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TECHNOLOGICAL UNCERTAINTY, NETWORK OF CAPABILITIES
AND TECHNOLOGY ACQUISITION MODES: THE LONGITUDINAL

ACTIVITY-LEVEL ANALYSIS OF AN INTEGRATED
CIRCUIT MANUFACTURING FIRM

Based on the longitudinal activity-level S-curve analysis of a case firm's technological

alliance, this paper presents several new managerial measures for technological acquisition modes,

such as revealed specialization propensity, scanning intensity, planning horizon, and exit rate. With

the very detailed sub-firm-level analysis, we attempt to complement the open innovation literature

by considering both fits between technological environments, technological acquisition modes and

associated management practices. The following theories have been explored: 1) when confronted

with highly complex and rapidly changing technological environments, an innovative firm is prone

to depend on partnerships with customers and suppliers in the processes of capability accumulation;

2) an innovative firm will adapt its modes of technology acquisition to environmental factors, such

as characteristics of innovation space and the governance structure of the related capability net-

work, which are activity-specific. 

Keywords: technological uncertainty; capability network; modes of technology acquisition; innova-

tion by integration.

Жень-Юсунь Хуанг, Хсіє-Фунг Ву, Ю-Шенг Лію
ТЕХНОЛОГІЧНА НЕСТАБІЛЬНІСТЬ, МЕРЕЖА

МОЖЛИВОСТЕЙ ТА РЕЖИМИ ОТРИМАННЯ ТЕХНОЛОГІЇ:
АНАЛІЗ ІННОВАЦІЙНОЇ ДІЯЛЬНОСТІ ФІРМИ,
ЩО ВИРОБЛЯЄ ІНТЕГРАЛЬНІ МІКРОСХЕМИ

У статті в контексті відкритих технологічних альянсів описано та проаналізовано

управлінські заходи щодо отримання нових технологій, зокрема, таких: схильність до

вузької спеціалізації, інтенсивне сканування ринку, горизонт планування та швидкість

виходу на ринок. На прикладі фірми, що виробляє мікросхеми, описано, як в умовах

політики «відкритих інновацій» технологічне середовище взаємодіє зі стадіями та

режимами набуття інновацій. Розглянуто наступні гіпотези: 1) в умовах стрімко

змінюваного технологічного середовища фірма-інноватор у процесі нарощування своїх

технологічних можливостей багато в чому залежить від клієнтів та постачальників;

2) режим розробки (набуття) інновації фірма-інноватор підлаштовує під середовище,

зокрема, під характеристики інноваційного простору та структуру управління

інноваційною мережею.

Ключові слова: технологічна нестабільність; мережа можливостей; режими розробки

нової технології; отримання інновації від інтеграції.
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В статье в контексте открытых технологических альянсов описаны и

проанализированы управленческие меры по получению новых технологий, в частности,

такие, как: склонность к узкой специализации, интенсивное сканирование рынка,

горизонт планирования и скорость выхода на рынок. На примере фирмы, производящей

микросхемы, описано, как в условиях политики «открытых инноваций» технологическая

среда взаимодействует со стадиями и режимами приобретения инноваций. Рассмотрены

следующие гипотезы: 1) в условиях стремительно изменяющейся технологической среды

фирма-инноватор в процессе наращивания своих технологических возможностей во

многом зависит от клиентов и поставщиков; 2) режим разработки (приобретения)

инновации фирма-инноватор подстраивает под среду, в частности, под характеристики

инновационного пространства и структуру управления инновационной сетью.

Ключевые слова: технологическая нестабильность; сеть возможностей; режимы

разработки новой технологии; получение инновации от интеграции.

Introduction. Since Schumpeter's (1934, 1950) pioneering discussion on the

source of innovation, the literature on this topic has exploded (e.g., Utterback and

Abernathy, 1975; Gort and Klepper, 1982; Henderson and Clark, 1990; Christensen

and Rosenbloom, 1995; Klepper, 1996; O'Connor, Paulson, and DeMartino, 2008;

Kang, 2010). The Schumpeter's earlier argument (known as "Mark I") stated that

small startups compete with large firms by engaging in innovative destruction, and are

the main sources of industrial innovation. His later argument (known as "Mark II")

was that large firms have more resources to tolerate uncertainties associated with the

processes of invention, and therefore contribute more to sectoral development. To

reconcile the arguments of Mark I and Mark II, the so-called "technological regime"

scholars (Pavitt 1984; Pavitt, Robson and Townsend, 1987; Geroski and Pomroy,

1990; Patel and Pavitt, 1992; Malerba and Orsenigo, 1996; Brechsi, Malerba and

Orsenigo, 2000; Park and Lee, 2006; Vanloqueren and Baret, 2009; Antonio and Jose,

2009; Castellacci and Zheng, 2010) suggested 3 factors that should be considered,

namely opportunity, appropriability, and cumulativeness, and tried to predict whether

major inventions would come from small startups or large, mature firms. In addition,

many "open innovation" strategists (Smith, Dickkson and Smith, 1991; Damanpour,

1992; Chesbrough, 2003a; 2003b; Mark, 2003; Baranano, Bommer and Jalajas, 2005;

Lim, Chesbrough and Ruan, 2010; Huang, 2011) have argued that, in most sectors,

inventions come from both small and large firms. Consequently, they recommend

that if large firms are to maintain their dominant positions in the long run, they

should work to utilize the inventions of small firms by means of acquisitions, in order

to complement their own innovations.

We agree with the view of the "open innovation" strategists outlined above, and

furthermore argue that, especially in a technologically complex and dynamic indus-

try (e.g., the semiconductor industry), strategies for a large corporation regarding

external innovations should be based on project-level considerations. We observe that,

for a large high-tech firm, different business activities/innovation projects may be

confronted with entirely different technological landscapes. As suggested by

Nambisan and Sawhney (2008), the factors to be considered with respect to these

technological contexts are as follows: how defined the innovation spaces are, and how

diffused the industrial structure of the related innovation capabilities are. The first

factor is similar to the "opportunity" consideration in the "technological regime"
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literature, whereas the second is similar to the "appropriability" and "cumulativeness"

considerations. We argue that different technological environments require different

investment modes. 

This article proceeds as follows: the second section discusses the related theories,

the third articulates the research methodology used, the fourth presents the results of

a case study focusing on the United Microelectronics Corporation (UMC), while the

last presents the conclusions and implications of this work.

Literature review.
Locus of innovation. In previous literature, the term "locus of planning" refers to

the depth of employee involvement in firm's strategic planning activities.

Organizations can be characterized as having either a shallow, or a deep locus of plan-

ning. Deep locus of planning denotes high level of employee involvement in the plan-

ning process, including employees from all hierarchical levels within a firm.

Conversely, a shallow locus of planning denotes a fairly exclusive planning process,

typically involving only top managers. 

There are many reasons to believe that a deep locus of planning facilitates a high

level of corporate entrepreneurial intensity. One is that it allows the entrepreneurial

process to maximize the diversity of viewpoints expressed within a strategic project

(Dutton and Duncan, 1987; Bantel and Jackson, 1989; Judge and Zeithaml, 1992;

Lant, Milliken and Batra, 1992). In addition, a deep locus of planning is similar to

Japanese approach, which places emphasis on employee participation and teamwork

(Reid, 1989), and this has served as a model for American firms that have tried to

make their planning systems more participative. 

However, Iansiti and West (1997) expressed doubts as whether deeper locus of

planning are certain to achieve more diverse viewpoints. Based on the research in the

DRAM industry, they found that Japanese companies relied heavily on the employ-

ees who had worked on earlier generations of production. These companies then

examined the accuracy of intuitive knowledge of these experienced project members

by conducting relatively few experiments. In contrast, the US companies relied more

on the knowledge introduced by new employees. Although the ideas introduced by

such people offered the potential for great improvements in performance, such inno-

vations had to be tested thoroughly before they could be adopted, which explains why

the US projects had much greater experimentation capacity than Japanese ones.

Consequently, the latter achieved high performance (faster, smaller, and less expen-

sive integrated circuits) through an evolutionary path, getting more out of relatively

mature technologies. In contrast, the US projects generally obtained high perform-

ance in a more revolutionary way – by the early and aggressive adoption of novel

technologies.

The number of technologies from which companies can choose has grown dra-

matically in recent decades, and thus the bases on which many industries are foun-

ded are changing rapidly and unpredictably. In many industries, the breadth of tech-

nologies in a given product has also increased dramatically, and today no single com-

pany can research every relevant discipline, the way IBM and AT&T did with main-

frame computers in the 1970s and early 1980s. The competitive advantage now often

goes to the companies that are best at selecting from a huge number of technological

options, and not necessarily to the companies that create them.
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Proposition 1: When confronted with a technologically complex environment, an

innovative firm, especially an innovative late-mover, will rely heavily on the external

locus of innovation.

Organizational flexibility. Organizational flexibility is the capacity of a firm's

strategic planning to change as new environmental opportunities or threats emerge.

Kukalis (1989) theorized that firms in complex environmental settings maximize per-

formance by adopting flexible planning systems, which allow them adjust their strate-

gic plans quickly to exploit opportunities and deal with environmental changes

(Stevenson and Jarrillo-Mossi, 1986). A number of theorists have argued that the

importance of flexibility in all areas of organizational design is increasing due to the

acceleration on of environmental change (Aaker and Mascarenhas, 1984; Bahrami,

1992; Chakravarthy, 1996). With regard to strategic management, Gardner, Rachlin,

and Sweeney (1986) noted that one of the key elements of good strategies is managers'

willingness to consider the likelihood of change and the related uncertainties.

Similarly, Koontz (1958) wrote that flexibility should be a major consideration in the

development of effective plans.

Nambisan and Sawhney (2008) set out two dimensions to frame the landscape of

network-centric innovation, stating that different types of projects can be pursued

collaboratively in innovation networks. Some projects involve making well-defined

modifications or improvements to existing products, services, or technology plat-

forms. In others, innovation space is generally less defined and the likely results of

innovation efforts are not well understood at the start of the process. Innovation space

can thus be thought of as a continuum ranging from "defined" at one end to "emer-

gent" at the other. On the defined end of the continuum, the definition might coalesce

around a technology platform or a technology standard. At the other end of the con-

tinuum, the structure of innovation space can be less defined and more uncertain.

Specifically, although broad contours of innovative space might be specified or

known, such as the target market for a product or service or the current commerciali-

zation infrastructure, there might be fewer restrictions on the nature or process of an

innovation.

For all these entities to play together in the innovation initiative, there has to be

a mechanism to ensure some coherence among their activities, capabilities, and aspi-

rations. This mechanism can go by different names, such as network leadership, go-

vernance, or management. Whatever the precise term, the essence is the need for a

mechanism that can provide the vision and direction for the innovation and establish

the rhythm for innovation activities. Network leadership can be thought of as a con-

tinuum of centralization, with the two ends of "centralized" vs. "diffused". At the cen-

tralized end of the continuum, the network is led by a dominant firm, whose leader-

ship may be exercised in different ways, such as envisioning and establishing innova-

tion architecture, making critical decisions that affect the nature and the process of

innovation, and defining the nature and membership of the network itself. At the dif-

fused end of the continuum, such leadership tends to be loosely distributed among

network members. 

In technologically complex industries, open innovation means that a firm has to

coordinate, in a flexible way, a large portfolio of innovation projects and to assess their

value (Chesbrough, 2003a; Faems, Van Looy and Debackere, 2005). The most severe
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challenges are that various innovation projects are confronted with different struc-

tures of innovation space and network governance, and these differences may result in

a complex network of relationships with other organizations, and thus the mode used

to build the network should be adjusted to deal with these.

As curve AOA' in Figure 1 shows, that the risk and the cost of an innovation pro-

ject in a firm is negatively related to the definiteness of the technologies associated

with it. It is reasonable, especially in high-tech industries, to assume that as the deve-

lopment risks and costs get lower and lower, the lower are also the entry barriers that

will bring about a more dissipated network of technological capabilities, and hence a

more diffused governance structure (shown on the horizontal axis in Figure 1). As

curve BOB' shows, we inspect that as the related technological network evolves into a

mature phase, innovation projects implemented in a large firm must seek, attract,

assemble, and integrate as many external technologies as possible, otherwise the firm

cannot distinguish itself sufficiently from many other SMEs in the same area, and

therefore cannot achieve a sustainable competitive advantage. However, the curve

BOB' presents the ideal response to an evolving technological environment. 

Figure 1. Contingencies for modes of open innovation

A very large firm is generally characterized by two features: excessive risk aver-

sion, and a deeply embedded bureaucracy. These features result in curve COC', which
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represents that the firm is too conservative with regard to exploring new technologies,

and too slow and too narrow in exploiting the existing ones. We thus examine that, to

overcome these shortcomings, an innovative firm should adopt newer investment

tools which are more entrepreneurial (e.g., using corporate venture capital) as well as

minimize risk-taking by sharing risk with other firms as much as possible (from curve

CO to curve BO, and from curve AO to curve DO). In addition, an innovative firm

will shift resources from equity investments to joint R&D contracts to avoid the lack

of speed associated with bureaucracies (from curve C'O to curve B'O). Hence, we

postulate that:

Proposition 2a: When confronted with a highly dynamic path of technological deve-

lopment, an innovative firm will leverage the CVC-type equity investment approach and

minimize risk-taking by utilizing minority shareholding.

Proposition 2b: When confronted with a highly diffused network of technological

capabilities, an innovative firm will utilize the non-equity R&D cooperation approach to

expedite and enlarge the scope of its technological acquisitions.

Research methodology. In this paper, the focus is on UMC's use of its innovation

network to deal with changing environmental and strategic conditions. The case

study is exploratory rather than explanatory, which means that it is used to explain

historical events happening in UMC and then to preliminarily validate general theo-

ries articulated by scholars. An analysis of the overall patterns of alliances in the glo-

bal semiconductor industry will reveal that innovation networks occur and evolve over

time. However, such an analysis may not provide an indepth insight into how firms

use innovation networks to adapt to a changing business environment. For a more

insightful assessment of innovation networks the focus of the current work is limited

to one large, multinational corporation and its technology-sharing partners.

Data sources. The research methodology is a combination of indepth semi-struc-

tured interviews and a database analysis of innovation network events. To investigate

the significance of UMC's innovation networks in detail, exploratory semi-structured

interviews were conducted in 2009, with 7 experts on UMC's strategy and Taiwanese

semiconductor industry: 5 interviews were held with the chairmen and CEOs of the

UMC Group members, and 2 interviews were held with senior researchers at the

Industrial Technology Research Institute (ITRI). In addition, one preliminary inter-

view was held in early 2009 with a funding pioneer of the semiconductor industry in

Taiwan.

Both the nature and the evolution of innovation networks are examined with the

empirical analysis of patterns of technology alliances over time. The data on innova-

tion collaboration were taken from the Taiwan Stock Exchange Market Observation

Post System (mops.twse.com.tw) database on historical material information and

from UMC's official website (http://www.umc.com) on company profiles. Although

data from these sources is not restricted to technology alliances, it is accepted that

data on parent investment, subsidiary investment, CVC investment, and joint R&D

are useful proxy indicators of collaborative behavior of firms with regard to the deve-

lopment of new products, services, processes, materials, and equipment. All the data

on parent investment, subsidiary investment, CVC investment, and joint R&D du-

ring the period 1980–2010 were selected from the TWSE-MOPS. Because the data in

the TWSE-MOPS is required by security laws and regulatory authorities, it is likely to
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include all the necessary items, however, in the case of any omissions the UMC's offi-

cial website data was also used. 

Curve fitting and variable measurement. In an attempt to discuss (i) for what types

of business activities (IDM & manufacturing, sales & customer service, design &

design service, or material & equipment), (ii) through what mode of innovation (par-

ent investment, CVC investment, or joint R&D), and (iii) in what time pattern

(beginning time and the half-life to saturation) innovation alliances are established or

exited, relevant longitudinal S-curve analyses based on the cumulative count of events

are included. To fit the S curves, we use the Pearl equation, as follows: 

(1)

where y – cumulative count of events in time t; t – time by year; L – saturation level

(upper bound) of y; a, b – characteristic coefficients.

Transforming the Pearl equation into linear regression equation, we have:

(2)

We use ordinary least squares to estimate a and b. For the sake of simplicity, we

choose the last 2010's y as the value of L. In most cases, this achieves the best good-

ness of fit, and the results show that in 2010 UMC was in the mature phase of its

development. We also use the Gompertz equation to estimate a and b, and the results

for the goodness of fit are no better than those with the Pearl equation. For the Pearl

equation, we can easily estimate the half-life to saturation for each curve as follows:

(3)

The Case of UMC. UMC was spun-off from Taiwan Industrial Technology

Research Institute, a government sponsored institute, and established in 1980.

Although UMC went into the semiconductor business as a low-end chip maker, the

development of Taiwanese electronic industry during the 1980s caused the firm to

grow very rapidly. As shown in Table 1, in 2010 UMC ranked second at the global

foundry market, with the revenues of 38.6 bln USD and 17% market share. UMC was

listed by Taiwan Stock Exchange in 1985, and was second listed on the New York

Stock Exchange in 2000.

Deepening and widening technological capabilities. As a critical response to the

swift growth of pure-play integrated circuit (IC) design houses (also known as fabless

design houses), UMC began transforming itself into a pure-play foundry in 1995.

Since then, UMC has faced many significant strategic challenges, including:

(i) anticipating and adopting ever-changing process technologies so that it can pro-

vide the industry's leading-edge process technologies in a timely fashion; (ii) beco-

ming extremely versatile in design support capabilities to deal with orders from design

houses all over the world and from an ever-increasing range of application areas;

(iii) the trend toward system-on-chips (SoCs) has forced UMC to put ever more

resources into circuit integration capabilities and cooperating with IC designers. As a

early follower of the TSMC (Taiwan Semiconductor Manufacturing Corporation)

business model, UMC has addressed these challenges by being very aggressive, com-

pared to other large firms in Taiwan, in building a network of technological capabili-
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ties through equity as well as non-equity strategic alliances (Table 2). It is noted that

UMC was the first Taiwanese firm to adopt the CVC investment approach, which had

already been used by some state-of-the-art North American high-tech firms, as a

more appropriate innovation mode to deal with high level of uncertainties it faced. 

Table 2. Numbers of Strategic Alliances by UMC

Throughout UMC's foundry history, its dominant strategy has been improving

transistor performance (offering higher speed, lower power, or higher voltage) and

yield (achieving fewer defects) using the industry's leading-edge CMOS process tech-

nologies (specifically with respect to transistor density or circuit line width). This

strategy requires incorporating new equipment, architectures, and materials in high-

ly innovative ways. For example, in 2008 UMC focused on improving power per-

formance of its 45/40 nm process technologies. At the same time it was also working

to introduce highly sophisticated immersion lithography (new equipment), ultra

shallow junctions and dual stress liners (new architectures), and an embedded SiGe

source/drain process, as well as copper/ultra low-k materials (new materials).

Moreover, in 2008 UMC pilot-produced the industry's first fully functioning 28 nm

SRAM chips, utilizing double-patterning immersion lithography (the most advanced

resolution enhancement technique at that time) and new strained silicon technology

to achieve the density jump. Throughout this period, and continuing today, UMC has

worked to continually strengthen its internal R&D through aggressive partnering with

design house customers as well as materials and equipment suppliers. In 2008, UMC

joined the SEMATECH consortium to further expand its relationships with suppli-

ers, universities, and research institutes around the world, with the goal of exploring

the 22 nm and beyond process generations. Owing to the consistent deepening of its

process technologies, UMC can continuously broaden its offerings from mainstream

CMOS logic and RF/mixed mode devices to specialties such as high voltage and

CMOS image sensors. Different device options are available to fit any customer

application platform, from standard performance to ultra high density, speed, or volt-

age, or to ultra low power or leakage. Figures 2 and 3 summarize UMC's paths to

technological deepening and widening.

UMC revolutionized the foundry industry by offering customers comprehensive

free-of-charge process-verified IP libraries, and has been working internally and with

major vendors to deliver an extensive portfolio of IPs that is already optimized for

reusability, reliability, and cost correlated to the firm's process technologies. These IPs

range from standard cells and I/Os to more complex processors and application-spe-

cific cores. UMC has also made available SRAM memory compilers to support all of

its mainstream processes. These libraries ensure that UMC's customers can benefit

from efficient chip design processes and short time to market. Furthermore, the

increasing costs of designing at the nanometer scale mean that first-time silicon suc-

cess has become essential to meeting cost and time to market targets. Cooperating
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 Parent Investment CVC Investment Joint R&D Subsidiary Investment 
1980–1990 3 0 0 0 
1991–2000 54 8 4 0 
2001–2010 16 20 18 7 
Total 73 28 22 7 
Note: The following analysis excludes subsidiary investment. 



with EDA vendors, UMC has successfully developed the proprietary Reference

Design Flows with silicon-proven design methodologies down to the scale of 65 nm

technologies. These guidelines cover from schematic/RTL coding all the way to

GDS-II generation, and support several leading EDA vendors' baseline design flows.

The result is a reliable path to silicon success that minimizes all relevant risks.

Source: UMC Technological Profile and International Technology Roadmap for Semiconductors.

Figure 2. UMC's Path of Technological Deepening

Figure 3. UMC's Path of Technological Widening
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Choosing appropriate modes of open innovation. Figure 4 illustrates that, from

soon after its establishment and until now, UMC has always been forming relation-

ships with other manufacturing and customer service firms. A detailed inspection of

the raw data indicates that a large number of these alliances were related to capacity-

and site-building. The figure also shows that, since 1995, when the firm decided to

follow TSMC and transform itself into a pure-play IC foundry, UMC has built a large

portfolio of relationships with fabless design houses and M&E suppliers.

Figure 4. Growth of Strategic Alliances Categorized by Business Activities

A qualitative analysis reveals that the nature of almost all of these alliances was

innovation-generating, especially in the field of design support and process engineer-

ing. We thus observe a situation predicted by Proposition 1: when confronted with a

highly intricate and dynamic technological landscape (e.g., technologies for the IC

foundry), an innovation firm, especially an innovative late mover (such as UMC), will

be very aggressive in acquiring outside inventions.

Figure 5 demonstrates that, in addition to the earlier "parent company invest-

ment" mode, "CVC investment" and "Joint R&D" have emerged as two important

supplementary modes of strategic alliance since 1995. The same initiation time

implies that the adoption of the "CVC investment" and "Joint R&D" modes was due

to UMC's need to establish alliances with fabless design houses and M&E suppliers,

and this is supported implication illuminated by Table 3. The table indicates that the

"CVC investment" mode has a strong propensity to specialize in forming relationships

with M&E supplies (RSP = 2.11), and the mode tends to have ownership stakes of

below 20% (RSP = 1.60). The RSP values hint that, to deal with emerging and high-
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ly uncertain technologies in the M&E field, UMC not only adopted the more entre-

preneurial "CVC investment" mode as one major supplement to "Parent company

investment" base mode, but also applied the strategy of minority shareholding to

share risk with others as much as possible (Proposition 2a). Table 3 also indicates that

the "Joint R &D" mode that UMC has a strong propensity to specialize in forming

relationships with fabless design houses (RSP = 1.97), and the partners connected by

this mode tends to be located in Europe and North America (RSP = 2.95 and 2.57

respectively). The RSP values suggest that, to deal with the relatively mature but

extremely distributed design capabilities in the IC industry, UMC smartly utilizes the

simpler and more flexible "Joint R&D" mode as another major supplement to the

base mode, and this approach has enabled UMC expand its technological reaches as

far as possible (Proposition 2b). 

Figure 5. Growth of Strategic Alliances Categorized by Innovation Modes

Conclusions and implications. This study presents a number of significant fin-

dings based on a high-tech firm that is especially skillful in leveraging various modes

of innovations. Through the case study, we attempt to answer 3 questions: 

1. How an innovative firm can accumulate new capabilities if it is faced with a

highly complex and dynamic technological environment (internally or externally)?

2. Through what mechanisms will the firm commit its resources to the identified

sources of new capabilities, i.e., what modes of innovation will it adopt?
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 Parent Company Investment CVC Investment Joint R&D 
L 73 28 22 

ln a 5.89 2.78 4.40 
b 0.40 0.52 0.53 
R2 0.94 0.79 0.91 

Half-life 
(ln a / b ) 14.69 5.38 8.29 

L / Half-life 4.97 5.20 2.65 
 
 



Table 3. Revealed Specialization Propensity of Innovation Modes

The results of this paper confirm two penetrating insights. First, that the modes

of innovation, and especially those related to external innovation, should be adapted

to the characteristics of technological environment, which are not only firm-specific

but also activity-specific or even project-specific. As the UMC case shows, quick

emergence and extreme uncertainty of new M&E technologies caused the firm rely

more on the entrepreneurial CVC investment mode (including lower shareholding

levels) as a supplement to the traditional parent company investment mode. At the

same time, globally dispersed IC design and EDA technologies allowed UMC utilize

the less costly and more flexible joint R&D mode to reach the targeted resources as

much as possible. Being unable to adopt different innovation modes simultaneously,

which is usually brought about by a large firm's tendency to simplify and streamline

its management procedures, constitutes a fatal trap for a firm confronted with a com-

plex technological landscape.
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