EIR 6 B E RS - (E ]800
O WIEIEIEAE 0 B 1 2 f - FCERIBE R 1 ¥ R EATERITSEEY DMU @ FEEEIERL
FEH B 0 E/INA 1 AUREITHES R DMU -

CCR fE AU % 28 A i Ry [ & HAE W (Constant Returns to Scale ; CRS) @ HE
- DMU 5 R] R A FALAS e B R G BRI HY 15 P » A1k DMU FYERCRER T Al REZRH
AET ABLE AL E N E 25 - A RTREE A DMU RYFER 2 2 - Banker
Charnes 8 Cooper (1984) % CRS YRl 7 DL » (B 3% A= 7 150 il R 28 )y 5 A 2 P
(Variable Returns to Scale ; VRS) * 5 BCC &R ; SR M T » (EFAF Ll # B

#%2 COR AU E— (ARSI (35 4, = 1) HIFT - BOC BUBATIHH: ik 5>
W B UL A D R + B 1 TR ARER TR VRS AR - BRI CRS
LSS D MR R BB, B,D - SRR BB, | B,D - BUMECE

B PP, / PP, ; 55 < » CCREEBIFTHUS Z HO R {E P o i Rt il =R {E (PTE)
BB {E (SE) 2 3€1E » JRE[l TE=PTE X SE °
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Pe oD

1 Bifgsse  fuikiiiise R AR R

il 8 A CCR 82 BCC HUBSFTE 1 A\ B8 - (EBVE R LR - 8ok
K ETRERY S L BIRE 5 48T+ AEIRFTAE DMU 12 BB 1% A B 7 & 30 s
P9+ 8 DMU FIRER ASBS SR AR 5 R - 1T 4 e TR S B 4
SO - thEE R A TR AT DI AIDARR » i B LR RO R
AR - (R I R R  RTDUE 2 21 AL AR - BEE i
DMU * A~B~C- DA E» ZBEEIEH A~ B~ CEHEHIHFRATALR - D B2 E Fyfi
S DMU « SEFEFAER D BRI ¢ D 262 CR(ER 0D/0D  HHsE A AR
i (1-0DfOD)X) = XP —XP» i=1,2 3 #7015 B 5 9 7 & F - x, 7 79 #if 6L
XP - XP - BLETIRHE R -
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X7

2 GIRBIERREREE

. |
X7

IR CCR e BCC fRAU(E % g A e B3R < B 2408 & - KA &G DMU £y
RORPIEE] - $ ACE A2 Z2FE% & (Slack-based Measure ; SBM) f&5Y - DI A Z=5E S
EE DMU ZHlT=R - Kt AT SR AR B I E G A =4 & - [EE U T~
Z SBM fEAULEPE LA (Cooper, Seiford, & Tong, 2007) :

min g =1-3 3 s 0

oAy Ay 8] e Sy
. H _
Subject to X, = thlﬂhxnh +s,, n=12,--- N
H
ymjS h=1/1hymh’ mzl’z’.”’M
Aseves Ay sSy oeesSy 2 0.

B s, Ryas i (i N2 23R - [k SBM AV [R5 ST R B IR 22
HEEAE: R - #8%0EE (Overall Efficiency ; OE) @ &/\iA CCR BRI B 5 2 £ i
SFAE » Cooper et al. (2007) $% LLE #IE & %K (Mix Efficiency ; ME) F ¢ HHE L
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CCR AL SR AE - JRE) ¢/ TE - Kk - SBM BERIFTEVE Z MR E @ w53k
B SR ES TR IR SR - BORGRCR » FIETNeR AR = TH 2 3RAE
ZINE

OE =ME xTE =ME x PTE x SE 5)

B2 BB
— ~ BRI

AWse LA LT~ ERAERRRE R A - KB T R ST E R (TEJ) |
FralEESER » DIAER A R Bl A B B R e O st R 52 » BUFE 63 Rra 1L 2003 22
2005 FHYERL - HLET 188 FHEHIE - HNE & =F&F - frEr4 HZ2EE DL GDP
SRR BN LA (A 2001 R FL 1 ) o ARIZEIIN ~ Sl G VAl Bl A 1 7 SEAHBRAT 52
(BB 0 1999 5 Bk ~ B84 > 2010 5 Weill, 2004; Valverde, Humphrey, & Del Paso,
2007; Huang & Kao, 2006; Kwan, 2006; Ray, 2007; Camanho & Dyson, 2006; Sturm &
Williams, 2008; Saranga & Phani, 2009; Chen et al., 2005; Saranga, 2007; Liang et al., 2008;
Kim et al., 2009) » WH B ESZNRE - AUTFERTEER AR - (1) BEEE
(B EEIT) @ ELAB(EFEMNNET A B4 : N) Q) EY
BHER (BLAL - e EoT ) » O E « (1) SHEEE (" sHEIOAEEE L 0k "
REHEEE, - B e%EIT) s @ BIREHEEE (B alETT) -
5 A\ B L BEARGILGTERI 2 RE 1 -

* 1 EHRRASRIGLHER (AR = 188)

FEi9E EREE /B A{E
AEIHE IR (FBEET) 20.870 28.283 0.103 149.406
P SN EISER (TR ETT) 4.299 10.101 0.000 77.070
BAEE
EEEE (FiawET) 15.165 44.436 0.123 369.396
BTA#(AN) 297.500 340.730 17.000 2,191.000
¥ (#ratETT) 11.212 18.607 0.004 116.089

i T AR BERE S EEALEER T REMRIEHEINLITE (L 2001 FHEH ) -

DEA A7 7 A Bl 7 B BUART & FiRfER 45 (Isotonicity) » JREIF AT -
EH 15 - AWFE2E Esm  EHFEEL Sueyoshi (2003) 245 © LA Pearson FHEH 1%
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HERFE FIREIRE o 3% 2 BURTE 0.1% RUBZ/KMET - e AR B Bl e hH 33 B P {7 (2 B
EHIIEFAIRGR 5 KT > AWTFERTEEIS 5 A B AR R - bEie i SFiRiEmR1E -

®2 WAHEHSHABREEH

BEEE BT A 57k

e 0.6635 0.3527 0.9008
FREIER (< 0.001) (< 0.001) (< 0.001)

s 0.2905 0.6650 0.4448
G E NS JR%E (< 0.001) (< 0.001) (< 0.001)

it 4EIlR A p1E -

o HENER

AR R SBM AL 2 MERR (OB) R H AR (i HEBE IR TR 3 - Bism S
A R o SRR - SEIE5E 0.2625 » A 2 0 A 73.75% BIMGEEZER] -
TR IERCER AR Rt T R (PTE) R » {#45 0.5282 5 IEGZEE (ME) B fE4Y
R (SE) Z=FAK » 53515 0.7176 Ed 0.7199 -

’3 AEBLERMEZRVERES BN

HRRIR REMR FRAMIRIR UESFIEVES FERIR

] 0.2625 0.7176 0.3620 0.5282 0.7199
FDI

A FDI i 0.2716 0.7369 0.3648 0.5125 0.7433

% FDI s 0.2353 0.6598 0.3535 0.5755 0.6498

B|EBIGE Z -1.411 -2.905*** -0.553 -1.098 -2.125**

p1E] [0.159] [0.004] [0.581] [0.272] [0.034]
LHEAT

AT 0.2607 0.7145 0.3619 0.5005 0.7724

LHEAT 0.2644 0.7209 0.3621 0.5572 0.6651

BEBIGE Z -0.133 -0.859 -0.228 -1.696* -3.165***

P1E] [0.894] [0.390] [0.773] [0.090] [0.002]

FE 1 MBI = IRATER X BER = RARE X MR X FRERE o
FE 2 BRIR 1% BEEKIE 5 ** IR 5% BAE KA § * 3RIR 10% BAF IKEE o

SEEREREIR - N EmSAEE ] - AR 2 g = RN RS E > B
e HEEFRINGE - HRHN NN HE A EREINGY - S HEt e RN Ew
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R TR T BT < BT &R - FDI NMEG 2 B rE i /g ~ SRISHE - thg B HM
ok ~ thEHEaRE S RIBL - ARISEE— 5347 FDI B & 8 o A B ) S R E R
B - e A RBFEREET R NEENEESFENREERELZ T EIMEE
&R B TEERBEREER ) Z&H o 5 FDIAY DMU R 141 & » ff FDI #Y
DMU %y 47 fli] - 3% 3 B/~H FDI Wgrd Z B2 (0.2716) » =AM FDI Fipg < Bk
2 (0.2353) 5 HH - 7 FDI g I8 & R B AR (4351 0.7369 B 0.7433) =72
f FDI iR (73515 0.6598 Bil 0.6498) » #lifF o Xe=R Al 2EAHN BB » 53515 0.5125
Hi 0.5755 -

TEJ ERHEE R - EMiAFA 96 il DMU » _EHEAEH 92 i DMU ° A iR EURF
FL % BT ENEAFRHREANHE - EHAFZ S FERBERZL AN EIEAT - B
e B~ BN R ZBER RS FENRRS - £ 3 WERER EfiAH
ZHERE (0.2607) 1R A _LHEAF] (0.2644) » Hf BT A FLZ AT 200K (0.5005) HLiE
BRI (0.7145) (RFA_FAEAT] (53815 0.5572 % 0.7209) » BB AER R 2 AHR 1Y
W B A EEA TS BR 0.7724 B 0.6651 ©

B IR E B RS T 2 S SR EAN AR - AR - A ZE R GRS 2= 5]
Tl — LA E - DEA R 2 RER(E BB REE - (/T &E DMU j LA RARRL
B DMU ZAHEHLE - BEFIEF R (Ordinal Scale) ZFiM: - A DB EHFFEREHE
FIFH DEA 8817 FER{E K DMU IR < B SRk 8e e R IER REEEL - H
PNRESRA SR BIRBINILARE E 5 R - ARUFFEER A 7T 53 M R Al B 784S 2 Mann—
Whitney U test 773 E#25 i M 5% (Null Hypothesis) : (1) & FDI £t FDI #8827 SE5%
REME ) LTHAFE FEA TS 2 2 PIRCREHRE - £ 3 2B TS
RIEH : FDI BHE SRR RS R I 22 2 - AR EERCE - $ilr3R (TE)
R il ORGSR EE AR BRI 2 5 LA - BT A FEI RS 2 SEIg B RCR B 1R
HEAFEIRERS - MR RCER A 2 AR AR S - HERAURERCER « IR G REREE SR
FEIHEARE -

= (@) B AR E Ry 1—%Zivzls;/xnj s NE 2 CRE ZnNzls;/anj B
FHAS I A B TS B RREE (s, /anj) TIFESEETI R - 38 4 BER © BEAEYREY
Wi P o AR T B AR R IR EHIE IR (0.2884) » HR 3 IR E AR (0.2354)
il ZZ B AR (0.2137)  HE— 5347 - FRAMFE AN R R a B IS AR R 1 2 AR R
INEFEYPEHER R » AR B EAREZH AR - S E ERH « (EHERERERLE
REIME PR RS B 2R 78 1% WEEE /KHET » 5 FDI Mipsa EF RS 1B ALY
NS FDI WA i RS o LA SRS A& REERCR A A A SRS 5 sk o
1E 17% WIEEEE/KUETT » [ RHIE R =R Bl 25 B S R A A (B M e B RS R G AR AR R Y
L .
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B TR .—:a‘% %23 A% 1

£ 4 SBMIEE 2 EBUERLKIR

TR B AR AR R
2hE 0.2137 0.2354 0.2884
FDI &5 0.2116 0.2290 0.2878
& FDI s 0.2198 0.2545 0.2903
HMEERTE Z -1.042 -2.583** -1.131
p1&E] [0.298] [0.010] [0.258]
EHAT 0.2084 0.2459 0.2851
AT 0.2192 0.2245 0.2919
HEEBIGE Z -1.349 -2.590** -0.110
p1&E] [0.117] [0.010] [0.912]

BE 1 IRIR 1% BEE UK Y FRIR 5% FAE KL ;¥ RIR 10% REE K -

7% 5 FRBH G AR RORR p AR A R I 1 o s SRR R S B TG R S I o e 1) L 91
(73.4%) FHEE KA TS E FURE SR (4.8%) FOEIRAR I (21.8%) « & {E MG EF#E /R 2
HAHERIER S - FU2E FDIMGRG HERE S b/ SR Re A B = A EL G ER TR AR A i -
530 Ry 24.1% Bl 37.5% 5 8 FDI R g BEas K i S EEH8 IR 2 IR g A AR B 0 B
#r= 0 43Ry 80.9% i 91.3% ©

’5 EBRIZHE - BIERAREBH - BLERRIZ IR < LEE

AR I FRAR R (] TE AR A R R R AR AR R HBA

] 73.4% 4.8% 21.8% 100%
BINEERE

BB EERE 70.9% 5.0% 24.1% 100%

BN EERE 80.9% 4.3% 14.9% 100%
Lt~ BRF

AT 56.3% 6.3% 37.5% 100%

LHBEAR 91.3% 3.3% 5.4% 100%

= FRRR B AW by

P2 ST BT 3 TRy B AR VR R A SRR R B 2R A1 3R (Graves & Langowitz,
1993; Roberts, 1999; Hall & Bagchi-Sen, 2007; Qian & Li, 2003) * i » Sharma Ei Lacey
(2004) 5 HH L ZE g 4 Y T35 (8 (E BH B S RRAE 3T 28 i B 228 1 B - ERT L g s 7 1) o B 228
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RIS HE - fERL 2 E BRI - Saranga (2007) 3 B3R E 2 R TR (K
10-12 4F ) R ZH B LR 5L AT 238 R ILIF 38 & A e HOm S e R E
AR R 2 & ERER - fH - F2EXEIEEYR AT - & FHER D EE
SNE IR R L E IR BIRRE - BRI e A YR M 2 SRS E BB AN A E - T
FERFFEE T A 0 5 BENE RS 2 B S AR - HE Ry 0 5 ARWFFCAUSE AR P o AR
Hi Ry 0 BY LI R 11.7% (22/188) » EL7E B A il £ 15 203 DMU H 19 LIl &1 17.4%
(4/23) « KL - W EER B ARG 2 BEER A - ERNEEE— R AR - 1
iR FrRT A (Special Input) » SEFAVIRHI R ER N E] 2 T 2 5Rg -

Saranga (2007) #tf#—{f 2% H1Z DEA (Multiple Objective DEA ; MODEA) &%
PR DA 28 52 HH 2 RF RS A A28 B AR TR A R PR B (B ) - 55 1E K (3) 2%
AR SRR A R BN (D A4, =1 ) » BRI A < BCC A /7% MODEA
ZFEEE— (Phase 1) » BLAES Z OB E 0" iR A2 H L FIREHACAFSE: — (Phase
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N — M + G ’
max > .S +> S, +zg:1 S, (6)
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B Zg BLS, YRR g (ERFIRIE AR A A 240 - LIl MODEA SR (%%
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[FlZ BRAEF IR AN Z oy W AR B AL R BRCR(E 0 Z MG — - IR R —
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NEFIRIE NBER - TNRIEREE < AN HE D E— R R NS =5 8y
JEIE(E - JRED S, <0 g » EEEEYERZ DMU j 2085 —(EFRFHRE A B EBIE BRI
GiE 2 R DMU j BOHE —(#RRE NS B S @R A EE R B/ DMU -
¥ DMUj M E = —[EFHE - HEERISE S E R A8 - mEF =
R H e A S MA ~ B~ BRI A R DUE E R A RER
HIRE RS - BEDCRE S -

HR BCC AL AR I8 i e B PR B Bl i EFE R Es - R AR FEst ¥ BCC 1=
BN Z 165 {EHERER DMU #ETRIRIE A —04T - 52 6 8UR « I ZEE/INREL
ZEHR 0 B9 DMU #4142 s 2028 DMU HY 32.12% (53/165) » HA#74 33.96% (18/53)
DMU HIE PR H s 0 5 F35E » 8V NAECEERR 0 19 DMU - MRy EFRI
=7 H #% o7 R R R B AR HP 7 8 Q2 (Median) © 8 5E 60% {72 B PY 43 17 2 Q1 (First
Quartile) * 55—J7MH » WFEEZEFEAIL 0 HUIERER DMU » i 68% DMU HYF#E 5 H
PANEEEIVA: a8

" 6 BCCREBNEEFRS S HE B E 3R

BETEE sz H
o]
0 0~Q1 Q1~Q2 Q2~Q3 >Q3
MEsELE=<0 18(34.0%)  14(26.4%)  15(28.3%) 3(5.7%) 3(5.7%)  53(100%)
% FDI 9(27.3%)  7(21.2%)  11(33.3%) 3(9.1%) 3(9.1%)  33(100%)
% FDI 9(45.0%)  7(35.0%)  4(20.0%) 0(0.0%) 0(0.0%)  20(100%)
EHAR 12(42.9%)  3(10.7%)  9(32.1%) 1(3.6%)  3(10.7%)  28(100%)
EHEAT 6(24.0%)  11(44.0%)  6(24.0%) 2(8.0%) 0(0.0%)  25(100%)
HiEs=%8> 0 0(0.0%) 6(5.4%) 29(25.9%) 43(38.4%)  34(30.4%) 112(100%)
A FDI 0(0.0%) 5(5.5%) 21(23.1%) 36(39.5%) 29(31.9%)  91(100%)
% FDI 0(0.0%) 1(4.8%)  8(38.1%)  7(33.3%)  5(23.8%)  21(100%)
EHAR 0(0.0%) 2(3.6%) 10(18.2%) 15(27.3%) 28(50.9%)  55(100%)
HEAR 0(0.0%) 4(7.0%) 19(33.3%) 28(49.1%)  6(10.5%)  57(100%)

T Q1=6.981E Q2 =28.52 1B5&H Q3 =62.82 @& * N AllA 25« 50 Bd 75 DIE -

NGV
18 R R R # A SR i SR S AR AR - IR 2 SR B A R Ry
0.362 » KNEEIRGVCRBAIHEARERIE 02625 + BE 2 » HRBREREE » K& S
A R G R 37.91% (100X [0.362 : 0.2625] / 0.2625)  F4 » CCR Eid BCC f&
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B AT E 5 AR OISR E R B RCEAEIE] - SBM I HI AR a2 450 A B8 S50 4K
RAERIZEBATAHE - W E— SRR A BEE TN - —m S &8ER
MRS RCRIRAR - H 73.75% HIEGEEZEfE - SBM AIH{ET 6 {fl DMU ZHEBCEFy 15
FtHEHE 182 {Ifﬂxﬁwx DMU Mg @ % 7 #R R Y RHERCRAS SERCRE R A 5 S
39.34% » H Ry & A B A5 Bl SR AL AR (E R ELB1 43 By 32.11% £y 28.56% - E'jl:*f
xﬁl?fE’J;fHBZﬁﬁ + DU i 2 3R 09 Bl R 22 Pl R e K (47.18%) » H OB IR & 3R By
(28.24%) BRI RIR (28.01%) © #0118 A 15 ik e R A8 5T FE S ARl $2 T H I el 2 8 FH 2%
HREASEEMF TR © FLAh - 32 5 BUR A= BUre B AR 26 B iR e by A s s i s Bt -
ToHE FHEA SRS A 5E 91.3% BRIV FHERM - R8T A SRS R RS
AU B B SIE YK R A5 S B L 51 53 1 By 56.3% B 37.5% -+ [A] [PL R A 3l5E 384 B A ol ) P B 2
DMU ] [& i AR S R - et A ST B -

IR 7 SBM 1EEVENIREFEE 2 ISR RIRLLHI

A TR BRI [FRARHE R R
+=hg 28.56% 32.11% 39.34%
FDI &5 28.87% 31.40% 39.37%
#% FDI s 27.64% 34.13% 38.23%
HIEIGTE Z -0.214 -1.750* -1.474
[P1E] [0.831] [0.080] [0.140]
EmAa7 27.88% 33.56% 38.56%
LHEAT 29.27% 30.58% 40.15%
HEIGTE Z -1.552 -3.326*** -1.026
[P1E] [0.121] [0.001] [0.305]

BE L RIR 1% BREIKIE | 7 RN 5% REEKEE  * RIR 10% FAFEIKE o

B ARG FDI rl AR o A R LR G R RARIR R A7) ATRERY
IR AT R 10 V8B A 5 P AT i S 1 AR B MBS B - FDT ] DU SR R R i AR -
MEETH AR 5 % > FDI B2 2 & A EERCRIN S (RN FDI BERS ( R E/REK
ANERSCREFETEZR ) R BBEEREAYCEREAR - BEREJRSICER -
EEAh - FDI 5 AR HOR e L Rk A A e R 8 (R e A IR ) - AIRE
BAGA FDI S AL 5 B3 & B 7 3 S RTEE (Hill, 2009) » EARA RIRIRIESeR a4
EERCREHBAER LR > AR ERIREARIRAI A F] - 5 (L BB
NRREE - WE S EAREREHEEEEBZHIEL -

7 8 Ky BCC B2 B WCREH s B SR B S L W SO i (BT - A RERR
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HilE-FE L G RERE B IR E SR 3 A8 Q3 (Third Quartile) © L ATRE
BRI S B 1B 2 1 E oK B PR G5 5F - it e & H BRI A H AL s T T - AR AR
EFIMHEREZIFEREIME R B S BUR b 2 % ZE AT 53 (Saranga,
2007) @ KL TR B RAER AR 2 88 DU IR = 2 BB E 5 2RISR Bl
EH L E R LA HAVU R (Inter Quartile Range) N » JREI Q1~Q3 » b4k » “NE
BRI R Z I RS B SERT RS - W S RS B 2190 - 55— 5 - AR
R B RS 2 B R S RIS A R (E iy © R 0 BRI Q3+ i EAEAF]
BRERERE R R A 8 Q2 -

8 BCC{REFHRFRMMAENEHEZMEZHS 6

BTz
o]
0 0~Q1 Q1~Q2 Q2~Q3 >Q3
H#ZE DMU 4(17.4%)  4(17.4%)  4(17.4%) 1(4.4%) 10(43.5%)  23(100%)
A FDI 3(17.7%)  2(11.8%)  3(17.7%) 0(0.0%)  9(52.9%)  17(100%)
£ FDI 1(16.7%)  2(33.3%)  1(16.7%)  1(16.7%)  1(16.7%) 6(100%)
EHAR 4(30.8%) 0(0.0%) 1(7.7%) 0(0.0%)  8(61.5%)  13(100%)
HiEAR 0(0.0%)  4(40.0%)  3(30.0%)  1(10.0%)  2(20.0%)  10(100%)
R DMU 18(10.9%) 20(12.1%) 44(26.7%) 46(27.9%) 37(22.4%) 165(100%)
A FDI 9(7.3%)  12(9.7%) 32(25.8%) 39(31.5%) 32(25.8%) 124(100%)
% FDI 9(21.9%)  8(19.5%) 12(29.3%)  7(17.1%)  5(12.2%)  41(100%)
EHAR 12(14.5%) 5(6.0%) 19(22.9%) 16(19.3%) 31(37.3%)  83(100%)
HEAR 6(7.3%) 15(18.3%) 25(30.5%)  30(36.6%) 6(7.3%)  82(100%)
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DMU » RZ IS R ARG - Bt - S AR o & k28 o i
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h ~ 55
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Bl BCC fERIZME T A B ABRIE & LI & P8 8y SR - FrUA Sb R 2L
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Rl X0 R AT £ T 47.18% WY R & A K B £ R0 B AR B AR 45 T Ry 28.24% Bl
28.01% : (2) HABNE G » KRS LG E AR SERE 37.91% + 3) R E
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Shuenn-Ren Cheng, Associate Professor, Department of Business Administration, Cheng Shiu University
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Song-Chiao Hsiao, General Manager, Xing-Cheng Information CO.

Objective

Taiwan’s biotechnology thrust began as early as in 1981 when the government began to
promulgate the industry’s growth and development. Following the successful decoding of the
human genome in 2003, the sector was given a much needed boost when the government
announced that biotechnology would be one of the twin engines for Taiwan’s economic
growth and development. Since then, the government has poured trillions of dollars into
enhancing the overall development of the industry. Meanwhile local biotech firms, in their
bid to enhance their competitiveness and efficiency have also begun to engage in outward
FDI. As a result of these initiatives, Taiwan’s biotechnology sector has progressed
tremendously. However, while the beneficial effects of government spending are obvious, the
effects of FDI on the growth of the biotech industry have remained empirically ambiguous.
Therefore, the effects of FDI on the performance of Taiwan’s biotech firms are worthy of

analysis and discussion.

Methodology

Data Envelope Analysis (DEA) was initially proposed by Charnes et al. in 1978 (called
the CCR model), based on the concept of technical efficiency by Farrel (1957). Banker,
Charnes, and Cooper (1984) extended the CCR model to account for variable returns to
scale, thus established the BCC model. However, because CCR and BCC models only take
radial slacks into account it is unlikely that the input ratios of all firms are within the
reasonable range. Input-oriented slack-based measure (SBM) evaluates the technical
efficiency of firms by using input slacks, thus effectively taking into account both radial and
non-radial slacks. Moreover, the overall efficiency obtained by SBM can be decomposed
into three components: Mixed efficiency, pure technical efficiency, and scale efficiency.

R&D is an important factor influencing the performance of the biotech industry
(Graves & Langowitz, 1993; Roberts, 1999; Hall & Bagchi-Sen, 2007; Qian & Li, 2003).
Nevertheless, Saranga (2007) argued that R&D is a long-term investment (about 10 to 12
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years) which mainly focuses on the development of new treatments or medicines. Thus,
R&D expenses should not be included when assessing the current operational efficiency of
biotech firms. Furthermore, many well-known multinational biotech enterprises often
outsource part of their production or license production to other biotech firms. Hence, R&D
should be regarded as special input to allow biotech firms the flexibility to undertake
different R&D strategies.

Saranga (2007) developed a Multiple Objective DEA (MODEA) model to analyze
specific inputs. The optimal efficiency, obtained in the Phase I (the BCC or CCR model), is
treated as constant in Phase II to find slacks in inputs, outputs, and special inputs. Phase II
mainly focuses on the analysis of inefficient firms. If the slack variable of one special input
is non-positive, the inefficient DMU will perform better than frontier DMUs with respect to
this special input. Hence, the best strategy should be given to this special input level while
concentrate on improving the performance in rest of inputs, outputs, and special inputs in

order to catch up the efficient DMUs.

Findings

The data set, obtained from Taiwan Economic Journal Data Bank, consists of 63 firms
for the period from 2003 to 2005. This unbalanced panel data set includes 188 observations.
Since we are using a three-year panel data, we deflated all nominal variables using a GDP
deflator with 2001 as the base year. We have two output variables: sales (NT$ hundred
million) and other incomes (NT$ hundred million). Sales measures the output derived from
the firms’ own business activities, while other incomes includes revenues other than those
obtained from firms own business activities such as investment revenue etc. There are three
input variables being considered in this study: labor (total number of employees, person),
capital (fixed assets, NT$ hundred million), and raw material expenditures (NT$ hundred
million).

Empirical results show that the overall efficiency of the Taiwan’s biotech firms is
0.2625. In other words, Taiwan’s biotech firms can, on average, increase their efficiencies by
73.75 percent if they operate on the efficiency frontier. Among the three components, the
pure technical efficiency has the lowest value (0.5282), followed by mixed efficiency
(0.7176) and scale efficiency (0.7199).

The overall efficiency of firms with FDI (0.2716) exceeds that of firms without FDI
(0.2353). In addition, the mixed efficiency and scale efficiency of firms with FDI (0.7369
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and 0.7433, respectively) exceed those of firms without FDI (0.6598 and 0.6498,
respectively), while the pure technical efficiency shows opposite results (0.5125 versus
0.5755). The Mann-Whitney U statistics indicate that there is no significant difference in the
average overall efficiency, technical efficiency, and pure technical efficiency between the
firms with FDI and those without FDI at 15% level of significance, but the mean values of
mixed efficiency and scale efficiency are significantly different at a 5% level of significance.

The overall inefficiencies mainly result from raw material inefficiency (0.2884),
followed by capital inefficiency (0.2354) and employee inefficiency (0.2137). In addition,
different groups also show the same pattern. The Mann-Whitney U statistics suggest that at
1% level of significance, there are fewer capital-inefficient firms with FDI than those

without FDI, while the other two inefficiencies are insignificant at 25% level of significance.

Research Implications

FDI can effectively enhance the mixed and scale efficiencies of Taiwan’s biotech firms.
One possible reason for this finding is that Taiwan’s biotech firms are still at the stage of
increasing returns to scale. FDI can provide opportunities for firm growth and in doing so,
improve their scale efficiency. Moreover, we found that firms with FDI are more capital
efficient than those without FDI. This suggests that multinational enterprises can use capital
more efficiently and obtain better mixed efficiency.

The R&D expenditure of most efficient DMUSs are outside the inter-quartile range,
while the most inefficient DMUs are within the inter-quartile range. In addition, the MODEA
analysis for inefficient DMUs also indicates that one third of inefficient DMUs associated
with non-positive R&D slacks have zero R&D expenditure and more than 60% of them are
below the first quartile. Hence, Taiwan’s biotech firms should either invest aggressively in
R&D to enhance the likelihood of developing new products, or focus mainly on improving

their production with a little investment in R&D.

Contribution
Although many scholars have studied the productivity and efficiency of Taiwan’s
biotech companies, they have neglected account for the inefficiency caused by a sub-optimal
product mix. This study shows that by neglecting to account for a sub-optimal mix ratio, we
will overestimate the technical efficiency of the Taiwan’s biotech firms by 37.91%. Further,

there have been no studies examining the impact of FDI on the efficiency of Taiwan’s
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biotech firms. Empirical results show that FDI not only enhances the mix and scale
efficiency, but also reduces the capital inefficiency of Taiwanese biotech firms.

R&D is an important factor that affects the efficiency of the biotech firms. However,
because R&D is a long-term investment (about 10 to 12 years) that is mostly devoted to the
development of new treatment or new medicines, it should be treated as a special input to
allow biotech firms the flexibility to adopt different R&D strategies. Finally, our findings
reveal Taiwan’s biotech firms should either increase their R&D investments to enhance the
likelihood of successfully developing new products, or focus mainly on improving their

production with lower R&D investment (especially in the case of inefficient firms).
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