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Over the past two decades multinational firms from high-technology industries have 
increasingly relied on outsourcing of production to external suppliers. We present a 
theoretical framework that stems from the resource-based view of the firm (RBV) and 
develop hypotheses claiming that outsourcing of production will not result in the out-
sourcing of technological competencies. In other words, vertical specialization will not 
result in the reduction of the breadth and depth of the technological competence level 
of firms, especially in high-technology industries. We test our hypothesis with a sam-
ple of 50 firms which we selected from the population of the world’s top R&D-
performing firms, measured by R&D spending. The period of investigation covers 20 
years from 1983-2002. Our results indicate that over this 20 years period the techno-
logical knowledge base of the sample firms has not been affected by the ongoing out-
sourcing activities. The empirical observation gives rise to the ‘a priori statement’ that 
the knowledge-boundaries of the firms have been decoupled from production activi-
ties: In our sample of firms from high-technology industries outsourcing has not coin-
cided with the outsourcing of technological competencies. 
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1.  Introduction 
Since the Industrial Revolution, firms in almost all industries have increasingly be-
come specialized and only rarely command all the necessary production activities of 
their products’ value chains in-house (Bruisoni et al. 2001). Especially when firms 
produce complex, technology-intensive products they usually outsource parts of the 
production and even parts of the development processes to external suppliers. Many 
firms are doing business in industries in which competition is largely driven by inno-
vation and in which technological competencies are at the heart of any competitive 
advantage. Over the past two decades, the majority of these firms have outsourced an 
increasing part of production to external suppliers (Bengtsson/Dabhilkar 2008; Gery-
badze/Stephan 2007). Using key-words such as outsourcing, vertical specialization, lean pro-
duction, refocusing on core skills and competencies, or deconstruction of value chains, many theoreti-
cal papers and a few empirical studies have investigated the outsourcing phenomenon 
in the context of strategic management and supply chain management research as well 
as in industrial economics.  

The increasing division of labor between independent firms alongside their prod-
uct value chains in the course of outsourcing strategies has also been discussed under 
the term ‘vertical specialization’ (Macher/Mowery 2004: 318-19): 

“Vertical specialization is also termed vertical disintegration, and often is associated with 
the entry of specialist firms into distinctive segments of the vertical value chain. Vertical 
specialization […] may be defined as a shift from vertically integrated control of product 
value chains by the firm to a structure characterized by market-based coordination […] 
among separate firms.” 

According to this definition, vertical specialization depicts the phenomenon which oc-
curs when the various activities within an industry’s value chain are under the control 
of various separate firms that have specialized on a selected range of activities. The 
process of vertical specialization therefore describes the change from the status of ver-
tical integration in which single firms control and command large parts of the value-
chain activities in-house to a less integrated and less hierarchically controlled product 
value chain. Such a process of vertical specialization is a synonym for the outsourcing 
of production (and development activities) to external suppliers. From a firm’s per-
spective outsourcing leads to a reduction in the value-add quota (net value added as a 
percentage of sales). 

From an empirical perspective, the trend of outsourcing has been observed 
across many industries. Especially in branches with complex products, such as the 
automotive, telecommunication, engineering and computer industries, outsourcing has 
been found to be a prominent trend across the OECD countries (DTI 2004; DBIS 
2009). 

From a theoretical perspective, there are numerous explanations of why firms en-
gage in outsourcing. Traditionally, neoclassical explanations with roots in cost and 
(lean) production theory have been put forward to solidify arguments pro outsourcing. 
In this view outsourcing may lead to a reduction in costs and an increase in flexibility. 
More differentiated arguments for the explanation of outsourcing strategies have been 
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developed in the light of the resource-based view of the firm and by transaction cost 
theory (Bruisoni et al. 2001).  

Although vertical specialization has been well analyzed in management research 
both from theoretical and empirical perspectives (the latter primarily on a case study 
level), the effect of outsourcing on the firms’ technological competencies has only 
been investigated by a few studies and purely on a theoretical level (Stigler 1951; Jen-
sen/Meckling 1976; Chandler 1990; Chesbrough/Teece 1996; Sanchez/Mahoney 
1996; Baldwin/Clark 2000; Langlois 2000, 2003; Leiblein et al. 2002; Macher 2003; 
Rothaermel et al. 2006). This lack of insight is an obvious gap in management re-
search: A critical determinant of sustainable competitive advantages of firms in high 
technology industries is their capability to generate product and process innovations. 
In turn, their ability to innovate is largely determined by the underlying technological 
competence base of the firms. We will argue that firms, which operate in innovation-
driven industries, do not tend to outsource technological competencies alongside the 
outsourcing of production. Instead firms retain those technological competencies in-
house, which underlie the components that have been outsourced to suppliers. 

Our arguments for keeping technological competencies in-house are developed 
out of the resource-based theory of the firm: In order to stay innovative in the long 
run, firms must also retain technological competencies in those areas of activities that 
have been outsourced. We test our hypotheses empirically with a sample of 50 multi-
national and top R&D-performing firms (by R&D spending). The empirical investiga-
tion comprises a longitudinal study covering a 20-year period, from 1983 to 2002, 
which provides the basis for testing the mid and long term effects of outsourcing. 

Section 2 of the article is devoted to the generation of hypotheses that underpin 
our theoretical model. Section 3 presents the methodology used in the empirical inves-
tigation. More precisely, the section on methodology portrays and discusses the way 
we operationalize the dependent variable (the technological competence base of firms) 
and the independent variable (change in the value-add quota) as well as other control 
variables. Finally, we present and discuss the results of the empirical study in section 4 
and 5, including remarks and implications for future research.  

2. Theoretical framework: Outsourcing and innovativeness in the light 
of the resource- and competence-based view of the firm 

2.1 Outsourcing and technological competitiveness of firms  
Does the outsourcing of production and other related value adding activities result in 
the outsourcing of the corresponding technological competencies? This is the core re-
search question that we try to answer in the present study. More specifically, we inves-
tigate the impact of outsourcing of production and other value adding activities to ex-
ternal suppliers on the breadth and depth of the technological competence base of 
firms. Following Prencipe (2000: 898), the breadth and depth of a firm’s technological 
competence base is defined: 

“…as the number of distinct technological fields that are maintained in-house.” 
According to firm and industry level case studies in technology-intensive environ-
ments, the amount of (technological) knowledge of firms greatly exceeds the range of 
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their product-related activities. This is primarily due to the complex nature of these 
products (Bruisoni/Prencipe 2001; Gambardella/Torrisi 1998; Cesaroni 2004; Pren-
cipe 1997; Stephan 2003; Stephan/Pfaffmann/Sanchez 2008; van Tunzelmann 1998). 

Within neoclassical explanations, which define firm boundaries from a rather 
monolithic view, there is a lack of rationale as to why firms outsource production and 
nonetheless invest in the sophistication and expansion of the corresponding techno-
logical resources and competencies. In contrast, the transaction cost theory offers a 
clear explanation of why firms should keep in-house technological competencies when 
they outsource parts of their production to external suppliers: Keeping competencies 
in-house protects against the threat of opportunistic behavior by suppliers, especially 
when the outsourced activities are characterized by asset specificity. Another explana-
tion for maintaining technological competencies in-house is offered by the resource-
based view (RBV) of the firm. The RBV arguments complement the transaction cost 
theory arguments, though, without referring to the underlying assumptions of 
bounded rationality and opportunistic behavior. 

In the RBV, the basic units of analysis are the resources or the resource combina-
tions (bundles of resources) which a firm commands and which are firm-specific. The 
RBV distinguishes between different kinds and categories of resources. Within the dif-
ferent strands of RBV research there are many different resource typologies in use, a 
commonly accepted nomenclature has not evolved so far. Nevertheless, the least 
common denominator is the basic distinction between ‘resources’ and ‘competencies’. 
The term ‘resource’ refers to the resource endowment of the firm and includes all 
kinds of material as well as immaterial resources, including technological knowledge, 
that are available to the firm. In contrast, ‘competencies’ are action-based resources 
that refer to the capability of firms to unfold the potential of their resource endow-
ments and to make use of these resources in competition (Freiling 2004). 

Within the plethora of RBV research there are two perspectives which offer ex-
plicit arguments of why firms should keep in-house technological competencies and 
resources although they engage in outsourcing: (1) the ‘absorptive capacity’ view and 
(2) the ‘dynamic capabilities’ concept. The concept of ‘absorptive capacity’ was intro-
duced by Cohen and Levinthal in 1990. According to them, absorptive capacity de-
nominates the firm’s ability to detect and explore valuable (technological) knowledge 
outside its boundaries, which resides with suppliers, customers, competitors etc., and 
to integrate these external pieces of knowledge with its own resources to innovate 
successfully. According to Cohen and Levinthal such an absorptive capacity for tech-
nological knowledge can only be developed and nourished by continuous in-house 
R&D activities that go beyond the traditional knowledge platform of the firm. 

This argument gains particularly in importance for firms that develop and pro-
duce complex products. The various technologies that are applied and put into use in 
complex systemic products are usually related as they functionally complement each 
other (Bruisoni et al. 2001; Ethiraj/Puranam 2004; Metcalfe 1998). If the relatedness 
of the individual technologies is characterized by reciprocities and interdependencies, 
then firms must build up and maintain corresponding background knowledge also in 
areas that have been outsourced to external suppliers. Such background knowledge in 
supplier domains is required, in order to correctly identify, analyze, integrate and 
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match the technologies of suppliers to one’s own. The lack of such background 
knowledge in collaborative product development projects may lead to additional costs 
(due to delays and necessities for redesigns) which offset the costs of maintaining such 
knowledge (Stephan et al. 2008). The accumulation of technological knowledge and 
competencies in supplier domains reinforces the absorptive capacity of the firm also 
in the way that a shared language and common innovation culture is created, which in 
turn facilitate the coordination between the firm and its suppliers.  

The concept of ‘dynamic capabilities’ offers a more dynamic view and explana-
tion for keeping in-house technological knowledge when outsourcing parts of produc-
tion. The ‘dynamic capabilities’ concept was originally introduced by Pettigrew and 
Whipp (1993), and reworked and expanded by Teece, Pisano and Shuen (1997),  
Eisenhardt and Martin (2000), and Zollo and Winter (2002). ‘Dynamic capabilities’ de-
scribe the firm’s ability to permanently renew and replenish its resources and compe-
tencies in response to constantly changing environmental and market conditions. 
More specifically, Teece, Pisano and Shuen (1997: 516) define dynamic capabilities 

“...as the firm´s ability to integrate, build, and reconfigure internal and external compe-
tences to address rapidly changing environments.” 

Due to outsourcing firms are integrated into development and production partner-
ships with external suppliers. Consequently, a firm’s ability to address rapidly changing 
environments should also include the changes and adjustments required on the part of 
the external suppliers. Therefore, the ability to initiate, coordinate and command the 
technological change in the external network requires that the firm possesses techno-
logical competencies beyond its core knowledge base in the domains of its suppliers. 
Even more, the necessity to cultivate technological competencies in supplier domains 
becomes imperative when there are imbalances in the developments of the various 
supplier technologies (Bruisoni et al. 2001: 608). Within complex product systems it is 
likely that uneven technological developments will occur (so called ‘reverse salients’): 
Technological advances in one component may require adjustments and follow-up 
developments in the performance of other component technologies to make the 
product fully functional. If the responsibility for the individual component technolo-
gies is scattered across various firms, then a ‘systems integrator’ is required. The firm 
that takes over the system integrator’s role must develop and command technological 
knowledge in the domains of its suppliers, simply to assure its innovative capabilities 
with regard to the whole product system (Macher/Mowery 2004).  

The ‘absorptive capacity’ view and the ‘dynamic capabilities’ concept offer com-
plementary explanations as to why outsourcing will not result in the outsourcing of 
technological competencies: The arguments of the ‘absorptive capacity’ view primarily 
refer to the firm’s current competitive position and to its existing technology and 
product portfolio. In contrast, the dynamic capabilities perspective is focused on sus-
taining the long-term competitive advantage of the firm including technological de-
velopments for future products. However, both perspectives agree in that the greater 
the division of labor in the value-chain and the bigger the interdependences between 
individual product components are, the larger the incentives for firms will be to invest 
in technological competencies outside of their core domains. The development of 
technological competencies outside of core domains acts as a (dynamic) interface to 
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access external sources of technologies. In contrast to the arguments delivered by the 
transaction cost theory approach, the RBV offers explanations beyond the threat of 
opportunistic behavior on the suppliers’ side. The partnerships between a firm and its 
external suppliers are characterized by long-term and cooperative relationships that 
are largely built on trust (Saxenian 1994; Dyer/Singh 1998). 

The line of argumentation developed out of the RBV framework, namely based 
on the ‘absorptive capacity’ view and the ‘dynamic capabilities’ concept, leads us to 
our first hypothesis, that in technology-intensive industries outsourcing (vertical spe-
cialization) will not lead to a similar reduction in the breadth and depth of the techno-
logical competence level: Firms will keep critical supplier technologies in-house: 
Hypothesis 1: Vertical specialization has a negative but moderated effect on the 

breadth of the technological competence base of firms. 

2.2 Determinants of the technological competence base: Beyond outsourcing 
In addition to vertical integration, the breadth and depth of the technological compe-
tence-base is affected by other strategic decisions and moves that firms undertake. A 
prime determinant is growth and diversification into new markets that has a positive 
effect on the technological competence base (Buehner 1991; Granstrand/Oskarsson 
1994; Stephan 2003). In the context of diversification strategies, two motives for the 
enlargement of a firm’s technology base must be distinguished: (1) exploration of new 
product markets and (2) exploration of new geographical markets. Subsequently, we 
will discuss the influence of product expansion and internationalization on the tech-
nology base of firms in more detail. We develop two additional hypotheses to com-
plement our model on outsourcing and the technological competence base. 

Impact of the product portfolio on the technology base of firms 
The breadth of the technology base of firms is greatly influenced by the breadth and 
characteristics of a firm’s product portfolio (Stephan 2003). If firms plan to diversify 
into new product markets, then this requires the preceding enlargement of the tech-
nology base into areas which are inherent to and associated with the new product. 
This basic motif fully corresponds to the motif of technological diversification out-
lined by Penrose (1959). The expansion of technological activities is stimulated by the 
credo that technological innovation is a prime source for new business opportunities 
and growth. Innovation may be either triggered by scientific progress (technology 
push) or by the localization of new market needs (market pull) (Granstrand/Sjölander 
1990). Firms will be likely to invest in the exploration and accumulation of new tech-
nologies (via in-house R&D, collaborations, licensing etc.) when they have a vision 
about the usefulness of the new technology and its potentials for commercialization. 
The more precise and articulated the business vision is, the bigger the likelihood of 
firms to tap into technologies via in-house R&D (Christensen 1998). Accordingly, 
tapping into new products and exploring new business opportunities is a major stimu-
lus for the expansion of the technological competence base of firms.  

While product diversification has proved to be a popular strategy for the growth 
of firms until the late 1980’s, many studies have observed that since the early 1990’s, 
firms rather tend to refocus their product portfolio than to enlarge it (Markides/Wil-
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liamson 1994; Stephan 2003). Spin-offs of peripheral businesses and divestments of 
unrelated product fields lead, correspondingly, to the divestment of the underlying 
technologies and thus to a decrease of the technological competence base of firms. In 
contrast to outsourcing and vertical specialization such a spin-off entails the entire 
withdrawal from a product area including all corresponding activities in the value 
chain. Especially those product areas will be considered to be non-core and peripheral, 
whose technology base lack economies of scope with the core products. Under such 
circumstances the spin-off of peripheral products will go hand in hand with the spin-
off of the underlying technologies (Stephan 2003).  

The second hypothesis in our model predicts a positive causality between the de-
gree of product diversity and the breadth of a firm’s technology base. 
Hypothesis 2:  Product diversification has a positive impact on the breadth of the 

technological competence base of firms. 

Impact of internationalization strategies on the technology base of firms 
Over the past two decades, most technology-intensive firms have shifted the focus of 
their growth strategies away from product diversification to geographical diversifica-
tion, i. e. they have expanded their business activities to foreign markets (UNCTAD 
2008, 1998). The exploration of new geographical markets usually requires the adapta-
tion of the products and services to the local market conditions abroad. In most cases 
firms will not be able to simply ‘transplant’ their product offerings without any 
changes to the foreign markets. The need for local adaptation may arise out of differ-
ent customer preferences and consumer tastes, or varying regulatory frameworks in 
the local industry. In many cases the need for local adaptation calls for changes in the 
product design or for component changes. Such design and component changes in 
turn may call for technology changes and require firms to tap into new technologies 
and therefore to enlarge the technological competence base.  

However, the expansion of a firm’s technology base due to geographical expan-
sion will be limited. Firms tend to focus international expansion activities on their 
core product lines (Gerybadze/Stephan 2007). Such core products tend to represent 
those businesses in which the firms can (in principle) compete successfully in the 
global market place, or at least in the triad regions (Rugman 2008). By definition, the 
internationalization of such core products with an inherent global business potential 
will require only minor changes and adaptations for foreign market introduction. The 
core design and basic component technologies will remain unchanged. Furthermore, 
firms will target internationalization steps primarily to those markets that share many 
similarities with their home markets. Internationalization steps are often confined to 
markets with similar cultural backgrounds and customer segments, homogenous legal 
frameworks etc. Therefore, the pressures for firms to expand the technology base due 
to the adoption of an international growth strategy will be limited. Despite this limita-
tion, we claim a positive causality between the degree of internationalization and the 
breadth of a firm’s technology base. However, the positive relationship will not be as 
strong as the one predicted by hypothesis 2 on the impact of product diversification. 
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Hypothesis 3: The geographical diversification of sales has a positive though mod-
erate impact on the breadth of the technological competence base of 
firms. 

Role of product complexity on the technology base of firms 
In addition to product diversification and internationalization, changes in the techno-
logical complexity of the product portfolio will have an impact on a firm’s technology 
base. In most technology-intensive industries, products and the underlying production 
processes are characterized by technological complexity. Complexity implicates that 
firms must command and coordinate a multitude of different product and process 
technologies, which in dynamic environments are subject to constant changes. To stay 
competitive in rapidly changing technological environments, firms are constantly 
forced to expand their technology base to encompass new complimentary or even 
radically new technologies. Consequently, in such dynamic environments there is an 
inherent pressure for firms to invest in the enlargement of their technological compe-
tence portfolio, even if they do not tap into new product or geographical markets 
(Cantwell/Piscitello 1999; Jolly 1997). 

The necessity to invest in new technologies in complex product environments is 
reinforced by the convergence of previously independent and unrelated technologies 
(Fai/Cantwell 1999). Technological convergence implies the emergence of functional 
(and reciprocal) interdependencies between previously independent technologies and 
even the fusion of technology areas. Such a crosslinking of knowledge domains pro-
motes the joint use and combination of technologies in one single product, to add 
new functionalities and to improve the performance (Granstrand/Oskarsson 1994; 
Carlsson/Stankiewicz 1991).1 Convergence increases the complexity of products and 
creates more stimuli for firms to broaden their technological competence base.  

Hypothesis 4 in our model specifies the rising complexity in the firm’s existing 
product portfolio. To stay competitive firms are constantly forced to expand their 
technology base to encompass new complimentary or even radically new technologies, 
especially when they are confronted with technological convergence.  
Hypothesis 4: The complexity of products has a mediating and positive impact on 

the breadth of the technology base of firms which rely on outsourc-
ing. 

3. Notes on methodology 
3.1 Sample selection and firm characteristics 
Our empirical study covers a time period of 20 years ranging from 1983 to 2002 and 
consists of a sample of 50 multinational corporations that have been selected from the 
population of the top 200 R&D-performing firms, measured by their R&D spending 
in the fiscal year 2002. All sample firms are key players in the global innovation sys-
tem. Altogether, the 50 sample firms invested 152 billion Euros in R&D in 2002. In 
                                                           
1 Advances in (micro-)electronics and new materials have promoted the convergence of 

previously unrelated technology areas and created new potentials for combined technolo-
gy usage. 
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sum, the consolidated R&D budget equals 33 percent of all privately financed R&D 
expenditures in the OECD countries (business expenditures on R&D, BERD).  

For the sample composition from the population of the top 200 R&D perform-
ing firms, we used two selection criteria: (a) structural and (b) longitudinal criteria. 
Category (a) refers to the type and characteristics of the business activities of the 
firms. All of our sample firms have a diversified product portfolio, i. e. they are doing 
business in a least three ISIC-Classes (International Standard Industry Classification of 
all Economic Activities), and all have internationalized their sales activities, i. e. they 
are MNCs and do business in more than one country. The sample is exclusively com-
posed of firms which have concentrated their business activities in the manufacturing 
sector. We have excluded firms with a major stake in the aerospace and defense busi-
ness, due to the strong governmental influence on R&D and the development of new 
technologies. Leaving aside aerospace and defense, our sample firms can be clustered 
to six industry groups: Automotive (9 firms); chemicals / materials (11); pharmaceuticals (9); 
mechanical / industrial engineering (4); electrical engineering / electronics (9); telecommunications / 
data processing (8).  

Category (b) of our selection criteria centers on longitudinal aspects. The investi-
gation of the outsourcing behavior covers a period of 20 years ranging from 1983 to 
2002. It is thus important that the sample firms were operating autonomously as inde-
pendent and non-affiliated entities within this period. Furthermore, we emphasized 
that the structural selection criteria of category (a) were already being met at the be-
ginning of the investigation period. Taking into account these knock-out criteria our 
sample represents a complete survey of the population of big R&D performing firms. 

Without exception, all of the sample firms have their headquarters in triad coun-
tries. Firms from Europe are the most represented with a total of 24 firms. Another 
15 firms are headquartered in the U. S. / Canada and 11 are based in Japan.  

3.2 Operationalization and measurement of technological competencies  
The technological competence base of firms is the dependent variable in our model. 
Unfortunately, a direct measure for technological competencies of firms is not avail-
able. In literature, several proxies are discussed and suggested for use to measure 
technological competencies (Cantwell/Piscitello 1999; Cantwell/Piscitello 1997; Narin 
et al. 1984; Pavitt 1988). In summary, there is a broad consensus to use firms’ patent 
filings as the most valid (though not perfect) proxy for technological competencies 
(Gavetti 1994; Pavitt 1988; Stephan 2003). We follow this approach and use patent 
applications of the firms at the European Patent Office (EPO) to measure the breadth 
of the technological competence base (and its change over time). 

Patent documents contain detailed information about the individual technology 
areas in which the firms have accumulated new or have substantially improved and 
expanded existing knowledge. Therefore, the analysis of the patterns of patent filings 
across different technology areas over time allows for detailed insights into the spec-
trum of the technological activities of the firms, decoupled from their products (An-
dersen/Cantwell 1999; Stuart/Podolny 1996). Furthermore, the use of the firms’ pat-
ent filings at the EPO allows for minimizing the home country bias when comparing 
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the technological activities of the sample firms headquartered across the U.S./Canada, 
Japan and Europe (Schmoch 1999).  

The quantification and comparison of the breadth of the technological compe-
tence base of the firms requires an appropriate classification system to bring order 
into the ‘universe’ of technologies. An appropriate and universally accepted taxonomy 
is the International Patent Classification (IPC) that offers a system to classify and or-
ganize patents into different technology areas. The IPC is a hierarchical classification 
system for patentable technological knowledge and purely based on technological and 
functional principles. It is thus independent of products and application areas.  

For each firm we have compiled technology profiles based on the number of the 
firms’ patent applications across individual IPC classes. In order to avoid random or 
cyclical fluctuations when preparing the technology profiles over the 20 years period 
we have summarized the patent filings for periods of five years. We subdivided our 
overall period of investigation into four intervals and prepared technological compe-
tence profiles for the sub-periods 1983-1987, 1988-1992, 1993-1997 and 1998-2002.  

In addition to assess the spread of patent filings across all IPC classes it was of 
relevance to assess the degree of relatedness between the individual technology areas 
in which the firms were active. For this reason we applied the OST/INPI/ISI classifi-
cation system. The OST/INPI/ISI classification system is a widely acknowledged and 
empirically tested taxonomy to summarize and aggregate IPC classes according to the 
relatedness of the underlying technological knowledge. The OST/INPI/ISI classifica-
tion system reduces and clusters the IPC system into 30 homogenous technology ar-
eas, and, on a higher aggregation level, into five broader technology fields (Gavetti 
1994). Following this classification system we assigned the patent filings of each firm 
to 30 technology areas and, in turn, to five broader technology fields.  

The breadth of the technological competence base of firms, i.e. the degree of 
technological diversification, was quantified and calculated with a revealed technologi-
cal advantage-measure (RTA). The RTA measure for the degree of technological di-
versification of firm x is based on the consideration that the breadth of the techno-
logical competence base is inversely related to the extent of the concentration of the 
firm’s technological specialization in individual technology areas (Cantwell/Piscitello 
1999, 1997; Fai/Cantwell 1999; Patel/Pavitt 1997). The firm’s specialization can be 
measured by an index of its revealed technological advantage (RTA) which for each 
particular area of technological activity is defined by the firm’s share in that area of 
EPO patents granted to all firms, relative to the firm’s overall share of all EPO pat-
ents. Specifically, denoting as Pix the number of EPO patents granted in technology 
area i to firm x, then the RTAix index is defined as follows: 

��
�

�
��
�

�
	

totalx

itotalix
ix PP

PPRTA  (1) 

The index varies around unity, such that values greater than one suggest that a firm is 
comparatively advantaged in the area of activity relative to other firms. Values less 
than one are indicative of a position of comparative disadvantage. 
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Importantly, the use of the RTA-based diversification index allows us to control 
for inter-sectoral and inter-firm differences in the propensity to patent. In general, the 
RTA index immunizes against differences in the absolute number of patent filings, 
due to different firm sizes or patent propensities. A higher number of patent filings 
naturally leads to a broader dispersion of the patents across technology areas. This ef-
fect must be interpreted as noise simply because of a higher patenting scale 
(Cantwell/Piscitello 1997, 1999). The RTA index helps to minimize this noise.  

The proxy for the degree of technological specialization RTASx of the firm x is 
measured by the coefficient of variation of the RTA index across all of the relevant 
technology areas i of the firm in each sub-period considered: 


 �
x
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xix
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RTA
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21
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 (2)  

Small values of the RTASx measure indicate that there is only little concentration and 
specialization in the firm’s technological competence base. Obviously, the technologi-
cal activities are distributed equally across many relevant technology areas. In contrast, 
high values indicate a stronger technological specialization of the firm. To quantify the 
degree of technological diversification TDx of the firm x in each sub-period consid-
ered, we used the reciprocal of the RTASx (inverse of the coefficient of variation) as a 
proxy. In particular: 
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3.3 Operationalization and measurement of the explanatory variables 
Our model of the effects of vertical specialization on the technological competence 
base of firms incorporates four hypotheses. All four hypotheses specify causal rela-
tionships between an explanatory variable and the dependent variable – the breadth of 
the technological competence base of the firms. In contrast to the dependent variable, 
the explanatory variables in the model (vertical specialization, product diversification, 
internationalization and product complexity) can be observed more or less directly. In 
most cases state-of-the-art procedures are at hand for measurement. In the subse-
quent sections we discuss the operationalization and measurement approaches for 
each variable separately. All approaches comply with the approved procedures in 
management research and are intensively discussed in literature.  

Quantifying outsourcing: Degree of vertical specialization 
In our empirical investigation we consider the ‘degree of vertical specialization’ to be a 
real economic value and quantitative figure: On the micro level of the individual firm 
the most appropriate quantitative parameter to assess vertical specialization is the 
value-add quota (or real net output ratio) of the firm, which is calculated as the net 
value added as a percentage of sales (or net production). From the firm’s perspective 
outsourcing (insourcing) leads then to a reduction (increase) in the value-add quota. 
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The value-add quota (VAx) is calculated by using financial data from the profit and 
loss statement of firm x. The value-add quota (VAx) refers to the firm’s operations 
during a specific fiscal period (in the following we use the fiscal year). 

Basically, there are two approaches to calculate VAx on the basis of the firm’s in-
come statement: The ‘value creation’-calculation uses the net production value (reve-
nues plus/minus inventory changes and capitalized services) as a starting point. The 
value-add is calculated by subtracting all accounts payable from the net production 
value, i.e. the market value of all products and services sourced from external partners 
(Haller 1997; Weber 1994). The ‘value distribution’-calculation uses, as a starting 
point, the income of all stakeholders that have contributed to the creation of the 
value-add and benefited from its distribution. The value-add is then calculated by add-
ing the value of income of the stakeholders: personnel expenses (wages/salaries plus 
social security and pension costs), interest payments on debt, income taxes and dis-
tributed earnings (dividends) to the retained earnings. In principle, both backward and 
forward calculation should lead to the same result. Finally, the value-add quota is cal-
culated by the value-add as a percentage of net production (Haller 1997; Stephan 
2003).  

Quantifying the breadth of the product portfolio: Degree of product diversification  
Product diversification is defined as the expansion of the firm’s output, in terms of 
goods and services, into new product markets (Markides/Williamson 1994; Rumelt 
1974). To distinguish product diversification from vertical integration it is sometimes 
also referred to as horizontal diversification. The degree of product diversification is 
measured by the sales split of a firm across different product markets and industries. 
Using a standard classification approach we apply the “International Standard Indus-
trial Classification of all Economic Activities, Third Revision (ISIC Rev.3.1)” for clas-
sifying the firms’ revenues. We use the classification system on a two- to three-digit 
level and distinguish between a total of 68 product classes. The revenues of the sam-
ple firms are split up and assigned to the k = 68 different product classes. The infor-
mation about the revenue distribution of the firms across these 68 classes was taken 
from the Compustat database and complemented by information taken from com-
pany documents (annual reports, 10Ks, 20Fs). 

We use the Jacquemin-Berry index, known as the entropy index, to quantify 
product diversification on a metric scale. This entropy index has been the most used 
in economic and management research.2 As we are only interested in the total degree 
of product diversification and not in the diversification strategies of the firms (related 
versus unrelated diversification), we simply apply a one step calculation: For each of 
the sample firms the degree of product diversification (PDx) is computed as follows 
(let Pk be the share of the kth industry segment in the total sales of the firm): 
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kx P
PPD 1ln

68

1
 (4)  

                                                           
2 The index has traditionally been used by economists, e. g. Jacquemin/Berry (1979), and 

was imported into strategic management research by Palepu (1985). See Markides (1996).  
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The entropy measure takes into consideration two elements of diversification: the 
number of industry segments in which the firm operates and the relative importance 
of each of these product segments in the total sales of the firm. 

Quantifying internationalization: Degree of geographical diversification  
The discussion of how to measure and quantify the degree of internationalization of 
firms has a long standing tradition in international management research. Empirical 
studies frequently use foreign direct investment (FDI) activities of firms as an indica-
tor to assess the degree of internationalization (Stephan/Pfaffmann 2001). However, 
the FDI indicator primarily aims at international production activities. In our model, 
we have defined internationalization in hypothesis 3 as the expansion of a firm’s sales 
to foreign markets. Undoubtedly, it is difficult to completely separate the phenome-
non of internationalizing sales from internationalizing production. Especially in large 
foreign markets with a considerable need for local adaption of the product offerings, 
firms also tend invest in local production activities to back and catalyze their sales. As 
FDI activities in these cases play a complementary and supportive role, we focus on 
the foreign sales activities in our approach to measure internationalization. 

In order to determine the degree of internationalization of the sample firms, we 
take a look at the distribution of sales across foreign markets. Similar to product di-
versification we use a geographical diversification measure. The international diversifi-
cation of the sales is assessed by the sales split across the five world regions (Asia and 
the Pacific, North America, Latin and South America, Europe, Africa and the Middle 
East). Furthermore, the home country of each sample firm is counted as a sixth mar-
ket (Hitt el. 1997). Each of these six market regions (m=1...R; R � 6) can be inter-
preted as a relatively homogenous market place, concerning the internal cultural, po-
litical and demographic conditions, that differs significantly from the other regions. 
For each firm x the degree of geographical diversification (GDx) is computed as fol-
lows (let Gm be the share of the mth world market in the total sales of the firm):  
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GGD 1ln

6

1  (5)  
In contrast to simple FTO-sales measures, the GDx entropy measure controls for 
small and big home country effects and distinguishes significantly different markets 
that may call for local adaptation.  

Determining complexity: Technological complexity of the product portfolio 
Unlike the other variables in our model, technological complexity of a firm’s products 
is not related to the whole corporation but only to single products within the firm’s 
product portfolio. This focus of analysis on individual products or product groups 
makes it difficult to determine ‘technological complexity’ for the whole firm in aggre-
gate and thus creates a challenge to quantify the degree of complexity (by which the 
firm is confronted) on a metric scale (Granstrand/Oskarsson 1994).  

Instead of quantifying the degree of technological complexity for each sample 
firm we use industry dummies as proxies for complexity. The use of industry dummies 
is based on two assumptions: (1) Sample firms that operate in the same industry will 
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have similar product offerings with regard to the underlying technology base. (2) Simi-
lar product offerings (from a technological perspective) are characterized by similar 
levels of technological complexity. Consequently, firms from within the same industry 
must manage similar degrees of technological complexity in their product portfolio 
and are confronted with comparable pressures for technological change. We thus de-
termine the technological complexity of the products of our sample firms by using six 
dummy-variables (categorical variable-type) which correspond to the six industry clus-
ters in the sample: AU (automotive); CH (chemicals/materials); PH (pharmaceuticals); MB 
(mechanical-/industrial engineering); EL (electrical engineering/electronics); IT (telecommunica-
tions/data processing). 

3.4 Model specification 
The empirical study can be divided into two parts. In the first step, we conduct a de-
scriptive empirical analysis of the development of the breadth of the technological 
competence base of the firms (degree of technological diversification, TDx) as well as 
of the independent variables value-add quota (VAx), degree of product diversification 
(PDx) and geographical diversification (GDx). The descriptive analysis provides an 
overview of the trends over the 20-year period from 1983 to 2002. In step 2, we test 
our model of the effect of vertical specialization on the technological competence 
base. For the model test we use a multiple regression analysis. In the multiple regres-
sion we analyze the effect of the changes in the values of our independent variables 
VAx, PDx and GDx on the breadth of the technological competence base TDx. 

The data for all variables was collected on an annual basis. However, the data on 
TDx was summarized to four sub-periods (1983-1987, 1988-1992, 1993-1997, 1998-
2002). In the ultimate model test, we study the causal effects for the entire time frame 
of the study (�1983-2002). To use the entire time frame as relevant period of analysis is 
reasonable for at least two reasons: (1) With regard to the individual causal relation-
ships between the explanatory variables and TDx, it can be expected that there are 
considerable time lags (both, backward and forward lags, and with different scales 
across the industries), which can be captured in full effect only over the long time pe-
riod; (2) the analysis of the long-term development(s) allows us to focus on structural 
changes only and to eliminate cyclical fluctuations. 

The model which was introduced in section 2 consists of four hypotheses which 
aim to explain (the development of) the breadth of the technological competence base 
of our sample firms (�TD1983-2002). The core hypothesis 1 specifies a negative, yet weak 
impact of vertical specialization (change in the value-add quota, �VA1983-2002) on the 
change in the technological competence base of firms �TD1983-2002. The strongest 
(positive) influence on the technological competence base describes hypothesis 2, which 
introduces the ‘change in the degree of product diversification (�PD1983-2002)’ as ex-
planatory variable. Hypothesis 3 describes the influence of internationalization (‘change 
in the degree of geographical diversification’, �GD1983-2002) on the dependent variable 
�TD1983-2002. Finally, industry dummy variables (AU, CH, EL, IT, MB, PH) test for the 
positive influence of the complexity of the firms’ product portfolio on the breadth of 
the technological competence base, which was outlined in hypothesis 4. The model also 
contains controlling variables. We control for the breadth of the firms’ technology 
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portfolio as well as the firms’ value-add quotas at the beginning of the period of inves-
tigation (TD1983 and VA1983).  

The formal model on the effect of vertical specialization on the technological 
competence base of firms is then defined as follows (including the constant �o):  

�TD1983-2002 = �1 �VA1983-2002 + �2 �PD1983-2002 + �3 �GD1983-2002 +�4a AU +  
�4b CH + �4c EL + �4d IT + �4eMB + �4fPH + �5a TD1983 + �5b VA1983 + �o 

Taking into consideration that the main variables are measured on a logarithmic scale, 
a linear relationship between the dependent and explanatory variables seems plausible. 
The model test is therefore based on a multiple linear regression analysis. Further-
more, we decided to use a hierarchical regression model. Due to their differing effects, 
not all of the independent variables are introduced concurrently into the model. The 
analysis occurs in four steps. First, the explanatory variable �PD1983-2002 with the 
strongest effect, which was outlined in hypothesis 2, will be included into the model. 
In step two, the other discrete variables (�VA1983-2002 and �GD1983-2002) with moderate 
impacts are incorporated. In the third step, the six industry dummy variables for tech-
nological complexity of the product portfolio will be included. Actually, technological 
complexity is an explanatory variable and as such a core part of our theoretical frame-
work. However, due to the categorical approach in measuring complexity we treat the 
industry dummies like controlling variables. In the last step, two controlling variables 
TD1983 and WT1983 are included into the model. 

For the last step, when all variables are included, the hierarchical regression analy-
sis offers results that are identical to ordinary regression models, which incorporate all 
variables simultaneously. The advantage offered by the hierarchical approach is trans-
parency on the individual effect sizes. Step-by-step introduction of the variables allows 
to determine dependencies in the estimations of the individual effect sizes and to con-
trol for the effects of other variables. Furthermore, the use of a hierarchical approach 
is advisable because of the incorporation of dummy-variables in the model.  

4. Results of the empirical study 
In section 4.1 we present the descriptive statistics of our study and give an overview 
of how our core variables have developed over the past 20 years (1983-2002). In the 
subsequent section 4.2 we then present the empirical results of the multiple regression 
analysis. These results provide the basis for confirming or rejecting our model hy-
potheses dealing with the research question, whether outsourcing of production will 
result in the outsourcing of technological resources and competencies, or not. 

4.1 Descriptive statistics 
How did the breadth of the technological competence base of the 50 sample firms 
evolve over the 20 years period of investigation? To what extent have the firms relied 
on outsourcing of production to external suppliers? The subsequent descriptive statis-
tics in Figure 1 present evidence about the main dependent and explanatory variables. 
For each variable, figure 1 includes the descriptive statistics for the starting year of the 
study (1983), the end point (2002) and for the change in the variable values over the 
entire time frame (�1983-2002).  
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Figure 1: Descriptive statistics 

 N Minimum Maximum Mean Standard Deviation 
TD83 50 0.60 1.25 1.01 0.17 
TD02 50 0.26 1.25 0.97 0.22 

�TD1983-2002 50 -78.45 29.58 -0.04 18.97 
VA83 50 0.24 0.55 0.38 0.07 
VA02 50 0.19 0.58 0.33 0.09 

�VA1983-2002 50 -45.58 28.01 -0.13 18.39 
PD83 50 0.11 5.00 0.72 0.68 
PD02 50 0.05 5.39 0.67 0.75 

�PD1983-2002 50 -88.65 88.66 -0.07 34.11 
GD83 50 0.27 0.73 0.51 0.11 
GD02 50 0.30 0.76 0.59 0.10 

�GD1983-2002 50 -19.96 121.09 0.16 25.46 
 
The survey and analysis of our dependent variable reveals that the degree of techno-
logical diversification (�TD1983-2002) has decreased slightly by 4 percent on sample av-
erage. The value-add quota decreased by 13 percent, from 0.38 in 1983 to 0.33 in the 
year 2002. Obviously, the firms have engaged intensively in the outsourcing of pro-
duction activities to external suppliers. The firms have also increasingly narrowed the 
spectrum of their product portfolios (-7 percent), while the degree of internationaliza-
tion has been expanded considerably (+16 percent). Figure 2 shows the Pearson’s cor-
relation results for the discrete model variables (ex dummy variables). 
Figure 2: Pearson’s correlation results for the model variables (N=50) 

 (1) (2) (3) (4) (5) (6) 
TD83 Pearson Correlation -           
  Significance level (2-tailed)             
  N 50           
�TD1983-2002 Pearson Correlation -0.191 -         
  Significance level (2-tailed) 0.183           
  N 50 50         
VA83 Pearson Correlation -0.371** -0.133 -       
  Significance level (2-tailed) 0.008 0.356         
  N 50 50 50       
�VA1983-2002 Pearson Correlation -0.318* 0.205 0.022 -     
  Significance level (2-tailed) 0.024 0.154 0.879       
  N 50 50 50 50     
�PD1983-2002 Pearson Correlation 0.217 0.383** -0.278 -0.179 -   
  Significance level (2-tailed) 0.131 0.006 0.051 0.212     
  N 50 50 50 50 50   
�GD1983-2002 Pearson Correlation 0.270 0.061 -0.020 -0.190 0.257 - 
  Significance level (2-tailed) 0.058 0.676 0.892 0.185 0.072   
  N 50 50 50 50 50 50 

**: Correlation is significant at the 0.01 level (2-tailed). 
*: Correlation is significant at the 0.05 level (2-tailed). 
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4.2 Multiple regression  
The multiple regression analysis produces estimates for the coefficients of the inde-
pendent variables as well as for the constant �o. The hierarchical regression analysis 
entails four steps. In the analysis we applied a significance level of 0.05. In total, the 
entire sample of firms (N=50) could be included; all firm data sets were complete.  

The model summary in Figure 3 gives an overview of the influence of the inde-
pendent variables on the change in the breadth of the technological competence base 
of firms following the four steps of the model. The coefficient of determination R2 

and the value for the adjusted coefficient of determination (adjusted R2) continually 
increase by each model step. The values in the fourth step of the model, after inclu-
sion of all relevant variables, are 0.401 and 0.247 for R2 and adjusted R2 respectively. 
These values reveal a strong causal relationship between the independent and the de-
pendent variables in the complete model. Accordingly, 25 percent of the variation of 
the changes in the breadth of the technological competence base in the sample can be 
explained with use of the model. With a probability of error (Prob>F) of 0.016, the 
complete model (model 4) shows significance. 
Figure 3: Model summary of the hierarchical regression analysis of the determinants of 

the breadth of the technological competence base of firms 

Model Summary 

Model R R-Squared 

Adjusted 
 R-

Squared 
Standard 

Error 

Change Statistics 
Changes 

in R-
Squared 

Changes 
in F df1 df2 

Changes in 
Signifi-

cance of F 
1 0.383 0.146 0.129 17.708 0.146 8.232 1 48 0.006 
2 0.473 0.224 0.173 17.251 0.077 2.291 2 46 0.113 
3 0.580 0.336 0.207 16.898 0.112 1.388 5 41 0.249 
4 0.633 0.401 0.247 16.458 0.064 2.110 2 39 0.135 

ANOVA    

Model  Total Sum 
of Squares Df Mean 

Squares F Signifi- 
cance    

1 Regression 2,581.465 1 2,581.464 8.232 0.006    
Residuals 15,052.477 48 313.593        
Total 17,633.941 49          

2 Regression 3,944.791 3 1,314.930 4.419 0.008    
Residuals 13,689.151 46 297.590        
Total 17,633.941 49          

3 Regression 5,926.91 8 740.864 2.595 0.022    
Residuals 11,707.031 41 285.537        
Total 17,633.941 49          

4 Regression 7,070.164 10 707.016 2.231 0.016    
Residuals 10,563.777 39 270.866        
Total 17,633.941 49          
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In the first step, the change in product diversification (�PD1983-2002) is included into 
the model as the first independent variable. Across all four steps of the model, this 
variable has the strongest influence with a positive beta-value between 0.383 and 0.433 
and the highest significance level (between 0.003 und 0.008) (see figure 4). In step 2, 
the variables �VA1983-2002 and �GD1983-2002 are added. At first, the value-add quota 
(�VA1983-2002) shows a significant and positive value (0,283). In the following steps 3 
and 4, however, the effect of the variable turns to an insignificant level. The effect of 
internationalization (�GD1983-2002) appears to be insignificant in all relevant model 
steps (2-4). With the addition of the dummy variables in step 3 and the controlling 
variables in step 4, only the variables IT und TD1983 show significant regression coeffi-
cient values, in addition to �PD1983-2002. All other variables are not included in the final 
model due to insignificant (beta) coefficient values.  
Figure 4: Variable coefficients differentiated by the four model steps 

Model 
Non-standardized 

Coefficients Coefficients 
T Level of  

Significance 
B Standard error Beta 

1 �o -1.469 2.563   -0.573 0.569 
�PD1983-2002 0.213 0.074 0.383 2.869 0.006 

2 �o 3.083 3.757   0.821 0.416 
�PD1983-2002 0.241 0.075 0.433 3.187 0.003 
�GD1983-2002 0.002 0.101 0.003 0.024 0.981 
�VA1983-2002 0.292 0.138 0.283 2.119 0.040 

3 �o 11.522 8.338   1.382 0.174 
�PD1983-2002 0.233 0.079 0.420 2.952 0.005 
�GD1983-2002 -0.030 0.108 -0.040 -0.275 0.785 
�VA1983-2002 0.261 0.204 0.253 1.279 0.208 
CH -10.115 9.709 -0.223 -1.042 0.304 
EL -12.911 8.276 -0.264 -1.560 0.126 
IT -17.776 8.373 -0.347 -2.123 0.040 
MB 1.874 10.917 0.027 0.172 0.865 
PH -5.993 10.647 -0.123 -0.563 0.577 

4 �o 61.096 27.338   2.235 0.031 
�PD1983-2002 0.22 0.078 0.396 2.812 0.008 
�GD1983-2002 0.006 0.107 0.008 0.054 0.957 
�VA1983-2002 0.180 0.231 0.175 0.781 0.44 
CH -10.166 10.286 -0.224 -0.988 0.329 
EL -12.365 8.765 -0.253 -1.411 0.166 
IT -21.652 8.388 -0.423 -2.581 0.014 
MB -2.638 11.280 -0.038 -0.234 0.816 
PH -10.391 14.587 -0.213 -0.712 0.480 
TD1983 -35.753 17.735 -0.325 -2.016 0.050 
VA1983 -36.303 52.393 -0.128 -0.693 0.492 

 
The strongest influence on the technological competence profile of the firms is ex-
erted by changes in the breadth of the product portfolio. In the fourth step of the 
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model, �PD1983-2002 has a significant and positive influence on the breadth of the tech-
nological competence base with a beta of 0.396. A negative influence, on the other 
hand, is exhibited by the IT-industry dummy IT as well as by the controlling variable 
TD1983 (breadth of the technology base at the outset of the study). The latter result in-
dicates that firms which commanded a rather broad technology spectrum at the be-
ginning were more likely to refocus their technology portfolio than firms with more 
specialized technology profiles. In the comprehensive model (step 4), the constant 
variable �o also takes on a significant value. No effect on the technological compe-
tence base of the firms is shown by the core explanatory variable �VA1983-2002: With a 
beta-coefficient of 0.175 and a significance-level of 0.440 the value-add quota is not 
incorporated into the model. An even higher insignificance-level with a value of 0.957 
exhibits the degree of internationalization (�GD1983-2002).  

5. Discussion of the results and implications of the study 
Our study focuses on the effects of vertical specialization on the breadth of the tech-
nological competence base of firms. Does the outsourcing of production and other 
value-adding activities result in the outsourcing of the corresponding technological ac-
tivities? The descriptive empirical analysis provides a first answer to this question: 
Over the 20-year period (1983-2002) the development of the breadth of the techno-
logical competence base of the firms has been decoupled from the value-add quota. 
While the degree of vertical integration decreased by 13 percent, the degree of techno-
logical diversification only decreased by 2 percent across the time frame of the study.  

In the empirical test of our theoretical model we analyzed the effect of vertical 
specialization in combination with other determinants on the breadth of the techno-
logical competence base of firms. The strongest and most significant effect on the 
technology portfolio of firms was caused by changes in the firms’ product portfolio. 
The results of the regression analysis provide full support for hypothesis 2. On average, 
the sample firms have refocused their product portfolio significantly over the last 
twenty years: the average degree of product diversification in the sample decreased by 
seven percent. This decrease also had a negative effect on the breadth of the technol-
ogy portfolio. With a beta-coefficient of 0.396 the effect was highly significant (0.008). 
The theoretical arguments behind hypothesis 2 are supported by the empirical results: 
The divestment of (non-core) product businesses goes hand in hand with the divest-
ment of the underlying technological competence base.  

In contrast, the outsourcing of production and other value-adding activities to ex-
ternal suppliers had no significant influence on the breadth of the technology profile 
of the firms.3 On average, the degree of vertical integration decreased considerably by 
13 percent, but the technology portfolio remained unaffected by these changes. Hy-
pothesis 1 predicted a negative, yet weak, causal relationship between both variables. Al-
though the empirical results reject our core hypothesis 1, the basic rationale behind the 

                                                           
3  In model step 2 a positive and significant effect of the changes in the value-add quota on 

the degree of technological diversification of the firms is shown. However, after the in-
troduction of the industry dummy variables in step 3 the significant effect vanishes com-
pletely.  
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theoretical framework (and the true intention of the hypothesis) is heavily supported: 
The line of argumentation developed out of the RBV framework, namely based on the 
‘absorptive capacity’ view and the ‘dynamic capabilities’ concept, predicts that in tech-
nology-intensive industries an increase in outsourcing (vertical specialization) will not 
lead to a full reduction of the breadth and depth of the technological competence 
base. In order to stay innovative in the long run, firms must retain at least some tech-
nological competencies also in those areas of activities that have been outsourced. The 
empirical results indicate an even more “conservative” technology strategy of the 
sample firms: Firms that engage in outsourcing keep their technological competencies 
in-house. 

The negative influence of the industry dummy variable IT (with a beta of -0.423) 
can be explained with branch-specific developments in the industry’s “architecture”. 
Firms in the IT-industry have not only reduced their value-add quota considerably 
over the period of investigation, but they have also radically refocused and streamlined 
their product portfolios. The process of divesting non-core business activities in the 
IT industry coincided in most firms with a new product focus: Since the 1990’s, IT 
firms have diversified to a great extent into services, especially into software and IT 
services (Burr/Stephan 2007). However, in the present study patents are used as a 
proxy for the technological competencies of the firms. This creates a serious defi-
ciency for all (IT-)firms with a (new) product focus in services: At the European Pat-
ent Office most service technologies (service innovations) cannot be protected by pat-
ents (Burr et al. 2007). The negative effect of IT can therefore be explained by a lower 
patenting propensity of the firms. 

According to the empirical results of the study no significant effect exists be-
tween geographical diversification and the breadth of the technological competence 
base of the firms. Evidently, hypothesis 3, which predicts a positive, although moderate 
causal relationship between the two variables, is rejected. This result can at least partly 
be explained by the way the variable ‘degree of internationalization’ was operational-
ized in the study. In our approach to measure internationalization we explicitly fo-
cused on foreign sales activities, i. e. market-driven internationalization. The results 
indicate that firms who expand their sales to new foreign markets most likely choose 
those markets in which they are able to sell their products with minimal (technologi-
cal) changes. Consequently, internationalization which is primarily market-driven does 
not lead per se to an expansion of a firm’s technological competence base. It was not 
part of the present study to determine the effects of internationalization of production 
or R&D activities on the technological competence portfolio of firms. In cases, in 
which internationalization is measured by internationalization of production or R&D, 
a positive effect might be expected (WIR 2005). 

The technological complexity of the firms’ product portfolio was operationalized 
by industry dummies. Of the six categorical variables only IT had a significant and 
negative impact on the dependent variable. As discussed above, this result should be 
interpreted with caution. In the IT industry, the negative effect on the technological 
competence portfolio is not necessarily linked to a “loss” of technological complexity 
in the main product offerings. Instead, the effect can be more likely explained by a 
shift into business areas like software and IT-related services, which are characterized 
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by a lower patenting propensity of the firms (Blind et. al 2005). All other industry 
dummy variables had no significant effect on the technology portfolio of the firms. It 
is apparent that the technological complexity of the product offerings across indus-
tries has evolved along similar trajectories and thus has not forced the firms from dif-
ferent industries to expand their technology portfolios at faster or slower paces. 

Finally, a number of critical remarks must be made about the present study and 
the interpretation of its empirical results. In the study, we analyzed the effects of the 
outsourcing of production on the breadth of the technological competence base of 
firms. However, in the analysis we have not distinguished between firms that operate 
primarily as systems integrators (so called Original Equipment Manufacturers, OEMs) 
or as suppliers in their respective industries. Although all firms in our sample are large 
multinational corporations, some of them do also have significant stakes in the sup-
plier business (e. g., Bosch as a large automotive supplier firm). In this context it must 
be noted, however, that large supplier firms (so called tier-one suppliers) in turn also 
engage in the outsourcing of production to smaller component and parts suppliers 
(known as 2nd- and 3rd-tier suppliers). The limited or even non-existing effect of the 
outsourcing of production on the technological competence base of the firms, which 
has been specified in our model, should thus not be confined to OEMs. As long as 
firms – OEMs as well as suppliers – in technology-intensive industries plan to stay in-
novative in the long run, outsourcing will not result in the outsourcing of technologi-
cal competencies. However, this distinction between OEMs and suppliers should be 
taken into account in a separate hypothesis dealing with the firms’ “role” in the value 
chain (OEMs versus suppliers) in follow-up studies.  

Another facet that should be considered in follow-up studies is the mode of out-
sourcing. It probably makes a difference if firms in the course of outsourcing spin off 
parts of their business (including the employees) to external partners or if they simply 
delegate activities to externals on a contractual basis and keep the corresponding (hu-
man) resources in-house. In the spin-off case, outsourcing will probably more likely 
go along with the outsourcing of technological competencies due to the non-
replicability of the spun-off resources in question.  

The current period of investigation covers 20 years from 1983 to 2002. From the 
perspective of general strategic management this covers quite a long-term planning 
period. However, from the perspective of strategic management of technology, the 20 
years period could still be too short: Establishing long lasting and successful partner-
ships with external suppliers that are really based on trust, might require more than 20 
years. This holds especially true for industries with long lasting technology life-cycles, 
like pharmaceuticals or biotechnology, in which the development of new technologies 
can take up to 15 years or more. Irrespective of the longevity of the technology life-
cycle, though, the creation of a trustful relationship between the outsourcing firm and 
its suppliers might require a considerable amount of time that goes far beyond the 
time-frame of the present study. Especially the creation of a common and shared in-
novation culture together with external suppliers, which not only simplifies coordina-
tion but also serves as the basic pillar of trust in the partnerships, will probably take 
time. Only when such an innovation culture and trustful partnerships have become 
manifest, firms might be willing not only to outsource production but also the under-
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lying technological knowledge. Thus, in upcoming studies on the outsourcing behav-
ior of firms the time frame should be extended.  
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