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ABSTRACT Corporate venture capital (CVC) investment in technology-intensive entrepreneurial ventures

has attracted increasing attention from established firms which recognize it as a useful learning investment

strategy to create diversified technological options for future change. However, there is a lack of empirical

research which examines the relationship between CVC investment and the corporate investors’ technological

diversification. In this study, we investigate the effects of CVC investments on corporate investors’

technological diversity by using 20 years of panel data from corporate investors in five high-tech industries.

As a result, we find that the total amount of CVC investments and the industrial diversity of portfolio companies

exhibit curvilinear (inverted U-shape) relationships with the corporate investors’ technological diversity.

Moreover, the empirical results show that the absorptive capacity of corporate investors positively moderates

the effects of CVC investments on the technological diversity.

KEY WORDS: Corporate venture capital, technological diversification, external learning, dynamic capabilities, real

options, ambidexterity, high-tech industry

JEL Classification: G24, L25, M13

1. Introduction

Today’s high-tech industries are characterized by a competitive environment and very short

technology life cycles. These characteristics result in radical shifts of the technological

paradigms (Schumpeter 1942; Arrow 1962; Nelson and Winter 1982). To survive and grow

q
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in this changing environment, firms need to possess dynamic capabilities that enable them

to utilize the diverse competencies and opportunities located both inside and outside of the

firm boundary and proactively cope with changes (Teece, Pisano, and Shuen 1997). Since

technological and market uncertainty are very high, however, the rapidly changing market

conditions make it difficult for firms to forecast and prepare for upcoming changes in

advance (Nelson and Winter 1982). Especially, the high risk of investing in emerging

fields and new technologies, which are unrelated to the existing business, makes it difficult

for firms to decide on a course of action to deal with the changes (Van de Vrande and

Vanhaverbeke 2013)

To actively cope with this uncertainty and changing circumstances, established firms

need to expand the diversity of their technological knowledge base (March 1991). This

expansion allows the firms to have various options when responding to radical change of

technological paradigms, and enables them to immediately select an appropriate reaction

(Brown and Eisenhardt 1997). Through technological diversification, firms can open new

windows on business opportunities and achieve both product differentiation and process

innovation (Torrisi and Granstrand 2004; Pavitt 1998). Consequentially, securing diversified

technological options strengthens the firms’ dynamic capabilities and increases survivability

during unforeseen and competitive environmental changes.

However, due to limited abilities, firms often find it difficult to create diversified

technological options from their internal R&D activities alone (Henderson 1993; Tushman

and Anderson 1986). Thus, many established firms try to acquire new and unfamiliar

technologies from outside the organization via external learning investments (Janney and

Dess 2004). Learning investment in external knowledge sources can be an efficient way to

create multiple options for technology (March 1991). Before entering emerging markets

and industries, through small investments, firms can test the waters and get prepared for

the challenges ahead (Van de Vrande and Vanhaverbeke 2013). In light of this, learning

investments in technologies in early stage can be ameans to such option-creation activity as

described in real option theory.

Among the different learning investments, corporate venture capital (CVC) investment

is one of the possible ways to search for new technological opportunities. CVC investments

are small equity investments of established firms in early-stage start-up companies

(Dushnitsky and Lenox 2005; Gompers and Lerner 2000; Zahra 1996; Zahra and Covin

1995). Compared to other learning investment strategies such as M&A, joint venture, and

strategic alliance, CVC investment is characterized by a high flexibility and low risk on

investment. Hence, it is a more appropriate strategy for firms to learn about early stage

technologies with high technological and market uncertainty (Benson and Ziedonis 2009;

Van de Vrande and Vanhaverbeke 2013). Through CVC, with a relatively small amount of

investment in various venture companies, firms can learn about technology and market

beforehand and secure diverse strategic options that they can exercise in the future (Maula

2001). Moreover, once they identify the potential of the technology and market they invested

in, the uncertainty will be reduced, and firms can make well-informed follow-on investments

(Wadhwa and Phelps 2011; Benson and Ziedonis 2009; Van de Vrande and Vanhaverbeke

2013). In summary, by employing CVC investment to create a portfolio of multiple

technological options, established firms can enhance their dynamic capabilities and rapidly

advance into new technological fields.
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Prior research on CVC investment and its strategic role have demonstrated that

CVC investment helps to recognize destructive technological discontinuity (Maula, Keil,

and Zahra 2003, 2013), enhance the innovation performance of the corporate investor

(Dushnitsky and Lenox 2005; Wadhwa and Kotah 2006), and lead to follow-on investments

(Benson and Ziedonis 2009; Van de Vrande and Vanhaverbeke 2013). However, the

extent literature has not yet sufficiently examined the role of CVC investments as a search

method for diversified option creation (Yang, Narayannan, and De Carolis 2014). Most

literature that has dealt with the impact of CVC investment on the investor firm’s innovation

performance only focused on quantitative effects (Dushnitsky and Lenox 2005; Wadhwa

and Kotah 2006). What is needed, is to empirically investigate whether CVC investments,

especially the access to various external technologies and knowledge, have an influence

on the diversity of the technological knowledge base, which helps to cope with market

changes.

To fill this gap, in this study, we empirically examine the relationship between CVC

investments and the investors’ technological diversification. Specifically, based on the

dynamic capabilities and ambidexterity frameworks, we attempt a logical explanation of how

organizational learning through CVC investments contributes to multiple option creation.

Our empirical analysis investigates the impact of the total amount of CVC investments on

the corporate investors’ technological diversification through analyzing patent class data.

Furthermore, we investigate the influence of the industrial diversity of the investment

portfolio on the corporate investors’ technological diversification. Moreover, we hypothesize

and test the moderating impact of absorptive capacity on both relationships as a means of

ambidextrous firm strategies.

2. Theory and Hypotheses

2.1 Dynamic Capabilities, Ambidexterity, and Real Options

Today’s market environment, with its radical shifts of technological paradigms, requires

firms to identify changes and rapidly transform themselves to survive and grow further.

Restructuring an organization in accordance with the changed circumstances as well as

learning and developing new technologies, allows firms to quickly cope with radical changes.

The research by O’Reilly and Tushman (2008) demonstrated that most companies which

were operating for over 100 years had changed their business portfolio over time in

accordance with the changing environments.

As an explanation for such ability to adapt to changing environments, Teece, Pisano,

and Shuen (1997, 516) introduced and defined the concept of dynamic capabilities:

“dynamic capability is the firm’s ability to integrate, build, and reconfigure internal and

external competencies to address rapidly changing environments.” In other words, firms

have to simultaneously exploit the existing internal resources and market position to sustain

incremental innovation, and explore the knowledge about new technologies and markets

to cope with upcoming radical changes. Such capabilities are in line with the concept of

ambidexterity which emphasizes the balancing between different learning activities:

exploitation and exploration (March 1991; Duncan 1976; Eisenhardt and Martin 2000;

Raisch et al. 2009; Tushman and O’Reilly 1996). Exploitation, focusing mainly on the

enhancement of the efficiency and productivity of firm activity, deals with the utilization of the
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existing technologies and resources. On the other hand, exploration is to search and acquire

unfamiliar and novel technologies and resources, aiming at generating variation. Firms

which can efficiently balance and pursue both exploitation and exploration activities at the

same time are referred to as ambidextrous firms.

O’Reilly and Tushman (2008) state that from the viewpoint of corporate organizations,

the ability to become ambidextrous is strongly linked to a firm’s dynamic capabilities. Using a

tripartite taxonomy of sensing, seizing and reconfiguring adopted from Teece (2007),

they describe the required capabilities for a successful implementation of ambidexterity.

First of all, firms needs to “sense” various opportunities and risk factors from rapidly

changing market environments, which requires scanning, searching and exploration

abilities. Employing sensing capabilities, firms can detect the indications of paradigm shifts

in the market and identify various technological opportunities resulting from those changes.

Second, firms have to “seize” these opportunities, which requires decision making and

executing abilities to acquire and understand the knowledge of newly identified

technological fields. Last, firms ought to “reconfigure” their resources and organizational

structure to gain sustainable competitive advantage from new opportunities. Firms can

develop their own knowledge by combining newly acquired technologies and existing

assets. Following this step-by-step logic of dynamic capabilities allows established firms to

create multiple strategic options.

For established firms in industries which heavily rely on technology, creating multiple

options manifests itself in a diversified technological knowledge pool. A firm which

possesses various technological options in diverse fields can respond to unpredictable

market changes more “flexibly” (Kyläheiko, Sandström, and Virkkunen 2002; Kogut 1991;

Sanchez 1993). The more alternative options, the more resources can be used for each

cases. If the life cycle of the technology, that an incumbent firm currently focuses on, has

almost reached the end and new technologies are rising, the speed of response to these

changes may depend on how much preliminary knowledge about those emerging

technologies the firm possesses (Brown and Eisenhardt 1997). In the long run, technological

diversification is a critical issue directly connected to established firms’ survival in high-tech

markets.

However, it is very difficult for a single company to build up a highly diversified

knowledge pool on its own (Henderson 1993; Tushman and Anderson 1986). Since the

resources and capabilities of firms are limited, the diversity of technologies is also restricted

(Hagedoorn and Schakenraad 1994). Furthermore, in most cases, a non-cooperating single

firm’s innovation would follow an existing technological trajectory, leading to a “Myopia of

Learning” (Levinthal and March 1993). Thus, when firms attempt to diversify their business

into new industries or seize new opportunities beyond their current technological boundary,

it is more effective to explore external knowledge rather than fully relying on internal

resources and capabilities (Henderson 1993; Tushman and Anderson 1986). For all those

reasons, many established firms attempt to carry out explorative learning or distant search

to overcome the limitations of internal R&D (March 1991; Nelson and Winter 1982) through

different strategies, including mergers and acquisitions (M&A), technological alliances, joint

ventures and CVCs (Schildt, Maula, and Keil 2005).

Among those various learning strategies, previous literatures that deal with the

relationship between firms’ learning from external sources and technological diversifications

mostly focused on strategic alliances (Leten, Belderbos, and Van Looy 2007;
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Giuri, Hagedoorn, and Mariani 2004; Leten, Belderbos, and Van Looy 2007; Mowery, Oxley,

and Silverman 1998; Sampson 2007). Mowery, Oxley, and Silverman (1998) and Giuri,

Hagedoorn, and Mariani (2004) examined the relationships between the firms’ technological

alliances and their internal technological profile diversity through empirical data analysis.

In their analysis of the alliance data of firms in 27 different technological fields, Giuri,

Hagedoorn, and Mariani (2004) confirmed a significant and positive relationship between

the technological alliances with external partners and focal firms’ internal technological

diversification, showing that the firms’ efforts in external learning impact their technological

diversification.

2.2 CVC Investments for Creating Diversified Technological Options

In recent years, CVC investments in entrepreneurial new venture companies have gained

popularity as an organizational learning strategy for established firms that attempt to

approach various new technologies (Gompers and Lerner 2000; Keil 2004; Dushnitsky and

Lenox 2005; Wadhwa and Kotha 2006). Established firms can create diversified strategic

options for future changes by investing in various emerging technologies of target companies

(Chesbrough 2002; Van de Vrande and Vanhaverbeke 2013). Maula (2001) also pointed out

that CVC investment is a typical example of a strategic investment for option creation.

There are several factors that make CVC investments more appropriate for creating

multiple options in highly uncertain technology markets than other organizational learning

strategies such as M&A, joint venture, or strategic alliance. The first factor is the corporate

investor’s strategic objective. The main objective of CVC investments is identifying and

valuing early-stage emerging technologies in start-up companies (Dushnitsky and Lavie

2010; Van de Vrande and Vanhaverbeke 2013). Corporate investors want to improve their

ability to identify new technological opportunities through CVC investments. Moreover, the

strategic objective of CVC investments may include taking “real options” on various new

technologies by investing in a wider range of technologies than the corporate investor can

conduct itself. Ernst & Young’s “Global corporate venture capital survey 2008–09”1

supports this argument. According to the survey results, “map emerging innovations and

technical developments” and, “window on new market opportunities” are the most important

objectives of CVC investments. A report of NIST (National Institute of Standards and

Technology)2 also shows similar results. According to the survey, about 65 per cent of CVCs

stated that they invest for strategic value and most of those respondents choose “seeking

new technological and business directions” and “providing window on new technology” as

the most important strategic objectives of their CVC investments. These surveys show that

among corporate investors, CVC investment is widely considered as a learning investment

to search for new technologies of venture companies which are outside the corporate

investors’ technological boundaries. For example, Google Ventures, a CVC affiliate of global

giant company Google, is investing in various technological fields such as health care, life

1G. Dushnitsky, M. Haemming, and D. Tharp 2008. “global corporate venture capital survey 2008–09: benchmarking

programs and practices.” Supported by Ernst & Young.
2 I. MacMillan, E. Roberts, V. Livada, and A. Wang 2008. “Corporate venture capital (CVC): seeking innovation and

strategic growth.” Supported by NIST.
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science and driverless car technologies instead of focusing on Google’s primary fields of

consumer internet services and mobile industries.

This strategic objective of the investor is one of the differences between CVC and

strategic alliances and joint ventures. In the majority of cases, firms uses alliances to enable

the joint development of new technologies and projects with qualified partners rather than for

searching or identifying new opportunities (Benson and Ziedonis 2009; Dushnitsky and

Lavie 2010; Van de Vrande and Vanhaverbeke 2013). In other words, if the competitiveness

of potential partners and their technologies is not yet know, focal firms may not establish

alliances and joint venture with them. In such situations, CVC investments are a more

appropriate learning method for searching newly rising technologies and creating diversified

options than strategic alliances and joint ventures.

The second factor that makes CVCs more suitable for creating multiple options is that

the investment is more flexible and safer as compared to other learning strategies. Since

CVC investment requires smaller equity investments than M&As and joint ventures, it is

more suitable for investments with a high level of uncertainty (Benson and Ziedonis 2009;

Van de Vrande and Vanhaverbeke 2013). Due to the risk of failure, firms cannot easily make

a decision to invest large amounts of equity in emerging technological fields with a high

uncertainty level. In M&A deals which require a large investment to buy a whole business

and in joint venture agreements that involve a 50:50 quota investment with a partner, firms

stand to lose a lot in case of a failed investment. In real option theory, for the investment in

highly uncertain technological opportunities, many scholars emphasize the importance of

using small initial investments for prior learning about that technologies before making the

decision for large scale investments (Kogut 1991; Mitchell and Singh 1992; Vanhaverbeke,

Duysters, and Noorderhaven 2002; Van de Vrande and Vanhaverbeke 2013). These small

initial investments create “strategic options” that can be used in the future. Previous

literatures states that CVC investment can act as an option creator (Benson and Ziedonis

2009; Van de Vrande and Vanhaverbeke 2013). A corporate investor can reduce the

uncertainty level of target companies and their technologies by obtaining preliminary

knowledge about them via CVC investments. If the uncertainty level is sufficiently reduced

and the firm is able to decide that it is promising to invest in the technological field, it can

“exercise” its options to pursue further investment in those technologies through more

aggressive strategies such as M&A, joint ventures, and strategic alliances (Benson and

Ziedonis 2009; Van de Vrande, Vanhaverbeke, and Duysters 2009; Van de Vrande and

Vanhaverbeke 2013). Moreover, compared with other external learning strategies, CVC

investment contracts are very flexible because they allow corporate investors to

stop investment any time they want (Van de Vrande 2013). Consequently, the

characteristics of small equity investments and flexible contracts make CVC investments

very suitable for searching various technologies and creating multiple options.

The third factor is related to the characteristics of the investment target of CVCs. The

nature of the target venture companies’ knowledge pools is very suitable to diversified option

creation. Technology intensive venture companies are passionate about innovation

activities and possess a high technological potential, factors that make them great sources

for established firms’ explorative learning (Engel 2004). Since incumbent firms have their

own fixed routines and processes which have been generated over the firms’ lifetime, they

often face difficulties in creating entirely new technologies. On the other hand,

entrepreneurial new venture companies have a relatively flexible and free business culture,
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contributing to the higher probability of creating more fresh ideas than established firms

(Kotrum and Lerner 2000; Zingales 2000). Moreover, commonly, new venture companies

tend to prefer emerging markets rather than traditional and mature markets. Since in

emerging markets established dominant technologies rarely exist, the technological

competition between players in the market is severe and the probability of fresh and

innovative knowledge creation is very high (Shane 2001). Because of these three factors,

corporate investors which conduct CVC investments can access various knowledge bases

in new technological fields and create diversified technological options.

2.3 Amount of CVC Investments

In the section above, we discussed the factors that make CVC investments beneficial for

incumbent firms’ technological diversification. To realize these benefits of technological

diversification, corporate investors have to access their target venture companies’

knowledge pools. An important factor that effects this accessibility is the amount of equity

investments. The larger the corporate investor’s equity investment in portfolio companies,

the bigger is the new knowledge stock that the firm can access (Dushnitsky and Lenox 2005;

Keil 2002, 2004). Before investing, corporate investors usually undertake an exhaustive due

diligence process to monitor and better understand the unfamiliar technological fields in

which their potential investment targets are engaged in Dushnitsky and Lenox (2005) and

Keil (2002, 2004). Dushnitsky and Lenox (2005) argued that if CVC investors increase their

investment, they will conduct a more thorough due diligence and learn more from the

process. Moreover, once the investment round has started, corporate investors can form

equity-relationships with the target companies and in the process often obtain a seat on the

firms’ board of directors, or at least the authority to inspect the board. These opportunities

provide them with more powerful observation rights and more in-depth knowledge of the

portfolio companies’ core technologies (Dushnitsky and Lenox 2005). Summing up, if an

incumbent firm increase its CVC investments in new ventures, they can improve the

accessibility of the target firms’ knowledge pools which leads to an increased technology

diversity.

However, increasing the amount of investments in CVC will not endlessly increase the

corporate investors’ technological diversity because their investment strategy might change

according to the different stages of CVC investment. At the initial stage of undertaking CVC

investments, a firm is more likely to place its investment priorities on the search for new

knowledge and technology, because it is important to identify what kinds of technology exist.

But, throughout the investment process, as the firm gains more knowledge about various

technical fields, its investment patternmay evolve into concentrating its resources on specific

knowledge that it finds to be directly applicable. The transformation of the investment pattern

and the resulting concentration will result in a decrease of the technological diversity that a

firm creates using the newly sourced knowledge. While the number of new technologies

generated from an enlarged CVC investment will increase (Dushnitsky and Lenox 2005), the

diversity might actually decrease as a result of the above mentioned process of decision-

making and concentration.

Moreover greater investments in new venture companies sometimes disserve

investors’ internal R&D activities (Wadhwa and Kotha 2006). As a means of external

learning method, investments in entrepreneurial venture companies would compete with
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exploitative internal R&D activities for the same scarce organizational resources. This

conflict relationship is a kind of trade-off between exploration and exploitation (March 1991).

Thus, if a firm increases its investment in CVC, the proportion of resources that can be spent

on internal R&D and exploration is necessarily reduced. When the portion of resources for

internal R&D activities becomes excessively small, even though the volume of newly

acquired external knowledge is increased, a firm’s ability to generate actual innovation

output by recombining new knowledge with existing knowledge could be severely impacted.

As a result of such stagnant R&D production, the technological diversity of the investor’s

actual innovation output may also be reduced. This relationship highlights the potentially

adverse impact of too much investments in CVC on the investor’s technological diversity.

Altogether, these arguments suggest that to understand the relationship between the

amount of CVC investments and the investor’s post investment technological diversification

besides the positive effects such as better access to the knowledge pool, also limitations

stemming fromachangingperspectiveandstrategyonCVCmustbeconsidered. Inotherwords,

beyond some critical point, the positive relationship between the amount of CVC investments

and the diversity of the investor’s innovative output would change and exhibit diminishing

characteristics. With these points in mind, we suggest the following hypothesis (Figure 1):

Hypothesis 1: The technological diversity of a CVC investor firm has a curvilinear (inverted

U-shaped) relationship with the total amount of its CVC investments.

2.4 Industrial Diversity of Portfolio Companies

One of the most important elements which impact on the technological diversification of

corporate investors is the level of diversification of the portfolio. Usually, firms conducting

CVC investments to find new technological opportunities do not only invest in ventures from

a single industry, but rather follow a strategy that is quite similar to the diversified portfolio

investment strategies in the stock market, which are an effective method of risk aversion

Amount of CVC 
Investments

CVC Portfolio 
Diversity

CVC Investor’s 
Technological Diversity

Curvilinear (Inverted U-shape)

Curvilinear (Inverted U-shape)

H1.

H2.

CVC
Investor’s
Absorptive
Capacity

H3: +

H4: +

Figure 1. Research model
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(Norton and Tenenbaum 1993; Markowitz 1952; Evans and Archer 1968; Jensen 1969).

Investment in just a single specific technological field is too dangerous in an environment

characterized by high volatility and high uncertainty.

In the previous research of Rosenkopf and Nerkar (2001) about establishing a firm’s

searching strategies, the authors argued that firms which attempt to reconfigure their

knowledgeshould conduct distant search rather than local searchandneed to focusnot only on

organizational boundaries but also on technological boundaries. According to them, if a firm

wants to create radical innovation, i.e. innovation that is very different from its presently

available technology, widening the technological window to cover various and yet unfamiliar

fieldswill yield better results than a local search confined to the fields already familiar to the firm.

The same argument can be applied to the explorative learning through CVC

investments. While the actual investment strategy for CVC might vary depending on

different intentions and goals of the investor, the effects on the investor’s technological

diversity are depending on the diversity of its present portfolio. If a firm focuses its CVC

investments in a specific field, the firm could achieve a deeper understanding of that certain

technology (March 1991). However, for a firm pursuing the objective of extending its

technological boundaries, this strategy would have negative effects. Since companies in

same industry usually have similar knowledge bases, it is possible that the newly acquired

technologies from target companies in the same industry are overlapping each other

(Breschi, Lissoni, and Malerba 2003). In other words, a focused investment in a specific

technological field can be seen as exploitative learning to strengthen the depth of knowledge

rather than as explorative learning for expanding the breadth of knowledge. Prior research

on strategic alliances, another external learning strategy, also presented empirical

results that support those arguments (Vassolo, Anand, and Folta 2004; Anand, Gardner,

and Morris 2007). According to the results presented, if a firm enters an alliance with a

company possessing an overlapping technology pool, the positive effects of the alliance

partnership on the increase of the firms’ knowledge base are minimal.

Enhancing the firm’s technological diversity through investing into a wider scope of

technological fields can prevent an established firm from becoming stuck on a

predetermined technological trajectory and having problems adapting to changing

environments. Diversity also allows the firm to have a wider vision of future development

and prevents becoming trapped by an existing cash cow (Van De Vrande 2013). Increasing

its knowledge in various fields, the firm can accomplish significant technological innovation

in new fields. Technologically broad CVC investments can accelerate technological

innovation and reduce the firm’s risk in a high-uncertainty market environment.

However, more diversified investments in various industries do not only give rise to

benefits but also to potential costs (Duysters et al. 2012). Increasing the industry diversity of

the portfolio companies can put a strain on the investor firm’s knowledge coordination

capabilities. In prior research about firm’s R&D strategy, it has been demonstrated that

greater R&D diversification would lead to increasing coordination costs (Argyres 1996).

Inordinate emphasis on diversified technology would result in an over-diversification problem

which results in heavy costs due to the need to coordinate and integrate technological

knowledge fromvarious external sources (Lin, Chen, andWu2006). If the diversity of external

knowledge source increases beyond a certain level, which is related to the investor firm’s

absorptive capacity, it will cause additional problems from information overload during the

pre- and post-investment stages (Huang and Chen 2010; Wadhwa and Kotha 2006).
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Moreover, this information overload can strain the cognitive capabilities of CVC

investors (Wadhwa and Kotha 2006). When CVC investors attempt to select some specific

technological fields from their portfolios as the key items for future competition, overly

diversified portfolios can throw the investors into confusion. The complexity of selection is

increased by too many choice alternatives. Under such circumstances, managers would find

it increasingly difficult to recognize important and valuable information. This information

overload problem can also prevent managers from handling information in a timely manner.

Due to these reasons, many CVC investors fail to select promising ventures, which is one of

the important reasons why established firms cannot gain the expected level of benefits from

their CVC investments.

In addition, an excessively diversified portfolio will make supporting the portfolio

companies during the post-investment stage more difficult. Unlike general venture capital

(VC) investments, CVC investors are better suited to provide complementary resources and

capabilities such as financial assets and internal R&D capabilities to the new ventures

(Gompers and Lerner 2000; Dushnitsky and Lenox 2005; Percival and Cozzarin 2008).

With this support, venture companies can better develop their technological potentials, and

investors subsequently benefit from the increased value of their portfolios. However, if the

industrial diversity of the portfolio is too high, the process of supporting becomes more

complex and inefficient which leads to the potential of the venture companies not being

fully realized. These drawbacks of excessively diversified portfolios, make it difficult

for many CVC investors to translate the diversity of their portfolio into a diversity of their

innovative outputs. Some literature about alliance portfolio diversity shows a similar

relationship between the portfolio diversity and firm performance (Cui and O’Connor 2012;

Duysters et al. 2012; Oerlemans, Knoben, and Pretorius 2013; Phelps 2010), but disagree in

whether the alliance portfolio diversity has regular or inverted U-shaped relationship with the

firms’ innovation performance.

Taken together, these arguments suggest that the industrial diversity of portfolio

companies has not only benefits but can also incurs costs, which effect the investor’s post

investment technological diversity. With increasing diversity, the positive

relationship between the number of portfolio companies’ industry background and diversity

of investor’s innovative output would impacted and show diminishing characteristics. With

these points in view, we suggest the following hypothesis (Figure 1):

Hypothesis 2: The technological diversity of a CVC investor firm has a curvilinear

relationship (inverted U-shaped) with the industrial diversity of the ventures

in its portfolio.

2.5 Absorptive Capacity and Technological Diversity

As discussed in the previous section, for companies seeking to increase the diversity of their

technological knowledge base, CVC investments offer a range of benefits but also have

inherent limitations. In other words, CVC investment into ventures in various industries will

not necessarily, and will not always diversify the investor firm’s technological portfolio.

A firm’s technological diversity is significantly depending on its ability to assimilate and apply

the new information and technology. Even a firm with an abundance and variety of
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information and technology from various external knowledge sources may not be able to

create technological innovation if it fails to adopt and internalize these resources as its own.

This point of view can be explained by the notion of absorptive capacity. Absorptive

capacity is the firm’s ability to value, assimilate, and apply external knowledge (Cohen and

Levinthal 1990; Zahra and George 2002). To realize technological innovation in various

industries, investor firms need to assimilate the newly sourced external knowledge and

apply it to their own internal knowledge (Grant 1996; Kogut and Zander 1992). This points

out the fact that a firm’s absorptive capacity can act as important factor in creating actual and

diversified technological output. With the same amount of CVC investment, compared to a

firm with a lower absorptive capacity, a firm with a higher absorptive capacity would be able

to create a larger number and a larger variety of technological innovation. In similar fashion,

with a CVC investment portfolio of the same level of industrial diversification, a firm with a

higher absorptive capacity can adopt more diversified knowledge from those various

knowledge sources and produce more technological innovation in various areas compared

to a firm with a lower recombination capability.

This ability is also important in terms of the ambidexterity of the firm. Investor firm’s

internal absorptive capacity is closely related to its exploitation capabilities (Rothaermel and

Alexandre 2009; Fernhaber and Patel 2012). Once an investor firm adopts external

knowledge from a portfolio company into its own knowledge base, it becomes an existing

knowledge. Assimilating and applying this knowledge is an activity of exploitation. As a notion

of ambidexterity, a firm’s innovative performance will increase when the firm conducts

exploration (external learning, e.g. CVC investments) and exploitation (assimilation

and application, e.g. internal R&D activities) simultaneously (March 1991; Tushman and

O’Reilly 1996).

Hence, we can understand the role of the investor firm’s absorptive capacity as

positively moderating the correlation between its CVC investments and the firm’s

technological diversity. This logic applies to both the scale and the scope of the CVC

investment, resulting in the following two hypotheses (Figure 1):

Hypothesis 3: A CVC investor firm’s absorptive capacity will positively moderate the

relationship between the total amount of its CVC investments and its

technological diversity.

Hypothesis 4: A CVC investor firm’s absorptive capacity will positively moderate the

relationship between the industrial diversity of the ventures in its portfolio

and its technological diversity.

3. Methods and Modeling

3.1 Data and Sample

We tested our hypotheses on a sample of large firms engaged in high-tech industries in the

USA. Since firms in high-tech industries face a much higher level of uncertainty compared

with firms from more traditional industries, we suppose that high-tech firms have more

incentives to attempt explorative learning through CVC Investments. We carried out the

selection and sampling of the data according to the following process:

First of all, we defined “high-tech industries” following the classification of the venture

industries provided by the “Securities Data Company (SDC) Platinum Database”. According
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to Securities Data Company (SDC)’s definition, the following five industries are classified as

“high-tech”: “communication industry”, “computer related equipment industry”, “semicon-

ductor/electric device industry”, “biotechnology industry” and “medical/pharmaceutical

industry” A total of 4928 U.S. firms active in those five industries had experience as CVC

investors. In order to collect our sample of investor firms,weemployed theThomsonOne.com

PE/VC Module Database. This database contains the same information as VentureXpert, a

tool frequently used in existing studies on VC. It provides a list of CVC investor firms and also

enabled us to collect investment round data to count the number of investment for each firm.

Furthermore, since many investor firms established subsidiaries or independent funds for

their CVC investments, we had to search by the name of subsidiaries and funds in online

databases such as Lexis-Nexis DB to link them with their corporate parents. To investigate

the investor firms’ technological diversity, we used patent class data which is provided by the

U.S. Patents and Trademarks Office (USPTO) database.

In this study, we considered CVC deals concluded in the 1990 to 2010 time period.

During this period, a total of 40641 CVC investment deals were recorded, but among

those, only 2917 deals of 267 investors could be matched to parent firms. For identifying

the patent classes of CVC investors’ patents, the International Patent Classification (IPC)’s

3-digit code was used. 154 out of 267 CVC investors appliedfor US patents during the

period of the study. The data was supplemented with various financial information such as

the firms’ annual sales and R&D expenditures from the Datastream database. The

industrial diversities of the portfolio companies were calculated using the ThomsonOne.

com 4-digit Venture Economics Industry Codes (VEIC) while data on M&A and alliance

deals was collected from the SDC database. Our final data-set contains 1313 firm-year

observations from 97 different CVC investors but is unbalanced because of some missing

data during the period.

3.2 Measures

3.2.1 Dependent Variable

The dependent variable in this study is the Technological Diversity of CVC Investors.

As a proxy of technological diversification, CVC investor firm’s patent application data

was used. In several prior studies, patenting activity is used as a proxy to measure the

rate of innovation (Ahuja 2000; Ahuja and Katila 2001; Dushnitsky and Lenox 2005).

In particular, Wadhwa and Kotha (2006) used the primary technology class of CVC

investor’s patents to estimate the firm’s technological diversity. Our study follows this

approach by estimating a focal firm’s post CVC technological diversity through the total

number of primary (3-digit patent class code) technology classes in which it applied for a

patent. However, since the application of a new technological patent generally takes one

or more years from the beginning of the development of the technology, it is possible

that patent applications immediately following the CVC activity are unrelated as they are

the results of prior R&D efforts (Hausman, Hall, and Griliches 1984). To overcome this

limitation, we use a cumulative lagged dependent variable of patent application data

covering a 3-year time span from year t to year t þ 2. Using such a cumulative lagged

dependent variable also allows us the better show the temporal order of cause and

effect.
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3.2.2 Independent Variables

Our study makes use of three independent variables. The first independent variable is

each investment firms’ Total Amount of CVC Investments (in US Dollars). This variable is

measured using a cumulative lag of three years—from year t 2 1 to t 2 3, in other words, for

the analysis of the base year t, we calculate the sum of all CVC investment done in the three

years prior to t. The differences in CVC investment of different firms and different investment

rounds showed an exponential pattern, prompting us to use the natural logarithm when

analyzing the data.

The second independent variable Industrial Diversity of Portfolio Companies shows

how a focal firm spread its investments among venture companies in various industries.

Using the 4-digit VEIC code and removing the duplicates, we counted the total number of

industries invested into from year t 2 1 to t 2 3, and calculated the Herfindahl Index which

is represented by the sum of squares of the investment proportion of each industry. The

Herfindahl Index will have a value between 0 and 1, with a higher value showing

concentrated investment rather than diversity. For convenience and easier understanding of

the results, we want a higher value of our independent variable to signal a higher degree of

diversity and thus the reciprocal of the Herfindahl Index was utilized (Leten, Belderbos, and

Van Looy 2007).

Industrial Diversity of Portfolio Compainesði ;t21 to t23Þ ¼ 1

HI:Industryði ;t21 to t23Þ
:

The third independent variable is the investor firm’s Absorptive Capacity, which we

expect to moderate the relationship between the two previous independent variables and

our dependent variable. The Absorptive Capacity of companies is measured by focal firm’s

R&D intensity. Specifically, we calculated it as the R&D expenditure of focal firm i from year

t 2 3 to t 2 1 divided by the firm’s total asset size during the same time period (Cohen and

Levinthal 1990; Lin et al. 2012).

AbsorptiveCapacityði ;t21 to t23Þ ¼ R&DExpenditureði ;t21tot23Þ
Total Assetsði ;t21 to t23Þ

:

3.2.3 Control Variables

In addition to the quantity and quality of the CVC Investment, there are other parameters that

can affect a firm’s technological diversity, prompting us to add a number of control variables.

First, we controlled for Previous M&A Experience and Previous Alliance Experience.

External knowledge sourcing strategies other than CVC investments, such as alliances and

M&As, are also important factors that can affect a firm’s technological diversity. (Ahuja and

Katila 2001). For instance, if a firm acquired a company which is operating in an industry that

the investor firm has no experience in, it might obtain technology and thus future patents

from a new class. Therefore we created two control variables measuring all strategic alliance

and M&A deals conducted by the CVC investor firm i from the year t 2 3 to the year t 2 1.

In the case of M&A deals, we only considered cases in which firm i acted as the acquirer to

prevent a problem of data missing after firm i is acquired by another firm.
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Next, the Cumulative Patent Stock of the firm can also affect its innovation capacity.

The size of this variable indicates the extent of the firm’s knowledge base and technological

competence (Patel and Pavitt 1997). Firms with a larger cumulative patent stock have a

larger absorptive capacity, which in turn enables them to have superior learning capabilities

from external knowledge sources (Cohen and Levinthal 1990; Henderson and Cockburn

1996). Therefore we have to control for a CVC investor’s cumulative patent stock to fully

measure the impact of CVC investments on the firm’s innovation activities. In this study, we

defined the patent stock as the sum of the firm’s patent applications in the five year period

preceding the base year t.

FirmSize also can be a variable that, directly or indirectly, affects the innovation activities

of firms. In general, larger firms find it easier to finance innovation enhancing activities suchas

R&D. Therefore we also controlled for firm size (firm i’s total sales in year t 2 1).

Fixed Effects of Industry is an important variable that we need to control as different

industries likely follow different trends related to technological diversification and have a

different awareness of CVC investments. For example, in the case of the electric device

industry, due to shorter technological life-cycles, the importance of new and creative

technologies and ideas of venture startups is relatively higher than for other industries,

which could raise the possibility of firms in this industry being more active in the pursuit of

CVC investments. Therefore we control for the fixed effects of the five different industries in

our sample by introducing dummy variables for each industry.

The final control variable in this study is theQuality of Portfolio Companies.Wadhwa and

Kotha (2006) showed that the quality of the ventures in a CVC investor’s portfolio can affect

the subsequent learning performance. They controlled for this variable by using the total

number of co-invested VCs for each round of investment. When VCs are involved in an

investment, they perform stringent due diligence, so a larger number of VCs in an investment

can indicate a higher investment value and quality of the venture-backed company. In this

study, our control variable is defined as the number of VCs in each investment round that the

focal firm i participates in.

For the control variables Cumulative Patent Stock, and Firm Size, the absolute value

exhibited exponential differences, so again we utilized the natural-log exponential value.

3.3 Statistical Method

Technological Diversity of CVC Investors, the lagged dependent variable of this study, is a

count variable which is calculated from the number of patent classes and does not have

negative values. Thus, we decided to use a negative binomial regression model which is

one of the nonlinear model commonly employed to avoid heteroskedasticity problems

(Hausman, Hall, and Griliches 1984; Wadhwa and Kotha 2006). The negative binomial

regression model is a generalized form of the Poisson model. Different from the normal

Poisson model, which cannot be used when the standard deviation of the dependent

variable exceeds its mean value, the negative binomial model can handle this case of

overdispersion. Since the standard deviation of our dependent variable (135.089) is larger

than its mean value (104.613), we chose the negative binomial model.

In the panel data of this study, some unobserved or unmeasured terms exist. To correct

the heterogeneity problem stemming from these unobserved characteristics, fixed-effects

and random-effects estimations can be used. At first, we conducted a Hausman test
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(Hausman, Hall, and Griliches 1984) to check which estimation model is more appropriate.

As a result of the test, the relationships between the property effects of each variable and

the dependent variable of this study were statistically insignificant, thus random-effects

estimation is more suitable for our panel data.

We assigned 1 year to 3 year time lags on most of our independent and control

variables to obtain the cumulative effect of variables from the past years. Many prior

researches that examine the influence of explorative learning such as the effects of CVC

investment on the investors’ patent output also used lagged variables (Ahuja and Katila

2001; Dushnitsky and Lenox 2005; Wadhwa and Kotha 2006) because it takes a substantial

amount of time to assimilate and apply newly acquired external knowledge to create

innovation output (Dushnitsky and Lenox 2005). Thus we also expect that CVC investment

would only affect the investor’s technological diversity after several years, prompting us to

employ time lagged variables.

4. Results

4.1 Descriptive Statistics and Correlations

Table 1 represents the descriptive statistics of all the variables used in our study and the

correlations between them. In case of the dependent variable, Technological Diversity of

CVC Investors, the companies who performed the CVC investment applied for patents in an

average of 104.613 classes. As this value is larger than the variable’s mean value, as

described above, we decided to use a negative binomial model for our analysis.

The correlation results between the variables of this study shows that Total Amount of

CVC Investments and Industrial Diversity of Portfolio Companies highly correlate

(correlation factor 0.545). This result could be one of the factors that give raise to a

multicollinearity problem in the process of regression. In addition, the control variables such

asCumulative Patent Stock and Firm Size are highly correlated with the dependent variable.

Especially, in the case of Cumulative Patent Stock, it turned out to be the most influential

factor (correlation value of 0.771) on the patent class diversity of the investor firms. In case

of Quality of Portfolio Companies, a high correlation with the Total Amount of CVC

Investment and Industrial Diversity of Portfolio Companies can be seen.

4.2 Regression Results

Table 2 shows the results of the negative binomial regression model. For this study, we

chose the random effects model. Model 1 is the unconstrained model which only includes

the control variables on the condition of excluding the independent variables. Model 2

additionally includes the Total Amount of CVC Investments (Hypothesis 1) and Industrial

Diversity of Portfolio Companies (Hypothesis 2) to test our Hypotheses 1 and 2. Model 3 and

Model 4 identify the moderating effects of Absorptive Capacitywith the Total Amount of CVC

Investments and Industrial Diversity of Portfolio Companies, respectively. Lastly, Model 5 is

our full model that includes all our variables.

Our Hypothesis 1 predicts a curvilinear relationship between the amount of CVC

investment and technological diversity of the investor firm. In other words, we argue that

as the company invests more resources on CVC, the diversity of the patent classes in which
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it applies for patents will gradually increase to some degree, but as the company invests

more and more of its scarce resources, the diversity will start to decrease. In Model 2, the

linear term of Total Amount of CVC Investments is positive and statistically significant

(p , 0.001) and the squared term is negative and significant (p , 0.001). Therefore the

empirical results support our Hypothesis 1.

Hypothesis 2 predicts a curvilinear relationship between the portfolio diversity of CVC

investment and technological diversity of the investor firm. We argue that as the company

diversifies its CVC investments among venture companies in various industry fields, its

technological diversity as measured by the patent classes in which it applies for new patents,

will steadily increase to some extent, but after a certain point, further diversifying the

investment, will lead to a decreased investor firm’s technological diversity. In Model 2, the

linear term of Industrial Diversity of Portfolio Companies is positive and statistically

significant (p , 0.01) and the squared term is negative and significant (p , 0.01). These

results support Hypothesis 2.

Model 3 and 4 identify the moderating effects of the previous two independent variables

and our moderating variable, Absorptive Capacity, while Model 5 is the full model

that includes all the variables. To uncover the moderating effect of Absorptive Capacity,

we created the interaction terms of the independent variables and parameterized them.

In Model 3, which tests the moderating effect of Absorptive Capacity on the

relationship between the Total Amount of CVC Investments and Technological Diversity

of CVC Investors, the interaction of the linear term and Absorptive Capacity is negative and

statistically significant (p , 0.05), whereas the interaction of the squared term and

Absorptive Capacity is positive and insignificant (p . 0.05). While the interaction of the

linear term in Model 5 is negative and insignificant (p . 0.05), the interaction of the squared

term is positive and significant (p , 0.05). Moreover, the result of the log-likelihood test

show that the fully specified model with interaction terms has an improved model fit.

Summarizing the results of Model 3 and 5, Hypothesis 3 which predicts that CVC investor’s

Absorptive Capacity positively moderates the relationship between the Total Amount of

CVC Investment and the Investor’s Technological Diversity is partially supported.

Model 4 tests the moderating effect of Absorptive Capacity on the relationship between

Industrial Diversity of CVC Investments and Technological Diversity of CVC Investors. In the

model, the interaction of the linear term and Absorptive Capacity is negative and significant

(p , 0.01), whereas the interaction of the squared term and Absorptive Capacity is positive

and significant (p , 0.01). Model 5, the full model, also shows the similar results. Based on

the results of Model 4 and 5, Hypothesis 4 which states that CVC investor’s Absorptive

Capacity positively moderates the relationship between the quality of CVC investment and

the investor’s technological diversity is supported.

4.3 Reverse Causality

We also conducted an additional robustness test to deal with possible problems stemming

from “reverse causality”. One could argue that the corporate investors’ technological

diversification is not an effect but rather a cause of their CVC investment efforts.

To address this problem, we reversed the temporal order of our independent variable

and dependent variable for Hypothesis 1. In other words, we set “Technological Diversity of

CVC Investors (t 2 1 to t 2 3)” as the lagged independent variable and “Total Amount of
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CVC Investments (t to t þ 2)” as the lagged dependent variable, and performed our

regression analysis. In the results of the reverse-order regression analysis, shown in

Table 3, we cannot find any statistically significant relationships between the two lagged

variables. This indicates that the possibility of a reverse causality problem between CVC

investments and subsequent technological diversifications is neglectable.

5. Discussion and Conclusion

This study investigates the role of CVC investment as a strategy for established firms

to create diversified technological options to prepare for future change. Specifically, we

examined the effects of CVC investments into technologically capable venture companies

on the corporate investors’ technological diversity. We analyzed patent and CVC investment

data of 97 high-tech firms within the US that have participated in CVC investments between

1990 and 2010. The results of our empirical analysis help to support our hypotheses on the

effects of CVC investments on the investor firms’ technological diversification.

Our study sheds new light on the relationship between a firm’s CVC investment and its

technological diversification. More specifically, a curvilinear relationship was found between

the amount of CVC investment and the investors’ technological diversity. A similar

relationship was also found between the industrial diversity of the venture portfolio

companies and the resulting technological diversity of the investor firms. While increasing

the scale of the CVC investment and diversifying the investment portfolio can lead to an

increased technological diversity, beyond a certain point, the positive effects were found to

be diminishing and firms need to understand that they may not necessarily be able to

increase their technological diversity simply through enlarging the scale and scope of their

CVC investment portfolios.

The moderating effect of the firms’ absorptive capacity (R&D intensity) could then be

utilized as a solution to the limitations posed by CVC investment. Although CVC investments

Table 3. Reverse causality test (regression model for total amount of CVC investment in t to t þ 2)

Variables Model 6 Model 7

Independent variables

Patent diversityi (t21 to t23) 20.002 (0.003)

Patent diversityi (t21 to t23)squared 20.000 (0.000)

Control variables

M&A experiencei (t21 to t23) 0.065*** (0.008) 0.063*** (0.008)

Alliance experiencei (t21 to t23) 20.009*** (0.003) 20.009*** (0.003)

ln (patent stock)i (t21 to t25) 0.220*** (0.040) 0.277*** (0.056)

ln (sales)i (t21) 0.141* (0.057) 0.168** (0.058)

Quality of portfolio companiesi (t21 to t23) 0.002*** (0.001) 0.002*** (0.001)

Industry dummies Yes Yes

Constant 1.264 (1.276) 0.969 (1.293)

R 2 0.259 0.265

Wald x 2 276.81 280.78

Note: n ¼ 1313; *p , 0.05, **p , 0.01, ***p , 0.001.
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are a valuable strategy for searching new technologies and business opportunities, firms

without the capabilities to absorb the new technologies and recombine them with its existing

knowledge base might find that the benefits for them are limited. On the other hand, firms

who already perform well in R&D related activities will possess a broad range of capabilities

related to the identification and recombination of knowledge. For these firms, an increase in

CVC investment will result in the new knowledge being efficiently used in the creation of

technological innovation in various fields.

We increased the quality of our results by controlling for other factors that might

influence technological diversity such as the use of other external knowledge sourcing

modes like strategic alliances and M&A’s, as well as the investor firm’s total sales,

cumulated patent stocks, fixed effects of industries and the quality of portfolio companies.

5.1 Contribution

Overall, this study’s contribution can be summarized in 3 points. First, this study offers an

empirical perspective in evaluating the strategic value of CVC investments. While previous

literature has acknowledged the role of CVC investments as a technological window

(Chesbrough 2002; Dushnitsky and Lenox 2005; Schildt, Maula, and Keil 2005; Maula, Keil,

and Zahra 2003; Wadhwa and Kotha 2006; Van de Vrande, Vanhaverbeke, and Duysters

2009), studies that have examined the effects of CVC investments on the corporate investor’s

technological innovation tend to focuson thequantitative increase in thecreationof technology

usingmeasures suchas thenumber of patents created (Dushnitsky andLenox 2005;Wadhwa

and Kotha 2006). On the other hand, our study further analyzed the distribution of those

patents among the different patent classes, allowing us to explore the relationship between

CVC investment and the corporate investor’s technological diversification.

So far, the influence of external learning on a firm’s technological diversification has

mainly been investigated in the context of strategic alliances (Leten, Belderbos, and Van Looy

2007; Giuri, Hagedoorn, and Mariani 2004; Mowery, Oxley, and Silverman 1998). Giuri,

Hagedoorn, and Mariani (2004) empirically examined the positive relationship between

external diversification strategy through diverse strategic alliances and the firms’ internal

technological profile diversity. However, previous literature in the field of CVC has fallen short

of providing sufficient empirical evidence on whether, similar to strategic alliances, also CVC

investments can contribute to a firm’s technological diversification. This study empirically

investigates whether CVC investments contribute to creating diverse technological options

and differentiates itself from existing CVC literature which focused on the amount of

technology innovation output as a result of CVC investments.

Second, this study focuses on external learning strategy through CVC investments and

complements previous literature which suggests theoretical linkages between dynamic

capabilities and ambidexterity. To survive in an environment of high technological and

market uncertainty, previous literature emphasizes firms’ dynamic capabilities which involve

sensing, seizing and reconfiguring rather than the static capabilities associated with the

paradigm of the resource-based view (Adner and Helfat 2003; Ethiraj et al. 2005; Helfat and

Peteraf 2003; Teece, Pisano, and Shuen 1997). O’Reilly and Tushman (2008) connect the

concept of dynamic capabilities with the ambidexterity framework and suggest how firms’

ambidextrous activities result in developing their dynamic capabilities. Kyläheiko,

Sandström, and Virkkunen (2002) adopt a real options approach to dynamic capabilities
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and suggest that creating various strategic options increases strategic flexibility and enable

firms to rapidly address various environmental changes. In this study, we regard CVC

investments on technologically proficient start-up companies as explorative learning of

established firms and examine how the CVC investments contribute to securing various

technological options and consequently improving their dynamic capabilities. In our study,

multiple technological options are measured by analyzing the corporate investors’

technological diversity after the CVC investments. This measure allows us to examine

whether searching and learning diverse external knowledge sources through CVC

investments expand the scope of the firms’ technological knowledge pool.

Finally, while not only considering the size of the CVC investment portfolio but also its

industrial diversity, we examine the influence of firm capabilities related to the absorption of

external knowledge on creating technologically diversified options. This study provides firms

managerial insights into how they should deploy their CVC investments. Rather than follow in

the footstepsofGoogleor Intel andsimply trying tobuildupa largeanddiversifiedCVCportfolio,

managers need to be aware of the reduced returns when increasing the scale and scope of the

CVC investment beyond a certain point. In addition, based on the findings of this study, firms

should examine their ownabsorptive capacity and determine a suitable level of diversity of their

CVC investment portfolio to obtain the best returns from their CVC investments.

5.2 Limitations & Future Research

While providing important insights into the relationships between CVC investments and

corporate investors’ technological diversification, our study has several theoretical and

analytical limitations. First, some limitations arise from the data used to test our

hypotheses. In our data-set, investment portfolio technological diversity is measured by the

industrial diversity of portfolio companies. This can cause some problems as companies in

the same industry might operate using different technology and vice versa. While we

acknowledge that the patent class diversity of the target companies (start-ups) would be a

better measure for the diversity of the technological knowledge pool of CVC investments,

unfortunately, most start-up companies (more than 50 per cent) in our sample have not

applied for patents (yet). Thus we were forced to use the available industry classification

data to operationalize technology diversity. Future research could collect more detailed

samples including patent records, which would also allow to examine the knowledge flow

and technological overlap between the target companies and the corporate investors

through patent citation analysis, which might provide new insights into how these factors

affect the investors’ innovation performance. In addition, as our data-set does not contain

firms which did not perform CVC investments, we could not check for different tendencies

of technological diversifications between a CVC investors group and a non-CVC control

group, which might affect the results. Several analysis methods such as Propensity Score

Matching (PSM; Rosenbaum and Rubin 1983) analysis and Rubin Causal Model (Rubin

1974) can be used to compare the strategic tendencies of each group. These analyses

require very big data samples due to the need to find firm data that can be matched with

the experiment group data. We hope that future research will have access to such a data

sample containing information on CVC investors as well as a control group of similar firms

to further to further increase the quality of the findings on the effects of CVC investment on

the focal firms.
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Second, this study also has some limitations in interpreting the strategic objectives of

CVC investors. Among the strategic objectives of CVC investments, this study highlights the

access to technology and knowledge in various new fields. By accessing such new and

diverse technology, incumbent firms (CVC investors) can acquire diversified technology

options which allow them to respond to technological paradigm shifts in an uncertain

environment. Previous survey carried out by MacMillan et al. (2008), which concluded that 65

per cent of corporate investors have strategic objectives of their investments and 86 per cent of

their objectives focus on searching for new technology and business opportunities, also

support the significance of our approach. However, corporate investors also try to support their

existing business through CVC investments. In Ernst & Young’s ‘Global corporate venture

capital survey 2008–09’, more than half of corporate respondents expect that CVC

investments would also contribute to their existing business. The survey results imply that

incumbent firms expect effects of exploitation aswell as exploration throughCVC investments.

Thus some corporate investors might set up a targeted investment portfolio which contributes

to their existing business instead of a diversified one. Even though they are searching for new

technological opportunities, they still may focus on a specific field along their preexisting R&D

direction. To complement and justify the premise of our research, firms pursuing diversity in

their CVC investment portfolios, we recommend future research to include a survey or other

means to examine the investors’ perspectives on their CVC investments.

Third, capturing the creation of new technology only from patent application data is

another limitation of this study. Not every technological innovation is being protected by

applying for a patent. Thus the findings of this study do not account for the creation of non-

codified and tacit knowledge (Wadhwa and Kotha 2006). Moreover, some companies are

not willing to disclose their information through patent applications. Therefore the results of

this study might underestimate the effects of CVC investments. We recommend future

research to include some other variables relating to new product development to capture

non-patented types of knowledge creation.

Finally, this paper did not control for technological capabilities and the quality of human

resources of target venture companies due to the lack of data on venture companies’ R&D

efforts and human capital (e.g. the number of Ph.D. degree holders working for the

company). Thus we could not investigate the impact of these characteristics on corporate

investors’ level of learning from their investment portfolio. We look forward to future research

with data on the venture firms’ technological capabilities and human resources. This will lead

to obtaining more in-depth implications as a result of a better understanding of the influence

of portfolio quality on the return of CVC investments.

In conclusion, by investigating the effects on firms’ innovative performance from the

perspective of technological diversification and new options creation, we hope our study

contributes to the research on CVC investment’s strategic value. We also hope that our

study helps future researchers in further deepening their understanding of the impact of

CVC investments on corporate investors.
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