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Table 2 Ensembles, calibration anchors and descriptive statistics
A0 5 A ol ik P51
£E SEEANEE 58 X St R ¥IH T fE 22 fe/MA RMH
B N 0.0399 0.0794 0.1610 0.1328 0.1696 0.0020 0.9360
BRE R — — — 0.5000 0.5000 0. 0000 1.0000
ERFHEARN L &L 11.0000 19. 0000 25.7500 22.5476 15.8583 3.0000 67.0000
5451 55 1ii 4 b 7 0.0027 0.0097 0.0359 0.0201 0.0204 0.0003 0.0704
0 STl E — — — 0.3333 0.4714 0. 0000 1. 0000
B AR 2.0000 5.5000 10.7500 8.8333 10.2025 0. 0000 40. 0000
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Table 3 Analysis of necessary conditions for the NCA method
A VRS 0 b BRI sk T [l A (d) p fE"
CR 100% 0 1 0 1
G R
CE 100% 0 1 0 1
‘ CR 100% 0 1 0 0.4970
e G AW & 2
CE 100% 0 1 0 0.4130
CR 100% 0 1 0 0.7720
5001 45 17 3 (o7
CE 100% 0 1 0 0.7130
CR 100% 0 1 0 0
BLIYAE A
CE 100% 0.0100 1 0.0100 0
‘ CR 93% 0. 1600 1 0. 1600 0.0050
BB AR B
CE 100% 0.0700 1 0.0700 0
CR 92.90% 0 0.9900 0 0.3000
7 it A e
CE 100% 0 0.9900 0 0.3520
CR 90.50% 0.0600 0.9900 0. 0600 0.0740
IR
CE 100% 0 0.9900 0 0.0710
TE ca. ACUE IS RO S A0 b. il S8 4% 3% 05 BB B AR 50 ( permutation test, FE A K AL = 10000)
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Table 4 Analysis of single condition necessity of fSQCA method
1o AR 7 A F AR 5
i 41 - -
— o — 0k 5
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~ BRI 0.7407 0.7128 0.2768 0.2872
15 Gi F R W % 22 0.5612 0.5552 0.4623 0.4931
~fEGH AR K &5 0.4876 0.4569 0.5830 0.5889
1% G2l 55 11 3 i Avr 0.4902 0.4833 0.5556 0.5905
~ 50l 55 i G Ar 0.5847 0.5496 0.5138 0.5207
ST ol # 0.5981 0.8634 0.0878 0.1366
~ M Sz FL 0.4019 0.2901 0.9122 0.7099
FE N ) 0.7844 0.7976 0.2860 0.3135
~ B E AR 0.3248 0.2968 0.8153 0.8030
7 b BT 0.5968 0.5535 0.5274 0.5274
~ 77 i BT R 0.4904 0.4905 0.5534 0.5967
B 2 AL 0.6499 0.6752 0.4623 0.4931
~ B 2R 0.4312 0.3865 0.5830 0.5889
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Table 5 Sufficient conditional configuration analysis results
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Multiple pathways for technology transitions in automotive industry incumbents

——A synthesis of history, governance, and strategy
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(1. Center for Quantitative Economics,Jilin University , Changchun 130012, China;
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Radical technological changes reveal significant variations in the adaptability of incumbent firms. Existing studies on the fac-
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tors influencing adaptability often overlook the heterogeneity of technological changes across industries and attempts to discover the mar-
ginal effect of individual antecedent variables on firms”adaptability. These approaches have been increasingly critiqued in recent years.

This study investigates the transition within the automotive industry from internal combustion engine (ICE) technology to new en-
ergy vehicle (NEV) technology. The salient features of this change are: first, different incumbent firms had different historical deposits
before the change, and how they treat their historical legacy will affect their ability to successfully adapt to technological change. Sec-
ond, the ICE power technology as the core knowledge has fundamentally changed, and how the incumbent firms acquire the NEV core
knowledge will affect their ability to adapt to technological change. Third, production systems, distribution and service networks are
still largely available as complementary assets, and how these complementary assets are exploited will affect the incumbent firm§ ability
to adapt to technological change.

Based on these characteristics, the study develops a Qualitative Comparative Analysis (QCA) framework that includes seven ante-
cedent variables across three critical dimensions; firm historical factors, organizational structures for new business, and strategies for
new business development. Firm historical factors includes whether it was a Sino — foreign joint venture before the transition, its R&D
experience and market position in the fuel vehicle era. Organizational structures for new business includes whether it has set up an in-
dependent business unit for the new energy vehicle business, and whether it has established new energy technology alliances with other
firms. And new business development strategy includes whether it has adopted a highly innovative product strategy, and whether it has
adopted a diversified product strategy. The degree of technological transition is utilized as the outcome variable.

Using a sample of 42 automotive industry incumbents, the findings reveal that incumbents can achieve successful transition through

" opportunity — oriented" pathway. Firms that adopt a " history —

two distinct pathways: the " history — constrained" pathway and the
constrained" pathway have a rich heritage (R&D experience, market position) , and therefore choose a smaller degree of product inno-
vation (e. g., hybrids) in their new business development strategy and diversify their product offerings to test the new energy vehicle
market, which they are unfamiliar with. In order to free themselves from the constraints of a strong legacy business, these firms will set

" opportunity — oriented" pathway do not have a strong fuel —

up a separate business unit for new business. Firms that have taken the
vehicle business, so the establishment of a separate new energy division is not a core requirement. For these firms, the main concern is
how to seize the opportunity of the industrys technological transition to * overtake’. These firms are less likely to diversify into new
products because their traditional business is weak and their ability to invest in new business is limited. Both " history — constrained"
pathway and " opportunity — oriented" pathway require firms to be free of joint venture constraints and to acquire core knowledge through
new technology alliances in order to be successful. Each pathway is closely associated with the specific characteristics of the technologi-
cal change under study. While the conclusions do not encompass all possible types of technological changes, they provide feasible path-

ways for incumbents to achieve successful transition in specific types of technological transitions.

Key words: technological transitions ;automotive industry incumbents; QCA ; NCA



