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O RRFERE LA ST R R RS AT
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—J2J) CNC # CAD/CAM =51
IS Gl (979
B R AR Bk A

B TRABR R R B R EEREPIEREL

A XL CNC Kk CAD/CAM R HEbHE WA S BEEEMNERE
B » ZESHHE BT AR S R AT B AR R © IR T IREARAT IR IR RO B »
RMNBZWIREREE  FERHATHREEY » & RKHBRSAMIIRE » 16
MEfEEHE R MR - Bk HEERA CNC 8 CAD/CAM fERRERMEEHER
% #% Karshenas and Stoneman (1993) #RHRFEMEEIEFBER » TER
R BRI ES X « BREZTIFHRMTRIER » #1* CNC 8 CAD/
CAM AR ARNEEEERBE TR o

MSEF ¢ Bk - BAERA - A Byiba

1. RIS

ol

TERRTE S BN BRI BRI o » FTRVAE RN ~ TR AE SR » BUHA;
HESIRASSAITIR ARG E - SEEHENTEEERERL ) BEAT
EEE RS BTRYFH SR (Geroski and Pomroy, 1990) o7& H H BT EIFT B 5
SEREFT AR EE A VETE > IS TTRES B R T A BTG LIS RFE » TR

VEERB MELTERTHS ARVERU KB REHE (NSC-86-2415-H-008-
006) °
WRSEHE (87 E 430 H  BmRTBHM 1 89F6 A 14 H
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TSR R o Wik » THEMES0BE - BERE LUK
AR SR RIS - FEEERM T A BEIEEE T » S5ER
B R -FT SR AR LE B E S BRI (Mansfield,
1963a, 1963b; Romeo, 1975; Globerman, 1975; Hastings, 1976; Oster, 1982,
Hannan and McDowell, 1984, 1987; Wozniak, 1984; Levin, Levin, and
Meisel, 1987; BESEG#EZ, 1991; Rose and Joskow, 1990; Karshman
and Stoneman, 1993; MEFEEBRIER, 2000) o {Hi8 LerHRAROFZE A % HEST
B — i SR > IR AE AT IR AU TR RS LA R e T i s@ma b » 3
EEAMR AR B o R » FEEET &R ATESERE T > T
55 LA HE AR AR BRI » (HS SRR A SO IE BT > TS —E
BAMTRIHERCE R o

—MRIME > ES EEAREFERAF RSB A » B erssr
BEMrRHR B A B P HUHE ISR - TREEIS B R i A B 5 B A M T e S i ok
KB - BRI REShEEEHLRENEBRRE » SR RARENT S
B - R > T35 L BR TR AR RN » AT E R (R 8 S T R T SR P e s o
K& » #H8AmMEMEER TS » B AR - TTREHERER
FAFTE M EBER B A » 8N T B MR A AR - Wozniak (1984)
RSB A R BRI B EFIROR » SRR - BEEEY
FrTiish b C R A BB SR T O LA » S TR R A A A
Ft o Stoneman and Kwon (1994) /% B — BB RS » BE37 % TR
e R R » SRR N ERATEIR R R MBIR - BRI IR s E
R IR BB EIZHI R (CNC) FIMiBEET] (CCT) MBREHESL
T » BRAREREBAAOE B B B — B A R R RSB
BT EMER R B SR EEE o {§ Wozniak (1984) #1 Stoneman and
Kwon (1994) #RENRERIEAMTEHECEE Z 947 - AR PR 5
probit & » SERFSTHELERIEE o1 Colombo and Mosconi (1995)

1 Stoneman and Kwon (1994) 7ZE#RH probit #E B4 T BT ML RS TR
SHEETERTE - BRI FFRERY probit IR ST YRR 2 [F] 0 B HEREAY » (B (R AT 42
BB BRI R BN E o



% TTH TR L 435

BRI IE A (survival model) FREER FAilT A REMEAE S TUH T IRE /Y
60 » #3(E Stoneman and Kwon (1994) $E{IRG#SR o Stoneman and
Toivanen (1997) BIUERAHSZ AR (simultaneous equation) ¥EaT =K
MRS REEETE > R R IR A R B AT AU i P B SRR AR B » BB
HOBEEGRTE o B L TEAMTER AR E B » EEDS R -

A CHREE Stoneman and Kwon (1994) AYIEAIZE#HE > FEFT Karshenas
and Stoneman (1993) B —HAlr S — AR (LRI TTRAT R LRI 4T >
W A EFENRE » ¢ B —EsTE TRiESREE R —RILE
A o DB ISEEIESRE (computer numerical control system * LAF
#57 CNC) FIEISiEBI R T EEIE R H# (computer aided design/computer
aided manufacturing » YA &% CAD/CAM) —fHEEHE{LEMEEEELE
EESIEE RN R - EATEEENGRESE > BEST _EEEH
MR ATEERRERF » E R RAIEFOZERR - R
BT RS M AU RS R AT REEE AL AR AR o IR BRI R E BRI » A
BESRAN Stoneman and Kwon (1994) #43HBREAM RSO A% 1% - BEHE
RS B B MR AT B — A B BT IR B B B o SERRAU T 7 B R B S
B HRA S ER AR AT S IERCR B AT E R IR o BRI - &EE
P % TEE AR SOR » AR AR R TR 4 R E R R IR Y etk
BEERFTSAL » AR RES B AR RS ST BT
TR B B GER A TRG SR © 3

ASTHAREL » BT AGEISH » BESS TR ERE
# » WAt CNC B2 CAD/CAM & H B L EATRIR iR » SE=EIERAE
BIRIRA T F A > BUESERHER » REBRAIRRER

2 Wozniak (1984) MAASTRASIHEREER RIF HATHIBRAI IR SRR B RIRB FEIN AT
W » WRARAEGZERNERY -

3 Wozniak (1984) S3Hir7EAR BRI B < BURT IR » SR AR BRI L B A BT ER A A T ST
% HHERE » B—EHERSFENERER
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2 . 25 UG TR 3 B i SRL S g B R B

ERAIEN S BERET - TREEAZ R ERMESE BT RN o
B3 A B B R B o0 BEBIRA A AR » R EE TR
EFHE > oo BERRA B B » BESE TR EFE - B4 » gas Al
FFIFFERA AR » RSB AT B HIEFIE o I > g4~ g5 B gus =
B ERIBR T AR

gap=gat+ 8+ V (1)

Hb - FZAHEB _EEMELERR LEREME B v >0 KN E A
B B BRI > Bl v<0o
Stoneman and Kwon (1994) fR&& v HEBEETER

vr)=vle;, o(r), Na(z), Ns(7)] (2)

vir) TR | 7F ¢ FEEIRERA A B B A MMNRITE » RS S
1 (ga+gs) HIFIE o 4 o BREFFENAER > o(r) SIS o B EZNE
PAHE » T E [FRE F AR SR BAIT U HE R (rank effect) o 5 BEEHRA
il » EERNHMIRARM A B B ABREEE » Na(r) 8 Na(r) - F
REFTRFEBE (stock effect) o T 11 =0r<0> 1,00 1,<00 1 <0 v, F
vi(r) BN BB — RIS - FER TR RO TEHAF I B A R B AR Y
ERFBF (arbitrage condition) FREIT » HEMH RS » ES > H
B v 180 > ¥RA B — R AT RE R » BE S R ISR o ©

4 BE A 82 B ZERMREAM v KBTI ERQRNOER » i v HEFEREE A 1
B TRERMIRE > SRR (ga+gs) BIF)E o

5 Karshman and Stoneman (1993) - REIREMIEEEER I HTERERIERE (rank) ~ &
B (order) ~ F#3) (order) FIfE¥% (epidemic) R » 2 —EES L INEREEA
R —M LAY o T Stoneman and Kwon (1994) BYIEsaAIRI 2 REA Karshman and
Stoneman (1993) 9B —EArEROBAIL TR S, o

6 FHFHEEA » B Stoneman and Kwon (1994) o
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Wozniak (1984) HIBRFEEAIRAKITRIZE » ERIRFIRREREE S
REBARBG o EFFREEMEBENEEREA » B R
RR R RO R B » MEAEEERMRLR o AR Stoneman and Kwon
(1994) HUBEZRIERL A2 Wozniak (1984) AVERE: BRHRARKEENH
BEE - BBRET - REEFAESAFREIMER » KRR BRI
FIksER > BRERE TR .

Pi=yle;, o(7), Ns(7), X1, €] (3)
Ps=vl[e;, o(z), Ns(z), x4, €] (4)
Pas=1[e;, o(r), Ns(7), x4, €] (5)
Pea=v[e:, 6(7), Na(7), X1, €] (6)
Ps=[e¢:, o(7), Na(z), Ns(7), x:, €] (7)

P EHRA A BiiisssEs » P, XA B EANRME » Ps REIRERA A~
B TER TSRS » Pas FERA A BTHRERA B BHIBE » P R
HRF B Biie TR A B Hrh x, RURENRERER ¢ BER
PR » 15200 ve=007

A SCHZR R B B B DA B B LAl #9 CNC 1 CAD/CAM —fEH
BB S o ABMLEMRARBEERA RS IR Z— » TIFEHB b
i » CAD/CAM AILARI CNC MHZE B4R » FIFH CAD/CAM BEEIVELTEH)
B> 3 H i E e A AR CNC RERS 2 AVELIIHRG - LU BRE) B IS BB 12
T E#% > 7REN CAD/CAM HIRRFE » AT LASE I RS B R 28 3R AR BB Y3
EERIBE M o R » CAD/CAM HyiRA » $RAERA - SERHRA CNCH
BETES » LA ENERME - B » & CAD/CAM & CNC EiR{#

7 Q)EORF I EARERERAF ST RYROEE REQRNEAHERER 7 RA
B o REMENA X TRHRMS T AR EATRAREN S AR » SEREMRAR  BKE
2 BRI BBCR T LUR N « H K » ZEA &R » CNC 8 CAD/CAM &M< 7 &
HRHBBTEAEA S BRI RIE - BRMRRAST TSR AR ERIRER ©
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FiEF » B CAD/CAM HIRMEMRE CNC S » 8 CAD/CAM FRE LU
HELNRE - BOERFERINTEEESHE - SR B AR
2 o # CAD/CAM BB S T X & T #17 CNC #IIhEE » #45 CNC
# CAD/CAM B BB Z M X ATt e E L2 ErOR R RI% o A
It.» & CNC 5t CAD/CAM H—EEAMIELRA » e SR ETINE
B AR R A RIB S B ol RIRERAA TN - (R B — BT iR AR S
PR BT R L MR BRI FTRE T B BB S M 2 R B i — S B o

3. PRI B B R Y

RfbEt LatrER » REENERHER B TS T REETE G & & RHia
SERMEL R - DURSIFTARET 3 & F i B DR M RO R BR R A » (BT
R 5 o A SCRFIRERL » (RECABRE S » BB B EE (1994)
ZBEWREENMETR » BRI E 2 S 8RE » RBREIK
REHEMEG - MBZHAETHBREAS ARG CRENMBLES » DB
FEMRHERRY T AR 1600 RS HIRI4  © FIEIREBUS 169 17 HiK
1% 10.6% o AT > FIREERN SRR » AHERANEERES
110 5% o IR AR T 13 MEEESE » HPBR A EEAM 5T 50% LA
b EERBABARRIEE R » EREFERE - HRERmEEHEER
R o 10

FEHEF RGBS » A XA Cox (1972) BYHLEfERtER
(proportional hazard model) ZTEEHERIBSHTHITH o FIEHMF 8

8 BAIIBHIBERME (NC) B 1952 4F Fh 3 BRRRAA B T AR i (o] RS M B B s F o R R —
BB AREE > 1962 EFBIARSRIL o BT 1972 FLUNUBESEU NC 3% 8k
B BB ISHI RS (CNC) HHEBIT 1980 £ BISEBIRETHELE (CAD/
CAM) R#tZWFEFR P EZEM o

9 BAHRMENNE » BAREBLAENEBERD—RIFWER » BETR T kit
HIRRFRBIA NI AR REREZ S B RGERIE TS » A B TR T

10 HHRIBEH < EETYHI 1991 ENLRLE TR ELFHBET ttest » LIS
HRIBERAEEE (realiability) » RUFBHEEELNER -
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B ERAEY  MERAFENEST ZRARNHRRIEE - UK
FERSRSB2 S » CNC #2 CAD/CAM HISEEUCH B HBML » I mEAE K
R R AR A B iR o 1L

B FR TR IE A A R T R P B35 BT R TR M SR E IR - e B
B T SEERASEMRNSHEE /() BRBEEEREC F() SRR
BAERERE ETEREBFRAFEMALEE - SO REEEH
(survival function) » (RFMER] t B RAFTHMTHIRR AL © A(t) RIE
TRAE ¢ BRELRIRAT > TIERMZ R RANEE > —RBRERE (hazard
rate) o 12 {535 X SHRIARRER S BAA & » Cox RUREVREERETE ¢+ HAKY
fERaR » FfabEEdR T ¢

h(t, X)=h(t, 0)exp(X'B) (8)

Hh At 0) (RIERFEIES ¢ BHMES 0 REEREEZE (baseline hazard
rate) » AHEGERENRBHSMEREER - EAFHNEEZHR
(duration) BEHIFELERS (tie) H2ERER} (censored data) HITEHLT » 13
Cox (1975) #RH{EBIRKFELE ¢ B R EREATEHB R RRE

h(t:| X:) __ exp (Xz,/))) (9)
> At X5) 2, XD (X;B)

JER (t5)

HHeh (4| X;) BiGHfERE (conditional hazard rate) » RTERHEEE ¢
RIS X, 0T o R E e  fERRE £ RBREE o R(4) RAERE ¢
B » (R BRI AIETEAT S RIBEEHES o AORMEE LB EIREIRE
(Partial likelihood function) Z0°F :

11 & Hannan and McDowell (1987) ~ Rose and Joskow (1990) ~ Karshenas and
Stoneman (1993) ~ Colombo and Mosconi (1995) » M RAFEERIER (2000) % o

i g prob (S T<t+AHT=t) _ . FE+AH—F(#) __ f(#)
12 falzks h(t)=fim At =T RAsE T 1-F®
_Hn
S(#
13 # (tie) RIFE_ER_FEU LFHR > HIRFAFEATHRERFRFREAER
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m L= XiB— In2ier wexp (X;B)] (10

HREBTEER (te) WHE  HIERERELIRBIRSHEE » (BEEER L
H > RE B HZERTLIRES o 14 $H0MS KRB » AT EE ARG
REL B8 - WA EHERBBREAMELUEE 2 (Partial maximum likelihood
estimator) o 15

TR 110 ERA R > SRR B TR » ARBIIrR A i
EHERARINER - &5 B THINERE © (D) - WES AR RS 55
Ko (II) ~ #A CNC MR 44 Ko (1) ~ %A CAD/CAM MR 39 K o
(IV) ~ [FE]Rf#: A CNC 22 CAD/CAM HIRREH 28 & - MR RA L &
B CRATRIRR A » XA TSR @ (IVa) ~ 588 CNC F#A CAD/
CAM WIBRFEEH 15 5% » (IVD) ~ %&#RH CAD/CAM FE#H CNC HBRE(E 3
%> (IVe) ~ [ —FFE#RA CNC 8 CAD/CAM B9RET 10 5 o (R EEA B
FRE » ASCEE S RIS 8 (IVa) ~ (IVD) B2 (IVe) AU BEET » Tt
NTE R SR B BHR A OB 2 & 0F » BEILBRSTE (1D & (I1ID RY1E IR T » FERREL
W bt BRI R IR o IR EERIEAIAY(3)—(7):0 » A E Ak
BH B > TR ()BTRS » (BB AAEBIRT R A
SRS BRR AR B S - PR ET M R AT S S AR I AR 4 o At »
PR E BT E SRS CNC 8 CAD/CAM R BRRRISEE » B
FHIFALE > FERTES TTRAT BRI AT » S H R BI RS BRE AR AL 5
HIRERE > HORE RTHR ML BB TR R o

RBU B IRA CNC 82 CAD/CAM BIfEM it b R s sy
BN EBREIBA S BRI » BUKk Karshman and Stoneman (1993)

14 HERHESE  RIMRIECIE SO AT B S FHE 8 2 SR BAI#ER] o B Kiefer (1988)
RHTEG B IREEOEEERE » THHERERRERSEHE » SR ERE BT AER
BRI A3 0 FTERR I TECEN B o

15 FFEHEARIEH BT MERBEEHE - BBIRY (oglinear) HA » Dl K[R8
A (spilt population model) FHAAEFHATEIA » H ¥ M KB SRR BEIRE
REERER o BA RFARE B IET R IEEA « SO R R 24 AR AU BB Y o8
HUER TSR SR A B SR BRI H A B A o
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B — SRR o FTL » SEEBEEEANERRRE - SEFER
K% ~ EIRRREURFRESRERSE - 16

FEANBERESE » REEIEAR R SRR RREE
BAE o I » AR R R - HEEENSEARNRFERE =R EA
HENREE  BANEESH R o AGERKRRKEFH > Romeo
(1975) BETSERERBRE > BHE T Rmmassagl Nt eF®
B EER BRI o BT » EEE SRR EEREE - A6
BHIS PR R AT 4 2E RN TR RS - IR R] RENIEER A T BT RIPRIR A
FIATIREE (Globerman, 1975 ; ZEE%, 1989) oAt » BRIRFE F M BIHTI
AR R B AR R ER WA E R R » B e EEREE o 17
EDU HRIMSEZENHERE  HEEEEE  RRRRERE T ELHMIE
B ER A BE A o SETT TR R FE IS R B » IR EA S
BMfmBe BT RAERIEEEERERNEM (Romeo, 1975
Globerman, 1975, Wozniak, 1984) o i#FEEAEERZE H CNC &k CAD/
CAM WA EGE EENEE - RTUANELAAERBERBHFREES
BT R PR e R B 4 » McWilliams and Zilberman (1996) #HiR:% M
85 (learning by using) AUEKE » FEIES BEYRERM A PN
fatn » RIS BHERESE PR ERAFEA o it » BRBERTR
FAAIET LR HANT » £ EZIR R A B TAF A/ o (B R R THEE »
FEHIR N T RE F R R B SRR R B > TR R IR A B E
EE o 18 AV PIEENREREE AR RIFORERE > MABRE
RISK » 3RS i % AR SR RN E - — RIS - RERER

16 Karshenas and Stoneman (1993) FEF H BRI » $f B —RArRAET EE I - 17
BT R RS SRR » TTERRERFSRRREE - AXZRPHEEE
S G RS » 3 28 Karshenas and Stoneman (1993) RUF5R » BOERHAFFIRR
ZSE A

17 Cox HZfa IR FIsB A E MAREREE » FIUEREERFRTIRARME
55 o A, > EEHERAMREEEE » HRERRAFEMN o HRH » BEFHRBEA
BlZ RERF R B8 ©

18 . Wozniak (1984) ©
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SFEEE TS BTN R AEAS AR - MREERFRTE » BERR
BERBERN SR BB SRR - Bt - BRRE SRR ERR R
IFIRRE - BRI ARE » BEIEETEENEE o

BRI HE P8R & B BRI 3L 2% Stoneman and Toivanen (1997)
RIMGE - SRAI R MR B S TR R e I E BBk R o 19 SCALE (RERR
AR » UREHEA RS TERER o — S - RS KNBREE 8RS
RFTEAMEIEE (Mansfield, 1968; Romeo, 1975; Globerman, 1975;
Wozniak, 1984; Hannan and McDowell, 1984; BREAKEEYERE 1991
Rose and Joskow, 1990; Karshman and Stoneman, 1993; Colombo and
Mosconi, 1995 » LARAR BB SRR IE &, 2000) o HCFE o 25 B Al A O RR TS » B
BREEBEERBRE » RARRTEMTAZ AR EERE o HK > #iE
BRI » HESNSRCEETRRS » HEREIRBIIISERS o
F5% o REHIRMTE TR TTRER BT » SR Riia s Rt 2
BRR > IRAF BRI E®E - 20 Stoneman and Kwon (1994) #3e
W& BT ROy - (R AE IR IR R A TR » ISR o 2 o AT » Oster
(1982) ANFERS AR R SRR FRAEL ARG A » BB SR R R R IR B A
BERFIER - FTEER RIS T A FH MR %K » Stoneman  and
Toivanen (1997) RSB/ NI B FT AR EERRBE R - BRE
SRR RAHE > BILIESF|f928 (PROFIT) BERKEZER (GROWTH)
TEBBRFR o MERAFTEAEST » BRI TERFIE A » HE
AFIEN (LRI TEA S - W » 30 B g9 A EE A/ NS
RAEFMEERG S EEE - MEFHHRANAEES AT RIESR
(Mansfield, 1963b; Hastings, 1976) o 21 534} » Karshenas and Stoneman

19 Stoneman and Kwon (1994) 7REHRRR EAIIE S S 58 SRk ¥ — (AR B SR B BT HE S
HIBERFRR © {2 Colombo and Mosconi (1995) BUREATHIE #4882 (learning
by using) ISR RSB EERE o

20 R McWilliams and Zilberman (1996) o

21 {27 Romeo (1975) ~Hannan and McDowell (1984) » L\ BB E & BB (1991)
HIRRZE T - BT B A f R R TR o
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(1993) DABATFREREMSHY T R RFUARIER » SNEBAERIRRER - S
TR » RSRMTIEESREEMNRE  RRRANTRIFE
SR RENBERRTTR AR ES YR ECRRRANEE LR
EE > DHENHEMERMTE  EEEENAEERE - HISRERA
BB EAHIRE » HFAELABEENEE - EPRAERREHPENRANE
A » /40 Karshenas and Stoneman (1993) Fig . [—ERKRAER
B GFEREARTERREREENGEE » BRPRERE - #E%
FEERERREEHEER » IRRI ST ATAOME & B RECK | o REIRR A R R R IR
B » SRS IR A E SR o M ERWE » TREIF
#2E (Romeo, 1975; Hannan and McDowell, 1987; BRiE SR B E, 1991;
Karshenas and Stoneman, 1993; PREES BRBRIE A, 2000) o Al » —E{ERK
B ERFRATE » LS TREEENE » BiaTiSHmFes
SHE T ITTSER R P T BT © FR AT 40 » GROW TH SRR R A # il < Y
WE > WEEAYHNENERE - |

R RS T HRRBRETIRBERA RN —EEE TR - fE
S T8 | AT A AR AR AR A - YBTERYE I R IS8 51 % Fr BT I
B o ST AT & 1 1 RO RR AR R o 30 - {5 15 1R P T B O R R B O
o 22 BT AT R EERARAREE AR M B B LA R Rt
BRI G A% B E AR SUR R BB > BB ML INFOR
AF T o#ESR Rose and Joskow (1990) A1 Karshenas and Stoneman (1993)
YEat B —FE AR EERL » LK Stoneman and Kwon (1994) #£5 _fE A i
WIEBRHIRRZE » X R YRR RNTEE (B ERAEFRIFE %E
RSN R (BR8] o ] Feder and Slade (1984) #1 Woznaik (1993) 7
B YIS B TR A R RRE - QIR EREIUS EAREMRAZHE
FEIE ARG o BEAYX T » MEEHRETTZEES EMRENELYR
R ARG E FEEENTE o

FESURERPBEEYE [ » NCNC 8 NCAD Z{E#H 5 BIR TR AEER

22 B Stoneman and Kwon (1994) °
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FIBTRE B EENEHRA CNC 8 CAD/CAM — & H L HREI5FE
RERIE L » WAIRERSE - RIS R AEEBRERT » RERH
Bt S R RN » SRR SR RTE O B BB IR © T
BIE AT B S R R AR FERR R, » AEE B SR N 4 R IB B s SIS
o SRR BUEAS NG T S o RE TR R TR P S BT R 4 o 23
Stoneman and Kwon (1994) % T MriEE & » % FF Karshenas and
Stoneman (1993) #EGwHY & FFEXR »{H Stoneman and Toivanen (1997)
HIRF SR [EIRE 3R IE 8 H MR A ST o

BT LAY B St o ANSCHER B B L AT EE R T 2 B SRS AT RE A B
o LURFEREOE SR NS EERNEES » MAR&D &
EXPORT Z{E#% - R & D B—{EREEE > HMELEHERERMS
1> BHIFR 0o —fRME » FrEATHIRA M IE BB » TTRLEERE
PR A & 4 ZE B8 % o Cohen and Levinthal (1989) f5H» Hige st EIE g+
BABZ AR AR » RIS IR AT R 80 & F R TR S S 7T B B 3k
& BHEBIPEFRITHERCRE - RS EERERARSBAFTIEEH »
MHERBELNBE > AMPHEESMEBAORMRE » AR MmREY
SHEBERR  EEREH IR EE A EARE © Colombo  and
Mosconi (1995) RAMEMEBRIER (2000) HEBIR L FHESE-EH
A R&D M HHEAT R EERAEE - EXPORT BREH M
B4tk > B a2 & CNC 8 CAD/CAM WIMESCHEE ? —BMs » BKE
R BB U 3R RY B BUE R 5 S L B S A AR o PR > $E R
Hi R B IR B SRR B Y IE & B R - AT A RS R
SRS PSS R E B S M o (B H I HASE PO RO IR FE R 2
HER—EENEE > MEHEPEARN A o 2

(B B — AT R B B S I AR IR BR R (BT 07 PB4 B » (SRR

23 R Reinganum (1981) Kz Karshenas and Stoneman (1993) o
24 PREEREEBRIER (2000) HREYFAEEHB BT S B S SIBMWE BT » O S
WHISTRIE M 2 SR AR R BRI » BIHIRIE & FUR B e SR o
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RN IERE o THIS L ERFEERIAIRES [ ERIEANT » Bt rTREF R R s A
HIRRR o R » FEEERTE TR R REY » LA EE T REF AR A
VEFRMAE ] » HIRENS SR B R AT IR AR E B, - BT RebiHE
BT BN R » A UIIART BRI SR & - B ER
AL T RS R RERAAORER - SO ETER T TERARFELR  (EFR
BEHRAHEBEMA » A E—S SRS TR BRI R R
AT ERE - —RT S » HEMEELRHNE  HRHARAREGH EER
% LENRBIE o YR - BRMHEREARE » AIFERMEK - Colombo
and Mosconi (1995) BasH i Al AE % e B i iR B IE M R ey o
A CHEETHY CAD B2 CAD/CAM Zf&HLAi » RIS TS IR AN E] » Bk
BEEH9 CAD/CAM Hiifi » BEAR AT ER Mt CNC B A LS ESIRTESE)
HROHRA CNC &M S » AE L EMHE S AEREM » 2 CAD/CAM R
BWEE D CNC BTHEE » TigE CNC EHIME ARG ERHEBEERA
CAD/CAM 3% » A[REMEARAERA CNC o Hitt » FHAR X HRZE S
6 > RETR AR TER AR Se s RN FF 76 BRI o ASHZERT 8 & (B B
#rE > BEAITHIRL

4. EERR

DA4E%: (Newton’s method) $HIORARERBREE AL » 5351
AEERERERA CNC 82 CAD/CAM fERZFNFREe HERS PR 2 #
#3o

% 2 B ERA CNC ERARERRMEHER o ) ARRERHEH
FEREE TR AR ETRE R - T (i) ~ (iil) ZIG R 5 R H B AT RO 22 B8 T AR
AVE R TR EE R R HE R o H (1) R ARBER S BRI R A B -
EEBRETEHRA CAD/CAM #f CNC RAHERZE BASTTOIE

¥ (i) REVESE 8 T oA R ARHRA CAD/CAM » ERBF AR T
EHRURS R o HERIAY » % 3 A CAD/CAM R E MR A hHER -
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#£3 #RA CAD/CAM fERRFBNRERFE
Cox Proportional Hazard Model

(iv)

(v)

(vi)

AGE —0.280 —0.345 —0.412
(0.235) (0.242) (0.245)
EDU 0.513E—01 0.433E—01 0.443E—01
(0.136) (0.140) (0.145)
RISK 0.896° 0.857° 0.780°
(0.354) (0.355) (0.358)
SCALE 0.719E—03 0.748E—03 0.813E—03°
(0.472E—03) (0.473E—03) (0.469E—03)
PROFIT 0.362° 0.340¢ 0.316¢
(0.182) (0.181) (0.182)
GROWTH —0.562E—01 —0.105 —0.119
(0.365) (0.365) (0.366)
INFOR 0.488° 0.441° 0.413°
(0.192) (0.199) (0.202)
NCAD —0.376E—012 —0.315E—01° —0.280E— 01
(0.109E—01) (0.117E—01) (0.115E—01)
R&D 1.001 1.108¢ 1.148¢
(0.634) (0.643) (0.645)
EXPORT 0.488° 0.574E—02 0.580E—02
(0.192) (0.525E—02) (0.525E—02)
il b2 2=
CNC1 0.454
(0.387)
CNC2 0.754¢
(0.409)
Log likelihood —141.179 —140.487 —139.417

i 1L ERABESEEE
2.a~b Rk c HBIRETE 1% ~ 5% Kk 10%REKHET B FHZE o

3 AHRAE TR MR R B B B CNCL Rk B RIRANE » B CNC 8 1 HE5 0
RABTTEHEI - BIBH CNC2 ER T HRAENF » BR O ARERFERLERA
CNC 1 BRIF 0 o BFARBFIHER -



% TCE R 449

WA BENEEHER B (v) RRE S BB R R AR - % R
BEERA CNC YREFERA CAD/CAM ZHEERIZE  (vi) ABUERHHIER
ISR » PR H S BRI B EIRHR A CNC RUTETE SR {E R B AR B B ol
B URRAFEESFRZEEATTREEENETHRR - ERBRRLIALE
HAtiEt > PERIHRMBE AR AT RER o

RPSER R ER S ER R E P RERBF RN R EE - Tifsk
AR R LIS B TR R RO AR o I - 3% 2 B R 3 IEETIER
ESHRBSE  AIRTRBRARETHOREER o AR » B
REAE MR B HBERAFEMIREE AR -

FEGO-vDRWEFBR  STEHBEHPMAEHRH CNC 3 CAD/
CAM Z fE B SRR RBPAT | EANEERRFH » RRBF iR
AGE EFE G T EERRE > T EDU M REINFIIA E » Bm
T E B RS - AR ERA CNC 8 CAD/CAM RIAS » HER
BRN R o RISK FIFRBIAE (1) - (vi) RFHRBIES » BER2 BRI
th > SFRIFE 1%5E 5% RRE ke TEERIRE o WAAREFMEA R
RIEAIFTE AR IR » RIRE B AR R EEER - AIEERRT
3R FE T 40T T T RS B A A TR T AR B LB - BRI 2 CNC B CAD/
CAM » BeSE E RO EHE I (R I FS BT ARG » & O 16 il 1 BURT BC T R 2R AR
RS o B bt AGE ~ EDU £ RISK ={E#EHLESRKE » MANE
ARZWBETS » REERERENRBREN » TR SRR
RRABRRERRR

REHEFESRINE SR FE T » SCALE HYRBUE (i) - (iii) R#ERIEM » B
BB RN RN o TIFESR 3 B9 (iv) - (vi) RNAPRRIE » BAEH RAHBABATAC
H{EF BERERS PR (vi) R » 7E 1006 RE A T RERE
o $HRA CAD/CAM HIEIRZETT S » B AIHATRCR S S B SRR
EAEML » KB THEE S M B REENE S - FFURERE » REMZ R
F BRI BT &8 IS » /R AR REBRBA R BT A
BB RS » SRR BIFT BRI ERE R o B ERR RAKKER
28 BB TR E S S PROFIT » MERE EHBMHEBEIN » B



450 AX Rt @R BET

AR CNC 5 CAD/CAM W28 » HBI7 10% 3K 5% BEZEKET » BF
BT HEEFAE S - ERAERE HESAEBRALEIT » BRBRAEH
WIS ERE & ERERRHESEES PREEEN - GROWTH 15
FEHRAUAEE CNC WIRARE FEFHEENEE B REKERA
CAD/CAM fERaRiyR SR -

FERERFRRERARR - ERACRANRESY INFOR #ilE—
TER IR & F B EE S S SRR R A CNC 5 CAD/CAM A9
A EA T IEHBEFNRZESSE » Bl - R REES TN 1% E
5% REE/KHE T HEE o IR B B BN LR A B S TR IS B % » 7]
R B E A RNRMERTR - HERBER AT R s E e
BRI AR > R T (E MR B B BT R TR S H R 1 » IR P S o
IR B VD P AT BE S A IR B AR HR A 2 BB » ST R B S T ARG i
FLIRR ©

NCNC € NCAD FrREAFEEZER » 78 (1) - (i) R (iv) - (vi) Rp9fs
FHER T S BIEFREERA CNC & CAD/CAM Bilfioskss » 28 & A8
HHTRERCR - HIRBUIGTE 1% 5 5% HIFE T ke T BB M o SR
Ff Karshenas and Stoneman (1993) $fRERBURAIHS > 25 BEHRAAI
BT RTINS > GFEE ST M IR IS T » KT
BHRANER SRR ZIEET AR TR RS A G
o

Z R&D & EXPORT —{H#EE AR A AT M Gl
R > HERST CNC R 2 SR TLIEIR » “HMRAYPBERA CNC &
BRI 2R A MR E MR R EEE o AHEIAY » 55K 3 BORE R T > R&D
HRERRA TS » HRRYBE » B () AR (vi) REMEEHEERE T » 5F
LY - B7E 10% 5T AT B E# - CAD/CAM B—REE B RN E Bk
fif » TEFIRHM MR ZHE E AT S ks - 3 B SRRt

25 % Karshenas and Stoneman (1993) ¥ HERNEBER D » FREWE N R BESERT
%% {H Stoneman and Kwon (1994) BRANHER SR X EHEENENHRGo



% BT SRR 451

HITHEE » BRERRTZC 3 RIS BhER R R AP B AR R SIS E MR
% e SUR AT BN E S BB R EFRKER R TR B1AE - KT
HERI IR S R FT RO AUREES o 41 » EXPORT WUFREAFHRAE (iv) - (Vi) BY
G RIS IE M » BAEAER % RAH R R i i EER R A0 (iv) S » i L
B ORI R BT CAD/CAM HRABENRZE

T ER AR D - AERIRATRA » BR g HPRAREMRYERE
EREE ? EMERH MRS » BB R BER R S AL © HRTE R
(i) ~ Gii) RAERBMTE #EE CADL 8 CAD2 > DIRE 3 (v) »
(vi) R AR E T 82 218 CNCI1 B CNC2 By ERUR R INLABSEE o fE1ET
CNC EBEENZ 2 - EFREGTHA CAD/CAM 2 #8192 -
CAD] BMEBURIER o FERA RS TEEAMHHR AR LRIER 28 IEn
BRI Gil) b » SE RSB S CAD2 FRBAIMIRAR - F&
2T ERNRERLIEERTE » (EERITA o £ CNC 82 CAD/CAM #I#:
MR T RET » #8 CAD/CAM Eff 742 CNC EGE AR A MHROR »
(Bt A ELIEhRERER MY » BHE ERBEIRTE CNC & iR &
5> RN - K ERAMOER  BEE RS RAREER » B
SRR T BB KA CAD/CAM » B & $* CNC BOIRAIELBRBIR -
ERERRBIERFRNTE &8 RRECR » iTRER T E S EURH CADL #
CAD2 ¥ EZ o I » BRI G) 2R R (i) 2N () SET I ELE FE AR E
(likelihood ratio test) JNEEZS -BEAR LA REGEE B MR &
R » (HAITRRER MR B SR RAL ©

BIRFERE 31 (v) A& (vi) AR TR BRI EH R R K
TR ATAE B ARIRE - iR a R A CAD/CAM fElRZRr 8RR+
BEERBASRERE CNC » #1? CAD/CAM HRABENEZERE » CNC1
g1 CNC2 ¥R IEM » H CNC2 FIREIE 10% I HREKE T REE M -H
FIRFIERE 2 NEATRERTE A RSB REER » A TIES AR
FAAEBTLBR  EMBELTHRA CNC» AIRREAT AR ERIRE R -
HREEIRA CAD/CAM WKZIG &S » I CAD/CAM BYHRBGERE -
PRENE T ST R MR AT © ERFERR S B AT R @Ay > IJE A R



452 AX Rt G RHBET]

MBI EARMAE R o RIE—SH B (v) R (vi) RETHE LR E
R » TE SR RUMEHARE AR TREE - HE (v) N8 (vi) R ME R E R
R o 26 PR B W T RS AT R R » 5 R A R Y
T TS EKMIHERAIRR o W H R&D K EXPORT —(EBH7E
(iv) ZUF (v) ~ (vi) A B & B M R RS BIER MRS o 4V » H (i)
B (i) 2 » LA (v) S8 (vi) SOABREBC AT 50 R o B ] DA 3
TEH AT B R RT T f B AR B R > RS o) B i R At e
T RERAR RSB EAR » AT AIER & TR AT EEAINIE - 1
A SRALBIETE H BB RO RS R o

5. ¥ i

AR H B — B B R (R R T35 _ L A MR T B B R AR » HE
E > Bz M RE R E R S A MR ERUR - B R BRI R
REREIREERR -

KXFER Stoneman and Kwan (1994) #9% TTRAHEBSUER » £
Karshenas and Stoneman (1993) #— {45 fhi i 8 H S A B P B p (2
>~ EFE R ERRNEE  SIAANERNRE > B —E—R{I%T
BT ERRIE BEA IS B E SRR (CNC) HERSHEIER s
(CAD/CAM) & BRI B BMUEAMIAE & B ELS R B IE T S T
R AR R AR AR TS FUE LR » LIRS ST ik i LA
e IRA » E MR % STRAMT R 35 R AR BRI A B . ©

HERFERHE » RS THRATREET » 352 AERT R oo R
FRTRE BB HE R AR o (BES RIS I S RN EBHEER L »
FER B AFE T 0B R o AT B RO S 3R - B TTRENE

26 (iv) ¥ (vi) RZBEHMTE » LR=23.524 » K> 109% BE2% 7k % T HIEE FUYE 2.71 » FEiBHE 4%
Rk - R AERRRARA » BETTRBEILEY: o i (v) R (vi) RETHEREH S
FEZHER > LR=1.384 » 7 10% B k¥ TEEIEBEERS -



% TCEARTHI R 453

¥t AR M BUE BB R MR R A ET R ER ©

A BERIRA CNC 82 CAD/CAM A BRFTFTHH
[ o EAHNEERRT » RRBEORERBREE » HERTREENVAS > F
B SRR ERA CNC 82 CAD/CAM Wiz B A [EEBE AR E-E IR
R RN RNERAGSEROTEY - SRR RERRRRA - BFLE
AR AENEELERE TR SRBERRT S - 8 CNC KERARR
& FRIFI A S R R R R B S IEE IR B8R » (B2 % CAD/CAM /Y
RABRETS - MM SRR R AR R E AR OEE o
S5% B R AR S B R AlEY CAD/CAM KR AR R IEHEIIE
25 o :
TE% TTRATESEORR S » Bifi< M S AR » QIS RIHEE
AT IR AR MR AR o 1A R EHERBRRIERA » AIRERH
B BTEARRENOPEEENEERR - LWAKRRREBBIREET
5 o EMATHEREAERERTER » URZEIRRAIRE > &
SCA R R AR R A TR o I RIUR A SCR RIS T ] o



454 AX Bt &R B ET

BE TR

HEH » BIER
2000 <HEILEATEE—GBEEES BREWR » A KIEES (BEHRCET) 28(2):
153-184 o

BRIESE » BikE
1991 <EBFTHTHI R EIRA | XEBEMZ O » thR ik (A RITEREET) 4
457-474
BRAESE » BRR SRR
1994 [ RERANEEMLEEAREKBBRUERF BELOHL2FE] » HEWHSE
FFEARERE » ITBRERHZ BN o
BEE
1989 [HEEEHB LB REZ BB » By b k8RR T o
Cohen, Wesley M. and D.A. Levinthal
1989 “Innovation and Learning: The Two Face of R&D,” Economic Journal, 99
569-596.
Colombo, Massimo G. and Rocco Mosconi
1995 “Complementarity and Cumulative Learning Effects in the Early Diffusion of
Multiple Technologies,” Journal of Industrial Economics, 43(1): 13-48.
Cox, D. R.
1972 “Regression Model and Life Table,” Journal of the Royal Statistical Society,
Series B, 34: 187-220.
Cox, D.R.
1975 “Partial Likelihood,” Biometrika, 62: 269-276.
Feder, Gershon and Roger Slade
1984 “The Acquisition of Information and the Adoption of New Technology,”
American Journal of Agricultural Economics, 66: 312-320.
Geroski, Paul A. and Richard Pomroy
1990 “Innovation and the Evolution of Market Structure,” Journal of Industrial
Economics, 38; 299-314.
Globerman, Steven
1975 “Technological Diffusion in the Canadian Tool and Die Industry,” Review of
Economics and Statistics, 57: 428-434.
Hannan, Timothy H. and John M. McDowell
1984 “The Determinants of Technology Adoption: The Case of Banking Firm,”
Rand Journal of Economics, 15: 328-335.
Hannan, Timothy H. and John M. McDowell
1987 “Rival Precedence and Dynamics of Technology Adoption: An Empirical
Analysis,” Economica, 155-171.
Hastings, Trevor
1976 “The Characteristics of Early Adoption of New Technology: An Austrialian



% TR 455

Study,” Economic Record, 52: 239-247.
Karshenas, Massoud and Paul L. Stoneman
1993 “Rank, Stock, Order, and Epidemic Effects in the Diffusion of New Process
Technologies: An Empirical Model,” Rand Journal of Economics, 24: 503-528.
Kiefer, Nicholas M.
1988 “Economic Duration Data and Hazard Functions,” Journal of Economic
Literature, 26: 646-679.
Levin, Sharon G., Stanford L. Levin and John B. Meisel
1987 “A Dynamic Analysis of the Adoption of a New Technology: The Case of
Optical Scanners,” Review of Economics and Statistics, 69: 12-17.
Mansfield, Edwin
1963a “Intrafirm Rate of Diffusion of an Innovation,” Review of Economics and
Statistics, 45. 348-359.
Mansfield, Edwin
1963b “The Speed of Response of Firm to New Techniques,” Quarterly Journal of
Economics, 78: 290-309.
McWilliams, Bruce and David Zilberman
1996 “Time of Technology Adoption and Learning by Using,” Ecomomics of
Innovation and New Technology, 4: 139-154.
Oster, Sharon
1982 “The Diffusion of Innovation among Steel Firms: The Basic Oxygen
Furnace,” Bell Journal of Economics, 13: 45-56.
Reinganum, Jennifer F.
1981 “Market Structure and the Diffusion of New Technology,” Beil Journal of
Economics, 12: 618-624.
Romeo, Anthony
1975 “Inter-Industry and Inter-Firm Differences in the Rate of Diffusion,” Review
of Economics and Statistics, 57: 311-319.
Rose, Nancy L. and Paul L. Joskow
1990 “The Diffusion of New Technology: Evidence from the Electric Utility
Industry,” Rand Journal of Ecomomics, 21: 355-373.
Stoneman, Paul L.
1986 “Technological Diffusion: The Viewpoint of Economic Theory,” Ricerche
Economiche, 40: 585-606.
Stoneman, Paul L. and Myung J. Kwon
1994 “The Diffusion of Multiple Process Technologies,” Economic Journal, 104:
420-431.
Stoneman, Paul L. and Otto Toivanen
1997 “The Diffusion of Multiple Technologies: An Empirical Study,” Economics of
Innovation and New Technology, 5: 1-17.
Wozniak, Gregory D.
1984 “The Adoption of Interrelated Innovation: A Human Capital Approach,”



456 AX Kt &R B EF

Review of Ecomomics and Statistics, 66: 70-79.
Wozniak, Gregory D.
1993 “Joint Information Acquisition and New Technology Adoption: Late Versus
Early Adoption,” Review of Economics and Statistics, 75; 438-445,



% TTHRTRI AL 457

The Diffusion of Multiple Technologies
—Evidence from CNC and CAD/CAM

Jong-rong Chen, Chih-hai Yang and Wen-nueng Cheng

ABSTRACT

This paper investigates the effects of related automation technolo-
gies (CNC and CAD/CAM) on technology diffusion among Taiwanese
manufacturing firms. Based on data that includes different adoption
times for each technology, our empirical results indicate that ignoring
the effects of related technology could cause biased results. In addition,
the stock and order effect of Karshenas and Stoneman (1993) as well as
the traditional epidemic effect are supported in this study. However,
different factors repressenting the order effect tend to have a different
impact on the hazard rate of CNC and CAD/CAM.



