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A5 1L [Technological Evolution and Learning in Electric Vehicles: The Case of Accelerated
Catching up through Managing the Technological Capability Chain] &% HENHEIZIS 1T 5 HfliE
b Eiffro5E  Hifffe hF = —r OFHEZBL UMESN Sy v F 7 v 7OHEF] LEL, 7%
Mo 5%,

% 1 # (Introduction) (FFim) Tl HINELD X A F I 7 2 L8 & OBEMEIC OV TEET 5
T EICHER LMD LEYEIZOW TR L, AFEO B E LT, FEXICBT 244y
REINEACZ ST 2 FIEEHBE T 5 L L bl REREWRE OGS LA ) X— a oo
WEZSHT L, ETAVERRTHI EEIBITND,

% 2 ¥ (Grounding in the Literature and Building the Conceptual Framework) (J&47 (kD L B =
— LS ERT T L= AT =) TiE, AWIFEOIAME & 22> TV D BN L, St 8 M ®
G BT 2R ORE O A B L2 5 2 T, A EOERMI S E o7 L —2aT—7
EERL TN,

% 3 #(Research Methods and Data Sources) GAZ 715 & 7 — X 122\ O) Tk, AFZEETHW TV
EHELT —ZIZONWTRHRIR L TW5D, FT. FrFOi&EHFEFIFHE S IE & FHIRFIEIC OV TEE
MR LT D, Bl oL 2 W E & AR T 272012, FarosIfxy hU—2 vz, E
V (Electric Vehicle) D E il F B CHAMTHGE 235 T 5 X4 7 v 7 R FIER BRI TS, Fi-,
FEICBITAEVA—T—BYD)ZHEH L LTHERY B, S5 2 &nRb5n T35,

%5 4 % (A Technical Narrative of EV Fundamentals)(E V O ZEARBFIHOB ) TiX, E VEEDEER
EEBICEVOE D HMOBMEL BT LT\ D, £z, FEICBIT D E VEEDHKER EHH)
IHTDOHE FIZHOWTFEIR L TV D,

%5 5 % (Discerning Evolutionary Nature of Technological change)( &L DH#EALRIFFIED 534T) T
E. Ry FU—27 %2 _X—2 L LTHWEFEEEFRRTFIEL EVORREHICET 2R L EIC L
T, HBR T E o 2R T 27200 X A T v 7 e ilEmaitR L T\Wb, Fio, HiZE{lbo
HAF o 7 MBI OWTEERICOT LTS, EVORIMIChZ 2HE ot —H>o
R NFEL, FA T IV ZICEBBLTWAZEZHONI LT, 22BN L,

% 6 #(Designing a Catching up Model for Indigenous Innovation in Creative Economy) (Bl %7
BT DA ) _X—= a3 VAIHO =D OFEIRRE W ERET L OMBE) TIX, BEIFEICL > THEL X
NDH LW 2 ST 27200 LWESTET L E LT T4 >OHEFES & HlREN T = —
VI OPRREINTWD, HITEESES ORI, 4 SDOEIMEESIOESE L & L ICHEMEN T = —
CRHEUNIHER SN DOLERN D D, TEOLERREVORE(RE—BYDIE, &b &EmilER
KETHY, RN ED K IITE VAREIZE T DENLNEZ AL BRI THAZ L7 &2 58 LT\ 5,
EENIIHE L SNDHEINEENDEZNOLO Ry N —F U X D HIREN T = — v O RO EE /2
BENZOWTHH L, MEETVERHREL TV 2,

%5 7 2 (Conclusions — Summary, Contribution, Limitation, and Outlook) (iis—ARMFTED £ &b,
ik, HIRFHE, 4% ORE L) T, AFEORSHH & BB EEOHMEFO~ R A v MamiT e
TR ZHER LTV 5, BRIt SR h vk v 7 OfFPREICET 2 RAET 2 OICE D
RREFRYC T 72 2 — U R T 4 v 71220\ TC, HEGER 7 o ANHAE S, S¥IC X A HEEE
DOHFH 722 R LT 5, Fio, HINGEN T = — U BEOMEITERFEE 2179 2 L0 A
TRy RN E TG A A G DY D LIl o TR END Z EEEBLEL TS,
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Background

The technical changes invoked science technology innovation (STI) system is continuously and
rapidly evolving as ever, the previous experience of frontiers may no longer be so relevant or
even be misleading for latecomers today. It is particularly pertinent to broaden STI concept
to include innovation with its stronger local links in relation to growth and development
dynamics. Moreover, the process of integrating advanced industrial technologies to local
Innovation system is much more complex with regard to an emerging industry in the context
of a catching up economy than in a developed one. It entails the challenging research on the
establishment of industrial technological capabilities for an emerging industry in an emerging
economy context.

Objective

The research objective is developed based on the empirical investigation in electric vehicles
industry to understand the nature of technological dynamics and the ways of boosting
technological learning and innovation of a latecomer. In other words, it is to bring forth a
picture of co-evolutionary process between dynamic technological change and its relevant
technological learning for catching up and innovation in emerging industry.

Research questions

This thesis specifically aims to answer the research questions that are grouped in three part.
(1) How did the EV technologies evolve? (2) what is the evolutionary nature of technological
trajectories? (3) how does the technology learning for catching up and innovation actually
occur in an emerging industry? and what are the lessons?

Methodology

The integrated qualitative and quantitative approaches are used in this work. In particular,
for EV technological evolution, a dynamic method of trajectory identification based on patent
citation network is proposed to discern the evolutional nature of technological change with
enhanced accuracy. For the case of Chinese leading EV maker—BYD, together with the co-
categories network and cluster analysis method for visualizing its dynamic patent activity, the
appreciative theorizing case study is used to support the proposed Technological Capability
Chain model for accelerated catching up in emerging Chinese EV industry.




Main findings

The main findings and propositions are exhibited below. First, the long-term historical
technological development is presented with the identification of the evolution of specific
technological directions, technical bottlenecks, and problem-solving heuristics. Second, two
waves of EVs technology development and the dynamic evolutionary trajectories in second
wave are discerned and brought forth through the grace of the proposed dynamic methods
with the extent of cumulativeness and persistence at knowledge level. Third, the significant
role of the endogenously independent technological capability and its networking effect is
argued, by distinguishing from the previously most studied impact of the technology transfer,
for technological learning of latecomers. Fourth, a holistic and accelerated catching up model,
named Technological Capabilities Chain (TCC), is proposed and examined through applicative
theorizing a Chinese case—BYD company in emerging EV industry. Moreover, four types of
innovation prototypes involved in TCC are claimed and investigated from this case for
accelerated catching up.

Conclusions

This dissertation concludes with a co-evolutionary process of technological change and its
relevant learning in emerging EV industry. On the right hand, the problem-solving heuristics
are procedures and inter-concatenations to search information on technological direction,
technical bottlenecks and solutions. They hence are indicative of evolutionary trajectories for
learning. On the left hand, the acceleration of constructing TCC is contributed to the
technological learning generate and adapt the dynamic technical changes to the emerging
markets.

In addition, the holistically and endogenously constructing technological capability chain is
positive and conductive for the accelerated catching up process and innovation in an emerging
industry.

Implications

This have raised some implications to corporate strategy and policy instrument. (1) The key of
technological learning for accelerated catching up and innovation of latecomer firms is the
proactive inter-concatenations and share among the technological capabilities. (2) The
experience of BYD is to decompose the innovation process into small pieces/purposes, and
specifying different team to build the relevant technological capabilities accordingly. (3) Rapid
reaction to customer and competitor positively ensure the constructions in both exploiting
existing and exploring new technological capabilities. (4) Firms can design R&D strategy
through trajectory identification and for construction of TCC. (5) It is useful to guide the
industrial policy in in road mapping, intermediating different firms, accelerating development,
etc.

Theoretical contribution

This research filled in the gap of latecomers’ technological learning for accelerated catching up
in an emerging industry during the fluid phase in which dominant design has not emerged.
Moreover, a holistic TCC construction method with heuristic strategy contributed to the
learning for accelerated catching up and innovation.




