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TECHNOLOGY IN-SOURCING AND THE CREATION OF PIONEERING TECHNOLOGIES

ABSTRACT

This study analyzes the effect of different external technology sourcing modes on the creation of radical innovation in companies. Moreover, since prior research has indicated that exploration consists of looking beyond both organizational and technological boundaries, the role of technological distance between the partnering firms and the role of technological newness are also included. In particular, this article examines how they affect the relationship between external technology sourcing and the creation of pioneering technologies (technologies that do not build on any existing technologies), which are used as a proxy for radical innovations. Using a sample of companies that were active in the pharmaceutical industry, the results indicate that strategic alliances and corporate venture capital investments have a positive effect on the creation of pioneering technologies, whereas the effect of M&As is found to be negative. Additionally, the results show that the impact of these governance modes on the creation of pioneering technology is indeed affected by the newness of the technology and relatedness of the technological portfolios of the partnering firms. A larger technological distance between the two partnering firms increases the effect of strategic alliances on the creation of pioneering technologies. In addition, the results indicate that technological newness weakens the positive effect of CVC investments and non-equity alliances on the creation of pioneering technologies.
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INTRODUCTION

Radical or breakthrough innovations are important in shaping today's competitive landscape
. In order to sustain their competitive advantage, companies must not only focus on incremental innovations in existing markets or products, but also on the creation of new businesses and the generation of more radical technologies (March, 1991). Although the exploration of new technologies entails a high level of technological and commercial uncertainty, prior studies have acknowledged their role in overall firm success (Kim and Mauborgne, 2004), the creation of breakthrough inventions (Ahuja and Lampert, 2001) and the generation of economic returns (Achilladelis et al., 1990). 


However, despite the vital role of breakthrough technologies to improve firm performance, prior studies discussing how they are discovered are relatively scarce. O'Connor and Rice (2001) argue that the recognition of breakthrough opportunities is key to the development of radical innovations. In addition, Mascitelli (2000) argues that harnessing tacit knowledge is a crucial aspect in achieving breakthrough innovations. Moreover, prior research has stressed the importance of new combinations (Fleming, 2001) and the fundamental role of moving beyond local search (Rosenkopf and Nerkar, 2001). As noted by Rosenkopf and Nerkar (2001), moving beyond local search consists of two main elements: moving beyond current organizational boundaries, and moving beyond current technological boundaries. According to the authors, a combination of both organizational and technological boundary spanning will naturally lead to the exploration of radical innovations. 


When considering the creation of radical innovations it is thus important to look at both organizational and technological boundary spanning. Although Rosenkopf and Nerkar (2001) have indicated the importance of looking beyond organizational boundaries, they have not included the particular role of different inter-organizational relationships in this respect. Organizational boundary spanning can take the form of engaging in inter-organizational relationships, for instance through strategic alliances, corporate venture capital investments and mergers and acquisitions. Because different external technology sourcing modes enable access to different types of technologies (Keil et al., 2008), it is important to disentangle them in order to estimate their individual impact. Although many prior studies have investigated the impact of different external technology sourcing modes on overall innovative performance (e.g. Ahuja and Katila, 2001; Dusnitsky and Lenox, 2005; Stuart, 2000), the way in which these strategies affect the creation of pioneering technologies has not yet been studied in a full-fledged manner. In addition, Rosenkopf and Nerkar (2001) stress the role of technological boundary spanning when generating breakthrough technologies. However, the way in which technological boundary spanning affects the relationship between external technology sourcing and the creation of breakthrough technologies is still unclear.


This article addresses this gap by empirically analyzing the effect of different external technology sourcing modes on the creation of pioneering technologies. In this study, pioneering technologies are defined following Ahuja and Lampert (2001, p. 529): “Pioneering technologies build on no existing technologies. Instead of trying to modify an available solution, pioneering technologies focus on completely de novo solutions.” Because different governance modes facilitate access to different types of knowledge in different stages of development, it is argued that they affect exploration outcomes differently as well. Additionally, the different governance modes are linked to the newness of the technology a firm invests in and the technological distance between the investor and its partner. Both technological newness and technological distance affect the extent to which the knowledge acquired matches the absorptive capacity embedded in the organization and hence the effectiveness with which the external knowledge can be internalized.


This article contributes to the literature in three key areas. First, this study incorporates a broad range of external technology sourcing modes that firms have at their disposal when looking for new technologies. Although prior research has investigated the simultaneous roles of alliances and acquisitions in the innovation process (e.g. Hagedoorn & Duysters, 2002; Vanhaverbeke et al., 2002), this article expands the number of governance modes under study by also including CVC investments. Second, this article specifically focuses on the generation of pioneering technologies. The analyses show how different governance modes lead to the creation of pioneering technologies, thereby shedding more light on the specific use and characteristics of different strategies for technology sourcing. Although prior research has studied the effects of strategic alliances, CVC investments and M&As on innovation performance (e.g. Stuart, 2000; Dushnitsky and Lenox, 2005; Ahuja and Katila, 2002; Keil et al., 2008), the role of these sourcing mechanisms on the creation of pioneering technologies has not yet been investigated. Third, the roles of technological newness and technological distance are incorporated when analyzing the effect of different governance modes on the creation of pioneering technologies. As such, this article extents prior research on the role of organizational and technology boundary spanning in the creation of radical innovation (Rosenkopf and Nerkar, 2001).


The remainder of this article is organized as follows: Making a distinction between organizational and technological boundary spanning, the article starts with the development of hypotheses that predict the effect of different inter-organizational relationships on the generation of pioneering technologies. Next, the role of technological boundary spanning is added by developing hypotheses about the interaction effect of technological distance and technological newness. These hypotheses are then tested on a dataset comprising panel data on inter-organizational relationships of companies in the pharmaceutical industry. This section contains a description of the data, the variables included in the study and the methods used. Finally, the results are presented and discussed, followed by the conclusions and some suggestions for further research.

THEORETICAL BACKGROUND

Exploration across firm boundaries

Involvement in inter-firm relationships is generally considered as an important determinant for the explorative performance of firms because it allows them to look beyond their organizational and technological domains (Fleming, 2001; Rosenkopf and Nerkar, 2001). In addition, external technology sourcing enables firms to create a higher level of internal variety, which is crucial in order to effectively adapt new technologies (McGrath, 2001). Moreover, external technology sourcing is an important vehicle to acquire new technologies, to get access to superior resources (Dyer and Singh, 1998) and to ensure corporate renewal (Vanhaverbeke and Peeters, 2005). 


There are different ways in which firms can engage in external technology sourcing. Mergers and acquisitions and strategic alliances, such as R&D agreements and joint ventures, have for years been popular ways to tap into other firms' knowledge. Increasingly important are university cooperation and the use of corporate venture capital investments, in which firms take a minority equity stake in a young, start-up company, often accompanied by board membership in the start-up. Evidently, since different governance modes have different characteristics, they are also likely to be employed to source different types of knowledge (Keil et al., 2008). Depending on whether the new venture involves explorative or exploitative innovation, companies will use different strategies for technology sourcing (Schildt et al., 2005). Exploration, involving a higher level of uncertainty, usually involves less integrated governance modes, while exploitative innovations might be better conducted through more integrated strategies (Keil et al., 2008; Schildt et al., 2005). As a result, it can be argued that the way they affect the generation of radical innovations also differs between different external technology sourcing modes. The creation of breakthrough innovations is by definition a high-risk venture with uncertain outcomes. One of the ways to effectively manage high risks and the high costs often associated with this is by using technology transfer modes that are reversible and offer a high level of flexibility. Reversibility and flexibility are necessary to allow a firm to withdraw from a commitment as soon as the new technology turns out not to be promising (Folta, 1998; Van de Vrande et al., 2006). 

Strategic alliances

Investing in strategic alliances is one way in which companies can enhance the flexibility of external technology sourcing. Strategic alliances have the advantage of enabling the sharing of costs and risks and providing access to complementary knowledge developed by the partners. This is an important asset in the development of complex or breakthrough technologies (Hagedoorn and Duysters, 2002). 

Strategic alliances can be divided into equity and non-equity alliances (Inkpen, 1998; Zollo et al., 2002). Non-equity alliances do not involve an equity investment in the partner firm, and can hence be regarded as a flexible means to invest in new technologies. Equity alliances, on the other hand, require the co-investment of financial resources, thereby posing an increased level of commitment on the investing organization. The lack of equity investment in non-equity alliances makes them more suitable to be used in earlier stages of the highly risky new business development process. Equity alliances, on the other hand, may play an increasingly important role once the future potential of the technology is becoming more apparent or when the technology is expected to be crucial for the firm. When managing radical innovation projects, this increased level of control can be an important precondition for the efficient and effective transfer of tacit knowledge in interfirm relationships (e.g. Hansen, 1999).


A number of prior studies have examined the positive effects of strategic alliances on subsequent innovation performance (e.g. Ahuja, 2000; Stuart, 2000) and the use of strategic alliances as a means to conduct explorative innovation (see for instance Koza and Lewin (1998) and Rothaermel and Deeds (2004) and their notion of explorative alliances). Moreover, Tushman and Anderson (1986) argue that young start-up firms that face resource constraints often generate radical new technologies. This forces them to rely on strategic alliances with other start-ups or incumbent firms (Rothaermel, 2001). As a result, engaging in a strategic alliance with such a start-up firm might provide firms with access to knowledge that leads to the development of radical innovations. Although equity alliances pose a higher level of involvement on firms, it should be noted that equity alliances also increase the level of control as a result of the financial investment. Thus, when the outcomes of the R&D process are highly uncertain, companies might either want to maintain their flexibility through non-equity arrangements, or secure their future involvement and the efficient transfer of knowledge through an equity investment. Hence, it is expected that non-equity and equity alliances both have a positive effect on the subsequent generation of pioneering technologies.

Hypothesis 1. Strategic alliances (both equity and non-equity) have a positive effect on the creation of pioneering technologies.

Corporate venture capital investments

The same reasoning can be applied to the use of corporate venture capital (CVC) investments. CVC investments are flexible and to a large extent reversible investments in start-up companies. CVC investments are widely known as a means to have a 'window on new technologies' (Ernst et al., 2005; Keil, 2002) and to 'explore the external environment' (Wadhwa and Kotha, 2006). Moreover, a CVC investment often comes with board membership of the investing firm in the start-up and close cooperation to further develop the technology. In addition, new entrants are often associated with the generation of pioneering technologies. Due to their flexible and explorative nature, CVC investments are an interesting mechanism to get access to new knowledge in the earlier stages of technology development. Combining this knowledge with the existing knowledge within the investing firm might then lead to the generation of pioneering technologies. 


Thus, CVC investments are also an appropriate strategy to use in the earlier stages of the technology development process. They enable firms to make small, reversible investments to manage the uncertainty surrounding the development of pioneering technologies. Moreover, technological cooperation with the start-up firm is an important aspect in many CVC investments and thereby serves as an attractive way to share risks involved with the innovation process. Hence it is hypothesized that CVC investments also have a positive effect on the subsequent generation of pioneering technologies.

Hypothesis 2. Corporate venture capital investments have a positive effect on the creation of pioneering technologies.

Mergers and acquisitions

Mergers and acquisitions, on the other hand, are a somewhat different story. An acquisition can be defined as ‘one firm buying another for the intent of gaining access to the acquired firm’s technology’ (Schilling & Steensma, 2002) and is often used when the need for strategic flexibility is low or when the firm intends to utilize sustaining economies of scale and scope efficiently (Garette & Dussauge, 2000; Hoffmann & Schaper-Rinkel, 2001). Previous studies have shown mixed results for the effect of M&As on overall innovation outputs (for an overview see De Man and Duysters, 2005), indicating both positive as well as negative effects. Although it can be argued that acquisitions broaden a firm's knowledge base (Vermeulen and Barkema, 2001), it should be noted that M&As pose a high level of financial and organizational commitment on the investing firm. As a result, M&As are likely to be used in later stages of the new business development process, when the uncertainty about the opportunity has decreased (Van de Vrande et al., 2006) and the partner's technology has proven to be important to the firm's core business (Hagedoorn and Duysters, 2002).


When developing pioneering technologies, uncertainty about the opportunity is generally high and companies need to remain flexible in order to be able to withdraw from the commitment if necessary. Prior research has indicated that exploration of new technologies is enhanced by loosely coupled governance modes (Schildt et al., 2005), suggesting that a higher level of integration has a higher impact on exploitation of existing knowledge rather than on the exploration of new knowledge. As a result it is argued that, as opposed to loosely coupled linkages such as strategic alliances and CVC investments, M&As will have a negative effect on the creation of pioneering technologies.
Hypothesis 3. Mergers and acquisitions have a negative effect on the creation of pioneering technologies.

Exploration across technological boundaries

As argued in the introduction, radical innovations stem from both organizational and technological boundary spanning (Rosenkopf and Nerkar, 2001). Organizational boundary spanning can take the form of investing in interfirm relationships, such as strategic alliances, corporate venture capital and mergers and acquisitions. Technological boundary spanning, on the other hand, can take the form of investing in technologies that are somehow new to the firm, for instance because of the technological distance between the partners or because of technological newness. 

Technological distance

Inter-organizational learning is affected by the extent to which the information acquired is novel to the recipient. The degree to which certain knowledge is novel depends on the technological distance between the parties involved. Technological distance refers to the absence of overlap between the technological knowledge bases of the firms involved. If this overlap is small, the focal firm
 and its partner have little common knowledge in their existing portfolios. As a result, the way in which they 'perceive, interpret and evaluate' the information that they are exposed to is different (Nooteboom, 2000), and only through interaction are they able to learn from each other. Although some overlap is always necessary in order to recognize and assimilate new knowledge (Cohen and Levinthal, 1990; Lane and Lubatkin, 1998), large technological distance embodies the opportunity to learn distantly related skills and to be exposed to distant knowledge that is relatively new to the firm. 


Due to their flexible nature and small financial commitments, CVC investments and strategic alliances are particularly interesting mechanisms to target distant knowledge. As argued by Nooteboom (2004), exploration requires a loosening of linkages with large cognitive distance. Exploration thus benefits from external technology sourcing on a higher technological distance (Rosenkopf and Nerkar, 2001). Larger technological distance implies a smaller overlap of knowledge, and thus more novel knowledge relative to the knowledge base of the focal firm (Schildt et al., 2005). Moreover, access to knowledge from unrelated contexts stimulates the creation of new combinations, thereby increasing the likelihood that the innovating firm will create pioneering technologies. As a result, a positive effect between the technological distance between the partnering firms and the creation of pioneering technologies is anticipated. Moreover, it is expected that the technological distance between the focal firm and its partners strengthens the relationship between external technology sourcing and the subsequent creation of pioneering technologies in the case of strategic alliances and CVC investments. Hence, the hypothesis: 

Hypothesis 4a. Technological distance between the focal firm and its partners strengthens the effect of external technology sourcing on the creation of pioneering technologies for strategic alliances and CVC investments.

On the other hand, more integrated governance modes are less interesting to source knowledge on a large technological distance. Therefore, the technological distance between the focal firm and its partner is expected to have a moderating effect on the relationship between M&As and the creation of pioneering technologies.

Hypothesis 4b. Technological distance between the focal firm and its partners weakens the relationship between external technology sourcing and the creation of pioneering technologies in the case of M&As.

Technological newness

Technological newness also plays an important role in the spanning of technological boundaries. Creating pioneering technologies requires the focal firm to constantly invest in cutting-edge technologies that are on the verge of breaking through. Past studies have argued why recent knowledge enhances innovation processes. Investing in recent knowledge enables a firm to maintain the constant fit between the firm and its environment, which is likely to lead to better solutions (Katila, 2002). Moreover, by building on recent technologies, firms build upon routines and capabilities already embedded in the organization, which provide them with a better view on future developments (Katila, 2002; Nerkar, 2003). In addition, investing in recent technologies prevents the firm from ending up in a maturity trap, in which the firm sticks to the exploration of mature technologies (Ahuja and Lampert, 2001). Thus, investing in newer technologies enhances the explorative outcomes of the innovation process. 


The previous section delineates that external technology sourcing through flexible, reversible governance modes such as strategic alliances and CVC investments has a positive effect on the generation of pioneering technologies. Building upon the arguments presented earlier, technological newness is expected to positively affect this relationship. After all, sourcing newer knowledge requires more flexible and hence more reversible modes of governance to manage the risks associated with this type of learning. Therefore, it is argued that using flexible forms of governance to source more recent technologies enhances the positive exploration outcomes. Hence the hypothesis:

Hypothesis 5a. The newness of the technology a focal firm invests in strengthens the effect of external technology sourcing on the creation of pioneering technologies for strategic alliances and CVC investments.

On the other hand, less flexible governance modes are not so attractive as a means to source new knowledge, due to their high level of integration. As a result, it is expected that technological newness has a moderating effect on the relationship between M&As and the creation of pioneering technologies. 

Hypothesis 5b. The newness of the technology a focal firm invests in weakens the relationship between external technology sourcing and the creation of pioneering technologies in the case of M&As.

METHODS

Data and sample

To test the hypotheses, a sample consisting of 153 firms that were active in the pharmaceutical industry between 1990 and 2000 is used. The dataset was constructed in the following way. For each year of the observation period, the 200 companies with the largest cumulative number of pharmaceutical and biotechnology patents were collected. Following Rothaermel and Hess (2007) and Rothaermel and Thursby (2007), selection was based on patents filed in the following patent classes, defined by the USPTO: 424, 435, 436, 514, 530, 536, 800, and 930
. Generally, firms with a large number of patents in the industry are also large firms in terms of revenues. Moreover, large, innovating firms are more likely to engage in external technology sourcing activities and are more likely to report them publicly (Keil et al., 2008). Prior research on alliances and acquisitions has for that reason also focused on the largest companies in the industry (Ahuja, 2000; Gulati, 1995; Hitt et al., 1991; Keil et al., 2008). The sample was selected based on companies' prior patents in the industry. After selecting the companies with the largest cumulative number of patents in the relevant patent classes, research institutes and universities were removed from the sample. Next, the remaining sample was manually checked for parents and affiliates using Dun & Bradstreet's Who Owns Whom, which were then aggregated on parent company level. After checking for duplicates, this leads to 153 independent companies to be included in the sample. These companies will be referred to as "focal firms", to distinguish them from their partners. 


Next, all the venture capital investments, technology alliances, minority holdings, joint ventures, and merger and acquisition are gathered for these firms during the period 1985-2000, allowing the calculation of some of the independent variables using a five-year time lag. Furthermore, patent data and financial information was collected. Corporate venture capital data was derived from the Thomson VentureXpert database, data concerning alliances and joint ventures was obtained from the MERIT-CATI databank on Cooperative Agreements and Technology Indicators, and Thomson ONE Banker was used to collect information regarding the companies' M&A activity. Because both the collected alliances and corporate venture capital investments have a strong technology component, only technological M&As were included in the sample, following the method by Ahuja and Katila (2001)
.


Patent information was collected for all firms included in the sample using data from the US Patent and Trademark Office. Because the US Patent and Trademark Office grants patents both on subsidiary as well as on parent company level (Patel and Pavitt, 1997), and the organizational level on which patents are applied for differs between companies, the patents are consolidated on parent company level for each observation year (using Who Owns Whom by Dun & Bradstreet). In addition to that, financial data was gathered using Worldscope, including sales, research and development expenses and the number of employees. Financial information was not available for all firms in the sample as some companies are privately owned and do not release financial information in a consistent manner.

Dependent variable

The dependent variable, pioneering technologies measures the extent to which firms generate technologies that do not build on established knowledge bases. Instead of using available solutions, they focus on basic problems and their root causes. Hence, it is a breakaway from local search leading to the exploration of unknown solutions. This variable is calculated following the method by Ahuja and Lampert (2001), counting all patent applications in year t that do not cite any other patents. In total, the focal firms included in the sample have applied for 10,021 patents that do not cite prior art. On average, the focal firms apply for 7.4 pioneering patents per year (σ = 13.5). Since all patents are required to disclose prior art information, no citations to prior patents indicate that there are no visible technological antecedents. Pioneering patents can therefore be regarded as technology that is new to the world. ‘Pioneering technologies’ as the empirical variable of this article is thus a count variable, indicating the number of patent applications in year t that do not cite any prior patents
.

Independent variables

The hypotheses predict a direct relationship between CVC investments, non-equity alliances, equity alliances, M&As, and explorative performance. Therefore, for every observation year t, the number of CVC investments, non-equity alliances, equity alliances and M&As respectively are counted in the five years prior to the observation year (t-1 to t-5). As mentioned earlier, a five-year moving window is appropriate, since technological knowledge loses most of its value within the first five years (Griliches, 1979).


In addition, hypothesis 4 and 5 predict a moderating relationship between technological distance and technological newness on the one hand and the different modes of external technology sourcing on the other hand. Technological distance refers to the lack of overlap between the knowledge base of the investing company and the knowledge that is acquired externally. To calculate the technological proximity between two firms (i and j), the method developed by Jaffe (1986) was used. Following this method, the technological proximity between two firms is computed as the uncentered correlation between their respective vectors of technological capital (measured as the cumulative patent applications in technology class k over the five years prior to the investment), Pik and Pjk respectively: 
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The technological proximity (Tij) measure takes a value between 0 and 1 according to their common technological interests. To calculate technological distance, this variable is transformed into a new one, which equals 1- Tij. In this way, a value of 0 for this variable equals a complete overlap of the technology portfolios. The maximum of 1 indicates that there is no overlap at all between the technology portfolios of the two partners. 


Technological newness is a firm-level variable, which is developed in a two-step process. First, the age of all patent classes is determined. This is calculated as the median of the age of all patents in a patent class in a particular year. The age of the patent is the time elapsed between the application year and the observation year. To overcome outlier bias, the median age is used rather than the average to calculate the age. Second, to calculate the average technological age of a firm, the share of patent applications is multiplied by the technology age for each patent class. Technological newness is then calculated as -1 * technology age, such that higher values represent a higher level of technological newness.


To test the moderating effects, the corresponding interaction terms between the relevant independent variables are included. To calculate the different interaction terms, the independent variables are standardized prior to computing their cross terms in order to enhance their interpretability and to eliminate nonessential multicollinearity (Aiken and West, 1991; Rothaermel and Deeds, 2004). To test the interaction between technological distance and different modes for external technology sourcing, the cross-terms between technological distance on the one hand and CVC investments, non-equity alliances, equity alliances, and M&As on the other hand are computed. In similar vein, the cross-terms between technological newness and CVC investments, non-equity alliances, equity alliances, and M&As are computed to test the interaction between technological newness and the different modes for external technology sourcing.

Control variables

Because the generation of pioneering technologies is expected to be dependent on a firm's history in creating such technologies, the lagged dependent variable is included as a control variable to control for unobserved heterogeneity (Blundell et al., 1995). Since technological knowledge depreciates over time, the lagged dependent variable is calculated, using the following formula:
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Consistent with prior studies that have incorporated patent data as independent variables, a depreciation rate of 15%, and a 5-year depreciation schedule is used (e.g. Crepon and Duguet, 1997; Hall et al., 2005). As a robustness check, the lagged dependent variable using a 30% depreciation rate (e.g. Blundell et al., 1995; Dushnitsky and Lenox, 2005) was also calculated which led to similar results as presented in this article, indicating that this variable is robust.


Because prior research has indicated a strong relationship between R&D inputs and innovation, but also as a means to generate the absorptive capacity necessary to benefit from external technology sourcing (Cohen and Levinthal, 1990), R&D expenditures as a percentage of sales is included as a control variable. In addition to that, the model controls for size (natural logarithm of sales) and yearly dummy variables are introduced to capture eventual changes in patent application levels. The control variables size and R&D intensity are lagged by one year. Additionally, as the sample consists of both pharmaceutical and chemical firms (both industries have high patent activity in the patent classes used for the selection of the sample), a dummy variable to control for industry-specific effects is included. Finally, region dummy variables are included to control for unobserved effects that are region-specific. 

Method

The dependent variable pioneering technologies is a count variable. Although Poisson models are often used to estimate count outcomes, the model in practice rarely fits due to overdispersion. Because the data shows significant evidence of overdispersion (i.e. the variance exceeds the mean), a negative binomial regression model is more appropriate (Cameron and Trivedi, 1998). Prior studies that used patent counts as a dependent variable have for that reason also used a negative binomial model (e.g. Hausman et al., 1984; Stuart, 2000). The negative binomial model for panel data is estimated using the xtnbreg command in STATA.


Furthermore, a Hausman specification test (1978) was employed on the baseline model to determine the choice between a random- and a fixed-effects model. The Hausman test was not significant, indicating that it is safe to use a random-effects model. Because random-effects models do not control for time-invariant variables (i.e. variables that differ between cases but are constant over time), unobserved effects that are industry and region specific are manually controlled for by including industry and region dummies. Moreover, as mentioned earlier, the lagged dependent variable was included as a control variable to control for unobserved heterogeneity (Blundell et al., 1995).

RESULTS

Table 1 shows the descriptive statistics and correlations for all variables. 

---------------------------------

 Insert Table 1 about here

---------------------------------

Table 2 shows the results for the negative binomial regression using pioneering technologies as a dependent variable. Model 1 in Table 2 shows the baseline model with only the control variables included. Model 2 shows the effects of CVC investments, non-equity alliances, equity alliances and M&As on the generation of pioneering technologies. After estimating the effects of the different governance modes on the generation of pioneering technologies, the interaction terms of the different governance modes with technological distance (Model 3) on the one hand and technological newness (Model 8) on the other hand were included to test hypotheses 4 and 5 respectively. Note that the high correlation between non-equity and equity alliances points to potential multicollinearity problems, which might lead to very large standard errors for the coefficient estimates leading them to show up as non-significant or which might cause a flip in signs even after minor changes in the specification or sample (Greene, 1997). Therefore, Models 4-7 and Models 9-12 have also been estimated, showing the respective interaction terms to test for possible reinforcing relationships between technological distance and technological newness on the one hand and the different external technology sourcing modes on the other hand.

---------------------------------

Insert Table 2 about here

---------------------------------

Hypothesis 1 predicts a positive effect of strategic alliances on the generation of pioneering technologies. Model 2 in Table 2 shows positive, significant coefficients for both non-equity and equity alliances, thereby supporting the hypothesis. Moreover, these positive effects are consistent throughout other models that include these variables as well, showing that these effects are robust when other variables are included in the analysis. Thus, both non-equity and equity alliances have a positive effect on the generation of pioneering technologies.


Hypothesis 2 predicted a positive effect of CVC investments on the creation of pioneering technologies. The positive and significant coefficient in Model 2 in Table 2 confirms that CVC investments positively affect the generation of subsequent pioneering technologies. In addition, Table 2 shows that the coefficient remains positive and significant throughout all models, supporting the robustness of this result. Hence, Hypothesis 2, CVC investments positively affect the creation of pioneering technologies, is also supported by the analysis. However, although the coefficients in Model 2 seem to be smaller than the coefficients for non-equity and equity alliances, they appear not to be statistically different. Hence, it can be concluded that CVC investments, next to non-equity and equity alliances, play an important role in the creation of pioneering technologies.


Hypothesis 3, on the other hand, indicated a negative effect of M&As on pioneering technologies. Consistent with this hypothesis, Model 2 in Table 2 shows a negative, significant coefficient for M&As on the creation of pioneering technologies. Moreover, this negative effect is robust when other variables are included in the analysis. Thus, the third hypothesis is supported by the data. Firms investing in M&As do not focus on pioneering technologies; rather they pursue other advantages related to M&As, such as improving their market position, market power, or economies of scale and scope in production or distribution.


This article furthermore argued that technological boundary spanning positively influences the effect of external knowledge sourcing on the creation of pioneering technologies. The results in Table 2 indicate that both technological distance and technological newness have no direct effect on the generation of pioneering technologies (Models 3 and 8). However, the variables may have a moderating effect on the relationship between external technology sourcing modes and the emergence of pioneering technologies. Hypothesis 4a predicts that the effect of external technology sourcing on pioneering technologies is amplified with increasing technological distances between the focal firm and its partners for strategic alliances and CVC investments. The results in Models 3 to 7 in Table 2 show mixed results. Technological distance does not play a role in interaction with CVC investments and equity alliances on the creation of pioneering technologies. The interaction term with non-equity alliances, on the other hand, is positive and significant, indicating that the efficiency to create pioneering technologies with non-equity alliances increase with larger technological distances. Hypotheses 4b, on the other hand, predicts a negligible or negative effect for technological distance on the relationship between M&As and pioneering technologies. The results in Model 3 show a negative, significant effect for the interaction between technological distance and M&As, indicating that larger technological distances strengthen the negative effect of M&As. Thus, Hypothesis 4b is supported, whereas Hypothesis 4a is corroborated only for non-equity alliances. When searching for distantly related knowledge, the flexibility provided by the nature of non-equity alliances proves to be a vital aspect of the inter-organizational relationship. This issue is further addressed in the discussion section.


Hypothesis 5a proposes that technological newness also enhances the effect of external technology sourcing on pioneering technologies for strategic alliances and CVC investments. The results in Table 2 show again mixed evidence. In contrast to the expectation, Model 8 shows a non-significant direct effect of technological newness on the creation of pioneering technologies. The results for the interaction terms, however, are interesting. While the interaction term between technological newness and equity alliances does not reach significance, the other two interaction terms with CVC investments and non-equity alliances appear to have a negative impact on the likelihood of pioneering technologies. Contrary to the expectations, technological newness weakens the effects of CVC investments and non-equity alliances on the generation of pioneering technologies. Consequently, the Hypothesis 5a is not suppoerted. In addition, the positive interaction between technological newness and M&As, shows that the negative effects of M&As on the creation of pioneering technologies is moderated by the newness of the technology a firm invests in. This is in contrast to the expectations in Hypothesis 5b. Possible explanations for this will be considered in the discussion section.


As for the control variables, it is interesting to note that firm size has a consistent, positive effect on the generation of pioneering technologies. Although some researchers believe otherwise (e.g. Cooper and Schendel, 1976; Foster, 1986), larger firms seem to be more successful in the creation of breakthrough technologies. R&D intensity, on the other hand, also has a positive effect on pioneering technologies, but in some models the coefficient is non-significant. In addition, it appears that European firms and pharmaceutical firms are positively associated with the generation of breakthrough technologies. Interestingly, pharmaceutical firms in this sample are more successful in creating breakthrough technologies than their chemical counterparts. 

DISCUSSION

This study examined the effect of different inter-organizational relationships on the subsequent generation of pioneering technologies. The results indicate that loosely coupled linkages such as strategic alliances (non-equity as well as equity) and corporate venture capital investment have a positive effect on the creation of breakthrough innovations, thereby supporting Hypotheses 1 and 2. Furthermore, the results presented in this article indicate that M&As, representing a higher level of commitment and integration, have a negative impact on the generation of pioneering technologies (as suggested by Hypothesis 3). In line with Rosenkopf and Nerkar (2001), these results indicate the importance for firms to be involved in search activities that span organizational boundaries. Moreover, the results stress the particular role of flexibility and reversibility when developing pioneering technologies with highly uncertain technological and commercial value (Van de Vrande et al., 2006).


In addition, this study shows how technological distance and technological newness affect the impact of different external technology sourcing modes on pioneering technologies. Hypothesis 4a, arguing that technological distance increases the effect of external technology sourcing on pioneering technologies for strategic alliances and CVC investments, is only partially supported. The interaction term representing the enhancing effect of technological distance between the focal firm and its partner is found to be positive and significant only for non-equity alliances. A larger technological distance between the two partnering firms increases the effect this organizational mode has on the creation of pioneering technologies. Thus, non-equity alliances are more effective in generating pioneering technologies from distantly related knowledge. Interestingly, this effect does not hold for CVC investments and equity alliances, as these two interaction terms are statistically not significant. A possible explanation for the lack of impact of technological distance on the relationship between CVC and pioneering technologies might be the highly explorative nature of CVC investments. In the pharmaceutical industry, CVC investments are often cross-industrial investment in young, start-up biotech firms. As a result, these investments already involve a large deal of uncertainty. Increasing this uncertainty by investing in more distantly related ventures might result in difficulties for the focal firm to recognize and assimilate the technology at stake. For this reason, there is the risk that the absorptive capacity of the investing firm falls short when investing in start-up ventures on a high technological distance. 


Hypothesis 5a proposes that technological newness of the partner firm also increases the effect of external technology sourcing on pioneering technologies for strategic alliances and CVC investments. However, the opposite appears to be true. Technological newness weakens the positive effect of CVC investments and non-equity alliances on the creation of pioneering technologies. The effect of CVC investments and non-equity alliances on the generation of pioneering innovations increases when the partner firm works with relatively older technologies. A possible explanation for this effect could be found in the proven reliability of older knowledge (Katila, 2002). External sourcing of technologies in itself poses a large amount of risk and uncertainty on the organization. Making this type of investment in more recent technologies increases the amount of uncertainty and, as a result, the investing firm might be more comfortable by investing in external technologies that have been in existence for some time already. However, when a firm decides to invest in recent technologies, it appears that this is best done through M&As. In contrast to the expectations, the positive interaction term between technological newness and M&As suggests that the positive effects of sourcing recent technologies are more likely to materialize when a governance mode with higher level of integration is deployed. Not only does a more integrated governance mode minimize transaction costs, prior research (e.g. Hansen, 1999) has also indicated that a higher level of integration enhances the transfer of tacit knowledge. A higher integration level might therefore also be appropriate to effectively absorb recent knowledge.


To conclude, this study demonstrates how different modes for organizational boundary spanning add to the creation of pioneering technologies and how this is affected by technological distance and technological age. Small investments with a high level of flexibility appear to be the most appropriate way to invest in breakthrough technologies. As suggested by real options theory, highly uncertain investments are best tackled in a multiple step process: by making small, initial investments, firms can defer commitment until uncertainty about the opportunity has decreased to a manageable level (Folta, 1998; Van de Vrande, 2006). The generation of breakthrough technologies is a highly uncertain process since the promise of a particular technology is not always clear in the beginning of the development process. Small, flexible arrangements such as strategic alliances and CVC investments enable firms to withdraw from the commitment as soon as it turns out not to be promising. In addition, since investing in technology in an early stage of development poses a high level of uncertainty on the investing firm, an increase of this uncertainty by investing in distant or unfamiliar technologies appears not to be favorable to successful development of pioneering technologies. There seems to be a maximum of the amount of uncertainty a firm is willing to tackle. When investing in the development of radically new technologies, stacking of different types of uncertainty makes this process too difficult to manage. 


This study contributes to the literature by incorporating a broader range of different governance modes to source technology externally. Focusing specifically on the creation of pioneering technologies, this article sheds light on the specific use and characteristics of each of these governance modes when exploring into breakthrough innovation. Moreover, the roles of technological distance and technological newness are also included, showing how crossing technological boundaries affects the relationship of external technology sourcing on the creation of pioneering technologies.


Of course this study is not without limitations, which in turn provide some interesting avenues for future research. First, exploration of technological frontiers entails more than just the creation of pioneering technologies. As suggested by Ahuja and Lampert (2001), novel (technologies that are already in existence but new to the firm) and emerging technologies also play an important role in this process. Clearly, novel and emerging technologies take another approach to radical technological innovation, and they are important aspects of explorative search (Day et al., 2000). Moreover, the analysis does not take into account the role of exploitation, which is recognized as being an important aspect for the immediate survival of the ambidextrous firm (O'Reilly and Tushman, 2004; Tushman and O'Reilly, 1996). Future research could thus benefit from including exploitation and other types of exploration, such as novel and emerging technologies, as well. This study has shown how different governance modes affect the generation of pioneering technologies differently and it might very well be the case that other governance modes play a dominant role in other types of innovation output. Including a larger range of innovation output measures will help both researchers and managers alike to get a better grip on the complex nature of external technology sourcing and innovation. 


Another limitation of this study is that attention is limited to the use of inter-organizational relationships. As argued by Lam (2007), university partners provide companies with access to the latest scientific developments. Hence, universities, but also research labs may also play an important role in the creation of breakthrough technological innovation. Moreover, the results indicate strong significant and positive effects for European firms over their US and Japanese counterparts in the creation of pioneering technologies. This is an interesting observation and further research in the area of external technology sourcing and region-specific effects might further increase the understanding of inter-organizational collaboration and its effects on the creation of breakthrough technologies. Furthermore, the strong significant effect for the dummy variable representing pharmaceutical firms also indicates that pharmaceutical firms outperform chemical firms in the creation of pioneering technologies. Future research in this area could increase the understanding of the role of pioneering technologies in these industries. Also, this effect raises the question of industry effects in the creation of pioneering technologies, which indicates the need for future research in other industry settings as well.

In addition, this article takes a rather static view of the innovation funnel. Future research in the field would benefit from including the dynamic nature of the innovation process. This allows us to gain more insight in the sequential aspects of investments and in the importance of building capabilities to use external sources of technology for new business creation (Keil, 2004). Further research in this area is needed to advance the understanding of this phenomenon. 


Finally, the analysis indicates that prior engagement in pioneering technologies has a positive, significant effect on the creation of subsequent pioneering technologies. This raises the question as to what extent are firms able to build competences around the creation of breakthrough technologies? And if so, does that also lead other firms to leave the creation of pioneering technologies to their competitors and become good "fast followers"? Especially in today's open innovation paradigm (Chesbrough, 2003), where the creation of new technologies is scattered and benefiting from new technology has become more a question of finding the right business model (Chesbrough, 2006) than of being the owner of the technology, these questions are becoming more and more important.
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Table 1 Summary statistics

	
	Mean
	S.D.
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	(1) Pioneering technologies
	7.92
	10.89
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(2) Size (ln)
	9.66
	2.03
	.08
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(3) R&D intensity
	0.09
	0.17
	.03
	-.34
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(4) Dummy Europe
	0.30
	0.46
	.26
	-.17
	.01
	
	 
	 
	 
	 
	 
	 
	 
	 

	(5) Dummy Japan
	0.21
	0.40
	-.12
	.76
	-.04
	-.33
	
	 
	 
	 
	 
	 
	 
	 

	(6) Dummy Pharma
	0.50
	0.50
	.18
	.01
	.30
	.12
	.16
	
	 
	 
	 
	 
	 
	 

	(7) Pioneering technologies t-1 to t-5
	22.57
	28.52
	.84
	.11
	.01
	.29
	-.13
	.20
	
	 
	 
	 
	 
	 

	(8) CVC investments
	0.63
	2.36
	.06
	-.05
	.01
	-.04
	-.13
	-.02
	.06
	
	
	 
	 
	 

	(9) Non-equity alliances
	4.77
	6.20
	.40
	-.07
	-.02
	.14
	-.29
	-.03
	.45
	.24
	 
	 
	 
	 

	(10) Equity alliances
	2.20
	2.70
	.34
	-.03
	-.06
	.12
	-.25
	-.16
	.35
	.70
	.22
	
	 
	 

	(11) M&As
	2.69
	3.09
	.18
	-.04
	-.14
	.26
	-.35
	-.21
	.24
	.42
	.22
	.46
	
	 

	(12) Technological distance
	0.72
	0.19
	-.01
	-.10
	-.10
	.06
	-.18
	-.21
	.01
	.08
	.07
	.10
	.17
	

	(13) Technological newness
	-10.26
	2.01
	.11
	-.02
	.25
	-.17
	-.16
	.42
	.09
	.01
	.11
	-.06
	-.21
	-.21


Table 2 Random effects panel estimation results for pioneering technologies

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	Constant
	-0.756
	-0.500
	-0.597
	-0.668
	-0.338
	-0.551
	-0.899*
	-0.652
	-0.631
	-0.353
	-0.612
	-0.933*

	
	(0.540)
	(0.550)
	(0.54)
	(0.540)
	(0.540)
	(0.530)
	(0.54)
	(0.55)
	(0.530)
	(0.540)
	(0.530)
	(0.54)

	Size
	0.188***
	0.148**
	0.157***
	0.180***
	0.131**
	0.160***
	0.208***
	0.169***
	0.171***
	0.136**
	0.167***
	0.208***

	
	(0.058)
	(0.059)
	(0.059)
	(0.058)
	(0.059)
	(0.058)
	(0.059)
	(0.059)
	(0.058)
	(0.058)
	(0.057)
	(0.058)

	R&D intensity
	0.636*
	0.568*
	0.544
	0.641*
	0.473
	0.586*
	0.695**
	0.548
	0.568*
	0.461
	0.576*
	0.705**

	
	(0.330)
	(0.340)
	(0.33)
	(0.340)
	(0.330)
	(0.330)
	(0.34)
	(0.34)
	(0.330)
	(0.330)
	(0.330)
	(0.34)

	Dummy Europe
	0.621***
	0.766***
	0.681***
	0.668***
	0.632***
	0.666***
	0.671***
	0.814***
	0.719***
	0.678***
	0.710***
	0.832***

	
	(0.170)
	(0.170)
	(0.17)
	(0.170)
	(0.170)
	(0.170)
	(0.17)
	(0.18)
	(0.170)
	(0.170)
	(0.170)
	(0.18)

	Dummy Japan
	-0.244
	-0.032
	-0.114
	-0.195
	0.024
	-0.149
	-0.340
	-0.160
	-0.176
	-0.022
	-0.185
	-0.317

	
	(0.320)
	(0.330)
	(0.33)
	(0.320)
	(0.330)
	(0.320)
	(0.32)
	(0.33)
	(0.320)
	(0.33)
	(0.320)
	(0.32)

	Dummy Pharma
	0.485***
	0.424***
	0.449***
	0.450***
	0.504***
	0.517***
	0.402**
	0.444***
	0.414***
	0.477***
	0.473***
	0.313**

	
	(0.150)
	(0.160)
	(0.16)
	(0.160)
	(0.160)
	(0.160)
	(0.16)
	(0.16)
	(0.160)
	(0.160)
	(0.160)
	(0.16)

	Pioneering technologies t-1 to t-5
	0.009***
	0.009***
	0.010***
	0.009***
	0.009***
	0.008***
	0.009***
	0.009***
	0.009***
	0.008***
	0.007***
	0.009***

	
	(0.001)
	(0.001)
	(0.0015)
	(0.001)
	(0.001)
	(0.001)
	(0.0013)
	(0.0014)
	(0.001)
	(0.001)
	(0.001)
	(0.0014)

	CVC investments
	
	0.040*
	0.048**
	0.050**
	
	
	
	0.087*
	0.119***
	
	
	

	
	
	(0.024)
	(0.024)
	(0.022)
	
	
	
	(0.049)
	(0.046)
	
	
	

	Non-equity alliances
	
	0.082**
	0.061*
	
	0.090***
	
	
	0.083**
	
	0.118***
	
	

	
	
	(0.032)
	(0.032)
	
	(0.029)
	
	
	(0.034)
	
	(0.029)
	
	

	Equity alliances
	
	0.066**
	0.065*
	
	
	0.094***
	
	0.066**
	
	
	0.097***
	

	
	
	(0.033)
	(0.034)
	
	
	(0.030)
	
	(0.033)
	
	
	(0.029)
	

	M&As
	
	-0.096***
	-0.089***
	
	
	
	-0.059*
	-0.104***
	
	
	
	-0.055*

	
	
	(0.030)
	(0.031)
	
	
	
	(0.032)
	(0.031)
	
	
	
	(0.030)

	Technological distance
	
	
	-0.024
	-0.038
	-0.008
	-0.020
	-0.038
	
	
	
	
	

	
	
	
	(0.040)
	(0.038)
	(0.037)
	(0.038)
	(0.039)
	
	
	
	
	

	Technological distance * CVC investments
	
	
	-0.064
	-0.003
	
	
	
	
	
	
	
	

	
	
	
	(0.062)
	(0.054)
	
	
	
	
	
	
	
	

	Technological distance * non-equity alliances
	
	
	0.114***
	
	0.065**
	
	
	
	
	
	
	

	
	
	
	(0.040)
	
	(0.029)
	
	
	
	
	
	
	

	Technological distance * equity alliances
	
	
	-0.004
	
	
	0.040
	
	
	
	
	
	

	
	
	
	(0.049)
	
	
	(0.035)
	
	
	
	
	
	

	Technological distance * M&As
	
	
	-0.092**
	
	
	
	-0.041
	
	
	
	
	

	
	
	
	(0.046)
	
	
	
	(0.042)
	
	
	
	
	

	Technological newness
	
	
	
	
	
	
	
	-0.020
	0.050
	0.028
	0.072
	0.110**

	
	
	
	
	
	
	
	
	(0.055)
	(0.048)
	(0.050)
	(0.048)
	(0.045)

	Technological newness * CVC investments
	
	
	
	
	
	
	
	-0.064
	-0.128*
	
	
	

	
	
	
	
	
	
	
	
	(0.074)
	(0.073)
	
	
	

	Technological newness * non-equity alliances
	
	
	
	
	
	
	
	-0.196***
	
	-0.093*
	
	

	
	
	
	
	
	
	
	
	(0.060)
	
	(0.049)
	
	

	Technological newness * equity alliances
	
	
	
	
	
	
	
	-0.002
	
	
	-0.000
	

	
	
	
	
	
	
	
	
	(0.053)
	
	
	(0.042)
	

	Technological newness * M&As
	
	
	
	
	
	
	
	0.090**
	
	
	
	0.128***

	
	
	
	
	
	
	
	
	(0.045)
	
	
	
	(0.039)

	Wald Chi2
	180.18***
	212.21***
	224.56***
	187.12***
	203.31***
	193.26***
	185.99***
	231.39***
	192.63***
	207.91***
	197.13***
	197.17***


a. Standard errors in parentheses

b. * significant at 10%; ** significant at 5%; *** significant at 1%

c. Number of observations = 863; Number of firms = 105

d. Year dummy variables were included in the analysis but are not shown in the table

























� 	In this article the concepts of radical innovation and breakthrough innovation are used interchangeable. Pioneering technologies are introduced later in the introduction as a specific way to operationalize breakthrough innovations.


� 	In this article, the focal firms are  is the firm wishing to expand theirits technology base by engaging in external technology sourcing. These are the firms that are included in the panel database.


� 	Description of the patent classes is as follows: 424: drug, bio-affecting and body treating compositions; 435: chemistry: molecular biology and microbiology; 436: chemistry: analytical and immunological testing; 514: drug, bio-affecting and body treating compositions; 530: chemistry: natural resins or derivatives; peptides or proteins; lignins or reaction products thereof; 536: organic compounds; 800: multicellular living organisms and unmodified parts thereof and related processes; 930: peptide or protein sequence.


� 	The method employed in this article is slightly different from the method by Ahuja and Katila (2001). Ahuja and Katila (2001) included also deals for which they found press releases indicating technology as a specific motivation for undertaking the M&A. Since no access to these press releases was available had, only deals in which the partner has applied for at least one patent in the 5 years prior to the acquisition were included.


� 	Note that pioneering technologies are negatively correlated to the patent stock of firms ((=�-0.20).
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