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Sequential Technology Choice and Second-Mover Advantage

Ryoichi NOMURA

Abstract

This paper examines sequential technology choice under an existence of technology
switching cost, and investigates whether the existence of technology switching cost brings
second-mover advantage for technology choice. We construct the following two-period
model: A first monopoly period consists of two stages. An incumbent chooses its
production technology used in the monopoly period in the first stage, and enjoys
monopoly profits in the second stage. A second duopoly period consists of three-stages.
The incumbent determines whether it switches its technology chosen in the first period by
paying the technology switching cost in the first stage. An entrant chooses its production
technology after it observes incumbent’s technology. Two firms compete a la Cournot in
the third stage. We assume that there are two available technologies, called a large scale
technology (with high fixed cost and low marginal cost) and a small scale technology
(with low fixed cost and high marginal cost). Main conclusions are as follows: [I] suppose
that technology switching cost is null. An incumbent, which is firstmover for technology
choice, can earn more profit than an entrant in a (post-entry) duopoly market, and [ii] an
existence of technology switching cost may bring second-mover advantage to the entrant,
which means that the entrant can earn more profit than the incumbent in the duopoly

market.
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KOEFELD F5H EHHSADR SN 595 Van Biesebroeck (2002,2003) &, AEMED
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HECBWREMED Do ARIL, BIAFRZELE S AR X 2B K 2B EIRD T b5 IR
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BEICED &) g2 JIT3 0%, FarEIRICHE L CGERER (follower) Th 5% Afi3E
DA RFEID L L OFEZ ST 2RI (second-mover advantage) 234U % OH %
WEtd 5, HERDHEIIEIZHB VT, second-mover advantage 23 U B K E LT, fif5Hh
DAFEFELER ZE N F =N =R ROFFAEDRI ST & 72, F21X, Hoppe (2000) i3,
B R AEEED S L TOFPMERAT 254 I ¥ 7 2tat L, Pl omETEIC
B9 5 AMEFENE & R&D IHEI O AW W1 12 & 5 T second-mover advantage 25b 725 X b
LML Twa Y,

EOHAMRIUCEI T HH2EIE L b2 2%, REMRDLDOD 1 2L LT Mills and
Smith (1996) % %8175 Z & AT & %, Mills and Smith (1996) 1%, FeAfisIR (& I HI Ik
B R&D &) &7 — N —5Fh 6% b 2B — 2% AW, BETEIZE W T
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KMNZHE 7 R&D & G o) PMrbhaindsd s 2, 72, 3L
DT BHE100E, B 28 ORMA LT L AR R & IR S v T & % 54
L7ze SNHOETHIZED T, (DTiHMERIMVERNTH 2, ()& &3 GHMERE 1
BEZZUAT S, (& REOHMEIUIFIFICITbN L, L) 30DML7-MEN D %,
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LTwb, 7272, Nomura and Okamura (2008) Ti&, 2B} 2 BRI
LEF LSIEIMEINTWEA, BRI HAM RSB L O technology switching cost A3%¢
B LBHAEO LS LIZERICEH S O L) BlE»r S5 DOERII TR TV ARY, K
fiTl¥, Nomura and Okamura (2008) 2DV T, KD X9 ZHE % #E {. Mills and
Smith (1996) EFNVICHBBAZHEAT S Z L THPEEOZLEZIMD D . BEOH
WP REE L, BRI AR TRZ M ZEIRT 222 TE 2, 72, 2
AL, BAEEOBMBRINZFTG L LT, BB RE2179, Cok)nlEnd L,
DTFo2MBETVEMET S, 8 10TIE, BANESBMHRIRE T- 72 LT, kA
HAEZT 5, H2HTIE, FTHMAMED, KROTSAMESBAERELT- 72 LT,
7=V —5E AT o MHALD 72D ICHI R B X 2 AR E L, W EER LK
WERRE 2 5 7 55l % large scale technology (347 L), R E L & @ BRALE T
6 7 BT % small scale technology (Feft S) L WERY, F7-, BRI, #£ 18 O
) g2 (Y WBWTRELRZHME H 2841214, technology switching
cost € ZZXM L 2T IT% 5%\,

AR FEELREFILLTO@EY THh S, (i) technology switching cost e=0 D & X, Fiffy
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(first-mover advantage) . (ii)I£® technology switching cost DFEFEIL, AR L T4
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I RESTE 30 BEfFAEED BALEFED
Stage [ ‘ Stage II Stage [ ‘ Stage 11 ‘ Stage 111 -
B1H (b) F2H (&)

72®12, large scale technology (0, F) & small scale technology (c, 0) @ 2FE¥H D+t %
BEL, ThThz2Hd LB L OHA S L5,

KROEH) % 2HMHETNVEEZEZ Do HB1E (k) 320027 -V TREINS, B
GRS, B1AT—VICBWTEERMZ#IRL, HF2 A7 - JICBWTERIRLZ
Hoabi 2 CEEER TV, MEREEZ 2295, H20 (Bh) E320R 57— THEK
ENbo 1 AT—I TR, BAAML N, AHET2EMEY )R 20%20ET %,
B, 8 VINTRIE U223 & 57 55l 2 38309 2341213, 38R %32 (technology
switching cost &) #4T) LEVDH S, HE2 AT —=JICBWT, HHSASED, A4
KEOPM B L7729 2C, BEOEERMZBINT 5, H3 ATV T, MeRE, £
NENDPEIRNLZ2BAR 2 CTr =V —BiF 279 M1, F—20fihEXLdrz
bOTH b

WHEEREBIE PP=a—Q" L § %, 72721, p" IZHlits, o (EHIEBIEL, Q" I3k
i, 3 R (h=monopoly (M), duopoly (D)) %, ThZhELTwb, 7z, M
IED72D12a/2>c BE W a=1#RET 5,

3 THEREE

ARETIX, BAMSIGMEEZH T EROTY — 22 E, HHIIBIT 5 EEOEAMEIR
RO, 7o, EERIPROFMEEZH Y FIhLVERET S

3.1 technology switching cost € =0 D4 —X

CCTIIBEAERZENE LW EE 2 THM Z 9 ) B2 BB 2 B30 56 7%
W, $ 74 b b technology switching cost e=0 D4 — AT 5, DA, B
F ORI 2RI 5 &9 a2 £ 2 L ITEIRT T LT, 52 Hofd#ER
5 1IN S MBI ITIKAE L %2 < 72 %o
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qis = 9 » Ts 4 (2)

1 1
(]{125, ﬁﬁz*F

(DB LRKXL Y, UToOHEZE5.

#E 1 (Nomura and Okamura (2008) Proposition 1) FEfF B2 EH % L
(e =0) WEMZLVBHRZOLNLEL LI BIIZBT 2EMERIZKDO L)% 2D,
DF>Fs=4c/9 2o F>F"=c(@—c)/4 DL &, WiaZEsbHMS Z2@INT S
(SS—S8)o (i) F<Fls=4c(1—c)/9 DL &, WiFEL HHM L%ERNT S (LL-L).
(ii)) F<F¢=4c/9 > F<F"=c(2—c)/A 0L &, MAEMEIHMNLEZ, BAL
FENIHANT S RN B (LL—S)o (i) F&>F>F" ok &, BAAMIEIE 1 IICHN S
, B2MWMICHMLAERL SZAREIHEMSEZERT 52 (SL-S. ()
FY>F>Fg Ok &, BAFRIEE VINCEM L 2, 5 2 Wl S 2 8INL, BAM
FEIHEA S 2 EIRT 2 (LS—S),

D EofRER2i12F o5,

3.2 technology switching cost € >0 D47 — X
WIS, BEAERZEAYEE 2 N 1) & 13587 2 Bl % 4R 2 BB 2 B A L %
r—2A (e>0) %2 X9, 1IE® technology switching cost 1%, T AREOFAMIEIRIZ I
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WHERIZST, e=0 DL SIBAREIEMZO )RR 255G IC0REEERITLH
bo L72h3o T, 2IZBBH R BELPRIIDONVWTELET 5,

W Ry TIE, e=0 DYy, BAFRSEIIS T Tl S 28R L, BT Tid#
MLZEID B2 0I5 L, BAMFEIHEAN S 2#INT 2 (SL—S). TOFMIIBNT,
1E® technology switching cost DAEfELE, BEAEASEIC 2 IR % U CH— OB 2 /A &
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i (inadequate technology) Z#HRH$ 5 Z L1274 5, I I T inadequate technology &
&, BHGHMTE ZGEI, AERKUTE CIBRI W Bl 24 L Tw»b, L
oo T, HIBRAIBWT >0 OYpfy, MBI 2B EIRUL SL-S 75 SS—L &
BWVIELL-SIZZ L L ) %%, MAEME METBEBELITSHowT ol
inadequate technology # #RH 3 A & M3 572012, DTOEFRE B <,

FHA (LY =Y = F - F" (ii)LgL_sEﬁﬁsfﬁf’sL:%(ch)fF

LY (L5 s) &, BEAAASEAME Y (8511%) T inadequate technology L (S) #
BT 5L THIBAZEL TV D, BFERER, e > LY > L8 J(e> L5 s> LY )
»EE, METY (BE1Y) 128\ T inadequate technology 2§ 5 2 & TH 5
Kby sy (CBUBHE% % LY, 2D technology switching cost & A5%
NS % EEA S, METE (85T 123 T inadequate technology L (S) % 3%&4R
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?%oﬁﬁ,F>£c@—d£ﬁws&%ﬁlﬁ4>Lgsﬁﬁi?éo::#%uT@
WA,

#RE2 (Nomura and Okamura (2008) Proposition 3) %I R, \CBWT,  OBhNIEH
#1251 2 BT SL—SH 5RO £ 1A LS ¢, D F&>F>Fas 2
e> LY s DLE SS—LiZ%hbo (i) Fgs>F>FY 52 e>L§ s D&,
LL—S 27 %,

#i#8H 213, technology switching cost ¢ DAFTEIL, MEARENEMEZU VR 54 V&
VT4 TEBRLEIELTEERLTWAS, ¢ Y inadequate technology # $RH 9 % Z & T4
U245 % EUE, BMAEREE—HOEMICaI vy M o285 b, BERTF
AR ¢ 2 U CHIRIICR & < dud, BEEREEEM SICaIy b2 5910%k
bo TR, M LOWHICEFEEEN FOZLINAETLOT, BEEHFAKEL
5k, #5155 T inadequate technology L Z 3/ H$ 5 2 & THA U B4R Ly, 1%, ik
1i%5 C inadequate technology S ##RH T 5 Z & TH L BIHS Ly s & LB X H 2% 50
L5Th5bo

KIZ, IR R IZOVWTER L) e=00%6, ARSI TS CHRITT 284k L
Mo, BETTRIEMN SICWHYHR, S ARFEIEMN S 2#E RS2 (LS—S5). ZD#H
BIZBWT, e BIEORE, BMASEE—HOEMIZT Iy M T2 WREEAEL 5 DI
LT, ZALEOHMBIRIIEELZZTF VT, Lz 5T, B RICBNT, e>0D
Witr, BB 288 IIL LS—S 225 SS—S H LIZLL-SITZEfLL 95 5. A4
DTN T NOTY T inadequate technology % $RII T 5 02 M3 572012, DT OB
2 B<o

&2 (l.)Lﬁlsfs = 7T1L”_7Tgl =F"—F (ii)LlL)sfsE ”fss_”ﬁs: F_ng

R ICBWT, BAEMRER, e> L > L% ok &, HHY Oh5lg) 2B
T inadequate technology L (S) #4355, B, I < %(34* 9¢) AN 7z S g,
Lis s> Lis s PN T 5, SZOUTOHRIEESS,

#E 3 (Nomura and Okamura (2008) Proposition 4) #Hi R512B T, ¢ ODFFEITH
B BEMERE LS—SPOUTO L) ICELEE L, FY>F>F o5 0
e>LY s DLE SS—S%bo (i) Frss>F>F% 7D e>L0 DEX,
LL—S 7% 5%,
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#fi® 313, technology switching cost e XK & K %2 % &, MEAMEIEIZ— T OFAMIZT 2
vy NT B LB T L, T BEEBEM FARE L IUIEAMN SI2a 3y M3 21400
WhHHILEERLTVS,

4 R

AHiTi&, technology switching cost e DAFIERDS, HMEDFIHIZED X D g% Kk
ZT O T 2. B CHALZE I, e MM EEC - Fohiicsn
inadequate technology % ffJH 8 & 2 WHEMDH S Z 2T, e DAFTENFAHMTRIUBE L T
first-mover advantage & second-mover advantage D &5 5% 725 T ON = T b,

F LI, BETHICET 2FEORNREHERL X Ho (DL D, BEETHIZBW
TR ZDIZEHRPEHIND A F>c@—0o)/3 250 72 3 i@
Tis > Tosy (6,7 = 1,2,0 % J) BWALT Do BT CHEBFED TR 2Bl 2 BINT 51
YRV TATEETDLOR Fos>F>Fis BSiilcS3Nb L ETH b, 1/2>cORE X
D, F&s>c(2—0c)/3> Fis 3HICHilzsNb, TIhbUTOHMERR L.

WRE4 BETHICBVTRRZEMPRIREND L &, 705> 15 FFWITHILT 50

Wi 413, HETHCBOTHMTHEMN LR L EOMBEO B ANKREL 25
EERRL TV D, ARTIEBAERENSSAMIEL D B RITEHETHICB TR 2 5l
TRIRTE L LMEL TV D, 22D HHAMGERIIH T 2B OWT, BETYICE
W, BEAFRSENGICEN L 2 IR L 7218, S AMENTIN S 2®RNT 596 % first-
mover advantage, PEAFZEDTCIZEAMG S % RBINL 7218, S AREDHIM L % 8IS 55
& % second-mover advantage k£ 5E3T 5o

MELBIOHIEA LV U TOMEEZHE,

W1 Fa>F>FihDoe=0,L &9, 2L &, HMr#IRIZE L T first-mover
advantage HFAET %o

frRE 1 1%, technology switching cost 257275 WG (e=0), BLTHYTRZ % Hl
PHRHASINE 261, BIFEESLTEMN LEZRHAL, SRS ALELD LRI VFIHE
ERHILERLTVD, MMl BIUHEAIIRLEY, Fs>F>Fs ks, %
EREFIBEETHICBCRRIHEMEBRNT LI/ T4 724T5L LB,
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Tis > Tis, WAL %o e=0 72 B, BEAMFEIIHE T ICB T 2HMIKFET L2 &
%, BENLTHEMZEINTE 2, MAT, BAREIS AR > THAER%
TH9DT, BAREIHNLEZBIRT L2 TCEALED LOFEZAEL LN TES
DTHbo

W2, 1E® technology switching cost DAFFEAS, HAMHEIRICEAT 2 NEF OEMEIC ED
) LEEEGZ20OPERFE LI BBOEY, >0 OBy, BAFEFEDS—HOF
MIZIT Iy PESZEHELRVIRESEL ) 50 ME2(0I%, BEBEHF EBEAEH cD
FAGDOEPHIR RIWCHFET S L X, LD e X - THHIZBIF 5 HA#EIRAS SL—S 5
5SS—LIZZELL) BT LERLTVE, TOLE, 4Ly, BAENEISALE
L0 HBIHMERZITZ 212D 00D, HETLTHREREL D DD LVIEEZ D
725 THAM S 2 @INT 5 2 L% b, IED technology switching cost DAFFEIC L - T,
WMARERIEMSICaIy F9252 810480, BHRBERICHLTERTFTHLSAME
2, MHTREIDDZSOFEZ L6 THENL 2BIRTE LX) 1% 5. —T5, HE
206i0E, BEAFRZESHM LIZa Iy MY 556, SAREOEMBIIEZE L LTS %
W2 EERRLTED, #i#4 L), BHETHIBOTEAEENL Y Z L OFEZ/HTY
LT eWbhb, ULt T b LU TOLHII% 5,

B2 () FL>F>max|c2—c)—e Fos| #MILT 5 & L & I technology
switching cost ¢ DAFAENL, FHMTEIRICE U T second-mover advantage % d 72 5 9, (i1)
min|[F¥+ e, Fo s |>F>F" BEvd5L L k9. SOLE >0 ThoTh, Hii®
PUZBHT B first-mover advantage 73U 5

WE1BIOME21Z, FL>F > Fg s D935 & %, technology switching cost &
OB X T, PMFEIRICEI L T firstmover advantage #° second-mover advantage (2 iz
LB ERRLTVS, E220RLTWA I L MRS 572012, SL—S ORI 5

BEAFREA—HOHEMIZT I v P LZGEICED L) BRHIRPEL 200 E ML L .

BEAARSED AN L1233 v b9 2354, Mkt CHRITS 2 5t 25Hdly S 2> & Hefy L
X7k, ok &, (DEERMOBM, (ORAEHOMT, (EERORn, MR ET
DADDIRDPAEL B0 WAE ¢ OKIEP—E, T 2D LB ORI X 2 R EH
AR ORE SB—ETHLEEZ DL, (i), (i), BIPWORROKE SF—EI%
Bo BRAEH c I L TEERM F/hE i, (Do B MR /NS L %
b728, MEHIIZ B W T inadequate technology L1232 3 v 952 & TH AR LY s
B3NS b, Lo T, BN FA2/NS ehuE, b2 3B T inadequate
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technology L1233 v " 354 vy T4 THREELEEZOND, 72, MAAEENF
MLy LG, SAREIEN S 28INT 25 (LL-S) OT, BHHEFUIET
% firstmover advantage (ZF7E L) 5 2 &b h %,

KIS, BRAERENHAM SICa 3y b I25E0MREER L) ZOLE, Bl
V2B B B ASHAN L A S A SICE LS 20T, (EZERHOWA, ()R8
I, A E RO A, VERBERIRIRD 4 O E T B FHE Ry T, BETHIICB VTR
BB PMABRA SN DT, BARESEMN S 2 BT UL, S AT L % 3R
5T LD, Lo T, MAERKEOEMS~0a Iy M, MER¥OLERE
HEOEEROWD G LR CZTMINESEsZ L1220 (HBEARIE), BEHHICBT
LA IS T S v AEM c oKEP—ERZ L E 2, (i), (@), B LW
ODRMPEORKESIE—BL B b, MEBRBMHFPREL 2, ()0 &5 HHIREDE2K
&< &b, #EY T inadequate technology S 122 3 v b4 52 & TH A L5 1X
INEL BB, BETHIIBWTEMSIZTIIy M 559125, Lo T,
F&>F > max|¢(2—¢) —e Foo| ST I, BAERREHEN SIZT 37 b5
L2y, P EIRICE Y % second-mover advantage A3 U 5

i 213, e=0 ® & %I firstmover advantage 2%E U A fHISIC BT, ¢ 2SBEAFEC
—TOFEMIZAI Y FERBIEFLICKRE L, PORERM F OKENRRIE ¢ 12 L
THX IR E U, FATEIRICBI$ % second-mover advantage 2342 U4 Z & /R L
T WAFE3IE, SARFEL D B RICHMZERTE 21202005 T, HETLT
BOFELAEONRVEN SI2a3y ML, ZoME SARERIELETSHICBVT
BRI D S ECFEEZE 5,

—7J5, W31, B R;ICBVT e SKE L UL, BEAAREE—HoHEMIZT Iy
2720, WIS BI B BAEIIL LS—S 25 SS—SH DLW LL-SIZEkT 562 L
ERLTVS, (URBLUHEA LD, WFhOBAMIZa Iy PLBETYS, ST
BT BB REOFHIISAMREDOFE L TS 2nZ &b 2b, TIhLLTORM
RefFb,

w3 BMEBHFEBWALH cOMAEDENHEB R IDH D E L X o technology
switching cost ¢ DL, BAREZ —HOFTMIZT I v M I 5, HHRFICET S
BEAITE % RITE v,

B3N H6SNBHEITEMTH 5, #HIKR; TIX, BEHWHHEMTE Z2LE,
EOREDHEMLEZRBIRT 24 2714 T2FG v, L7225 T, IED technology
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switching cost DFFEIZ & o THHFAREIBM LI I v v T A2 THENSE TRIFY
LEMHBEALTH, BARFEOHEM BRI ELZ RITS v, 2B, #HBRIIBV
OB REAEAN LISy N LA Ty, §@—0) > FY> P> FL it b
72, BETHHC BT 2R CEO S PKRE L b (2> 1hs) o LA oT, B
A 21385 1 3 C inadequate technology % $% 5 4 A%, AT # NI 3 % second-
mover advantage 1Z4E U 72\,

Wi & SO

2

Zol

p=1l1
p={1118

KO HINZ, BEAEMNG 3 L BB AR S % 5 BT BT 2 BRI BRI
DWTHELEL, technology switching cost DAFAEAHAMEIUCE T H2BEMEICED X S %
W% K IET O %, Nomura and Okamura (2008) 1ZHE DWW THIEI$562 & TH L, T
BRI T oMY Th S, (i) technology switching cost e=0 D & &, FHAEJFUIE L
THRFOMAEER, BHENTHIIBTSBARKELIY L OB EZES (firstmover
advantage) . (i)I£® technology switching cost DFFAEIL, HAHBIRICH L CHRTTH LS
AMEIZEL L OFMEE 725 1L 9 % (second-mover advantage)

Hiffi#IRIZEI 3 % second-mover advantage %% technology switching cost & AN L %
Dt o R G HH) OfFFEICLoTd b 3hd &wv ) iR, second-mover
advantage I[Z T 272 MR Z IR L TWb, EBITHRICBWT, HMARIRICHET 5
second-mover advantage 1%, i 5 2> DA FEFPERLEM B 3 2 9 LRI R DOFIEIC X - Tl
HENLEE2% v (Bl 21X, Hoppe (2000), Kiyono and Okuno-Fujiwara (1988)). A
fa Tl FHa ORI T 2 ATEFEERL W BRI L 2 RIS b 53, £
M7 3IRICEI 3 5 second-mover advantage 2°b 725 SN TW5b, AKfokFEx, HiH~o
S AATBIAA: U BRI B W TIE, technology switching cost DFFAEIC & - T, AR
FH—OFANCa Iy MEEHE2RET, ZAFROTNENOW THIEZ RKIZT 58
WERMTELRVIEMEZRIE L T2,

Kopel and Loffer (2008) 1%, 2 &3EAEHHIMRE R&D & & EEROTIEICH T HHE
FRF27## (managerial incentive) ZBAS % BIRZ FIKEICAT 5 7258, P2 v ¥ X VNV 7 8
ZAT) BTV ERMEL, MIIZHEWT, WisED R&D K& 217V, BRERSED A0 HER
Bi#EEZiTH) 2 LT, BHAEIEEREINILZLOAMERLIILEEZRL TV,
Kopel and Liffer (2008) 1%, # A BEIIRE R&D & 3 GEAEOHS FOBEMTEZED 5
7%, managerial incentive @ AR KF 217D N 5 A 1218, second-mover advantage A%
HELAHZEEBHL TS, TNITH LAKIE, managerial incentive (3% 823, &K
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Y 22 Bl IR D A2 X 5 T second-mover advantage 23b 725 &N b Z L &R L7z, AR
& Kopel and Liffer (2008) Tid, FiiBIREALEEBDOIED T A I Vv IR L>TW
o THOZ LI, PURBIRRPLHEMRBHELZ DI I v b A ¥ b2 second-mover advantage
2H7HT0E, ENLRED L) RIAFTITONEDIMMET AT L2 RBLTWA,
AR CTRIIBEEOBANIULTELL LOBEDD & THN EITo 720 BEREDISA
FLIEATEN 2 4R D 9 235612, RO RVRALT 20052l 5 2 L5 HOBEL L
THEFOND, T/, AETEIHHBEIE—ELHELTWED, ZANELLIERD 1
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