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Abstract
Blomkvist, K. 2009. Technological Growth in the MNC – A Longitudinal Study of the Role of Advanced
Foreign Subsidiaries. Doctoral Thesis / Företagsekonomiska institutionen, Uppsala Universitet 144, 75 pp.
Uppsala.

This thesis emphasizes the technological evolution of technologically advanced foreign subsidiaries of
multinational corporations, in order to examine specific and related research questions as to what is the nature of
the advanced modern MNC regarding technological growth. In particular, evolutionary paths and potential limits
to the development of technological capabilities at the level of individual foreign subsidiaries, and to what extent
these subsidiaries serve as significant sources of technological capabilities for other actors in the multinational
group are highlighted. More specific, longitudinal patterns and pace in the emergence and diffusion of new
technological capabilities by advanced foreign subsidiaries are studied.

Event history analysis of the complete U.S. patenting activity of 23 Swedish multinationals over the 1893-1990
time period reveals accelerated emergence of new technological capabilities by advanced foreign subsidiaries,
but at moderate hazard rates. The results also show that there are substantially different probabilities of
introducing new technological capabilities depending on the type of entry mode and that acquired subsidiaries
are much more important than greenfield subsidiaries as growth engines for the technological renewal of the
MNC. Moreover, the findings suggest the presence of an increased pace in reverse diffusion, hence the later into
the time period a technological capability emerges in an advanced foreign subsidiary, the faster it is diffused to
headquarters. The results also demonstrate that the type of subsidiary has a significant influence on diffusion
patterns of new technological capabilities and thus how capabilities are leveraged throughout the MNC network.

To conclude, a balanced view on the creative capabilities of the MNC seems to be called for. The modern MNC
does have and display many of the features of the modern MNC as identified in previous literature, but the
expectations traditionally and generally expressed in the literature may have been an overstatement of actual
conditions and developments. The ultimate technological limits of advanced foreign subsidiaries seem far from
reached, and the final word on the ultimate importance of these subsidiaries as significant sources of new
technological capabilities for other actors in the MNC is still to be spoken.
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MNCs AND THE ROLE OF ADVANCED FOREIGN SUBSIDIARIES

In the international business literature it is widely acknowledged that the ability of multinational

corporations (MNCs) to develop and diffuse technology across geographically dispersed foreign

subsidiaries is essential for creating and sustaining competitive advantage (Gupta and

Govindarajan, 1991; Mudambi, 2002, 2007; Piscitello, 2004). The general story often depicts the

MNC as an increasingly interconnected and superior creature for leveraging technology

domestically as well as internationally (Bartlett and Ghoshal, 1990; Kogut and Zander, 1992;

1996). It is argued that the modern, differentiated MNC is superior to other firms in terms of

renewal and development of competitive advantage because of its geographically dispersed

network of foreign subsidiaries enabling them both to exploit existing capabilities and explore

new capabilities (Frost, 2001).

Over time foreign subsidiaries of the MNC have evolved from primarily being recipients of

technology from MNC headquarters to becoming involved in local and independent

technological development (Forsgren, 1989; Forsgren et al., 1992; Pearce, 1999). Recent research

has shown that a larger share of research and development is being undertaken by foreign

subsidiaries and that they have become an increasingly important source of new technology in the

MNC (Frost, 2001; Almeida and Phene, 2004). The typical explanation of this shift is the original

need for adapting products and services to demands in local markets (Prahalad and Doz, 1987;

Bartlett and Ghoshal, 1989), over time leading to the upgrading of local technological skills, and

ultimately to the development of local knowledge and technology that can renew the overall

technological capabilities and competitive advantage of the MNC (Cantwell, 1991; Kuemmerle,

1997).

In the literature, the increasingly capable and sophisticated foreign subsidiaries have been

referred to as, for example, competence-creating subsidiaries (Cantwell and Mudambi, 2005),

centers of excellence (CoEs) (Holm and Pedersen, 2000; Frost et al., 2002), global innovators

(Gupta and Govindarajan, 1991), or subsidiaries with world product mandates (Birkinshaw and

Morrison, 1995) (Table 1). It is also this type of foreign subsidiary that is of focal concern in the

present thesis, and which throughout the various parts will be referred to as advanced foreign
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subsidiaries1.  They can generally be characterized as technologically capable and sophisticated,

with the potential of introducing new significant products and services to the entire multinational

group.

TABLE 1:

Typology of Capable and Sophisticated  Subsidiaries

Concept Authors

Advanced subsidiary Blomkvist, Kappen and Zander, 2009a, 2009b

 Competence-creating subsidiary Cantwell and Mudambi, 2005
Yang, Mudambi and Meyer, 2008

Center of excellence Andersson and Forsgren, 2000;  Holm and Pedersen,
2000; Frost, Birkinshaw and Ensign, 2002

Home-base augmenting investments  Kuemmerle, 1997

Strategic asset-seeking investments Dunning, 1995, 1996

World mandate Birkinshaw and Morrison, 1995

Global innovator Gupta and Govindarajan, 1991

Component of internationally
integrated innovation network

Porter, 1986; Doz, 1986; Bartlett and Ghoshal, 1989;
Cantwell, 1994

Higher-order contributor to
organizational heterarchy Hedlund, 1986

1 The different types of more capable and sophisticated foreign subsidiaries in Table 1 are not identical, and the term
‘advanced’ used in the current thesis refers to foreign subsidiaries with important technological capabilities. This
means that they develop into subsidiaries that are strategically important for the entire MNC, by contributing to the
introduction of important new products and services. In essence, the advanced subsidiary as captured by the present
study should have been awarded at least one U.S. patent. For more specific details about measurements, see the
section on research design. According to Cantwell and Mudambi (2005), the distinction between competence-
creating and competence-exploiting foreign subsidiaries is analogous to the distinction made in organizational
learning theory of exploitation and exploration (March, 1991). Hence, both incremental and novel technological
activities are performed by advanced foreign subsidiaries and are necessary for MNC technological growth and firm-
survival, but the in the current thesis the focus is on the emergence and subsequent diffusion of novel technological
capabilities carried out by advanced foreign subsidiaries. Moreover, the emergence of advanced foreign subsidiaries
of the MNC is mainly driven by two different types of processes and organizational units – (1) the establishment and
evolution of greenfield subsidiaries, and (2) the establishment and evolution of foreign acqusitions. In the first case,
the MNC set up a new organization in a foreign location whereas in the second case, the MNC acquires an already
established unit in the foreign location.
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The literature suggests that today’s MNC has become much more involved in the international

diffusion or transfer of knowledge within the multinational network. In what has been dubbed the

modern MNC2 (Hedlund, 1986; Doz and Prahalad, 1991), foreign subsidiaries have come to

contribute actively and significantly to the emergence and diffusion of technological capabilities

(Hedlund, 1986; Ghoshal and Bartlett, 1988; Bartlett and Ghoshal, 1989; Yamin, 1999; Sölvell

and Zander, 1998; Holm and Pedersen, 2000; Andersson et al., 2002). Thus, enhanced flows of

knowledge across headquarters and internationally dispersed subsidiaries reflect a more open

attitude toward sharing knowledge and learning across units of the multinational network. In this

movement toward an increasingly inter-connected network of internationally dispersed

subsidiaries (Ghoshal and Bartlett,1990), the previously dominant role of headquarters is

diminished and headquarters are generally believed to take on a more equal and orchestrating role

(Forsgren et al., 2005). It is argued that the role of headquarters has shifted from controlling

resources to facilitating resource exchange among subsidiaries, including the difficult exchange

of tacit knowledge (Bartlett and Ghoshal, 1986; Hedlund, 1986).

Open Questions

While it may be clear to most observers that technological capabilities emerge and diffuse more

extensively and rapidly within the modern MNC, and a considerable amount of research has been

conducted on technology emergence and diffusion within the MNC, yet in the international

business literature few empirical attempts have been made to explore longitudinal patterns of this

evolution. The modern MNC is characterized by continuous technological progress and it is

suggested that subsidiaries play a key role concerning the renewal and extension of the overall

MNC technological portfolio (Zander, 1999a, Frost, 2001; Almeida and Phene, 2004, 2008).

However, during the last decade the limits to the development of technological capabilities of

individual foreign subsidiaries has been little discussed both from a conceptual and empirical

points of view. Ultimately, the common perception of subsidiary technological evolution is that it

ends with the introduction of advanced research and development (R&D) capabilities, after which

the subsidiary is implicitly assumed to reach an advanced form and state. What then happens in

2 It should be emphasized that several of the attributes of the modern MNC seem to have been present in its earlier
development stages, but perhaps not so outspoken and with less regularity. For example, as early as the 1950s new
ideas emerging in foreign locations were diffused to other actors of the MNC (Dunning, 1958).
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terms of subsidiary technological development remains relatively unknown and thus to what

extent and at what pace advanced foreign subsidiaries develop technological capabilities is not

well understood.

It is known that advanced foreign subsidiaries possess significant technological capabilities, and

although the ability of MNCs to leverage their innovation capabilities across globally dispersed

subsidiaries is a significant source of competitive advantage (Almeida, 1996; Frost, 2001; Nobel

and Birkinshaw, 1998), very little is known regarding the pace at which technological capabilities

diffuse from advanced foreign subsidiaries to other units of the multinational group. The question

as to what degree foreign subsidiaries serve as sources of technological capabilities and

contribute to the exchange of capabilities in the MNC network therefore still remains

unanswered. Hence, a significant aspect of the nature of the modern MNC is unknown, and

addressing these two issues is important in order to grasp the nature of the modern MNC and the

extent to which advanced foreign subsidiaries contribute to the technological growth of the entire

MNC network.

The thesis adopts the fundamental view of the MNC as a network existing of dispersed

subsidiaries operating in different environments (Ghoshal and Bartlett, 1990). The focal unit of

analysis is advanced foreign subsidiaries and their associated patterns3 in the emergence and

diffusion of technological capabilities4 within the MNC. Conceptualizing the MNC as a

differentiated network has inspired a recent stream of research on the creation, assimilation, and

diffusion of internal MNC knowledge, emphasizing the role of subsidiaries in these processes

(Holm and Pedersen, 2000). Concurrently, this thesis draws upon a stream of literature that has

emphasized strategy at the subsidiary level and how subsidiaries can become important CoEs for

the overall MNC network (Birkinshaw, 1998; Taggart, 1998; Andersson and Forsgren, 2000;

3 Patterns in the emergence and diffusion of technological capabilities by advanced foreign subsidiaries are examined
in three dimensions (1) pace - time to emergence and diffusion, (2) extent – to what extent greenfield and acquired
advanced foreign subsidiaries develop and diffuse technological capabilities, and finally (3) localization – to
whom/what type of other units in the MNC, technological capabilities from advanced foreign subsidiaries are
diffused.

4 Technological capabilities are defined here as the specific firm knowledge of advanced foreign subsidiaries of how
to perform certain technological activities. A more detailed discussion is found under the section Technology and
Competitive Advantage, page 12.
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Holm and Pedersen, 2000; Frost et al., 2002; Cantwell and Mudambi, 2005), but it leaves the

question of relative impact as an open question that is addressed from several empirical angles.

Specifying the Research Questions

This thesis emphasizes the technological evolution of technologically advanced foreign

subsidiaries of the MNC, in order to examine specific and related research questions as to what is

the nature of the advanced modern MNC regarding technological growth. Thus, in a general

sense, this thesis adds to the current discussion on technology development and diffusion within

MNCs. More specifically, the following three research questions are addressed in the four papers

included in this thesis:

- What are the patterns in the emergence of technological capabilities in advanced foreign

subsidiaries?

- What are the patterns in the subsequent diffusion of these technological capabilities

within the multinational network?

-  What are the potentially different patterns of emergence and diffusion of technological

capabilities across greenfield and acquired advanced foreign subsidiaries in the

multinational network?

Paper I examines the emergence of new technological capabilities in greenfield advanced foreign

subsidiaries. Paper II deals with the relative importance of greenfield and acquired advanced

foreign subsidiaries for the emergence of new technological capabilities in the MNC. Paper III

studies the diffusion of technological capabilities, and potential differences in diffusion patterns

between greenfield and acquired advanced foreign subsidiaries. Finally, paper IV emphasizes

reverse diffusion of technological capabilities from advanced foreign subsidiaries (both

greenfield and acquired).
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Thus, the purpose of this thesis, which is longitudinal in its approach, is to develop a new and

fruitful perspective on the operations and roles of advanced foreign subsidiaries of the MNC. It

particularly examines the pattern and pace of advanced foreign subsidiaries regarding the

emergence and diffusion of new technological capabilities, while considering the effects of

subsidiary differentiation at the same time. More specifically, a distinction is made between

greenfield and acquired advanced foreign subsidiaries, in order to identify different types of

subsidiaries’ influence on and contribution to the whole MNC’s technological portfolio and

future growth.

How to read the Thesis

Eclectic is the term that best captures the approach used to answer the three research questions in

the sense that the approach incorporates elements from different theories. While this may be

perceived as a weakness, causing a lack of focus and cohesion, it should be viewed as a strength

making it possible to explore and explain a complex subject. However, all the different

theoretical perspectives have two things in common: (1) they recognize the importance of

technology emergence and diffusion for MNCs’ possibilities for sustained competitiveness; and

(2) they acknowledge the increasingly important strategic role of foreign subsidiaries, and

advanced foreign subsidiaries in particular. When it comes to new technology development,

expectations about the strength and impact of historical and current developments may differ, and

do so.

In essence, this eclectic approach reflects the standing of the international business field, which

has a history and theoretical base drawing upon different research fields and theories. Although

general theories try to capture all aspects of international business, such as general theories of the

MNC (Hymer, 1960; Buckley and Casson, 1976) or general theories of foreign direct investments

(Caves, 1974; Dunning, 1980), since the late 1980s there has been common agreement that there

is no one general theory of international business. Rather, the field as such has allowed for the

influence of other factors from different complementary theoretical approaches when it comes to

explaining various phenomena, and especially to capturing the dynamic aspects of international

production (Cantwell, 2000).
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It should be emphasized that the current thesis only deals with foreign subsidiaries with a proven

capacity to contribute significantly to the technological and strategic development of the MNC

network. Proof of this capacity is that the subsidiaries have been awarded at least one U.S. patent,

which by definition requires that inventions be novel, non-obvious, and useful additions to the

existing stock of knowledge. Therefore, the insights from the current thesis are limited to the

MNC’s technological growth in terms of relatively significant new additions to the technology

portfolio, and this thesis does not account for the potentially wide range of minor technological

advancements and improvements that may have taken place at the same time in the multinational

network5. Moreover, the advanced foreign subsidiaries under study tend to have a comparatively

long history in the MNC, thereby providing a fertile ground for testing predictions about

longitudinal developments and uncovering what may be seen as fundamental tendencies in the

evolution of the modern MNC.

Although the patterns observed in the four papers apply to other MNCs as well, especially those

originating from smaller economies, it must be emphasized one should be cautious regarding the

extent to which the findings can be generalized. The present sample only contains Swedish

MNCs with potentially specific paths of internationalization and targets for acquisitions.

Moreover, this thesis, historical in its approach, focuses on the development of by now well-

established MNCs. Hence, it does not capture the development of MNCs of a more recent date,

such as international ventures or born globals (Oviatt and McDougall, 1994).

Outline of the Thesis

The disposition of the thesis is as follows. The next section presents the theoretical background

on which the thesis draws. Thereafter the research design is outlined. In this section the

methodological choices made during the research process and the applied statistical method used

are presented together with a discussion of patents as indicators of technological activity in

MNCs. This section is followed by a summary of the four articles included in the thesis, which

5 A number of studies have emphasized the importance of technological competencies and advancements of firms to
accomplish firm performance, growth and survival (Hamel and Prahalad, 1994; Markides and Williamson, 1994;
Teece et al., 1994), thus although not incorporating incremental and domestic technological progress, the current
thesis can help us understand how novel technological capabilities, vital for MNC survival, develop and are spread
throughout the MNC network.
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emphasizes how they all are connected and how they contribute in answering the research

questions addressed. Finally, a concluding section summarizes the empirical findings of the thesis

and reflects upon some conceptual implications. The aim of this final section is to pin down the

contribution of the thesis regarding the emergence and diffusion of technological capabilities

within the MNC, and to elaborate on what the results may reveal about the nature of the advanced

MNC in terms of technological growth. This concluding section also incorporates some

managerial implications and issues for future research.

THEORETICAL BACKGROUND

This section begins by stressing the general picture of technology and competitive advantage,

more specifically, the importance of technological capabilities for firm-growth and firm-survival.

This is followed by a discussion of technology in the MNC and the strategic role of foreign

subsidiaries as sources of new technological capabilities which are significant for the whole

MNC network. Finally, the emergence of new technological capabilities and subsequent diffusion

by advanced foreign subsidiaries within the MNC is emphasized.

Technology and Competitive Advantage

Firm-specific capabilities and the importance of technological capabilities have been stressed by

several scholars from various strands of thought (Penrose, 1959; Cyert and March, 1963;

Richardson, 1972; Nelson and Winter, 1982; Prahalad and Hamel, 1990; Teece et al., 1994, 1997;

Zollo and Winter, 2002). Although, their approaches differ, they all stress the importance of firm-

specific capabilities for firms’ possibilities to stay competitive. A firm’s competitive advantage is

determined by how its internal resources and capabilities are used (Barney, 1991; Nelson, 1991),

and sustained by the fact that these are firm-specific, that is, unique and inimitable to other firms

(Teece, 1982; Wenerfelt, 1984). Accordingly, capabilities are heterogeneous due to two main

reasons, first, knowledge of how to use resources differs, which limits their use at any time, and

second, the innate properties of resources limits the way they can be used.

9



10

In the evolutionary view of firm technology change is central (Nelson and Winter, 1974, 2002;

1982; Dosi, 1988; Phene and Almeida, 2003). As a result, a substantial amount of research has

been done on technology and technological change based on Schumpeterian (1954) dynamics.

The evolutionary view of the MNC has also emphasized the path-dependence of technological

evolution, that is the state of the subject in one time period is dependent on the state of the subject

in the previous time period (Nelson and Winter, 1982). The main objective is to capture the

learning effects of operating and adjusting routines, and to build on these capabilities (Teece et

al., 1997; Mathews, 2006). It is assumed that path-dependence will induce firms to search mainly

for related technologies in order to achieve idea renewal (Winter, 1987; Dosi, 1988). Entering

into new technological fields will thus be dependent on previous and existing firm-specific

technological capabilities and the absorptive capacity of the firm, that is the firm’s ability to

recognize and assimilate new knowledge (Cohen and Levinthal, 1990). Capabilities can be

defined as the routines firms build on their basis of resources and relations. Thus they provide

firm strength, but also trap firms into learned patterns, which may become suboptimal or may

negatively influence a firm’s technological development (Mathews, 2006).

The resource-based view of the firm (RBV) is predicated on the assumption that firms possess

unique bundles of resources (Penrose, 1959;Wenerfelt, 1984) which can be combined into

capabilities and be exploited to achieve sustainable competitive advantage (Barney, 1997). In the

literature a distinction is made between the terms capabilities and resources. Resources may be

perceived as the means through which a firm is able to perform its activities, and capabilities are

generally understood as the firm’s capacity to deploy these resources, usually in combination and

through the use of firm-specific organizational processes (Wernerfelt, 1984). As such, firm

capabilities compared to resources are firm-specific, and innovation capabilities have been

identified as a critical resource contributing to the sustainable competitive advantage of firms

(Barney, 1991, 1997). According to the RBV, technological growth of firms occur by increased

specialization (Penrose, 1959). Hence, foreign subsidiaries develop new technological

capabilities in order to become more specialized and thereby contribute to the diversification and

growth of the overall MNC’s technological portfolio (Prahalad and Hamel, 1990).

10



11

There is a stream of research that has stressed the importance of dynamic capabilities for firms’

ability to achieve sustainable competitive advantage (Teece, et al., 2007). Like the RBV, the

dynamic capabilities perspective (DCP) emphasizes the concepts of resources and activities, but

differs from the RBV, as it claims that an organization has to possess dynamic capabilities in

order to be able to transform its resources and capabilities into competitive advantage (Matthews,

2006).  Dynamic capabilities can be defined as “the firm’s ability to integrate, build and

reconfigure internal and external competences to address rapidly changing environments” (Teece

et al., 1997). Drawing upon the notion of knowledge articulation and knowledge codification,

dynamic capabilities can also be defined as  “a learned and stable pattern of collective activity

through which the organization systematically generates and modifies its operating routines in

pursuit of improved effectiveness” (Zollo and Winter, 2002:340). Hence, learning mechanisms

foster the development of dynamic capabilities in areas such as process R&D and post

acqusitions contributing to the evolution of firm operating routines. This view is closely

connected to the knowledge based (KBV) view of the firm, which is described in more detail

below.

According to the advocates of the KBV, knowledge is the most strategically important resource

(Conner and Prahalad, 1996; Grant, 1996; Kogut and Zander, 1996; Langlois and Foss, 1999;

Liebeskind, 1996; Nahaphiet and Ghoshal, 1998), and knowledge assets thus serve as the ground

from which firms develop organizational capabilities (Nonaka, 1994; Teece, 1998). In the

literature a distinction is made between explicit and tacit knowledge (Polanyi, 1966). Explicit

knowledge can be coded in writing and with symbols, whereas tacit knowledge is hard to codify

in documents, drawings or manuals The unique feature of tacit knowledge of being difficult to

share and duplicate fosters competitive advantage of firms (Kogut and Zander, 1992; Grant,

1996). A firm’s capability can be defined as a special knowledge capital, which enables it to

carry out certain activities more effectively than others (Foss, 1996). Thus, firms can be defined

as dynamic- and social- organizations (Kogut and Zander, 1992; Galunic and Eisenhardt, 2001)

that draw upon their capabilities to create competitive advantage and technological

advancements.
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The focus of this thesis is the technological evolution of advanced foreign subsidiaries which

perform technological activities such as developing and diffusing technological capabilities

within the MNC. According to Richardson (1972) capabilities represent the experience and skills

needed by firms in order to perform certain activities. Hence, technological capabilities are here

defined as the specific firm knowledge, experience and skills of advanced foreign subsidiaries of

how to perform certain technological activities. As such, this thesis draws upon the evolutionary

strand of thought regarding capabilities (Penrose, 1959; Prahalad and Hamel, 1990; Eisenhardt

and Martin, 2000), emphasizing the process and importance of path-dependence and

cumulativeness regarding technological advancements and activities (Nelson and Winter, 1982).

Moreover, it is important to highlight that the concept of knowledge is regarded to be included as

an element of capabilities and thus, when referring to knowledge in the current thesis, it is

perceived as an underlying part of a capability.

Technology in the MNC and the Emergence of Advanced Foreign Subsidiaries

In the international business literature, theories on foreign direct investments (FDI) have stressed

the importance of intangible assets and the competitive advantage of the MNC (Caves, 1971;

Hymer, 1976; Dunning, 1977). Particularly the importance of technological capabilities for

MNCs’ ability to exploit their ownership advantages to overcome the liability of foreignness

(Zaheer, 1995), and to engage in FDI (Dunning, 1977) have been emphasized. It has now become

almost axiomatic that innovation and technological advancements are essential for MNCs’

possibilities for maintaining long-term survival and firm growth (Porter, 1985; Bartlett and

Ghoshal 1989). Moreover, the increased globalization and competitive environment of firms

(D’Aveni, 1994) have contributed to the importance of rapid technology advancements (Porter,

1985; Dosi, 1988). It is generally seen as strategically significant for the MNC to continuously

invest in and renew the base on which it builds its competitive advantage (Prahalad and Hamel,

1990; Teece et al., 1997; McEvily and Zaheer, 1999).

In the conventional view MNCs are perceived as strict hierarchies, and the initial reason for

conducting FDI is to gain access to low-cost resources or to respond to local demand by adapting

existing products, thus exploiting their home-based advantages in different foreign markets
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simultaneously (Hymer, 1960; Caves, 1972). According to this view, internationalizing firms

need established intangible assets and competitive advantages (Caves, 1971; Buckley and

Casson, 1976; Hymer, 1976; Dunning,  1977) in order to overcome the disadvantages of

operating in a foreign country, and these advantages have generally been referred to as ownership

advantages (Dunning, 1977). Additionally, in this traditional perspective, the role of foreign

subsidiaries is to serve the local market by exploiting home-based technology and adapting it to

the local market needs. Typically, there would be one subsidiary in each country being

responsible for that specific market. However, over time regional strategies have evolved and

there has been a change in the behavior of subsidiaries and subsidiary managers, leading to a

transition in which subsidiaries have became more export-oriented and involved in internationally

integrated activities (Cantwell and Mudambi, 2005). Furthermore, sales and manufacturing

activities in foreign subsidiaries have become more important and advanced, resulting in a

specialization in production (Stopford and Dunning, 1983; Dunning; 1983) and the shifting of

R&D activities to foreign subsidiaries and thus the development of advanced foreign subsidiaries

(Dunning, 1994; Cantwell, 1995; Nobel and Birkinshaw, 1998; Zander, 1997, 1999a).

Drivers behind Becoming Advanced

The process underlying the formation of advanced foreign subsidiaries has been identified as

either parent-driven or subsidiary-driven6 (Birkinshaw and Hood, 1998), but in either case

reaching the advanced stage incorporates a gradual and cumulative process of subsidiary

evolution. Hence, it is not a process in which a subsidiary suddenly becomes advanced simply

because it has been given a mandate or charter from headquarters. Rather the ability of foreign

subsidiaries to engage in advanced technological activities is a process where the necessary

abilities evolve over time. According to Birkinshaw and Hood (1998), there are three factors

which positively influence the likelihood that a subsidiary will become advanced within the

MNC; (1) local environmental factors, (2) subsidiary choice, and (3) headquarters’ assignment.

Moreover, three additional and partly overlapping factors have been identified as fostering the

6 The major difference between parent-driven and subsidiary-driven processes is that in the former headquarters
respond to subsidiary lobbying through internal competition, whereas in the latter the subsidiary depends upon a
subsidiary champion who can exercise influence by obtaining personal contact with headquarters (Birkinshaw,
1998).
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emergence of CoEs; (1) the dynamics of the geographical location, (2) the level of subsidiary

autonomy and degree of integration of competence-creating activities between a subsidiary and

other actors of the corporate group, and (3) the extent of the support that the subsidiary receives

from the corporate group (Frost et al., 2002). Taken together, these factors suggest that in order

for a subsidiary to become advanced and develop technological capabilities on its own, several

dynamic factors need to evolve and interplay over time.

Acquired Advanced Foreign Subsidiaries

One significant change in the operations of the MNC is the shift from greenfield subsidiaries and

less committing forms of internationalization toward the use of acquisitions for international

expansion. Generally, acquisitions appear to have become the preferred mode of international

expansion in the early 1960s (Hood and Young, 1979; Dunning, 1988; Holm and Pedersen,

2000), and according to previous research, a substantial portion of foreign R&D activities of

MNCs are also carried out by acquired subsidiaries (Håkanson, 1981, 1995). The development of

advanced foreign subsidiaries described in previous sections predominantly concerns greenfield

foreign subsidiaries and most previous research on the evolution of foreign subsidiaries has

focused on these particular subsidiaries (Frost et al., 2002). Although, greenfield and acquired

advanced foreign subsidiaries differ in terms of pre-existing history (Mudambi and Mudambi,

2002), they are highly related in terms of development and underlying logic.

In the literature two main reasons are given for the increasing importance of acquired foreign

subsidiaries. First, they provide a strengthened competitive advantage that they provide through

enhanced economies of scale or diversification of foreign operations (Bergek and Berggren,

2004). Second, whenever foreign acquisitions have targeted firms with a longstanding presence

in local markets, frequently maintaining their own affiliates in foreign countries, this has meant

access to “instant local embeddedness” and often advanced technological capabilities on behalf

of the acquiring MNC (Doz and Prahalad, 1991; Hitt et al., 1996). 7  Despite the driver behind

7 Although not emphasized in the current thesis, foreign acquisitions contribute with more than technological
capabilities at the time of becoming a part of the multinational group. According to strategy literature, there are
several reasons that speak for acquisitions, and their influence and contribution to the entire MNC and its operations
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performing acquisitions, acquired foreign subsidiaries have been found to have a considerable

effect on the overall MNC’s technological portfolio in terms of share and profile (Håkanson and

Nobel, 1993a; Zander, 1999). Some of the acquired technological capabilities will represent

duplications of already existing operations and capabilities elsewhere in the MNC, and as a result

these acquired subsidiaries often experience cutbacks in resources and activities. However, when

an acquired subsidiary is bought specifically for its novel and unique technological capabilities, it

is more likely to be able to retain its advanced status and resources needed in order to sustain its

mandate and enhance further local R&D activities (Cantwell and Mudambi, 2005).

The Emergence of Technological Capabilities within the MNC

In the international business literature, it has been suggested that foreign subsidiaries will draw upon

both internal and external sources for developing new technological capabilities, and that in most

cases they will remain dependent on the capabilities of headquarters and other sister subsidiaries to

access and combine existing knowledge and capabilities. Phene and Almeida (2008) conclude that a

subsidiary can assimilate knowledge and capabilities from six different mutually exclusive sources,

three internal and three external to the MNC (see Figure 2). Essentially, the internal sources are the

subsidiary itself, headquarters, and other subsidiaries, and the three external sources are other firms

in the host country, other firms in the home country (the same location as headquarters), and finally

firms in other countries.

Internal embeddedness is of importance as innovations are often developed when subsidiaries

combine internal knowledge residing in the MNC network to create new skills (Kogut and Zander,

1992). Internal embeddedness can be defined by how the subsidiary is linked to headquarters and

other subsidiaries regarding access to resources, its intra-MNC role, and the functional specialization

of the subsidiary. Subsidiaries depend on the capabilities of other actors in the multinational

network, and in the advanced stages their own capabilities are highly dependent on their ability to

combine capabilities and resources residing in the extended MNC network. Hence, the relative

absorptive capacity of two subsidiaries of the MNC, that is to what extent their knowledge bases

go beyond just technological advancements. However, in the current thesis only their technological contribution and
evolution is emphasized.
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relate and overlap, is essential for sustained learning and combining of capabilities (Shenkar and Li,

1999; Lane and Lubatkin, 1998; Lane et al., 2001; Phene and Almeida, 2008).

FIGURE 2:

Knowledge Assimilation for Sustained Subsidiary Capability Development

In the international context, Frost (2001) illustrates how innovating subsidiaries draw upon sources

of knowledge located in the home base of the firm and/or in the subsidiary’s local environment,

implying that external sources of knowledge are important for the generation of capabilities and

innovations in foreign subsidiaries. Similarly, Cantwell (2002) argues that firms’ knowledge is to a

high extent often influenced by their external environment and sources of knowledge within it, such

as other firms, public research centers, and universities. Thus, foreign subsidiaries of MNCs are all,

in varying degrees, embedded8 in different local networks (Ghoshal and Bartlett, 1990; Ghoshal and

Nohria, 1997), which serve as important sources for the development of new capabilities and

knowledge (Schmid and Schurig, 2004).

8 Embeddedness refers to the process and state in which social relations interact with economic action, and a number
of researchers have used the concept in trying to accentuate the relationships with other business actors as an
important element of an organization’s everyday business life (Polanyi, 1957; Granovetter, 1985; Håkansson and
Snehota, 1995). The issue of the general implications of embeddedness has been raised in a large body of literature in
sociology and organization theory, which is why a comprehensive review will not be attempted here. Wide-ranging
reviews are offered by Granovetter (1985) and Uzzi (1996, 1997). Many taxonomies of embeddedness are available
in the literature, but the discussion here follows researchers who have applied embeddedness to the context of the
MNC (Andersson and Forsgren, 1996, 2000; Nell, 2009). This approach depicts MNCs and their subsidiaries
constituting them as embedded in networks with other actors. A frequently emphasized feature of this approach is
that the network can be seen as a resource in itself, and through it the MNC receives access to resources and new
capabilities in terms of innovations (von Hippel, 1988) and influence (Andersson, et. al., 2007).

Subsidiary

Internal sources:
1. The subsidiary
2. Headquarters
3. Other subsidiaries

External sources:
1. Firms host country
2. Firms home country
3. Firms in other
countries
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The Further Development of Technological Capabilities in Advanced Foreign Subsidiaries

While there is a substantial literature on advanced foreign subsidiaries and the drivers behind their

emergence, relatively little is known about their continued development and likelihood of engaging

in the development of new technological capabilities. Although far from all foreign subsidiaries

ultimately become advanced and develop the capacity to make more substantial contributions to the

technological and strategic renewal of the MNC, some will acquire and maintain sophisticated

technological roles over several decades and more (Zander and Zander, 1997). The existing

literature, theoretically dispersed as it is, proved some indications about what to expect in terms of

continued development of advanced foreign subsidiaries. For those subsidiaries which for various

reasons become more firmly embedded in the local environment, enhanced degrees of local

embeddedness and a proven ability to respond to local business opportunities can trigger virtuous

cycles of technological and strategic initiatives at the subsidiary level (Delaney, 1998). Hence,

enhanced degrees of local embeddedness and virtuous cycles of initiatives can be seen as the initial

drivers behind the subsidiary’s ability to contribute technologically and strategically to the

multinational group. This ability may be boosted further by gradually developing recombinative

capabilities from the subsidiary’s growing involvement in a number of its own technologies (Kogut

and Zander, 1992). In general terms, technological capabilities transferred from home country and

headquarters represent an initial platform that can be used for subsequent response to other business

opportunities that emerge in the local context. At later stages, when the subsidiary’s scope of

technological capabilities has been enlarged, enhanced recombinative capabilities may facilitate and

accelerate its entry into new capabilities.

While cumulative processes promote the subsidiary’s ability to locally recombine different ideas

and resources into new products and services, enhanced embeddedness in the overall MNC has

been proposed to extend the same processes to the international level (Johanson and Vahlne,

2003). Successful subsidiary initiatives create visibility in the intra-corporate context and a

growing number of possibilities to link up with headquarters and sister subsidiaries in

internationally coordinated innovation efforts (Hedlund, 1986; Bartlett and Ghoshal, 1989). Both

subsidiary-specific and network-based connections suggest an enhanced capability to draw upon

and recombine an increasingly diverse set of impulses and resources, resulting in a multiplicative
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effect on the subsidiary’s ability to introduce technological capabilities that are new to the

multinational group. Accordingly, higher degrees of local embeddedness and gradually emerging

recombinative capabilities over time are likely to increase the likelihood of emergence of new

technological capabilities in advanced foreign subsidiaries of the MNC.

As described above, the literature has addressed general subsidiary development up to the

advanced stages (Birkinshaw and Hood, 1998a; Holm and Pedersen, 2000), but no studies have

explored the subsequent patterns in the entry into technologies that are new to the entire MNC

network. Three different patterns of entry into new technologies may be suggested: constant,

accelerated and curvilinear, and they are explored in paper I, in more detail. Drawing upon the

existing work on the evolution of foreign subsidiaries as described above, strongest support is

suggested for the accelerated hypothesis. Hence, in paper I, the general assumption is an

accelerated entry into new technologies among advanced foreign subsidiaries. Regarding the

emergence of technological capabilities at the individual subsidiary level, another important issue

that has not yet received direct empirical attention is the relative importance of greenfield and

acquired advanced foreign subsidiaries, which is examined in paper II. Although there is no

straightforward assumption, some evidence from previous studies indicates that acquired

subsidiaries are to a higher degree asset-seeking than greenfield subsidiaries, and are therefore

likely to have higher levels of knowledge production (Cantwell and Mudambi, 2001).Thus, in

paper II of this thesis, it is argued that acquired subsidiaries are more likely to introduce new

technological capabilities important to the whole MNC than greenfield subsidiaries.

Diffusion of Technological Capabilities within the MNC

Diffusion of capabilities from advanced foreign subsidiaries is essential for the MNC to be able

to take advantage of the scope economies of learning throughout its geographically dispersed

network (Ghoshal and Bartlett, 1988; Yamin, 1999) and to enhance value through the

combination of knowledge and capabilities residing in different geographical locations of the

MNC (Buckley and Carter, 2004). Hence, the existence of MNC diffusion builds on the

assumption that the development of certain capabilities in one location may be of significance to

other units of the multinational group, or that diffused capabilities may enhance the
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competitiveness of the receiving unit (Bartlett and Ghoshal, 1989, 1990; Cantwell, 1991; Zander

and Kogut, 1995). MNC diffusion of capabilities enables actors in the multinational group to

learn from each other (Szulanski, 1996; Zander and Kogut, 1995) and improve their local

operations (Argote, 1999; Tsai, 2001). Moreover, besides the fact that MNC diffusion may

positively affect the performance of the receiving unit (Bartlett and Ghoshal, 1989; Forsgren,

1997), diffusion also generates combinative capabilities, that is the receiving unit’s own

capabilities may be combined with the diffused capabilities resulting in the generation of new

capabilities and output (Kogut and Zander, 1992).

In Figure 3, the conventional, reverse, and peer-to-peer diffusions of technological capabilities in

the MNC are described. Conventional diffusion reflects traditional flows of knowledge and

capabilities of the MNC, as captured, for example, by the literature on technology transfer (Gupta

and Govindarajan, 1991; Szulanski, 1996; Andersson et al., 2002; Mudambi, 2002; Mudambi and

Navarra, 2004). It emphasizes the objective of the MNC to exploit local markets, where the

subsidiary through the infusion of existing knowledge from headquarters exploits a home-base

advantage (Yang et al., 2008). Reverse diffusion represents knowledge and capability flows from

subsidiary to headquarters, where high degrees of these flows make it possible for headquarters to

exploit local competencies and serve as a knowledge integrator (Mudambi and Navarra, 2004).

Moreover, reverse diffusion enables headquarters to coordinate a global strategy, improving

processes in the MNC network and providing new products (Ambos et al., 2006). Peer-to-peer

flows represent the process where subsidiaries of an MNC exchange knowledge and capabilities

with each other, contributing positively to the ability of the subsidiary to innovate (Tsai, 2001).

Drivers behind Intra-MNC Technological Diffusion

The development described previously has come with a shift in innovation processes and

associated flows of knowledge and capabilities in the MNC. The modern competitive MNCs of

today are likely to have several subsidiaries with global or regional mandates (Birkinshaw and

Morrison, 1995), which perform or are responsible for specific activities in the value-chain. This

in turn increases, the need for the coordination and management of diffusion of developed

capabilities in foreign subsidiaries. Moreover, the development of local-for-global and global-for-
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global innovation processes9 (Ghoshal and Bartlett, 1988) implies new directions of flows as

subsidiaries start to diffuse capabilities to headquarters and sister subsidiaries and generally more

flows of knowledge and capabilities in the network.

FIGURE 3:

Possible Capability Diffusion in the MNC

The shift in managerial attitudes regarding knowledge and capability exchange within the MNC

has strongly influenced this development, and a large part of the development of managerial

attitudes is captured in the work by Perlmutter (1969). In this research, a distinction is made

between ethnocentric, polycentric, and geocentric attitudes, and they are attributed to different

phases in the maturing of the MNC. Ethnocentric attitudes, typically prevailing in the early

internationalization and development phases, reflect high volumes of unidirectional

communication and information flows from headquarters to subsidiaries, often in the form of

orders, commands, and advice. The geocentric attitudes of the more evolved MNC would be

reflected in a more collaborative approach and balanced two-way communication between

9 What have been identified as local-for-local or local-for-global innovation processes among foreign subsidiaries
initially entailed the local development of new technology for use in the local or international/global market
(Ghoshal and Bartlett, 1988). Ultimately, global-for-global innovation processes came to involve internationally
integrated innovation efforts, drawing together the collective technological capabilities residing in the multinational
network to develop new and potentially path breaking technology (Hedlund and Rolander, 1989).

Headquarters Subsidiary

HeadquartersSubsidiary

SubsidiarySubsidiary

Conventional diffusion

Reverse diffusion

Peer to peer diffusion
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headquarters and subsidiaries. One significant characteristic of the geocentric MNC is the

movement from parochial attitudes and interests toward the perception that any activities carried

out in the multinational network are for the good of the entire corporation. This also encompasses

the sharing of skills and knowledge and the rotation of personnel throughout the multinational

network, and as a consequence the potential diffusion of capabilities and practices throughout the

international organization. In the modern MNC, this is not only a matter of diffusing knowledge

and technology from headquarters to subsidiaries. According to Pearce (1999), the central

management of an MNC wanting to explore a global competitive advantage needs reliable

foreign subsidiaries which discover new opportunities and provide headquarters with knowledge

and resources.

In addition, the diffusion of knowledge and capabilities in the MNC is connected to the issue of

organizational influence and status within the organization. From a subsidiary perspective, it can

be important to diffuse developed capabilities and to be recognized as a provider of strategically

important capabilities (Holm and Pedersen, 2000). For example, subsidiaries evolve over time

concerning their technological advancements and responsibilities, and this evolution can occur in

two directions (Birkinshaw and Hood, 1998; Birkinshaw and Fry, 1998). This means that certain

subsidiaries gain mandates while others see their roles within the organization reduced or even

eliminated. Hence, diffusing capabilities and serving as a source of strategically important assets

to headquarters and other subsidiaries are increasingly important for subsidiaries in order for

them to get recognition and maintain or gain a specific mandate in the MNC (Forsgren and

Pedersen, 2000; Gupta and Govindarajan, 2000; Mudambi and Navarra, 2004). These functions

have become increasingly important over time as more and more MNCs apply global strategies

that entail large-scale acquisitions and subsequent re-structuring of opportunities on a global

scale.

Barriers of Intra-MNC Technological Diffusion

Although the overall positive effects of capability dissemination throughout the MNC network

are clear and subsidiaries are argued to share enough common characteristics to facilitate

technology exchange, diffusion of technological capabilities within the MNC is often sticky and
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difficult to accomplish (Szulanski, 1996, 2000; von Hippel, 2004). First, capability diffusion is

dependent on the characteristics of and the relationship between different subsidiaries of the

MNC. The ability of subsidiaries to receive, adapt and use diffused knowledge and capabilities

diverges, meaning that their absorptive capacity varies (Cohen and Levinthal, 1990). Absorptive

capacity is path dependent, builds on previous knowledge, and it is a highly significant

characteristic of the receiving subsidiary when it comes to adapting new knowledge and

capabilities (Gupta and Govindarajan, 2000). The lack of absorptive capacity negatively

influences knowledge exchange and works as a barrier to intra-MNC exchange of technological

capabilities (Szulanski, 1996).

Other recognized barriers to knowledge and capability exchange within the MNC are the

tacitness and context-specificity of knowledge (Zander and Kogut, 1995; Forsgren, 1997;

Forsgren et al., 2000; Andersson et al., 2002). Following Grant (1996), the difference between

explicit and tacit knowledge is vital due to the fact that it influences the transferability process.

Explicit knowledge is more appropriate to transfer compared to tacit knowledge, as tacit

knowledge is acquired by and stored in individuals and can therefore not be traded as a separate

entity, explicit knowledge has the nature of a public good. Tacit knowledge is also often highly

bound to its context. Hence, the more complex the knowledge is in terms of tacitness and context

specificity, the more difficult it is to transfer, due to limitations of country origin and domain of

operation (Szulanski, 1996).

Motivational disposition to knowledge and capability exchange is also a characteristics of MNCs

(Gupta and Govindarajan, 2000). A number of empirical studies have illustrated how fear of

losing supremacy or a specific position within the organization negatively affects the willingness

to exchange knowledge (Levitt and March, 1988; Forsgren, 1997; Birkinshaw and Hood, 1998),

as well as not being rightly compensated for the cost and effort incorporated in the exchange

process (Szulanski, 1996; Forsgren et al., 2000). Subsidiaries may also be reluctant to receive and

adopt knowledge and capabilities coming from other actors in the multinational group, often

referred to as the “not-invented-here” (NIH) syndrome (Katz and Allen, 1982). The NIH

syndrome negatively influences capability exchange in the MNC (Levinthal and March, 1993;

Szulanski, 1996; Gupta and Govindarajan, 2000) because it may lead managers to block (Sheriff

22



23

and Cantrill, 1947) or downgrade knowledge (Pfeffer, 1981) coming from other actors in the

MNC network.

Capability Diffusion from Advanced Foreign Subsidiaries

The modern MNC has been associated with highly dispersed and often strategically and

technologically advanced subsidiaries (Hedlund, 1986; Ghoshal and Bartlett, 1988; Sölvell and

Zander, 1998), processes of innovation involving high levels of international knowledge

exchange and a high proportion of integrated innovation processes across subsidiaries (Ghoshal

and Bartlett, 1988). In the same light, managerial attitudes make little distinction between the role

and importance of headquarters and other subsidiaries of the international network (Perlmutter,

1969). However, despite the increasing strategic importance of advanced foreign subsidiaries as

sources of technological capabilities (Birkinshaw and Hood, 1998; Zander, 1999a; Cantwell and

Mudambi, 2005) and the importance for the central management of the MNC in order to explore

global competitive advantage (Pearce, 1999), relatively little is known about the specific patterns

by which advanced foreign subsidiaries diffuse technological capabilities in the MNC.

Previous research on diffusion within the MNC has highlighted factors driving this process in

order to answer why diffusion of knowledge and capabilities occurs in MNCs (Bartlett and

Ghoshal, 1989; Yamin, 1999) and thus determinants and obstacles of such flows have been

emphasized (Szulanski, 1996; Gupta and Govindarajan, 2000). Earlier studies have also

addressed organizational mechanisms used by MNCs to enhance knowledge exchange among

subsidiaries (Björkman et al., 2004) and differences between greenfield and acquired subsidiaries

regarding transfer of knowledge and capabilities (Björkman et al., 2004; Bresman et al., 1999;

Gupta and Govindarajan, 2000; Håkanson and Nobel, 2001). Yet, diffusion patterns in terms of to

whom, at what pace and to what extent technological capabilities are diffused from advanced

foreign subsidiaries to other actors in the MNC have not received direct empirical attention. Thus

there is a lack of knowledge regarding how subsidiary types influence the way capabilities and

knowledge get leveraged throughout the MNC. Paper III sets out to examine this question by

looking at the specific diffusion patterns of technological capabilities by greenfield and acquired

advanced foreign subsidiaries. The underlying expectation in paper III is that patterns in the
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diffusion of technological capabilities of greenfield and acquired advanced foreign subsidiaries

will be different because of their diverse evolutionary processes and subsidiary characteristics,

resulting in dissimilar abilities to engage in knowledge and capability exchange.

Pace of diffusion is examined more closely in paper IV, which looks at the pace of reverse

diffusion over time from advanced foreign subsidiaries while controlling for subsidiary type in

terms of greenfield and acquired advanced foreign subsidiaries. The expectation is enhanced pace

in the diffusion of technological capabilities to headquarters from advanced foreign subsidiaries,

an expectation that would hold true for technological capabilities emerging in both greenfield and

acquired advanced foreign subsidiaries. Differences in the pace of diffusion for technological

capabilities initially emerging in either greenfield or acquired advanced foreign subsidiaries are

more difficult to assess. Yet, it could be expected that the different evolutionary processes of

greenfield and acquired foreign subsidiaries result in different pace of diffusion of technological

capabilities to other units in the MNC. It can also be argued that, with the advent of more

advanced and integrated foreign subsidiaries, these differences are likely to diminish over time

which suggests increasingly similar diffusion patterns for technological capabilities initially

emerging either in greenfield or acquired advanced foreign subsidiaries. Hence, both scenarios

are hypothesized and tested.

THE RESEARCH DESIGN AND METHODOLOGY

The research design used for the four quantitative papers, employs data on U.S. patenting in a

sample of 23 Swedish multinationals over the period 1890-1990. In essence, the aim of the four

papers is to create an entity by raising different issues all related to the overarching question of

technology as a means of growth for MNCs. The statistical method used is event history analysis,

which was selected because event history methods are generally superior to other more often

used techniques such as linear or binary regressions, especially when longitudinal data are used

and the interest lies in predicting the occurrence or non-occurrence of identifiable events.
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Research Sample

The sample size variation in the four papers can be explained due to the different research

questions addressed in each paper. All four papers consolidate the patenting by first-order,

majority-owned subsidiaries for the periods during which they belonged to the parent companies.

Moreover, the sample firms represent a relatively broad spectrum of industries (see Table 2),

including pulp and paper, motor vehicles, pharmaceuticals, and telecommunications equipment,

and previous studies have shown that these companies account for a significant number of

inventions and R&D expenditure in Swedish industry (Wallmark and McQueen, 1986; Håkanson

and Nobel, 1993).

It should be re-emphasized that the data include only foreign subsidiaries with a proven capacity

to contribute significantly to the technological and strategic development of the multinational

group. Proof of this capacity is that the subsidiaries have been awarded at least one U.S. patent,

which by definition requires that inventions be novel, non-obvious, and useful additions to the

existing stock of knowledge. It is further notable that in some of the locations subsidiaries may

have been awarded one or several U.S. patents, but never accomplished the development of

technological capabilities that were new to the entire multinational group. Others are associated

with single or multiple entries, but testing for typical patterns in the entry into new technologies

requires the inclusion of both types in the empirical tests.

Data Collection

The patent database consists of the complete patenting activity of 23 Swedish MNCs in the U.S.

over the period 1893-1990. Most of the foreign subsidiaries are located in Europe and the United

States (see Figure 9).

The original sampling10 and collection of raw data was made by Zander (1994), but has been

10 The sample criteria were based on both technological activity (in the form of patents) and size (Wallmark and Mc
Queen, 1986). In order to define the sample firms and subsidiaries, a historical examination of each individual firm
identified any name changes as well as possible, any changes in ownership through mergers and acquisitions.
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significantly re-arranged and expanded to fit the purposes of the papers included in this thesis. In

order to make the database and the longitudinal records complete for statistical use, substantial

restructuring of the data was required. Secondary complementary data were collected and added

to the original database, specifically, secondary data for the covariates GDP of the local markets

and cultural distance. In addition, several covariates were created, such as industry

classifications, age of foreign subsidiaries, intra-firm networking, intra-firm embeddedness, and

prior entries into new fields of technology. All the collected data and developed covariates had to

be matched with each sample firm and foreign subsidiary for all relevant years under observation

(1893-1990). An important factor in event history analysis is the treatment of covariates.

Especially, the correct use of time-varying covariates (Kappen, 2009) required substantial

extensions of the database.

Descriptive Statistics

Table 2 presents the Swedish MNCs included in the sample, together with the year of

establishment and main field of industry. All the sample firms are well-established MNCs, many

of which have maintained operations in foreign locations for more than a century. The majority

of them represents medium to high tech industries, and inline with previous findings (Pavitt et al.,

1989; Patel and Pavitt, 1997), several of the firms possess highly diversified technological

portfolios.
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TABLE 2:

The Swedish MNCs Included in the Sample

Sample firms

MNC Year of
establishment Principal field of industry

AGA 1904 Industrial gases
Alfa Laval 1878 Separators, agricultural equipment
ASEAa 1883 Power generation and distribution equipment
Astra 1913 Pharmaceuticals
Atlas Copco 1873 Pneumatic and hydraulic equipment
Avesta 1883 Specialty steel and metals
Electrolux 1910 White goods, home appliances
Ericsson 1876 Telecommunication equipment
ESAB 1904 Welding equipment
Esselte 1913 Office equipment
Fagersta 1873 Metals, rock drills
MoDo 1873 Pulp and paper
Perstorp 1880 Chemicals, conglomerate
Pharmacia 1911 Pharmaceuticals
PLM 1919 Packaging material
Saab-Scania 1891 Automotive products, aircraft
Sandvik 1862 Specialty steel and metals, hard materials
SCA 1925 Pulp and paper
SKF 1905 Ball and roller bearings
Stora 1888 Pulp and paper
Tetra Pak 1946 Liquid packaging machinery
Trelleborg 1905 Rubber products, conglomerate
Volvo 1915 Automotive products, food
a ASEA merged with Swiss Brown Boveri et Cie. in 1987, and observations were truncated in
1988.
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Figure 5 describes the evolution of advanced foreign subsidiaries within the sample MNCs. In

essence, a distinct increase in the number of foreign advanced subsidiaries can be seen from the

1960s and onward, supporting existing theories on the evolution of the modern MNC.

FIGURE 5:
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Figure 6 presents descriptive data on the emergence of new technological capabilities in the

advanced foreign subsidiaries. Measuring the average share of technological capabilities

emerging in advanced foreign subsidiaries over five-year periods, the data shows an increasing

share of foreign technological capabilities, confirming the general expectation that over time

foreign subsidiaries have come to serve as significant sources of new technological capabilities in

the entire multinational group.

FIGURE 6:

The Average Share of Foreign Technological Capabilities

Emerging in Advanced Foreign Subsidiaries11
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Below Figure 7 shows some baseline facts about the time to diffusion of technological

capabilities from advanced foreign subsidiaries to headquarters. The sample is divided into four

different time periods and the average time to diffusion is calculated within each time period.

More specifically, Figure 7 indicates how the average time to reverse diffusion generally has

become shorter in the later time periods, although it needs to be added that the data do not take

into account the existence of right censored observations.

FIGURE 7:
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Figure 8 offers some basic facts about the number of developed technological capabilities by

advanced foreign subsidiaries that have been diffused to headquarters. Again, the sample is

divided into four different time periods and the average extent of technological capabilities that

diffused within each time period is calculated. More specifically, Figure 8 indicates how the

average amount of diffused technological capabilities generally has decreased in the later time

periods. It needs to be added that the data do not take into account the existence of right censored

observations. Furthermore, during the later time periods, a higher number of technological

capabilities are developed by advanced foreign subsidiaries (see Figure 6).

FIGURE 8:
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Figure 9, finally, shows the country distribution of the advanced foreign subsidiaries in the

sample12.

FIGURE 9:

Country Distribution of the Advanced Foreign

Subsidiaries of the Sample Swedish MNCs

Patents as Indicators of Technological Activity in Firms

Patents are a frequently used technology indicator in the international business literature and

elsewhere (Jaffe, 1986; Archibugi and Pianta, 1992; Almeida and Phene, 2004; Feinberg and Gupta,

2004) as they possess the specific advantage of providing consistent and comparable information

over extended periods of time. However, no measure is perfect and some critical issues such as

the extent to which patents measure technological capabilities and overall technological

development in firms will be discussed as well as the use of U.S. patents regarding Swedish
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subsidiaries may differ slightly in the various articles.
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persons, and differences in patent propensity due to industry, firm and country effects are

highlighted.

During the past years there has been an increased interest among researchers in the nature and

role of the patent system, as well as the potential of patent statistics when conducting research on

innovation and innovative capabilities (Hall et al., 2000; Bessen and Meurer, 2008; Gittelman,

2008). Today it is commonly agreed that patent analysis serves as a useful tool for understanding

the phenomena of technological advancement and technological flows within MNCs (Jaffe et al.,

1993; Almeida, 1996; Almeida and Kogut, 1997; Mudambi and Navarra, 2004; Gittelman, 2008),

as it provides rich and fine-grained detail on technologies, pinpointing the people, places, times,

and technological characteristics of every patented innovation (Gittelman, 2008). Thus, there has

recently been a significant increase in the number of patent-based studies in business and

economics (Hall et al., 2000; Cantwell, 2006).

The increased interest in patent analysis can be seen from the perspective of a shift in intellectual

attention, which has led to a resurgence of interest in what might be possible to accomplish with

patent data. According to the conventional view of the firm, the issue was how a firm could

exploit existing technologies by responding to opportunities in foreign markets. However, today

the research focus has shifted toward how firms generate knowledge and capabilities and how

they are leveraged, for example, throughout the MNC network. The MNC is perceived not only

as a tool for diffusing established capabilities and advantages, but as a key player on the

international arena for technological development. This in turn has lead to a shift in how we

perceive patent activity; while patents used to be regarded as a general proxy for inventions, they

are used as a more specific proxy for the creation of specialized capability inputs into innovation

within a company (Cantwell, 1995, 2000). Put differently, while patents are traditionally seen as

the result of innovative activities or capabilities, at the same time they reflect technological

capabilities used as an input in ongoing research efforts by MNCs.

The current thesis draws upon the notion that patenting can be regarded as an appropriate input

measure concerning the technology development process, that is, as an indicator of inherited

technological capability (Comanor and Scherre, 1969). Hence, a number of empirical studies
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have been performed (e.g. Cantwell, 1995, 2000) where both R&D and patenting are perceived as

representing the development of capability inputs into innovation development and problem-

solving.  Moreover, there is a discussion going on regarding the value of patents to firms. Both

the patent system and most of the literature on patent data are biased toward the assumption of

novelty. However, if one considers capability development to be a path-dependent evolutionary

process, current capabilities will influence future capability emergence. In line with this, Nerkar

(2003) found that both recent and already established capabilities are valuable, and that the

emergence of new paths for firms is facilitated through the combination of recent and established

capabilities.

Advantages of Patent Data

For researchers interested in examining technological growth patents offer several benefits. First,

by definition patents have an advantage in the study of knowledge creation processes, as they are

defined as inventions that are novel, useful and not obvious to people in the field

(U.S. Department of Commerce, 1992). Moreover, since all patents are examined by a patent

examiner they can be perceived as a more objective measure of new knowledge development

than perception-based measurements. Patenting has also shown to correlate highly with

alternative measures of technological activity and innovative performance, such as research and

development expenditure and new product introductions. In a study comprising a large number of

companies in four high-tech industries, Hagedoorn and Cloodt (2003) found “no major

systematic disparity amongst R&D inputs, patent counts, patent citations and new product

announcements”, and conclude that “future research might also consider using any of these

indicators to measure the innovative performance of companies in high-tech industries”.

Additionally, patents provide relatively much information, as a patent document contains the

name, location (city and country) of the individual inventor or inventors and assignee, the latter

of which often is a corporate group. This allows the researcher to pinpoint an innovation in

geographic, technological and temporal space13 (Trajtenberg, 1990).

13 Importantly, the patent document also provides data on earlier patents on which the current patent builds, enabling
tracing a certain path of knowledge development. However, these patent citations were not available in the present
study, due to how the original data were collected.
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Finally, patent data provides a historically consistent record which facilitates longitudinal

quantitative studies. They are consistent as all technology classes together with all earlier patents

are re-classified every time a new class is added, due to the fact that connections to previous

work and patents need to be maintained. Patent data are also rather easily accessible, which opens

up for sample sizes that are large enough to allow sophisticated statistical analyses. This has

enabled patent based studies of various research issues at different levels such as, macro-level

analysis of national or cross-national trends (Cantwell, 1995; Frost, 2001), more detailed studies

at the firm level (Cantwell, 2000; Katila and Ahuja, 2002), and even studies at the level of social

networks (Almeida and Kogut, 1999).

U.S. Patents

Despite the fact that patent data offer the possibility of cross-country comparison, patenting

activity and behavior is closely connected to the rules of patenting offices and hence it is vital

from a methodological point of view to use patents that have been granted from one single legal

authority and have passed the same common legal and administrative framework of review

(Cantwell, 2006). This thesis relies on Swedish firms’ patenting activity in the United States. One

advantage of using U.S. patenting data is that the general attractiveness of the large U.S. market

encourages patenting of inventions that are believed to be of relatively high quality and

commercial value. The use of these data thereby reduces the risk that accidental or insignificant

inventions bias the results. It has been found that Swedish firms’ patenting in the United States

do not differ significantly from patenting in other large markets, such as Germany or France

(Archibugi and Pianta, 1992).

Patents that are granted by the U.S. Patent and Trademark Office are most commonly used in the

literature, as the United States is perceived as a large, open and technologically advanced

country. The U.S. market is also the world’s largest market, which offers firms great

opportunities to generate revenues from intellectual property either by starting production

themselves or by licensing their knowledge. One potential drawback of using U.S. patenting data

is that it tends to inflate the patenting activity by U.S. subsidiaries (because they have a relatively

higher propensity to patent in what is their home market). Although this increases the relative
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number of observations that may be associated with U.S. subsidiaries in the current thesis, it

should not affect the expected pattern in the emergence and diffusion of technological

capabilities. In the current sample, U.S. subsidiaries account for only a small percentage, so they

should not have a disproportionate influence on the results.

The Role of Firm Size

Large firms are more likely to patent their innovations than small and medium-sized firms. Thus

patent statistics are a more reliable measure for large MNCs when looking at firm-level patenting

activities. That large firms patent to a greater extent has been empirically showed and is

explained by their innovativeness and economies of scope (Henderson and Cockburn, 1996).

However, large firms have a lower degree of patents relative to R&D expenditure than small and

medium-sized firms (Sanders et al., 1959), and consequently, it is suggested that the utilization

rate is higher for smaller and medium-sized firms than for MNCs. A relatively small number of

patents are purchased, and in fact small firms buy more patents than large firms (Sanders et al.,

1959). This supports the idea that patents represent an input into an ongoing process of

knowledge and capability development instead of isolated outputs, and that patent data is a better

indicator of innovation activity of large than small firms (Acs and Audretsch, 1991; Pavitt et al.,

1987).

Industry differences

The importance of patenting has shown to differ among industries. A study of large firms shows

that 60 percent of pharmaceutical firms regard patents as essential for the development of an

invention, whereas the figures are only 38 percent for the chemicals industry and 10-20 percent

for inventions in the oil, machinery, metals and electrical equipment industries, thus industries

where patents are perceived as important have a higher degree of patenting activity (Mansfield,

1986). Interesting though is that the difference in patenting activity among industries in which

patents are considered as important and in industries where they are not regarded as significant is

relatively small, 85 and 66 percent respectively. This suggests that large firms irrespective of

industry, have a high degree of patenting activity and that most of the variation found regarding
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patenting activity can be explained through the number of patentable inventions which can be

generated by a given value of R&D resources across industries.

Innovations are developed differently across industries, thus patents provide and foster different

kinds of protection, patent strategies and behavior of firms across industries. In industries where

innovations are relatively discrete and isolated such as the pharmaceutical industry a patent

provides instant protection, whereas patenting behavior in complex industries is systematic and

based on the notion of forcing rivals into negotiations in order for them to create and mark out a

technological territory (Cantwell, 2006).

Value and Use of Patents

The general value of patents for firms is the limited time period their exclusive right to

commercially exploit the invention. Large firms patent over 50 percent of their inventions

(Mansfield, 1986), but previous studies have shown that it is only in the pharmaceutical industry

that patents offer protection (Levin et al., 1987). This suggests that large firms may patent for

other reasons, such as organizing and regulating the exchange of technological knowledge, and

foster coordination of interlocking systems. According to Cantwell and Barrera (1996), the main

driving force behind patenting within the electrical equipment industry and in the chemical

industry is to obtain and sustain entry tickets into a leading corporate club, and to mark out their

respective areas of interest and expertise within these clubs. Extensive patenting is also important

for the firm to prevent being blocked in their future technological development. Following von

Hippel (1994), firms use patented knowledge as bargain chips in order to settle inter-firm

technology agreements.

One of the most debated and robust findings in the literature is the notion that only a small

proportion of all patents are valuable, and there have been a number of attempts made by

researchers to determine the value of patents, but the findings have merely resulted in a wide

range of values (Scherer, 1965; Schankerman and Pakes, 1986; Lanjouw, 1998) and incoherence

in terms of their judgment of whether firms earn large benefits from patent strategies or not.

Findings indicate that both type of industry and the economic situation of a country matter
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(Bessen and Meurer, 2008). For example, chemical and pharmaceutical industries have above

values of their patents to their owners whereas firms operating in relatively poor economies have

a hard time obtaining the benefits from patents. Recent research has therefore focused on the

prediction of value instead of the specific value of an individual patent. Three different asset

values of a patent for its owners have been identified in the literature; (1) the patent in itself is a

quality improvement (2) several patents together cover different substitute technologies (3) the

patent is a part of a cumulative research process, where the control over certain patents affect

other patent rights (Harhoff et al., 2003; Reitzig, 2003). Hence, the value and use of patents need

to be seen in a broader context than the direct property protection that they provide.

The Use of Patenting in the Current Thesis

In this thesis patents serve as an indicator of technological activity and patterns in the emergence

of technological capabilities and their diffusion by advanced foreign subsidiaries. Although, it

draws upon the notion that patents today are often used as a specific proxy for the creation of

specialized capability inputs into innovations and products (Cantwell, 1995, 2000) and flows of

technology in the MNC (Jaffe et al., 1993; Almeida, 1996; Almeida and Kogut, 1997; Mudambi

and Navarra, 2004), using patent data as a proxy for intra-MNC emergence and diffusion of

technological capabilities have some limitations. First, a patent is an indicator of innovative

performance, which narrows the focus to technological innovations, articulated knowledge, and

the associated capabilities, excluding other types of innovations across different stages of the

value chain, recognizable important for firm performance and success (Phene and Almeida,

2008). Second patents only capture elements of capabilities that are mainly codified14,

disregarding an extensive amount of knowledge, especially in the context of strongly networked

firms such as MNCs (Mudambi and Navarra, 2004). However, patents can also be perceived as

an explicit marker of the existence of a tacit capability underlying the patent and thus in this

thesis patents are perceived as explicit knowledge of a process including a technological

capability.

14 Patenting is a strategic decision, and only part of the codified knowledge residing in the MNC is captured, perhaps
due to legal reasons or the firm having no interest in keeping the invention a secret.
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Finally, although patents as a measure of technology flows is well established in the literature

(Jaffe et al., 1993; Almeida, 1996; Almeida and Kogut, 1997; Mudambi and Navarra, 2004), the

present empirical analysis only provides a picture of the patterns of technological capability

diffusion in the MNC; it does not identify specific mechanisms of the diffusion process itself or

the nature of technological capability. Technological capability diffusion is based on the

patenting activity of an advanced foreign subsidiary in a technological class that is new to the

entire MNC, and the subsequent patenting activity, in the same technology class by headquarters

or another subsidiary15. This measure is subject to noise16, and technological capability diffusion

is not completely captured by this variable17. Even though the patenting activity observed cannot

pinpoint the mechanism behind the diffusion process, the underlying assumption is that

subsequent patenting activity in the same technology class suggests path-dependence and

building on an existing technological capability. Thus, the use of the term diffusion agrees, with

that of Ghoshal and Bartlett (1988) that is, diffusion is defined as occurring when a technological

capability emerges in a foreign subsidiary and then occurs at headquarters or in another

subsidiary of the MNC.

Patents must be treated with some caution (Schmookler, 1950; Pavitt, 1988; Mudambi and

Navarra, 2004), but no extensive biases are anticipated in the current thesis. Most of the sample

firms are active in medium to high tech industries, where patenting is considered an important

competitive device. Although patenting propensity varies across the sample firms, causing

variation in the number of patents associated with each firm, it does not in itself affect overall

patterns regarding the emergence of technological capabilities.

15 For a more detailed description of how reverse and peer-to-peer diffusion are measured, see paper, III and IV.

16 According to Wilkins (1974) diffusion may have been brought about in several different and possibly overlapping
ways, including transfer of technology, international mobility of individuals between subsidiary and headquarters,
knowledge exchange as part of inter-subsidiary collaboration or internationally coordinated R&D projects. In some
cases, the diffusion of technological capabilities may also be the result of independent work on the same
technologies by both a subsidiary and headquarters or another subsidiary.

17 There is an extensive literature using patent data to measure knowledge and capabilities, and it is argued that
patent data have the advantage of being objective and generally perceived as a good representative of knowledge as a
whole. For a more detailed discussion, see Griliches (1992.)

39



40

Despite the fact that the study at the level of 400 classes of technology as defined by the U.S.

Patent Office does not include more incremental technological development, patterns of minor

advancements remain unknown, and it is argued that the used aggregation of classes of

technology strikes a fair balance between smaller and more aggregated groups. Arguably, the

applied level of aggregation corresponds to the type of innovation that tends to be considered in

the extant literature on the technological and strategic development of the MNC (Hedlund, 1986;

Bartlett and Ghoshal, 1989; Doz and Prahalad, 1991).

Statistical Method

The statistical method applied in the thesis is event history analysis, specifically Cox’s partial

likelihood estimation, using the SAS statistical package (Allison, 1995). This method captures

the occurrence of repeated events or the fact that a subsidiary may be involved in a number of

successive entries into new technologies or in a number of diffusion processes of technological

capabilities. With the development of event history analysis and especially repeated or recurrent

event analysis, there are now several basic models in use, such as the AG, PWP, FEPL, and

WLW methods (Box-Steffensmeier and Zorn, 2002; Ezell et al., 2003; Jiang et al., 2006; Kelly

and Lim, 2000; Therneau and Hamilton, 1997). Below, an overview of event history analysis is

presented, and a short description is given of the different methods applied in the current thesis.

Event History Analysis

Event history analysis - also referred to as survival analysis, duration analysis, or transition

analysis- is an umbrella term for a collection of methods aiming at describing or explaining why

specific events do or do not occur18. There are several approaches included in this collection of

methods; common for all methods is that an event is defined as a qualitative change that can be

18 Life Tables methods originated in the 19th century and have been used since then. However, it was not until the
1950s and 1960s that more modern methods for event history analysis were developed, such as the most influential
regression methods Cox’s proportional hazards model (1972), which made it possible to conduct repeated events
analysis. Event history analysis has a long tradition in the biostatistician and medical fields, and it has been used and
discussed in the fields of engineering and strategy (Jiang et al., 2007). Recently, management researchers have been
called upon to use event history analysis (Bergh, 1993).
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defined in time. In essence, a change from one discrete state to another occurs virtually

instantaneously, such as death, marriage or promotion (Allison, 1995). The focus of event history

analysis is the hazard function, that is, the probability that an event will occur after any given

duration, and it can be defined in terms of three features: (1) data units, such as individuals or

subsidiaries, moving along a restricted series of states, (2) events that may occur at any time, (3)

and two types of factors affecting events; time-constant and time-dependent covariates (Coleman,

1981).

Event history methods are better than other more generally used techniques such as linear or

binary regressions, because linear and binary regressions cannot efficiently estimate information

from censored observations. Censored observations are observations which have not experienced

the event but still remain in the sample at risk of such an event at the end of the observation

period. Since linear analysis and binary regressions cannot include them in the analysis, valuable

information is lost. Furthermore, event history analysis has a more sophisticated way to deal with

issues regarding the modeling of explanatory variables which change over time and also the

capacity to allow for multiple event types and event numbers. Covariates are the independent

variables in a Cox model, and they are either time-varying or time-invariant. Time-varying

covariates are independent variables that may change values in the course of an event or several

events, whereas time-invariant covariates stay the same throughout the analysis (Allison, 1995).

Single Events

Essentially, single event history models analyze the occurrence and timing of an event that may

be experienced only once, such as death or time to first diffusion; thus, observed survival or time

to diffusion is assumed to be independent (Sinha, 1993). Below the two single events analyses

applied in the current thesis are presented.

The Kaplan-Meier Survival Analysis

The Kaplan-Meier survival analysis is a method of generating tables and plots of survival or

hazard functions for event history data. This analysis incorporates time to death, or time to the

41



42

emergence or diffusion of a technological capability. Thus, the Kaplan-Meier survival analysis

serves as a descriptive tool for time-to-event variables by estimating survivor functions following

event times having probability distributions. More specifically, the survivor function is the

probability that an event time is greater than t, where t can take any non-negative number. In the

case of no censoring, that is all observations experience an event, the survivor function is simply

the proportion of observations with event times greater than t. The method makes it possible to

test the null hypothesis that survivor functions for two or more groups are identical. Accordingly,

the Kaplan-Meier survival analysis is a fruitful method in exploratory stages of research, and it is

used in three of the papers of the current thesis (see papers II, III, and IV).

The Cox Proportional Hazards Model

In analyzing time to event data, the semi-parametric, partial likelihood maximizing Cox’s

proportional hazards model (Cox, 1972) is the most commonly used approach. This is mainly due

to two reasons; first, the ease of interpreting results and the simple computational skills that are

needed, and second, the approach can be extended to allow for more than one event to occur

during the window of observation. In the basic model, the hazard function h/(t) defines the

probability by which an observation experiences an event at time t, given it has not already

occurred. The standard proportional hazards model is:

h/(t) = 0 (t) exp[Xit ]

where h/(t) is the hazard of a defined event, Xit is a vector of covariates, and finally 0 is an

unspecified baseline hazard function. The Cox proportional hazard regression coefficients are the

logits of the hazard and are generally used to obtain the risk ratio, which defines the change in the

likelihood of an event because of a unit change (Cox and Oakes, 1984); thus, they estimate the

influence of explanatory variables on the hazard of time to, for example, diffusion without

specifying a precise parametric time to diffusion.
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Multiple Events

Multiple events allow each subject to experience several events, so that events from the same

subject are potentially correlated. Moreover, they can be divided into two different categories-

recurrent and multiple-type events (Kelly and Lim, 2000). Event data are referred to as recurrent

event data when the subject experiences several occurrences of the same type of event, whereas

multiple-type data is when the subject experiences several different types of events. Two of the

papers in the thesis (papers I and II) apply repeated event history analysis. This analysis captures

the fact that a subsidiary may be involved in a number of successive emergence processes of

technological capabilities. Each emergence of a technological capability represents a distinct

event. The first spell extends to the subsidiary’s first emergence of a technological capability.

The subsequent spells occur between the subsidiary’s successive developments of technological

capabilities (see Figure 10). Since all observations end in 1990, the last spell of any sequence of

entries into new technologies or diffusion of new technologies is typically right censored. In

some cases there is no development of a technological capability over the observed time period,

resulting in a right censored observation.

FIGURE 10:

Two Hypothetical Patterns in the Emergence of Technological Capabilities
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Below the two repeated models applied in this thesis are presented in more detail.

The Andersen-Gill or AG Model

The simplest repeated event history analysis method is that of Anderson and Gill (1982), hereafter

referred to as the AG model. This method is applied in the first paper of the thesis, and it is generally

recommended in the literature (Box-Steffensmeier and Zorn, 2002; Jiang et al., 2005; Ezell et al.,

2003; Kelly and Lim, 2000). The AG method was developed as an extension of the Cox model, to

make possible recurring events as a stationary process, and the key characteristic is the assumption

that the risk of an event for a given subject will be influenced by prior events that happened to the

same subject, unless a specific term is included to correct for this (Oakes, 1992).

The AG model has the same underlying baseline hazard for all events (Box-Steffensmeier and Zorn,

2002), which implies that all events are assumed to be independent.  Moreover, the AG model uses

an unrestricted risk set, and thus all observations’ risk intervals contribute to the risk set for any

event, no matter how many events and any particular observation has experienced. The AG model

explains general covariate effects and thus common baseline intensity function in the concept of risk

set, because each event count restarts the failure process, not allowing for feature event stratifying

effects (Jiang et al., 2005). Moreover, the AG model can be estimated in two different ways. In the

current thesis, the renewal or gap time specification is preferred to the counting process

specification19. Formally, the AG model can be expressed as:
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where new nomenclature includes )(k
iY , which is an at-risk indicator and )(k

iY =1 unless the

observation is removed from the study.

19 For a detailed explanation of the choice of the AG renewal or gap time specification in this thesis, see paper I.
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The Prentice, Williams, and Peterson or PWP model

The second paper employs the Prentice, Williams, and Peterson (Prentice et al., 1981) model. In

essence, the more conservative PWP model is appropriate whenever events occur sequentially

and the main interest is duration since the last event (Box-Steffensmeier and Zorn, 2002). In

comparison with the AG model, the PWP model applies a restrictive risk set in that each

observation at risk for event k must have experienced event k-1. Hence, the subjects at risk at

time t for the kth occurrence of an event are limited to those observations that have already

experienced k-1 events of that type.

With the PWP model the different events can have separate baseline hazards, (in the AG model

covariate effects are assumed to be the same across event ranks) due to the fact that estimates are

stratified by event rank. The PWP model can also be estimated in two different ways - elapsed

time or interevent time. The difference between the two is that, elapsed time counts the duration

from each subject’s entry into the risk set, whereas in the interevent model time is defined as the

duration since the previous event. In this thesis, the interevent model is used20. Formally, the

PWP model can be expressed as follows:

])(exp[)()(),( 10 zttttZtKt kkk

where new nomenclature includes )(tK which is a variable for the number of events in a counting

process, and k denotes a counter on the different events and is used as a stratification indicator

subscript.

Limitations of Event History Analysis

One limitation of repeated event history analysis is that it does not account for or correct for

unobserved heterogeneity. Despite the fact that the fixed-effects partial likelihood (FEPL) model

20 For a detailed explanation of the choice of interevent time in the current thesis, see paper II.
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can control for unobserved heterogeneity (Allison, 1996), the FEPL model is not applied in this

thesis. This is due to two main reasons. First, fixed-effects models are only appropriate under

conditions of moderate censoring, or when the majority of subjects experience at least two

events. The single censored spell should at least be as long as the smallest completed spell for it

to contribute to the likelihood function. Hence, when there is severe censoring, the FEPL model

is not suitable, as it tends to find incorrect large negative effects of the number of prior events

(Allison, 1995, 1996). Second, the FEPL model is not suitable for predicting the effects of certain

covariates, typically covariates such as number of prior events, which are central to some of the

current analyses, as they tend to be biased downwards in terms of their true hazard rates (Allison,

1996; Ezell et al., 2003).

Another factor important to highlight is that of dependence which means that second and

subsequent events are likely to be affected first events and therefore different (Box-Steffensmeier

and Zorn, 2002). Repeated event history analysis assumes that multiple intervals for each

individual are independent, conditional to the explanatory variables, whereas in reality they may

be dependent (Allison, 1995). As a result, analyses treating repeated events as independent run

the risk of producing misleading results. Since the information that each observation gives is

overestimated providing incorrect estimates of standard errors, and the information only allow the

influence of covariates to be the same across all the events (Box-Steffensmeier and Zorn, 2002).

The assumption of conditional independence is therefore likely to always be violated to some

extent, but in this thesis it is controlled for by the inclusion of previous events as the dependent

variable.
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SUMMARY OF THE PAPERS

In this section, each of the four papers included in the current thesis is presented and a short

summary of them is given. An overview of the four papers is presented in Table 3, stating the

title, research question, independent and dependent variables examined, together with the main

findings of each paper.

As outlined above three specific research questions are addressed. The first paper, Quo Vadis?

The Entry into New Technologies in Advanced Foreign Subsidiaries of the Multinational

Corporation, and the second paper, Growth Engines of the Multinational Corporation – A

Longitudinal Study of the Drivers of Entry into New Technologies in Foreign Locations, relate to

the first research question regarding patterns in the emergence of technological capabilities in

advanced foreign subsidiaries. Paper three, Diffusion Patterns of Technological Capabilities – the

Difference of Greenfield and Acquired Advanced Foreign Subsidiaries, and paper four, Reverse

Technological Diffusion: On the Diffusion of Technological Capabilities from Advanced Foreign

Subsidiaries to Headquarters of the MNC, relate to the second research question, patterns in the

diffusion of technological capabilities from advanced foreign subsidiaries to headquarters and

other subsidiaries. Finally, the third research question, concerned with potential differences

between greenfield and acquired advanced foreign subsidiaries, is addressed in all the papers

except for the first one.
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Paper I: Quo Vadis? The Entry into New Technologies in Advanced

 Foreign Subsidiaries of the Multinational Corporation

In an article that marked the beginning of extensive research on foreign technological activity

in the multinational corporation (MNC), Robert Ronstadt (1978) suggested an evolutionary

pattern in which initial R&D investments in foreign subsidiaries expand into significant

capabilities in developing new and improved products for foreign or even global markets. The

prediction was the emergence of an increasing number of advanced foreign research and

development units in the MNC, capable of making substantial contributions to the

technological and strategic development of the entire corporation. Now, three decades later, it

appears that Ronstadt’s overall prediction was essentially correct. Research has confirmed an

increase in the foreign part of technological capabilities in many MNCs, and full-fledged

subsidiaries with advanced technological capabilities have become common in the large and

well-established multinational (Cantwell, 1989; Dunning, 1994; Reger, 2002; Cantwell and

Mudambi, 2005).

Although it is known that as a group foreign subsidiaries of the MNC have come to make an

increasingly significantly contribution to its technological renewal, the literature on the

subject contains limited information about evolutionary paths and potential limits to the

development of technological capabilities at the level of individual foreign subsidiaries.

Paper I addresses these gaps in the literature by delineating the theoretical drivers behind the

evolution of technological capabilities in subsidiaries of the MNC. This paper empirically

investigates longitudinal patterns in advanced foreign subsidiaries’ entry into technologies

that are new to the entire multinational group. Repeated events analysis drawing upon the

complete U.S. patenting by 157 foreign subsidiaries of 21 Swedish MNCs over the 1893-1990

period reveals an accelerated entry into new technologies or a large number of prior entries

into new technologies increasing the likelihood of a rapid entry into additional new

technologies. At the same time, the results reveal relatively small numbers of entries into new

technologies in most subsidiaries and moderate hazard rates. Overall, the results support

theories from various angles that address the evolution of technological capabilities in foreign

subsidiaries, but caution against extreme views on the growing strategic importance of

advanced foreign subsidiaries of the MNC.
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Paper II: Growth Engines of the Multinational Corporation – A Longitudinal Study of

the Drivers of Entry into New Technologies in Foreign Locations

It is a well-established fact that internationalization has given MNCs access to new technological

capabilities and growth options (e.g. Cantwell, 1989, 1991; Pearce, 1989; Dunning, 1994; Reger,

2002), and it is generally suggested that these new technological capabilities are fundamental for

sustaining competitive advantage in a rapidly changing competitive environment (e.g. Bartlett

and Ghoshal, 1989; Hamel and Prahalad, 1994; Dougherty and Hardy, 1996). It is acknowledged

that some foreign subsidiaries develop into technologically advanced CoEs within the

international network (Birkinshaw and Hood, 1998; Holm and Pedersen, 2000) and that foreign

acquisitions enhance the scope of the MNC’s technology portfolio and growth options (Zander,

1999b; Cantwell and Mudambi, 2005), but the relative contribution of greenfield and acquired

subsidiaries as growth engines of the MNC is yet to be more fully understood.

Paper II addresses the technological importance of greenfield and acquired subsidiaries by

considering a “horse race” between three types of entry and investment strategies in foreign

locations, characterized by the MNC’s deployment of either greenfield or acquired subsidiaries,

or a combination of the two. Particular light is shed on which type of investment or combination

of investments has a particularly pronounced effect on the likelihood of introducing technological

capabilities that represent new additions to the MNC’s technology portfolio. To do this, a dataset

containing the complete U.S. patenting by subsidiaries in 173 foreign locations of 21 Swedish

multinationals over the 1893-1990 period. From these data, the hazard rates for successive entries

into new technologies in foreign locations for each of the possible entry and investment strategies

are estimated, controlling for a set of additional variables internal and external to the MNC.

The results show that there are substantially different probabilities of entry into new technologies

depending on the type of entry mode, and, that foreign acquisitions are much more important than

greenfield subsidiaries as growth engines for the technological renewal of the MNC. Apart from

contributing new empirical knowledge about post-entry effects in the internationalization of the

MNC, the findings provide guidance for managers concerned with the growth and long-term

strategy of the international firm. If technological renewal through operations in foreign locations

is seen as desirable, foreign acquisitions should be the preferred and encouraged mode of

international expansion.
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Paper III: Diffusion Patterns of Technological Capabilities within Multinational

Corporations – Differences between Greenfield and Acquired

Advanced Foreign  Subsidiaries

The emergence of advanced foreign subsidiaries coincides with the notion that sustained

competitive advantage of the MNC rests on its ability to leverage knowledge across dispersed

foreign subsidiaries (Bartlett and Ghoshal, 1989; Nohria and Ghoshal, 1997; Gupta and

Govindarajan, 2000; Zander and Sölvell, 2000; Piscitello, 2004). However, despite the

increasing strategic importance of advanced foreign subsidiaries as sources of new

technological capabilities and knowledge (Birkinshaw and Hood, 1998; Zander, 1999a;

Cantwell and Mudambi, 2005), relatively little is known about the diffusion of their new

technological capabilities to other actors in the multinational group. It is known that both

greenfield and acquired subsidiaries contribute to the entire multinational group through the

development of new technological capabilities (Zander, 1999b; Cantwell and Mudambi,

2005), but how the choice of entry mode influences diffusion patterns of new technological

capabilities within MNCs still remains relatively unknown.

Paper III examines longitudinal patterns in the diffusion of new technological capabilities in

the MNC. More specifically, it examines the diffusion of new technological capabilities from

advanced foreign subsidiaries to headquarters and sister subsidiaries, explicitly incorporating

the effects of inter-subsidiary differentiation by distinguishing between greenfield and

acquired advanced foreign subsidiaries. The empirical foundation is a dataset containing the

complete patenting activity of 23 Swedish multinationals over the 1893-1990 period, which

makes it possible to test for differences in the diffusion patterns of greenfield and acquired

advanced foreign subsidiaries.

The overall results reveal different diffusion patterns depending on which type of subsidiary

first introduced new technological capabilities. More specifically, the findings suggest that the

pace of diffusion of technological capabilities emanating from greenfield advanced foreign

subsidiaries to other greenfield subsidiaries is the highest, whereas the pace is intermediate to

headquarters, and the lowest to foreign acquisitions. Distinct differences are also found in the

diffusion patterns of technological capabilities emerging in acquired advanced foreign

subsidiaries, where it is found that the diffusion of technological capabilities is much faster to

headquarters than to other subsidiaries of the multinational group.

51



52

Paper IV: Reverse Diffusion of New Technological Capabilities to Headquarters from

Foreign Advanced Subsidiaries of Multinational Corporations

In the international business literature it is suggested that over time foreign subsidiaries of

MNCs have become responsible for a larger share of research and development (Cantwell,

1989; Dunning, 1994; Cantwell, 1995; Zander, 1997, 1999b; Cantwell and Piscitello, 2000;

Frost, 2001; Cantwell and Mudambi, 2005), and that the diffusion of capabilities from foreign

subsidiaries to headquarters is becoming increasingly important (Mansfield and Romeo, 1984;

Ghoshal, 1987; Mudambi, 2002). Hence, headquarters still serve as the main provider and

diffuser of capabilities, but foreign subsidiaries have turned into important sources of

technological capabilities that are significant for the entire multinational group (Cantwell,

1995; Papanastassiou and Pearce, 1997; Zander, 1999). Through reverse diffusion of

technological capabilities headquarters can draw upon the knowledge and capabilities residing

in its network and to advantage of the scope economies of learning within the entire

multinational group (Ghoshal and Bartlett, 1988; Yamin, 1999).

Earlier studies on reverse diffusion within MNCs have emphasized the questions why and

how reverse transfer of technology can benefit headquarters (Piscitello and Rabbiosi, 2007),

highlighting determinants and obstacles of such flows (Szulanski, 1996; Gupta and

Govindarajan, 2000). Previous research has also addressed organizational mechanisms used

by MNCs to enhance reverse transfer as well as differences across greenfield and acquired

subsidiaries regarding reverse transfer of technology and knowledge (Björkman et al., 2004;

Bresman et al., 1999; Gupta and Govindarajan, 2000; Håkanson and Nobel, 2001), but the

pace of reverse diffusion of technological capabilities has not received direct empirical

attention. Paper IV studies the pace in the diffusion of technological capabilities to

headquarters from advanced foreign subsidiaries, while explicitly incorporating the effects of

subsidiary differentiation. To test for these hypotheses a dataset is used containing the

complete patenting activity by 23 Swedish multinationals in 173 foreign locations over the

1890-1990 period is used.

The findings show a statistically significant increase in the pace of diffusion of technological

capabilities from foreign subsidiaries to headquarters, suggesting an increase in the likelihood

of diffusion just below 3 percent for each year in the 1893-1990 period and 10 percent in the

1960-1990 period. Thus, the results support work suggesting enhanced intra-MNC diffusion
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and sharing of technologies within the MNC (Gupta and Govindarajan, 1991; Mudambi,

2002, 2007; Piscitello, 2004), and the increased importance of foreign subsidiaries as sources

of significant technological capabilities (Birkinshaw and Hood, 1998; Zander, 1999a; Frost et

al., 2002). The results reveal no statistical difference in the pace of reverse diffusion

depending on whether the origin was greenfield or acquired foreign subsidiaries, but the

findings do indicate that the diffusion of technological capabilities by acquired foreign

subsidiaries is faster.

SUMMARY AND CONCLUSIONS

This thesis started by arguing that the ability of MNCs to develop and diffuse technology

throughout its geographically dispersed network of foreign subsidiaries is essential for

securing long-term growth and sustained competitive advantage (Bartlett and Ghoshal, 1989;

Nohria and Ghoshal, 1997; Gupta and Govindarajan, 1991, 2000; Mudambi, 2002, 2007;

Piscitello, 2004), and that foreign subsidiaries are perceived as sources of technological

capabilities important for the whole MNC. Although this might well be the case, the question

to what extent and at which pace advanced foreign subsidiaries actually contribute to the

emergence and diffusion of new technological capabilities is addressed more infrequently,

and there has been little debate the past decade on the technological evolution of advanced

foreign subsidiaries.

This concluding section summarizes the results from the empirical investigations of this

thesis, and relates them to the field of international business. Particular emphasis is placed on

the nature of the modern MNC regarding technological growth and the rarely explored

longitudinal patterns in the emergence of technological capabilities and their diffusion by

advanced foreign subsidiaries. Furthermore, managerial implications and interesting issues for

future research are highlighted.
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Empirical Findings

The Ultimate Limits of Technological Capabilities in Advanced Foreign Subsidiaries

The primary observation in the two papers on the emergence of new technological capabilities

is the presence of an accelerated pattern. In essence, the results suggest that the time between

entries into new technological capabilities tends to become shorter with each successive entry,

supporting established theories that address the evolution of technological capabilities in

foreign subsidiaries and the increased importance of advanced foreign subsidiaries as sources

for MNC technological growth. However, the relatively low observed hazard rates, question

the ability of foreign subsidiaries to dramatically enhance their contribution to the

technological and strategic renewal of the multinational group. An increase in the number of

prior introductions of new technological capabilities by one increases the likelihood of an

additional introduction by only a few percent.

On closer examination, the findings indicate that there are two different types of subsidiaries

in the sample showing significant variation with respect to the development of technological

capabilities. At the aggregate level, generally low numbers of emergence of technological

capabilities prevail, still amounting to an accelerated entry pattern. However, a small number

of advanced foreign subsidiaries show very high numbers of emergence of new technological

capabilities, suggesting that there are only a few specific subsidiaries that contribute

significantly to the strategic growth and renewal of the overall MNC technological portfolio.

Hence, this observation suggests that the technological and strategic influence of advanced

foreign subsidiaries on the overall multinational group may be narrowed down from the

general level to focus on what may be termed ‘superstar’ foreign subsidiaries.

The empirical findings also demonstrate that acquired subsidiaries serve as the main

technological growth engine of the MNC, as, in the present sample, locations represented by

only acquired advanced foreign subsidiaries are two times more likely to introduce new

technological capabilities to the multinational group than are locations represented by only

greenfield advanced foreign subsidiaries. Thus, the results suggest that both the type of

subsidiary and the strategy for entering and investing in foreign markets have a significant

effect on the MNC’s ability to acquire new technological capabilities.

54



55

Accordingly, to the extent that there are ultimate limits to the contribution from advanced

foreign subsidiaries, these will be approached only after a substantial period of time,

especially among greenfield subsidiaries. Considering that some subsidiaries may also exit

specific fields of technologies, and considering to what the same sample firms are reasonably

representative of MNCs originating in other countries, there are few indications that point to

an explosion of technological activity of advanced foreign subsidiaries.

Advanced Foreign Subsidiaries as Diffusers of Technological Capabilities within the MNC

The main findings suggest the presence of an increased pace in reverse diffusion, that is, the

time to diffusion has become shorter over the time period under study. The later into the time

period a technological capability emerges in an advanced foreign subsidiary, the faster it is

diffused to headquarters. Accordingly, the findings lend overall support for established

theorizing about the increased pace and importance of intra-firm diffusion of knowledge and

technology, and especially the significance of reverse diffusion regarding MNCs’ possibilities

to take advantage of the scope economies of learning throughout its geographically dispersed

network (Ghoshal and Bartlett, 1988; Yamin, 1999). The median time for reverse diffusion of

technological capabilities from acquired advanced foreign subsidiaries is 3.5 years. However,

despite these results, the overall pattern found demonstrates that the diffusion of technological

capabilities by advanced foreign subsidiaries is a rather slow process. For example, the

general median time to reverse diffusion from a greenfield advanced foreign subsidiary is 15

years, 7 years for diffusion to other greenfield subsidiaries and 28 years for diffusion to

acqusitions.

According to previous research, the intra-organizational role of the subsidiary matters for its

technological evolution, and advanced foreign subsidiaries are argued to have a higher degree

of technology diffusion to other actors in the multinational group (Mudambi, et al., 2007;

Yang et al., 2008). The findings in this thesis additionally provide evidence that the type of

subsidiary has a significant influence on diffusion patterns of new technological capabilities

and thus how knowledge and capabilities are leveraged throughout the MNC network. The

results demonstrate statistically significant different diffusion patterns of greenfield and

acquired advanced foreign subsidiaries. The pace of diffusion of new technological

capabilities from greenfield subsidiaries to other greenfield subsidiaries is the highest,

whereas the pace is intermediate to headquarters, and the lowest to acquired subsidiaries.
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Distinct differences are also found in the diffusion patterns of technological capabilities

emerging in acquired advanced foreign subsidiaries, where it is shown that the diffusion of

new technological capabilities is much faster to headquarters than to other subsidiaries of the

multinational group. Furthermore, the findings indicate that greenfield subsidiaries have a

high degree of exchange between them, yet the pace of diffusion to other actors in the MNC is

relatively higher for acquired subsidiaries than for greenfield subsidiaries. Hence, the results

suggest that type of subsidiary and strategy for entering and investing in foreign markets have

a strong influence on how technological capabilities are diffused in the MNC regarding pace,

extent and to which actors.

Methodological Implications

In an attempt to answer Bergh’s (1993) call upon management researchers to use event

history analysis, this thesis introduces the method of repeated or recurrent events to the field

of international business. Event history analysis is a method which holds substantial promise

for the analysis of longitudinal data and the analysis of various phenomena that occur with

regular frequency. It has received only limited attention, and although this thesis does not give

a review and penetration of the technical literature on repeated events, it however offers,

references to a set of papers that provide useful guidance to the most commonly used methods

available.

Conceptual Implications

The Role of Foreign Advanced Subsidiaries in the Modern MNC

The findings in the current thesis lend overall support for theories in the international business

field addressing the evolution of technological capabilities in foreign subsidiaries, but the

results at the same time question extreme views on the growing technological and strategic

importance of advanced foreign subsidiaries of the modern MNC. Particularly the findings on

the pace of entry into new technological capabilities question the MNC as a ‘creature’ of rapid

technological renewal and growth, and rather suggest that this ability should not be

overstated, supporting previous research arguing that larger firms do not necessarily foster the

exploration of new technologies (Block and MacMillan, 1993; Dougherty and Hardy, 1996).

If an MNC’s technological portfolio is renewed, the renewal seems to occur through
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acquisitions and the addition of external capabilities. This in turn suggests that the modern

MNC of today buys its way into new technological fields and technological capabilities

instead of developing them within the own MNC network. Inline with this, earlier findings

have demonstrated how mergers and acqusitions may function as a strategic mode to obtain

technological capabilities, which enable MNCs to enhance their current expertise and foster

technological potential (Cantwell and Santangelo, 2006).

Regarding the diffusion of technological capabilities by advanced foreign subsidiaries, the

overall findings suggest that when diffusion from advanced foreign subsidiaries occurs, it

happens faster today than in the past. This result strongly supports the general view of the

MNC as an increasingly interconnected ‘creature’ for leveraging technology domestically as

well as internationally (Bartlett and Ghoshal, 1990; Kogut and Zander, 1992, 1993). However,

although not all censored observations could be controlled for, the results indicate that the

degree of technological capabilities being diffused decreases during the window of

observation, and basic descriptive statistics reveal that less than 50 percent of the developed

capabilities are diffused within the MNC. In addition, the relatively long time period before

diffusion of new developed capabilities, by especially advanced greenfield subsidiaries

occurs, questions the importance of advanced foreign subsidiaries as significant sources of

technological capabilities of importance for other actors in the MNC.

The strategic significance of advanced foreign subsidiaries as sources of technological

capabilities and overall technological growth of the MNC (Birkinshaw and Hood, 1998;

Zander, 1999a; Almeida and Phene, 20024; Cantwell and Mudambi, 2005) is well recognized

in the international business literature, which also emphasizes the ability of MNCs to leverage

their innovative capabilities across globally dispersed subsidiaries as a significant source of

competitive advantage (Almeida, 1996; Frost, 2001; Nobel and Birkinshaw, 1998). Although

these basic phenomena undoubtedly exist, the findings in this thesis suggest that the

technological and strategic influence of advanced foreign subsidiaries is slowly evolving and

of moderate importance, and that technological growth is limited to a few ‘superstar’

subsidiaries. These suggestions are in line with recent research which has documented

perhaps surprisingly limited significance of diffusion within MNCs. For example, findings by

Enright, Subramanian and Williamson (2009) found the following results in their study on

knowledge sources and subsidiary mandates “counter to expectation, however, sister

subsidiaries do not show up as significant sources of knowledge for either implementation or
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innovation roles, casting doubt on whether MNCs in practice behave as “networked”

knowledge system with direct knowledge flows between multiple subsidiaries”. The reasons

for these results may be numerous, and below a few potential explanations will be discussed.

First, it may be the case that the development of more efficient and globally dispersed

innovation processes and value chains has lead to an increase in specialization of advanced

foreign subsidiaries. Each subsidiary is responsible for a certain part of the innovation process

or value chain and highly specialized in its fields of technology and thus responsible for a

certain but comparatively narrow mandate or CoE. This suggests that advanced foreign

subsidiaries are bound to produce technological advancements within their specific field of

expertise, while only a few ‘superstar’ subsidiaries that manage to break into new

technological fields as found in the sample. This suggests that as a collective advanced

foreign subsidiaries are highly strategically important for the MNC, as they together create

efficient innovation processes and value chains drawing upon the capabilities residing in the

MNC network, but not individually by introducing new technological capabilities at a high

pace.  Indeed, it is suggested that MNCs increasingly are focusing on efficiency, which

speculates that many of the traditional and ‘heterarchical’ MNCs are now going ‘back to

basics’, promoting a return from the sprawling networks that emerged after major acquisition

rounds of the 1970s and onward (Zander and Mathews, 2009).

Second, it could be the case that technology emergence and diffusion among advanced

foreign subsidiaries should be measured at a lower level in order to capture the ability of

MNCs to draw upon capabilities throughout it’s globally dispersed network. At more

disaggregate levels, it may very well be the case that patterns of acceleration and overall

contributions are revealed more forcefully. Yet, arguably the main part of the international

business literature that discusses the innovative and renewal capacity of the MNC (e.g.

Hedlund, 1986; Bartlett and Ghoshal, 1989) contemplates innovations at about the same level

of aggregation as used in the present study, and it is not mainly concerned with incremental

development or trajectories that capture refinements of already existing technologies.

Third, it may simply be the case that the relative slow pace of the introduction and diffusion

of new technological capabilities by advanced foreign subsidiaries is an indication that the

competitive advantage of MNCs is not yet fully exploited. If it is a matter of unrealized

potential, the underlying explanation may be found in myopic and insufficient strategic scope
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of MNC managers, or the use of management and control systems that have proven unable to

unleash the technological potential residing in the international network of the MNC. These

suggestions, however, remain speculative, as the present study has not been able to directly

address or capture changes in the management of the sample firms.

A final possibility is that the literature has been unclear on the distinction between relative

and absolute levels of technological superiority of the MNC, and that what appear to be

relatively moderate and slow processes of progress from a comparative perspective are very

significant. Along these lines, it has been suggested that although MNCs may be superior to

domestic firms in their ability to draw upon capabilities residing in globally dispersed

networks of foreign subsidiaries, the extent to which this is done may still be limited (Sölvell

and Zander, 1998), and leveraging knowledge and capabilities throughout the MNC network

may only partially explain technological growth and sustained competitive advantage of

MNCs.

To sum up, a balanced view on the creative capabilities of the MNC seems to be called for.

The modern MNC does have and display many of the features of the modern MNC as

identified in the previous literature, but the expectations traditionally and generally expressed

in the literature may have been an overstatement of actual conditions and developments. The

ultimate technological limits of advanced foreign subsidiaries seem far from reached, and the

final word on the ultimate importance of these subsidiaries as significant sources of new

technological capabilities for other actors in the MNC is still to be spoken.

Managerial Implications

This empirical findings of the thesis indicate some potentially important managerial

implications regarding subsidiary development and diffusion of new technological

capabilities, and could function as a starting point for managers’ responsible of policies and

guidelines for technological growth and exchange within the MNC.

In essence, the first implication is that managers should have moderate expectations about

foreign advanced subsidiaries’ ability to contribute to the technological and strategic renewal

of the MNC. Knowing that acquired advanced foreign subsidiaries are much more likely to

introduce technological capabilities to the MNC group than are greenfield subsidiaries, the
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add-on practical implication for managers is that if technological growth and renewal through

foreign operations is desired, they should focus on acquired subsidiaries. It should also be

highlighted that technological growth and diversification may not always be desired from a

management perspective. International diversification has been shown to foster economies of

scale, scope and experience (Kogut, 1985; Kobrin, 1991) as well as stabilized returns (Lloyd,

1975; Caves, 1996), but it can also influence firm performance negatively (Mitchell et al.,

1994). Hence, successful internationalization demands good decision making and if managers

seek technological growth their preferred entering mode should be acqusitions, but also post

acqusition attention in terms of innovation incentives and mechanisms for fostering R&D

advancements should be given to acquired subsidiaries since they are more likely to

contribute with new technological capabilities.

Turning to the diffusion of technological capabilities from advanced foreign subsidiaries

within the MNC, the main managerial implication is that technological diffusion should be

treated as a strategic issue, rather than something to be downgraded or eliminated as a matter

of principle. The diffusion of technological capabilities by advanced foreign subsidiaries does

occur with regular frequency and according to distinct patterns, which in all probability

influence the way capabilities are leveraged throughout the MNC. Thus, managers should

consider and be able to recognize to what extent and to which other actors in the MNC

greenfield and acquired foreign subsidiaries will diffuse technological capabilities. This

knowledge can serve as a base for creating and implementing incentives or control

mechanisms to regulate diffusion patterns in the organization.

Future Research

The current thesis has offered some new insights into subsidiary technological evolution and

the role of foreign subsidiaries as sources of strategically important technological capabilities.

However, exploring development patterns over an extensive period of time has also opened

up questions for future research. Below, some of the further research issues are dealt with.

More research is needed on the ultimate limits to the technological development of advanced

foreign subsidiaries of the MNC, and in order to confirm the current results additional studies

drawing upon a broader sample will be needed, thus controlling for national origin and more

specific subsidiary characteristics and attributes. The large differences found between
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individual subsidiaries in the sample regarding the introduction of technological capabilities

also raises the question why subsidiaries may experience different technological evolutionary

paths, particularly why and how certain ‘superstar’ subsidiaries on average have the ability to

contribute with larger numbers of new technological capabilities.

Regarding diffusion of technological capabilities within the MNC more longitudinal research

is needed to get a firmer and more holistic understanding of the phenomena. More

specifically, future research should perform more broad-based studies on diffusion patterns in

MNCs, as the present study is one of only a few attempts to investigate differences between

greenfield and acquired advanced foreign subsidiaries concerning the diffusion of capabilities.

Future studies should try to address the issue of how differences in diffusion patterns of

greenfield and acquired advanced foreign subsidiaries affect the combinative ability and

specialization of subsidiaries, and how this in turn affects subsidiary innovative performance.

This would allow for a better understanding of how the choice of investment and entry mode

strategy influences overall subsidiary ability to draw upon other unit’s specific capabilities

throughout the MNC network.

A final reflection is related to the perception of the modern MNC as a superior creature for

technological growth and renewal. Ultimately, the relatively limited contribution by advanced

foreign subsidiaries in terms of the emergence and relatively slow subsequent diffusion of

technological capabilities to some extent questions the current view of the modern MNC as

being critically dependent upon foreign R&D operations as sources of technological

capabilities and renewal. Rather, it suggests that headquarters still play a main role regarding

MNC technological growth and renewal. Particularly the MNC as a relatively slow creature

for technological advancements, dependent upon headquarters and mergers and acquisitions

appears to be an interesting point of departure for future research.
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