
 

 

 

 

 

 

The Role of R&D in Defining Governance Mode for 

External Technology Sourcing 

Niels Haugaard 
M.Sc. Finance and Strategic Management 

Master Thesis 
 

Supervisor: Morten Møller Amstrup 
Submitted: 15th of September 2017 

 
 

Number of pages (Excluding cover, references and appendices): 
56 

Student’s CPR number (only printed copies): 
	 	



	

	

2	

Table	of	Contents	

ABSTRACT	 4	

INTRODUCTION	 5	

RESOURCES,	KNOWLEDGE,	AND	THE	EXTERNAL	ACQUISITION	OF	TECHNOLOGY	 7	

MODES	FOR	EXTERNAL	TECHNOLOGY	SOURCING	 10	

THEORETICAL	BACKGROUND	 15	

TRANSACTION	COST	ECONOMICS	 15	

ASSUMPTIONS	AND	CHARACTERISTICS	 16	

LIMITATIONS	 17	

REAL	OPTION	THEORY	 18	

ASSUMPTIONS	AND	CHARACTERISTICS	 19	

LIMITATIONS	 20	

ABSORPTIVE	CAPACITY	OF	FIRMS	 21	

LIMITATIONS	AND	SCOPE	OF	APPLICABILITY	 23	

THEORETICAL	PREDICTIONS	AND	HYPOTHESES	 25	

METHODS	 29	

DATA	AND	SAMPLE	 29	

TECHNICAL	CONSIDERATIONS	 29	

GEOGRAPHY	 31	

INDUSTRY	 32	

DEPENDENT	VARIABLES	 35	

INDEPENDENT	VARIABLES	 36	

CONTROL	VARIABLES	 37	

METHODS	(STATISTICAL	MODEL)	 39	

RESULTS	 41	



	

	

3	

DISCUSSION	 44	

ASSUMED	UNCERTAINTY	AGAINST	MEASURED	UNCERTAINTY	 44	

R&D	EXPENSES,	R&D	STOCK	AND	RETURNS	TO	R&D	 46	

EXPERIENCE	AND	GOVERNANCE	MODE	CHOICE	 51	

CONCLUSION	 55	

REFERENCES	 58	

APPENDIX	A:	CORRELATION	MATRIX,	MEANS	AND	STANDARD	DEVIATIONS	 67	

APPENDIX	B:	ORDINAL	LOGISTIC	REGRESSION	FIT	 68	

APPENDIX	C:	MULTINOMIAL	LOGISTIC	REGRESSION	FIT	 70	

 

 

	

	

	 	



	

	

4	

Abstract	

This study examines the effect of internal R&D efforts on the choice of governance mode 

when sourcing external technology. Firms have increasingly relied on external technology 

sourcing to compete in fast-paced environments. With technology being more complex than 

ever, it has become costly to evaluate the commercial potential of new discoveries. 

Consequently, firms have had to deal with higher amounts of uncertainty. Internal R&D efforts 

have been associated with increasing one’s ability to identify, comprehend and assimilate 

external knowledge and thus lower the perceived uncertainty. Combining the contrasting views 

of transaction cost economics and real option theory regarding the treatment of uncertainty, 

we hypothesize on the subsequent role R&D plays in influencing the choice of governance. 

Based on a sample of transactions from the electric utilities industry, we find no significant 

effect of R&D spending on the choice of governance mode. Following a discussion of the 

results and methodology, we propose alternative explanations as well as suggestions for future 

research and theory development. 
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Introduction		

Key industries have undergone significant changes in recent decades. Often, these changes 

took place following abrupt technological progress. Memorably, information technologies (IT) 

have had a significant impact on how firms compete. Economists did not wait for the stock 

market to crash at the turn of the millennium to advocate for the use of IT as a major tool to 

develop competitive advantage. For example, Porter & Millar (1985) noted that the usage of 

information would have several effects on the industrial landscape. First, IT would change the 

structure and the rules of competition of industries. Second, it will bring about new ways for 

firms to outperform rivals. Finally, it will create space for new businesses to emerge from 

outside and within a firm’s operations. If their predictions date back thirty years ago, 

technology today is more complex than ever, and companies refusing to keep track of changes 

can end up paying a hefty price as second-movers (McFarlan, 1984). Consequently, it has 

become a requirement for companies to develop capabilities that allow them to compete at a 

pace set by their technological environment.  

As internal research and development efforts began to show their limits, companies have 

looked outside of their boundaries to source the technological knowledge they needed 

(Granstrand, et al., 1992; Wysocki, 1997a, 1997b; Ahuja & Katila, 2001). Initially, research 

focused on straightforward mergers and acquisitions (M&As). Studies of alternative sourcing 

modes have looked at the co-generation of knowledge through strategic alliances (Gulati, 

1998) and joint ventures (Kogut, 1988). More recently, corporate venturing has gained in 

momentum, as incumbents make small investments into young technological ventures to 

update their own technological capabilities. IT giants akin to Microsoft, Apple and Google all 

operate large corporate venture capital funds. However, this trend is all but exclusive to IT 

companies. For instance, several large incumbents in the electricity services business have 

pursued similar goals. The interplay with young technological firms is changing the industry 

as they promote the adoption of cleaner ways to generate and consume energy (Hockerts, 

2010). Overall, there has been a paradigm shift in which companies look outwards for 
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competitive resources. In the process, managers operating with limited financial resources 

must decide how to invest through the different available modes to acquire external 

technology.  

Each available acquisition mode implies a different governance structure and there are several 

ways to evaluate them. Oliver Williamson (1991), a major contributor to the transaction cost 

approach to the theory of the firm, illustrated this choice as a continuum of organizational 

structures ranging from simple market transactions to the full integration of processes. Core to 

the transaction cost perspective is that different governance structures imply different costs 

that managers will want to minimize. The real option perspective to technological acquisition 

(Folta & Leblein, 1994; Folta, 1998; Leiblein, 2003; van de Vrande, et al., 2006, 2009) puts 

forward the need for flexibility in highly uncertain environments. In this view, managers 

should align the governance mode to the degree of environmental uncertainty. Either way, the 

choice of governance is salient for companies and has severe cost implications. However, the 

conditions under which one governance mode is preferred to another remain largely 

understudied, with limited empirical evidence directly comparing a range of sourcing 

possibilities. 

This paper aims to highlight the role of R&D as a characteristic shared among acquiring firms 

that directly relates to a firm’s ability to process information. Internal R&D efforts have times 

been associated with increasing a firm’s innovation output and its ability to assimilate others’ 

discoveries (Cohen & Levinthal, 1990; Veugelers, 1999; Moon, 1998; Kinoshita, 2001; 

Griffith, et al., 2003; Lane & Lubatkin, 1998; Lane, et al., 2006). As such, there are theoretical 

indications that the amount a firm spends in R&D will directly reduce the uncertainty 

surrounding a technology, and indirectly the uncertainty surrounding the transaction. Hence, 

we aim to answer the following research question: 

Do internal R&D efforts affect the choice of governance mode when firm source external 

technology? 
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We start by outlining the rationale behind external technology sourcing, as well as the different 

governance modes available. In the following sections, we draw upon transaction cost 

economics and real option theory to propose hypotheses on the role of internal R&D efforts in 

influencing the choice of governance structure for external technology sourcing. We then 

develop a research methodology based on statistical models and discuss the subsequent results. 

Resources,	Knowledge,	and	the	External	Acquisition	of	Technology	

Regardless of how corporations choose among technology acquisition modes, many firms have 

come to a point where internal R&D efforts do not suffice to meet the market’s expectations 

(Grant, 2012). Most will agree technology today is more complex than ever, and making sense 

of it can be extremely costly at times. This has pushed companies to look outside of their 

boundaries for the innovations that would shape the future of their industry. The realization 

that companies could not self-sustain themselves has led to the emergence of a relatively recent 

body of research concerned with the development of knowledge based capabilities as a mean 

to compete in fast-paced environments. These emphasize the need for adaptability and working 

as part of a network. In this section, we go beyond the “make or buy” dilemma often prone in 

transaction cost economics by reviewing relevant perspectives from the strategic management 

literature. 

Economic theory has long tried to explain why some firms secure above normal profits. Porter 

(1979, 1980, 1985) pushed the idea that a firm’s performance was largely the result of its own 

competitive environment. In other words, whether it secures rents is determined at the industry 

level. However, the idea that performance is dependent on the industry’s structure and not 

individual organizations fails to explain why some firms competing in the same industry 

perform better than others. The resource based view of the firm (RBV) was later developed as 

a complement to the industrial organization view to specifically address the issue of intra-

industry variances in performance (Barney, 1991, 2002; Mahoney & Pandian, 1992).  

RBV is foremost concerned with the development of sustained competitive advantage, which 

it sees as the main driver behind superior performance. Resources are loosely defined as any 
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sort of asset owned and controlled by the firm, whether tangible, intangible, human or even 

network based, that plays a part in the firm’s production (Grant, 2012). These are bundled 

together to form capabilities, which are the essence of competitive advantage. Subsequently, 

sustained competitive advantage can only be achieved when resources fulfil several criteria, 

namely, they need to be valuable, rare, inimitable and non-substitutable. In addition, the 

organization must be positioned in a way that enables it deploy them effectively.  

The simplicity and broad applicability of RBV is also its most limitative characteristic. In an 

assessment of critiques targeted at RBV, Kraaijenbrink et al. (2010) recognize that the 

definition of value and resources in the RBV literature has condemned RBV into an incomplete 

theory with limited real world applications. Specifically, RBV does not differentiate among 

different types of resources and how they may uniquely contribute to sustained competitive 

advantage. Other theories anchored in RBV akin to Teece et al.’s (1997) dynamic capabilities 

framework and the knowledge-based view (Kogut & Zander, 1992; Grant, 1996) have partly 

addressed the issue by re-specifying the sort of resources and capabilities firms should strive 

for. 

Teece’s work is most appreciated in fast evolving environment in which critical capabilities 

are short lived and new ones must be constantly assimilated. Specifically, the need for dynamic 

capabilities, as opposed to static ones, is most relevant when considering technology intensive 

sectors where competence renewal and innovation are necessary at the risk of falling behind 

competition. The proposed framework identifies managerial and organizational processes as 

the most salient sources of competitive advantage. These typically cannot be bought from 

outside of the firm’s boundary and must thus be built within. Processes are shaped by the firm’s 

current asset position in terms of complex knowledge and other complementary assets and are 

needed to redeploy assets as new trends emerge. 

Similarly, the knowledge based view (KBV) of the firm has been used extensively when 

researching technologically intensive sectors (Phelps, et al., 2012). Going beyond 

organizational processes, KBV focuses on knowledge management as a whole. In this view, 
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the core task of the firm is to continuously acquire, integrate and deploy knowledge (Spender, 

1996; Kraaijenbrink, et al., 2010), a process the theory defines as the most important source of 

competitive advantage (Kogut & Zander, 1992; Spender, 1996). Where the dynamic capability 

approach initially emphasizes the need for efficient internal structures, networks and external 

knowledge acquisition become key in KBV (Grant, 1996). Specifically, an organization’s 

position within a network structure will not only determine how it sets itself for identifying 

new technological trends, but it will impact the actual transfer of knowledge and organizational 

learning (Phelps, et al., 2012). Scholars often use the term social capital to describe all the 

resources embedded within a player’s network. In this view, managing networks effectively 

will enable firms to strengthen their position by relying on the networks’ resources. 

Nevertheless, both perspectives are complementary rather than opposite, and have significant 

implications for how companies go about sustaining competitive advantage.  

More than just competitive advantage, there is a significant body of literature highlighting 

specific benefits of external technology sourcing. Studies show a positive impact on innovation 

output from firms engaging in technology acquisition  (Hagedoorn & Duysters, 2002; Roberts, 

1995).  Furthermore, it has been shown that the external sourcing of technology can improve 

the firm’s performance when complementary structures are in place. For instance, Tsai & 

Wang (2008) find internal R&D efforts have a moderating effect on the share of firm 

performance derived from external technology acquisitions. Similarly, Roberts (1995) 

underlines the skills and organizational structures required to efficiently absorb external 

knowledge.  In line with KBV and the dynamic capability framework, these studies 

simultaneously acknowledge the necessity to look outside of the firm’s boundaries for better 

resources and the need for internal dynamic capabilities to assimilate these same resources. 

Nevertheless, a similar argument to Kraaijenbrink et al.’s (2010) critique of RBV can be made 

against KBV and the dynamic capabilities framework. It can be hard to empirically distinguish 

among different types of knowledge, even more so when considering tacit elements. Internal 

procedures and the degree of complementarity of assets are just as difficult to measure 

consistently across firms. Consequently, the strategic management literature is limited in terms 
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of assessing best practice for the acquisition of innovation. Furthermore, most empirical works 

on the performance implication of external technology sourcing do not provide a comparative 

breakdown of the various modes of inter-organizational knowledge acquisition. The idea that 

different governance mode yield differences in performances is instead carried by scholars 

taking perspectives from economics and finance.  

Modes	for	External	Technology	Sourcing	

Corporations go about acquiring new technologies in a variety of ways. In a spectrum from 

least to most integrated, these could range from non-equity alliances on one side to mergers 

and acquisitions on the other. To illustrate, Figure 1. plots various governance modes for 

external technological sourcing based on Williamson’s (1991) market-hierarchy continuum. 

The question regarding the choice of governance structure is often expressed as a trade-off 

between the different available modes as firms have access to limited resources they need to 

allocate among divisions (Dushnitsky & Lenox, 2005). Vanhaverbeke (2002) also notes that 

internal R&D could be seen as a substitute to some external acquisition modes. The trade-off 

is thus arguably also one of internal versus external technological development. Knowing 

which is most efficient in a given context becomes highly relevant for management who seeks 

to get the most out of each dollar invested. However, few studies support this argument with 

the majority instead viewing internal efforts as complementary (Veugelers, 1997; Chen, et al., 

2015). Initially, most of the attention was given to strategic alliances and M&As (van de 

Vrande, et al., 2009), but there has been a growing interest in corporate venture capital as a 

viable alternative (Allen & Hevert, 2007; Dushnitsky and Lenox, 2005, 2006). The three differ 

in terms of the parties’ commitment to the relationship (both human and financial) and the 

amount of control one party has over the other’s actions.  
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Figure 1. Governance mode integration from market to hierarchy (Williamson, 1991; van de 

Vrande, et al., 2006, 2009) 

 

Several observers questioned the sudden emergence of CVC funds at the turn of the 

millennium. Early studies have contrasted the performance of CVC funds to that of traditional 

venture capitalists and have often found CVC to yield lesser financial returns than independent 

funds (Denis, 2004). However, many have pointed out that CVC and independent funds cannot 

be compared on the sole basis of financial gains (Gompers & Lerner, 1998; Chesbrough, 2002; 

Hellmann, 2002; Dushnitsky & Lenox, 2006). Dushnitsky and Lenox (2006) find support that 

corporations using CVC as a window to access and exploit novel technologies are creating 

more value for the parent company than those who don’t. Similarly, Chesbrough (2002) argues 

investing in start-ups can open new paths to growth. Overall, CVC benefits the parent by being 

a source of technological knowledge and social capital. We therefore rely on Narayanan et 

al.’s (2009) definition of CVC as an activity consisting of “equity investments made by 

incumbents in start-ups to gain access to their innovations, technologies and other discoveries”. 

Although financial gains are possible they are not a requirement.  

Many factors influence CVC activities. These can be regrouped into external and internal 

elements. The former has often been investigated in the lens of the technological context 

surrounding CVC investments. For instance, the low commitment needed makes it suitable for 
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exploration activities in environments with a high degree of technological uncertainty. Such 

environments are characterized by their relatively novel technologies and the weak promises 

of success (van de Vrande & Vanhaverbeke, 2012). Another approach looks at the uncertainty 

surrounding the regulatory framework of a recipient of CVC funding. In these studies, weak 

intellectual property regimes have been associated with lesser performances given the higher 

risk of one party appropriating the other’s technology (Dushnitsky & Lenox, 2005; Dushnitsky 

& Shaver, 2009). Internal CVC elements vary greatly and analysis can be made at many levels. 

Structural problems due to a lack of commitment by the parent company or resulting from poor 

incentive mechanisms are highlighted in Siegel et al. (1988), Lerner (2001) and Sykes (1990). 

Moreover, the strategic nature of CVC investment can cause conflicts of interests between the 

parent, CVC fund and portfolio companies. This may occur due to incompatible objectives or 

the possible threat of future competition from the funded companies (Gompers & Lerner, 1998; 

Hellmann, 1998, 2002; Denis, 2004; Yang, et al., 2014). As pointed by Narayanan et al. (2009), 

there has been little work on the moderating effect of some of the investor’s own capabilities 

on the success of the ventures. Specifically, there are only few studies investigating the role of 

the parent company’s knowledge management capabilities on CVC success (Yang et al. 2014). 

Many of the structural issues of CVC can also be attributed to strategic alliances. Similarly, 

gaining access to better knowledge resources has pushed young ventures to ally with 

incumbents (Sarkar, et al., 2001; Haeussler, et al., 2012). Gulati (1998) defines strategic 

alliances as “voluntary agreements between firms involving exchange, sharing, or co-

development of products, technologies, or services”. In this case however, partners have less 

control on the other’s actions, which creates a window for opportunism. Among the downsides 

of partnering up is the leakage of knowledge that is core to a company’s competitive advantage 

(Norman, 2002; Becerra, et al., 2008). The problem is exacerbated by evidence that the 

technological overlap between parties has a strong effect on the learning outcomes of an 

alliance (Khanna, et al., 1998; Dushnitsky & Shaver, 2009). Therefore, it is not uncommon to 

see companies with some degree of competitive overlap ally, resulting in heavier possible 

downsides (Hamel, 1991; Easterby-Smith, et al., 2008). Although we do not include strategic 
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alliances in our statistical model, the above findings are highly relevant for our analysis. To 

some extent, a CVC investment can be described as a partnership between individual entities 

with the specificity that one party holds more rights to control. To illustrate, there are strong 

similarities in the findings for both organizational forms. For example, the degree of 

competitive overlap and associated risks have also found support in the CVC literature (Denis, 

2004). 

Mergers and acquisition are completed with a number of objectives in mind. They can grant 

market power (Stigler, 1950), create synergies (Hall, 1988), lower transaction costs 

(Williamson, 1985, 1991), or as emphasized earlier, grant access to technology. These 

objectives are inclusive as, for example, a company can acquire technology in order to create 

synergies. For the sake of consistency, we are only interested in technological M&As, as 

opposed to non-technological M&As. Ahuja & Katila (2001) explain how these are more 

easily linkable to a firm’s innovation output. As we assume CVC investments to be learning 

oriented, it is normal to restrict our analysis of governance modes to those with a comparable 

intent. Similarly, there are differences between M&As involving two large firms and those 

with one large and one smaller firm. Even if the reasoning behind an acquisition is technology 

oriented, the financial commitment required for acquiring large companies can be so high that 

CVC would never be an option, all things considered. With this restriction in mind, there is 

evidence that large firms have excessively relied on the acquisition of young high tech firms 

to source technological capabilities (Grandstrand & Sjolander, 1990; Chakrabarti, et al., 1994; 

Desyllas & Hughes, 2008). The prime logic is to use the young firms’ technological, human 

and organizational competencies to complement the incumbents’ (Andersson & Xiao, 2016). 

There have been several studies researching the implications of different governance modes 

for technology sourcing. Most of them involve two distinct structures at opposite ends of the 

spectrum. For instance, Carayannopoulos & Auster (2010) investigate the choice between 

alliances and acquisitions, while Moon (1998) focuses on the co-creation of technological 

knowledge by comparing alliances to joint ventures. Others included organizational forms that 

grasps the full stretch of Williamson’s (1991) market-hierarchy continuum. Folta & Leiblein 
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(1994) distinguish between acquisitions, minority equity investments and non-equity 

collaborations. Similarly, Fey and Birkinshaw (2005) plots the use of university partnerships 

against that of alliances and external contracting. CVC as a technology sourcing tool has been 

given a growing amount of attention, notably from Dushnitsky and Lenox (2005, 2006). 

Although the management literature has highlighted its strategic importance for corporations 

and entrepreneurs, the number of studies including it in a comparative analysis of governance 

mode remains limited (Keil, et al., 2008; van de Vrande, et al., 2009). Finally, scholars have 

also looked at the choice between investing in internal capabilities and external acquisitions. 

these typically build on the classical make or buy dilemma prone in the TCE literature. Their 

findings emphasize the interaction between internal and external innovations (Veugelers, 

1997, 1999; Felin & Zenger, 2014). As such, the issue of choosing between investing in R&D 

and acquiring technology is best explain in the perspective of complementary assets rather than 

a trade-off. 

To highlight differences, comparative research has used different approaches to identify which 

are better suited under specific circumstances. As Poppo & Zenger (1998) illustrate, studies 

surrounding the make-or-buy dilemma have predominantly relied on TCE as an explanatory 

theory of the firm. If early work found strong support for TCE in explaining governance mode 

choice (Shelanski & Klein, 1995), more recent reviews have underlined critical flaws in the 

often-inappropriate use of the theory in empirical research (David & Han, 2004; Macher & 

Richman, 2008). Consequently, more scholars began to test alternative theories of the firm. In 

the case of external technology sourcing, the real option perspective and knowledge based 

explanations have been used for generating alternative hypotheses. These differ immensely in 

regards to how they treat characteristics akin to uncertainty, and can give opposite predictions 

on the governance structure to adopt.  We further develop these alternative views in the 

following sections as we hypothesize on the role of internal R&D efforts in determining the 

choice of governance. 
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Theoretical	Background	

Transaction	Cost	Economics	

Transaction cost economics is concerned with minimizing the total costs associated with 

production and making transactions. Consequently, it supports the idea that economizing is the 

core problem of economic organizations (Williamson, 1989, 1991). TCE simplifies the 

analysis by assuming both types of costs can be dealt with separately and added back together 

to determine the total costs of a firm (Hendrikse, 2003). If the theory aims to pick the 

organizational form that minimizes both cost types, governance structures are understood to 

mostly affect the costs of coordinating and monitoring economic exchanges, sometimes 

referred as administrative costs. Consequently, the main question TCE asks is which 

governance structure is best at minimizing transaction costs in a given context?   

In his defining work The Nature of the Firm, Ronald Coase (1937) questioned the existence of 

firms in market economies, a question the definition of the firm as a production function fails 

to address. An integrated production function can in theory be the sum of two or an infinite 

amount of separate entities (i.e. the market). Therefore, what incentives exist that make 

economic actors choose to organize themselves as firms instead of using the market? More 

than just playing a part in it, Coase suggested that firms worked as an alternative to the market. 

He used transaction costs, or “the cost of using the price mechanism” associated with market 

transactions as the main reason for why it is profitable to establish firms. These costs most 

importantly originate from the asymmetry of information that hinders one’s ability to gather 

the relevant prices for the exchange, but also derive from negotiating, concluding and 

enforcing contracts. Typically, these costs increase with the degree of complexity of a contract, 

as complex contracts are more likely to be incomplete and can therefore not provide efficient 

resolution mechanisms for unforeseen contingencies. 

Following Coase’s work, TCE has emerged as the standard framework for analyzing the choice 

of governance structures, most notably with Oliver Williamson’s contributions (1979, 1981, 
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1985, 1991). At the forefront of TCE is the idea that governing exchanges is not free and that 

some governance mechanisms are best suited to minimize the costs of administrating economic 

exchanges in a given context (Leiblein, 2003). Specifically, firms will naturally seek to align 

transactions requiring a high level of coordination with the governance structures providing a 

better ability to monitor, control and coordinate actions (Williamson, 1991). In general, the 

theory argues that markets are the simplest and most cost-efficient way of organizing an 

exchange between parties, as hierarchies tend to have higher administrative costs and are less 

powerful at incentivizing individuals (Leiblein, 2003). However, because of asymmetrical 

information and other elements listed below, transaction costs in the market place can rise 

dramatically, making its use less attractive.  

Assumptions	and	Characteristics		

TCE builds around two core assumption traditionally found in the economic literature.  First, 

individuals are subject to bounded rationality, and as a consequence, are somehow limited in 

their ability to plan for the future. This implies that not all of the relevant contingencies will 

be taken into account at the creation stage of the contract, which could result in contractual 

problems ex-post. Second, individuals are self-interested and behave opportunistically. The 

contract thus cannot serve as a guarantee for each party to behave in the group’s best interest 

when unforeseen events occur. It is therefore salient to deter possibilities for opportunism 

before a relationship is formed. As bounded rationality states that contracts will be incomplete, 

parties will need to renegotiate terms when unforeseen events occur. Opportunism entails that 

those in a better bargaining position at the renegotiation stage will likely tweak the contract in 

their advantage and appropriate a larger share of the joint profits.  

According to Williamson (1985), there are three core constructs that determine the existence 

of transaction costs. These are the frequency at which transactions between parties occur, the 

uncertainty surrounding the transaction and the degree of specificity of the assets embedded in 

the transaction. Other determinants have also been studied, a recurring one being the degree of 

complexity of a transaction (Shelanski & Klein, 1995). Asset specificity has been given most 
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of the attention, as its ex post implication are taken into account at the contract formation stage 

and can therefore be partly dealt with. This makes it easier to develop strong predictions, which 

have received a decent amount of empirical support (Leiblein, 2003).  Specificity takes many 

forms and can be described as the degree by which an asset’s value is dependent on the 

relationship’s existence. Consequently, it has a significant effect on the ex-post bargaining 

position of the parties involved in the transaction, as those who have invested within a 

relationship may find it difficult to use these assets outside of it and can therefore be held-up 

unfavorably by their partner. Uncertainty comes second as the most tested construct, but has 

often lost its relevance given a lack of clear delimitation on the type of uncertainty to be 

investigated (David & Han, 2004). In general, uncertainty increases the chances that contracts 

need to be renegotiated at a future point in time, as unanticipated contingencies become more 

likely to arise. Research have looked at environmental uncertainty that has to do with the 

transaction’s environment (e.g. market and technological uncertainty), as well as behavioral or 

relational uncertainty, which results from the likelihood of opportunistic actions from 

individuals. At last, the measuring approach to TCE (Barzel, 1982; Demsetz, 1988) suggest 

that greater uncertainty characterized by a higher difficulty to measure individual contributions 

will also require the higher level of administrative control provided by hierarchies.     

Limitations	

The issue with uncertainty as a TCE construct is representative of a larger problem with the 

theory. Critiques have pointed at the relatively simplicity of TCE as a predictive theory (see 

David & Han, 2004 for a comprehensive review). As a consequence, many non-experts began 

using TCE in fields outside of economics, often distorting the theory’s foundations in the 

process. Rather than developing the theory, this has led to a number of definitions for each of 

its constructs, rendering comparison across studies hardly relevant. An illustration of this is 

found in the proxies used to measure asset specificity, which too often take into account 

subjective views from managers gathered through surveys and interviews (Shelanski & Klein, 

1995). Note that in his original texts, Williamson does not provide guidelines on the 
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measurement of asset specificity. Similarly, the relationship between uncertainty and the 

choice of governance structure remains blurry (Mellewigt, et al., 2016). Finally, asset 

specificity and uncertainty have too often been studied in isolation (Leiblein, 2003; David & 

Han, 2004). However, a key prediction of TCE is that markets are even more inclined to fail 

when both constructs are present, as contract renegotiations occurring from disruptions are 

costlier in the presence of specific assets. Interestingly, those who have investigated their 

interaction have had highly consistent results (Coles & Hesterly, 1998; Leiblein & Miller, 

2003; David & Han, 2004). 

Real	Option	Theory	

Real option theory (ROT) is particularly suitable when analyzing decision making situations 

involving uncertainty. A real option as a term to conceptualize how option pricing theory can 

be used when evaluating investment decisions regarding operating capabilities was first 

introduced by Myers (1977). Options allow investors to hedge their risks by limiting the 

downsides when things go bad and not putting a limit on the upsides when they go well. His 

paper explains how corporate assets that present opportunities for growth can be viewed as 

call options, which grant management the right, and not the obligation, to take action in the 

future at a specified price. The flexibility given by an option is precisely what makes it 

valuable. Myers goes on to demonstrate how the capital structure of firms holding such real 

options affect the total value of the company by either increasing or decreasing its ability to 

make use of them. Using R&D investments to proxy options, the study shows how investors 

with high debt-to-equity ratios will suffer from the firm employing a suboptimal investment 

strategy by missing out on valuable opportunities. In the management literature, real options 

have been used in a variety of fields, which include but isn’t limited to the choice of 

organizational form. 

Real options can be found directly as contractual clauses between two companies, but more 

generally as preferential access to investment opportunities akin to the right to increase one’s 

equity stake (Trigeorgis & Reuer, 2017). They come in a variety of forms, with those most 
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relevant for our study being the option to grow or expand a business (e.g. Leiblein & Miller, 

2003) and the option to contract or abandon it (e.g. Kulatilaka & Perotti, 1998; Chi, 2000). 

Within each option type lays the acknowledgment that there are important opportunity costs 

associated with investing into businesses, but also follow-on opportunities that may yield more 

returns in the future (Leiblein, 2003), and that both must be accounted for when evaluating 

investments.  In finance, just as in management, it is the increased flexibility that make options 

appealing. Indeed, when uncertainty is high, being prepared to act on the changes to the 

competitive landscape or a disruption to the current technological environment can be 

extremely beneficial.   

As underlined above, ROT mainly deals with environmental uncertainty, but how it does it 

drastically differs from TCE. Where according to TCE companies will reduce uncertainty by 

either increasing their control over transactions or internalize them altogether, ROT seeks to 

maximize flexibility in order to respond to eventual downsides. The latter solution often 

involves less commitment from the acquiring firm at the beginning. Stakes start low and rise 

when a firm gathers complementary information that reduces the perceived uncertainty.  

Unlike TCE however, the continuum from less to more integrated is much less clear. Indeed, 

financial commitment is only part of the issue. Firms will in general also need some sort of 

control over a transaction for the option to even exist.  As such, neither end of the market-

hierarchy spectrum can be viewed as bearing real options. Markets are merely for sporadic 

buys and non-equity alliances will not always grant one partner the right to further integrate 

the other. On the other side, M&As make a company bear all the risks, as acquiring another 

firm is rarely reversible.  

Assumptions	and	Characteristics	

Real option theory assumes it is possible to implement claims regarding eventual follow-on 

and abandon decisions. These don’t need to be explicit. For instance, alliances and joint 

ventures can be a platform for acquisitions although just by relying on relational means 

(Cuypers & Martin, 2006; Kogut, 1991). On the other hand, a CVC fund may demand 
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preferential rights for future funding rounds. The direct implication of this assumption is that 

the investor must have sufficient information to determine the price and provisions of the 

option that reflect the risk and future value of the underlying asset prior to when the investment 

is made. This also implies the investor has an understanding of the eventual bargaining costs 

associated with the opportunistic behavior of the seller (Chi & McGuire, 1996). Consequently, 

it is implied the buyer has more information regarding the ex post consideration of a transaction 

that in TCE. A second assumption of ROT, which directly stems from the financial literature, 

entails that it is theoretically possible to evaluate different return distributions for the different 

options available given their associated levels of risk (Leiblein, 2003). The perceived risk and 

return characteristics of each option will likely evolve as more information regarding the 

outcome of available actions is gathered. This puts ROT at a different pace to TCE, as the 

theory suggests the decision regarding the most efficient governance mode evolves over time 

and is thus more dynamic. 

Limitations	

A strength of the real option approach stems from it being rooted in finance and being 

supported through option pricing models. Ironically however, research on organizational form 

choice have left this aspect out by reducing ROT to its core principles of managerial flexibility 

and sequential decision making (e.g. Kogut, 1991; Leblein, 2003; van de Vrande, et al., 2006; 

van de Vrande, et al., 2009; Trigeorgis & Reuer, 2017). The reason why this approach is 

preferred could be explained by the impracticality of identifying real options using proxies. 

Consequently, it is difficult to make large scale comparative analysis of governance modes 

while at the same time account for the value of each individual option. Empirical testing of the 

theory’s predictions suffers from an inability to generate explicit causational links as a 

consequence.  

A second element of concern is the location of real option within the firm’s boundaries (Henri, 

2005). When testing hypothesis based on ROT, it is often assumed the option is present and 

that income and control rights are owned by the investing firm. Unfortunately, the assumption 



	

	

21	

does not necessarily hold for hybrid governance structures akin to CVC investments. If it is 

often correct to assume the acquirer will hold some degree of control over the technological 

firm, enforcing the option can bear extra transaction costs that were not anticipated at the time 

the relationship between the parties was formed. Caution is therefore advised when making 

generalization based on findings over the role of superior managerial flexibility stemming from 

real options.  

Absorptive	Capacity	of	Firms				

Absorptive capacity is defined as an organization’s ability to “recognize the value of new 

external information, assimilate it, and apply it to commercial ends” (Cohen & Levinthal, 

1990). Cohen & Levinthal’s original proposition that firms’ absorptive capacity directly 

influences their innovating capabilities is based on cognitive elements found in psychology. 

Individuals who accumulated prior knowledge will find it easier to put new knowledge into 

their memory, as well as better recall the use of prior knowledge. Memory is seen as a self-

reinforcing characteristic where the more you remember, the easier you will assimilate new 

items and the faster you will deploy what you have remembered. Viewing the firm as 

consisting of individuals with their own cognitive capabilities, they argue organizations will 

develop similar cumulative capabilities that enable critical reflections on external 

knowledge. They test the importance of absorptive capacity for innovative performances by 

measuring the impact of R&D efforts, measured as business unit R&D expenditure divided 

by business unit sales, on the development of technological knowledge. Interestingly, their 

research emphasizes the interaction between the technological development of an industry 

and the firms’ R&D capabilities. A technological landscape is not merely an exogenous 

parameter firms need to adapt to as much as it is the byproduct of the constituent industry 

players’ ongoing internal R&D activity and some external factors. In other words, one must 

understand how the spillovers of R&D activity of some firms impact the industry as a whole. 

This idea is supported by Jaffe (1986), in which technological advancements made by 

incumbents tend to negatively affect the performances of smaller firms that are left behind 
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in a more complex technological environment. This is not to say absorptive capacity should 

be limited to its R&D component. Plenty of studies have used a variety of proxies to measure 

it, most notably patenting activity and patent overlap between organizations (Jaffe, 1986; 

van de Vrande, et al., 2009; Yang, et al., 2014; Zahra & George, 2002). However, these 

findings suggest there are significant incentives to actively develop a firm’s absorptive 

capacity and this could be done though investing in internal R&D.  

When researching organizational forms in the context of technology sourcing, it is salient to 

understand the interaction between a firm’s absorptive capacity and the governance modes 

employed in the process. In a study of R&D activities of large firms in Sweden and the United 

Kingdom, Fey & Birkinshaw (2005) find important performance implications for R&D arising 

from the governance mode employed, the knowledge base of the firms involved and the 

interaction of the two. Specifically, they find more integrated organizational forms (contracting 

with other companies) to yield lesser performances in comparison to partnering with 

universities. Their results however fail to explain convincingly the link between the two, with 

some very innovative firms able to solely rely on external contracting. Furthermore, another 

flawed element of the study is the lack of distinction between R&D activities occurring within 

the firm and those as consequence of interacting with others. Arguably, there is a stronger 

interplay between the two than their study would suggest. The interaction between internal and 

external R&D activities is investigated by Veugelers (1997), with internal R&D spending 

increasing the likelihood of a firm choosing a less integrated governance mode. In turn, 

choosing less integrated governance mode, in this case inter-firm cooperation instead of long-

term contracting, is only beneficial when internal structures, i.e. absorptive capacity in the 

form of fully functional R&D departments, are present.  

Unfortunately, neither study can point out the causes behind their findings with a high degree 

of certainty, as they suggest the relationship between absorptive capacity and governance mode 

is a tricky one. They do nevertheless emphasize the interaction of complementarity assets and 

their role in organizing the acquisition of technology. The idea internal structures akin to R&D 

moderate the innovative performances under specific governance mode can be related to the 
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dynamic capabilities framework discussed previously. In the quest for new technological 

knowledge, there is a need to develop the internal tools to search, acquire and assimilate 

knowledge (Teece, et al., 1997), Once developed, these capabilities need to be maintained, 

which typically require costly investments such as in R&D (Winter, 2003). In an attempt to 

tackle the issue from a dynamic capabilities’ perspective, Moon (1998) argued that 

asymmetries between absorptive capacity of partners will affect the way they govern a 

relationship. If his approach is rather one-sided, he finds support that firms with higher 

technological capabilities will prefer joint ventures over acquisitions, as they are less likely to 

suffer from unfavorable learning asymmetries and will benefit from an improved bargaining 

position over their partner. Going a step further, the study illustrates how uncertainty regarding 

the learning outcomes of a relationship plays a part in choosing the right governance structure. 

Limitations	and	Scope	of	Applicability	

In the above review, we have drawn upon a variety of studies often using different 

conceptualization of absorptive capacity. Specifically, there are significant divergences on the 

measurements and expected outcomes of absorptive capacity (Zahra & George, 2002). To give 

an idea, absorptive capacity can be viewed as a predicator of higher innovative performance 

(Cohen & Levinthal, 1990) or a moderator of innovative activity (Veugelers, 1997), and both 

will be treated differently using different variables. This make studies more difficult to 

compare and robust conclusions harder to make. Overall, we find it necessary to delimit the 

scope of absorptive capacity. In an attempt to re-conceptualize absorptive capacity, Zahra & 

George (2002) outlined four of its dimensions. First, and because the acquisition of knowledge 

is the focus of our research, we understand the more effort one puts into building absorptive 

capacity, the faster and more efficient such capabilities becomes (Kim, 1997). Second, once 

acquired, a firm needs to assimilate knowledge (Szulanski, 1996; Kim, 1997). The assimilation 

dimension of absorptive capacity refers to “the firm's routines and processes that allow it to 

analyze, process, interpret, and understand the information obtained from external sources” 

(Zahra & George, 2002). The comprehension of new knowledge is especially important as it 
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directly influences the perceived uncertainty surrounding potential benefits of external 

knowledge. In addition, effective comprehension can sometime require complementary assets 

for a firm to assess the value of technological knowledge, assets that themselves need to be 

developed (Teece, et al., 1997). Third and Fourth, these complementary assets will later allow 

the firm to transform and exploit the acquired knowledge. Most importantly, by viewing 

absorptive capacity as a dynamic capability, we stress that it can be influenced by the 

company’s actions. In other words, we assert firms can invest resources to better acquire, 

comprehend, transform and exploit external knowledge, which brings the conceptualization 

used closer to that of Cohen & Levinthal’s (1990) original one. 
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Theoretical	Predictions	and	Hypotheses	 	

In the previous section, we outlined key constructs of transaction costs economics and real 

option theory. Uncertainty takes a central role in both perspectives and has previously been 

studied in the context of governance mode choice for external technology sourcing. As such, 

we emphasize how each perspective treats uncertainty. TCE is mostly concerned with reducing 

the probability of adversarial actions when contracts have to be renegotiated. ROT looks to 

progressively reduce uncertainty by making small reversible commitments that increase the 

quality of information available for decision making. While TCE argues for a fight of 

incentives over control, ROT pushes for maximum managerial flexibility. When used to 

choose between governance modes, we find they somewhat diverge in terms of their 

predictions for what is the most efficient organizational form under different degrees of 

uncertainty. Part of these divergences can be attributed to how uncertainty is conceptualized, 

differences we lay out below. We then develop hypotheses on how internal R&D efforts 

influence the choice of governance mode for external technology sourcing. 

First, when writing about uncertainty, there is a fundamental, yet subtle, distinction between 

the definitions traditionally used in TCE and ROT based studies. In the TCE literature, the 

main effect of uncertainty is to increase the probability that a contract needs to be renegotiated 

by creating unforeseen scenarios not accounted for initially. This may generate transaction 

costs as the bargaining position of each member of the relationship has likely been altered in 

the process. However, the extra costs are not predefined and are often moderated by other 

factors akin to asset specificity. Uncertainty in ROT and the finance literature in general is 

much more related to the concept of risk and return. Uncertainty leads to higher potential losses 

but also gains, and options serve as tools to limit the downsides and magnify the upsides. 

Consequently, the link between uncertainty and costs can be described as indirect in TCE and 

direct in ROT. In order to get more pertinent results when testing the impact of uncertainty, it 

is relevant to account for this difference. 
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Second, ROT and TCE each emphasize the importance of some types of uncertainty over 

others. Exogenous uncertainty in the form of market swings and the unknown potential of 

some technologies are characteristics that define the context in which a transaction takes place. 

Endogenous or relational uncertainty stems from the transaction itself and the behavior of the 

parties involved. ROT deals essentially with the former while TCE is broader in its application. 

For example, technological uncertainty makes it harder to evaluate the potential of 

technologies and is often treated as exogenous (Folta, 1998). However, information 

asymmetries regarding the future value of a technology can influence the bargaining position 

of a firm looking to acquire technology (Moon, 1998; van de Vrande, et al., 2009). In other 

words, exogenous uncertainty from the technological context can create uncertainty at the 

transactional level. Note that because we do not measure uncertainty in this research, we can 

only assume it is present. The limitation is taken into account when building our test sample. 

R&D efforts have often been used to capture the absorptive capacity of firms (Cohen & 

Levinthal, 1990; Veugelers, 1999; Moon, 1998; Kinoshita, 2001; Griffith, et al., 2003; Lane 

& Lubatkin, 1998; Lane, et al., 2006). The less it is developed, the harder it will be to identify, 

assimilate, transform and exploit technological knowledge (Zahra & George, 2002). To 

compensate for learning shortcomings and smooth out the assimilation of unfamiliar 

technologies, firms can choose more integrated and costlier governance modes (Cantwell & 

Colombo, 2000; Colombo, 2003; Gulati & Singh, 1998; Samspon, 2004; Zahra & George, 

2002). More than simply ease processes, there are strong transaction cost considerations that 

relate to a firm’s absorptive capacity. When technology is distant and a firm is slow at 

processing information, sourcing it externally will also lead to greater relational uncertainty. 

For instance, learning asymmetries between parties may arise and favor more integrated 

solutions as a consequence (Moon, 1998). Moreover, information asymmetries can also result 

in adverse selection of poor partners with inferior technologies (Dushnitsky & Shaver, 2009). 

To reduce the risk of opportunistic action, less R&D intensive firms will prefer to integrate 

further. Finally, a core concept of TCE is the ability to write contracts coverings as many 

foreseeable contingencies. A firm lacking understanding of complex technologies it wants to 



	

	

27	

access will find it costlier to do so. Again, higher levels of integration would be preferred in 

such a scenario. Subsequently, we hypothesize that the more a firm spends in developing its 

R&D capabilities, the more likely it is to choose a less integrated governance mode. 

Hypothesis 1a: Internal R&D efforts increase the likelihood of choosing less integrated 

governance modes. 

On the other hand, by choosing to integrate in order to reduce the consequence of relational 

uncertainty, especially when displaying little competences in terms of absorptive capacity, 

firms will internalize the risks associated with unproven technologies they are not familiar 

with. Furthermore, once internalized, it will take time to lift the uncertainty surrounding the 

technology, especially when complementary assets are missing (van de Vrande, et al., 2009; 

Winter, 2003). Taking a ROT perspective, one can argue for an inverted logic to the one 

proposed above. Instead of dealing with uncertainty by integrating, firms can choose to make 

sequential investments in order to gather information before committing more resources. 

Lower commitments grant them the option to increase their stake at a future point in time once 

some of the uncertainty has been lifted. There are several studies supporting the use of ROT 

logic for choosing between organizational forms. For instance, Hagedoorn & Duysters (2002) 

find M&As to be preferred when sourcing technologies closely relate to a firm’s core business, 

and vice versa, a preference for non-equity alliance when dealing with distant unfamiliar 

technologies. Support for integration when absorptive capacity is high is also found in Folta 

(1998) and Leiblein (2003). Overall, two arguments can be made. First, real options in the 

form of less integrated structures are used as a learning platform when a firm lacks an 

understanding of the technologies it seeks to acquire. Second, when the future of a technology 

is uncertain, the flexibility provided by lower degrees of commitment and the ability to reverse 

an investment in case it does not live up to expectations becomes highly valuable. 

Consequently, we phrase an alternative hypothesis to Hypothesis 1a where higher levels of 

R&D lead to more integrated governance modes. 



	

	

28	

Hypothesis 1b: Internal R&D efforts increase the likelihood of choosing more integrated 

governance modes. 

 

Figure 2. Hypotheses 

An illustration of the thought process is presented in the figure above. Our statistical models 

put CVC investments as the closest governance mode to the market and M&As the most 

integrated i.e. hierarchical. The hypotheses are tested using the methodology presented in the 

following section.  
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Methods	

Data	and	Sample	

To test our hypotheses, we use a sample of corporate venture capital deals, minority holdings 

and mergers and acquisitions taking place in the electric utility industry between August 2002 

and August 2017. Electric utilities are categorized using the North American Industry 

Classification System (NAICS) codes starting with 2211. After applying all the restrictions, 

our final set consist of 35 corporate venture capital deals, 54 minority holdings, and 149 M&As 

from 51 companies across 14 countries. A breakdown by country of companies and 

governance mode is appreciable in Table 1. We explain below how the data set was constructed 

and how it fits our research problem. 

Technical	Considerations	

Information surrounding the transactions, including the target companies’ names, completion 

dates, value, deal rationale and governance mode used were gathered on the Zephyr database 

based on the selected companies’ International Security Identification Number (ISIN). The 

selected acquiring companies are all publicly listed and have at minimum a thousand 

employees. Limiting the sample to large companies is necessary to provide some consistency 

in the reported data, especially regarding R&D expenses. Furthermore, fundamental financial 

information is not always disclosed by smaller firms who use simplified reporting standards in 

accordance with the IFRS. The choice of number of employees rather than sales to capture size 

is justified by how electric utilities make revenues. For most utilities, sales are the product of 

physical electricity in megawatt per hour and the market’s price. The price is geographically 

dependent, and as a consequence firms dealing with the largest physical volumes will not 

always have the largest dollar sales. Employees can be viewed as production inputs and 

therefore indirectly reflect the size of utilities. Furthermore, many energy related investments 

funds are categorized under NAICS 2211. Employee restriction allow us to effectively filter 

them out. The value of physical assets would have also been a valid measure. An issue with 
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using employees and assets is that neither truly captures productivity. Better technology, for 

instance, could mean more sales are generated with fewer resources. 

Company financials, including number of employees, R&D expenses and other values used as 

controls were gathered on the WRDS’s Compustat database. Both Compustat and Zephyr use 

ISIN numbers as a referencing tool, which simplifies the association of the two. Unlike Zephyr 

however, Compustat takes into account historical mergers by consolidating data for the firm 

with a majority stake. The minority firm is left as “inactive”. Consequently, for cross-

referencing purposes, we have found it necessary to limit our sample to those companies still 

active in 2017. This inevitably results in a survival bias, of which the possible impact on the 

results is considered. Furthermore, a number of firms did not have an associated ISIN number 

on Compustat, or their ISIN could not be found on Zephyr. These were excluded altogether. 

Finally, some transactions from Zephyr did not have a matching date with the Compustat data. 

In such cases, we traced back the relevant data in Compustat to a maximum of 4 years. For 

example, an acquisition made in 2010 for which the company’s R&D flows are not available 

for that year will be matched with R&D data at the furthest from 2006. After this point, 

companies were excluded from the sample.    

A last point concerns the restriction of the sample to technology acquisitions only. To provide 

an equal ground for comparison, it is necessary for all transaction to be technology related. We 

assume CVC investments already possess such a technological component and therefore only 

need to level down minority holdings and M&As. We use the methodology proposed by Ahuja 

& Katila (2001) in which technological acquisitions are differentiated from non-technological 

acquisitions based on the patenting activity of the target firm and public information related to 

the transaction’s rationale. Specifically, we check whether an acquired firm has had any patents 

filled within the 5 years prior to its acquisition. When no patent is found, we look at the deal 

rationale comment section as reported on Zephyr. We directly search for patents on the 

Patentscope database provided by the World Intellectual Property Organization. 
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Ultimately, the quality of the data collected is affected by the quality of the databases used. 

All three (Compustat, Zephyr and WIPO) have weaknesses that we had to accept. Compustat 

is relatively robust and is widely used for collecting large amounts of financial data. R&D 

expenses are, however, not necessarily reported as such by companies, which results in the 

value being equal to zero. Because it is impossible to differentiate between companies with no 

associated R&D value due to a lack of reporting and those with insignificant amounts that 

appear null, we are forced to include both. Transactions collected on Zephyr suffer from a 

reporting bias. Large deals will be better documented than smaller ones. As a consequence, 

the number of CVC investments and minority holdings could end unjustifiably lower than 

M&A deals. Finally, patent search uses world consolidated data instead of local patenting 

institutions. We believe a number of them is missing. Going through deal rationales enable us 

to compensate for a number of omissions. 

Geography	

An important criterion to test our hypotheses was to have a number of utilities actively 

pursuing technological goals. Based on a report from the British Royal Institute of 

International Affairs on the topic of intellectual property and energy technologies (Lee, et al., 

2009), we found significant differences in terms of innovative output across regions of the 

world. We initially limited our sample to the ten most prolific countries in terms of patent 

fillings. Several issues were raised at this point. First, only selecting companies from countries 

with the highest share of patents creates a strong bias where companies would by default likely 

be more R&D oriented. Second, utilities tend to command large market power due to high 

entry costs (Bresnahan, 1989). Consequently, a small number of countries did not provide 

sufficient observations to be tested, as only few large companies operate in each area. Third 

and last, under the GAAP reporting system in the U.S. and Canada, utilities do not report R&D 

expenses separately from other expenses. As a consequence, the data for these two important 

countries was not available. Note that the U. S. has the highest single share of energy related 

patents in the world.  
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We subsequently extended our sample to 15 western European countries. The sample 

remaining too small, we also included Japan and China, both which are powerhouses in clean 

tech innovations according to the aforementioned report. Focusing on western Europe as a 

whole is highly relevant given all these countries are bound to the same electric grid. This 

creates a degree of homogeneity, as well as, interdependency among players in the sector that 

we discuss in the next subsection. Because China and Japan are not part of the same electric 

system, we make sure to control for geography.  

 

Table 1. Geographical breakdown of sample 

Industry			

We have selected the electric utility industry for a number of reasons that fit our research. As 

we do not attempt to measure uncertainty directly, it is necessary to select an industry 

undergoing significant technological change where firms have an incentive to invest in R&D 

in order to reduce the surrounding uncertainty. We argue that energy, and more specifically 

the generation, transmission and consumption of electricity, presents such characteristics. 

Exogenous uncertainty in the electric utility industry comes in different forms. Unlike other 

industries, utilities have traditionally been one of the most regulated businesses due to their 

Prefix Country no.	of	Companies CVC MH MA Total
IT Italy 6 1 4 17 22
CN China 21 1 7 30 38
PT Portugal 1 0 1 1 2
JP Japan 4 1 2 10 13
DE Germany 4 12 7 19 38
ES Spain 1 2 12 5 19
LU Luxemburg 2 0 0 2 2
AT Austria 2 0 1 6 7
CH Switzerland 2 1 2 3 6
GB Great	Britain 2 4 3 11 18
FR France 3 12 7 29 48
FI Finland 1 1 7 4 12
DK Denmark 1 0 1 9 10
PL Poland 1 0 0 3 3

Total 51 35 54 149 238
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high entry costs granting them significant market power (Bresnahan, 1989). Attempts to 

liberalize them altogether has had severe consequences, as experienced during the Californian 

electricity crisis in the year 2000. By using market manipulation techniques, incumbents 

congested transmission lines, which resulted in critical shortages of electricity in many parts 

of the state (see Wolak, 2003 for a complete diagnosis). What we learned was that regulation 

is effective at directing the developments of the industry so long regulators understood what 

was going on. In recent years, countries’ environmental policies have provided strong 

incentives for firms to innovate. Doubt surrounding the future direction of such policies have 

created a new type of uncertainty (Popp, et al., 2009).  

The strong interplay between environmental policy and technological development is creating 

new challenges. With climate change a core issue to address in Europe and elsewhere, 

countries are rapidly altering their generation matrix. For instance, non-conventional 

renewable energy sources (NCRE), have almost doubled their contribution to the European 

continental grid between 2005 to 2015 (Eurostat, 2017). NCRE include a number of clean 

generation technologies such as small-scale hydro turbines, photovoltaics panels, biomass 

transformers or geothermal generators, which typically do not require large initial investments. 

Similarly, China is moving away from fossil energy sources after years of rapid economic 

development fueled by environmental deterioration (Du, 2016). Government support is 

essential for the diffusion and sustained adoption of cleaner generation technologies (Kalkuhl, 

et al., 2013; Jacobsson & Bergek, 2004), and companies closely follow the development of the 

regulatory framework when making technology investments (Margolis & Kammen, 1999; 

Christensen, et al., 2016). More than just generation and transmission technologies, 

incumbents are looking at emerging start-ups that promote the efficient use of natural resources 

while cutting emissions and wastes. Their products include energy saving software, power 

storage, light bulbs or specific parts of the aforementioned generation technologies. 

Altogether, these technologies are rapidly changing the competitive landscape of electric 

utilities. However, probably even more so than other high tech sectors, clean energy 
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technologies are relatively recent and present high levels of technological uncertainty as a 

consequence (Popp, et al., 2009; Gosh & Nanda, 2010).  

While making our hypotheses, we pointed out the distinction between the role of uncertainty 

under transaction cost economics and real option theory. For the former, uncertainty magnifies 

the costs associated with contract renegotiations under asset specificity (Coles & Hesterly, 

1998; Leiblein & Miller, 2003; David & Han, 2004). As such, TCE considerations over the 

choice of governance will most likely become relevant when both are present at the same time. 

If we do not attempt to measure them directly, it is important to understand how the two interact 

in our sample.  

It is generally assumed there is a strong degree of interdependency among utilities. The 

dependency becomes more one sided when considering the relationship between incumbents 

and innovators in the sector. For instance, Hockerts (2010) analyses the interaction between 

large utility companies and small entrepreneurial firms. The model he then develops 

emphasizes the interplay of the two in shaping the future of the industry. He notes that because 

incumbents command large market power, and that smaller firms face huge obstacles in 

building market presence, small technology owners will rely on incumbents to gain scale and 

acceptance for their product.  Their bargaining power will likely be reduced in the process.  In 

addition, the “funding gap” of energy ventures is arguably longer than for other sectors, as 

industry characteristics makes it harder to bring products from ideas to market (Gosh & Nanda, 

2010). The time committed into a relationship is a sunk cost that should be viewed as a specific 

investment, as a young firm may not be able to afford to switch to another partner (Malone, et 

al., 1986). Site specificity is yet another relevant element to consider when making energy 

related instalments. The consequence of this dependency can be explained using the view of 

complementary assets (Teece, 1986), where innovators disadvantageously positioned vis à vis 

the owners of complementary assets will often give away a larger share of the joint profits. 

Large companies can likewise find themselves disadvantaged due to industry level spillovers, 

as emphasized in the next paragraph. Finally, note we do not claim every single transaction in 

the sample deals with highly specific assets. We argue some aspects of the industry create 
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sufficient opportunities for one party to act opportunistically given often uneven bargaining 

positions. Situations where opportunism is possible will only become more frequent given the 

high degree of uncertainty of the industry. Electric utilities therefore provide an approachable 

sample to test our hypotheses. 

In conclusion, we underline the competitive significance of investing in technology in the 

energy sector. Utilities in an electric system are tied together by an electric grid akin to that of 

the EU, which covers most of its members. Users of the grid either inject, transmit or withdraw 

electricity subject to the capacity constraints of the entire system. Subsequently, a change in 

one company’s output can affect the market’s price and competitors’ output. As a consequence, 

the shared playing field creates some inevitable spillovers. To illustrate, the quick development 

of renewable energies in Europe has created a price vacuum that significantly affected the 

revenue potential of utilities relying on more conventional electricity sources (Schaber, et al., 

2012). This also shows how the technological environment is a byproduct of the many firms 

participating in the industry (Cohen & Levinthal, 1990) and how those with less developed 

technological capabilities suffer from falling behind competition (Jaffe, 1986). As the system 

integrates new ways to go about doing business, the need for individual firms to adjust to- and 

support the system’s infrastructure makes itself present (Steinke, et al., 2013; Becker, et al., 

2014).  

Dependent	Variables	

Williamson (1991) described how governance structure can be ranked from less to more 

integrated. As reviewed, most of the studies analyzing the market-hierarchy continuum have 

tested the predicted order of different governance modes given some other parameter. We aim 

to demonstrate how absorptive capacity in the form of internal R&D expenditure affects the 

choice of governance mode. Consequently, our dependent variables consist of the various 

organizational forms employed for the sourcing of external technology.  

Specifically, we have selected corporate venture capital, minority holdings and mergers and 

acquisitions as our three governance structures to be investigated. CVC is the least integrated 
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governance mode, and provide a great amount of flexibility considering the little commitment 

it requires. Note that if all CVC investments involve a minority stake in a company, not all 

minority holdings can be described as CVC. Using a similar logic to van de Vrande et al.  

(2009), we argue that CVC investments differ from minority holdings in a number of ways. 

CVC investments usually occur through a separate established section of the firm to which 

funds are allocated by the parent. Studies show the importance of this extra layer of control, 

where agency costs also exist between the parent company and the CVC fund (Denis, 2004; 

Narayanan, et al., 2009; Siegel, et al., 1988; Sykes, 1990; Lerner, 2001). By eliminating this 

intermediate step, we argue for minority holdings to be closer to a hierarchy than CVC. 

Moreover, CVC investments are typically made in start-ups, while minority holdings can be 

used as a first step towards a M&A, or in order to gain control in an alliance (van de Vrande, 

et al., 2009). The emphasis put on control further supports our logic. Finally, M&As in our 

model are considered the most integrated form of governance, as they grant complete control 

over the other party. The amount of resources they require make them much less flexible and 

harder to reverse. 

Independent	Variables	

The study calls for the testing of the role of internal R&D efforts on the choice of governance 

used for external technology sourcing. In previous sections, we used Cohen & Levinthal (1990) 

argument that R&D expenditure reflects the willingness to invest in absorptive capacity, and 

therefore indirectly proxies the absorptive capacity of firms. However, few studies use R&D 

expenses as reported in financial statements (Hall, et al., 2010). The reason being that, like any 

investment, R&D bears fruits over time. The reported R&D expenses on the other hand only 

capture investments made at a specific date with little regards to previous R&D efforts. In 

addition to R&D expenditure and to account for previous investments in R&D, we decide to 

use R&D stock, which is a year to year cumulative figure of a company’s R&D expenditures. 

As such, R&D stock in a given year is the accumulation of R&D expenditures for that year 

and R&D expenditures for the preceding ones. Using cumulative figures for R&D is generally 
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endorsed by- and has been used in the context of technology sourcing in a number of studies 

(Ahuja & Katila, 2001; Dutta, et al., 2005; Tsai & Wang, 2008; Hall, et al., 2010). Previous 

usage of R&D stock call for the measure to decrease with time as a geometric sequence, which 

we enforce in our study. The idea is to capture the life cycle of technology with gradually faster 

rate of obsolescence (Griliches, 1979). Precisely determining each technology’s life cycle is 

practically impossible (Tsai & Wang, 2008). Consequently, and like previous studies, we use 

individual countries’ GDP growth rates as our deflator for R&D stock. Growth rates for the 

year 2002 to 2016 were gathered from the World Bank and a lower bound limit of 1% has been 

applied. We acknowledge the approach is somewhat arbitrary and limitative as a result.  

Control	Variables		

While testing our hypotheses, we have set a number of control variables that could potentially 

influence our results. Among these are Sales and Employees to measure size, the debt-to-equity 

ratio (D/E) to account for opportunity cost, as well as previous uses of a governance mode for 

external technology acquisition to measure the effect of Experience. We also include control 

dummies for Europe, Japan and China. 

Sales is a direct measure of firm size. While we did not use it as a criterion when selecting our 

sample, sales is also a proxy for financial strength. Inevitably, M&As command more 

resources than minority holdings or CVC investments. Whenever a company does not choose 

to integrate could simply come down to the fact it doesn’t have the means to do so. In a similar 

fashion, we use the debt to equity ratio to control for the ability of a firm to make use of 

opportunities. Financial constraints in the form of high debt levels could also play a role in 

choosing the cheapest governance mode. D/E was calculated as Net Operating Assets (NOA) 

divided by Common Shareholder Equity (CSE) minus 1. NOA is the sum of Net Financial 

Obligations (NFO) and CSE, where NFO is the difference between financial assets (sum of 

cash, short- and long term investments) and financial obligations (sum of short and long term 

debt, preferred stock, minus treasury stocks). The data was collected on Compustat and 

calculations follow the methodology proposed by Penman (2013). 
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Previous experience with a specific type of governance mode might lead to a company gaining 

expertise with that particular sourcing strategy (Rothaermel & Deeds, 2006). Subsequently, 

companies will build on that expertise by electing to use the same governance mode going 

forward (e.g. Hagedoorn & Duysters, 2002). Similar to van de Vrande, et al. (2009), the count 

variable labelled Experience reflects the company’s familiarity dealing with a specific 

governance mode within the 5 years preceding the transaction’s completion date. It is 

assembled as the sum of same-type deals completed by a company during the 5-year window.  

We would have also liked to control for the size of the target firms. Unfortunately, most targets 

are privately held and no satisfactory measure could be found to proxy the targets’ size. It can 

sometimes be the case where a company with an excellent technological capital is simply out 

of reach for less integrated sourcing modes. Nevertheless, we use the Listed dummy variable 

to indicate when a target is or has been publicly listed on a stock exchange. Listed companies 

are assumed to be more mature, and thus larger, than unlisted ones.  Finally, we added year 

dummies to control for trends of preference for some governance mode. This for instance 

captures the rise in popularity of CVC or any one event impacting the industry as a whole. A 

yearly breakdown of transactions is appreciable in Figure 2. 

 

Figure 3. Breakdown of transactions by year 
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Methods	(Statistical	Model)	

The hypotheses are tested in a series of multinomial logistic models. Multinomial logistic 

regressions are used to explain and describe the effect of a number of predicators on the 

dependent variables when these are nominal and have several possible outcomes, in this case 

CVC, minority holdings and M&As. The output is first given as an estimate of the effect of 

predicators on the dependent variables and subsequently as odds ratio to check for the 

differential effect of independent variables. Specifically, odds ratios can help us determine 

how the likelihood of choosing a governance mode is influenced by the companies’ R&D 

efforts. Multinomial logistic regressions are inferential statistical models with the objective to 

make predictions that extend the findings beyond the available sample. As such, they 

effectively suit the goals of our research. 

As we argue for the existence of a ranking from less to more integrated governance structures 

(Williamson, 1991),  an ordinal logistic model would have been a more robust modelling 

option. Ordinal logistic regressions allow us to control for a predetermined order in the 

dependent categories. In our case, M&As are considered the highest form of integration and 

CVC investments the lowest. A requirement for ordinal logistic regressions is for the model to 

not violate the proportional odds assumption. This can be tested with likelihood ratio tests. We 

initially ran a model using an ordinal regression but then dropped it for several reasons. First, 

the complete model with all control variables violated the proportional odds assumption. 

Second, a reduced model excluding the problematic variables was too limited, which resulted 

in a significant Lack of Fit test. A Lack of Fit suggests an alternative model with additional 

variables would provide better results than the one at hand. Overall, the data available did not 

meet the necessary requirements to build a significant ordinal logistic model. The detailed fits 

are available in appendix B.  

The summary of the means, standard deviations, as well as correlations for each variable is 

presented in Table 2. Year dummies are excluded in the table but can be found in appendix A. 

The highest correlation was 0.38 between 2017 and the China dummy variable. 
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Table 2. Descriptive statistics 
Ln(R&DE) and Ln(R&DS) are respectively the natural logarithms of R&D Expenditure and 
the natural logarithms of R&D Stock. 

 

	 	

Mean Std.dev 1 2 3 4 5 6 7 8 9 10 11 12

Ln(R&DE) 8.05 5.51 1.00

Ln(R&DS) 9.99 5.75 0.85 1.00

Ln(Sales) 10.05 1.89 0.63 0.71 1.00

Ln(Employees) 3.01 1.51 0.54 0.58 0.70 1.00

D/E 1.24 1.38 0.05 -0.01 0.11 0.03 1.00

CVC Experience 0.20 0.46 0.19 0.19 0.16 0.25 -0.01 1.00

MH Experience 1.20 2.05 -0.11 0.07 -0.01 0.09 -0.05 -0.05

MA Experience' 2.52 2.27 0.31 0.29 0.21 0.39 -0.12 0.16 -0.19 1.00

Dummy Europe 0.79 0.41 -0.16 -0.06 -0.21 0.29 -0.17 0.20 0.20 0.19 1.00

Dummy China 0.16 0.36 -0.05 -0.16 -0.15 -0.38 0.06 -0.16 -0.17 -0.16 -0.83 1.00

Dummy Japan 0.05 0.23 0.38 0.37 0.63 0.09 0.22 -0.11 -0.09 -0.08 -0.47 -0.10 1.00

Dummy Listed 0.23 0.42 -0.10 -0.04 -0.03 0.08 0.08 -0.13 0.32 -0.22 0.14 -0.15 0.00 1.00
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Results		

The results of the multinomial regressions are presented in Table 3. For all models, we used 

mergers and acquisitions as the default category because it had the largest number of 

observations. As such, the table shows the estimates of the effect for each variable on the 

choice of corporate venture capital (CVC) and minority holdings (MH) over mergers and 

acquisitions (MA). The overall fit for each model is significant as determined by the 

Prob>ChiSquare statistic. It should also be noted that the Lack of fit tests are all insignificant, 

suggesting the models are robust.   

Model 1 includes only the control variables. Immediately, we see that Experience with a 

particular mode has a strong impact on the future choices of governance modes. The status of 

the target also significantly impacts the choice of governance, as companies will tend to use 

minority holdings when sourcing technology from listed firms. We add the independent 

variables R&D expenses and R&D Stock in Model 2 (presented as Ln(R&DE) and Ln(R&DS)).  

The logarithmic scale is used to reduce the skewness due to large spreads within numerical 

variables, which other than R&D include sales and the number of employees. We find no 

statistical significance for the effect of R&D Expenses and R&D Stock on the choice of 

governance mode.  The controls that were significant in Model 1 remain so in Model 2. We 

relax our controls in Model 3 to see if any effect can be detected at all. Doing so is all but 

advised as the overall model loses in robustness. Nevertheless, the independent variables 

continue to be insignificant in Model 3. The overall model also records a significant drop in 

RSquare, confirming the variables used do little to explain the observed outcomes.  

Following the results of our statistical model, we reject both Hypothesis 1a. and 1b. as no 

statistically significant effect for internal R&D efforts on the choice of governance mode could 

be determined based on the available data. This suggest the relationship between how much a 

company invests in building internal R&D and the choice of governance is more complicated 

than otherwise suggested by theory. 
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Table 3. Multinomial Regression Estimates  
Mergers and Acquisitions (MA) is the default category. 
Standard errors are shown in parentheses. Year dummy variables are included but not shown.  
N=238 
***: Significant at 1% 
**: Significant at 5% 
*: Significant at 10% 
 

Multinomial	Logistic	Estimates	

CVC MH CVC MH CVC MH
Ln(R&DE) - - 0.219 0.101 0.024 -0.059

(0.215) (0.128) (0.083) (0.054)
Ln(R&DS) - - -0.145 -0.075 0.013 0.024

(0.229) (0.132) (0.094) (0.058)
Ln(Sales) 0.384 0.111 0.732 0.104 0.067 0.041

(0.516) (0.397) (0.716) (0.416) (0.207) (0.154)
Ln(Employees) 0.296 0.276 -0.126 0.263 0.456** -0.029

(0.519) (0.422) (0.636) (0.437) (0.196) (0.174)
D/E -0.862 0.095 -0.918 0.110 -0.420 -0.001

(0.590) (0.189) (0.616) (0.192) (0.323) (0.123)
CVC Experience 4.431*** -1.320 4.055*** -1.527 - -

(1.377) (1.510) (1.354) (1.587)
MH Experience 0.240 0.764*** 0.241 0.764*** - -

(0.217) (0.193) (0.250) (0.195)
MA Experience' -0.550** -1.329*** -0.581** -1.355*** - -

(0.244) (0.340) (0.246) (0.345)
Dummy Europe 1.845 2.236 4.023 2.446 - -

(3.180) (2.231) (3.719) (2.272)
Dummy China 2.955 3.006 4.574 2.996 - -

(3.166) (2.288) (3.524) (2.323)
Dummy Japan - - - - - -

Dummy Listed -0.571 1.520** -0.540 1.496** -0.591 1.956***
(0.966) (0.631) (0.969) (0.636) (0.670) (0.373)

Log likelihood -96.311 -95.270 -186.210
Prob>ChiSquare <,0001 <,0001 <,0001
RSquare 0.556 0.561 0.142

Model 1 Model 2 Model 3
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One set of variables that appears robust at explaining the choice of governance is no other than 

previous experience with specific governance modes.  The odds ratios presented in table 4. 

represent the increase or decrease of likelihood of choosing a governance mode over another 

for every unit changes made to the regressor (in this case the experience variables). Values 

above 1 increase the odds while those below 1 reduce them.  For example, the table shows that 

an increase in MA Experience from its mean by x standard deviations will reduce the likelihood 

of using minority holdings in the future. Only significant values are given in the table. 

 

Table 4. Unit odds ratios for CVC Experience, MH Experience and MA Experience based on 

model 2 (Table 3).  

Care is advised when interpreting the results above given the relatively small sample size. 

Nevertheless, in the following section, we discuss their implications for theory and practice, 

as well as further possible steps to solidify the findings and provide new insights on the 

questions related to firm R&D and governance mode choice for external technology sourcing. 

  

  

Mean Std.dev MH / MA CVC / MA CVC / MH
CVC Experience 0.20 0.46 - 65.447 -
MH Experience 1.20 2.05 2.137 - -
MA Experience' 2.52 2.27 0.219 0.552 -
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Discussion	

We start our discussion by outlining key limitations related to the methodology used. Based 

on them, we propose further steps for research to provide stronger explanations to the question 

of how firm choose between governance modes when sourcing technology. In the light of these 

limitations, we interpret the results and outline their implications for theory development.  

Assumed	Uncertainty	Against	Measured	Uncertainty	

In this paper, we assumed uncertainty was present and sufficient that companies would elect 

governance modes that would limit its impact. To satisfy this assumption, we selected a sample 

from an industry undergoing significant technological changes in the last decade, and 

presenting high level of interdependency among its participants. Doing so, not only did we 

assume uncertainty to play a significant part, but also to be homogeneous across the 

transactions in the sample before accounting for R&D. This is, by all means, a very strong 

assumption. Subsequently, and in line with the literature, our hypotheses suggested R&D 

activity would reduce the costs associated with uncertainty and favor a more or less integrated 

governance mode depending whether we used a real option or transaction cost logic (see Figure 

2.). In the process, we deliberately omitted to measure the degrees of various types of 

uncertainty.  

A general issue with measuring uncertainty is that it usually requires a narrow definition of the 

type of uncertainty under investigation. Few studies on governance choice and technology 

sourcing treat uncertainty in the exact same way. Furthermore, even when researching the same 

source of uncertainty, scholars might have drastically different methods to gauge it. The case 

of technological uncertainty serves as a good illustrative example.  For instance, Coles & 

Hesterly (1998) and van de Vrande et al. (2009) both include the uncertainty arising from the 

speed of technological change in their research. The latter measures speed based on the number 

of patents filled each year for a given patent family. The former on the other hand, uses 

subjective surveys of perceived speed of technological change. If the type of uncertainty is 
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supposedly the same, results are difficult to compare because the measurements may not 

capture the same idea. Overall, we believe it is difficult, if not impossible, to get a perfectly 

objective measure of uncertainty. 

Nevertheless, the issue with our assumption is that we create a bridge between R&D efforts 

and governance mode choice with little consideration to the binding part that is uncertainty. 

Regardless of whether the results proved significant, we are not in the capacity to suggest a 

causational link between the two with certainty. Therefore, the research can only be viewed as 

a first step towards understanding the relationship between R&D and governance choice, and 

would need to be extended to provide clearer answers. 

Without making changes to our data, one possible way to measure uncertainty would have 

been to simply change the way we treated R&D. Throughout our research, we used R&D as 

an indirect and independent measure of a firm’s absorptive capacity. We argued that R&D 

efforts would reduce the surrounding environmental and relational uncertainty. Instead of 

viewing R&D as affecting the level of uncertainty, an argument could be made that uncertainty 

is the direct consequence of a lack of absorptive capacity. The difference is subtle, yet this 

approach has been used by several studies. For example, Folta (1998), van de Vrande et al. 

(2009) and Mellewigt et al. (2016) all use different measures for technological proximity 

between partners. A lack of proximity, they argue, generates uncertainty by limiting each 

parties’ ability to assess the other’s knowledge. Again, there is no universally approved way 

to measure technological proximity. Folta’s (1998) measure is a dummy for whether the target 

company is related to the core business of the acquirer. By contrast, van de Vrande et al. (2009) 

takes a much narrower look by comparing the patent base of the two parties involved in the 

transaction. 

By viewing R&D efforts (or rather a lack of it), as the generator of uncertainty instead of 

behaving independently from it, the results of our regressions could bear other explanations. 

Specifically, one could simply conclude there is no effect from the type of uncertainty 

generated by a lack of absorptive capacity on the choice of governance mode. In the end, the 
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difference comes down to how we define absorptive capacity and uncertainty, and as we noted 

previously they have not been treated consistently in the literature. Furthermore, this 

emphasizes a general issue with research on the topic. Too much value is lost in the definitions 

of concepts and constructs, whether it concerns transaction cost economics (David & Han, 

2004; Macher & Richman, 2008) or absorptive capacity (Zahra & George, 2002). 

Consequently, the lack of homogeneity across research hinders theoretical development.  

With this in mind, we believe real improvements could be made to enable stronger predictions. 

Specifically, using R&D activity as a moderator instead of predictor of the relationship 

between uncertainty and governance mode could have brought more insights on what firms 

see as the most important considerations, whether TCE or ROT based. For example, one could 

measure environmental uncertainty with proxies akin to patenting activity in a selected 

category and check if firms adopt a real option perspective when taking investment decisions. 

A second round of tests involving R&D spending on the outcome of the relationship between 

uncertainty and governance mode could then indicate with more precision whether R&D has 

any effect at all. This would allow a clearer breakdown of the direct relationship between R&D 

and uncertainty, and indirect one between R&D and governance mode choice. Ultimately, we 

did not have the resources to gather the required data. In our research, we already go through 

each individual target’s patent fillings to check whether an acquisition qualifies as 

technological. The extra layer of cross-sectional referencing of data that would have been 

required was simply out of reach. We are convinced future research could fill in the gap and 

contribute to our understanding of the interaction between internal R&D efforts and 

governance mode choice.  

R&D	Expenses,	R&D	Stock	and	Returns	to	R&D	

Our results meant that both hypothesis 1a. and 1b were rejected, pointing towards no 

significant relationship between internal R&D efforts, proxied by R&D expenditure and R&D 

stock, and the choice of governance mode used when sourcing external technology. 

Acknowledging the above limitation regarding uncertainty, and assuming both measures 
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correctly capture the absorptive capacity of firms, we conclude that R&D does not significantly 

influence the choice of governance mode. This could either mean uncertainty is not enough of 

a concern, or that other preoccupations not initially included in this study are more important 

in the eyes of companies. Before we look at other possible explanations, we challenge the 

assumption made regarding R&D expenses, R&D stock and the resulting absorptive capacity. 

R&D stock was our main proxy for absorptive capacity. Unlike the technological proximity 

measure described above, R&D stock is purely one sided in that any company can decide 

whether to invest. As a cumulative measure of R&D expenditure, we argued it effectively 

reflected the willingness of a company to build absorptive capacity (Cohen & Levinthal, 1990). 

The relationship between such willingness and the resulting value of R&D capabilities is, 

however, not as straight forward as one might expect. In general, a clear distinction has to be 

made between R&D as a production input and the returns to R&D, the stock measurement 

being representative of the former. Somewhat evidently, production inputs can only indirectly 

proxy the associated returns, and therefore cannot precisely determine the added value from 

engaging in R&D. On the other hand, it can be difficult to determine the share of the output 

associated with the variable under investigation. In such cases, production inputs actually 

better capture the final value. When it comes to R&D, there is an important debate on what 

can be learned from the available data (Griliches, 1979; Hall, et al., 2010). As part of a post 

hoc analysis of our dataset, we look at other possible proxies of absorptive capacity that more 

closely reflects the returns to R&D and discuss whether these are more relevant to our study 

than our initial measures.  

Probably the most commonly found measurement of the returns to R&D is the ratio of R&D 

expenditure to sales, hereafter referred to as R&D intensity. As Hall et al. (2010) explain, R&D 

can increase firm-wide productivity by reducing the production cost of existing goods and 

enlarge a firm’s product offering. Consequently, we are able to trace a line between the money 

spent on R&D and a firm’s final output often reflected by sales. R&D intensity is rooted in 

accounting and tracks down how much sales is generated for each dollar invested in R&D. 

Based on Model 2 with the exclusion of R&D expenditure and R&D stock, we run Model 4 
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and Model 5, which respectively include R&D expenses divided by sales and R&D stock 

divided by sales as two new independent variables. A summary of the results can be found in 

Table 4. 

 

Table 4. Multinomial Regression Estimates  
Mergers and Acquisitions (MA) is the default category. 
Standard errors are shown in parentheses. Control variables are included but not shown.  
N=238 
***: Significant at 1% 
**: Significant at 5% 
*: Significant at 10% 

Using two distinct measures of R&D intensity, we actually find some support for hypothesis 

1a. Higher R&D intensity leads to a preference of minority holdings over mergers and 

acquisitions when acquiring external technology. It can be said that transaction costs 

consideration thus become relevant. Nonetheless, there is considerable doubt as to whether 

R&D intensity is truly more representative of absorptive capacity, and specifically, whether 

the measure is reliable and objectively reflects the returns to R&D in the context of our study.  

From a review of 50 years of econometric literature on the returns to R&D, Hall et al. (2010) 

conclude there is no such thing as a single rate of return for R&D expenditure. In other words, 

for investors, it is extremely tricky to determine in advance how much benefits will be reaped 

from investing in R&D. The main reason being that R&D is subject to a lot of randomness 

CVC MH CVC MH
R&D Expenditure / Sales -31.328 184.630** - -

(119.256) (85.772)
R&D Stock / Sales - - -17.698 45.293*

(25.830) (24.628)

Log likelihood 93.979 93.819
Prob>ChiSquare <,0001 <,0001
RSquare 0.567 0.568

Model 4 Model 5
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from the environment, partly in the form of spillovers. We previously emphasized how R&D 

spillovers affect the performance of competition (Jaffe, 1986), and that the electricity sector 

used as our sample is particularly subject to technological spillovers (Schaber, et al., 2012; 

Steinke, et al., 2013; Becker, et al., 2014). Furthermore, the sales of electric utilities are 

typically impacted by swings in the commodity’s price, which itself should be viewed as 

exogenous to individual firms’ actions. Consequently, the observable R&D intensity does not 

simply stem from R&D investments over time but is the product of a number of parameters, 

many of which are difficult to monitor and outside of a company’s control. Hence, we assess 

that R&D intensity is poor at determining the value of R&D and thus the resulting absorptive 

capacity emanating from R&D expenditure. Other output measures akin to gross output and 

value added (e.g. Tsai & Wang, 2008) could lead to more pertinent results but their estimation 

is inherently more complex. 

This is not to say R&D stock is the best measure available to proxy absorptive capacity. Instead 

of using raw R&D expenditure data, one could also rely on more subtle elements that go 

beyond research and development.  

While they stress that prior knowledge is an important component of absorptive capacity, 

Zahra & George (2002) identify external knowledge and complementary knowledge as being 

equally important. A first element we did not control for in our study is the contribution of the 

acquired knowledge to the firm’s absorptive capacity. Firms can accumulate knowledge 

without necessarily investing internally. However, this argument fails to address the observed 

stickiness of governance mode choice, as we would still expect firms to change governance 

mode as they accumulate knowledge and build up absorptive capacity. Furthermore, scholars 

point out the acquisition of external knowledge must be supported by internal structures in 

order to facilitate its assimilation (Teece, 1986; Veugelers, 1997; Winter, 2003). Another 

source of external knowledge comes from spillovers. We previously emphasized the role of 

R&D spillovers in shaping the technological environment of high-tech industries. If an 

industry is highly interconnected, then one might expect spillovers to create a degree of 

homogeneity in terms of absorptive capacity. As such, absorptive capacity could be developed 
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without companies actively building it. This hypothesis could help explain the results of our 

research. We underlined how electric utilities more than in any industry are dependent on each 

other. If absorptive capacity is homogeneous, then it cannot form a valid predictor for 

differences in governance modes. Other considerations must therefore be important. To 

determine whether it actually is homogenous, one could investigate elements that tend to 

facilitate knowledge spillovers. At a macro level, firms operating in areas with low intellectual 

property protection regimes are more likely to have their discoveries used by competitors 

(Dushnitsky & Shaver, 2009). Alternatively, it is understood some types of knowledge are 

more easily transferable than others. The difference can for example be between tacit and 

explicit knowledge (see Grant, 2012). Research point at R&D spillovers being more likely the 

more knowledge is codified and therefore explicit (Hall, et al., 2010).  

Secondly, absorptive capacity relies on the assimilation, comprehension, transformation and 

exploitation of knowledge (Zahra & George, 2002), all of which are closely related to dynamic 

capabilities (Teece, 1986; Teece, et al., 1997; Winter, 2003). We argued that by increasing 

their R&D stock, companies would develop absorptive capacity along each of these 

dimensions. However, dynamic capabilities can be identified in other ways than raw R&D 

data. Specifically, there is a sense that many of the assets that contribute to the efficiency of 

knowledge management processes are in fact physical. Human capital, in particular, could 

contribute to absorptive capacity (Vinding, 2006; Alpkan, et al., 2010). Absorptive capacity 

could then be proxied by a number of internal parameters. Veugelers (1997) for instance 

researched the impact of fully staffed R&D departments on the innovative performance of 

external R&D activities. The study illustrates how the size of R&D staff can provide the 

internal support for the assimilation and exploitation of external knowledge. Extra layers in 

the form of level of education or seniority of R&D staff could then be added to give a more 

objective measure of skill (Vega-Jurado, et al., 2008).  

All in all, there are many ways to measure absorptive capacity. R&D stock is only an input, 

and therefore doesn’t effectively reflect the quality of the output. We are still convinced it is a 

more precise measure than R&D intensity for the sake of this study. R&D intensity, we argued, 
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loses too much value from not being able to dissociate the additional sales generated by R&D 

expenditure from the rest. We reviewed alternative methods to evaluate absorptive capacity, 

which revolve around the identification of the type of knowledge and internal support 

structures in the form of human capital. Because absorptive capacity is loosely defined and 

can be achieved through different means, it becomes hard to grasp its true value. For this study, 

we believe more robust results could be achieved by having a more integrative model of all 

the variables influencing absorptive capacity. 

Experience	and	Governance	Mode	Choice	

After having looked over some of the limitations to our findings due to methodological issues, 

one intriguing result from the regressions needs to be addressed.  If R&D failed to have an 

influence on governance mode choice, as otherwise suggested by the transaction cost 

economics and real option theory literature, previous experience with a set of governance 

modes appears to favor the same governance modes being used for technology acquisitions in 

the future.  In the next paragraphs, we look at possible theoretical explanations for the observed 

stickiness. The discussion of this segment of the results first considers an alternative model for 

making governance mode choice before reconciling the findings with TCE and ROT 

predictions.  

While reviewing TCE and ROT, we found out both favor a case by case approach to choosing 

between governance modes. In TCE, uncertainty bears the costs of renegotiating contracts. As 

such, depending on the degree of uncertainty, firms will find it more efficient to rely on the 

market or to integrate. Likewise, ROT considerations to governance mode choice are highly 

dynamic. Indeed, governance should evolve over time as more information is gathered through 

sequential investments. On the other hand, the reasons why firms would rely on governance 

mode experience are not as clear to us. Knowledge management is often viewed from the 

perspective of dynamic capabilities, but our results point at a more path dependent, or sticky, 

way to elect governance modes that could potentially hinder a company’s ability to adapt to a 

changing environment. One possible explanation that we develop could stem from theories of 
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organizational learning, which could lead to a more routine based and history dependent 

approach to governance choice (Levitt & March, 1988).  

Organizational learning is a dynamic process in which firms develop routines from past 

experiences. A strong emphasis is put on the lessons from history that survive the test of time 

even as new employees join the firm, and old ones leave it (Levitt & March, 1988). The choice 

of governance mode could thus be the result of a process where firms learn from successes and 

failures in regards to the use of particular modes.  

Learning is not an easy task, and empirical evidence show that the majority of acquisitions 

perform poorly ex-post (King, et al., 2004). Consequently, an important section of the literature 

on organizational learning has been concerned with the question of why is it so difficult to 

learn to acquire successfully? One answer being that acquisitions require complex 

arrangements in terms of contract negotiations, due diligence and integration, regardless of the 

context in which they take place. (Hitt, et al., 2001). If there is little research involving less 

integrated governance modes, it can be argued that both corporate venture capital and minority 

holdings require a similar, yet different, set of activities. Overall, there is a certain skill in 

dealing with a specific form of governance and becoming an expert can require a high amount 

of time and effort (Hagedoorn & Duysters, 2002). Furthermore, being inexperienced can cause 

a firm to suffer more from information asymmetries. For instance, studies show how a lack of 

past acquisition experience results in firms paying premiums for their targets (Kim, et al., 

2011) Subsequently, we realize the problems addressed by organizational learning are not so 

different from those under investigation in the present paper. Indeed, as we emphasized the 

need to respond to technological and relational uncertainty, the uncertainty due to not being 

skilled at using a particular governance mode could be equally important. It is thus possible 

that the perceived costs of dealing with an unknown governance mode surpasses the efficiency 

gains from choosing a governance structure in terms of the R&D capabilities at hand. 

On the other hand, there can be downsides to sticking with the same governance mode over 

and over. Specifically, the underlying assumption that past experiences always have positive 
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learning outcomes does not always hold. Experiences can be misinterpreted and result in 

neutral or even negative learning. In a major contribution to organizational learning theory, 

Haleblian & Finkelstein (1999) finds empirical support for the idea that relying on experience 

can be damaging. This occurs when a firm wrongly makes generalizations from past 

experiences and apply them to dissimilar acquisitions. In other words, it can be said that 

learning is made difficult by the heterogeneity of deals.  Building on the work of Haleblian & 

Finkelstein (1999), Hayward (2002) finds support for the role of heterogeneity in shaping 

learning outcomes. Specifically, he identifies the conditions under which firms can effectively 

use the knowledge from previous acquisition experiences in their assessment of new 

acquisitions. Several other studies follow suit and find evidence of negative returns from 

relying on past experience when taking acquisition decisions (for a comprehensive review, see 

Berkema & Schijven, 2008). Therefore, the relationship between previous experience and 

acquisition success is more clouded than initially thought of. Consequently, a model where 

firms choose to source external technology solely based on governance mode experience could 

prove inefficient. 

In the end, the perspective of organizational learning in explaining governance mode choice is 

not well documented. Future research should look to include learning as a possible alternative 

to established theories akin to transaction cost economics and real options. If it finds support, 

scholars should look at how firms break away from routines and expand their learning 

possibilities. In addition, experience in our research was simply constructed as a count 

variable. Therefore, it would be interesting to see whether extra layers of a company’s 

experiences, such as whether an acquisition had positive or negative performance implications, 

can bring light to the questions unanswered by our results.  

As a closing note, we would like to point out the need for more research to take a cost approach 

to governance mode choice. The above discussion suggested some costs could prove more 

important than others. To test whether the argument holds would require some form of 

comparative analysis. Overall, this paper like many before relies on the assumption that firms 

are quick to react to new conditions and systematically opt for the most efficient governance 
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form. The assumption is a strong application of what Williamson (1991) calls the 

discriminating alignment hypothesis. It maintains that firms align governance structure with 

transactions in a cost minimizing way. Whether based on TCE or ROT, firms are expected to 

act efficiently. Few studies, however, have relaxed the assumption and looked at the cost of 

misaligning governance and transactions (Macher & Richman, 2008). Remarkably, those who 

have find the impact of misalignment to be substantial (Leiblein, et al., 2002; Nickerson & 

Silverman, 2003; Mayer & Nickerson, 2005). The approach can yield even better results when 

making several hypotheses using a variety of theoretical perspectives. After all, if firms act 

under bounded rationality, mistakes are bound to happen. As such, while this study 

investigated which of transaction cost or real option based considerations were the most 

important in the eyes of organizations, a salient improvement would be to assess the 

performance of those who differ from the predicted paths. Specifically, in relation to our study, 

one may ask about the costs from not aligning governance according to R&D capabilities. In 

addition, as the results show firms tend to stick with previous habits in terms of governance 

mode, it would be interesting to test whether such behavior is justified. This sort of information 

is also pertinent for management, who would have an incentive to consider the downsides of 

each governance option. The overall contribution would serve as a solid tool for decision 

making.  
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Conclusion		

Rapid technological change is redefining competition in a number of industries. As the 

technology itself is becoming more complex, companies have struggled to keep up with the 

pace set by their environment when solely relying on internal capabilities. Consequently, we 

have observed a trend where firms set to acquire or cogenerate technological knowledge 

outside of their initial boundaries. The different technology sourcing methods imply different 

governance modes, each of which have their own advantages and disadvantages characterized 

by the amount of control they grant over a transaction, and the commitment they require. 

Understanding why and when firms choose a particular governance mode is salient from an 

economizing perspective. However, few studies have looked at the conditions under which 

one mode is preferred to another in the context of external technology sourcing. This led us to 

look for firm level characteristic with a potential influence on the choice of governance mode. 

One such characteristic is the amount of research and development expenditure made by a 

company into developing internal R&D capabilities. Relying on a large volume of research on 

R&D and the resulting absorptive capacity, we argued that firms who invest in R&D will 

reduce the amount of uncertainty surrounding a transaction. We subsequently use different 

theoretical perspectives to hypothesize on the role of uncertainty in determining efficient 

governance modes. Transaction cost economics suggest firms will look to use hierarchical, i.e. 

integrated, governance structures when facing a high degree of uncertainty. On the other hand, 

real option theory proposes to make small gradual investments in order to gather information 

and reduce the amount of uncertainty over time. Consequently, the theories used provided 

opposite predictions we were determined to test. 

Based on a sample of 238 technology related transactions from the electric utilities industry, 

we created a number of models to statistically test the hypotheses. Internal R&D efforts were 

evaluated based on R&D stock, a cumulative measure of R&D expenditure of which we 

discussed the pros and cons in providing an indirect appraisal of a firm’s absorptive capacity. 

Corporate venture capital, minority holdings, and mergers and acquisitions provided a range 
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of governance modes corresponding to different levels of integration. Using several 

multinomial logistic regressions as our testing method, we found no statistically significant 

evidence of the influence of internal R&D efforts on the choice of governance mode. 

Consequently, we could not find support for any of the theoretical perspective used, which led 

us to consider alternative drivers of governance choice.  

Our results showed firms preferred to use governance modes with which they had previous 

experience. We used theories of organizational learning to suggest a possible path dependent 

approach to choosing between governance modes. The difficulty with which firms learn to 

successfully acquire technology could help explain why they remain on their laurels once 

having developed sufficient expertise. We nevertheless question this approach as previous 

research cast doubt on the assumption that learning from experience is always positive.  

Throughout the research, we have pointed some key limitations to our methodology. The most 

significant one concerns the treatment of uncertainty. Unlike the majority of similar studies, 

we do not attempt to measure uncertainty directly, instead preferring to assume it is present 

and homogeneous across our sample. We support our assumption by emphasizing the interplay 

between uncertainty and asset specificity in the sampled industry. However, we find out the 

limitation is symptomatic of a more general issue with research on the topic. Specifically, a lot 

of value is lost in the definition of concepts. There is, to this point, no unified treatment of 

uncertainty and absorptive capacity, which makes it difficult to compare and assess studies of 

their interaction. Nevertheless, we believe a breakdown of the direct effect of R&D on 

uncertainty and indirect one on governance mode choice would bring more clarity to the 

results. 

In conclusion, we propose for future research to take a cost approach to governance mode 

choice. Until now, most studies that have used the combination of transaction cost economics 

and real option theory to investigate the choice of governance in relation to external technology 

acquisitions have assumed firms swiftly adapt to changes to the environment. As such, they 

naturally elect the most efficient governance structure. The assumption should be relaxed by 
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measuring the impact of not aligning transactions and governance mode according to the 

various theoretical perspective. This would bring light as to which approach is truly efficient. 

The results would surely be more practical and provide management with an effective 

framework for choosing among different governance modes when sourcing technology.    
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Appendix	A:	Correlation	Matrix,	Means	and	Standard	Deviations	
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Appendix	B:	Ordinal	Logistic	Regression	Fit	

Model 1: 

 

Ordinal	Logistic	Fit	for	Governance	Mode	1	(Complete) Effect	Likelihood	Ratio	Tests
Whole	Model	Test Source Nparm DF L-R	ChiSquareProb>ChiSq
Model 	-LogLikelihoodDF ChiSquare Prob>ChiSq Ln(R&DE) 1 1 3.728569 0.0535
Difference 65.1332 28 130.2664 <,0001 Ln(R&DS) 1 1 1.639174 0.2004
Full 151.8369 Ln(Sales) 1 1 1.415439 0.2342
Reduced 216.9701 Ln(Employees) 1 1 0.48765 0.485
RSquare	(U) 0.3002 D/E 1 1 4.167142 0.0412
AICc 372.659 CVC	Experience 1 1 16.43944 <,0001
BIC 467.842 MH	Experience 1 1 0.513368 0.4737
Observations	(or	Sum	Wgts)238 MA	Experience' 1 1 28.68067 <,0001
Lack	Of	Fit Dummy	Europe 1 0 0 .
Source DF 	-LogLikelihoodChiSquare Dummy	China 1 0 0 .
Lack	Of	Fit 272 120.0393 240.0785 Dummy	Japan 1 0 0 .
Saturated 300 31.79764 Prob>ChiSq Dummy	Listed 1 1 0.739203 0.3899
Fitted 28 151.8369 0.9188 2002 1 0 5.68E-14 .
Parameter	Estimates 2003 1 0 0 .
Term Estimate Std	Error ChiSquare Prob>ChiSq 2004 1 0 0 .
Intercept[CVC] -7.51464 3.577128 4.41 0.0357 2005 1 0 0 .
Intercept[MH] -5.58088 3.5567 2.46 0.1166 2006 1 0 0 .
Ln(R&DE) 0.117764 0.065708 3.21 0.0731 2007 1 0 0 .
Ln(R&DS) -0.08504 0.070255 1.47 0.2261 2008 1 0 0 .
Ln(Sales) 0.329488 0.273753 1.45 0.2287 2009 1 0 0 .
Ln(Employees) 0.19327 0.268087 0.52 0.471 2010 1 0 0 .
D/E -0.27269 0.149664 3.32 0.0685 2011 1 0 0 .
CVC	Experience 1.814585 0.449084 16.33 <,0001 2012 1 0 0 .
MH	Experience 0.065918 0.092838 0.5 0.4777 2013 1 0 0 .
MA	Experience' -0.68659 0.145509 22.26 <,0001 2014 1 0 0 .
Dummy	Europe 3.243186 1.533266 4.47 0.0344 2015 1 0 0 .
Dummy	China 2.612074 1.513197 2.98 0.0843 2016 1 0 5.68E-14 .
Dummy	Japan 0 0 100000 <,0001 2017 1 0 0 .
Dummy	Listed 0.351219 0.412005 0.73 0.394

2002 -2.16413 1.382818 2.45 0.1176
2003 -0.96106 1.13201 0.72 0.3959
2004 -1.01841 1.207025 0.71 0.3988
2005 -0.14743 1.045067 0.02 0.8878
2006 0.365241 1.069894 0.12 0.7328
2007 -0.60927 1.032761 0.35 0.5552
2008 -1.85973 1.098514 2.87 0.0905
2009 -0.29411 1.22552 0.06 0.8103
2010 1.026323 0.998912 1.06 0.3042
2011 -1.11045 1.112603 1 0.3182
2012 0.147737 1.276578 0.01 0.9079
2013 0.172267 1.035278 0.03 0.8678
2014 0.193698 1.031395 0.04 0.851
2015 -1.05946 0.864967 1.5 0.2206
2016 -18.0536 1600.729 0 0.991
2017 0 0 100000 <,0001
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Model 2: 

   

Ordinal	Logistic	Fit	for	Governance	Mode	2	(Restricted)
Prob>ChiSq Whole	Model	Test

Model 	-LogLikelihoodDF ChiSquare Prob>ChiSq
Difference 5.79386 5 11.58773 0.0409
Full 211.1762
Reduced 216.9701
RSquare	(U) 0.0267
AICc 436.839
BIC 460.658
Observations	(or	Sum	Wgts) 238
Lack	Of	Fit
Source DF 	-LogLikelihoodChiSquare
Lack	Of	Fit 257 166.5723 333.1446
Saturated 262 44.60394 Prob>ChiSq
Fitted 5 211.1762 0.001
Parameter	Estimates
Term Estimate Std	Error ChiSquare Prob>ChiSq
Intercept[CVC] -2.44606 0.915579 7.14 0.0075
Intercept[MH] -1.16033 0.904217 1.65 0.1994
Ln(R&DE) -0.03211 0.044446 0.52 0.47
Ln(R&DS) 0.021636 0.048135 0.2 0.6531
Ln(Sales) -0.01788 0.12023 0.02 0.8818
Ln(Employees) 0.324157 0.128549 6.36 0.0117
D/E -0.09165 0.107101 0.73 0.3922
Effect	Likelihood	Ratio	Tests
Source Nparm DF L-R	ChiSquareProb>ChiSq
Ln(R&DE) 1 1 0.586861 0.4436
Ln(R&DS) 1 1 0.22617 0.6344
Ln(Sales) 1 1 0.022727 0.8802
Ln(Employees) 1 1 6.511807 0.0107
D/E 1 1 0.857573 0.3544
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Appendix	C:	Multinomial	Logistic	Regression	Fit	

Model 1: 

 

Nominal	Logistic	Fit	for	Governance	Mode	1

Effect	Summary

Source LogWorth 																						PValue

MA	Experience' 6.509 ++++++++++++++								0

CVC	Experience 6.344 ++++++++++++++								0

MH	Experience 5.183 +++++++++++											0.00001

2010 1.64 ++++																		0.02293

Dummy	Listed 1.583 +++																			 0.02609

2007 0.901 ++																				 0.12562

2016 0.87 ++																				 0.13478

2013 0.836 ++																				 0.14581

2011 0.828 ++																				 0.14846

D/E 0.736 ++																				 0.18362

2006 0.654 +																					 0.22161

2012 0.649 +																					 0.22446

2003 0.546 +																					 0.2843

Dummy	China 0.537 +																					 0.2903

2015 0.388 +																					 0.40967

2002 0.371 +																					 0.42565

2014 0.296 +																					 0.50611

Dummy	Europe 0.27 +																					 0.53707

2008 0.23 +																					 0.58914

Ln(Employees) 0.154 																						 0.70078

Ln(Sales) 0.129 																						 0.74292

2005 0.114 																						 0.76941

2004 0.077 																						 0.83836

2009 0.049 																						 0.89414

2017 . 			.			 .

Dummy	Japan . 			.			 .

Converged	in	Gradient,	19	iterations

Whole	Model	Test

Model 	-LogLikelihoodDF ChiSquare Prob>ChiSq

Difference 120.6594 48 241.3187 <,0001

Full 96.31074

Reduced 216.9701

RSquare	(U) 0.5561

AICc 333.08

BIC 488.124

Observations	(or	Sum	Wgts) 238

Lack	Of	Fit

Source DF 	-LogLikelihoodChiSquare

Lack	Of	Fit 252 64.5131 129.0262

Saturated 300 31.79764 Prob>ChiSq

Fitted 48 96.31074 1

Parameter	Estimates

Term Estimate Std	Error ChiSquare Prob>ChiSq

Intercept 	Biased -24.7248 7505.492 0 0.9974

Ln(Sales) 0.384048 0.515681 0.55 0.4564
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Ln(Sales) 0.384048 0.515681 0.55 0.4564
Ln(Employees) 0.295641 0.519134 0.32 0.569
D/E -0.86194 0.589588 2.14 0.1438
CVC	Experience 4.43121 1.377492 10.35 0.0013
MH	Experience 0.239639 0.216701 1.22 0.2688
MA	Experience' -0.55033 0.243995 5.09 0.0241
Dummy	Europe 	Biased 1.844608 3.179702 0.34 0.5618
Dummy	China 	Biased 2.955069 3.165974 0.87 0.3506
Dummy	Japan 	Zeroed 0 0 . .
Dummy	Listed -0.5713 0.965885 0.35 0.5542
2002 	Biased -0.33683 12579.03 0 1
2003 	Biased 18.36865 7505.49 0 0.998
2004 	Biased 0.528989 12315.87 0 1
2005 	Biased 0.441081 10122.76 0 1
2006 	Biased 16.43499 7505.49 0 0.9983
2007 	Biased 18.59805 7505.489 0 0.998
2008 	Biased 11.23559 7505.49 0 0.9988
2009 	Biased 1.040078 11201.64 0 0.9999
2010 	Biased 20.54452 7505.489 0 0.9978
2011 	Biased 16.72399 7505.489 0 0.9982
2012 	Biased 19.93513 7505.49 0 0.9979
2013 	Biased 18.66399 7505.489 0 0.998
2014 	Biased 17.9321 7505.489 0 0.9981
2015 	Biased 15.48476 7505.489 0 0.9984
2016 	Biased -2.97304 10396.9 0 0.9998
2017 	Zeroed 0 0 . .
Intercept 	Biased -3.73499 5.24196 0.51 0.4761
Ln(Sales) 0.111075 0.396508 0.08 0.7794
Ln(Employees) 0.276332 0.421698 0.43 0.5123
D/E 0.095202 0.189101 0.25 0.6147
CVC	Experience -1.31961 1.509861 0.76 0.3821
MH	Experience 0.764159 0.193197 15.64 <,0001
MA	Experience' -1.32961 0.3396 15.33 <,0001
Dummy	Europe 	Biased 2.235754 2.231362 1 0.3164
Dummy	China 	Biased 3.005738 2.287616 1.73 0.1889
Dummy	Japan 	Zeroed 0 0 . .
Dummy	Listed 1.520966 0.631024 5.81 0.0159
2002 	Biased -2.37172 1.827321 1.68 0.1943
2003 	Biased -1.5176 1.659663 0.84 0.3605
2004 	Biased -0.962 1.607425 0.36 0.5495
2005 	Biased 1.018764 1.429826 0.51 0.4761
2006 	Biased 2.491428 1.525893 2.67 0.1025
2007 	Biased -2.21871 1.825796 1.48 0.2243
2008 	Biased -1.72324 1.659891 1.08 0.2992
2009 	Biased 0.883041 1.873166 0.22 0.6373
2010 	Biased -1.24195 1.776117 0.49 0.4844
2011 	Biased -3.58655 2.149068 2.79 0.0951
2012 	Biased 0.018949 2.206396 0 0.9931
2013 	Biased -1.51274 1.536135 0.97 0.3247
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2013 	Biased -1.51274 1.536135 0.97 0.3247
2014 	Biased -0.25977 1.498745 0.03 0.8624
2015 	Biased -1.45659 1.187214 1.51 0.2199
2016 	Biased -18.9999 6414.51 0 0.9976
2017 	Zeroed 0 0 . .
For	log	odds	of	CVC/MA,	MH/MA
Effect	Likelihood	Ratio	Tests
Source Nparm DF L-R	ChiSquareProb>ChiSq
Ln(Sales) 2 2 0.594325 0.7429
Ln(Employees) 2 2 0.711135 0.7008
D/E 2 2 3.389746 0.1836
CVC	Experience 2 2 29.21598 <,0001
MH	Experience 2 2 23.86914 <,0001
MA	Experience' 2 2 29.97643 <,0001
Dummy	Europe 2 2 1.243247 0.5371
Dummy	China 2 2 2.473648 0.2903
Dummy	Japan 2 0 0 .
Dummy	Listed 2 2 7.292077 0.0261
2002 2 2 1.708275 0.4257
2003 2 2 2.515453 0.2843
2004 2 2 0.352624 0.8384
2005 2 2 0.524275 0.7694
2006 2 2 3.013708 0.2216
2007 2 2 4.149007 0.1256
2008 2 2 1.058175 0.5891
2009 2 2 0.223783 0.8941
2010 2 2 7.550968 0.0229
2011 2 2 3.814914 0.1485
2012 2 2 2.988088 0.2245
2013 2 2 3.850879 0.1458
2014 2 2 1.362019 0.5061
2015 2 2 1.784787 0.4097
2016 2 2 4.008296 0.1348
2017 2 0 0 .
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Model 2:  

 

Nominal	Logistic	Fit	for	Governance	Mode	2
Effect	Summary
Source LogWorth 																						PValue
MA	Experience' 6.731 +++++++++++++++							0
CVC	Experience 5.431 ++++++++++++										 0
MH	Experience 4.898 +++++++++++											0.00001
Dummy	Listed 1.501 +++																			 0.03152
2010 1.322 +++																			 0.04763
2016 0.89 ++																				 0.1288
D/E 0.838 ++																				 0.1453
2007 0.802 ++																				 0.15778
2013 0.734 ++																				 0.18433
Dummy	China 0.696 ++																				 0.20126
2003 0.598 +																					 0.2521
2011 0.587 +																					 0.25855
2012 0.571 +																					 0.26828
2006 0.508 +																					 0.31043
Dummy	Europe 0.469 +																					 0.33975
2002 0.443 +																					 0.36072
2015 0.431 +																					 0.37095
Ln(R&DE) 0.387 +																					 0.41001
2014 0.295 +																					 0.50676
2008 0.272 +																					 0.53426
Ln(Sales) 0.239 +																					 0.57719
Ln(R&DS) 0.154 																						 0.702
2004 0.109 																						 0.77807
Ln(Employees) 0.097 																						 0.80053
2005 0.07 																						 0.85163
2009 0.03 																						 0.93382
2017 . 			.			 .
Dummy	Japan . 			.			 .
Converged	in	Gradient,	20	iterations
Whole	Model	Test
Model 	-LogLikelihoodDF ChiSquare Prob>ChiSq
Difference 121.7 52 243.3999 <,0001
Full 95.27013
Reduced 216.9701
RSquare	(U) 0.5609
AICc 344.775
BIC 507.932
Observations	(or	Sum	Wgts) 238
Lack	Of	Fit
Source DF 	-LogLikelihoodChiSquare
Lack	Of	Fit 248 63.47248 126.945
Saturated 300 31.79764 Prob>ChiSq
Fitted 52 95.27013 1
Parameter	Estimates
Term Estimate Std	Error ChiSquare Prob>ChiSq
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Term Estimate Std	Error ChiSquare Prob>ChiSq
Intercept 	Biased -29.8965 12369.38 0 0.9981
Ln(R&DE) 0.218695 0.215467 1.03 0.3101
Ln(R&DS) -0.14512 0.228618 0.4 0.5256
Ln(Sales) 0.731675 0.716249 1.04 0.307
Ln(Employees) -0.12635 0.636236 0.04 0.8426
D/E -0.91778 0.6159 2.22 0.1362
CVC	Experience 4.055483 1.353674 8.98 0.0027
MH	Experience 0.241067 0.250299 0.93 0.3355
MA	Experience' -0.5815 0.245692 5.6 0.0179
Dummy	Europe 	Biased 4.022513 3.719148 1.17 0.2794
Dummy	China 	Biased 4.573978 3.523743 1.68 0.1943
Dummy	Japan 	Zeroed 0 0 . .
Dummy	Listed -0.54044 0.968911 0.31 0.577
2002 	Biased -0.69023 20478.55 0 1
2003 	Biased 19.48979 12369.38 0 0.9987
2004 	Biased 0.477507 20445.2 0 1
2005 	Biased -0.21087 16212.95 0 1
2006 	Biased 17.02288 12369.38 0 0.9989
2007 	Biased 19.19701 12369.38 0 0.9988
2008 	Biased 12.45963 12369.38 0 0.9992
2009 	Biased -0.07937 18146.81 0 1
2010 	Biased 21.31534 12369.38 0 0.9986
2011 	Biased 17.52732 12369.38 0 0.9989
2012 	Biased 20.54826 12369.38 0 0.9987
2013 	Biased 19.25914 12369.38 0 0.9988
2014 	Biased 18.93959 12369.38 0 0.9988
2015 	Biased 16.39997 12369.38 0 0.9989
2016 	Biased -2.51447 17393.65 0 0.9999
2017 	Zeroed 0 0 . .
Intercept 	Biased -3.64822 5.379016 0.46 0.4976
Ln(R&DE) 0.100685 0.128414 0.61 0.433
Ln(R&DS) -0.07452 0.132309 0.32 0.5733
Ln(Sales) 0.10357 0.415815 0.06 0.8033
Ln(Employees) 0.263236 0.437451 0.36 0.5473
D/E 0.109585 0.1923 0.32 0.5688
CVC	Experience -1.52695 1.586673 0.93 0.3359
MH	Experience 0.764075 0.19482 15.38 <,0001
MA	Experience' -1.35568 0.344844 15.45 <,0001
Dummy	Europe 	Biased 2.445726 2.271586 1.16 0.2816
Dummy	China 	Biased 2.996143 2.322825 1.66 0.1971
Dummy	Japan 	Zeroed 0 0 . .
Dummy	Listed 1.496057 0.636215 5.53 0.0187
2002 	Biased -2.71066 1.929318 1.97 0.16
2003 	Biased -1.73385 1.722981 1.01 0.3143
2004 	Biased -1.18239 1.657559 0.51 0.4756
2005 	Biased 0.832945 1.489421 0.31 0.576
2006 	Biased 2.260888 1.564756 2.09 0.1485
2007 	Biased -2.46018 1.944239 1.6 0.2057
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2007 	Biased -2.46018 1.944239 1.6 0.2057
2008 	Biased -1.96394 1.744716 1.27 0.2603
2009 	Biased 0.697224 1.890991 0.14 0.7123
2010 	Biased -1.48295 1.84353 0.65 0.4212
2011 	Biased -3.0356 2.208188 1.89 0.1692
2012 	Biased -0.34516 2.265526 0.02 0.8789
2013 	Biased -1.77441 1.633052 1.18 0.2772
2014 	Biased -0.39791 1.581148 0.06 0.8013
2015 	Biased -1.55719 1.195332 1.7 0.1927
2016 	Biased -20.0413 10314.56 0 0.9984
2017 	Zeroed 0 0 . .
For	log	odds	of	CVC/MA,	MH/MA
Effect	Likelihood	Ratio	Tests
Source Nparm DF L-R	ChiSquareProb>ChiSq
Ln(R&DE) 2 2 1.783147 0.41
Ln(R&DS) 2 2 0.707657 0.702
Ln(Sales) 2 2 1.09918 0.5772
Ln(Employees) 2 2 0.444964 0.8005
D/E 2 2 3.857846 0.1453
CVC	Experience 2 2 25.01179 <,0001
MH	Experience 2 2 22.5554 <,0001
MA	Experience' 2 2 30.99561 <,0001
Dummy	Europe 2 2 2.159098 0.3397
Dummy	China 2 2 3.206281 0.2013
Dummy	Japan 2 0 0 .
Dummy	Listed 2 2 6.914409 0.0315
2002 2 2 2.039326 0.3607
2003 2 2 2.755871 0.2521
2004 2 2 0.501886 0.7781
2005 2 2 0.321209 0.8516
2006 2 2 2.339566 0.3104
2007 2 2 3.693169 0.1578
2008 2 2 1.253743 0.5343
2009 2 2 0.13695 0.9338
2010 2 2 6.088556 0.0476
2011 2 2 2.705327 0.2586
2012 2 2 2.631448 0.2683
2013 2 2 3.382021 0.1843
2014 2 2 1.359424 0.5068
2015 2 2 1.983379 0.3709
2016 2 2 4.098913 0.1288
2017 2 0 0 .
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Model 3: 

  

Nominal	Logistic	Fit	for	Governance	Mode	3
Effect	Summary
Source LogWorth 																						PValue
Dummy	Listed 7.324 ++++++++++++++++						0
Ln(Employees) 1.367 +++																			 0.04296
D/E 0.614 +																					 0.24322
Ln(R&DE) 0.308 +																					 0.49191
Ln(R&DS) 0.038 																						 0.91517
Ln(Sales) 0.034 																						 0.92548
Converged	in	Gradient,	6	iterations
Whole	Model	Test
Model 	-LogLikelihoodDF ChiSquare Prob>ChiSq
Difference 30.75993 12 61.51986 <,0001
Full 186.2102
Reduced 216.9701
RSquare	(U) 0.1418
AICc 402.304
BIC 449.032
Observations	(or	Sum	Wgts) 238
Lack	Of	Fit
Source DF 	-LogLikelihoodChiSquare
Lack	Of	Fit 278 150.5692 301.1385
Saturated 290 35.64094 Prob>ChiSq
Fitted 12 186.2102 0.1627
Parameter	Estimates
Term Estimate Std	Error ChiSquare Prob>ChiSq
Intercept -3.57711 1.537639 5.41 0.02
Ln(R&DE) 0.024214 0.08295 0.09 0.7704
Ln(R&DS) 0.013117 0.093836 0.02 0.8888
Ln(Sales) 0.066968 0.206759 0.1 0.746
Ln(Employees) 0.456788 0.19557 5.46 0.0195
D/E -0.41997 0.322676 1.69 0.1931
Dummy	Listed -0.59092 0.66986 0.78 0.3777
Intercept -1.76985 1.141525 2.4 0.121
Ln(R&DE) -0.05895 0.054152 1.18 0.2763
Ln(R&DS) 0.023904 0.057521 0.17 0.6777
Ln(Sales) 0.040801 0.15355 0.07 0.7905
Ln(Employees) -0.02918 0.174293 0.03 0.8671
D/E -0.00051 0.12274 0 0.9967
Dummy	Listed 1.956765 0.372513 27.59 <,0001
For	log	odds	of	CVC/MA,	MH/MA
Effect	Likelihood	Ratio	Tests
Source Nparm DF L-R	ChiSquareProb>ChiSq
Ln(R&DE) 2 2 1.418913 0.4919
Ln(R&DS) 2 2 0.177285 0.9152
Ln(Sales) 2 2 0.154878 0.9255
Ln(Employees) 2 2 6.294812 0.043
D/E 2 2 2.827608 0.2432
Dummy	Listed 2 2 33.72931 <,0001
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Model 4: 

 

Nominal	Logistic	Fit	for	Mode
Effect	Summary
Source LogWorth 																						PValue
MA	Experience' 7.35 ++++++++++++++++						0
CVC	Experience 6.043 +++++++++++++									 0
MH	Experience 5.266 ++++++++++++										0.00001

2010 1.812 ++++																		0.01541
2016 1.807 ++++																		0.01559

Dummy	Listed 1.61 ++++																		0.02457
2013 1.039 ++																				0.09132
2007 1.017 ++																				0.09616

R&D	Expense	/	Sales 1.013 ++																				 0.0971
D/E 0.88 ++																				0.13177

2012 0.828 ++																				0.14853
2011 0.825 ++																				0.14962
2006 0.632 +																					 0.23342
2003 0.628 +																					 0.2354
2002 0.58 +																					 0.26299

Dummy	China 0.513 +																					 0.30679
2015 0.504 +																					 0.31327
2014 0.417 +																					 0.38255

Dummy	Europe 0.33 +																					 0.46721
2008 0.275 +																					 0.53033

Ln(Employees) 0.149 																						 0.70991
2004 0.094 																						 0.80556
2005 0.056 																						 0.87894

Ln(Sales) 0.05 																						 0.89165
2009 0 																						 0.99979
2017 . 			.			 .

Dummy	Japan . 			.			 .
Converged	in	Gradient,	19	iterations
Whole	Model	Test
Model 	-LogLikelihoodDF ChiSquare Prob>ChiSq
Difference 122.9915 50 245.9829 <,0001
Full 93.97863
Reduced 216.9701
RSquare	(U) 0.5669
AICc 335.228
BIC 494.404
Observations	(or	Sum	Wgts) 238
Lack	Of	Fit
Source DF 	-LogLikelihoodChiSquare
Lack	Of	Fit 250 62.18099 124.362
Saturated 300 31.79764 Prob>ChiSq
Fitted 50 93.97863 1
Parameter	Estimates
Term Estimate Std	Error ChiSquare Prob>ChiSq
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Term Estimate Std	Error ChiSquare Prob>ChiSq
Intercept 	Biased -23.2707 7505.376 0 0.9975
Ln(Employees) 0.406002 0.606579 0.45 0.5033
D/E -0.8455 0.593303 2.03 0.1541
CVC	Experience 4.393646 1.399135 9.86 0.0017
MH	Experience 0.246138 0.211555 1.35 0.2446
MA	Experience' -0.56923 0.248777 5.24 0.0221
Dummy	Europe 	Biased 1.252554 3.480984 0.13 0.719
Dummy	China 	Biased 2.304238 3.401571 0.46 0.4981
Dummy	Japan 	Zeroed 0 0 . .
Dummy	Listed -0.64662 0.987609 0.43 0.5126

2002 	Biased -0.07392 12719.24 0 1
2003 	Biased 18.14913 7505.372 0 0.9981
2004 	Biased 0.374735 12275.52 0 1
2005 	Biased 0.389309 10142.18 0 1
2006 	Biased 16.1008 7505.372 0 0.9983
2007 	Biased 18.56039 7505.372 0 0.998
2008 	Biased 11.23454 7505.372 0 0.9988
2009 	Biased 1.12162 11110.56 0 0.9999
2010 	Biased 20.49914 7505.372 0 0.9978
2011 	Biased 16.75688 7505.372 0 0.9982
2012 	Biased 19.95916 7505.372 0 0.9979
2013 	Biased 18.75953 7505.372 0 0.998
2014 	Biased 17.99349 7505.372 0 0.9981
2015 	Biased 15.55958 7505.372 0 0.9983
2016 	Biased -2.94309 10407.51 0 0.9998
2017 	Zeroed 0 0 . .

Ln(Sales) 0.275799 0.57146 0.23 0.6294
R&D	Expense	/	Sales -31.3277 119.2561 0.07 0.7928
Intercept 	Biased -3.13907 5.170427 0.37 0.5438
Ln(Employees) 0.205567 0.408319 0.25 0.6147
D/E 0.203403 0.219101 0.86 0.3532
CVC	Experience -1.72863 1.622499 1.14 0.2867
MH	Experience 0.79347 0.199929 15.75 <,0001
MA	Experience' -1.48425 0.352452 17.73 <,0001
Dummy	Europe 	Biased 2.664903 2.228072 1.43 0.2317
Dummy	China 	Biased 3.234315 2.337234 1.91 0.1664
Dummy	Japan 	Zeroed 0 0 . .
Dummy	Listed 1.593713 0.664583 5.75 0.0165

2002 	Biased -3.40842 2.162905 2.48 0.1151
2003 	Biased -2.11787 1.796696 1.39 0.2385
2004 	Biased -1.11296 1.674034 0.44 0.5062
2005 	Biased 0.74917 1.494351 0.25 0.6161
2006 	Biased 2.518932 1.567299 2.58 0.108
2007 	Biased -2.87113 2.057167 1.95 0.1628
2008 	Biased -2.03242 1.773537 1.31 0.2518
2009 	Biased 0.038465 1.883457 0 0.9837
2010 	Biased -1.88737 1.899952 0.99 0.3205
2011 	Biased -3.47053 2.079381 2.79 0.0951
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2011 	Biased -3.47053 2.079381 2.79 0.0951
2012 	Biased -0.92824 2.332857 0.16 0.6907
2013 	Biased -2.05455 1.641101 1.57 0.2106
2014 	Biased -1.04976 1.642567 0.41 0.5228
2015 	Biased -1.73486 1.231811 1.98 0.159
2016 	Biased -27.7148 3965.171 0 0.9944
2017 	Zeroed 0 0 . .

Ln(Sales) 0.017502 0.390713 0 0.9643
R&D	Expense	/	Sales 184.6308 85.7724 4.63 0.0314
For	log	odds	of	CVC/MA,	MH/MA
Effect	Likelihood	Ratio	Tests
Source Nparm DF L-R	ChiSquareProb>ChiSq
Ln(Employees) 2 2 0.685224 0.7099
D/E 2 2 4.053398 0.1318
CVC	Experience 2 2 27.82933 <,0001
MH	Experience 2 2 24.25119 <,0001
MA	Experience' 2 2 33.84966 <,0001
Dummy	Europe 2 2 1.521974 0.4672
Dummy	China 2 2 2.363172 0.3068
Dummy	Japan 2 0 0 .
Dummy	Listed 2 2 7.412171 0.0246

2002 2 2 2.67125 0.263
2003 2 2 2.892958 0.2354
2004 2 2 0.432445 0.8056
2005 2 2 0.258076 0.8789
2006 2 2 2.909816 0.2334
2007 2 2 4.683405 0.0962
2008 2 2 1.268521 0.5303
2009 2 2 0.000417 0.9998
2010 2 2 8.345114 0.0154
2011 2 2 3.799338 0.1496
2012 2 2 3.813916 0.1485
2013 2 2 4.786757 0.0913
2014 2 2 1.921808 0.3825
2015 2 2 2.321402 0.3133
2016 2 2 8.321786 0.0156
2017 2 0 0 .

Ln(Sales) 2 2 0.229352 0.8917
R&D	Expense	/	Sales 2 2 4.664023 0.0971
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Model 5: 

 

Nominal	Logistic	Fit	for	Mode
Effect	Summary
Source LogWorth 																						PValue
MA	Experience' 7.039 +++++++++++++++							0
CVC	Experience 5.48 ++++++++++++										 0
MH	Experience 5.099 +++++++++++											0.00001
Dummy	Listed 1.825 ++++																		0.01497

2010 1.639 ++++																		0.02296
2016 1.396 +++																			0.04016

R&D	Stock	/	Sales 1.082 ++																				0.08279
2013 1.008 ++																				0.09819
2006 0.914 ++																				0.12176

Dummy	China 0.896 ++																				0.12698
2012 0.889 ++																				0.12916

D/E 0.849 ++																				0.14163
2011 0.729 ++																				0.18656
2007 0.67 +																					 0.21364
2014 0.617 +																					 0.24138

Dummy	Europe 0.543 +																					 0.2862
2015 0.338 +																					 0.4588
2003 0.309 +																					 0.49042
2005 0.225 																						 0.5952

Ln(Employees) 0.204 																						 0.62481
2002 0.152 																						 0.70397
2008 0.117 																						 0.76299

Ln(Sales) 0.055 																						 0.88077
2009 0.053 																						 0.88422
2004 0.01 																						 0.97799
2017 . 			.			 .

Dummy	Japan . 			.			 .
Converged	in	Gradient,	19	iterations
Whole	Model	Test
Model 	-LogLikelihoodDF ChiSquare Prob>ChiSq
Difference 123.1509 50 246.3018 <,0001
Full 93.81921
Reduced 216.9701
RSquare	(U) 0.5676
AICc 334.909
BIC 494.086
Observations	(or	Sum	Wgts) 238
Lack	Of	Fit
Source DF 	-LogLikelihoodChiSquare
Lack	Of	Fit 250 62.02157 124.0431
Saturated 300 31.79764 Prob>ChiSq
Fitted 50 93.81921 1
Parameter	Estimates

Prob>ChiSq Term Estimate Std	Error ChiSquare Prob>ChiSq
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Prob>ChiSq Term Estimate Std	Error ChiSquare Prob>ChiSq
Intercept 	Biased -21.8237 7477.341 0 0.9977
Ln(Sales) 0.216696 0.557396 0.15 0.6975
Ln(Employees) 0.585839 0.640753 0.84 0.3606
R&D	Stock	/	Sales -17.698 25.82969 0.47 0.4932
D/E -0.9031 0.576645 2.45 0.1173
CVC	Experience 4.303232 1.436167 8.98 0.0027
MH	Experience 0.255337 0.205036 1.55 0.213
MA	Experience' -0.62487 0.259619 5.79 0.0161
Dummy	Europe 	Biased 0.249008 3.691819 0 0.9462
Dummy	China 	Biased 1.296016 3.542173 0.13 0.7145
Dummy	Japan 	Zeroed 0 0 . .
Dummy	Listed -0.72242 0.999303 0.52 0.4697

2002 	Biased -0.94014 12542.99 0 0.9999
2003 	Biased 17.81254 7477.338 0 0.9981
2004 	Biased 0.1288 12230.82 0 1
2005 	Biased 0.092751 10085.89 0 1
2006 	Biased 15.85935 7477.338 0 0.9983
2007 	Biased 18.31171 7477.338 0 0.998
2008 	Biased 11.28717 7477.338 0 0.9988
2009 	Biased 1.130088 11044.38 0 0.9999
2010 	Biased 20.34528 7477.338 0 0.9978
2011 	Biased 16.74127 7477.338 0 0.9982
2012 	Biased 20.23139 7477.338 0 0.9978
2013 	Biased 18.77724 7477.338 0 0.998
2014 	Biased 18.3989 7477.338 0 0.998
2015 	Biased 15.54862 7477.338 0 0.9983
2016 	Biased -2.93009 10254.73 0 0.9998
2017 	Zeroed 0 0 . .

Intercept 	Biased -5.48383 5.072478 1.17 0.2797
Ln(Sales) 0.130303 0.371881 0.12 0.726
Ln(Employees) 0.060307 0.409791 0.02 0.883
R&D	Stock	/	Sales 45.29325 24.62795 3.38 0.0659
D/E 0.127758 0.204212 0.39 0.5316
CVC	Experience -1.63252 1.598744 1.04 0.3072
MH	Experience 0.765819 0.189782 16.28 <,0001
MA	Experience' -1.38943 0.347145 16.02 <,0001
Dummy	Europe 	Biased 3.644265 2.275424 2.57 0.1092
Dummy	China 	Biased 4.812283 2.458209 3.83 0.0503
Dummy	Japan 	Zeroed 0 0 . .
Dummy	Listed 1.654303 0.648419 6.51 0.0107

2002 	Biased -1.67026 1.980677 0.71 0.3991
2003 	Biased -1.01518 1.813992 0.31 0.5757
2004 	Biased -0.37076 1.747139 0.05 0.8319
2005 	Biased 1.535584 1.569611 0.96 0.3279
2006 	Biased 3.167771 1.657174 3.65 0.0559
2007 	Biased -1.96187 1.984641 0.98 0.3229
2008 	Biased -1.32698 1.77624 0.56 0.455
2009 	Biased 0.923541 1.871649 0.24 0.6217
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2009 	Biased 0.923541 1.871649 0.24 0.6217
2010 	Biased -1.57994 1.873338 0.71 0.399
2011 	Biased -3.21865 2.051714 2.46 0.1167
2012 	Biased -0.85772 2.505315 0.12 0.7321
2013 	Biased -1.98157 1.691644 1.37 0.2414
2014 	Biased -1.73774 1.915767 0.82 0.3644
2015 	Biased -1.38117 1.220495 1.28 0.2578
2016 	Biased -20.9646 5625.288 0 0.997
2017 	Zeroed 0 0 . .

For	log	odds	of	CVC/MA,	MH/MA
Effect	Likelihood	Ratio	Tests
Source Nparm DF L-R	ChiSquareProb>ChiSq
Ln(Sales) 2 2 0.253922 0.8808
Ln(Employees) 2 2 0.9406 0.6248
R&D	Stock	/	Sales 2 2 4.982861 0.0828
D/E 2 2 3.909121 0.1416
CVC	Experience 2 2 25.23815 <,0001
MH	Experience 2 2 23.48272 <,0001
MA	Experience' 2 2 32.41804 <,0001
Dummy	Europe 2 2 2.502147 0.2862
Dummy	China 2 2 4.127421 0.127
Dummy	Japan 2 0 0 .
Dummy	Listed 2 2 8.403544 0.015

2002 2 2 0.702036 0.704
2003 2 2 1.424987 0.4904
2004 2 2 0.044503 0.978
2005 2 2 1.037717 0.5952
2006 2 2 4.211334 0.1218
2007 2 2 3.086966 0.2136
2008 2 2 0.541009 0.763
2009 2 2 0.246097 0.8842
2010 2 2 7.547861 0.023
2011 2 2 3.358037 0.1866
2012 2 2 4.093333 0.1292
2013 2 2 4.641663 0.0982
2014 2 2 2.842798 0.2414
2015 2 2 1.558303 0.4588
2016 2 2 6.429796 0.0402
2017 2 0 0 .


