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Abstract

This research analyzes the new product development performance of 11 smartphone
manufacturers (i.e. complementors) in a total of 10 generation transitions from Eclair
Android 2.1 to Android 10.0 in the Android ecosystem (i.e. platform-based ecosystem)
of Google (also known as platform vendors). My analysis results show that both the
exploitative learning in the old generation and the explorative learning in the new
generation of Android operating systems have effectively improved smartphone
manufacturers’ new product developments. In addition, the higher the degree of
exploitative learning in the old generation, the more effective it is to increase the positive
impact of explorative learning in the new generation on the smartphone manufacturers’
new product development performance. This research supplements earlier studies in
the discussions about the ambidexterity of complementors and the performance of new
product development in the platform-based ecosystem theory.

[ Keywords ] Android ecosystem, ambidexterity, explorative learning, exploitative learning,
smartphone
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KRB FE AT FE A (Google) (R—FEME ) TH YR EZLERA (Android Ecosystem)
(Z—F & 28 & £ & > Platform-based Ecosystem ) # » 11 £E EA FHEHE (LW
BH BT ) 42 Eclair Android 2.1 £ Android 10.0 Z Ff - 3£ 10 K 22 B R it 18 58 4% 38 72
FZHERHBRI - AARXWAMNAERE T TEATHRRAHEERLEMEER
% P AT 09 AL £ F (Exploitative Learning) » DA B #3718 %2 £ 15 % A A AT W%
# M E (Explorative Learning) R RMIEA T B A TR Ak T E
BRI - itk 2t HFEATFHRRAHEY RZEMERA T ETHNRM S
HzREME  HIERFERARETRFRETURGHESHBWRARE K G
M A AEMET PEEBARAERTEMM AL E NWE T (Ambidexterity)
HEHERHABRASHE R - T HME T BBURKEE WK B A X T RREIE
v B BRI R R BB T HTBLEE — P R A ] B RR KR Y SR s S AR B &
B o
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FE—{E DLE i A R B Y A RESR H - S s = S iy A Al Bl T T ARG
e ) A € - T A A T i U S S SR {6 P S 15 o e BT T (Ol HE HE o A L - 58
T A= RE AW Fy 5 L 4= BB (Platform-based Ecosystem) (Kapoor and Agarwal,
2017) © K FE K 2 € S 5 Ik i A B G PR AT 20 {n] 5 HH 22 B B B S A AU A T
(Interface) (Boudreau, 2010; Yoo, Boland, Lyytinen, and Majchrzak, 2012) » DAKE ] 7 B
SrHCEER ZERE (Intellectual Property Rights) (Tiwana, Konsynski, and Bush, 2010) 5
R O R R BB EN R - AHERZ N - (& LA R R B R PR se P R AR RE
SARFFE R A T4 (Kapoor and Agarwal, 2017; Rietveld, Ploog, and Nieborg, 2020) °

FEE L BEMIRERE K O M RS G R AR 2R E RN - f
AN 1 R R R R B A (e R FE S S Bl A i AR BB T B E R B B
(Jacobides, Cennamo, and Gawer, 2018; Jacobides, Knudsen, and Augier, 2006; Teece,
2018) » il A g e 7 B B2 B AT AE S 5 B Bl B 2 R TP i BT A AR 2 T
HEAT AR HIBEFE (Kapoor and Agarwal, 2017) » DAS B A ok e FE 2 22 4 ] 5 3%
HIA V-5 s T2 Bt rYBH 32 T B e a2 2 e et B A HIBA3E (Piller and Walcher,
2006; Shiu, 2017; Von Hippel and Katz, 2002) * 5 » 58 SERFFEAI AR $ 5 A A Wi
AN af PRI S5 Bl 8 L R FH AN R A B2 2 SR IO DAPRE -

WAL - A G g T A E S EIHT (Generational
Product Innovation) (Chen, Zhang, Li, and Turner, 2021) - ifi H £ ¥ & LEH H T H
i T o e e FHLFE =0 Bl T B S & 1% (Appropriability) (Miric, Boudreau, and Jeppesen,
2019) o A1/ I Wk e B BT SRS & <2 21IH B 38 75 K U #Y 72 2 (Wang, Aggarwal, and
Wu, 2020) » [Tl 75 Z2 AN B sty 17 B B Bl 28 e 5T A RE B =i 72 A Bl 2 Y R T =R
(Chen, Wang, Cui, and Li, 2021) * N3 » A fifi B W i 75 5 5 B9 TH LA (Generation
Transition) (Ansari and Garud, 2009; Cennamo, 2018; Kapoor and Agarwal, 2017;
Kretschmer and Claussen, 2016) H » 58 & [~ 5 28 B B F il B9 102 4 5 B AN e 8 T
(Cennamo, Ozalp, and Kretschmer, 2018; Kapoor and Agarwal, 2017) ° A f#84 i ps 15 F
BIHAER o A REERAEES ELMEEZE LR g AEE BEE N
TGS -

NGy A e s § (iparopiog i av = SRS - Bi:-pi A 0| PR el b e
L E AR (L TEE - I RS E B S AR R Ry R
AT — B 15 1 AR 22 P 5% (Organizational Learning Theory) & A ZE RE AN 5T 2H
S il PR 7 R g e 2 ] AT S 1 B THE AR RS 17 PR FH B AL PR 22 (Exploitative
Learning) 2R M E2E (Explorative Learning) 58 {8 FEH BRI o 38 25 A AH /% 22 22 3 3
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15 T J2E o B 2 R s — (] i BB fi# R (Problem-solving) HYiE 2 (Nickerson and Zenger,
2004) » BRERMEEE B R B T ER A E ML B R F W IR (Lee
and Huang, 2012) < (Al » FAMEE Ry BR FE B AIERS v] DU 18 B 03B Al o g s 2 £
RIER RIS RET L - B A RIS E SRS S S A i B R - B
HEME AR ESIT{EL H (Android) B 2RI FH A HEA (Koch and Kerschbaum,
2014; Liu, Liu, Zhu, Wang, and Zhang, 2019) /- » EEAI S RRrs (JREN A A R )
el g2 SESE R (JRBISES » T Google HI/ZSFE Wi ) BT ACHE A HEST
GRALMEEL B R R » AN R LR A A B R RO R B -

AHFEwE T AR MRS A 2 E fE A R (L 2 5RET - Rl T
FH A EE T 1 (Ambidexterity) ¥/ #7 7 hh b3 FRILZMIFEA R 2 (Raisch, Birkin-
shaw, Probst, and Tushman, 2009) - Aif5EEE - B SEHryHACER & B A FinEiE
TR - BRI R R 8 L A E R FT TR LR ERE - DU T
HARZ A EERAME TR EE » AT T &2 A F- B M £ TR
FRETEE AL B R RN © BRILZAN - BRI TR G B R S EE R E THY
FALMEREE CRREE - BRI R TR R R BN =i
rnBHEE RBAIRUR o AL B0 T - BEVE 7 B REH AR A G R
DB AT FERIRER » B2 E0#CRZE 5 » B8 B S RILASIH FErY 73 i SR
B B A e R B G B R R AR AR I FE R -

8 - EEERERER

— RSN E Tk

AR IR DT AR B2 S HRE N AR LB B BH AR - FIRFHRREE
FIEERE 4 FBE (Levinthal and March, 1993; March, 1991) o ZE{b14: B2 72 B R 2R 1 E2 75
ST B #E ERIE 2 (Atuahene-Gima and Murray, 2007) * {HE ffEEE H 2
FEEE A R th B AR EE (Kuo and Lee, 2019; Wei, Yi, and Guo, 2014) ° &R
FeRe Rt Ak B &G R A H ELfH AR P TE 14 (Organizational Inertia) & 38 LR 22T B R
R 2 WA B Rl £ 5% (Lavie, Stettner, and Tushman, 2010) » & Y #&iE
FE A2 s i R TR ERIRRE KRR MR L M 2B R EM S - a2 ER
SEL Rk ) T 4 A B B B Bl TR XX (Andriopoulos and Lewis, 2009; Cao, Gedajlovic,
and Zhang, 2009; Gibson and Birkinshaw, 2004; He and Wong, 2004; Tushman and
O’Reilly, 1996; Yalcinkaya, Calantone, and Griffith, 2007) °

*H % B € 4 B BN B B8 58 /7 (Lin, Peng, Peng, and Teng, 2020; O’Reilly and
Tushman, 2008; Siggelkow and Levinthal, 2003; Westerman, McFarlan, and lansiti,
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2006) + 12 REHRE 11> 3 A B IR 55 B A8 (L T J& B A B A 1Y B2 2206/ (Hannan
and Freeman, 1984) & ERIEE LA RIS AT - (RSETE B AP A2 R
M - a2 FIRGE T LR R R MY | MERREE LA E R R A
& » 12 a] DLER FHIE Fe B2 18 8 B2 T 1% (Sequential Ambidexterity) (Boumgarden,
Nickerson, and Zenger, 2012) » L 2R E(LMEEE (BEHERIEEE) BREFER
MY (BEFEEEE) -

FEAh - fZERBRER M R B B A L M B & R R (BTG B N [EI RS B R e 2
AIEIFIREE (Puranam, Singh, and Zollo, 2006) ° 58 (> EF I THTE SLBHZE VIR - £
RIEBE R A i E miEe - S - B - Fr - A E A AL RE - a8
EonbA R R - BLERHE LB AR S A SEE B A 7 B 6 (Routines) o KA
PR B L 2 AR — {8 H 2/ 7E3E (Rothaermel and Deeds, 2004) » 123 0] DAE I
MiE - IR E L2 B I AT E WBHEE © #1420 > Brown
and Eisenhardt (1997) £ ¥#f 1993 42 1995 FF & i FE /N Z B E =5 AITEH -
FC LI T 2 i e 28 2 DU 72 Y B HH RS 8 AR ZE B a8 B 2 - thigh 2/ LB
EHTE MR 1% BEEETRE AR ELFRES -

R ) SR LA Sl s T L TR

SEEERARRR PRI REREELR OB S EE R TG - NEEM
AL AR i 4S8 (Technological Bottlenecks) (Jacobides et al., 2006; Rochet and
Tirole, 2006) (Rl » S5 WY AR bR S W ES IR SEE flr 580 & 7% O A 14
FEEARATE L - 725 IR E Thae A & IR G B B IO R DI EE (Ansari and
Garud, 2009; Kapoor and Agarwal, 2017; Venkatraman and Lee, 2004) - 4% T 4ERE
A B 2 TR H BhEE 1% (Adner and Kapoor, 2010; Ansari and Garud, 2009; Venka-
traman and Lee, 2004) » Kapoor and Agarwal (2017) 5 H—{ESE& Ry HACE R T2
Henderson and Clark (1990) Frfi st (L - il B -F 5 AR F IR LTI a2
W= L - (E RSN A B R 25 B BBl 2 BRI AR R e e & -
RIS AT — A = B Il B W A A E T TS S RO R B 2 Pk -

FLhA bt IR AT - B A A B R e T B~ B TG - SR B 2 S SRR
HIFR LUK S5 8 B B RO AR - e ARt S SR & R & LB &%
(Kapoor and Agarwal, 2017) £ 7 A B BAF R AT B ZE sE & S B LI IR
EAYIEIT (Eisenhardt and Martin, 2000) » 77 4/ B g 8 0 8 B2 4 S B A A A RS
PR BN A R B E R 222 (Gupta, Smith, and Shalley, 2006) » 3If HAF#r HHACE A R
2tk KIHEM A/ . R EeAR S B4 BRI R 2 2 A R
iR - RYRFR E TS50 (Rietveld and Eggers, 2018) -
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AR - E—(EEMH A REIEREREZ T - EFERARRIEEE
AR AR R AR o R - A A MR A R RO B 5B .2 T - SR EAEHT
AP A U Z At T T ACP S B R R AT IR R R R - AR
FE R REA LT THEETTIRR IR - WU e 2R L A RS - RN RE AN
MM = PO EAEAR T - REETT T AT B T s EREAL S - (HRE
e Al aE AR EE S G 0 —(ERal i R - MR R R R = T P R (AL
(Rivkin, 2000) &~ B TH A QAT B A A P 2 ] ) A Bl 15 0 TR (R R 45
TREFHT AL R (R TR R R BT T RERR BB A R SE AT R M B B 2 Rk
My Efz (Levinthal, 1997) » AL - A ARG CEHT T AP G IEAUHEH Z AT - $HA58T
AP IR R R FHE T RER ISR - sURe n] DAL S s B SR i i A e
P EBHF A - B0 ol - PR AR e 58 — e -

B — :

B A R O O S R R R R B R B - FOA B E M EZ A

SV o e 20T PE e B S U 38 -

H A e P o R NMEFEAT ARG AGETHRR MR
MEFEHE S ETEMMEEE - B UHEEEE—EET RS H A 555
&2 R A% (Helfat and Raubitschek, 2000) 7 TGRS » KL B B I E
H ZFEE (Cohen and Levinthal, 1990) tHEEANTE HAH #2785 2R BSR4 (Helfat,
1994; Nelson and Winter, 1982) o 7 b4 E278 Bl = L 41555 B (Gomory, 1987; Gomory
and Schmitt, 1988) » Wi H & AR € 2 b Y A2 B 5 A Z [T (Rosenberg,
1982) = fb4h - BE2E BRI 2RI TIFRRTE M - & TIFAUH R B R ARz -
1SR ERZ TR AL R B2 Y 5 U8R B - PIANEE AP BT R B - AR
P R B AR S BB L IR B2 K v DR S PR 3R B9 - DU AT DUP AR
ST E i B 8 A P g R T RE (B B -

A R E ARG 2 R AR & A Y n I 1 R B G 2
RERVSEE IR « A Rgrg SR E R SE S ETRAESE - KA DI E R o A
AR RE B HE = AL AU TERE - SBRMFEINRH - SRR A LB R R R 1R & o
TH %M 5] (Kumar and Terpstra, 2004) » DLERE Bl fE {7 B 2B B 2 (Project-to-project)
LA SR RIS B (Knowledge Transfer) - #5 LTt SR S AL RRTRE - DL
ST E A BESE A4 B & (Thomke and Fujimoto, 2000) = [A|[H » A ##i it g re i
E PG T I i B 2 1 B R m] DUEEAS R FaB Y S 1R 5T (Post Mortem)
(Cusumano and Selby, 1995; Kumar and Terpstra, 2004; Thomke and Fujimoto, 2000) *
SEINVE BTN B R e T 25 5T - DT i R TSP 5 B IR (g P AR Y e
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B o FR B FAHEHANT IS (B -
e —

H v M S B AP e B B 2 B AR S,
o o e L2 T T A A PR R Y 238

)

@
|
T

Ea = NN R i

AL B R M B2 & A& LA RBATR (Cao et al., 2009; Gupta et al.,
2006) - A H (LM BB BB R PR B R BT T B /2 S AHR AR (Interaction Ef-
fects) (Cao et al., 2009; Gibson and Birkinshaw, 2004; Tushman and O’Reilly, 1996; Wei
et al., 2014) » Katila and Ahuja (2002) 2§ F: 57 /2 b B 28 1 1 5 750 =5t 2 i Bl 2 8 2
BEZIEMA GAEH (Positive Interaction Effect) » Auh and Menguc (2005) £ He and
\%@QwQHE%%Wi&EW%ﬁ TR R L 2B e TR B

o O MR T A A AR 22 AT DURE A U B bR 28 A DL ER T
ﬁtﬁé’ RS E AT R PRER R 22 A mT DLEIE T a8 - R - A
M RR P AE S G B T AEERS & FR R Bl P s R il m] DU G Al A L 1R B B R
PE o ERICELES - AWFRIR A = (E R -
ek = :

AW R E L G LRI RS - BT E TR R
BB H B E LB R R AT ER -

g

2 DA

— ~ BRI

AW SR 5317 B S22 5 B i (Nokia) » Z2JE & 1715 (SonyEricsson) ~ £ 5 fif
(Motorola) » =& (Samsung) %% (LG) %Sy (Huawei) ~/\K (Xiaomi) ~H18l (ZTE)
7733 (HTC) ~ #ERH (ASUS) ~ 725 (Acer) 3£ 11 FEERI FHERRRE - 2019 438 11
KR HEA BB 76.7% M2 S E B F RIS O ' - R se ki Jo# R E1E
Google #fH! Nexus 5 Pixel T H1 & &, Eclair Android 2.1 + Gingerbread Android
2.3 » Ice Cream Sandwich Android 4.0 ~ Jelly Bean Android 4.2 ~ KitKat Android 4.4
Lollipop Android 5.0 * Marshmallow Android 6.0 * Nougat Android 7.1 » Oreo Android
8.0 » Pie Android 9.0 » Android 10.0 » 3£ 11 {f i A<y 22 550 36 A+ 1 T A 5 18
200021 H6 HE 2019410 H15 H -

1 https://gs.statcounter.com/vendor-market-share/mobile/worldwide/2019
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Nagle (2018) 5 3 1 3 71 B OE kSt BF HR B =ERRE A DUE I & H R E I [E]
B+ FE DB B2 PN HE B A 1 AR 2 TR B S TR BE RO RT IN(E(E - i thE—TEE
H#t 252 (Learning by Contributing) FY /5= o [FHH - Sowe, Stamelos, and Angelis
(2008) R =R By /2 1 3 B WP FR TR BE BREE IR ~ B2 B IO ik RS 7Y A
s REN - DUREB A E B B E e S RIET ShRE o R - FAMR
2020 4F 7 H 3 BAEFE A S B R Be A =G 5E DA R SR AT 85kA 5 (https://android.
googlesource.com) * {5 F Python [ Beautiful Soup T2 =8 HY 1 2 £ 22 & b i R 1 i
LR PR A RIS ~ B2 FREEFIEAS (Commit) FYE R - W RFFRAZERHE Ry
AN ETRR R L EEE S - ARME - RMIEFHAHEMSE
G ATRL TR ACHC Bk JB A IR LT 7 AR S AU SRR R - (A0 © xxxxx@nokia.com FE i
YE B 72 Nokia FJFERACEE © xxxxx@samsung B[l5 Samsung FYFE A2 fC $% °

B AWHFR1E PhoneDB HURMERE * 71 ik B 457 BTt 25 B SR A R R n 1E W 92 401
I R 22 S 2R FRE RS - ARWFFe 304 T 11 RAEA TR 7E 2010
1 H 6 H Eclair Android 2.1 FJ /2 B H 2 % - %% 2019 45 10 H 15 H Android
10.0 (YABHBEHIZH - BBET 10 KL 2R HGETRE - #4t It 96 (EEZ A -
DL E O R ps A S W T AR Pt 1T 2 A AR B2 A B [ PR UR. -

T BEE R

7% Information Communication Technologies (ICT) FEZEH » R i & p R 1
R T IR Gub R - (RSERESBEA O AT E A RE T - ARFE
%122 ] DU A RCR A 7 20E & E AL 32 HYRCA (Clark and Fujimoto, 1991; Stalk
and Hout, 1990) - [FIEEHY - AW 5Ea0 Ry B SR AL A 2 092 S Do B riiRe] DU fa
REERE R EER - ERE L S TGS RINEE B TSI -
HEEG T — L SR D RE Ak 5 1 2 42 58 = A S 2 (Raju and
Kumar, 2015) * ZEAE » FoAM{E PhoneDB RS T &k EL 5 HT 5 M E AT —FHT A %
RSB 1 - B A SRR R A T L B2 oA RO e A A SR B H B
Google 1] Nexus B¢ # Pixel < IR EIZEEE - i HRF 2 S A B PR Ry TR E 7 (Time
to Market; 7TM) » HELZ A FEHY T EAIKE R o Pt S R Bl i/ MEE T
o BIAN - BORME 1185 10 10 805 2 - RIBE B E R PUE Eipg R s -

2 http://phonedb.net - PhoneDB YL T #¢ 1989 FE S B FUF LT ENIEEE - FHE ~ SEARERS -
BRI TR EOR - S EABIEAN - PRIERM - HEERSAES - BRI -
Jih 54, B 45 B2 5 F Phone DB HAE % BORHIT 5¢ =1 1 25 2 AT 22 55 B 4% (Alcacer and Oxley,
2014) @ BUrE (E#EER S A EE -
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T LR B R n] AR (E Ry 2 (R R 3 1223 (Bisenhardt and Tabrizi, 1995;
Puranam et al., 2006) * (Kl LA FE /R PhoneDB & KB UL SR Ry o M1 522 11
F RS — L2 B R AT 2 A E R FEAZEEE - (ERARMFERIEE
e ALK (Model) -

BE > REMARLSFERIMEREH MHAL SFERMAIREN h—F - &
BT EEERHABIMA % » Google & (Rl R 1 S F RE ol F2 71
REFMHEH " EHRLEFERTAMERA , » MEFTHALEFERMAMBEZ
HIAZSE A HER AR S F SR MBHZE #hA 5 (Brown and Westenberg, 2019)
BB TS — FHEE SR Ry - B T EHR T EEELRHN
MERERRAS ) B T AL SR MR BN, 5 ET R LR B PR 22
Z(E1HFAEB) - AREEROMEE AL A EERMEE AR RS AL
TEEAM B BRI FROVBEE - M IR EENRETER T E S HEERTF
PR E 22 AT AR BT RV LR B R R R (B —) -

version 2.1 version 4.0 version 4.4 version 6.0 version 8.0 version 10.0

version 2.3 version 4.2 version 5.0 version 7.1 version 9.0

LR B AR HrAR
ZEEE R I F R ZEERRGR LEAERRGR
ABAkRA HEBhRRA FASERRA AR

N J

Bl Rg BRI R A
M CHEEERIA)  AERMEELRB)

1 HEHRTLERPRR b RRR TR BRI

1SR A B PO RS 22 9T 2 AL B S IR % bR T R B LB SR = AT
REMEZ AN - RS MM AR CRETEE » A e B IO A-#T = LB 22105
38 (Zhu, Zhou, and Mockus, 2014) - At - FERMEEE g A FEE B EE N EEENE
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FRAFTET IR E B - TS LR B2 45 AR E S S R Fn i Sk
W2 NS -

2 B L EFERHMRE A - HRIKEE s BiRERAFIES TR
11 52 2 T B e - H R B RS R 202 R FIRE 22K - & ik 2020 42 7 H
28 2020 - 12 H A0 8 400 e 1 B B O A R B Y v B TR A B S E 2 10
INFZER IR ER R RSN » & ELAE S SR 5 A e BT 7 o B A R AL T Y 2
Toolchain ~ Kernel 2 Platform — {18 B #k A 278 » 1S AR B 8k 2 T X & Z7F
ZFHEREZ I o BLAh 0 5B 11 B FHERE{E Toolchain ~ Kernel B Platform
=R H e =R 2R E R (BRI RED) 72515 2,444 ~ 18,398 »
118,717 » HHfA Toolchain Ei Kernel R H #1# 2 ¢ 1 HY B B X BHE (XL Platform 7 H
$RE ZEAT - AR AR Platform fR H #18 A INLA T -

AHFFE A 2 7R P51 (Simpson Index-base Diversity) (Page, 2010) & R3E4F
Platform % H &8 25K DUN 09T S AGETT B A Mif2 R - R AR B IEAIERER
MEEZEE - ARME @ 8 —RL ERHAERE IR i L S EE R 5
E AR - FefF Platform iR H #1825 DUN A ks B RGER T 18 225
2 IR ERE ) TR EL e T IRR BRI HE (M) - P, AR SAERE i
TFHREER A ERRE LG - B0 > 2 A FERIE TR SIER 3 % B
fE={ETHEER P BIERL 6 F » MR ER L RS 5k 0.5 82 0.33 - L
WA AR T (1) - HELERA 1 AT LRI TR R % B BIEE
LR ERABZE A -

BERMEE pattormuzoe = 1 - L0 PP e (1)

Tl HREREEERTEERNEEBREREMAE SO L&
TR L ML F B S B E R HI T (Evenness) » it /& = & AR I EFEE IEIR
PERYRIRE o B T ARSI RE - PRI 2 AR AR R O W R F & (Effective
Number Equivalent) (Daly, Baetens, and De Baets, 2018; Jost, 2006) DL E#H R o
TRIAEHTESE P, = 1 /D » D FIZREREAN R T8 5 RS R S ERE R il
Bl i P, R E R A S B E AT RV EL BT - B - FHERZE A ERE 2
05=%7 P’=Y%; (I/Dy=2/D DEER 2 MatHEEZEBEBLHERE 033
=Y} P?’=3} (I/Dy=3/D? DERHA 3.02 - [LatE H=0TE Bl s 5 b2 S
HIF1E 2R AT B B A PN [A] - DURGRI 2 3 AR FE IR A W IR R T - JRE] -
A PUSE f 2 IhER A 43¢ B AUBRR BB EAT R RFE A 1 1.5 £5 - RFFELUE
B Gt E AR A TR ERE 1 TR L R R B R ) T
PR ERIEE - a2 EER — Y H 2%, (Explorative Learning; EXL_new) °
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BEROR - RIS o i B R T B OIS WS Y = P A A B A
HIEHEE » B L EFEZM A R ET BN IIEE » B(LEE R ARSI ER - 1
J8 oA B 53 ED & S AE Platform AR H $#fE 2< 98 1 #Y Framework fi 2<%¢ + Hard-
ware fig 25 DL Kz External 1278 o 5541 - PRI 53 AU - ik i 75 Hardware 15 Z€ 58 FH
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The Smartphone Manufacturers’ New Product Development
Performance in the Generation Transition of Android Ecosystem:
Exploiting Old Technologies to Enhance the Effects of Exploring
New Technologies

Jing-Ming Shiu, Department of Business Administration, National Cheng Kung University

1. Purpose and Objective

Platform firms continuously create new-generation platform technologies in
a platform-based ecosystem, and complementors also constantly adopt platform
technologies to develop new complements. However, past studies mainly focus on
platform firms and mostly discuss how to encourage complementors’ innovative activities
from the perspective of these firms. Meanwhile, less studies concern the perspective of
complementors and seldom consider how complementors can use platform technologies
to develop new products during generational transitions. Therefore, in this study, I explore
how complementors (smartphone manufactures) navigate the strategies of exploitative and
exploratory learning in response to the generational transition of platform technologies by

applying organizational learning theory to platform-based ecosystem research.

2. Defining Concepts and Proposing Hypotheses

The platform in the platform-based ecosystem represents the core concept of the
product and defines the architectural design. The platform is also the technical bottleneck
during the generational transition of products. The generational transition of a platform
means that the existing functions are significantly improved, or new functions are added.
The transitions will also change the interaction among components in the ecosystem.
Specifically, before the official release of the new-generation platform, complementors can
conduct exploratory learning on its technical characteristics and adopt this new-generation
platform to develop new complements more efficiently. Moreover, after the official release,
usually platform firms will consistently release updated platform technologies that fix bugs

and improve product performance. Complementors can thus continuously learn from the
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old-generation platform technologies which help solve the existing problems and enhance
product performance.

To sum up, this study considers that in the platform-based ecosystem, exploitative
and exploratory learnings are complementary and synergistically affect innovative activ-
ities and new product developments. Accordingly, this study proposes the following hy-
potheses.

Hypothesis 1:
The higher the degree of the complementors’ exploratory learning of the new-generation

platform technology is, the better their new product development performance will be.

Hypothesis 2:
The higher the degree of the complementors’ exploitative learning of the old-generation

platform technology is, the better their new product development performance will be.

Hypothesis 3:
The higher the degree of the complementors’ exploitative learning of the old-generation
platform is, the greater the contribution of the exploratory learning on the new-generation

platform to the performance of new product development will be.

3. Research Design

The objects of analysis in this study are 11 smartphone manufacturers: Nokia, Sony
Ericsson, Motorola, Samsung, LG, Huawei, Xiaomi, ZTE, HTC, ASUS, and Acer. In 2019,
these 11 manufacturers accounted for 63.9% of the global Android smartphone market
share. In this study, I focus on Eclair Android 2.1, Gingerbread Android 2.3, Ice Cream
Sandwich Android 4.0, Jelly Bean Android 4.2, KitKat Android 4.4, Lollipop Android 5.0,
Marshmallow Android 6.0, Nougat Android on Google’s Nexus or Pixel phones 7.1, Oreo
Android 8.0, Pie Android 9.0, and Android 10.0, a total of 11 versions of the Android OS,
with the releasing time frame spanning from January 6, 2010, to October 15, 2019.

This study uses Python’s Beautiful Soup program to download the firms’ commits
(also known as contribution) in the Android open-source software community on the

website (https://android.googlesource.com). I use the commits data as a proxy variable to
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observe how firms conduct exploitative and exploratory learning. Specifically, I identify
which smartphone manufacturers the commits belonged to by email. For example,
xxxxx@nokia.com is regarded as Nokia’s commit record, and xxxxx@samsung is
Samsung’s commit record.

Second, the period from the old- to the new-generation Android OS is about a
year. Upon releasing the old-generation Android OS to the public, Google will continue
to release the old-generation Android OS as the maintenance version because it solves
software problems or improves product performance. Moreover, six months before the
official release date, the new-generation Android OS is released as the developer version.
Based on above-mentioned release condition, I distinguish the period of exploitative
and exploratory learning carried out by smartphone manufacturers in the generational
transition of the Android OS (See Figure 1). In addition, I calculate firms’ contribution in
the hardware folder under the platform folder in the maintenance version, and in the sub-
folder under the platform folder in the developer version as two independent variables for
the two types of learning.

Third, this study calculates the elapsed time between the dates of a smartphone
manufacturer first releases a new version of an Android smartphone, and the releasing dates
of Google’s Nexus or Pixel after each new version of the Android OS is released. This
elapsed time is regarded as time-to-market, the primary dependent variable. In addition,
this study counts the number of models launched by the 11 smartphone manufacturers in
each Android version from the PhoneDB database as the second dependent variable. This
study also controls for the firms’ heterogeneity in their new product developments, such as

hardware components, nationality, and relationship with Google.

4. Findings

I use the ordinary least squares method for multiple regression analysis. I find that the
origin of the smartphone manufacturer, the CPU chip manufacturer, and display resolution
all do not affect the time-to-market. Meanwhile, cooperation between smartphone
manufacturers and Google has a significant positive relationship with time-to-market.
Moreover, the exploratory learning of the new generation platform technologies and the

exploitative learning of the old-generation ones significantly impact the time-to-market.
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The interaction between exploratory learning and exploitative learning also positively
impacts time-to-market.

Besides, model, the second dependent variable of this study, is a non-negative integer,
and the variance is greater than the mean. Thus, | use negative binomial regression and
fixed effects to test the three hypotheses. I find that the nationality or origin of smartphone
manufacturers does not affect models, whereas CPU chip manufacturers positively impact
the models. Furthermore, the screen resolution significantly impacts models, and corporate
revenue positively impacts models. However, the cooperative partnership between
smartphone manufacturers and Google has no significant impact on the models. Finally,
exploratory learning of the new-generation platform technologies and the exploitative
learning of the old-generation ones have significant impacts on models. The interaction
between exploratory learning of the new generation and exploitative learning of the old

generation also has a positive impact on the models.

5. Conclusions, Contribution and Future Research

Our analysis results show that both the exploitative learning in the old generation and
the explorative learning in the new generation of Android Operating System (OS) have
effectively improved smartphone manufacturers’ new product developments. In addition,
the higher the degree of exploitative learning in the old generation of Android OS, the
more it increases the positive impacts of explorative learning in the new generation of
Android OS on new product development performance of smartphone manufacturers.

This study has three theoretical contributions. First, I supplement the discussions
of past research on the governance mechanism of the platform-based ecosystem. This
research proposes that platform firms should not just simply provide standards and
disclose the platform’s interface. What more importantly is to help complementors
learn from the platform and successfully transit from the old platform to the new one.
Second, my research analysis shows that in a platform-based ecosystem with continuous
technological changes, the exploitative learning of complementors’ old-generation
platform technologies may contribute to the effect of exploratory learning on new
generation platforms. Therefore, platform firms should not only encourage complementors

to conduct exploratory learning, but should inspire the exploitative learning as well. Third,

74



NTU Management Review Vol. 32 No. 2 Aug. 2022

the results of this study provide us with learning to clarify further the strategies and related
performance of firms in the use of open-source software from the dynamic viewpoint of
platform generational transition and contributing perspective.

Finally, future research can reveal firms’ contributions in different folders in
the evolution of the Android OS. Moreover, future research can also discuss how the
ambidexterity of organizational learning in the Android ecosystem can surpass the
free-rider problem. Finally, future research can use network analysis to measure firms’
structural embeddedness in the Android open-source software community and examine

whether it can significantly impact new product development performance.
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