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ABSTRACT

This dissertation examines the impact of outsourcing of external knowledge through
strategic alliances and mergers and acquisitions (M&As) on the knowledge creation
process of the firm. To contribute to the literature in corporate governance, the role of
founding families who have both control and cash flow rights on the firms’ innovation is
also studied in separate chapter. While Chapter 1 gives a general introduction of the ideas
and outcomes of the three studies, Chapter 2 focuses on the impact of strategic alliances
on the knowledge creation process of the firms. The study distinguishes between depth
and breadth of technological knowledge using the International Patent Classification (IPC)
codes of the patents filed by US biotechnology firms. The finding suggests that the
university-firms alliances increase the breadth and biotech-pharmaceutical alliances (or
with other competitors biotech) increase the depth of knowledge. Exploring the M&A
information of the same biotech firms, Chapter 3 investigates and extends the study of
Chapter 2. The study analyzes the firms’ choice of partners and the interplay between
alliance or M&As that can influence the knowledge creation process, which is captured by
a unique and large patent data. Both the studies fill the gap in the literature by
distinguishing depth and breadth of knowledge and investigating the role of outsourcing
knowledge through alliances and M&As. Chapter 4 presents the analysis of firm-level
micro data from India. The firm performance and the role of founding families are
documented by existing literature. This chapter fills up a gap in the finance and corporate
governance literature by addressing the role of family owners, the large shareholders, on

the innovation activities. The empirical results show that family ownership has positive



impact on the innovation activity, proxied by patent-to-R&D expenses. All the three
studies take care of the potential endogeneity issues by suitable methodology and valid
instruments. All the papers in this dissertation use rigorous econometric analysis to
contribute to the understanding of the effect of inter-firm partnership and ownership rights
on the innovation activities. The results presented in the relevant chapters challenge

conventional thinking and highlight the importance of proper instruments and controls.



INTRODUCTION

Strategic alliances and mergers and acquisitions (M&A) are primarily known as the
mechanism to enter into new markets, but in recent years the effectiveness in achieving
successful innovation has become interesting area to economists and finance researchers
to study the role of these inter-firm co-operations. The process of innovation, i.e.
transferring technological ideas to commercialize products, creates new knowledge and
enriches the knowledge stock of the firms. The new knowledge can evolve due to re-
combination of existing knowledge of the firms or combination of firm’s own knowledge
stock with knowledge from external sources. In their influential study, Nonaka and
Takeushi (1995) discussed the knowledge creation process of the firm. They argue that
new knowledge is created by conversion and interaction between firms’ tacit and explicit
knowledgel. The seminal study of March (1991) and then Levinthal and March (1993)
show that knowledge creation, in fact, involves exploration of tacit knowledge and
exploitation of explicit knowledge. However, in most industries today, the technologies
being used and being created involve technological expertise that covers a much broader
range of discipline (Weitzman 1998). Thus, the types of technological knowledge required
for a particular innovation can lie outside of a firm’s main area of specialization.

Knowledge spillovers from external sources, sometimes, play important role in this

! Tacit knowledge refers to the knowledge that is difficult to verbalize and transfer and it is only expressed
through action-based skills, while explicit knowledge is the knowledge that can be easily codified and
communicated.



context. But the main source of missing knowledge in the firm’s knowledge stock is the
inter-firm co-operation or collaboration. It facilitates the circulation of the tacit knowledge
that largely remains embedded to the firm. Economists and strategy researchers employ
the knowledge production function to find out how much new knowledge is generated
which is again a function of the variety of the partners’ contribution, given the firm has the
required level of absorptive capacity. However, the question remains open whether the
process of exploration and exploitation or simultaneously both (known as 'ambidexterity’,
Laursen & Salter 2006) can determine the knowledge creation. Moreover, the study of
Laursen and Salter ( 2006) find that the diversity of knowledge generates new ideas, but it
requires the expertise to turn those ideas into innovation. Moreover, often the incumbent
firms fail to respond to the technological change due to their specialization in a particular
area. Thus the exploration and exploration are largely studied in relation with innovation,
not in connection with knowledge creation. So the question arises what kind of knowledge

is developed when new ideas evolve unexpectedly from unexpected sources?

Although recent studies in finance and economics indicate that investigating the value
creation by M&As has been a central issue of wide-ranging research (Andrade et al.
2001). Most of these studies argued that while acquiring firms get nothing or negative
return, the target firms reap the harvest (Bruner 2002). However, M&A increases the
managerial compensation (Firth 1991; Avery et al. 1998), if the corporate governance
mechanism does not work properly. Shleifer and Vishney (1997) show that the dominant
shareholders have greater incentive and resources to monitor the managers reducing some

agency cost. Thus, apart from the knowledge creation perspective of the firms, it is



interesting to investigate the role of the owners of firms on innovation activities. A
number of studies also have looked into the impact of family ownership on the firm
performance (Khanna & Palepu 2000; Faccio et al. 2001; Anderson & Reeb 2003;
Villalonga & Amit 2009). These studies have mixed results, some studies find positive
and some find negative impacts of family ownership on firm performance. However,
statistics show that most of the firms around the world are family owned. So, the obvious
question is why some firms remain family owned and controlled, if these firms cannot
perform well? Scholars have shown that the new technological knowledge from R&D
activities leads to superior firm performance through successful innovation (Kline &
Rosenberg 1986). The question remains open what is the role of family ownership on

innovation activities of the family owned firms?

In the three papers of this dissertation, I have tried to find out the solution of the
questions that come into our mind from the literature of knowledge economics and
economics of innovation. Interestingly, the findings have significant economic
implications to explain the gap in the literature. Moreover, the findings contribute to fill

up the gaps with rigorous methodology and unique datasets.



2

TECHNOLOGICAL DEPTH AND BREADTH OF KNOWLEDGE:
THE ROLE OF STRATEGIC ALLIANCES

2.1. Introduction

The recombinant view of technology and innovation management theories (Schumpeter
1934; Henderson & Clark 1990) suggests that firms acquire and develop technological
knowledge through combinations of new knowledge or unique combinations of existing
knowledge. The previous knowledge stock of the firms determines the success of present
technological innovation (Teece et al. 1997). Due to this path dependency, Hagedoorn
(1993) argues that firms are often unable to produce new knowledge through their internal
R&D investments only. To accumulate necessary knowledge, firms need external
activities such as strategic alliance (Almeida et al. 2002), inventors mobility (Katz &
Preez 2008), mergers and acquisitions (Hagedoorn & Duysters 2002), and joint ventures
(Inkpen & Dinur 1998), which can be considered as direct sources and corporate venture
capital investments (Schildt ef al. 2005) and consulting the scientific publications (Murray
& Stern 2007; Moodysson 2008) which can be considered as indirect sources of
knowledge. The choice of any one or more than one of these strategies can have
significant impact on the firms’ technological knowledge” creation. Mody (1993) argues

that mutual learning to increase technological knowledge can be a strong motive for

* There exist extensive studies on market knowledge and its role on firms’ innovative performance (Rao et
al. 2008; Zhou & Li 2012). In this paper I focus only technological knowledge.



strategic alliances. In this study, I investigate the impact of strategic alliances and

scientific publications on the technological knowledge creation of the firm.

Strategic alliances help to acquire partner-specific relevant skills and provide the
expertise to renew the firms’ internal capabilities (Zahra & George 2002). Studies show
that the diversity in alliance partners should enhance the capacity to develop new products
and commercialize them (Fryxell 1990). This diversity can influence either the
development of tacit knowledge (non-transferable) that increases generalized knowledge
(Nonaka & Takeda 1995) or the explicit (transferable ) knowledge that increases
specialized knowledge (Grant 1996). But, these two perspectives may create conflicting
strategic decision that requires further examination of the “/earning process” of firms
(Turner et al. 2002). In his influential study on the digital jet engine control system in UK,
Prencipe (2000) theoretically shows that firms consider both specialized and generalized
knowledge simultaneously. Recent works are also beginning to focus on the depth and
breadth of knowledge and find that exploration intensity with depth and breath of firms’
current knowledge stock can maximize the innovation performance (Quintana-Garcia &
Benavides-Velasco 2008; Wu & Shanley 2009; Chiang & Hung 2010; Moorthy & Polley
2010; Zhang & Baden-Fuller 2010). Hence, the development of depth and breadth of
firms’ knowledge stock does not appear to be a prime candidate to explain the motive of
strategic alliances, rather most of these studies have focused on the impact of depth and

breadth of knowledge on the firm performance.



In addition, prior research on the nature of the firms’ technological knowledge
characteristics remains a subject of debate. For example, March (1991) argues that the
potentiality to explore new technology requires variety in the technological knowledge
stock of the firm, i.e. breadth. Other researchers posit that firms emphasize the
specialization (depth) of technologies to gain economies of scale in knowledge activities
(Arora & Gambardella 1994; Loasby 1998) and consider the benefits of diversification
(breadth) for gaining economies of scope (Panzar & Willig 1981). Moreover, existing
studies typically examine how firms develop the depth of technological knowledge from
both inventors’ social network and specialization of technology (Carnabuci & Bruggeman
2009) and how greater depth or breadth of technological knowledge leads to more
innovation success (Miller 2006; Leiponen & Helfat 2010). In recent years, some studies
demonstrate that disaggregating technological knowledge into depth and breadth
dimensions how these two intangible assets improve firm performance and create
shareholders’ value (Grewal et al. 2008; Fang et al. 2011). So, the debate continues how
to develop the depth and breadth or both simultaneously and whether this is at all
important organization strategy. In sum, the contribution of strategic alliance partners to
specific types of knowledge (i.e. depth and breadth) has not been studied extensively.
Moreover, given that both types of knowledge appear important for the firm’s long run
health, understanding the role alliance partners play in their development is an issue

deserving of scholarly attention.

In this paper, using a unique data set of 207 US biotechnology firms with their entire

patent filing information, which is publicly accessible and codified knowledge, during the



period of 1990-2006, I address the following research questions: To what extent the
alliance choice influences the technological depth and breadth of knowledge? Are the
types of partners important organizational choice? In addition to that I have also
investigated, how does the scientific literature, source of fundamental research knowledge
from universities and research institutions, affect the knowledge development process?
Understanding these inter linkages is central for the technology-intensive firms to form
alliances in present scenario. Thus, I extend the recombinant view mentioned above by
characterizing the technology described in patents of the firm in terms of depth and
breadth of technological knowledge of that firm. Drawing from the literature on
technology management, | define depth as the degree of sophistication of knowledge in
one specific domain and breadth as the variety of technologies over which a firm has
demonstrated knowledge (Wang and von Tunzelmann 2000, Katila and Ahuja 2002). I
have found that alliances with universities and research institutions developed breadth and
alliances with firms, in similar or dissimilar industries, influence the depth of the firms.
My findings also reveal that the knowledge absorption from public sources, e.g. scientific

publications, impacts positively the depth of knowledge base of the firm.

The contributions of this paper are as follows. First, I place alliance choice in the
context of knowledge creation at the firm level. Prior studies have not clearly
distinguished between types of technological knowledge (e.g. depth and breadth) in
examining inter-firm knowledge spillovers. To my knowledge this is the first attempt to
look into the depth and breadth of technical knowledge that are developed through

knowledge transfer in strategic alliance relationships. Specifically, I examine



characteristics of strategic allies and alliance relationships that drive depth and breadth of
knowledge creation, including the type of knowledge creation the partners are primarily
involved in. Hence, my study supports the growing literature which argues that alliances
and inventors’ mobility and networking determine the degree of diversity of firms’
knowledge stock (Rosenkopf & Almeida 2003; Nerkar & Paruchuri 2005; Katz & Preez
2008) and depth and breadth requires both external and internal knowledge sources (Zhou

& Li 2012).

Second, I found that alliances with universities influence the breadth of technological
knowledge of the firm. As such, this finding builds on recent research on university-
industry partnership (e.g. George et al. 2002; Hall et al. 2003; Rothaermel & Thursby

2005).

Third, methodologically this study offers a unique measure of depth and breadth of
technological knowledge using an algorithm and IPC (International Patent Classification)
codes that represent the technology used for the inventions of the focal firms. To my best
knowledge, this is the first measure that I have introduced in the literature of knowledge

management.

2.2. Theoretical framework
In the technology-intensive industry, the first-mover advantage in inventions alone fails to
succeed due to rapid technological change that provides the competitors with opportunities

for new and improved design. So, one way for the success is to increase technological



competences to a variety of technologies compared to those required by their core product
lines (Brusoni et al. 2001). Scholars point out that the sophistication of a firm’s
knowledge base influences the degree of innovation novelty i.e. whether it is radical, such
as, producing a new microchip, or incremental, such as changing the packaging
(Henderson & Clark 1990; Freeman & Soete 1997; Tidd et al. 2000). However, whether it
is radical or incremental innovation, to stimulate new inventions, firms depend on
technological knowledge transfer (Coe & Helpman 1995). The voluntary exchange or
involuntary flow of useful technological knowledge is referred to as the knowledge
spillovers (de Bondt & Henriques 1995) that act as the “engine of endogenous economic
growth” (Lucas 1988; Romer 1990; Grossman & Helpman 1995) by influencing
innovative activities of the firm (Jaffe 1986; Levin & Reiss 1988). Evidently, the external
knowledge source is as important as the firms’ own knowledge base. Firms benefit from
the knowledge spillovers if they have the ability to access and assimilate distinct

knowledge (Cohen & Levinthal 1990).

Firms develop differentiated technology by general knowledge without a continual
increase in the research resources (Branstetter 2001) and change the prices of factors
significantly by specialized or sophisticated knowledge (Foray 2004). This continuous
development and diversification of technological knowledge from internal and external
sources constitute the lifeblood of high-technology firms. But, in the long run the
technological race may result growing complexity of knowledge development process and
the risk associated with R&D efforts. Establishing alliances at an exceptional rate provide

a way to spread risks and technology development (Duysters & Hagedoorn 1996).



Strategic alliance is one of the mechanisms to acquire external knowledge (Inkpen
2000) for the production process, as knowledge is an important input for production
(Nelson 1982). Although in an alliance, firm risks its own knowledge spillover, there also
exists an opportunity to capitalize on spillovers of the partner’s knowledge (Stuart &
Podolny 1996; Gulati 1998; Baum et al. 2000; Inkpen 2000) and to gain access to other
firms' capabilities (Mowery et al. 1998). Evidently, firms often choose strategic alliances
that minimize the sum of production and transaction costs by acquiring the only essential
knowledge and in which mutual learning exists as a result of common benefit (Khanna et
al. 1998). So, the search for the external knowledge sources for unique information often

leads to the decision to enter into a strategic collaboration.

There is a number of theoretical and empirical studies on the choice of alliance
partners (Mowery et al. 1998; Osborn et al. 1998; Das & Teng 2000; Lin et al. 2007; Lin
et al. 2009b; Mukherjee et al. 2012). However, the characteristics of alliance partners are
considered as more important than the absolute number of alliances (Hagedoorn &
Schakenraad 1994). Moreover, studies also indicate that the alliance portfolio of a firm
depends on the types knowledge requirement (Teece 1988; Arora & Gambardella 1994).
Based on the position of the partners in the industry value chain, there are three distinct
choices of partners (Baum et al. 2000). First, the upstream alliances with universities and
research institutes to acquire the basic and early stage research knowledge, second, the
horizontal alliances generally with competitors are to combine resources and technologies

and third, the downstream alliances with other industrial firms to access the

10



manufacturing, regulatory and commercially feasible technologies (Rothaermel & Deeds

2006).

Given the different choices of alliances and diversity of partners, the very heart of the
vast majority of innovation studies in economics and management literature is the
question of how the attribute of the allied partner firms shape the flow of knowledge
(Owen-Smith & Powell 2004). There are a number of factors (e.g. duration of the
alliances, type of contracts, prior performance etc.) that a firm consider before enter into
an alliance. However, mutual trust can strengthen and stabilize the alliance relationship

(Morgan & Hunt 1994) that positively influence in new knowledge development.

2.2a. Knowledge creation through upstream alliances

Studies have recognized that academic research increases the productivity growth and
stimulate greater private sector R&D through technology spillovers (Jaffe 1989; Adams
1990). Since the seminal works of Mansfield (1991, 1998) on the empirical evidence of
university-industry linkage, a number of empirical studies have emerged on university
patenting and technology transfer (e.g. Henderson et al. 1998; Siegel et al. 2003; Breschi
et al. 2008; Crespi et al. 2011). Statistically, the number of US patents grated to university
inventors have increased from 500 in 1982 to more than 3,100 in 1998 and the revenue of
the universities from technology licensing has increased $186 million to about $1.3 billion
in 1990s (Lach & Schankerman 2008). This study of Lach and Schankerman also show
that research in the high-tech areas by universities is positively associated with the

licensing performance. Evidently, firms in the high-tech industries often enter into

11



upstream alliances with universities and research institutes to access to the fundamental
research knowledge. There are several reasons for university-industry (firms) alliances,
such as universities and research institutes often provide the solution to the fundamental
scientific questions and practical implications for current commercial products (Stokes
1997), increase the ability of firms to explore new technology (Cohen et al. 2002) and
provide critical external knowledge (Mowery & Shane 2002). In the same vein, Perkmann
and Walsh (2007) argue that knowledge from universities has higher degree of novelty
and helps developing radical innovation; firms often recognize universities as important
source of new scientific knowledge. Moreover, firms obtain up-to-date information for the
success of patent race and access to membership in the group of scientists from
universities (Liebeskind er al. 1996). Hence, the university-firm dyad generates unique
technological knowledge® and offers a competitive advantage to those firms having
capability of absorbing fundamental discoveries (Bercovitz & Feldman 2007). However,
the new technological knowledge from university is often ambiguous (Simonin 1999) and

‘generic’ in nature (Marsili 2002). This suggests the following hypothesis:

Hypothesis 1: Upstream alliance with universities and research institutions is positively

associated with the technological breadth of knowledge of the focal firm.

2.2b. Knowledge creation through horizontal alliances
Product differentiation mitigates competition (Tirole 1988). Empirical studies on the

health maintenance organizations by Dranove et al. (2003) and on the small motels by

? Although, both firm and university engage in explorative activities, they also need to find the way to
exploit their technological capabilities and assets. Academic spin-offs originate when these exploitative
activities leads to uncertainty (e.g. McEvily & Chakravarthy 2002; Prabhu et al. 2005).

12



Mazzeo (2002) show that the differentiation decreases the competitive effect in the local
market. Interestingly, firms often enter alliances with the competitors to access to
industrial technological knowledge and compensate its own technological knowledge
required for the expansion of product heterogeneity. This acts as a device of minimizing
competitive uncertainties. Thus, successful implementation of new technology to product
and process often requires horizontal collaboration (Jorde & Teece 1990). Studying on
alliance with direct rivals Dussauge et al. (2004) show that the degree of knowledge
transfer depends on whether the alliance is to share similar resources or to share
competencies. Thus, horizontal alliance largely based upon competitive aspect that
emphasizes on faster acquisition of partner’s knowledge and balancing learning from
partner and protecting own knowledge from unintended leakage (Kale et al. 2000).
Obviously, allying with competitors, firms often seek to limit knowledge flows and
protect competencies (Narula & Santangelo 2009). This implies that, the horizontal
alliance partners may be less interested in the longevity of alliance and more interested in
what can be internalized. Teece et al. (1997) argue that the absorptive capability can help
to exploit the diverse knowledge base to deal with the changing technology. So, the
complimentary knowledge acquisition from competitors leads the firms to exploit its

existing knowledge to invest in R&D activities. This suggests our next hypothesis:

Hypothesis 2: Horizontal alliances with competitor firms positively related to the

technological depth of the focal firms.

13



2.2¢. Knowledge creation through downstream alliances

Typical downstream alliances involve large incumbent firms (market oriented players) in
similar or dissimilar industries, for example pharmaceutical firms for new biotechnology
firms (Rothaermel & Deeds 2004; Rothaermel & Thursby 2005; Stuart et al. 2007) for the
commercially feasible and marketable technology. The primary motive to form
downstream alliances is not only to acquire knowledge capabilities from the partners, but
also to access complementary capabilities required to finalize the development of new
products and bring them to the market. At the downstream level, technological knowledge
gets better understood in the process of commercialization. Teece (1992) showed that
knowledge at the downstream is more explicit and codifiable than that of upstream. Thus,
the commercialization and marketing activities leverage and combine partners’ existing
technological knowledge and capabilities through exchange of explicit knowledge

(Rothaermel 2001). This suggests our next hypothesis

Hypothesis 3: Downstream alliances positively impact the depth of technological

knowledge of the focal firms.

2.2d. Knowledge creation through public sources

Empirical studies confirm that the R&D laboratories with deep science-based capabilities
and strong collaboration with universities help in innovations (Christensen 2002b). In
addition to the choice of strategic partners for a direct source of knowledge spillovers, the
basic science and fundamental technological knowledge are important determinants of

innovation (Jaffe, 1989; Adams, 1990). Studies by Mansfield (1991), Salter and Martin

14



(2001) and Cohen et al. (2002) reveal that scientific knowledge spillovers from academic
research (universities and public research institutions) significantly contribute to the
industrial innovation. Arundel and Geuna (2004) also argue that public science is the most
important source of technological knowledge. Moreover, science helps to enrich the
existing technological knowledge base of the firm to increase productivity (Evenson &
Kislev 1976) by minimizing the waste of valuable resources and the time lag between
existing knowledge and new inventions for successful R&D. So, the transfer of knowledge
from the area of science to the area of technologies® occurs quite often (Carlsson & Fridh
2002). Furthermore, patents built on fundamental knowledge are considered more original
and they can impact positively on technological change. This is evident from the studies
on university patenting ativities (Mowery et al. 2002; Owen-Smith & Powell 2003; Geuna

& Nesta 2006; Breschi er al. 2008; Acosta et al. 2012).

A number of studies have looked into the frequency and nature of occurrence of
science-technology interactions in new emerging technology domains (e.g. McMillan et
al. 2000; Meyer 2000; Acosta & Coronado 2003). The involvement of universities and
fundamental science in successful patents is also evident from studies on growing
university spin-offs (Jensen & Thursby 2001; Litan er al. 2008), mobility of academic
scientists (Kim et al. 2005) and increasing citations to scientific publication in patents

(Hicks et al. 2001). Cohen and Levinthal (1990) argue that science improves the

4 Science is the outcome of research conducted in non-industrial organizations and technology is the
outcome of research in industrial organization (Clarysse et al. 2011). For this reason, most of the scientific
articles are published by universities (as well as public research institutes) and most of the patents are filed
by industries.

15



absorptive capacity for knowledge from basic research. Thus, by facilitating the
absorption and understanding of fundamental knowledge, scientific knowledge increases
productivity by allowing firms to exploit new discoveries and opportunities. This suggest

the following hypothesis

Hypothesis 4: The focal firm increases technological depth of knowledge when its
innovation activities are associated with the fundamental scientific research from

universities.

2.3. Methodology

2.3a. Research settings and econometric specifications

In order to understand the impact of alliance choice on the firm’s knowledge portfolio, I
have taken biotechnology industry to construct a unique database for this study. Among
several industries characterized by high alliance activity, biotech industry data shows
highest alliance frequency (Hagedoorn 1993). In this sector, there exists a three-partner
alliance chain, university — biotechnology firm — pharmaceutical firms (Stuart et al. 2007).
I are defining the linkage between biotech firm and universities including research
institutions as upstream alliance for fundamental research knowledge access, linkage
between one biotech firm and other biotech firms as horizontal alliance for industrial
research knowledge access and linkage between biotech firm and pharmaceutical firms as

downstream alliance for applied research knowledge access.

The following econometric specification is used to estimate the coefficients of interest.
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3
[1] Kit = ap + Y1 X4 + z BiYitk + Y2 Xair + €it

-1

where, K;; refers to a 2 X 1 vector containing the dependent variables, technological
depth or breadth of knowledge of firm i in year 7, X;;; is the number of alliances when the
focal firms are doing the R&D and get payments for the license. The knowledge sources
are denoted by ¥;, k is either the university, biotech firms or pharmaceutical firms’. X,;;
is the vector of other exogenous control variables. ¢&;; is the idiosyncratic error term.
Assuming the observations as being serially uncorrelated for a given firm, with
homoscedastic errors across individual firms and year, I can estimate the equation (1) by

OLS. The results are shown in Table 3.

However, in this analysis I confronted with some issues like whether there are easily
observable characteristics of the biotechnology firms that are closely related to the alliance
choice. The evidence of certain observable features of a firm are closely related to its
decision to enter in alliances is all but easily documented. I can take care of all the factors
that are coming out of the patent data and other financial characteristics. However, such
factors do not include the role of unobserved features like superior management
capability, internal culture of the firm or richness of the R&D in terms the background of
the scientists. Moreover, the econometric model shown in equation (1) ignores the fact
that the number of alliances by the focal firms may be endogenous with respect to the
innovation activities. In that case, the error term in equation (1) would be correlated with

the knowledge creation process of the firm. This may lead to non-zero expected value of

> Firms can enter multiple alliances with firms in different industries.
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&t , even controlling for other factors as mentioned in Appendix to Chapter 2.
Consequently, I may obtain biased estimation. For this endogeneity issue, ‘two stage least
square’ 2SLS instrumental variable (IV) regression is applied using total number of
number of alliances in the last 5 years (Z;;) as an instrument to get consistent estimates. In
the first stage the fitted values (X};) is obtained by regressing X;;; on the instrument Z;; as
shown in equation (2) and in the second stage the instrumental variable estimator is
obtained by regressing K;; on X;.

3
[2] Xiit = Qo + 91213t + Z PixYiek + ©2X2it + 0it
i—1

For the Hypothesis 4, I have included (0) that represents citations to scientific research

publication and rewrite the equation (1) as equation (3)

[3] Kit =W +Y1Zi +Y20it + ) PirYiek + W3Xaie + Nie

3
i—1

l

I also estimate this equation by 2SLS. As all the independent variables are entered in a
stepwise manner, I reported the robust standard errors to take care of heteroskedasticity in
the data. Wherever applicable, I transformed variables into their natural log to improve the

skewness and kurtosis of their distribution.
2.3b. The Dataset

To estimate the models, the first issue was to make a list of all US biotech firms that are

engaged in the discovery of human therapeutics (in-vivo and in-vitro) during 1985 to
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2006. This subfield continuously shifts its focus in targeting new technologies because of
the complexity of in-vivo testing (Santoro & McGill 2005). So, there is a possibility to get
better variations in the knowledge development of the firm than that of firms involved in
human diagnostics. I have searched each of the firms’ patent and product details from
EPO (espacenet), Mergent Online, GEN Guides to Biotech Companies-1996 and found
395 biotech firms according to our criteria. The Recombinant Capital (Recap)6 database
provides with alliance subjects that help me to determine the area of the firms R&D’. The
usefulness of the database has been validated by prior research (Shan et al. 1994; Lerner
& Merges 1998; Lerner et al. 2003b). But, most of the firms’ alliance® and financial
details are not available. The next task was to get the details of the patent applications of

these firms.

The use of patent data as an indicator of invention output has been criticized on many
different grounds (see Griliches 1990). However, in the science and technology intensive
industry, like biotechnology, patenting is often considered as a signal of invention
activities and new product development. From this population, I constructed our sample to
include every firm that filed for biotechnology patents in USPTO and EPO. So, for the

patent data’, I have used EPO worldwide statistical database (PATSTAT) created by

® A California-based biotechnology-consulting firm that incorporates detailed descriptions of alliances of the
global biotech and pharmaceuticals industries since 1973. The database comprised of SEC (10-K, 10-Q, S-1
and 8-K) and FDA filings, press release, industry conferences and industry contacts as well as patent data. I
am grateful to Mark Edwards, MD of Recap to give me the access to the database.

7 Thanks to Frank T Rothaermel and Toby Stuart to clarify my concepts and doubts of the biotech firms in
human therapeutics.

¥ I have excluded those firms having alliances less than 3 during the study period.

® There is no observation of university-owned patent in the sample.
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European Patent Office (EPO)™. My focal year is the year when the firms filed for the
patent rather than the year when it was granted, because the invention by the firm already
has been realized when the firm files for a patent. For the citations to scientific references
and speed of knowledge acquisition, I have used the database of Patent Board''. As it was
hard to find any common identifier to match these datasets, I proceeded to do that
manually by coding each of the firms with GVKEY (Standard & Poor’s firm identifier) as
I had to use Compustat for the financial data. I have eliminated those firms that have less
than 3 patents and no alliance and financial records throughout the study period. I obtained
the firm-level financial data from Standard & Poor’s Compustat (Research Insights) for
1985-2006. This database provides information on all publicly traded North American
firms that file 10-K forms with the Securities and Exchange Commission. The Primary
Standard Industrial Classification (SIC) code reported on the Compustat represents the
most important industry for each firm. In my sample the SIC codes are 2833-2836, 5122

and 8731.

For the respective alliance portfolio I have manually coded each of the firms’ alliance
details-whether the alliances are with university, biotechnology firms, pharmaceutical
firms. To avoid any discrepancies, I have gone through each of the allying firms’ website
to check its type. According to transaction cost economics, licensing involves arm’s length
transactions and it is closest to the commercialization process, with bilateral agreements

providing a higher degree of mutual control through mutual hostages (Williamson 1985;

' This raw database covers patent offices in more than 80 countries around the world and allows the
analysis of longer time-series than is usually used in economic research.

' US based leading independent provider of best research tools and matrices for patent analysis and
intellectual property investment. It also tracks and analyzes innovation and business value of patent assets
across all industry on a global basis.

20



Oxley 1997). Moreover, in the innovation activities of biotechnology firms, licensing
technology leads to development of therapeutic inventions. Thus, I restrict my analysis in
the licensing agreements. A total of 207 firms survived after merging the dataset with
Compustat for complete dataset in the analysis. Among them, there are 460 university
alliances, 1053 pharmaceutical alliances and 1873 biotech alliances with 14,851 unique

patents that the focal firms applied for during 1985-2006.

2.4. Measures'

2.4a. Dependent Variables

Technological depth and breadth of knowledge: 1 have taken two dimensions of the
technological knowledge - depth and breadth of knowledge as our major dependent
variables. Depth is the level of sophistication and breadth is the degree of heterogeneity. |
have constructed the two dependent variables depth and breadth following Katila and
Ahuja (2002). However, instead of considering the backward citations'” of patents, I have
taken the IPC codes that directly measures the combinations of technology used in the

inventions.

To analyze the evolution of specialization of scientific field over time, I have chosen
the first dependent variable as the depth of knowledge of the biotechnology firms. Depth
of the knowledge also acts as a proxy for the firm’s the ability of exploitation of
knowledge. Following Katila and Ahuja (2002). I argue that the depth of knowledge on a

particular technology increases as the firm uses the technology frequently.

12 All the variables are defined and the data sources are mentioned in the Appendix to Chapter 2
" In case of breakthrough inventions do not depend on the prior arts, it may become impossible to capture
the depth and breadth of knowledge by backward citations.
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I construct technological depth of knowledge by counting the repetition of
technologies (IPC codes) used in the focal patent, on average, in the patents the firm filed

during the last 5 years14, such that

-1
Zg:l(n)_@ [Ripc]it

[Tipc]it

Depth;; =
Where [Rp];¢ is the number of repetition of IPC codes and [Tj,.];¢ is the total number
of IPC codes of the firm i in year ¢.
The technological breadth of knowledge is measured as the proportion of previously
(in the last 5 years) unused technologies (IPC codes) in the firm’s focal year of patents.
We construct this as

U. 1
Breadth;; = [ lpC]lt
it

[Tipc]
Where [U;p];; is the number of unused IPC codes and [Tj.];; is the total number of

IPC codes in the patents of the firm i in year 7.

2.4b. Independent Variables

Upstream Alliance: Lerner (1994) argued that a strategic priority of a firm in the
biotechnology industry is to innovate continuously to acquire and protect a competitive
advantage. For this reason, the collaboration between university and industry is not new as

both communities realized their mutual needs to achieve complex but varied goals. We

14 Argote (1999) showed that in the high-technology industry, the firm’s knowledge base depreciates sharply
and within approximately five years it loses significant value. The choice of 5-year period for the relevant
knowledge is also consistent with the studies of R&D depreciation (Griliches 1979; Griliches & Lichtenberg
1984).
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use the proportion of the firms’ alliances with universities and research institutions as a

proxy for upstream alliance.

Horizontal Alliance: According to Hagedoorn (1993) and Kotabe and Swan (1995), the
alliances with competitors determine the varying degrees of innovativeness. Teece (1992:
22) also concludes that: “To be successful, innovating organizations must form linkages,
upstream and downstream, lateral and horizontal”. Through the development of
knowledge network, horizontal spillovers of knowledge broaden firm’s learning capability
and help to reduce competition by crystallizing market power (Burgers et al. 1993). So, to
capture the effect of knowledge transfer from the competitors, I created the variable by

computing the proportion of firms’ alliances with biotechnology firms.

Downstream Alliance: The alliance with universities provides the firms with opportunities
to improve the difficulties of successful commercialization (Peters et al. 1998). The proxy
for downstream alliance indicates the proportion of the focal firms’ alliances with

pharmaceutical firms.

Science Link: Firms whose patents cite a large number of scientific papers (sometimes
referred to as non-patent reference) can be assumed to be working closely with the latest
scientific developments. Following previous literature, I used the total number of non-

patent literature'® (mostly scientific publications) normalized by sample standard deviation

'3 Studies argue that non-patent references are not perfect indicators of the direct application of science, as
this is simply denoting a relationship between technology and science (Schmoch 1993; Meyer 2000).
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as a proxy for the strength of the science link of the technological knowledge base of the

firm (Narin et al. 1997; Meyer 2000).

2.4c. Control Variables

R&D intensity: According to Cohen and Levinthal (1990), R&D intensity is a function of
prior knowledge of the firm and thus acts as a proxy for the absorptive capacity. I
measured this as firm’s reported spending on R&D per $1000 of assets. I have included
this variable in the analysis by taking one-year lag. As R&D intensity can vary across
different types of firms (large, small or entrepreneurial etc.). I have controlled for R&D
expenses to capture the effect of investments as inputs supporting the knowledge creation

process, not the invention itself.

Knowledge stock: The prior knowledge is important determinant for the knowledge
creation process of the firm. Following the literature (Griliches & Lichtenberg 1984; Hall
1990; Bessen & Maskin 2009), the firm’s knowledge stock (kstock) is calculated as
kstock;; = patstock;;(1 — &) + npat......... (4)
Where, patstock is measured as dividing the number of patent (in each year of a firm)
by 0.23 (15% depreciation + 8% growth backwards in time '®). However, I have

operationalized the variable by adding the last 4 years knowledge stock for each firm.

Alliance age: 1 used alliance age as the proxy of experience. This is calculated as the
difference between the year of first successful alliance announcement and the last year of

the dataset (2006). I have included this variable by taking natural logarithm of it. Older

'® Assuming innovation grows at an annual rate of 8% (Hall 1990).
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alliances tend to create inventions that are less important on subsequent technological

development compared to new alliance.

Firm age: Firm age influence the rate of patent activities of the firms (Sorensen & Stuart
2000). I calculated the variable by subtracting the year of inception of the firm from year

2006, as my sample is from 1990-2006.

Propensity to patent: 1 define propensity to patent as the number of patents of the firms
per worker. This is indicates the efficiency of the worker and their knowledge base and
consequently it impacts on the depth and breadth of knowledge. As, this propensity varies

across firms, we have included this variable as control.

Mergers and Acquisitions (M &As): Studies have showed that M&As influence knowledge
transfer, absorb and creation (Cassiman er al. 2005; Saviotti et al. 2005; Bertrand &
Zuniga 2006; Makri et al. 2010). So, in addition to the above control variables, I have also

included the number of M&As in last two years of each firm.

2.5. Results

Table 1 shows the summary statistics of dependent and independent variables of the
sample firms (definitions and data sources in Appendix). From this table I see that while
the depth of knowledge varies from 0 to 39, breadth varies between 0 and 1. These two
variables, however, are continuous. Figure 1 shows the trends of alliance and patenting

activities. It seems that alliance is positively correlated with number of patents.
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Figure 1. The alliances of biotechnology firms during 1990-2006 and the activities of
patenting over time

Trends of Alliance and Patenting
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Table 1: Descriptive Statistics for the Variables

Obs. Mean Std. Dev. Min. Max.
Depth 1822 6.44 1.58 0 39.11
Breadth 1822 0.49 0.33 0 1
Upstream alliance 1822 8.95 23.53 0 100
Downstream alliance 1822 21.73 34.93 0 100
Horizontal alliance 1822 30.90 40.18 0 100
Science links 1822 0.75 1.02 0 10.06
Alliance density 1060 0.04 0.10 0 1.50
Alliance age 1822 16.83 5.63 0 33
Firm age 1822 17.77 5.66 4 45
Patent propensity 1298  54.45 79.20 0 1000
R&D intensity 1413 0.40 0.61 0 15.79
Number of alliances 1822 1.86 2.83 0 23
Number of M&As 229 1.40 0.89 1 8
Knowledge stock 1771  134.25 306.99 1 414222

Notes: Science link is normalized by the sample standard deviations.

Table 2 reports the pairwise correlations of the variables in the analysis. The

collinearity test suggests that none of the variables has variance inflation factor (VIF)
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more than 5. As there is no problematic multicollinearity, we pursued the data analysis for
testing the hypotheses. From the correlation table, it is to be noted that the correlation
between depth and breadth is low (r = 0.48) and negatively significant. This indicates that

these variables are two distinct dimensions of technological knowledge of the firms.
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Table 2. Pairwise Correlation matrix between the main variables

1 2 3 4 5 6 7 8 9 10 11 12
Depth (1) -
Breadth (2) -0.48%#%* -
Upstream alliance (3) -0.06* 0.07** -
Downstream alliance (4) 0.03%* -0.04 -0.10%** -
Horizontal alliance (5) 0.17%** -0.08** -0.13%%% (2] %** -
Science link (6) 0.12%** -0.13***  -0.00 0.00 0.07%* -
Alliance density (7) 0.02 0.03 0.04 -0.03 0.00 -0.04 -
Alliance age (Log) (8) 0.16%%*%* -0.14%** (.03 0.09%#%* 0.18%%#%* -0.07%* 0.05 -
Firm age (Log) (9) 0.10%** -0.10***  -0.01 0.04 0.13%** -0.15***% (.02 0.76%** -
Patent propensity (Log) (10) 0.04 0.00 0.04 0.05 -0.13%** -0.02 -0.01  -0.19%** (. ]5%** -
R&D intensity (Log) (11) -0.11%#%* 0.07%* 0.02 0.01 -0.15%*%* .02 -0.03  -0.13%*%* Q. 15%*%*  (.29%** -
Number of M&As (12) 0.03 0.01 0.01 -0.02 0.14%* -0.13 -0.04  0.27%*  0.14* -0.20%*%  -0.13* -
Knowledge stock (13) 0.67%*** -0.22%**% (.05 0.05%* 0.24%*%  (,07** 0.01 0.25%**%  021*%** (.01 -0.20*** (.11

Notes: * p<0.05, ** p<0.01, *** p<0.001
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Hypothesis 1 states that the upstream alliance of the focal firm with universities and

research institutions is positively related to the technological breadth of the focal firm. In

Column 4 of Table 3 we present the coefficients of OLS estimates.

Table 3 Effect of alliances on the technological depth and breadth of knowledge

Dependent Variables Depth Breadth
1) (2) 3) “ &) (6)
Upstream alliance -0.015%%%* 0.001*
(0.004) (0.000)
Horizontal alliance 0.010* -0.000
(0.004) (0.000)
Downstream alliance -0.003 -0.000
(0.003) (0.000)
Science links 0.403* 0.378* 0.404* -0.029%* -0.029%* -0.031*
(0.185) 0.177) (0.185) (0.012) (0.012) (0.012)
Alliance density -0.401 -0.463 -0.522 0.151 0.163 0.160
(0.988) (0.921) (0.974) (0.098) (0.094) (0.098)
Alliance age 2.328%* 2.353* 2.348* -0.150%* -0.150%* -0.148%*
(0.944) (0.940) (0.957) (0.064) (0.066) (0.065)
Firm age -1.141 -1.162 -1.147 0.046 0.044 0.043
(1.180) (1.166) (1.193) (0.081) (0.083) (0.082)
Patent propensity () 0.227 0.205 0.184 -0.014 -0.013 -0.011
(0.126) (0.122) (0.122) (0.011) (0.011) (0.011)
R&D intensity () -0.618%* -0.545% -0.585% 0.013 0.011 0.013
(0.275) (0.255) (0.265) (0.015) (0.015) (0.015)
Number of M&As ) 0.668* 0.612%* 0.650* -0.035%**  -0.034***  -0.036%**
(0.276) (0.258) (0.266) (0.010) (0.010) (0.010)
Constant -2.292 -2.839 -2.265 0.867***  0.901%**  (.887***
(2.441) (2.427) (2.409) (0.138) (0.138) (0.137)
Observations 841 841 841 841 841 841
R-squared 0.121 0.104 0.094 0.081 0.059 0.069

Notes: Regressions are OLS, with robust standard errors in parentheses. Dependent variables are
technological breadth and depth of knowledge. * p<0.05, ** p<0.01, *** p<0.001.

The effect of upstream alliance on breadth of knowledge is very small, but positive.

Overall, the R* of the model is very low indicating that the model leaves a large fraction

of variation in alliance patterns unexplained. However, as discussed earlier the estimates

are biased. So, I have employed 2SLS IV regression and the results are reported in Table

4.
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Table 4. Effect of alliances on the technological depth and breadth of knowledge

Dependent variables Depth Breadth
(1) (2) 3) “) (5) (6)
Upstream alliance -0.500%%* 0.061%**
(0.169) (0.014)
Horizontal alliance 0.263%*%* -0.006**
(0.067) (0.022)
Downstream alliance -0.591 0.013
(0.302) (0.018)
Science links 0.204* -0.436 -1.129 -0.022*%*  -0.008 0.008
(0.431) (0.380) (1.016) (0.015) (0.015) (0.027)
Alliance density 3.613 1.342 -0.083 0.025 0.075 0.107
(4.018) (2.509) (8.247) (0.120) (0.098) (0.200)
Alliance age 0.864%%  (.734%** 0.423 -0.129 -0.170* -0.208
(0.434) (0.098) (0.091) (0.069) (0.067) (0.109)
Firm age -0.654 -0.608 -0.004 0.052* 0.073** 0.104*
(0.081) (0.012) (0.024) (0.079) (0.072) (0.114)
Patent propensity (.1, 1.010* 1.346%%%* 1.792 -0.040%*  -0.047*** -0.057*
0.475) (0.397) (1.007) (0.013) (0.013) (0.026)
R&D intensity () -0.616 0.430%** 1.604** 0.021 -0.002 -0.028*
(0.687) (0.631) (1.806) (0.021) (0.022) (0.046)
Number of M&As (. 0.614 -0.319 -1.205 -0.029**  -0.008 0.011
(0.667) (0.585) (1.384) (0.016) (0.017) (0.035)
Constant 4.788 6.624** 7.780 0.711%%*%  1,184%** 0.424
(0.219) (0.195) (0.389) (0.166) (0.168) 0.377)
Observations 841 841 841 841 841 841
First stage regression
R-sq of excl. instrument  0.041 0.045 0.029 0.056 0.045 0.289
Wald test of exog. 19.677 14.774 13.056 19.167 12.775 14.157
(p value) (0.002) (0.000) (0.044) (0.001) (0.000) (0.044)

Notes: Regressions are 2SLS, with robust standard errors in parentheses. Dependent variables are
technological breadth and depth of knowledge. Number of alliances in the last 5 years (moving sum) is
used as an instrument for the endogenous variable i.e. for proportion of alliances in each model. * p<0.05,
** p<0.01, *** p<0.001.

According to equation (2) and the results in Table 4, I find a clear support of the
Hypothesis 1 that predicts that upstream alliance is positively associated with breadth of
knowledge (in Column 4). In Column 2, I find that horizontal alliance with rival firms
impact positively on the depth of knowledge of the focal firms. This supports the
hypothesis 2. Moreover, Column 5 indicates that the coefficient of horizontal alliance

variable has negative and statistically significant effect on depth of knowledge. This
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further strengthens that if the firms cannot increase its depth and breadth simultaneously,

then decreasing depth may be because of increasing breadth.

To test the third hypotheses whether the downstream alliance with pharmaceutical
firms can increase the technological depth, I estimated the model by focusing on the
proportion of alliance with pharmaceutical firms. The result is shown in Column 2. The
coefficient indicates that the alliances with pharmaceutical firms negatively related with
the depth of knowledge, but the coefficient is not significant. Unlike the universities,
partnership with pharmaceutical firms for marketing and commercialization knowledge

may not influence the technological depth of the biotechnology firms.

In all the columns in Table 4, I have introduced a new variable science link that
indicates the citations to scientific publications (non-patent references)'’. In Column 1-3,
we have tested the effect on depth and in the last 4-5 columns I tested the effect on
breadth. This supports the Hypothesis 4 that predicts that the scientific publication
positively associated with depth of knowledge. Interestingly, I have got only statistically
significant coefficient when I consider the upstream alliance. This also suggests that as
the firms increase their absorptive capacity by upstream alliance and simultaneously
develop room for exploiting the existing technology. So, I confirm that consultation of
scientific publications has significant impact on the knowledge development of the firm if

the firm has required absorptive capability.

' The Durbin-Hausman-Wu test indicates that even if I include the interaction terms i.e. citations to
scientific publication and proportion of upstream or downstream or horizontal alliances, I cannot reject the
null hypothesis that the choice of alliances of the focal firms are exogenous. So, the choice of 2SLS
estimations in this case also gives me consistent results.
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In all the models, I have controlled for R&D intensity, alliance age, firms’ past
Mé&As, patent propensity and firm age. The alliance age shows positive effect on
knowledge creation as new alliance has more impact on technological knowledge
development. In addition to these results, I find strong positive impact of the propensity
to patent on depth. These suggest that, as the innovation activities increases with respect
to the workforce of the firms, the firms depth of knowledge grows. So, the firms
specialize on particular technology with skilled workers. The results also show that,
newer firms are more efficient in developing depth of knowledge than the older firms.
Consistent with the literature that suggests new firms have more potentiality to use
cutting-edge technology and bring new inventions than the older firms, our result also

indicates that.

In sum, I have got support from the data for all the hypotheses derived from the
existing literature, except hypothesis 3. The results are novel and important especially
since other studies have not examined the relationship of two distinct dimensions of
technological knowledge and alliance choice. After controlling the potential endogeneity,
the results suggest that different alliance choice has different impact on the technological

knowledge development process.

2.6. Robustness checks
We have performed several sensitivity tests for the robustness of the results. The results
are reported in the Table 5. From the above section, it can be noted that the 2SLS

estimates may not give consistent results because of the possibility of correlation between
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the error terms (& and 9¥;;) in the equations (1) and (2). In other words, the 2SLS
estimator is consistent if Cov(Z,&) = Cov(Z,€|X,) =0 of equation (1) and (2).
However, as it was very hard to find good instruments, I tried to get consistent results
with several variables as instruments. In the models in Table 4 we used the number of last
5 years alliances (moving sum). Although, the F-statistics in the first-stage (Stock et al.
2002) indicates that the estimator is reliable, but because of the weak instrument problem
i.e. Cov(Xy,¢€)is very low or ¢ =~ 0, the 2SLS may be biased toward OLS estimate.

Hahn and Hausman (2003) argue that Jackknife 2SLS estimator 18

Back = (X{]ack Xl)’(m K) can give better results than 2SLS. Where X, is the
predicted value values of the endogenous variable, the number of alliance formation or
the choice of alliance partners, obtained using jackknife to construct the identified
instrument orthogonal to the error term in finite sample. In this way, the correlation

between &;; and J;; becomes zero and eliminates bias.

'® Limited information maximum likelihood (LIML) also useful provided the sample is small in size and
there are many instruments. Angrist et al. (1999) point out that the Jackknife IV estimate has the desirable
property of both LIML and 2SLS.
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Table 5. Robustness Checks

Dependent variables Depth Breadth
) 2) 3) “) &) (6)
Upstream alliance -0.091%#%* 0.012%*
(0.027) (0.002)
Horizontal alliance 0.128%*%* -0.003*
(0.033) (0.002)
Downstream alliance 0.028** -0.001
(0.010) (0.001)
Upstream alliance*
Research-1 university -0.101%#%* 0.004**
(0.025) (0.001)
Science links 0.407* 0.841%*  0.477** -0.024*  -0.038** -0.029%*
(0.190) (0.286) (0.176) (0.011)  (0.013) (0.011)
Alliance density 0.342* 0.592%*  0.673* -0.109  -0.394 -0.070
(7.111) (10.890)  (6.649) (0.415)  (0.498) (0.419)
Alliance age 0.933 -0.597 0.651 -0.133*  -0.097 -0.125
(1.093) (1.598) (1.024) (0.064)  (0.073) (0.065)
Firm age 1.360 3.287 1.669 0.016 -0.033 0.004
(1.191) (1.762) (1.116) (0.070)  (0.081) (0.070)
Patent propensity (., 0.452* 0.070 0.449* -0.022  -0.011 -0.020
(0.198) (0.300) (0.184) (0.012) (0.014) (0.012)
R&D intensity () -0.875*%*  -1.220*%*  -0.913** 0.032 0.041 0.034
(0.316) (0.458) (0.295) (0.018)  (0.021) (0.019)
Knowledge stock 0.031%** 0.040* 0.027%%* 0.001*  -0.011** -0.002*
(0.167) (0.286) (0.198) (0.067)  (0.598) (0.652)
Number of M&AS (1 0.601 1.239* 0.715* -0.033  -0.052* -0.040*
(0.345) (0.511) (0.322) (0.020)  (0.023) (0.020)
Constant -0.152 -0.502 -0.851 0.239*%  0.621%* 0.290*
(0.697) 0.671) (0.254) (0.103)  (0.271) (0.213)
Observation 583 583 583 583 583 583
R-squared 0.688 0.385 0.465 0.294 0.132 0.286

Notes: In the estimation, a subsample is made by eliminating data for the years 1995, 2000-2002 from the
full sample. Data shows that maximum number of patents was filed in these 4 years.

(1) Regressions are Jacknife instrumental variable, with standard errors in parentheses. Dependent variable
is logarithm of technological breadth and depth of knowledge. Lagged number of alliances in the last 5
years is used as an instrument. * p<0.05, ** p<0.01, *** p<0.001.

(2) In addition, in all the models firms’ previous knowledge stock and the states in which the firms are
located are controlled, but not shown. Knowledge stock is calculated as Knowledge stock;; =

Patent stock;;(1 — §) + npat;; Where, patent stock is measured as dividing the number of patent (firm-
year) by 0.23 (15% depreciation + 8% growth backwards in time'?). However, we have operationalized the
variable by the last 4 years knowledge stock for each firm. We have also controlled the States (location in
US) of the firms.

' Assuming innovation grows at an annual rate of 8% (Hall, 1990).
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Thus, following the literature, I perform Jackknifed modification of 2SLS regression
using the same instrument as before for all the models in Table 5. I estimate the models
with different sample specifications and control variables. From the Figure 1, I see that
the sample firms filed maximum number of patents during the year of 1995, 2000-2002.
So, as I have aggregated the number of patents to calculate the depth and breadth, we
dropped the data of these years and again. A number of studies show that industrial
clusters are strongly linked with the innovation process (Antonelli 2000; Martin & Sunley
2003; Thompson 2006; Ozman 2008; Uyarra 2010), and from our data we see that the
focal biotechnology firms are concentrated in few States in US like California, New
Jersey, Washington etc. Thus, it makes sense to control these States. In addition to that, I
also controlled the past knowledge stock of the focal firms. Here also we have found
consistent results as before. In all the models I have controlled for R&D intensity,
alliance age, firm age as before. Furthermore, following George et al. (2002), we have
also included a dummy indicating 1 when the client university is one of the Research-1
Universities as classified by Carnegie Foundation (1994)20. I have included an interaction
term of upstream alliance and Research-1 Universities to see if the positive impact of
upstream alliance on breadth of knowledge is driven by this subset of alliances. But, I see
no significant change in the previous results. In fact, unlike the 2SLS estimates, the
jackknifed modification of 2SLS estimation shows a positive impact of downstream
alliance on depth of knowledge (see Column 3). Overall, we conclude that my results are

robust upon performing various robustness checks.

 These institutions offer a full range of baccalaureate programs, are committed to graduate education
through the doctorate, and give high priority to research. They award 50 or more doctoral degreesl each
year. In addition, they receive annually $40 million or more in federal support: Source: A Classification of
Institutions of Higher Education, 1994 edition (Carnegie Foundation, 1994, pp. xix-xxi).
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2.7. Conclusion and economic implications

The aim of this paper is to reveal empirical evidence for the high-tech firms’ knowledge
creation process in course of their on-going invention activities. The paper describes the
relation between (a) alliances and knowledge depth and breadth and (b) scientific

reference citations and knowledge creation.

Motivated by the literature of economics in high-tech industry, I conceptualize that
firms generally search for sources of dissimilar knowledge to develop the variation in the
knowledge elements. As, alliances sometimes provide access to dissimilar technological
knowledge (Rosenkopf & Almeida 2003) that takes some times to disseminate in the
firms’ knowledge base. The firms, then, learn to use this knowledge more efficiently and
create excess resources. To explore these issues, I have calculated the depth and breadth
of technological knowledge by the IPC codes of the patents of the firms. Further, I have
categorized the types of alliances based on the allied firm’s industry. The results show
that university plays crucial roles in developing the breadth of knowledge while
downstream alliances contribute to the exploitation of knowledge gained from
fundamental research knowledge from universities. Moreover, I also find that the
partnership with the rival firms enhances the depth of knowledge. This is consistent with
the literature of high technology and alliance at the firm level. For instance, Mowery et
al. (1996) found that alliance participants in the same SIC codes exhibited lower level of
knowledge transfer (measured by changes in patent cross-citations rates) than
noncompeting firms. So, this explains why the horizontal alliance does not contribute to

the knowledge breadth. Although the previous literature focused on technological
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knowledge as a whole in this context, this paper distinguished the depth and breadth
dimensions of knowledge to get evidence how knowledge is developed at the firm level.
Since, it is very hard to capture the tacit part of the knowledge, I used alliance and patent

data for the US biotechnology industry to analyses the hypotheses.

As, invention comes either from combining these technological components i.e.
fundamental bits of knowledge (developed through broadening the knowledge base) in a
novel manner (Nelson & Winter 1982a; Weitzman 1996), or through exploiting and
reconfiguring existing combinations (Henderson & Clark 1990), the results clarifies the
inter-relationships between strategic alliances and knowledge creation process. However
my results show that the firms cannot manage all the information coming from different
sources. In other words, because of the information overload, if the firm has both
upstream and downstream alliances and upstream and horizontal alliances, the growth of
knowledge depth and breadth of the firms becomes slower compared the case that firm

has only one type of alliance at a time.

From the point of view of knowledge economics, the effect of basic research
(although ambiguous) is important. As, different technologies have a potential to cross-
fertilize each other (Granstrand 1998), after controlling for the Research-1 University (as
per Carnegie Foundation) in the robustness checks, I also have found positive association
of basic research from universities with breadth. However, establishing the causality that

university research increases the firm’s R&D (Jaffe 1989) and thereby knowledge depth
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is tricky, my results supports the hypotheses and not the vice versa, since I have taken

care of endogeneity.

The paper has several limitations. First, I have measured technological depth and
breadth from IPC codes, which gets changed over the long time. However, I have
assumed that the IPC codes remain the same in the study period. I have tried to capture
the effect of alliances on patenting activities and knowledge development of the 207 US
biotechnology firms. Without understanding the fact that who is citing whose patents and
where the scientific references are coming from (inside the firms or outside the firms),
the prediction is not as strong as it should be. I have also not captured the effect of
employee transfer form one firm to other. This might give us a better understanding of
tacit knowledge flow that also contributes to the knowledge base of the firms. So,
extending the datasets to other high-tech industries and collecting some additional
information of knowledge spillovers may generalize the results. Clearly, the next step in
this process is to investigate how alliances affect the knowledge creation process across
the industries and across the countries. Understanding more about these issues may

strengthen the findings of this paper.
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3

TECHNOLOGICAL DEPTH AND BREADTH OF KNOWLEDGE
THE ROLE OF MERGERS AND ACQUISITIONS

3.1. Introduction

Since the concept of Smith (1976) that workers can be differentiated in terms of their
knowledge stock, the role of knowledge, as a product of past and as a driver of future
technological change, has been at the center in the literature of the economics of
innovation. Studies show that firms often consider strategic alliances (Baum et al. 2000;
Rothaermel & Deeds 2006; Bercovitz & Feldman 2007; Lin et al. 2009b; Mukherjee et
al. 2012) and mergers and acquisitions (M&As) (Ahuja & Katila 2001; de Man &
Duysters 2005; Bertrand & Zuniga 2006; Reuer & Ragozzino 2008; Tsai & Wang 2008;
Makri et al. 2010; Valentini 2012) to increase their technological diversity (Miller 2006)
and innovation capabilities (Katz & Preez 2008; Chiang & Hung 2010). Pitts (1977)
suggest that the internal growth and growth through acquisitions are equally attractive
alternatives. Although, there is some evidences to the contrary (e.g. Ahuja & Katila 2001;
Ranft & Lord 2002; Bertrand 2009), most of the acquiring firms achieve negative results
such as decrease of firm performance, R&D capabilities, employment etc. after

acquisition (e.g. Lehto & Bockerman 2008; Ornaghi 2009; Stiebale & Reize 2011).
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Hence, there exist a long debate on the impact of M&A on the firms’ innovation
capabilities (Kogut 1989; Jensen 1993; Cassiman et al. 2005; Cloodt et al. 2006;
Valentini 2011) and thereby on the knowledge integration (Leonard-Barton 1995) and
production of the firms (Hagedoorn & Duysters 2002). Cassiman et al. (2005) argues that
the existing studies have results with a very high variance indicating that the conclusion
of these studies cannot be considered robust. In a recent study by Valentini (2012)
attempt to reconcile the mixed results, but this study does not take into consideration the
alliances and other integration strategies of the firms. Casal and Fontela (2007) argue that
despite of the importance of critical knowledge and capabilities, the transfer of
knowledge has received very little attention. Moreover, the type of the knowledge to be
transferred (Bresman et al. 1999; Hagedoorn & Duysters 2002), and the process of
knowledge integration (Haspeslagh & Jemison 1991; Larsson & Finkelstein 1999) are
essential for the successful transfer of knowledge in M&As. In sum, the existing
literature on knowledge diffusion and innovation and the empirical results are ambiguous
in describing the knowledge creation mechanism through M&As. In this paper, I argue
that the analysis of the breadth and depth of knowledge creation, two distinct horizontal
and vertical dimensions of technological knowledge, can advance our understanding of

the diffusion of the technological knowledge through M&As and their interdependence.

Recently, a number of studies emphasized on the technological depth and breadth of
knowledge in relation with innovation activities (e.g. Prencipe 2000; Wang & Von
Tunzelmann 2000; Katila & Ahuja 2002). Technological depth is referred to as the

analytical sophistication or specialization of a subject which becomes complex because
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of the cognitive difficulty in expertise or competence, while technological breadth is the
range of areas that have been investigated to develop a particular subject (Wang & Von
Tunzelmann 2000). In other words, depth is the degree of sophistication embodied in
knowledge components of an invention and breadth is the broader set of different
components embodied in an invention. Thus, it also becomes important to have a proper
“measure” of the depth and breadth of technological knowledge of the firms, particularly

in technology-intensive industry.

Using a unique data on a sample of 214 biotechnology firms headquartered in US, I
show how the acquiring firms develop the two distinct dimensions — depth and breadth of
technological knowledge through M&As choosing their potential targets. Notably, I
consider all the patents filed by these firms in US and other countries during 1984-2009
as products of inventions and measure the depth by the extent to which a patent draws
upon a certain technology (identified by International Patent Classifications or IPC
codes) more intensively than others and breadth®' by the range of new technologies (IPC
codes) included in patents. I aggregate the patent-year level data to firm-year level to

obtain technological depth and breadth of the firms.

This paper contributes in several ways. First, there exist only a limited number of
studies that focus on the direct consequences of M&As on firms’ technological activities

(e.g. Cassiman et al. 2005; Valentini 2012). As mentioned above, because of the

' T have found only a few patents without IPC codes and excluded them from the data. However their
effect is negligible compared to the total patent numbers in my database. Sometimes the patent may not
have main IPC codes as the invention cannot be fit into specified filed of IPC, but the patent has a set of
secondary IPC codes.
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conflicting results in the existing literature, it becomes difficult to understand the
production of technological knowledge through M&As. Our paper provides additional
insights into the role of M&A in creation of knowledge to fill up the gap in the emerging
related literature (e.g. Henderson & Clark 1990; Laursen & Salter 2006; Katz & Preez

2008).

Second, most importantly, it advances our understanding of the inter-play between
strategic alliances and M&As the type of partners, in creating breadth and depth of
knowledge in technology-intensive firms. As such it transcends the limitation of viewing
knowledge development is solely determined by strategic alliances. Because, recently

M’Chirgui (2009) shows that strategic alliances influence the technological change.

Third, diversity in technological knowledge can stimulate different ideas (Laursen &
Salter 2006), but if the firm lacks the expertise to resolve complex problems, these
potential ideas fail (Katz & Preez 2008). Thus, separating the types of M&As based on
industry, I find that related M&As (among similar industries) and unrelated M&As
(among dissimilar industries) positively impact the creation of depth and breadth of
knowledge respectively. This result serves as a useful perspective in M&A literature (e.g.
Hagedoorn & Duysters 2002; Cloodt et al. 2006; Danzon et al. 2007; Desyllas & Hughes

2010).

Fourth, the paper contributes methodologically by developing a unique measure of

the technological depth and breadth of knowledge from IPC codes. This differs from
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existing measures in the literature, which use backward patent citations (Katila & Ahuja
2002), in that it can better detect firms’ depth and breadth of knowledge. As another
methodological contribution, our econometric model addresses potential endogeneity
issues in the strategic initiative decisions for knowledge development process of the focal

firms.

3.2. Literature and hypotheses

The work of Theodore Levitt (1960) opened up a new avenue for many scholars by
pointing out how an entire industry shakes out because of technological evolution.
Among its findings, the most important and relevant concept is discontinuous
technological change or breakthrough innovation that can force many firms today to think
how to reconfigure their core technological knowledge, yet keeping their windows open
for diverse external knowledge to sustain innovation. In other words, a balance between
exploiting existing knowledge and exploring new knowledge are at the center of firms’
innovation strategy (Lerner 1995; Gupta et al. 2006; Raisch et al. 2009; Hoang &
Rothaermel 2010; Lavie ef al. 2010; Al-Laham et al. 2011). The competitive advantage
due to innovation of the firms depends on effective creation and leveraging of
technological knowledge. Thus, the study of Levitt raises question in relation with

technological knowledge production.

A technology can be defined as “a body of knowledge, tools, and techniques derived

from both science and practical experience, that is used in development, design and

application of product, processes, systems, and services” (Abetti 1989). The

43



technological knowledge production can be explained with resource-based and
knowledge-based views of the firms. The resource-based theory argues that it is the
ability of firms that helps to acquire, transfer and integrate the external knowledge (from
acquired firm in case of M&A) in to their own knowledge base for a competitive
advantage (Barney 1996). On the other hand, the knowledge-based theory considers a
firm as a source of different sets of knowledge (Lord & Ranft 2000). The unique
knowledge stock of the firms and the way they integrate®* and organized the knowledge
give them a competitive advantage (Winter 1987). A large number of recent studies have
argued that the knowledge-based theory is an extension of resource-based theory (Grant
1996; Malerba & Orsenigo 2000; DeCarolis 2002; Balogun & Jenkins 2003). This is
because a firm can be considered as a heterogeneous entity loaded with the intangible
resource i.e. knowledge (Hoskisson et al. 1999) which distinguish them in terms of their
capabilities to focus on R&D (Rouse & Daellenbach 2002). However, the firms require
dynamic capabilities to transfer, reconfigure and integrate internal, external and
complementary knowledge (Teece et al. 1997). The dynamic capabilities, thus, allow the
firm to respond to any challenges in the Schumpeterian competitive market. But the
question remains open how the firms assimilate and integrate technological knowledge
after acquiring it? The studies of Cohen and Levinthal (1989, 1990) contribute to the
literature in this context. They argue that the R&D activities broaden the absorptive
capacity, which is the assimilation of spillovers from external sources. This assimilation
depends on three characteristics of the knowledge —complexity, proximity and maturity.
The knowledge proximity depends on the firms’ institutional belonging that helps the

firms to absorb and assimilate the external knowledge regardless of its complexity.

** The synthesis of firm’s specialized knowledge into situation-specific knowledge (Alavi & Tiwana 2002)
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Hence, the study of Cohen and Levinthal (1989, 1990) argues that absorptive capacity is
a by-product of R&D activities. A number of studies also show that investment in R&D
increases the firms’ ability to exploit external technological knowledge (Henderson &
Clark 1990; Arora & Gambardella 1994; Henderson & Cockburn 1994). In fact, the firms
can assimilate knowledge when the external knowledge matches with the firms’
technological knowledge portfolio and transform it when the external knowledge does
not fit with the existing knowledge structure, (Todorova & Durisin 2007). Recent study
shows that the use of external knowledge in fact follow three steps —(a) adoption that is
awareness that certain technological knowledge exists and acquisition of potentially
valuable external knowledge by exploration, (b) rooting that is assimilation of valuable
new knowledge through transformation (if required), and (c) application that is use of
assimilated knowledge to create new technological knowledge and commercialize output
through exploitation (Komoda 1986; Steensma 1996; Lane et al. 2006; Camison & Fores

2010).

A substantial body of literature has recognized the importance of external and
complementary knowledge (Teece 1986; Cohen & Levinthal 1990; Antonelli 2000;
Lissoni 2001; Laursen & Foss 2003; Bertrand & Zuniga 2006) acquired through strategic
partnership, research joint ventures and M&As (Cohen & Levinthal 1990; Gomes-
Casseres 1996; Adams & Marcu 2004). These studies show that inter-firm knowledge
spillovers help in cross-fertilization of new ideas and create new technology. The need of
external technological knowledge and complement to internal R&D triggered by speed of

technological change often motivates firms to extend their resources through M&A
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(Hagedoorn & Duysters 2002; Villalonga & McGahan 2005). In a study of 9000 deals
between 1990 and 2000, Villalonga and McGahan (2005) find that the likelihood that a
firm would choose acquisition over other forms of collaboration increases with the
technological resources of the potential targets. Lerner et al. (2003b) show that firms can
acquire the portfolio of patents of competitors by M&A. Moreover, studies have also
found that firms often acquire alliance partners (Porrini 2004; Zollo & Reuer 2010).
Hence, the strategic decision of M&A to acquire new technological knowledge and
capabilities has become a well-institutionalized corporate phenomenon (Larsson et al.

1998; Uhlenbruck et al. 2006).

3.2a. Mergers and acquisitions (M&As) for knowledge production

Mergers take place when independent firms combine their resources and activities to
form a new entity. In particular, in case of acquisition, one firm gets control of majority
of the ownership of the acquired firm. The consequences could be two-fold in M&As.
First, because of the high R&D budget in the post-M&A period, fundamental research
projects get more attention and consequently the firms can increase their technological
capabilities (de Man & Duysters 2005). Second, firms can do more R&D by getting scale
and scope of economies than it could have done before acquisition (Cassiman et al.
2005). Some technological knowledge is tacit in nature and embedded in the
organizational routines. In transferring this tacit knowledge, the licensing and contracting
process play limited role (Mowery 1983). If the technological knowledge of the partner is
very important and complimentary to the firms’ existing knowledge stock for innovation,

M&A becomes the best strategic choice. Additionally, if the patents of the firms have
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high commercial importance over a long time, the firms are more likely to acquire
another firm (Higgins & Rodriguez 2006). This indicates a close link between
technological knowledge development and M&A activities. Hence, acquiring the
technologically rich targets provide the acquire an opportunity to expose to new and
diverse knowledge (Hitt ef al. 1996). The similarity between the technological knowledge
of acquirer and targets facilitates the exchange, combine and exploit what is already
known (Nonaka et al. 1996). On the other hand, acquiring complementary technological
knowledge (which is dissimilar in nature) increases the integrating costs (Katila & Ahuja
2002) because of the complexity and challenges (Grant 1996). In sum, the knowledge
development is largely affected by the similarity and complementarity of technological
knowledge in M&As. Yet, the common knowledge stocks of both acquirer and acquired
firms facilitate communication and integration between them, thereby expand the scope
of exploitation when the technological knowledge is similar enough for learning and
complementary enough to easily understand the uniqueness of the value. This suggests

the following hypothesis:

Hypothesis 1. Technology-based acquisitions positively affect the technological depth of

the acquirer’s knowledge.

3.2b. Types of acquisition targets for knowledge integration
The types of target firms in M&A determine the new variation in R&D output of the
acquirer. Ahuja and Katila (2001) argue that when large firm acquires small firms, the

deal significantly increases the innovation activities of both firms. However, later studies
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find positive impact of technology-based M&As 3

on post-merger innovation,
irrespective of the firm size (e.g. Cloodt et al. 2006). So, the question arises what factors
determine the development of knowledge portfolio of the acquirer. Studies emphasize
that the success in the post-M&A technological output depends on the strategic fit of the
partners. For instance, technological-relatedness of the partners helps to integrate the
technological knowledge of the R&D divisions of both firms (Hagedoorn & Duysters
2002; Cassiman et al. 2005; Cloodt et al. 2006). This is partly depends on the absorptive
capacity of the acquirer (Cohen & Levinthal 1990), because through M&As the firm
gains many knowledge components that may not be required for the firm’s present or
immediate future innovation projects. Controlling excess and variety of technologies is,
thus, become more costly than accessing those. Loasby (1998) suggests that the firm can
take advantage of only ‘crucial and manageable’ technologies for the innovation. Thus,
the stronger the firms are in their R&D efforts, the better they can access to and exploit
new complementary assets. In this way, the acquirer can only enrich its existing
knowledge from target firms of R&D in related technology as the existing technological
skills can leverage the absorptive capabilities with similar external knowledge. Moreover,
the technology relatedness in M&As reduce the R&D efforts, shorten the time horizon of
projects and more importantly, gives opportunity to emphasize on development over
research (Cassiman et al. 2005). In addition to this, experience in similar technology
domains likely to make the search process more predictable and more efficient (Lane &
Lubatkin 1998). However, there exist an inverted U-shaped relationship between the

technology relatedness and post-merger innovation performance in technology-intensive

* When the target firms provide the acquirer’s with necessary recombination benefits to develop the
knowledge base (Henderson & Cockburn 1996) and have granted patents (Katila & Ahuja 2002).
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industry (Cloodt et al. 2006). Hence within limit, the technology similarity within the
firms’ technological knowledge domain lead to local search and exploitation of existing

knowledge (Stuart & Podolny 1996). This suggests the second hypothesis:

Hypothesis 2: Technology-based acquisitions of firms in related industries positively

affect the depth of technological knowledge.

Technological knowledge complementarities facilitate exploration through
experimentation with new technologies (March 1991). The complementarity knowledge,
which increases the marginal return of it when it is combined with the acquirer
knowledge stock, diminishes the knowledge redundancy (unlike similarity of knowledge)
and can contribute to the radically new invention (Fleming 2001). The complementary
assets are not identical but they are independent and mutually supportive (Tanriverdi &
Venkatraman 2005). So integrating the complementary knowledge, the acquirer can
create additional, supper-additive ** value synergies that are not captured by the
technology relatedness. However, Katz and Shapiro (1985) show that firms that acquire
other firms outside their core competencies find difficulty in adding value to their own
R&D capabilities. Because, new knowledge from unrelated external knowledge base

needs resource and longer time-span to develop the required technological know-how.

Generally, firms acquire complementary assets (e.g. regulatory knowledge,

manufacturing and marketing capabilities) to increase innovation® capabilities through

** See Milgrom and Roberts (1990, 1995)
2 Defined as the commercialization of the invention.
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bilateral dependence between R&D and downstream activities with market-oriented firms
in vertical integration (Teece 1988, 1992). But horizontal acquisition with firms in the
same industry, for instance competitors, provides complimentary technological
knowledge to increase their R&D efforts (Capron 1999). The reason is the acquirer can
spread its fixed costs over more R&D output to increase in scale of R&D investments
(Bertrand & Zuniga 2006), although the decrease in technology competition by taking
over competitors might reduce the incentive to innovate (Reinganum 1983). As in the
case of taking over of competitors to gain the market power, neither a number of M&As
are solely for knowledge acquisitions nor the technology-based acquisition give only the
required knowledge. Thus, it is obvious that the acquirers get more knowledge from the

targets than it actually requires. This suggests the next hypothesis:

Hypothesis 3: Technology-based acquisitions of firms in unrelated industries positively

affect the breadth of technological knowledge.

3.2c. Pre-merger strategic alliances for knowledge production

A strategic alliance is a collaborative relationship among firms to integrate operational
functions and share risks by working together to achieve collective advantage. It can be
with universities and research institutions for scientific knowledge or with industrial
partners for technological knowledge. In most of the strategic alliances*°, the established
firms look for the external technological knowledge from the firms that specialize in

certain inventions. The primary motivation is to mitigate the R&D costs by increasing the

% Strategic alliances covers both market entry and technology-related motives, for a review refer to
Hagedoorn (1993). In the present context, I will consider only the latter case.
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network returns to scale (Shapiro & Varian 1998) and cross licensing that gives access to
multiple technologies (Grindley & Teece 1997). So, unlike M&As, strategic alliances
provide the firms with only required and relevant technological knowledge from a
particular technology specialized firm. In that way, firms can avoid information overload
and minimize the cost for selecting wrong technologies for which it has no expertise.
Clearly, in strategic alliances firms have two options — technology accession and
technology acquisition. As knowledge accession (rather than acquisition) is the main
advantage of strategic collaboration (Inkpen & Dinur 1998), the partnership helps to
govern cooperative efforts in knowledge creation by exploiting technology (Hagedoorn
1993). This supports the recombinant view of the firm where the firm has good control of
exploiting the existing knowledge. Moreover, firms in most alliances try to co-specialize
in technology that brings skills and firm-specific resources. In other words, both the
partners in strategic alliances focus their own technological knowledge that complements
the knowledge of their partner (Zeng & Hennart 2002). Given this importance, studies
have investigated the factors influencing strategic alliance choice (Hagedoorn 1993;
Oxley 1999) and its effect on economic and innovative performance (Gomes-Casseres ef
al. 2006). But analysis of the effect of these collaborations on knowledge production

remains a relatively under-explored area (Lin et al. 2009a; Yamakawa et al. 2011).

The invention is the process of combining knowledge components in a novel manner
(Nelson & Winter 1982b; Henderson & Clark 1990). This invention depends on two
types of knowledge — the scientific knowledge which is the core design ideas and the

technological knowledge which is the way to integrate the knowledge components (Makri
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et al. 2010). In addition to technological knowledge search, firms also require the
scientific knowledge because science helps to maintain absorptive capacity of the firm for
external technological knowledge (Cockburn & Henderson 1998). Hence, the scientific

knowledge provides the technique of exploring the technological knowledge.

3.2d. Collaborations with universities

Numerous studies point out that technology-intensive firms that maintain deep science-
based capabilities and strong collaboration with universities, can develop radical
innovation that combines significant technological novelty with fundamental research
(Christensen 2002a; Bercovitz & Feldman 2007). The university scientists and their
research activities are attractive for many firms in research-based industries, as new
technological opportunities come with the fundamental research from the universities
creating new competences (Poyago-Theotoky et al. 2002; Hall et al. 2003). Gomes-
Casseres et al. (2006) point out that universities often provide the solution to the
fundamental scientific questions and up-to-date information for patent races. So, as the
on-going innovation requires synthesis of distinct streams of technology (Argyres 1996),
the university-firm partnership has the potential to increase the diversity of new
knowledge. Moreover, requirement of scientific knowledge leads to exploratory learning

(Miner et al. 2001). This suggest the following hypothesis:

Hypothesis 4. The acquirer enters into alliance with university and research institutions

to develop breadth of technological knowledge.
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3.2e. Collaborations with industrial partners

In the strategic alliances, the trust building between the industrial partners (particularly
between competitors) is essential for knowledge sharing. Moreover, to get the tacit
knowledge, it is essential to have a long-term and stable”’ relationship between partners
(von Hippel 1998). Prior studies suggest that firm reduces information asymmetry about
the target’s assets and true value by forming alliances with the target (Porrini 2004). In
fact, minimization of information asymmetries in pre-merger alliance increases efficiency
of M&A to outsource external knowledge, even if it is tacit in nature (Higgins &
Rodriguez 2006). In many cases, it has been found that a series of strategic alliances
between partners increases the probability that one partner would acquire other
(Vanhaverbeke et al. 2002). Thus, repeating contract with the same alliance partners or
expanding a prior relationship and thereby focusing on a particular technological area
similar to that of firms’ present project can increase the depth of both partners. So,
strategic alliances may be considered as intermediate step to reach towards the M&A
process (Hagedoorn & Sadowski 1999). Moreover, alliance with rival firms®® in the same
industry often compensate the firms’ own technology leading to increasing depth of

knowledge. This suggests the following hypothesis:

Hypothesis 5: Strategic alliances with target competitors positively affect the depth of

technological knowledge of the acquirer.

7 Accessing and acquiring the other firms’ capabilities (ability to produce components according to the
required specifications) in unfavorable conditions may sometimes lead the high-technology firms to join
alliances and eventually the partnership becomes unstable (Lerner ef al. 2003a).

% Firms may find little incentive to share valuable technological knowledge with rival or potential rival
firms by strategic alliances. So, in horizontal alliances, knowledge leakage is one of the important concerns
of the firm. Sometimes the partners co-specialize their technological knowledge.
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3.3. The model

I develop a flexible model describing the production of technological knowledge, which
allows us to estimate the spillovers effect from different external sources when a firm
enters strategic alliances and technology-based M&As. I have assumed that the
information flows from partners are utilized for the innovation activities and

consequently the development of the firms’ depth and breadth of knowledge.

To test the hypotheses, I use the following knowledge production model
[1] KNWie = BiKNWie—1) + B7XE + B X7 + i + ¢ + &3
i=12,..Nfirmsand t =1,2,..T years
Where, KNW;, is the depth or breadth for the firm i in year ¢, X;* are potentially
predetermined but not strictly exogenous firm level controls, T =t or (t — 1) and X7
are endogenous firm level time-variant main explanatory variables of interest. Since the
production of knowledge is a continuous process, the outsourcing of the knowledge by
strategic alliances and technology-based M&A depends on the previous years knowledge
base, KNW; ;_1). This lagged dependent variable captures the dynamic adjustment of
knowledge production. A; are the measure of time-invariant variables affecting depth and
breadth utilized in the innovation activities. ¢, are the time-varying shocks. f;, B5*and
5" are the parameters to be estimated, where 85" determines the effect of alliances and
M&A and B5* determines the impact of firm level controls.
Equation (1) is an auto-regressive-distributed lag model of the form ADL (1,1),
p=q=1. &;; is the stochastic error assumed to be distributed independently across the firms

and years. I assume ¢, equals to zero without loss of generality (Rouvinen 2002).

54



3.4. Data and variables®

3.4a. The dataset

I have found 385 publicly traded biotechnology firms headquarter in US by looking at the
patents description from the Patent Board®. In particular, these firms are involved in
human therapeutics (in-vivo or in-vitro) discoveries during 1984 to 2009. With some
exception of these firms’ year of foundation, almost all the firms were founded in
between these years. So, I get all the patents”' of these firms applied to USPTO or EPO*%.
In fact, these patents are first applications in either of the patent offices. I considered the
date of patent filing to the patent office to capture the immediate effect of the invention.
From PATSTAT™ (April 2010), I extracted the primary as well as secondary IPC codes

of each patent. I discarded those patents that do not have any IPC codes.

I obtained all the alliance data of these firms from Recombinant Capital**. This data is
based on two crucial criteria: firstly the alliance involves cross licensing and, secondly, it
involves R&D and co-development agreements. Due to these restrictions the number of
firms with the alliance information shrinks to 214. I retrieve the financial data of these
214 firms from Compustat North America (Standard & Poor’s Research Insight). Finally,
for all these firms, I retrieve all announcements of completed acquisitions from Thomson

Reuter’s Security Data Corporation (SDC). The acquisitions meet the criteria that (i) they

¥ All the variables are defined along with the data sources in Appendix to Chapter 3

0 US-based leading independent provider of best research tools and matrices for patent analysis and
intellectual property investment

' T have checked fro the Patent Board that there are no patents application filed in 2010 by these firms.

32 United States Patent and Trademark Office (USPTO); European Patent Office (EPO)

¥ EPO worldwide Patent Statistical database created by European Patent Office covers patent office of
more than 80 countries.

** A California-based biotechnology consulting company that incorporates detailed description of alliances
of the global biotech and pharmaceuticals industries since 1973. The database is based on SEC (10-K, 10-
Q, S-1 and 8-K) and FDA filings, press release, industry conferences.
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are announced between 1989 and 2009 and completed no later than at the end of 2009,
(ii) the deal value is equal or greater than US$ 1 million, and (iii) that the acquirer
purchases more than 50% of the target. The SDC database also provides us with the four
digit North American Standard Industrial Classification (SIC) codes of the acquirers and
the targets.

I aggregated all the data to the firm-year level and obtained an unbalanced panel of

214 firms from 1989-2009, resulting in 4494 firms-year observations for the analysis.

3.4b. Variables

Dependent variables

I use patent data® to identify the information of the types of technology used for a
particular invention, because patents are one of the most prominent vehicles to diffuse
and appropriate knowledge. 1 constructed the two dependent variables, depth and breadth
of knowledge, following Katila and Ahuja (2002). Their study is exceptionally
noteworthy in measuring the depth and breadth. They measured the technological search
depth and breadth (scope) with the backward patent citations data. However, when the
firm develops a breakthrough invention, by nature of the invention and the patent, it may
not have any citations to prior arts (backward citations). Therefore, instead of considering
backward citations® of patents, as done by Katila and Ahuja (2002), I have taken the IPC
codes that directly measure the combinations of technology used in the inventions. Also,

unlike Lerner (1994), who used 4-digit IPC codes for the study of patent scope in

 For the importance and applicability of patent data for inventions see Griliches (1990) survey
% In case of breakthrough inventions that do not depend on the prior arts, it may become impossible to
capture the depth and breadth of knowledge by backward citations.
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biotechnology industry, I used 8 digit IPC codes, as two IPC codes can differ at many
levels.

I construct technological depth of knowledge by counting the repetition of
technologies (IPC codes) used in the focal patent, on average, in the patents the firm filed

during the last 5 years, such that

t—1
Zgl:(t)_g [NRepeatedipc] in

Depth;; =
Pt [Totaly.l

Where [NRepeated,,];; is the number of repetitions of IPC codes and [Total,.];;
is the total number of IPC codes of the firm i in year z.

The breadth is measured as the proportion of new IPC codes, which did not appear in
the previously 5 years of the firm’s focal year of patents. We construct this as

[NeWipc]it

Breadth;; = ———
red lt [TOtalipc]it

Where [New;,];; is the number of new IPC codes that do not appear in the last 5

years patents of the firm and [Total;

ipclit 18 the total number of IPC codes in the patents

of the firm i in year ¢.

Explanatory variables

The first part of the explanatory variables is related to fechnology-based M &As. This
variable consists of several parts. The sample firms may act as acquirer or they may be
acquired by some other firms. In the high-tech industry, such as biotechnology, the
purpose of the acquirer is to get the R&D effort of the targets to fulfill its future plan of
discoveries and breakthrough inventions. So, I have taken those cases when the sample

firms are the acquirer. To capture the effect of the acquisition, we constructed the
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variable by last 5-year moving sum®’ of number of acquisitions. To distinguish the effect
of M&As further, we separated acquisitions in two types. Following Higgins and
Rodriguez (2006), I considered unrelated acquisitions for target firms engaged in over-
the-counter or generic drugs, consumer products, medical devices and products and
manufacturing facilities. The related acquisitions are those when the target firms belong
to SIC 2833-2836 and engaged in only biopharmaceutical activities. I have used two
interaction variables to capture the effect of prior alliances with wuniversities and

competitors.

I have used firm-specific control variables that might impact the knowledge stock of
the firm. Scherer (1965) found that patenting is an increasing function of firm size. Larger
firms often have multiple projects running simultaneously and can thus potentially
exploit external knowledge better™ (Schmidt 2010). I therefore control for the firm size
by logarithm of number of employees. The skills and expertise of the workers affect the
knowledge development process. Thus, we control for the number of patents per workers
(Propensity to patent). Hall et al. (2005) argue that the heterogeneity across the biotech
firms are due to differences in R&D spending. I have included the logarithm of R&D
expenses. The financial condition of the firms affects the innovation activities. For this
reason, I have controlled for the leverage, measured by the ratio of debt to equity. As the
economic conditions may change over time that affects the innovation activities, we also

have included fixed effects for each year.

7 Higgins and Rodriguez (2006) find out that acquirers improve their innovation activities significantly in
the first year of post-merger.

¥ Smaller firms can take more risks than larger firms. Besides they are flexible to the change of
technological environment.
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3.5. Descriptive statistics

Table 1(a-b) and 2 show the descriptive statistics of the data and the pairwise correlation
among the variables, respectively. In Table 1a, I find that the depth varies between 0 and
39 while the breadth ranges from O to 1. Both variables are continuous. As breadth is a
ratio of new IPC codes (not used in the last 5 years) in the focal patents of firm i in year 7,
the value of the index cannot exceed 1, where 1 indicates that all IPC codes of that
particular year are new. Turning to Table 1b, I see that the maximum number of alliances
is 23, while the maximum number of M&As is one third of it. The correlation matrix
(Table 2) shows that the depth and breadth are negatively correlated (r=0.03), but it is
numerically very small. This indicates depth and breadth are created simultaneously in

the innovation activities.

Table 1a. Descriptive Statistics for the firms engaged in R&D related alliances and
acquisitions during 1989-2009

Obs. Mean  Std. Dev. Min. Max.
Depth 4473 1.08 2.68 0 39.11
Breadth 4473 0.23 0.34 0 1
Acquisition (5 yrs.) 3408 0.69 1.81 0 20
Related acquisition 4473 6.75 24.60 0 100
Unrelated acquisition 4473 242 14.55 0 100
Alliances (5 yrs.) 3408 6.46 9.55 0 92
Firm size (log of employees) 2418 -2.29 1.44 6.91 3
R&D expenses 2627 55.68 31.96 0 4597
Firm age 4473 21.04 5.40 7 48
Patent propensity 2418 31.08 64.38 0 1000
Sales growth 2151 7.48 256.43 -1 11879.50
Financial leverage 2655 0.20 7.17 -141.29 186.77

Notes: The depth and breadth have been calculated from 15422 patents filed during 1984-2009 in the
USPTO and EPO by 214 firms engaged in human therapeutics (in-vitro and in-vivo).

We considered only that M& As, where the firms are acquirers. The ‘related’ firms refer to those that
belong to SIC codes 2833-2836, i.e. those are engaged only in biopharmaceutical activities. The ‘unrelated’
acquisitions include over-the-counter or generic drugs, medical and consumer devices, manufacturing
facilities and organic and inorganic chemical research firms. Number of alliances and M&As are obtained
by 5 years moving sum.
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Table 1b. Number of strategic alliances and M&As during year 1989-2009

Min Max Min Max
Strategic alliances 1 23 Technology-based acquisitions 1 8
Number of alliances with universities 0 9 Number of related acquisition 0 8
Number of alliances with competitors 0 19 Number of unrelated acquisition 0 4

Notes: The minimum and maximum values are yearly basis. Alliances means when the sample firms plays
either R&D firms or clients or both. Acquisitions refer to the cases when the sample firms acquire other
firms. M&As data is taken from Thomson’s SDC and strategic alliances data is from Recombinant Capital.

The variance inflation factors (VIFs) of all the variables are below 5, confirming that
there is no problem of multi-collinearity. However, shares of alliances with universities,
pharmaceuticals, biotechnology or non-medical firms are constructed in such a way that
VIFs exceed 5 but remains below 10. We therefore entered universities and other

industrial partners stepwise in the models.
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Table 2. Correlation matrix for relevant variables used in the following analyses: System GMM in the Table 3-4.
The number listed horizontally across the top row correspond to the number and variables listed vertically on the table.

1 2 3 4 5 6 7 8 9 10 11
1. Depth 1.00
2. Breadth -0.03* 1.00
3. Acquisition (5 yrs.) 0.16%**  0.04* 1.00
4. Related acquisition 0.14%%%  0.06%** (0.34%*%*  1.00
5. Unrelated acquisition 0.01 0.04**  0.15%%* (.02 1.00
6. Alliance (5 yrs.) 0.41%%%  Q.13***%  (0.43**%k  (.31%% 0.07%%* 1.00
7. Firm size (Log of employees) 0.38***  (0.09%** (Q.50***  (0.28*** (.10*** 0.57***% 1.00
8. Firm age 0.11%%%  0.07***%  0.25%**%  0.14%%* (.07+%+* (.18%+* (0.24%**  1.00
9. R&D expenses 0.28***  0.01 0.44%*%  0.28%**  (.04* 0.50%*%  0.46%*%*%  (0.14***  1.00
10. Patent propensity 0.17#%%  0.26*** -0.10*%** -0.05** -0.01 -0.02 -0.16%%*  -0.08*** -0.06*%* 1.00
11. Sales growth -0.01 -0.02 -0.00 -0.01 -0.01 -0.02 -0.02 0.00 -0.01 -0.01 1.00
12. Financial leverage 0.08***  -0.00 0.03 0.02 -0.00 0.04* 0.03 -0.03 0.00 -0.01 -0.00

Notes: See Appendix to Chapter 3 for variable definitions.
* denotes significance at the 5%, ** denotes significance at the 1% and *** denotes significance at the 0.1%.
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3.6. Empirical approach
Equation (1) can bring some econometric issues. Since I have included the lagged
dependent variable, there would be an autocorrelation problem. Moreover, assuming the
error terms are serially uncorrelated, the vector 85" may be endogenous. This implies that
5" is correlated with €, and earlier error terms, but uncorrelated with &,y and
subsequent terms (Bond 2002). Moreover, some firms may have permanently higher
knowledge stock due to unobserved firm-specific effects. This could be, for instance, due
to a better absorptive capacity of technological knowledge for skilled scientists or past
innovation experience before the present study period. There may be the case that some
firms get the ownership of other firm’s patents by mergers for which they had no effort in
R&D (Lerner et al. 2003b). Besides, the firm often considers multiple strategic alliances,
as Mowery et al. (1998) emphasize that the history of prior interactions with potential
partners increases the absorptive capacity of both the partners. Prior alliances between
technology-transferring firms enhance the efficiency of the knowledge transfers (von
Hippel 1998). Thus, it is evident that the alliance decisions such as partner selection and
alliance scope are endogenous”. Oxley and Sampson (2004) also pointed out this issue.
In addition to that, there could be a serious endogeneity problem due to reverse causality

1.e. the knowledge base can influence the choice between strategic alliances and M&As.

Consequently, a series of strong assumptions would have to be imposed on the use of

panel data estimators. Because of the lagged variable on the right side of equation (2),

* The choice of strategic alliances and M&As depends on the net benefits of both the firms. Although,
technological alliances for specific technological developments can be rather inflexible since the firm may
not have full control, they are in general less costly and more flexible in the long run. Some firms forms
alliances even with the competitors if quick access to market and great return are at the target.
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OLS and classical error components estimators will be biased. As I do not have detailed
information of the properties of error terms, maximum likelihood estimators would also
be imperfect. To eliminate the effect of firm specific fixed effect A;, first differenced
equation by two-stage least square (2SLS) can be used (Anderson & Hsiao 1981). But the
2SLS estimator is asymptotically inefficient and does not account for all available

orthogonality restrictions (Bertrand & Zuniga 2006).

As a solution to this situation, Arellano and Bond (Arellano & Bond 1991) proposed
a first differenced generalized method of moments (GMM) for a dynamic panel model,

which is given below for Equation (1):

[2] AKNW;, = BiAKNW o1y + BEXAXEY + BSMAXE™ + Ay, + Mgy,

The approach generates orthogonality restrictions by introducing all possible lags of

explanatory variables as instruments. The orthogonality conditions are:

E(KNWy_mlAey) =0 fort =3..T,n > 2

E(Xi(t_n)Agit) =0 fOT' t=3..T,n>21

However, Bond (2002) shows that this first differencing may perform poorly if the series
are close to being random walks. Later, Arellano and Bover (Arellano & Bover 1995)

suggest that the moment conditions*® can increase the efficiency of the estimator by

40 The additional moment conditions are:
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adding the original equations in levels to the system. The method estimates level equation
together with equation (2). The procedure is called system GMM. For the differenced
equations, lagged and future differences of the R&D expenses, propensity to patent, sales
growth and last three years number of alliances are used as instruments. Firms generally
invest more effort into current technological activities if the demand for their products,
based on the current technologies, is increasing (Wu & Shanley 2009). For this reason, |
have used sales growth of the firm as one of the instruments in differenced equations. We
have operationalized the variable by considering the previous year’s sales growth. These
instruments are valid because they are correlated with the firms’ R&D activities but not
with the time-invariant effect or current error terms. Blundell and Bond (Blundell &

Bond 1998) suggest that the estimator can solve weak instrument problems.

To analyze the effect of strategic initiatives on the knowledge production with the
equation (2), I applied two-step difference-GMM to get more robust and efficient
estimation than the one-step procedure. However, I have estimated the model by two-

stem system GMM for sensitivity analysis.

3.6a. Results
Table 3 reports the effect of technology-based M&As and prior alliance on the

production of technological depth and breadth of knowledge. In all the tables, lagged

E(A; + &, AKNW(,_1)) = 0 fort = 3,4,...,T
E(A; + &, AXyc—1)) =0 fort = 3,4,...,T
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dependent variables are included according to Equation ). Baltagi (2008 p. 154)
argues that the estimated asymptotic standard errors would be downward biased due to
small sample. So in all the models we used a ‘Windmeijer correction’ (Windmeijer
2005). We reported the first and second order serial correlations. Note that we can reject
the null hypothesis in the first order, but not in the second order, which is consistent with
Arellano and Bond (1991). The Hansen J-statistics for overidentifying restrictions does
not reject the null, indicating the validity of the instruments. The F-tests (not reported) in
all the regressions indicate that independent variables are not jointly equal to zero at any

conventional significance level.

*' T have also checked the lagged depth in the model of breadth and lagged breadth in the model of depth.
But I did not find any significant change in the results, which I therefore do not report, but can be requested
from the authors.
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Table 3. The effect of M&As and alliance on the knowledge production: Differenced-GMM-two-step robust estimates

Depth Breadth
€9) (2) 3) “4) &) (6) (N (8
Depth 1, 0.062%*  0.042* 0.054**  (0.039%#%*%*
(0.08) (0.09) (0.09) (0.09)
Breadth ., 0.172%* 0.183%* 0.141%* 0.164*
(0.07) (0.07) (0.08) 0.07)
Acquisition (5 yrs.) 0.267* 0.008 0.046**  0.201** -0.028***  -0.008** 0.033%** 0.015
(0.25) (0.44) 0.27) 0.21) (0.03) (0.05) (0.05) (0.04)
Acquisition 2 (5 yrs.) -0.009* 0.002
(0.02) (0.00)
Related Acquisition 0.030%* 0.002*
(0.02) (0.00)
Unrelated Acquisition -0.028 0.012%%*
(0.02) (0.10)
Acquisition (5 yrs.)*Dummy -0.023 -0.036 0.017 -0.015%**
university alliance (0.06) (0.05) (0.01) (0.01)
Acquisition (5 yrs.)*Dummy 0.068**  0.016 -0.046 -0.043
competitor alliance (0.17) (0.13) (0.03) (0.03)
Firm Size 0.968 0.916 1.086%*  1.513 0.042 -0.005 -0.010 0.034
(0.88) (0.88) (0.76) (0.95) (0.12) (0.10) (0.10) 0.11)
Log of Patent propensity (. j 0.258**  0.131 0.199 0.227 -0.169%**  _0.176%**  -0.149%*%*  _(.148***
(0.22) (0.24) (0.28) (0.26) (0.04) (0.03) (0.04) (0.04)
Log of R&D expenses (.1 -1.016 -0.859 -0.851 -1.028 -0.251* -0.251%%* -0.2527%%* -0.270%*
(0.62) (0.58) (0.64) (0.56) (0.10) (0.09) (0.08) (0.10)
Financial leverage 0.017* 0.016* 0.026* 0.019%* -0.002 -0.012 -0.003 -0.003
(0.01) (0.01) (0.01) (0.01) (0.00) (0.00) (0.00) (0.00)
Observations 852 852 852 852 852 852 852 852
Arellano-Bond test for AR(1)-p 0.029 0.036 0.010 0.028 0.000 0.000 0.000 0.000
Arellano-Bond test for AR(2)-p 0.560 0.601 0.410 0.632 0.803 0.736 0.956 0.959
Hansen J-stat.-p 0.332 0.360 0.356 0.213 0.427 0.587 0.528 0.709
Diff.-in-Hansen GMM instr.-p 0.065 0.100 0.197 0.117 0.473 0.569 0.371 0.157

Notes: Instruments for the level equations are number of alliances in last 5 years and sales growth. A maximum of two lags are used.

In all the models state of firms location and industry effects are included but not reported.

Hansen test statistics of over identifying restrictions, tests for correlation among residuals and instruments, are reported (p-values only). The validity of the
additional moment conditions for the level equations is shown by difference Hansen tests. The p-values for the first and second order serial correlations AR(1)
and AR(2) are shown. Robust standard errors are in parentheses. * denotes significance at the 5%, ** denotes significance at the 1% and *** denotes significance
at the 0.1%.
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Focusing first on the effect of acquisitions, I note that the coefficient of the acquisition
variable is positive and significant Column 1 supporting the Hypothesis 1 that predicts that
technology-based acquisitions positively associated with the depth of knowledge of the
focal firms. The coefficient for the number of acquisitions in the last 5 years (shown in
Column 1) is statistically significant at the 90 percent level of confidence. The coefficient
of the squared value of acquisition variable is negative and significant indicating a non-
linear relationship with the depth of knowledge (Column 2). Thus the positive relation
starts to decrease after a certain number of acquisitions by the focal firms. In addition to
Column 1, we find the support in Column 3 and 4. Column 2 captures the effect of
acquisitions whether there is a limit of acquisitions. Hypothesis 2 states that the related-
acquisitions have positive effect on depth of the knowledge. Form Column 3 confirms that
the related-acquisition affects the depth of knowledge positively. Similarly Column 8
shows that the unrelated acquisitions are positively related to breadth of knowledge that
supports out prediction stated in Hypothesis 3. From the data I have found that all the
firms have at least one strategic technology-based alliance before acquiring other firms.
To find out the role of these prior alliances, I have constructed two interaction terms. First,
I have included the interaction between the numbers of acquisitions as a 5-year moving
sum and alliances with universities including research institutions. Second, we took the
interaction term between the same acquisition variable as before and alliances with
competitors. As expected and described by the Hypotheses 5, Column 3 shows that the
firm has prior alliance with their competitors for increasing depth of knowledge. However,
as predicted and motivated by literature, the effect of the prior alliance with universities is

negative on breadth of knowledge.
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Across all tables and results a couple of observations can be made from the control
variables. As can be expected, the propensity to patent measured by the number of patents
per employees or the employee productivity is significantly positive for depth of
knowledge. This indicates that the skill of the workers play important role in assimilating
and exploiting the existing knowledge. The number of employees as a proxy for the size
of a firm is positively related with depth and it is statistically different from zero in most

models.

3.6b. Sensitivity analysis

For robustness checks, some specification of the sample has been changed. As, the data
shows large number of patents in the year 1995 and 2000-2002, the regression was run on
the reduced sample eliminating data for these 4 years. Additionally, I have controlled for
sub-industry as within the biotech industry there are many sub-industry for instance
biological products, in vitro and in vivo diagnostics, medicinal chemicals etc. The
biotechnology industry is highly concentrated in some of the States of US, for example
California, New Jersey, Massachusetts etc. I have controlled for the States. Following the
definition of exploration alliances given by literature (Koza & Lewin 1998; Lane &
Lubatkin 1998; Rothaermel 2001; Rothaermel & Deeds 2004), I have also included effect
of exploration alliance as an interaction term with number of acquisition variable. The
firms’ learning process and getting close to the tacit knowledge motivates the exploration
alliance (Lane & Lubatkin 1998), which improves the absorption capacity of the firms.
We have estimated the model with the sample by two-step system-GMM. Table 4 reports
the results for the effect of acquisitions and the interplay between alliance and M&As. 1

find the results are robust and there is no significant shift of the direction of the effect.
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Table 4. Sensitivity analysis: System-GMM dynamic panel-two-step robust estimates

Depth Breadth Depth*Breadth
) 2) 3) “ ) (0)
Depth (., 0.331%*  (0.322%*
(0.12) (0.11)
Breadth (., 0.060**  0.070*
(0.20) (0.21)
Depth*Breadth 0.156%**  (0.149%**
(0.18) (0.18)
Acquisition (5 yrs.) 0.032* 0.061** -0.000 -0.017 0.093**  0.083*
(0.56) (0.64) (0.08) (0.09) 0.17) (0.16)
Related acquisition 0.017** 0.001 0.000
(0.03) (0.00) (0.01)
Unrelated acquisition -0.042 0.005** -0.010
(0.06) (0.00) (0.02)
Acquisition (5 yrs.)*Exploration  -0.028 -0.046 -0.008 -0.009 -0.019 -0.021
alliance (0.09) (0.06) (0.01) (0.01) (0.02) (0.02)
Firm size 0.682 0.508 0.561**  0.606** 0.908* 0.850%*
(2.15) (1.83) (0.20) (0.21) (0.44) (0.35)
Log of patent propensity (., 2751%%% 2 567*** 0.071 0.111 0.568* 0.598*
(0.72) (0.73) (0.09) (0.09) 0.27) 0.27)
Log of R&D expenses (1 0.368***  (0.321 -0.532%* -0.482 -0.235 -0.178
(1.87) (1.56) (0.26) (0.29) (0.52) (0.44)
Financial leverage 0.011 0.010 0.000 0.001 0.010 0.008
(0.02) (0.02) (0.00) (0.00) (0.01) (0.00)
Firm age 0.022 0.081 0.278 0.215 0.620 0.759
(0.88) (0.37) (0.67) (0.71) (1.61) (1.61)
Observations 653 653 653 653 653 653
Arellano-Bond test for AR(1)-p 0.029 0.015 0.001 0.001 0.012 0.009
Arellano-Bond test for AR(2)-p 0.745 0.775 0.285 0.204 0.755 0.720
Hansen J-stat.-p 0.391 0.266 0.236 0.372 0.380 0.318
Diff.-in-Hansen GMM instr.-p 0.802 0.886 0.752 0.387 0.974 0.906

Notes: Instruments for the level equations are number of alliances in last 5 years and sales growth. A
maximum of two lags are used.

In all the models state of firms location and industry effects are included but not reported.
Hansen test statistics of over identifying restrictions, tests for correlation among residuals and instruments,
are reported (p-values only). The validity of the additional moment conditions for the level equations is
shown by difference Hansen tests. The p-values for the first and second order serial correlations AR(1) and
AR(2) are shown. Robust standard errors are in parentheses. * denotes significance at the 5%, ** denotes
significance at the 1% and *** denotes significance at the 0.1%.
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3.7. Discussion and conclusion

In this paper I try to investigate the impact of technology-based M&As and prior alliances
on the depth and breadth of knowledge by considering the dynamics of knowledge
production. We use a sample of US biotechnology firms that are engaged in human
therapeutics during 1989-2009. Overall, the results suggest that prior alliance with
universities or research organizations and acquiring unrelated technological firms
increases the breadth and diversity of their technological knowledge. Besides that, prior
alliances with competitors in the same industry (other biotech firms) and related
technology-based acquisitions help to increase the depth of knowledge. This has important
implications as it shows that firms must be very selective in choosing their partners and
targets, because their knowledge stock has significant impact on the breadth and/or depth
of the R&D activities of the firm. Grossman and Hart (1986) pointed out that mutual
collaboration agreements are incomplete contracts. So, an optimal level of integration is
needed for both the firms to be productive. Moreover, prior literature shows that there
exists an inverted U-shape relation between number of partners and knowledge creation
process. For instance, Sampson (2007) points out that the speed of knowledge expansion
reduces gradually as the firm reaches its maximum amount of manageable technology.
Thus, in spite of a positive relation of alliances with the depth of knowledge, firms also

increase their breadth of knowledge.

Most of the time, firms have shorter time-horizon of alliance partnership than the

R&D timeframe in the high-technology industry (Hoang & Rothaermel 2010). So, it also

becomes challenging to leverage the internal depth and breadth of knowledge by external

70



sources through alliances. Firms try to acquire or merge with other firms for the
complementary resources in such situation. My findings indicate that the biotechnology
firms can increase their depth of knowledge by outsourcing knowledge from partners in a
similar industry (by allying with competitors or through M&A with biotechnology or
pharmaceutical firms). However, engaging in strategic alliances with rival firms may lead
to leakage of critical information or technological know-how. This might jeopardize the
existing competitive advantage of the biotech firms. Moreover, partners sometimes cannot
decide whether to disclose important knowledge (Rosenkranz & Schmitz 2003) and to
what extent. Thus, to increase depth with similar partners a long-term relationship (may be
in terms of strategic equity alliances) may be more desirable than ownership by
acquisition (Monteverde & Teece 1982). The longevity of the partnership increases in case
of co-operative specialization of technological knowledge and decreases with the
developed competitive similarities of both partners capabilities (Nakamura et al. 1996).
Thus, managers may need to allocate more resources to internal R&D in order to build up
technological breadth before they require particular complementary knowledge from rivals
that increase depth of the firms. In this way they may be able to prevent unwanted

spillovers of knowledge to potential competitors.

Having a clear picture of the relationship between R&D partners and knowledge
production (depth and breadth), it becomes easier for firms to reduce the costs of
searching appropriate partners and to reach optimal number of R&D collaborations. This

explains the view of Fleming and Sorensen (2001), who argue that firms have difficulties
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to combine technological knowledge components when the number of interactions among

components (from different sources) increases.

This paper has some limitations. First, I used the reported R&D expenses to control for
the knowledge development process. Compustat reports only internally sponsored R&D.
Although this data can reveal the effect of internal finance constraint of small firms, for
larger firms with better access to external R&D investments the data fails to capture the
effect of other research grants and external research support that biotech firms might have
obtained to complement their internal R&D. Second, patent data are considered as noisy
as it cannot take into account all the inventions that a firm is currently working on and that
contribute to the knowledge development process. However, as a number of studies have
used patent data as codified indicators of inventions, the results of the present study,
which are based on all documented innovation activities, are comparable with a substantial
body of prior research*?. Third, because the inventors’ and firms’ names were not matched
in the PATSTAT database, the data did not provide patent information of the client firms
involved in the strategic alliances. It would be interesting to investigate whether both the
partners are jointly working on the invention process and whether this could allow for a
more direct measurement of knowledge spillovers. Fourth, as the present study is limited
to one industry, future studies may investigate other industries, or analyze cross-industry

samples, to see if and how much my results are specific to the biotech industry.

> See a number of studies (e.g. Jaffe e al. 1993; Cassiman ef al. 2005; Grimpe & Hussinger 2008; Valentini
2011)
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To conclude, the empirical results in this paper substantially support the theoretically
developed expectations and highlight R&D collaboration strategies of high-tech firms that
combine technological knowledge from different types of partners, of collaborations
(alliances and M&A), and integrate knowledge for developing depth and breadth. In doing
this, the study helps to clarify the complex strategic selection process of partner and target
firms for the joint production of technological knowledge and sheds some light on the

complicated symbiosis of alliances and M&As in innovation activities.
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4

INNOVATION AND THE ROLE OF FAMILY OWNERSHIP

4.1. Introduction

Recession is a cleansing mechanism that eliminates firms, which are unable to innovate
(Klette & Kortum 2004; Aghion et al. 2008). Recent studies in economics and finance
indicate the astounding differences in innovation activities across the firms, explaining the
variations in resource endowment and goals for returns on investments to the owners. One
stream of literature focuses on the dynamics of ownership structure and R&D investment
decision (e.g. Lee & O'Neill 2003) that influence technological innovation i.e.
commercialization of technological invention. It argues that the insider owners expropriate
the outside investors by diverting the corporate resources for their personal interest (La
Porta et al. 2000; Lemmon & Lins 2003). This implies an adverse effect of ownership, as
increasing ownership concentration may decrease innovation activities. However, one
salient example that has attracted much attention of financial economics and corporate
governance studies is the role of family ownership on firm performance. Family firms are
those where a founding family exerts power over the organization and its strategic
direction through ownership, top management or board positions (Villalonga & Amit

2006, 2009)*. Recent studies indicate that the family firms perform better than the non-

* Some studies typically establish the minimum control threshold such as 5, 10 or 20 percent for family
owned firms (La Porta et al. 1999; Faccio & Lang 2002).
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family firms (e.g. Villalonga & Amit 2006). This is because the founding families, who
are the major shareholders, can effectively monitor the innovation activities of the firms
with insider knowledge of R&D (Shleifer & Vishny 1986). Anderson and Reeb (2003)
also argue that families hold their stakes for a long time, so they have an exceptional
foresight for predicting firm performance. On the other hand, Morck et al. (2005) find that
both the concentration of ownership and the control in the hands of families can have
negative effect on the firm value. The negative effect is also supported by Faccio et al.
(Faccio et al. 2001) and Eddleston and Kellermanns (Eddleston & Kellermanns 2007), for
instance. These ambiguous results in literature open an avenue for further research to find
out the role of family ownership on firms’ innovation activities™. It can also raise the
question why potentially innovative firms do not simply change the allocation of
ownership if e.g. foreign owners are better suited to invest in new technological projects.
Moreover, the existing studies indicate that the type of ownership concentration
endogenously determines the innovation capability of a firm. Thus, it becomes necessary
to know about the economic determinants that drive the family firms to retain their
holdings and yet successfully innovate in the long run, which is also unclear from the
literature. Moreover, in spite of a large number of studies that show a positive impact of
institutional ownership on the R&D expenditure (Eng & Shackel 2001; Aghion et al.
2009) and distinguish the performance of domestic-owned and foreign-owned firms
(Bloom & Van Reenen 2010), there is no empirical clear picture of the impact of family

ownership on innovation.

* With Italian data, Mazzola et al. (Mazzola et al. in press) try to explain the conflicting results of family
ownership on firm performance (not on innovation). However, they did not consider the potential
endogeneity issue.
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In this paper, I have used a unique panel data to analyze the effect of family ownership
on the innovation activities of Indian firms and propose a model to explain how the family
ownership and innovation decisions are jointly determined. The data used consists of
percentage of all equity holdings of different owners including founding families and
other accounting and financial measures of the 395 Indian firms between 2001 and 2008.
These firms have all the patent records in EPO PATSTAT (2010) database. The main
distinguishing features of my data is that I can observe more precisely the equity holding
information from 2006 onwards due to the disclosure rules (Clause 49) in India during
2005-06 as much of the data filing to Securities and Exchange Board of India (SEBI®)
became reliable. The panel data structure also shows us within-firm variations in
innovation. In addition to control for time-varying decision of the firms to remain family
owned and other sources of endogeneity, I have applied system GMM estimators

(Arellano & Bover 1995; Blundell & Bond 1998).

I first analyze why the family firms are more likely to be innovative, a largely unclear
question in the innovation economics and management*®. OLS regression supports the
negative effect of family ownership on innovation activities of the firms. However,
consistent with the large strand of corporate finance literature (e.g. Shleifer & Vishny
1986, 1997; Anderson & Reeb 2003 etc. ) that shows positive relationship of family
ownership with firm performance, our results indicate that increasing the family

ownership the firm increases the innovation activities. This also supports the finding of

* India’s securities market regulators

*® While some studies find positive effect of family ownership on firm performance as mentioned above,
recent studies e.g. Chen and Hsu (2009) on Asian countries, Munari et al. (2010) on UK and European
countries; and Munoz-Bullon and Sanchez-Bueno (2011) on Canada reveal a negative impact of family
ownership on R&D investment.
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Klette and Kortum (2004) that shows a strong positive impact of R&D (innovation) on
productivity (performance). However, the crux of the paper is not only to find out a robust
relation between family ownership and innovation but also to address a blurred area in the

literature of corporate governance explaining why such relation exists.

Villalonga and Amit (2006) argue that the role of ownership should be investigated in
three dimensions-ownership percentage, management and control. With a hand-collected*’
data of CEO on the board or top management of the firm (proxy for family control), I
believe that my results have significant contribution to the literature of corporate

governance.

Next, I analyze the impact of Indian family firms affiliated to business groups on the
innovation activities. Business group, or business house, is a collection of affiliates, which
are often publicly traded independent of each other. The system is considered to evolve in
late 18"™ Century when British East India Company lost its monopoly over trade in India.
Because of the fact that the groups create their virtual (internal) capital markets (Manos et
al. 2007), the family firms affiliated to groups can pool and reallocate the funds according
the to the investment opportunities. Although, a large number of studies have recognized
that group evolved in the developing countries to mitigate the distortion of the labor and
capital market (see for example, Claessens et al. 2000; Khanna & Palepu 2000).
Moreover, the group-affiliated firms can share group-wide reputation that gives access to
external creditors (Chang & Hong 2000). Although, the large business groups in India are

mostly family owned firms started by family founder, there is no study to date to examine

*7 CMIE Prowess does not provide the CEO details.
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the effect of these affiliated family firms on innovation*®. Analyzing the Indian data,
Khanna and Palepu (2000) and Sarkar and Sarkar (2000) document the performance of the
Indian group affiliated firms. Particularly, the study of Khanna and Palepu argue that
family ownership impacts the performance of group affiliates. But, the study is
inconclusive to identify the innovation activities of affiliated family firms. After
controlling for firm fixed-effects I find that affiliation to top business groups does not
guarantee improvement of innovation. Moreover, unlike existing studies, our analysis is
more detailed as I have separated the group affiliations of these family firms in three

categories top 50, large and other.

The observed positive selection of increasing the percentage of family ownership and
utilizing the R&D for increasing the number of patents are consistent with the prediction
of our model in which the target number of patents with more R&D investments depends
on the initial factors of the family firms. In my model, I demonstrate how the selection and

innovation decision jointly determined.

Finally the relation between innovation and family ownership clarifies why large
number of firms remains family owned and controlled across the world. More generally
the fact that family firms typically have less debt, so even though these firms are badly
managed (Bloom & Van Reenen 2007), they don’t fall into the prey of competitive
advantage trap. Bloom and Van Reenen (2010) find that these firms only have to cover the

operating costs (e.g. salaries and wages), but not the capital costs like rent of the property

48 Working on European firms Belenzon and Berkovitz (2010) and on Asian firms (Korea and Taiwan)
Mahmood and Mitchell (2004) show positive impact of group firms (may or may not be family firms) on
innovation.
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or equipment as these were typically bought outright many years ago. This is also a
fundamental question in the economics of industrial organization area as it generates
economic losses by subsidizing them through cheap capital. I addressed this in the Indian

context.

4.2. Theoretical framework

4.2a. Ownership structure, family ownership and business groups

The role of ownership structure on the innovation activities has got the attention of
economists since Berle and Means (1932). Their study argues that more concentrated
ownership leads to stronger link between owners interest and management behavior that
increases the profit of the firm. The theoretical underpinning of the linkage between
ownership structure and agency costs is provided by Jensen and Meckling (1976). They
highlighted that owners with high stakes generally have strong incentives to maximize the
firm value. The question is who are these owners? They could be an individual, such as
manager, a family or family groups, financial and non-financial institutions etc. Fama and
Jensen (1983) find that when managers own significantly high amount of stocks, the
dominate the Board of Directors and expropriate the corporate wealth. On the other hand,
families, holding majority of the shares, are interested in increasing the benefit and profits.
Extant literature considers families as a special type of owners of the firm. Using a sample
of German firms, Andres (2008) argue that families often invest large part of their
personal wealth in their firms. So they have a strong attachment to their business.
Moreover, families retain a longer horizon in their ownership which positively influence

the their investment decision and their relationship with customers and suppliers.
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However, in some cases, founding families sell the firms in the capital market or to the
outside investors, keeping their control over the firms to increase their own welfare.
Landes (2006) show that the firm performance decreases when the controlling families
continue in their third and fourth generation. However, most of the works in finance and
corporate governance literature have evolved against the backdrop of developed countries
and very little is known (empirically) about such issues in emerging economy, particularly

India.

The ownership of firms is highly concentrated in developing countries®, particularly
in India, the ownership structure differs from that of UK and US, as large shareholders
who are also CEO or Board of Directors controls the management. Under new regulation
of SEBI, the equity holdings are divided in promoters and non-promoters. Promoters’
holdings include domestic and foreign and non-promoters holdings include institutions
and non-institutions. The promoter is a person who has an overall control over the
resources of the firms in the post public offering. For protection of the outside investors,
SEBI requires that in post public offerings the promoters must continue to hold 20 percent
shares for minimum of 3 years. By analyzing 500 largest listed firms, Chakrabarti et al.
(2008) document that on average the Indian promoters own about 53 percent of the shares
of the firms compared to 19 percent by Indian corporate bodies and 16 percent by foreign
institutional investors. In India, the family ownership is based on pyramiding, cross-
holding and family trusts, which are according to Jackling and Johl (2009) cause unique

agency problems between owners and managers. This contradicts the findings of

* The characteristics of ownership structure are reported in details for 2980 listed firms of nine Asian
countries in Claesssens et al. (2000).
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Villalonga and Amit (2006). With Fortune 500 firms data, they show that family

ownership is an effective way of mitigating the owner-manager conflict.

La Porta et al (1997) indicate that there exists weak legal framework in protecting
investors right in the emerging countries. Moreover, in a situation of capital market
imperfection, firms often look for internal accruals to start new business venture (Riyanto
& Toolsema 2008). In such situation firms are often form a wider business network,
known as business groups which consists of a number of groups managed by a common
group of insiders (Gopalan et al. 2007). The Indian business groups are mostly family
owned. Khanna and Palepu (2000) in the Indian context find that largest and most
diversified business groups perform well as they can get the benefits of political
connections. However, in a business group the influence of controlling shareholders on the
firm performance depends on the degree of control (Claessens et al. 2000). According to
Hoskisson et al. (2002), the majority shareholders of the firm can influence the allocation
of scarce resources in competing investment such as innovation and monitor the utilization
of the investments. This suggests that the existence of the group affiliated family firms can

influence innovation activities.

4.2b. Family ownership and innovation

Large shareholders, typically founding families of firms, are the owners and controllers of
most of the firms around the world (Villalonga & Amit 2009). For instance, studies
documents that one-third of S&P 500 (Anderson & Reeb 2003) and Fortune 500 (Shleifer

& Vishny 1986) firms are family firms. Faccio and Lang (2002) show that 44 percent of
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5,232 firms of Western European countries are family owned. Even in the East Asian
countries, more than two-thirds of the firms are family controlled (Claessens et al. 2002).
However, La Porta et al. (1999) observe that the wealth concentration in a single entity
(e.g. founding family) may lead to greater risk aversion and thereby slowing down the
growth of economy5 0. So, it is desirable to diversify risks across the different shareholders
and a recent study of Aghion ef al. (2009) on US public firms shows that this is a key to
the success in promoting innovation. The basic question then is, why these firms across
the world remain family-controlled and successful in innovation? The studies of Anderson
and Reeb (2003) and Villalonga and Amit (2006) indicate that the family firms often
combine economic objectives with the traditional roles of family social unit. But Faccio et
al. (2001) argue that if several family members become the major owners or occupy
management position, the firm performance deteriorates. Thus, if innovation is the
pathway through which the new technological knowledge from R&D leads to superior
firm performance (Kline & Rosenberg 1986), the relationship between family ownership

and innovation activities remains unclear.

However, an emerging consensus that comes out of the literature of corporate
governance is the relation between family firms and firm performance, but both positive
and negative. Studying the developed economy, like US market, Holderness and Sheehan
(1988) argue that the performance, as measured by Tobin’s Q, of non-family firms
exceeds that of the family firms. Miller et al. (2007) empirically find that when family

business that involves several family members as major owners or as managers, do not

% However, Sarkar and Sarkar (2000) find that Indian firm value increases if the holdings of directors
exceed 25 percent.
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show superior market valuations. The agency theorists, like Fama and Jensen (1983)
argued that family management can solve the agency problems that could arise in other
ownership structure, because family firms are better at protecting minority shareholders.
This indicates that the families are likely to hold their voting rights when monitoring
employees is high for competitive advantage that can benefit other shareholders
(Villalonga & Amit 2010). Contrary to view, the later studies showed that family firms
indeed suffer from agency problems arising from the nature of relationship of owners of
the firms. For instance, Faccio et al. (2001) conclude that family ownership is one of the
causes of East Asian crisis as it does not always benefit the minority shareholders because
of the low transparency. Thus, the entrenched family control decreases the economic
growth rate, as Morck et al. (2000) find out in the Canadian economy. Interestingly, later
study by Anderson and Reeb (2003) and Bertrand et al. (2008) show the opposite results.
Villalonga and Amit (2006) have also reported that the firm value increases when the
founder serve as CEO or as Chairman of the board with hired CEO. Recently, Maury
(2006) and Barontini and Caprio (2006) also find the similar results comparing the family-
owned firms with non-family firms of European countries. Analyzing the eight East Asian
economies, Claessens et al. (2002) show that the market-to-book value of asset has
positive relation with the cash flow from the largest shareholders. Similarly, the study of
Lemmon and Lins (2003) also show that East Asian firms with higher extent of

controlling family ownership perform well.

To explain the mixed results, one stream of literature focused on the separation of

ownership and control that can affect the firm performance. Demsetz and Villalonga
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(2001) argue that without differentiating the ownership from control, the performance of
the family firms cannot be correctly identified. However, Jensen and Meckling (1976) find
that the separation of ownership and control decreases the firm value (e.g. Jensen &
Meckling 1976), because it becomes difficult to align the actions of managers and interest
of owners of the family firms. Thus, in spite of relatively large number of studies focused
on the family ownership and firm performance, conflict of interest between controlling
families and minority shareholders lie at the center of the corporate governance literature

(Shleifer & Vishny 1986).

The basic question then is: can the theoretical arguments unequivocally predict the
relationship of family-ownership and innovation success from this literature? Geroski
(2005) observes that the direct effect of innovation activities on the firm performance (or
vice versa) is relatively small. However, the studies on innovation argue that the persistent
innovation strategy can strongly predict higher firm performance (e.g. Hall et al. 2005).
Thus, the conflicting results in the literature’' of family ownership and firm performance
is not enough to draw a conclusion of the relationship of family ownership and innovation.
However, studying the Fortune 500 firms, Shleifer and Vishny (1986) report that the
founding families generally have insider knowledge of R&D activities that influence the
innovation. In fact their later study reveals that more cash flow rights of the founding
families in their business give them stronger incentives to monitor management (Shleifer

& Vishny 1997). Thus, by holding large share ownership of the firms, the founding

>! However, there may exist some problem with these performance indicators in the study of emerging and
transition economies. For instance, positive return on equity (ROE) does not always reflect profitability of
the firm, since the ratio of two negative variables can give positive value.
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families invest more in R&D (Block 2012). Considering the argument of neo-classical
theorists (like Romer 1990), it is obvious that the intentional investment of the founding
families in R&D 1is conducted with the increasing returns to scale which may come
through successful innovation. Moreover, developing the regional innovation systerns52
(Cooke et al. 1997), family firms can innovate more than non-family firms. Moreover, as
the size distribution of private returns from innovation is skewed to the right and returns
from innovation requires long time after the investment for innovation (Scherer 1998), the
long term orientation of the founding families to the firms and transfer of family

ownership from one generation to the next make the role of family ownership interesting

to examine in relation with the innovation activities.

Literature on innovation shows that the firm’s ownership structure positively
influences the R&D spending (e.g. Lee & O'Neill 2003) and number of patents (e.g.
Francis & Smith 1995; Czarnitzki & Kraft 2009) which have been used as proxy in
various studies (e.g. Griliches et al. 1987; Hall 1993) and if investment in R&D generates
new technological knowledge (Aghion & Howitt 1992) then it is expected that ownership
structure and particularly family ownership has some impact on innovation activities. The
underlying interesting fact is that the input (research efforts- e.g. R&D expenses) and the
output (patent numbers or number of products) can be observed from available data, but
the intention of the owner (inventions) is not. So to capture this effect, the present study
uses patent-R&D ratio (proxy for innovation productivity), following Lanjouw and

Schankerman (2004).

>* Firms systematically interact with universities, technology transfer agencies, banks etc. (Dosi 1988)
through an institutional environment of a particular region.
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4.3. Specification of econometric model
As the empirical studies show mixed results, recently King and Santor (2008) argue that
this could be due to incorrect model specifications and incorrect model estimation because

of unobserved firm heterogeneity that biased the results.

To examine the relation between family ownership, proxied by the percentage of
equity holdings and innovation, proxied by patent-to-R&D spending, I start with the
knowledge production function developed by Griliches (1979). It is generally used to
examine the impact of investment in firm’s R&D and patent applications. The basic model
has been modified in various studies according to the further factors influencing the
internal characteristics of the firm and external factors of the market where the firms

operate.

Suppose, Y;; 1s the innovation productivity of heterogeneous domestic firms due to the
input for innovation (e.g. percentage change in shareholdings) of the firm, assuming that

the firm maintains other input factors constant over the period of this study.

Following a similar model by Shyam-Sundar and Meyers (1999), I can write the

innovation production equation as

(1) Yie = Bo + P1Zit + 6V + D + €

Where, Y;; is the innovation productivity of the firm 7 in time . §; captures the effect

of percentage of shares held by the owners of the firm, Z;; is the firm specific factors that
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determines the ownership structure and innovation activities, directly or indirectly and
includes the treatment variables. V indicates the industry dummies, while D, imply the
dummies for each time spell (not time counter exactly but time counter of each spell e.g.
2001-2005 and 2006-2008). €;; is assumed to be idiosyncratic error and is an unobservable

term of firm i in time ¢.

Studying the impact of privatization on firm performance, Earle and Estrin (1997) and
Demsetz and Villalonga (2001) find out the problem of endogeneity. The reverse causality
that ownership structure is affected by innovation activities can be tackled with several
approaches. For example, Smith et al. (1997) control for the simultaneity by analyzing the
data with two-stage Tobit least-square methods, while Mueller et al. (2003) used binary
logit regression. Generally, families (or promoters), compared to the average investors,
have longer stakes in the firms, allowing them an exceptional foresight in predicting future
performance (Anderson & Reeb 2003). So, the family ownership is potentially correlated
with all error terms, time varying components and firm specific fixed effect. It may also be
influenced by the serially uncorrelated measurement errors. In recent years, Benfratello
and Sembenelli (2006) used IV-GMM technique to examine the foreign ownership on
total factor productivity of Italian manufacturing firms. As the instruments help to find the
exogenous variables uncorrelated with the dependent variable and strongly correlated with
the endogenous variables, IV-GMM estimator solves the moment conditions imposing
orthogonality between the error term and the set of instruments (including the exogenous

regressors).
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In this study, I have dealt with the endogeneity in two phases- first I adopted two-stage
least square (2SLS) estimates using three instruments last 5 years total assets, employee
compensation and wage intensity (see Appendix to Chapter 4). The regression gives us
positive effect of family ownership on innovation productivity, as opposed to the OLS.
But the result is not statistically significant at the 5 percent significance level. However, it
gives some indication in support of the instruments. So, following Nickell et al. (1997), in
the second phase I have applied GMM estimation approach as proposed by Arellano and
Bond (1991)>. As our sample has short time dimension (8 years) with 395 firms, I have
found system GMM estimators (Blundell & Bond 1998) that allows for possible
endogeneity of independent variables like family ownership, domestic and foreign

ownerships.

So, I further improve our model for the analysis. I consider that the firm follows the

below condition for its survival in the market

(2) Yie —Yi1=p (Ylt - Yit—l) + Ut

Where, Y;;_4 is the productivity in (t-1) and ft) is the target productivity of the firm in
terms of both increased investments in R&D and number of patents, assuming that the
firm employs its maximum investments of its shareholders in the innovation activities. p

determines the speed of productivity so that the firm survives and 0 < p < 1.

>3 Although Griliches and Mairesse (1995) and Blundell and Bond (1998) argue that for production function
estimation regressors first-differences are possibly weakly correlated with their lagged levels, as many
economic variables evolve in a random walk fashion at the micro level. So GMM estimator may not give
consistent results.
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The following situations may happen:
If p > 1, the firm has excess inventions for patenting at time ¢ and it does not want to

increase its productivity in near future, while p = 0 indicates that the firm thinks that its

present productivity can place it in better market place in future i.e. f{ = Y;;. However,
p = 1 means that the firm has a plan to increase its productivity because its present R&D

activity is not enough to get the competitive advantage in future.

This leads us to get an optimal level of production of firm that can be represented by

the following equation

3) Yie =X 1 V) Ziie + @ie + X Dic + S¢ + 03¢
Where, @;; is the vector of firm’s unobservable individual characteristics, Dy, is the
industry dummies for k industry. S; indicates the year spell dummies and 9;; is the iid

error term.

Plugging equation (3) into equation (2), I obtain

n

4) Yi—Ye = PZ¢jzk,it+P‘Pit+PZDk+PSt+P19it_PYit—1 + Uy
' k

j=1

or,

n
B) Yiu=QA-p)Yy,+ Zplpjzk,it+P(Pit+ZPDk+PSt +p 9 + uye
j=1 k

Rearranging the terms I get,

(6) Yie =&Y q + Z;'l=1 @ Lyie + 1 + 6 +de + €5t
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Where,

§=(1-p), aj = pYj, Ui = PPit, O = ZP Dy, di=pSe € = (pVir + Usr)
k

Here, I can consider the lags in the innovation system and for unobserved individual
factors that are time-variant, for instances the technological knowledge of the scientists in
R&D, by allowing p;; = npe—1) + €j , to be first order autoregressive, [n| < 1

From equation (6), I find that

n

n
(7) YVie =&Y + z @ Ly ic — nz @ Zyie-1) t e + 6 (1 —n) +de —nd_; + €
= =

4.4. Data description

To estimate the equation (7), I have selected Indian firms with active R&D and those are
listed in Bombay Stock Exchange (BSE). These firms are required to follow the norms set
by SEBI for announcing financial accounts. Moreover, the BSE has the second largest
number of domestic quoted firms on any stock exchange in the world after NYSE. This
provides us around 4,000 firms from the PROWESS’* database available through Center
for Monitoring the Indian Economy (CMIE 2008). I got the accounting and financial
information of these firms from this database. In addition to that I have added the
information whether the founders or member of founding families are in CEO or in Board
of Directors from the website of the firms and annual reports. 1 have extracted the entire

patent filing information from PATSTAT (EPO) and found that around 10,000 active

* A comprehensive database contains data on firms’ accounts, backgrounds & corporate governance and
share prices since 1990 for large number of companies. The database includes all firms traded on India’s
major stock exchanges and several others including public sector enterprises. The database has been used by
several papers on Indian firms e.g. Khanna and Palepu (2000); Sarkar and Sarkar (2000); Bertrand, Mehta
and Mullainathan (2002) etc.
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patents filed by Indian firms in various patent offices around the world. As my intention is
to track the invention activities of the firms, I consider the patent filing year (first filing) as
the reference year for my database. The patent application filing indicates that the firm has
undergone invention activities. The next difficult thing is to match these two datasets, as
there is no single common identifier. Moreover, it is obvious that all firms may not have
active patents or do not file patent applications at all. Since PATSTAT has raw data of all
the patents filed by more than 80 countries around the world in different patent offices, the
hard task is to clean the database for use. I have cleaned the names of Indian firms>> and
taken these firm names (strings) to match with the firm names obtained from PROWESS.
I used the Levenshtein distance algorithm (sometimes called edit distance) for coding and
grouping the firm names. Using the codes, I have manually picked up the firms with
similar names. This provides us with matched 428 firms that have active patents. As the
ownership data is available from 2001 to 2008 in the PROWESS database version I have,
after matching the two datasets, excluding state-owned firms (where Government holds
more than 50% of shares of the firms) and dealing with missing data, I have 395 firms

with 7065 patent and other financial data.

4.5. Variables

My main interest is to investigate the family ownership concentration on innovation
activities. I have chosen the dependent variable as innovation productivity, which I
measure as the number of patents per unit of R&D spending. To compare the our results
consistent with the literature (Griliches et al. 1987; Hall 1993), I have also included the

number of patents and R&D intensity as proxy for innovation. Following Khanna and

> I have also taken the help of Magerman et al. (2009).
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Palepu (2000), I have considered the percentage of shares held by family as an individual
or group as a proxy for family ownership, which is the main explanatory variable. In
addition to our estimation consists of a dummy indicating 1 if the minimum threshold
family ownership is 20 percent, O otherwise. However, in the robustness checks I have
included 10 and 30 percent ownership threshold. To find out the effect of family members
in management, we enter a dummy variable indicating 1 if the founder(s) or the members
of founding family are in CEO position or in the Board of Directors. To understand the
effect of business groups (business house) I calculated three interaction terms depending
whether the firm has family ownership and fall into one of the three categories top 50
business groups, large business group and others. The business group is a dummy variable
(1 whether the firm is affiliated to any business group, O otherwise) provided by the
PROWESS database and based on business group size, group activities including

qualitative judgments.

A number of control variables were included®. The size of the firm indicates the
present and future prospects of innovation. Momentary increase or decrease of sales
provides a signal of firm performance. I include log of sales to control for the size of the
firms. The age of the firm is also important. Many studies on innovation have taken the
number of scientists or employees or age of the firm in this respect. I have included the
log of age to control for the experience of the firm, following the studies of Love et al.
(1996) and Cohen and Klepper (1996) that found positive impact of age on innovation.

The past knowledge stock significantly contribute to the present innovation activities as

56 All the variables with their definitions and data sources are shown in the Appendix to Chapter 4
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innovation depends largely on the combination of existing technological knowledge. So,
the last 4 years’ patent numbers (calculated by perpetual inventory method) have been
taken to deal with the effect of past knowledge of the firms. Bloom and Van Reenan
(2010) show that foreign-owned firms employ more advanced management practices than
domestically owned firms. So, I have controlled the shares owned by foreign corporate
bodies and institutions. I have constructed industry dummy equals to 1 if the firm belongs
to manufacturing, information technology and chemicals®’, 0 otherwise. Securities and
Exchange Board of India (SEBI) has implemented a new regulation in 2006 that makes
compulsory to disclose detailed information on corporate governance and equity and share

holdings. I have two year-spell dummies year 2001-2005 and year 2006-2008.

Several instruments have been tested for the analysis. For example, ROA, leverage,
total average assets etc. However, I find three important variables useful. In literature of
innovation, it seems widely accepted that the technological knowledge spillovers and the
factor demands are substitute, given that this flow decreases the labor cost. It also
indicates the structure of employment; a higher share of qualified employees results in
higher per capital wages, reflecting a higher absorptive capacity of the firm. Moreover, in
the family business, where lower levels of management hierarchy exist, the employee
compensation costs at the operation level are consequently even higher. Werner et al.
(2005) also find that the compensation strategy is a function of ownership structure. So I
used the last 5 years average compensation and wage intensity (measured by wages over
sales) as instrument. In addition to these, I have included last 5 years moving average

assets of the firm. Along with these three instruments I have instrumented the endogenous

> These industries have maximum number of patents in the sample
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regressor i.e. family ownership in the system GMM model by a variable business risk,

constructed by standard deviation of sales divided by total assets, as family firms affiliated

to business groups generally diversify business risks among the group members.

Table 1: Correlation matrix

Variables (1) 2) 3) &) (5) (6) 7 8)
Innovation productivity (1) 1.00

Family ownership (%) (2) 0.12% 1.00

Foreign ownership (%) (3) 0.03* -0.01* 1.00

Knowledge stock (4) 0.04*%*  0.02* -0.02*  1.00

Total sales (5) -0.03 -0.05 -0.02 -0.05 1.00

Firm age (6) -0.07%* -0.13%%*  0.01 0.08  0.10%** 1.00

Total assets (7) -0.04 -0.05* -0.03 -0.04  0.83**%* (0.11**% 1.00

Employee compensation (8) -0.04 -0.04 -0.02 -0.07  0.42%*%%  (.10%** (0.55%*%* 1.00

Notes: The numbers listed horizontally across the top row correspond to the number and variables listed
vertically on the table. *p<0.05, *p<0.01, *p<0.001

4.6. Descriptive statistics

Tables 1 and 2 represent the correlation matrix and the summary statistics respectively of

the continuous variables of interests. From the correlation matrix, I see the family

ownership is positively correlated with the innovation productivity. Moreover, the family

ownership is negatively associated with the size (total sales) and age of the firm. This

suggests that older firms absorb more investments for their invention activities.
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Table 2: Summary statistics

Panel A Family Firms Non-family Firms
Number of firms 278 117

Mean SD Max Mean SD Max
Innovation productivity 0.62 2.74 41.18 0.59 3.75 60.00
R&D intensity 0.10 3.12 125.60 0.01 0.02 0.19
Number of patents 3.04 9.92 113.00 2.75 20.10 282.00
Family ownership (%) 5.69 14.16 80.18 0.45 2.13 19.17
Indian corp. promoters (%) 5.90 14.23 78.58 3.53 11.71 73.70
Foreign corp. promoters (%) 0.92 5.81 90.00 2.67 11.61 76.00
Knowledge stock 287.25 31444 164548 387.68  994.49 4509.43
Total sales 1181.57 6266.81 139269.46 449578 2031520 270582.36
Total assets 1404.74 6982.89 150149.41 3670.76  13466.44 136872.50
Firm age (years) 32.71 20.28 108.00 43.77 20.00 90.00
Employee compensation 106.59  549.56  9553.51 231.62  711.03 8069.15
Panel B Group Firms Standalone Firms
Number of firms 197 198

Mean SD Max Mean SD Max
Innovation productivity 0.60 3.45 60.00 0.63 2.72 41.18
R&D intensity 0.02 0.08 1.21 0.12 3.63 125.60
Number of patents 4.34 18.89 282.00 1.56 5.79 69.00
Family ownership (%) 2.45 9.35 72.02 4.19 12.15 80.18
Indian corp. promoters (%) 7.40 16.24 78.58 1.55 6.44 66.32
Foreign corp. promoters (%) 1.16 6.42 51.59 247 11.48 90.00
Knowledge stock 39042  708.99  4509.43 181.01  187.80 821.96
Total sales 1699.18 729998 139269.46 2795.06 16410.78 270582.36
Total assets 1898.09 8022.15 150149.41 2368.95 10976.94 136872.50
Firm age (years) 39.58 22.08 108.00 33.01 18.97 90.00
Employee compensation 140.84  578.88  9553.51 152.79  637.58 8069.15

Notes: Total number of firms 395. Family firms refer to those where the found families hold more than 20%
of shares or the founding family members are in CEO position or in Board of Directors. Group firms are
firms affiliated to business groups.

The summary statistics show that, out of 395 listed firms 278 firms are family owned
and 197 firms are affiliated to business groups. The family firms hold maximum of 80
percent shares while the group affiliated family firms hold maximum of 72 percent of
equity shares. Obviously, the firms holding more than 72 percent are standalone firms. In
terms of innovation activities, the mean of innovation productivity and R&D intensity are

higher for the standalone firms compared to business groups. Interestingly the family
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firms are younger compared to non-family firms, while the total sales and total assets are

lower in the family firms than the non-family firms.

4.7. Results

Table 3 reports the OLS estimation of the level Equation (1). I have documented the
results separately for the group firms and standalone firms in the Table 3. The coefficients
of family ownership show negative impact on both number of patents and innovation
productivity. But these are not statistically significant. This is almost the same result as
Leech and Leahy (1991) found significant negative relationship between ownership
concentration and profitability and growth. Although, the model can explain large
variation of the data, indicated by high R-squared, the estimates are heavily biased
because of unobserved heterogeneity (as Z; and €;; are correlated). Suppose the
idiosyncratic error varies over individuals and time, such that €;; = v; + u;;,

Where, v; is the founding family specific time-invariant unobserved heterogeneity e.g.
unobserved technological skills that remain constant over time. But the estimates still

violate the assumption of OLS that Z;; is uncorrelated with both v; and u;;.
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Table 3: Effect of family ownership on Innovation

Dependent variable

Number of Patents

Innovation Productivity

Panel A: Group firms Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Family ownership (%) 0.202%* 0.210 -0.434 -0.021 -0.021 -0.053
(0.094) (0.109) (0.476) (0.012) (0.012) (0.050)
Family CEO -1.889 0.250
(5.155) (0.943)
Family ownership (%)*dummy
family holding min 20% 0.620 0.031
(0.420) (0.047)
Firm size 1.898 1.994 1.781 -0.622 -0.643 -0.625
(1.470) (1.654) (1.528) (0.356) (0.383) (0.358)
Firm age -0.695 -1.233 -0.719 0.355 0.425 0.317
(2.102) (2.523) (2.210) 0.414) (0.401) (0.388)
Knowledge stock 0.049%%*  (0.049%**  (.049%** 0.000 0.000 0.000
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001)
Foreign ownership (%) -0.164 -0.163 -0.112 0.006 0.006 0.012
(0.188) (0.179) (0.128) (0.014) (0.016) (0.020)
Constant -5.515 -4.450 -2.819 4.575 4.499 4.838
(0.905) (0.262) (0.918) (0.918) (0.780) (0.044)
Observations 178 178 178 164 164 164
R-squared 0.743 0.753 0.744 0.143 0.144 0.148
Panel B: Standalone firms
Family ownership (%) -0.080** -0.105%* 0.120 -0.090* -0.091 -0.112
(0.031) (0.038) (0.164) (0.044) (0.048) (0.070)
Family CEO 8.849 -2.148
(5.160) (2.359)
Family ownership (%)*dummy
family holding min 20% -0.193 0.018
(0.160) (0.044)
Firm size 1.330* 1.853* 1.324* -1.011 -1.255 -1.038
(0.662) (0.822) (0.655) (0.575) (0.699) (0.597)
Firm age -12.708* -11.560* -12.617* 1.642 1.553 1.584
(5.841) (4.733) (5.877) (1.928) (1.795) (2.058)
Knowledge stock 0.002 -0.005 -0.001 0.004 0.005 0.004
(0.011) (0.014) (0.013) (0.003) (0.004) (0.003)
Foreign ownership (%) 0.208%**  (.282%* 0.227%** -0.047 -0.071 -0.049
(0.055) (0.092) (0.063) (0.026) (0.043) (0.027)
Constant 0.641* 0.168* 0.201 0.193 0.552 0.836
(0.024) (0.026) (0.042) (0.023) (0.081) (0.069)
Observations 62 62 62 58 58 58
R-squared 0.446 0.498 0.422 0.312 0.327 0.309

Notes: The sample is an unbalanced panel of 395 firms that filed 7065 patents in different patent offices

around the world during 2001-2008. The observation used is 2396.

All models are estimated by OLS regressions. Asymptotic standard errors robust to heteroscadasticity and

autocorrelation of arbitrary form are shown in parentheses. *p<0.05, **p<0.01, ***p<0.001. Family
ownership (%) variable is measured as the percentage shares held by Indian individual and Hindu undivided
families (as individual or group). In all models Industry and year effect are included but not shown.
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The effect of time invariant covariates did not show up in fixed effect regression
models (not reported) as the effect cancels out by the within transformation. So it becomes
hard to identify weather the family firms hold more shares (i.e. more cash flow rights) in
reaction to superior performance of the firm or the return on their investment (including
personal wealth) to the firm due to successful innovation triggers more investment to the
firm. If the simultaneity exists, the family ownership variable would be upward-biased. As
in the fixed effect model I permit the family ownership variables to be correlated with the
random individual specific effects, it should minimize the endogeneity. So if the decision
of family ownership is correlated with some unobserved variables, I assume that they are
correlated with only time-invariant components of the unobserved variable, captured by
the individual specific effects. In other words, the fixed effect model can give us
consistent estimates of the marginal effect of regressor (FOC) provided the regressor is
time varying, even if it is endogenous. But, I did not find results different from OLS.
Following Wooldridge (2002), 1 also performed the Wald test using cluster-robust

standard errors (not reported) and found that the model is not appropriate.
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Table 4: Effect of family ownership on innovation

Dependent variables Number of Patents Innovation Productivity
2SLS LIML 2SLS LIML
Model 1 Model 2 Model 3 Model 4

Family ownership (%) 2.716 3.803 2.581 0.327
(2.659) (3.848) (7.655) (0.216)

Family CEO -0.487 -0.717 -0.801 -0.409
(5.033) (5.240) (2.073) (0.431)

Family ownership (%)*dummy

family holding min 20% -2.283 -3.298 -2.432 -0.318
(2.461) (3.575) (7.180) (0.204)

Firm size 3.019%* 3.116* -0.131 -0.381%*
(1.266) (1.401) (1.060) (0.181)

Firm age -0.073 -0.157 0.807 0.141
(3.817) (4.234) (2.387) 0.271)

Knowledge stock 0.048%*** 0.048%*** -0.001 -0.000
(0.006) (0.006) (0.003) (0.000)

Foreign ownership (%) -0.308 -0.396 -0.370 -0.062
(0.377) (0.481) (1.058) (0.041)

Constant -45.843 -48.674 -6.994 2.727
(27.797) (31.819) (33.527) (2.234)

Observations 161 161 148 148

Durbin-Wu-Hausman

Chi2 (1) 32.668(p=0.102) 25.499 (p=0.019)

F 12.282 (p=0.133) 14.175 (p=0.043)

Over identifying restriction

Chi2 (2) 3.789 (p=0.150) 5.392 (p=0.267)

First stage regression

Adjusted R-squared 0.967 0.967 0.968 0.968

F 12.251 10.251 12.312 9.312

p (0.001) (0.042) (0.012) (0.005)

Notes: The sample is an unbalanced panel of 197 firms affiliated to business groups during 2001-2008.

All models are estimated by 2SLS and LIML regressions. Asymptotic standard errors robust to
heteroscadasticity and autocorrelation of arbitrary form are shown in parentheses. *p<0.05, **p<0.01,
**%p<0.001. Family ownership (%) variable is measured as the percentage shares held by Indian individual
and Hindu undivided families (as individual or group). In all models Industry and year effect are included
but not shown.

The instruments applied for the equation are last 5 years average total assets, last 5 years average employee
compensation and wage intensity (wage/total sales). Only firms affiliated to Business groups have been
considered here.
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Generally the firm’s dominant shareholders give importance to the human capital to
shape the managerial decision to allocate resources efficiently, especially during the
economic crisis. Feliciano and Lipsey (1999) and Aitken et al. (1996) gave importance on
the wage differentials between domestic and foreign owned firms. So, I used three
instruments- last 5 years average of total assets of the firm, the last 5 years average of
employee compensation and the wage intensity (as computed by executives and
employees salaries, bonuses and other benefits over total sales of the firm) for the family
ownership.  Table 4 reports the two-stage least square (2SLS) instrumental variable
regression. For the relevance of the instruments used, I have reported the first stage
regression summary in Table 4. It shows that all instruments are (or at least one
instrument) are significant at 0.1% level. The validity of the instruments is also checked
with Durbin-Wu-Hausmann test. Under the null hypothesis the endogeneity should not
affect the OLS estimator. That means ;s is consistent and efficient. While Sy, is
consistent but inefficient. But, Model 3 of the Table 4 indicates the rejection of exogeneity
of the family ownership. I have employed three instruments for the family ownership
variable. If at least one instrument is valid, then it is necessary to test that weather other
instruments are uncorrelated with the error term in the second stage. From the test reported
in the table, I cannot reject the overidentifying restriction. Rather, I expect either all or no
instrument be valid. I have also reported in Table 3 (Model 2 and Model 4) the limited
information maximum likelihood (LIML) estimator to rule out the presence of weak
instrument. Although, the 2SLS regression shows that none of the family ownership
variables are significantly associated with innovation of the firm, it supports the argument

that family ownership and family CEO are endogenously determined. Moreover, I have a
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good indication that there exists a positive impact of family ownership concentration on

innovation productivity.

From equation (1), one may argue that the causality may run in both directions, e.g.
higher productivity may give incentive to family owners to invest more in R&D or with
the help of more investment in innovation activities, the productivity can be increased.
Thus, the regressors are definitely correlated with the error terms. In this case, the fixed
effect instrumental variable regression could have given a good method to handle the
situation. However, the first stage statistics of the regression (results in Table 4) shows the
instruments are weak and consequently a biased estimator is obtained. So, in the presence
of the non-iid errors I used system GMM?® for the equation (7), as proposed by Arellano
and Bover (1995) and Blundell and Bond (1998). The GMM estimators, reported in Table
5, give the consistent and efficient estimates as the moment conditions use an optimal
weighting matrix that maximizes its asymptotic variance (see Baum et al. 2003).
Moreover, with additional instruments for the equation in levels, system-GMM is more
efficient than difference-GMM. I have tried to control for the unobserved heterogeneity

between large and small firms by allowing an autoregressive component in the error term.

¥ I have also tried with the difference GMM as literature in similar context recommends. The reason may be
the lagged levels of the regressors act as weak instruments for the first differenced regressors. Alternatively,
“system GMM?”, as augmented version helped to obtain efficient estimates for equation (7).
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Table 5: Effect of family ownership on innovation (only Business group affiliated firms)

Dependent variable Number of patents R&D intensity Innovation productivity
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Number of patents (., 0.209%%** 0.206%**
(0.158) (0.003)
R&D intensity (.1 0.556%* 0.520%*
(0.166) (0.191)
Innovation productivity (.1 0.287%* 0.323 %% 0.32] %% 0.247 %% 0.255%:%:*
(0.098) (0.026) (0.027) (0.030) (0.030)
Family ownership (%) -0.265%* -0.224 %% 0.010 0.013 0.007* 0.034%#:%* 0.034%* 0.010* 0.010%*
(0.108) (0.012) (0.000) (0.001) (0.004) (0.008) (0.011) (0.063) (0.031)
Family CEO 0.959%#* 0.017 -0.351%** -0.342%** -0.246%* -0.225%**
(0.610) (0.011) (0.026) (0.041) (0.071) (0.060)
Family ownership (%)*dummy
family holding min. 20% -2.585%:* -0.013 0.165%:%* 0.067%%* 0.039 0.095
(0.913) (0.046) (0.053) (0.705) (0.126) 0.364)
Family ownership (%)*dummy
top 50 BG 0.159%%*
(0.084)
Family ownership (%)*dummy
large BG -0.056
(0.064)
Family ownership (%)*dummy
others BG -0.044
(0.092)
Firm size -0.290 -0.84 1 *#* -0.001 -0.003 -0.090 -0.078%* -0.078%* -0.108%* -0.100%*
(1.292) (0.064) (0.001) (0.002) (0.080) (0.032) (0.036) (0.030) (0.031)
Firm age -1.132 1.092%3#:% -0.015 -0.011 0.117 -0.162%* -0.135%* -0.148 -0.157
(2.484) (0.246) (0.008) (0.007) (0.161) (0.050) (0.049) (0.083) (0.080)
Knowledge stock -0.020%* -0.019%#* 0.0007%** 0.000%* -0.000 -0.000%* -0.000%** -0.000%* -0.000%*
(0.009) (0.000) (0.000) (0.010) (0.050) (0.100) (0.000) (0.000) (0.000)
Foreign ownership (%) 0.024 0.021 0.019 0.015 0.049 0.057 0.116 0.141 0.358
(0.059) (0.090) (0.018) (0.030) (0.275) (0.296) (0.349) (1.169) (1.171)
Sargan 147.49 149.33 152.78 153.66 213.82 222.51 254.24 230.3 229.5
df 23 29 24 29 24 28 33 33 33
p-Sargan 0.002 0.011 0.021 0.048 0.002 0.001 0.011 0.062 0.054
2 0.073 0.069 0.068 0.069 0.016 0.018 0.029 0.026 0.021
22 0.194 0.193 0.616 0.621 0.648 0.863 0.446 0.296 0.274

Notes to Table 5: The sample is an unbalanced panel of 197 firms that filed patents in different patent offices around the world during 2001-2008. All columns are estimated by
system-GMM estimator. Asymptotic standard errors robust to heteroscadasticity and autocorrelation of arbitrary form are shown in italics. *p<0.05, **p<0.01, ***p<0.001. For
instruments see notes to Table 4 and an additional instrument business risk. z; and z, shows the p-values of tests for first and second order serial correlation in the differenced
residuals (Arellano and Bond tests for AR(1) and Ar(2) that are distributed as N(0,1) under the null of no serial correlation. The Sargan tests for overidentifying restrictions,
computed as two-step estimates, is asymptotically distributed as a y? under the null of instrument validity. Degrees of freedom and p-values are also reported. Family ownership
(%) variable is measured as the percentage shares held by Indian individual and Hindu undivided families (as individual or group). In all models Industry and year effect are
included but not shown.
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In Table 5, I have included three proxies for innovation. These are number of patents,
R&D intensity and innovation productivity. Model 5 indicates that family ownership
affects the innovation productivity positively, which is consistent with the literature.
However, I find that family ownership negatively correlated with the number of patents,
shown in Model 1 and Model 2. The variable family CEO negatively impacts the
innovation productivity. However when I include the subset of family ownership with a
threshold value of 20 percent share holding I find the effect of family ownership on
innovation productivity increases. I have reported these in Model 6-9. Apart from that the
family firms affiliated to top 50-business group play positive and significant role in
innovation productivity. The p-value of first and second order autocorrelation tests (z;
and z,) indicate no second order serial correlation and Sargan test confirms that all the

instruments’’ are supporting the analysis.

4.8. Robustness checks

In Table 6, I have reported the coefficients estimated with different specifications of
the variables. I have checked 10 percent and 30 percent threshold value of stake holdings
by the family firms. In both the cases I found positive impact of family ownership on
innovation. In our data we find that about 40 percent of total number of firms belongs to
manufacturing industry. So, I have controlled this particular industry to ascertain whether

our results are driven by the manufacturing industry.

> Instruments used are last 5 years average assets, last 5 years average employee compensation and the
lagged value of all the regressors.
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Table 6: Robustness checks

Dependent variables

Innovation productivity

Business groups Standalone
Model 1 Model 2 Model 3 Model 4 Model 5
Innovation productivity 0.398***  0.481***  (.388***  (.383%%** 0.417
(0.036) (0.052) (0.021) (0.013) (0.348)
Family ownership (%) 0.061%*%*  0.084***%  0.031***  (0.011* 0.034
(0.015) (0.016) (0.002) (0.004) (0.082)
Family CEO -0.126%*  -0.314%*%*  0.229%**  _(.188** 0.008
(0.045) (0.046) (0.059) (0.066) (1.926)
Family ownership (%)*dummy
family holding min. 10% 0.058%**
(0.014)
Family ownership (%)*dummy
family holding min. 30% 0.079%**
(0.015)
Family ownership (%)*dummy
family holding min. 20% 0.044***  (0.906* -1.139
(0.184) (0.345) (2.837)
Firm size 0.002 0.005 -0.051***  -0.033 -0.365
(0.024) (0.021) (0.009) (0.022) (0.289)
Firm age 0.184%**  -0.124 -0.193 -0.240* -0.386
(0.051) (0.103) (0.098) (0.094) (2.862)
Knowledge stock -0.000%**  -0.000 -0.000***  -0.000%** 0.001
(0.000) (0.000) (0.000) (0.000) (0.002)
Manufacturing inds. Dummy -0.293**  0.274
(0.103) (0.183)
Year 2001-05 dummy 0.303#**
(0.033)
Year 2006-08 dummy -0.133%%*
(0.014)
Sargan 119.78 218.8 126.27 219.95 213.08
df 22 22 26 26 21
p-sargan 0.000 0.002 0.005 0.000 0.019
2 0.098 0.012 0.015 0.052 0.027
22 0.739 0.865 0.667 0.947 0.443

Notes to Table 6: The sample is an unbalanced panel of 197 group firms and 198 standalone firms in 2001-

2008.

All columns are estimated by system GMM estimator. Asymptotic standard errors robust to

heteroscadasticity and autocorrelation of arbitrary form are shown in italics. *p<0.05, **p<0.01,
**%p<0.001. The instruments applied for the equation are as Table 5. z; and z, shows the p-values of tests
for first and second order serial correlation in the differenced residuals (Arellano and Bond tests for AR(1)
and Ar(2)) that are distributed as N(0,1) under the null of no serial correlation. The Sargan tests for
overidentifying restrictions, computed as two-step estimates, is asymptotically distributed as a y? under the
null of instrument validity. Degrees of freedom and p-values are also reported. In all the models, year and
industry dummies are included, if not specified.
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But the results (Model 1 and Model 2) are consistent with the previous findings. As
discussed in the theoretical framework that financial and accounting data including
ownership structure become more precise after the amendment of the disclosure rule in
2005-06. To capture this, I have included two dummy variables indicating two-year spell,
i.e. 2001-2005 and 2006-2008. In Model 4, I find that the effect of the family ownership
with minimum of 20 percent stake holdings has substantially increased after 2006. In

summary, our results are robust.

4.9. Conclusion

Although, there is a substantial body of literature examined the firm characteristics and
firm performance including innovation, there is little evidence on the relationship between
ownership structure and innovation, in particular the effect of family ownership on R&D.
This paper investigates the impact of family ownership concentration on innovation
productivity. Using an unbalanced panel of BSE listed 395 Indian firms, I find that, after
controlling for unobserved firm fixed effect and possible endogeneity, the impact of the
family ownership on innovation productivity is positive. This is because family firms can
establish strong research partnership with universities, research organizations and other
industrial partners. Moreover, they develop regional innovation systems (Cooke et al.
1997). The result is also consistent with the study of Anderson and Reeb (2003) and
Villalonga and Amit (2006), which looked at the firm performance under similar

ownership structure.
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Mueller and Philippon (2011) pointed out that family firms efficiently control the
hostile labor relations than the professional managers. In India, where industry strike
activities are prevalent and strong labor union exists, our results also support the fact that
Indian firms with majority family ownership perform well. Another reason in support of
the result is family owned firms are less sensitive to any industry shocks (Sraer &
Thesmar 2007). Moreover, using the year-spell dummy for 2006-2008, 1 got significant
results than the previous spell. This also suggests that the new regulation in 2006 make the

data to be more reliable.

Although, a small proportion of Indian firms have active patents, the results confirm
that the affiliation to the top 50 business groups does increase innovation activities. In our
analysis, I did not consider the financial institutions as separate contributors in the R&D,
because the data turned out to be time-invariant. However, the fact is financial institutions
are generally professional investors with better experience about the historical returns. So,
they act differently than the individual shareholders. Naturally, institutional investors

choose to invest in companies with a higher productivity potential.

The implication of the results can be twofold- both optimistic and cautionary. The
positive side is that the effort of the largest shareholders i.e. the family owners to promote
R&D is worth mentioning. The other side of the coin is the lack of any significant
positive effect of families on the number of patents can be alarming for the firms. The
reason could be the family firms are generally traditional firms and they don’t want to

drain their money and effort in applying for the patents. However, when I analyze the
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paten-to-R&D ratio and include it in a dynamic model, I find interesting result that the
family firms really care about the transformation of their R&D effort in to innovation
output. The economic implication is that, even if the family firms attract less external
R&D investments than non-family firms (Munari et al. 2010), a proper collaboration and
network of R&D can maximize the successful innovation output with limited innovation

input, giving rise to better innovation productivity for the family firms.
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5

CONCLUSION

“Just as energy is the basis of life itself and ideas the source of innovation, so is
innovation the vital spark of all human change, improvement and progress”. -Theodore
Levitt.

A clear understanding of how knowledge is developed in firms is as important as to
understand what an innovation represents for assessing the innovativeness of organization.
The knowledge-based innovation literature investigates the knowledge content of an
innovation with the definition and the concept of knowledge, knowledge creation in
innovation process and mechanisms by which knowledge facilitates innovation (Quintane
et al. 2011). Studies have modeled the characteristics of knowledge and its impact on
knowledge creation (Nonaka & Takeda 1995). While prior knowledge is considered to be
an important source of innovation (Cohen & Levinthal 1990), the re-use of existing
knowledge in association with external knowledge has also got attention to the scholars
(Henderson & Clark 1990) but not with extensive clarification. For this reason recent
studies have focused on the two distinct dimensions of knowledge- vertical that is depth
and horizontal that is breadth of knowledge. Moreover, the inter-links between science
and technology and the flow of knowledge from science to technology become crucial to
investigate and explain the complexity of knowledge development process at the firm

level.
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With the help of this conceptual lens, I have identified the depth and breadth of
technological knowledge from the patent information of the US Biotechnology firms.
Although, there is a debate that not all inventions are patented so patent may not reflect
true picture of innovation activities, for a secondary rich and unique datasets I used the
patent data to capture the firms’ technological knowledge portfolio (such as Jaffe et al.
1993; Makri et al. 2010). To find out the effect of external knowledge sources, I have
taken advantage of all the alliances and M&As information of the firms during my study
period. The results are excellent. These results might solve some of the unanswered
questions that still remain inconclusive in related literature. For instance, the role of these
strategic decisions is both positive and negative, as I have discussed in relevant chapters
before. Interestingly, there also exists an inverted U-shaped impact of alliance and M&As
on firm performance (Cloodt et al. 2006). The findings suggest me to accept both the
positive and negative results but to explain the phenomena differently. Firms look for
external technological knowledge and capabilities from alliances and M&As. These
increase their depth and breadth simultaneously. So, without understanding the creation of
these knowledge components and their effects on innovation, the role of the strategic

alternatives on innovation remains unclear.

Another issue is the role of family business on innovation. The issue becomes more
interesting in the context of emerging market such as India. I have taken micro data of
BSE listed Indian firms for this purpose. I have tested various innovation indicators

controlling for potential endogeneity to find out the true causal relationship of family
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ownership and innovation. The study has important economic implication. In India, where
labor strikes are prevalent and strong labor union controls the innovation activities and
management, family ownership (large shareholders who are founding family of the firms)
helps to continue the innovation activities. Moreover, as family firms are less sensitive to
industry shocks (Sraer & Thesmar 2007) and affiliation to large business groups provide
internally generated funds in economic crisis (Manos et al. 2007), maintaining family
ownership and affiliation to large business groups play positive role in the long term

survival of the technology intensive firms.

110



REFERENCES

Abetti, P.A., 1989. Technology: A key strategic resource. Management Review 78, 37-41

Acosta, M., Coronado, D., 2003. Science-technology flows in Spanish regions: An
analysis of scientific citations in patents. Research Policy 32, 1783-1803

Acosta, M., Coronado, D., Martinez, M.A., 2012. Spatial differences in the quality of
university patenting: Do regions matter? Research Policy In press

Adams, J.D., 1990. Fundamental stocks of knowledge and productivity growth. Journal of
Political Economy 98, 673

Adams, J.D., Marcu, M., 2004. R&D sourcing, joint ventures and innovation: A multiple
indicators approach. National Bureau of Economic Research Working Paper Series
No. 10474

Aghion, P., Dewatripont, M., Stein, J.C., 2008. Academic freedom, private-sector focus,
and the process of innovation. The RAND Journal of Economics 39, 617-635

Aghion, P., Howitt, P., 1992. A model of growth through creative destruction.
Econometrica 60, 323-351

Aghion, P., Reenen, J.V., Zingales, L., 2009. Innovation and Institutional Ownership.
National Bureau of Economic Research Working Paper Series No. 14769

Ahuja, G., Katila, R., 2001. Technological acquisitions and the innovation performance of
acquiring firms: a longitudinal study. Strategic Management Journal 22, 197-220

Aitken, B., Harrison, A., Lipsey, RE., 1996. Wages and foreign ownership: A
comparative study of Mexico, Venezuela, and the United States. Journal of
International Economics 40, 345-371

Al-Laham, A., Tzabbar, D., Amburgey, T.L., 2011. The dynamics of knowledge stocks
and knowledge flows: innovation consequences of recruitment and collaboration in
biotech. Industrial and Corporate Change 20, 555-583

Alavi, M., Tiwana, A., 2002. Knowledge integration in virtual teams: The potential role of
KMS. Journal of the American Society for Information Science and Technology
53, 1029-1037

Almeida, P., Song, J., Grant, R.M., 2002. Are firms superior to alliances and markets? An
empirical test of cross-border knowledge building. Organization Science 13, 147-
161

Anderson, R.C., Reeb, D.M., 2003. Founding-family ownership and firm performance:
Evidence from the S&P 500. Journal of Finance 58, 1301-1328

Anderson, T.W., Hsiao, C., 1981. Estimation of dynamic models with error components.
Journal of the American Statistical Association 76, 598-606

Andrade, G., Mitchell, M., Stafford, E., 2001. New evidence and perspectives on mergers.
Journal of Economic Perspectives 15, 103-120

Andres, C., 2008. Large shareholders and firm performance -An empirical examination of
founding-family ownership. Journal of Corporate Finance 14, 431-445

Angrist, J.D., Imbens, G.W., Krueger, A.B., 1999. Jackknife Instrumental Variables
Estimation. Journal of Applied Econometrics 14, 57-67

Antonelli, C., 2000. Collective Knowledge Communication and Innovation: The Evidence
of Technological Districts. Regional Studies 34, 535-547

111



Arellano, M., Bond, S., 1991. Some tests of specification for panel data: Monte Carlo
evidence and an application to employment equations. Review of Economic
Studies 58, 277-297

Arellano, M., Bover, O., 1995. Another look at the instrumental variable estimation of
error-components models. Journal of Econometrics 68, 29-51

Argote, L., 1999. Organizational Learning: Creating, retainng & transferring knowledge.
Kluwer Academic Publishers, Norwell, MA.

Argyres, N., 1996. Capabilities, technological diversification and divisionalization.
Strategic Management Journal 17, 395-410

Arora, A., Gambardella, A., 1994. The changing technology of technological change:
general and abstract knowledge and the division of innovative labour. Research
Policy 23, 523-532

Arundel, A., Geuna, A., 2004. Proximity and the use of public science by innovative
European firms. Economics of Innovation and New Technology 13, 559-580

Avery, C., Chevalier, J.A., Schaefer, S., 1998. Why Do Managers Undertake
Acquisitions? An Analysis of Internal and External Rewards for Acquisitiveness.
Journal of Law, Economics and Organization 14, 24-43

Balogun, J., Jenkins, M., 2003. Re-conceiving change management:: A knowledge-based
perspective. European Management Journal 21, 247-257

Baltagi, B.H., 2008. Econometric Analysis of Panel Data. John Wiley and Sons Ltd.,
Chichester.

Barney, J.B., 1996. The resource-based theory of the firm. Organization Science 7, 469

Barontini, R., Caprio, L., 2006. The effect of family control on firm value and
performance: Evidence from continental Europe. European Financial Management
12, 689-723

Baum, C.F., Schaffer, M.E., Stillman, S., 2003. Instrumental variables and GMM:
Estimation and testing. Stata Journal 3, 1-31

Baum, J.A.C., Calabrese, T., Silverman, B.S., 2000. Don't go it alone: alliance network
composition and startups' performance in Canadian biotechnology. Strategic
Management Journal 21, 267-294

Belenzon, S., Berkovitz, T., 2010. Innovation in business group. Management Science 56,
519-535

Benfratello, L., Sembenelli, A., 2006. Foreign ownership and productivity: Is the direction
of causality so obvious? International Journal of Industrial Organization 24, 733-
751

Bercovitz, J.E.L., Feldman, M.P., 2007. Fishing upstream: Firm innovation strategy and
university research alliances. Research Policy 36, 930-948

Berle, A.A., Means, G.C., 1932. The modern corporation and private property. Harcourt,
Brace and World, Inc., New York.

Bertrand, M., Johnson, S., Samphantharak, K., Schoar, A., 2008. Mixing family with
business: A study of Thai business groups and the families behind them. Journal of
Financial Economics 88, 466-498

Bertrand, M., Mehta, P., Mullainathan, S., 2002. Ferreting out tunneling: An application to
Indian business groups. Quarterly Journal of Economics 117, 121-148

Bertrand, O., 2009. Effects of foreign acquisitions on R&D activity: Evidence from firm-
level data for France. Research Policy 38, 1021-1031

112



Bertrand, O., Zuniga, P., 2006. R&D and M&A: Are cross-border M&A different? An
investigation on OECD countries. International Journal of Industrial Organization
24,401-423

Bessen, J., Maskin, E., 2009. Sequential innovation, patents, and imitation. RAND Journal
of Economics 40, 611-635

Block, J.H., 2012. R&D investments in family and founder firms: An agency perspective.
Journal of Business Venturing 27, 248-265

Bloom, N., Van Reenen, J., 2007. Measuring and explaining management practices across
firms and countries. The Quarterly Journal of Economics 122, 1351-1408

Bloom, N., Van Reenen, J., 2010. Why Do Management Practices Differ across Firms and
Countries? The Journal of Economic Perspectives 24, 203-224

Blundell, R., Bond, S., 1998. Initial conditions and moment restrictions in dynamic panel
data models. Journal of Econometrics 87, 115-143

Bond, S.R., 2002. Dynamic panel data models: a guide to micro data methods and
practice. Portuguese Economic Journal 1, 141

Branstetter, L.G., 2001. Are knowledge spillovers international or intranational in scope?:
Microeconometric evidence from the U.S. and Japan. Journal of International
Economics 53, 53-79

Breschi, S., Lissoni, F., Montobbio, F., 2008. University patenting and scientific
productivity: a quantitative study of Italian academic inventors. European
Management Review 5, 91-109

Bresman, H., Birkinshaw, J., Nobel, R., 1999. Knowledge transfer in international
acquisitions. Journal of International Business Studies 30, 439-462

Bruner, R.F., 2002. Does M&A pay? A survey of evidence for the decision maker. Journal
of Applied Finance 12, 48-68

Brusoni, S., Prencipe, A., Pavitt, K., 2001. Knowledge Specialization, Organizational
Coupling, and the Boundaries of the Firm: Why Do Firms Know More Than They
Make? Administrative Science Quarterly 46, 597-621

Burgers, W.P., Hill, CW.L., Kim, W.C., 1993. A theory of global strategic alliances: The
case of the global auto industry. Strategic Management Journal 14, 419-432

Camison, C., Fores, B., 2010. Knowledge absorptive capacity: New insights for its
conceptualization and measurement. Journal of Business Research 63, 707-715

Capron, L., 1999. The long-term performance of horizontal acquisitions. Strategic
Management Journal 20, 987-1018

Carlsson, B., Fridh, A.-C., 2002. Technology transfer in United States universities. Journal
of Evolutionary Economics 12, 199

Carnabuci, G., Bruggeman, J., 2009. Knowledge specialization, knowledge brokerage and
the uneven growth of technology domains. Social Forces 88, 607-641

Casal, C.C., Fontela, E.N., 2007. Transfer of socially complex knowledge in mergers and
acquisitions. Journal of Knowledge Management 11, 58-71

Cassiman, B., Colombo, M.G., Garrone, P., Veugelers, R., 2005. The impact of M&A on
the R&D process: An empirical analysis of the role of technological- and market-
relatedness. Research Policy 34, 195-220

Chakrabarti, R., Megginson, W., Yadav, P.K., 2008. Corporate governance in India.
Journal of Applied Corporate Finance 20, 59-72

113



Chang, S.J., Hong, J., 2000. Economic Performance of Group-Affiliated Companies in
Korea: Intragroup Resource Sharing and Internal Business Transactions. The
Academy of Management Journal 43, 429-448

Chen, H.L., Hsu, W.T., 2009. Family ownership, board independence, and R&D
investment. Family Business Review 22, 347-362

Chiang, Y.-H., Hung, K.-P., 2010. Exploring open search strategies and perceived
innovation performance from the perspective of inter-organizational knowledge
flows. R&D Management 40, 292-299

Christensen, J.F., 2002a. Corporate strategy and the management of innovation and
technology. Industrial and Corporate Change 11, 263-288

Christensen, J.F.s., 2002b. Incongruities as a source of organizational renewal in corporate
management of R&D. Research Policy 31, 1317-1332

Claessens, S., Djankov, S., Lang, L.H.P., 2000. The separation of ownership and control
in East Asian Corporations. Journal of Financial Economics 58, 81-112

Claessens, S., Simeon, D., Fan, J.P.H., Lang, L.H.P., 2002. Disentangling the incentive
and entrenchment effects of large shareholdings. Journal of Finance 57, 2741-2771

Clarysse, B., Wright, M., Van de Velde, E., 2011. Entrepreneurial origin, technological
knowledge, and the growth of spin-off companies. Journal of Management Studies
48, 1420-1442

Cloodt, M., Hagedoorn, J., Van Kranenburg, H., 2006. Mergers and acquisitions: Their
effect on the innovative performance of companies in high-tech industries.
Research Policy 35, 642-654

Cockburn, I.M., Henderson, R.M., 1998. Absorptive capacity, coauthoring behavior, and
the organization of research in drug discovery. The Journal of Industrial
Economics 46, 157-182

Coe, D.T., Helpman, E., 1995. International R&D spillovers. European Economic Review
39, 859-887

Cohen, W.M., Klepper, S., 1996. A reprise of size and R & D. Economic Journal 106,
925-951

Cohen, W.M., Levinthal, D.A., 1989. Innovation and learning: The two faces of R & D.
The Economic Journal 99, 569-596

Cohen, W.M., Levinthal, D.A., 1990. Absorptive capacity - a new perspective on learning
and innovation. Administrative Science Quarterly 35, 128-152

Cohen, W.M., Nelson, R.R., Walsh, J.P., 2002. Links and Impacts: The Influence of
Public Research on Industrial R&D. Management Science 48, 1-23

Cooke, P., Gomez Uranga, M., Etxebarria, G., 1997. Regional innovation systems:
Institutional and organisational dimensions. Research Policy 26, 475-491

Crespi, G., D'Este, P., Fontana, R., Geuna, A., 2011. The impact of academic patenting on
university research and its transfer. Research Policy 40, 55-68

Czarnitzki, D., Kraft, K., 2009. Capital control, debt financing and innovative activity.
Journal of Economic Behavior & Organization 71, 372-383

Danzon, P.M., Epstein, A., Nicholson, S., 2007. Mergers and acquisitions in the
pharmaceutical and biotech industries. Managerial and Decision Economics 28,
307-328

Das, T.K., Teng, B.-S., 2000. A resource-based theory of strategic alliances. Journal of
Management 26, 31-61

114



de Bondt, R., Henriques, I., 1995. Strategic investment with asymmetric spillovers.
Canadian Journal of Economics 28, 656

de Man, A.P., Duysters, G., 2005. Collaboration and innovation: a review of the effects of
mergers, acquisitions and alliances on innovation. Technovation 25, 1377-1387

DeCarolis, D., 2002. The Role of Social Capital and Organizational Knowledge in
Enhancing Entrepreneurial Opportunities. Oxford University Press, New York.

Demsetz, H., Villalonga, B., 2001. Ownership structure and corporate performance.
Journal of Corporate Finance 7, 209-233

Desyllas, P., Hughes, A., 2010. Do high technology acquirers become more innovative?
Research Policy 39, 1105-1121

Dosi, G., 1988. Sources, procedures, and microeconomic effects of innovation. Journal of
Economic Literature 26, 1120-1171

Dranove, D., Gron, A., Mazzeo, M.J., 2003. Differentiation and competition in HMO
markets. Journal of Industrial Economics 51, 433-454

Dussauge, P., Garrette, B., Mitchell, W., 2004. Asymmetric performance: the market share
impact of scale and link alliances in the global auto industry. Strategic
Management Journal 25, 701-711

Duysters, G., Hagedoorn, J., 1996. Internationalization of corporate technology through
strategic partnering: an empirical investigation. Research Policy 25, 1-12

Earle, J.S., Estrin, S., 1997. After voucher privatization: The structure of corporate
ownership in Russian manufacturing industry. Centre for Economic Policy
Research Discussion Paper No. 1736

Eddleston, K.A., Kellermanns, F.W., 2007. Destructive and productive family
relationships: A stewardship theory perspective. Journal of Business Venturing 22,
545-565

Eng, L., Shackel, M., 2001. The implications of long term performance plans and
institutional ownership for firms' research and development investments. Journal
of Accounting, Auditing and Finance 16, 117-139

Evenson, R.E., Kislev, Y., 1976. A Stochastic Model of Applied Research. Journal of
Political Economy 84, 265-281

Faccio, M., Lang, L.H.P., 2002. The ultimate ownership of Western European
corporations. Journal of Financial Economics 65, 365-395

Faccio, M., Lang, L.H.P., Young, L., 2001. Dividends and expropriation. American
Economic Review 91, 54-78

Fama, E.F., Jensen, M.C., 1983. Seperation of ownership and control. Journal of Law and
Economics 26, 301-325

Fang, E., Palmatier, R.W., Grewal, R., 2011. Effects of customer and innovation asset
configuration strategies on firm performance. Journal of Marketing Research 48,
587-602

Feliciano, Z., Lipsey, R.E., 1999. Foreign ownership and wages in the United States, 1987
- 1992. National Bureau of Economic Research Working Paper Series No. 6923

Firth, M., 1991. Corporate takeovers, stockholder returns and executive rewards.
Managerial and Decision Economics 12, 421-428

Fleming, L., 2001. Recombinant uncertainty in technological search. Management Science
47,117-132

115



Fleming, L., Sorenson, O., 2001. Technology as a complex adaptive system: evidence
from patent data. Research Policy 30, 1019-1039

Foray, D., 2004. The economics of knowledge. MIT Press, Cambridge, MA.

Francis, J., Smith, A., 1995. Agency costs and innovation some empirical evidence.
Journal of Accounting and Economics 19, 383-409

Freeman, C., Soete, L., 1997. The Economics of Industrial Innovation. Pinter, London.

Fryxell, G.E., 1990. Multiple outcomes from product R&D: Profitability under different
strategic orientations. Journal of Management 16, 633-646

George, G., Zahra, S.A., Wood, D.R., 2002. The effects of business-university alliances
on innovative output and financial performance: a study of publicly traded
biotechnology companies. Journal of Business Venturing 17, 577-609

Geroski, P.A., 2005. Understanding the implications of empirical work on corporate
growth rates. Managerial and Decision Economics 26, 129-138

Geuna, A., Nesta, L.J.J., 2006. University patenting and its effects on academic research:
The emerging European evidence. Research Policy 35, 790-807

Gomes-Casseres, B., 1996. The Alliance Revolution: The New Shape of Business Rivalry.
Harvard University Press, Cambridge, MA.

Gomes-Casseres, B., Hagedoorn, J., Jaffe, A.B., 2006. Do alliances promote knowledge
flows? Journal of Financial Economics 80, 5-33

Gopalan, R., Nanda, V., Seru, A., 2007. Affiliated firms and financial support: Evidence
from Indian business groups. Journal of Financial Economics 86, 759-795

Granstrand, O., 1998. Towards a theory of the technology-based firm. Research Policy 27,
465-489

Grant, R.M., 1996. Toward a knowldge-based theory of the firm. Strategic Management
Journal 17, 109-122

Grewal, R., Chakravarty, A., Ding, M., Liechty, J., 2008. Counting chickens before the
eggs hatch: Associating new product development portfolios with shareholder
expectations in the pharmaceutical sector. International Journal of Research in
Marketing 25, 261-272

Griliches, Z., 1979. Issues in assessing the contribution of research and development to
productivity growth. Bell Journal of Economics 10, 92-116

Griliches, Z., 1990. Patent statistics as economic indicators - a survey. Journal of
Economic Literature 28, 1661-1707

Griliches, Z., Lichtenberg, F.R., 1984. R&D and Productivity Growth at the Industry
level: Is there still a relationship? University of Chicago Press, Chicago.

Griliches, Z., Mairesse, J., 1995. Production functions: The search for identification.
National Bureau of Economic Research Working Paper Series No. 5067

Griliches, Z., Pakes, A., Hall, B.H., 1987. The value of patents as indicators of inventive
activity. In: Dasgupta P & Stoneman P (eds.) Economic Policy and Technological
Performance. Cambridge University Press, Cambridge, pp. 97-124.

Grimpe, C., Hussinger, K., 2008. Pre-empting technology competition through firm
acquisitions. Economics Letters 100, 189-191

Grindley, P.C., Teece, D., 1997. Managing intellectual capital: Licensing and cross-
licensing in semiconductors and electronics. California Management Review 39, 8-
41

116



Grossman, G.M., Helpman, E., 1995. The Politics of Free-Trade Agreements. American
Economic Review 85, 667-690

Grossman, S.J., Hart, O.D., 1986. The costs and benefits of ownership - a theory of
vertical and lateral Integration. Journal of Political Economy 94, 691-719

Gulati, R., 1998. Alliances and networks. Strategic Management Journal 19, 293-317

Gupta, A.K., Smith, K.G., Shalley, C.E., 2006. The interplay between exploration and
exploitation. The Academy of Management Journal 49, 693-706

Hagedoorn, J., 1993. Understanding the rationale of strategic technology partnering:
Interorganizational modes of cooperation and sectoral differences. Strategic
Management Journal 14, 371-385

Hagedoorn, J., Duysters, G., 2002. The effect of mergers and acquisitions on the
technological performance of companies in a high-tech environment. Technology
Analysis and Strategic Management 14, 67-85

Hagedoorn, J., Sadowski, B., 1999. The transition from strategic technology alliances to
mergers and acquisitions: An exploratory study. Journal of Management Studies
36, 87-107

Hagedoorn, J., Schakenraad, J., 1994. The effect of strategic technology alliances on
company performance. Strategic Management Journal 15, 291-309

Hall, B.H., 1990. The Manufacturing Sector Master File: 1959-1987. National Bureau of
Economic Research Working Paper Series No. 3366

Hall, B.H., 1993. The stock market's valuation of R&D investment during the 1980's.
American Economic Review 83, 259-264

Hall, B.H., Jaffe, A.B., Trajtenberg, M., 2005. Market value and patent citations. RAND
Journal of Economics 36, 16-38

Hall, B.H., Link, A.N., Scott, J.T., 2003. Universities as research partners. Review of
Economics and Statistics 85, 485-491

Hanh, J., Hausman, J., 2003. Weak Instruments: Diagnosis and Cures in Empirical
Econometrics. American Economic Review 93, 118-125

Haspeslagh, P.C., Jemison, D.B., 1991. Managing acquisitions: Creating value through
corporate renewal. Free Press, New York, NY.

Henderson, R., Cockburn, I., 1994. Measuring competence? Exploring firm effects in
pharmaceutical research. Strategic Management Journal 15, 63-84

Henderson, R., Jaffe, A.B., Trajtenberg, M., 1998. Universities as a source of commercial
technology: A detailed analysis of university patenting, 1965-1988. Review of
Economics and Statistics 80, 119-127

Henderson, R.M., Clark, K.B., 1990. Architectural innovation: The reconfiguration of
existing product technologies and the failure of established firms. Administrative
Science Quarterly 35, 9-30

Henderson, R.M., Cockburn, .M., 1996. Scale, scope, and spillovers: The determinants of
research productivity in drug discovery. Rand Journal of Economics 27, 32-59

Hicks, D., Breitzman, T., Olivastro, D., Hamilton, K., 2001. The changing composition of
innovative activity in the US -- a portrait based on patent analysis. Research Policy
30, 681-703

Higgins, M.J., Rodriguez, D., 2006. The outsourcing of R&D through acquisitions in the
pharmaceutical industry. Journal of Financial Economics 80, 351-383

117



Hitt, M.A., Hoskisson, R.E., Johnson, R.A., Moesel, D.D., 1996. The market for corporate
control and firm innovation. The Academy of Management Annals 39, 1089-1119

Hoang, H., Rothaermel, F.T., 2010. Leveraging internal and external experience:
exploration, exploitation, and R&D project performance. Strategic Management
Journal 31, 734-758

Holderness, C.G., Sheehan, D.P., 1988. The role of majority shareholders in publicly held
corporations: An exploratory analysis. Journal of Financial Economics 20, 317-346

Hoskisson, R.E., Hitt, M.A., Johnson, R.A., Grossman, W., 2002. Conflicting voices: The
effects of institutional ownership heterogeneity and internal governance on
corporate innovation strategies. The Academy of Management Journal 45, 697-716

Hoskisson, R.E., Hitt, M.A., Wan, W.P., Yiu, D., 1999. Theory and research in strategic
management: Swings of a pendulum. Journal of Management 25, 417-456

Inkpen, A.C., 2000. Learning through joint ventures: A framework of knowledge
acquisition. Journal of Management Studies 37, 1019-1044

Inkpen, A.C., Dinur, A., 1998. Knowledge management processes and international joint
ventures. Organization Science 9, 454-468

Jackling, B., Johl, S., 2009. Board structure and firm performance: Evidence from India's
top companies. Corporate Governance: An International Review 75, 41-51

Jaffe, A.B., 1986. Technological Opportunity and Spillovers of R&D: Evidence from
Firms' Patents, Profits, and Market Value. American Economic Review 76, 984-
1001

Jaffe, A.B., 1989. Real Effects of Academic Research. American Economic Review 79,
957-970

Jaffe, A.B., Trajtenberg, M., Henderson, R., 1993. Geographic localization of knowledge
spillovers as evidenced by patent citations. The Quarterly Journal of Economics
108, 577-598

Jensen, M.C., 1993. The modern industrial-revolution, exit, and the failure of internal
control-systems. Journal of Finance 48, 831-880

Jensen, M.C., Meckling, W.H., 1976. Theory of the firm: Managerial behavior, agency
costs and ownership structure. Journal of Financial Economics 3, 305-360

Jensen, R., Thursby, M., 2001. Proofs and Prototypes for Sale: The Licensing of
University Inventions. American Economic Review 91, 240-259

Jorde, T.M., Teece, D.J., 1990. Innovation and cooperation: Implications for competition
and antitrust. The Journal of Economic Perspectives 4, 75-96

Kale, P., Singh, H., Perlmutter, H., 2000. Learning and protection of proprietary assets in
strategic alliances: building relational capital. Strategic Management Journal 21,
217-237

Katila, R., Ahuja, G., 2002. Something old, something new: A longitudinal study of search
behavior and new product introduction. Academy of Management Journal 45,
1183-1194

Katz, B., Preez, N., 2008. The role of knowledge management in supporting a radical
innovation project. In: Bernard A & Tichkiewitch S (eds.) Methods and Tools for
Effective Knowledge Life-Cycle-Management. Springer Berlin Heidelberg,
Amsterdam, pp. 331-345.

Katz, M.L., Srapiro, C., 1985. Network externalities, competition, and compatibility.
American Economic Review 75, 424

118



Khanna, T., Gulati, R., Nohria, N., 1998. The dynamics of learning alliances:
Competition, cooperation, and relative scope. Strategic Management Journal 19,
193

Khanna, T., Palepu, K., 2000. Is group affiliation profitable in emerging markets? An
analysis of diversified Indian business groups. Journal of Finance 55, 867-891

Kim, J., Lee, S.J., Marschke, G., 2005. The Influence of University Research on Industrial
Innovation. National Bureau of Economic Research Working Paper Series No.
11447

King, M.R., Santor, E., 2008. Family values: Ownership structure, performance and
capital structure of Canadian firms. Journal of Banking and Finance 32, 2423-2432

Klette, T.J., Kortum, S., 2004. Innovating firms and aggregate innovation. Journal of
Political Economy 112, 986-1018

Kline, S.j., Rosenberg, N., 1986. An overview of innovation. In: Landau R & rosenberg N
(eds.) The positive sum strategy. Harnessing technology for economic growth.
National Academy Press, Washington DC.

Kogut, B., 1989. The stability of joint ventures: Reciprocity and competitive rivalry. The
Journal of Industrial Economics 38, 183-198

Komoda, F., 1986. Japanese studies on technology transfer to developing countries: A
survey. The Developing Economies 24, 405-420

Kotabe, M., Swan, K.S., 1995. The role of strategic alliances in high-technology new
product development

. Strategic Management Journal 16, 621-636

Koza, M.P., Lewin, A.Y., 1998. The co-evolution of strategic alliances. Organization
Science 9, 255-264

La Porta, R., Lopez-De-Silanes, F., Shleifer, A., 1999. Corporate ownership around the
world. Journal of Finance 54, 471-517

La Porta, R., Lopez-de-Silanes, F., Shleifer, A., Vishny, R., 2000. Investor protection and
corporate governance. Journal of Financial Economics 58, 3-27

La Porta, R., Lopez-De-Silanes, F., Shleifer, A., Vishny, R'W., 1997. Legal determinants
of external finance. The Journal of Finance 52, 1131-1150

Lach, S., Schankerman, M., 2008. Incentives and invention in universities. The RAND
Journal of Economics 39, 403-433

Landes, D.S., 2006. Dynasties: Fortunes and misfortunes of the world's greatest business
families. Viking, New York, NY.

Lane, P.J., Koka, B.R., Pathak, S., 2006. The reification of absorptive capacity: A critical
review and rejuvenation of the construct. The Academy of Management Review
31, 833-863

Lane, P.J., Lubatkin, M., 1998. Relative absorptive capacity and interorganizational
learning. Strategic Management Journal 19, 461-477

Lanjouw, J.O., Schankerman, M., 2004. Protecting intellectual property rights: Are small
firms handicapped? Journal of Law and Economics 47, 45-74

Larsson, R., Bengtsson, L., Henriksson, K., Sparks, J., 1998. The interorganizational
learning dilemma: Collective knowledge development in strategic alliances.
Organization Science 9, 285-305

119



Larsson, R., Finkelstein, S., 1999. Integrating strategic, organizational and human
resource perspectives on mergers and acquisitions: a case survey of synergy
realization. Organization Science 10, 1-26

Laursen, K., Foss, N.J., 2003. New human resource management practices,
complementarities and the impact on innovation performance. Cambridge Journal
of Economics 27, 243-263

Laursen, K., Salter, A., 2006. Open for innovation: the role of openness in explaining
innovation performance among U.K. manufacturing firms. Strategic Management
Journal 27, 131-150

Lavie, D., Stettner, U., Tushman, M.L., 2010. Exploration and exploitation within and
across organizations. The Academy of Management Annals 4, 109-155

Lee, P.M., O'Neill, H.M., 2003. Ownership structure and R&D investments of U.S. and
Japanese firms: Agency and Stewardship perspectives. The Academy of
Management Journal 46, 212-225

Leech, D., Leahy, J., 1991. Ownership structure, control type classifications and the
performance of large British companies. Economic Journal 101, 1418-1437

Lehto, E., Bockerman, P., 2008. Analysing the employment effects of mergers and
acquisitions. Journal of Economic Behavior and Organization 68, 112-124

Leiponen, A., Helfat, C.E., 2010. Innovation objectives, knowledge sources, and the
benefits of breadth. Strategic Management Journal 31, 224-236

Lemmon, M.L., Lins, K.V., 2003. Ownership structure, corporate governance, and firm
value: Evidence from the east Asian financial crisis. Journal of Finance 58, 1445-
1468

Leonard-Barton, D., 1995. Wellsprings of knowledge, building and sustaining the sources
of innovation. Harvard Business School Press., Boston.

Lerner, J., 1994. Venture capitalists and the decision to go public. Journal of Financial
Economics 35, 293-316

Lerner, J., 1995. Patenting in the shadow of competitors. Journal of Law and Economics
38, 463-95

Lerner, J., Merges, R.P., 1998. The Control of Technology Alliances: An Empirical
Analysis of the Biotechnology Industry. Journal of Industrial Economics 46, 125-
156

Lerner, J., Shane, H., Tsai, A., 2003a. Do equity financing cycles matter? evidence from
biotechnology alliances. Journal of Financial Economics 67, 411-446

Lerner, J., Tirole, J., Strojwas, M., 2003b. Cooperative marketing agreements between
competitors: Evidence from patent pools. National Bureau of Economic Research
Working Paper Series No. 9680

Levin, R.C., Reiss, P.C., 1988. Cost-reducing and demand-creating R&D with spillovers.
RAND Journal of Economics 19, 538-556

Levinthal, D.A., March, J.G., 1993. The myopia of learning. Strategic Management
Journal 14, 95-112

Levitt, T., 1960. Marketing myopia. Harvard Business Review, 45-56

Liebeskind, J.P., Oliver, A.L., Zucker, L., Brewer, M., 1996. Social networks, learning,
and flexibility: Sourcing scientific knowledge in new biotechnology firms.
Organization Science 7, 428-443

120



Lin, Z., Peng, M.W., Yang, H., Sun, S.L., 2009a. How do networks and learning drive
M&As? An institutional comparison between China and the United States.
Strategic Management Journal 30, 1113-1132

Lin, Z., Yang, H., Arya, B., 2009b. Alliance partners and firm performance: resource
complementarity and status association. Strategic Management Journal 30, 921-
940

Lin, Z., Yang, H., Demirkan, 1., 2007. The performance consequences of ambidexterity in
strategic alliance formations: empirical investigation and computational theorizing.
Management Science 53, 1645-1658

Lissoni, F., 2001. Knowledge codification and the geography of innovation: the case of
Brescia mechanical cluster. Research Policy 30, 1479-1500

Litan, R.E., Mitchell, L., Reedy, E.J., 2008. Commercializing university innovations:
Alternative approaches. University of Chicago Press.

Loasby, B.J., 1998. The organisation of capabilities. Journal of Economic Behavior &
Organization 35, 139-160

Lord, M.D., Ranft, A.L., 2000. Organizational learning about new international markets:
Exploring the internal transfer of local market knowledge. Journal of International
Business Studies 31, 573-589

Love, J.H., Ashcroft, B., Dunlop, S., 1996. Corporate structure, ownership and the
likelihood of innovation. Applied Economics 28, 737-746

Lucas, R.E., 1988. On the mechanics of economic development. Journal of Monetary
Economics 22, 3-42

M'Chirgui, Z., 2009. Dynamics of R&D networked relationships and mergers and
acquisitions in the smart card field. Research Policy 38, 1453-1467

Magerman, T., Grouwels, J., Song, X., van Looy, B., 2009. Data production methods for
harmonized patent indicators: Patentee name harmonization. EUROSTAT
Working Paper and Studies, Luxembourg

Mahmood, 1.P., Mitchell, W., 2004. Two Faces: Effects of Business Groups on Innovation
in Emerging Economies. Management Science 50, 1348-1365

Makri, M., Hitt, M.A., Lane, P.J., 2010. Complementary technologies, knowledge
relatedness, and invention outcomes in high technology mergers and acquisitions.
Strategic Management Journal 31, 602-628

Malerba, F., Orsenigo, L., 2000. Knowledge, innovative activities and industrial evolution.
Industrial and Corporate Change 9, 289-314

Manos, R., Murinde, V., Green, C.J., 2007. Leverage and business groups: Evidence from
Indian firms. Journal of Economics and Business 59, 443-465

Mansfield, E., 1991. Academic research and industrial innovation. Research Policy 20, 1-
12

Mansfield, E., 1998. Academic research and industrial innovation: An update of empirical
findings. . Research Policy 26, 773-776

March, J.G., 1991. Exploration and Exploitation in Organizational Learning. Organization
Science 2, 71-87

Marsili, O., 2002. Technological regimes and sources of entrepreneurship. Small Business
Economics 19, 217-231

Martin, R., Sunley, P., 2003. Deconstructing clusters: chaotic concept or policy panacea?
Journal of Economic Geography 3, 5-35

121



Maury, B., 2006. Family ownership and firm performance: Empirical evidence from
Western European corporations. Journal of Corporate Finance 12, 321-341

Mazzeo, M.J., 2002. Product choice and oligopoly market structure. RAND Journal of
Economics 33, 221-242

Mazzola, P., Sciascia, S., Kellermanns, F.W., Non-linear effects of family sources of
power on performance. Journal of Business Research in press

McEvily, S.K., Chakravarthy, B., 2002. The persistence of knowledge-based advantage:
an empirical test for product performance and technological knowledge. Strategic
Management Journal 23, 285-305

McMillan, G.S., Narin, F., Deeds, D.L., 2000. An analysis of the critical role of public
science in innovation: the case of biotechnology. Research Policy 29, 1-8

Meyer, M., 2000. Does science push technology? Patents citing scientific literature.
Research Policy 29, 409-434

Milgrom, P., Roberts, J., 1990. The Economics of Modern Manufacturing: Technology,
Strategy, and Organization. American Economic Review 80, 511-28

Milgrom, P., Roberts, J., 1995. Complementarities and fit strategy, structure, and
organizational change in manufacturing. Journal of Accounting and Economics 19,
179-208

Miller, D., Le Breton-Miller, 1., Lester, R.H., Cannella Jr, A.A., 2007. Are family firms
really superior performers? Journal of Corporate Finance 13, 829-858

Miller, D.J., 2006. Technological diversity, related diversification, and firm performance.
Strategic Management Journal 27, 601-619

Miner, A.S., Bassoff, P., Moorman, C., 2001. Organizational improvisation and learning:
A field study. Administrative Science Quarterly 46, 304-337

Mody, A., 1993. Learning through alliances. Journal of Economic Behavior &
Organization 20, 151-170

Monteverde, K., Teece, D.J., 1982. Supplier switching costs and vertical integration in the
automobile-industry. Bell Journal of Economics 13, 206-213

Moodysson, J., 2008. Principles and practices of knowledge creation: On the organization
of “Buzz” and “Pipelines” in life science communities. Economic Geography 84,
449-469

Moorthy, S., Polley, D.E., 2010. Technological knowledge breadth and depth:
performance impacts. Journal of Knowledge Management 14, 359-377

Morck, R., Stangeland, D.A., Yeung, B., 2000. Inherited wealth, corporate control, and
economic growth: The Canadian disease. In: Morck R (ed.) Concentrated
Corporate Ownership. University of Chicago Press, Chicago.

Morck, R., Wolfenzon, D., Yeung, B., 2005. Corporate governance, economic retrench,
and growth. Journal of Economic Literature 63, 655-720

Morgan, R.M., Hunt, S.D., 1994. The commitment-trust theory of relationship marketing.
The Journal of Marketing 58, 20-38

Mowery, D.C., 1983. The relationship between intrafirm and contractual forms of
industrial research in American manufacturing, 1900-1940. Explorations in
Economic History 20, 351-374

Mowery, D.C., Oxley, J.E., Silverman, B.S., 1996. Strategic alliances and interfirm
knowledge transfer. Strategic Management Journal 17, 77-91

122



Mowery, D.C., Oxley, J.E., Silverman, B.S., 1998. Technological overlap and interfirm
cooperation: implications for the resource-based view of the firm. Research Policy
27,507-523

Mowery, D.C., Sampat, B.N., Ziedonis, A.A., 2002. Learning to Patent: Institutional
Experience, Learning, and the Characteristics of U. S. University Patents after the
Bayh-Dole Act, 1981-1992. Management Science 48, 73-89

Mowery, D.C., Shane, S., 2002. Introduction to the special Issue on university
entrepreneurship and technology transfer. Management Science 48, v-ix

Mueller, D.C., Dietl, H., Peev, E., 2003. Ownership, control and performance in large
Bulgarian firms. Journal for Institutional Innovation, Development and Transition
7,71-88

Mueller, H.M., Philippon, T., 2011. Family firms and labor relations. American Economic
Journal: Macroeconomics 3, 218-245

Mukherjee, D., Gaur, A.S., Gaur, S.S., Schmid, F., 2012. External and internal influences
on R&D alliance formation: Evidence from German SMEs. Journal of Business
Research

Munari, F., Oriani, R., Sobrero, M., 2010. The effects of owner identity and external
governance systems on R&D investments: A study of Western European firms.
Research Policy 39, 1093-1104

Munoz-Bullon, F., Sanchez-Bueno, M.J., 2011. The impact of family involvement on the
R&D intensity of publicly traded firms. Family Business Review 24, 62-70

Murray, F., Stern, S., 2007. Do formal intellectual property rights hinder the free flow of
scientific knowledge?: An empirical test of the anti-commons hypothesis. Journal
of Economic Behavior &amp; Organization 63, 648-687

Nakamura, M., Shaver, J.M., Yeung, B., 1996. An empirical investigation of joint venture
dynamics: Evidence from U.S.-Japan joint ventures. International Journal of
Industrial Organization 14, 521-541

Narin, F., Hamilton, K.S., Olivastro, D., 1997. The increasing linkage between U.S.
technology and public science. Research Policy 26, 317-330

Narula, R., Santangelo, G.D., 2009. Location, collocation and R&D alliances in the
European ICT industry. Research Policy 38, 393-403

Nelson, R.R., 1982. The role of knowledge in R&D efficiency. Quarterly Journal of
Economics 97, 453-470

Nelson, R.R., Winter, S.G., 1982a. An Evolutionary Theory of Economic Change.
Harvard University Press, Cambridge, MA.

Nelson, R.R., Winter, S.G., 1982b. The Schumpeterian tradeoff revisited. American
Economic Review 72, 114-132

Nerkar, A., Paruchuri, S., 2005. Evolution of R&D capabilities: The role of knowledge
networks within a firm. Management Science 51, 771-785

Nickell, S.J., Nicolitsas, D., Dryden, N., 1997. What makes firms perform well? European
Economic Review 41, 783-796

Nonaka, 1., Takeda, H., 1995. The knowledge-creating company: How Japanese
companies create the dynamics of innovation. Oxford University Press, New York.

Nonaka, I., Takeuchi, H., Umemoto, K., 1996. A theory of organizational knowledge
creation. International Journal of Technology Management 11, 833-845

123



Ornaghi, C., 2009. Mergers and innovation in big pharma. International Journal of
Industrial Organization 27, 70-79

Osborn, R.N., Hagedoorn, J., Denekamp, J.G., Duysters, G., Baughn, C.C., 1998.
Embedded patterns of international alliance formation. Organization Studies 19,
617-638

Owen-Smith, J., Powell, W.W., 2003. The expanding role of university patenting in the
life sciences: assessing the importance of experience and connectivity. Research
Policy 32, 1695-1711

Owen-Smith, J., Powell, W.W_, 2004. Knowledge networks as channels and conduits: The
effects of spillovers in the Boston biotechnology community. Organization Science
15,5-21

Oxley, J.E., 1997. Appropriability Hazards and Governance in Strategic Alliances: A
Transaction Cost Approach. Journal of Law, Economics, & Organization 13, 387-
409

Oxley, J.E., 1999. Institutional environment and the mechanisms of governance: the
impact of intellectual property protection on the structure of inter-firm alliances.
Journal of Economic Behavior & Organization 38, 283-309

Oxley, J.E., Sampson, R.C., 2004. The scope and governance of international R&D
alliances. Strategic Management Journal 25, 723-749

Ozman, M., 2008. Inter-firm networks and innovation: a survey of literature. Economics
of Innovation and New Technology 18, 39-67

Panzar, J.C., Willig, R.D., 1981. Economies of Scope. American Economic Review 71,
268

Peters, L., Groenewegen, P., Fiebelkorn, N., 1998. A comparison of networks between
industry and public sector research in materials technology and biotechnology.
Research Policy 27, 255-271

Pitts, R.A., 1977. Strategies and structures for diversification. The Academy of
Management Journal 20, 197-208

Porrini, P., 2004. Can a previous alliance between an acquirer and a target affect
acquisition performance? Journal of Management 30, 545-562

Poyago-Theotoky, J., Beath, J., Siegel, D.S., 2002. Universities and fundamental research:
Reflections on the growth of university-industry partnerships. Oxford Review of
Economic Policy 18, 10-21

Prabhu, J.C., Chandy, R.K., Ellis, M.E., 2005. The impact of acquisitions on innovation:
Poison pill, placebo, or tonic? The Journal of Marketing 69, 114-130

Prencipe, A., 2000. Breadth and depth of technological capabilities in CoPS: the case of
the aircraft engine control system. Research Policy 29, 895-911

Quintana-Garcia, C., Benavides-Velasco, C.A., 2008. Innovative competence, exploration
and exploitation: The influence of technological diversification. Research Policy
37, 492-507

Quintane, E., Casselman, R.M., Reiche, B.S., Nylund, P.A., 2011. Innovation as a
knowledge-based outcome. Journal of Knowledge Management 15, 928-947

Raisch, S., Birkinshaw, J., Probst, G., Tushman, M.L., 2009. Organizational
ambidexterity: Balancing exploitation and exploration for sustained performance.
Organization Science 20, 685-695

124



Ranft, A.L., Lord, M.D., 2002. Acquiring new technologies and capabilities: A grounded
model of acquisition implementation. Organization Science 13, 420-441

Rao, R.S., Chandy, R.K., Prabhu, J.C., 2008. The fruits of legitimacy:Why some new
ventures gain more from innovation than others. Journal of Marketing 72, 58-75

Reinganum, J.F., 1983. Uncertain innovation and the persistence of monopoly. American
Economic Review 73, 741-48

Reuer, J.J., Ragozzino, R., 2008. Adverse selection and M&A design: The roles of
alliances and IPOs. Journal of Economic Behavior & Organization 66, 195-212

Riyanto, Y.E., Toolsema, L.A., 2008. Tunneling and propping: A justification for
pyramidal ownership. Journal of Banking and Finance 32, 2178-2187

Romer, P.M., 1990. Endogenous Technological Change. Journal of Political Economy 98,
S71-102

Rosenkopf, L., Almeida, P., 2003. Overcoming Local Search through Alliances and
Mobility. Management Science 49, 751-766

Rosenkranz, S., Schmitz, P.W., 2003. Optimal allocation of ownership rights in dynamic
R&D alliances. Games and Economic Behavior 43, 153-173

Rothaermel, F.T., 2001. Incumbent's advantage through exploiting complementary assets
via interfirm cooperation. Strategic Management Journal 22, 687-699

Rothaermel, F.T., Deeds, D.L., 2004. Exploration and exploitation alliances in
biotechnology: a system of new product development. Strategic Management
Journal 25, 201-221

Rothaermel, F.T., Deeds, D.L., 2006. Alliance type, alliance experience and alliance
management capability in high-technology ventures. Journal of Business
Venturing 21, 429-460

Rothaermel, F.T., Thursby, M., 2005. University-incubator firm knowledge flows:
assessing their impact on incubator firm performance. Research Policy 34, 305-
320

Rouse, M.J., Daellenbach, U.S., 2002. More thinking on research methods for the
resource-based perspective. Strategic Management Journal 23, 963-967

Rouvinen, P., 2002. R&D-productivity dynamics: Causality, lags, and 'dry holes'. Journal
of Applied Economics 5, 123-156

Salter, A.J., Martin, B.R., 2001. The economic benefits of publicly funded basic research:
a critical review. Research Policy 30, 509-532

Sampson, R.C., 2007. R & D alliances and firm performance: The impact of technological
diversity and alliance organization on innovation. The Academy of Management
Journal 50, 364-368

Santoro, M.D., McGill, J.P., 2005. The effect of uncertainty and asset co-specialization on
government in biotechnology alliances. Strategic Management Journal 26, 1261-
1269

Sarkar, J., Sarkar, S., 2000. Large shareholder activism in corporate governance in
developing countries: Evidence from India. International Review of Finance 1,
161-194

Saviotti, P., de Looze, M.-A.l., Maupertuis, M.A., 2005. Knowledge dynamics, firm
strategy, mergers and acquisitions in the biotechnology based sectors. Economics
of Innovation and New Technology 14, 103-124

125



Scherer, F.M., 1965. Firm size, market structure, opportunity, and the output of patented
inventions. American Economic Review 55, 1097-1125

Scherer, F.M., 1998. The size distribution of profits from innovation. Annales d'Economie
et de Statistique, 495-516

Schildt, H.A., Maula, M.V.J., Keil, T., 2005. Explorative and exploitative learning from
external corporate ventures. Entrepreneurship Theory and Practice 29, 493-515

Schmidt, T., 2010. Absorptive capacity—one size fits all? A firm-level analysis of
absorptive capacity for different kinds of knowledge. Managerial and Decision
Economics 31, 1-18

Schmoch, U., 1993. Tracing the knowledge transfer from science to technology as
reflected in patent indicators. Scientometrics 26, 193-211

Schumpeter, J.A., 1934. The Theory of Economic Development. Oxford University Press,
Oxford, UK.

Shan, W., Walker, G., Kogut, B., 1994. Interfirm cooperation and startup innovation in the
biotechnology industry. Strategic Management Journal 15, 387-394

Shapiro, C., Varian, H.R., 1998. Information Rules: A Strategic Guide to the Network
Economy. Harvard Business School Press, Boston.

Shleifer, A., Vishny, R.W., 1986. Large shareholders and corporate control. Journal of
Political Economy 94, 461-488

Shleifer, A., Vishny, R.-W., 1997. A Survey of corporate governance. Journal of Finance
52,737-783

Shyam-Sunder, L., C. Myers, S., 1999. Testing static tradeoff against pecking order
models of capital structure. Journal of Financial Economics 51, 219-244

Siegel, D.S., Waldman, D., Link, A., 2003. Assessing the impact of organizational
practices on the relative productivity of university technology transfer offices: an
exploratory study. Research Policy 32, 27-48

Simonin, B.L., 1999. Ambiguity and the process of knowledge transfer in strategic
alliances. Strategic Management Journal 20, 595-623

Smith, A., 1976. An Inquiry into the Nature and Causes of the Wealth of Nations. In:
Campbell RH & Skinner AS (eds.) The Glasgow edition of the works and
correspondence of Adam Smith. Oxford University Press, Oxford.

Smith, S.C., Cin, B.-C., Vodopivec, M., 1997. Privatization incidence, ownership forms,
and firm performance: Evidence from Slovenia. Journal of Comparative
Economics 25, 158-179

Sorensen, J.B., Stuart, T.E., 2000. Aging, obsolescence, and organizational innovation.
Administrative Science Quarterly 45, 81-112

Sraer, D., Thesmar, D., 2007. Performance and behavior of family firms: Evidence from
the Frence stock market. Journal of the European Economic Association 5, 709-
751

Steensma, H.K., 1996. Acquiring technological competencies through inter-organizational
collaboration: An organizational learning perspective. Journal of Engineering and
Technology Management 12, 267-286

Stiebale, J., Reize, F., 2011. The impact of FDI through mergers and acquisitions on
innovation in target firms. International Journal of Industrial Organization 29, 155-
167

126



Stock, J.H., Wright, J.LH., Yogo, M., 2002. A Survey of Weak Instruments and Weak
Identification in Generalized Method of Moments. Journal of Business &
Economic Statistics 20, 518-529

Stokes, D.E., 1997. Pasteur's Quadrant: Basic Science and Technological Innovation.
Brookings Institution, Washington, DC.

Stuart, T.E., Ozdemir, S.Z., Ding, W.W., 2007. Vertical alliance networks: The case of
university-biotechnology-pharmaceutical alliance chains. Research Policy 36, 477-
498

Stuart, T.E., Podolny, J.M., 1996. Local search and the evolution of technological
capabilities. Strategic Management Journal 17, 21-38

Tanriverdi, H., Venkatraman, N., 2005. Knowledge relatedness and the performance of
multibusiness firms. Strategic Management Journal 26, 97-119

Teece, D.J., 1986. Profiting from technological innovation: Implications for integration,
collaboration, licensing and public policy. Research Policy 15, 285-305

Teece, D.J., 1988. Technological change and the nature of the firm. In: Dosi G, Freeman
C, Nelson R, Silverberg G & Soete L (eds.) Technical Change and Economic
Theory. Pinter Publishers, London and New York.

Teece, D.J., 1992. Competition, cooperation, and innovation - organizational
arrangements for regimes of rapid technological-progress. Journal of Economic
Behavior & Organization 18, 1-25

Teece, D.J., Pisano, G., Shuen, A., 1997. Dynamic Capabilities and Strategic
Management. Strategic Management Journal 18, 509-533

Thompson, P., 2006. Patent citations and the geography of knowledge spillovers:
Evidence from inventor- and examiner-added citations. Review of Economics and
Statistics 88, 383-388

Tidd, J., Bessant, J., Pavitt, K.L., 2000. Managing innovation: Integrating technological,
market and organizational change. John Wiley & Sons, Chichester.

Tirole, J., 1988. The theory of industrial organization. MIT Press, Cambridge, MA.

Todorova, G., Durisin, B., 2007. Absorptive capacity: Valuing a reconceptualization. The
Academy of Management Review 32, 774-786

Tsai, K.-H., Wang, J.-C., 2008. External technology acquisition and firm performance: A
longitudinal study. Journal of Business Venturing 23, 91-112

Turner, S.F., Bettis, R.A., Burton, R.M., 2002. Exploring depth versus breadth in
knowledge management strategies. Computational & Mathematical Organization
Theory 8, 49-73

Uhlenbruck, K., Hitt, M.A., Semadeni, M., 2006. Market value effects of acquisitions
involving internet firms: a resource-based analysis. Strategic Management Journal
27, 899-913

Uyarra, E., 2010. What is evolutionary about ‘regional systems of innovation’?
Implications for regional policy. Journal of Evolutionary Economics 20, 115-137

Valentini, G., 2011. Measuring the effect of M&A on patenting quantity and quality.
Strategic Management Journal, n/a-n/a

Valentini, G., 2012. Measuring the effect of M&A on patenting quantity and quality.
Strategic Management Journal 33, 336-346

127



Vanhaverbeke, W., Duysters, G., Noorderhaven, N., 2002. External technology sourcing
through alliances or acquisitions: An analysis of the application-specific integrated
circuits industry. Organization Science 13, 714-733

Villalonga, B., Amit, R., 2006. How do family ownership, control and management affect
firm value? Journal of Financial Economics 80, 385-417

Villalonga, B., Amit, R., 2009. How are U.S. family firms controlled? Review of
Financial Studies 22, 3047-3091

Villalonga, B., Amit, R., 2010. Family control of firms and industries. Financial
Management 39, 863-904

Villalonga, B., McGahan, A.M., 2005. The choice among acquisitions, alliances, and
divestitures. Strategic Management Journal 26, 1183-1208

von Hippel, E., 1998. Economics of product development by users: The impact of "sticky"
local information. Management Science 44, 629-644

Wang, Q., Von Tunzelmann, N., 2000. Complexity and the functions of the firm: breadth
and depth. Research Policy 29, 805-818

Weitzman, M.L., 1996. Hybridizing growth theory. American Economic Review 86, 207

Weitzman, M.L., 1998. Recombinant growth. The Quarterly Journal of Economics 113,
331-360

Werner, S., Tosi, H.L., Gomez-Mejia, L., 2005. Organizational governance and employee
pay: how ownership structure affects the firm's compensation strategy. Strategic
Management Journal 26, 377-384

Williamson, O.E., 1985. The Economic Institutions of Capitalism. Free Press, New York.

Windmeijer, F., 2005. A finite sample correction for the variance of linear efficient two-
step GMM estimators. Journal of Econometrics 126, 25-51

Winter, S.G., 1987. Knowledge and competence as strategic assets. Harper & Row, NY.

Wooldridge, J.M., 2002. Econometric analysis of cross section and panel data. MIT Press,
Massachusetts.

Whu, J., Shanley, M.T., 2009. Knowledge stock, exploration, and innovation: Research on
the United States electromedical device industry. Journal of Business Research 62,
474-483

Yamakawa, Y., Yang, H., Lin, Z., 2011. Exploration versus exploitation in alliance
portfolio: Performance implications of organizational, strategic, and environmental
fit. Research Policy 40, 287-296

Zahra, S.A., George, G., 2002. Absorptive capacity: A review, reconceptualization, and
extension. The Academy of Management Review 27, 185-203

Zeng, M., Hennart, J.F., 2002. From learning Races to cooperative specialization:
Towards a new framework for alliance management. In: Contractor F & Lorange P
(eds.) Cooperative Strategies and Alliances. Elsevier, London, pp. 189-210.

Zhang, J., Baden-Fuller, C., 2010. The influence of technological knowledge base and
organizational structure on technology collaboration. Journal of Management
Studies 47, 679-704

Zhou, K.Z., Li, C.B., 2012. How knowledge affects radical innovation: Knowledge base,
market knowledge acquisition, and internal knowledge sharing. Strategic
Management Journal In Press

Zollo, M., Reuer, J.J., 2010. Experience spillovers across corporate development
activities. Organization Science 21, 1195-1212

128



Abbreviation of the terms used in this dissertation

Terms

BSE Bombay Stock Exchange

CMIE Center for Monitoring Indian Economy

EPO European Patent office

FDA Food and Drug Administration

IPC International Patent Classification

In-vitro Biological experiments conducted using components
of organisms isolated from their usual biological context

In-vivo Biological experiments conducted with living organisms
in their normal, intact state

M&As Mergers and Acquisitions

NIC National Industrial Classification

NYSE New York Stock Exchange

R&D Research and Development

SEBI Securities and Exchange Board of India

SEC Securities and Exchange Commission

SIC Standard Industrial Classification

USPTO United States Patent and Trademark Office
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Appendix to Chapter 2: Construct Definitions, measures and data sources

Construct Label Conceptual Definition Operationalization Measure Source
Denth Extent to which firm specializes Degree to which firm leverages its During the last five years, the average number PATSTAT
P in technological areas current knowledge in a specific domain of times the firm repeatedly used the technology
(IPC) in the patents it applied for
Breadth Extent to which firm has at least Degree to which the firm demonstrates Proportion of IPC codes in a focal year's PATSTAT
some minimum knowledge access to accessibility of new knowledge patents that could not be found in the previous
varieties of technological domains five years' list of patents by the firm
Upstream alliance Access to the sources of fundamental knowledge Strategic alliances of Biotech firms with Proportion of alliances with university in a given Recap
Universities year
Downstream alliance Access to the sources of applied Knowledge Strategic alliances of Biotech firms with Proportion of alliances with pharmaceutical in a Recap
Pharmaceutical firms given year
Horizontal alliance Access to the sources of Industry level knowledge Strategic alliances of Biotech firms with Proportion of alliances with pharmaceutical in a Recap
Biotech firms given year
Science Link Extent to which inventions built on fundamental The degree to which firm's patent is citing Total number of scientific and academic PATSTAT
science as opposed to leveraging known patents scientific publications papers cited by the patents of a firm
Knowledge Stock Knowledge capital created during the process Total number of patent applications (patent Patent stock calculated assuming 15% annual PATSTAT
of successful or unsuccessful inventions stock) in the last 5 years depreciation and an 8% growth backward in times
R&D Intensity Efficiency of the firm to convert R&D Firm's reported spending on R&D per R&D expenses/Total assets Compustat

Research-1 Universities

Alliance Age

Firm Age

Propensity to Patent

investment into valuable patent

Universities that give high priority
to basic research

Extent to which the alliances induce knowledge
creation

Extent to which the firm is old

The extent of skills and expertise that impacts
knowledge creation

$1000 of its total assets

As classified by the Carnegie Foundation
for the Advancement of Teaching-2000

Year of alliance experience

Difference between year of inception
and last year of study period

Productivity of workers

Dummy variable=1 if the alliance
with these universities, 0 otherwise

Difference between 2006 and the year of first
successful alliance announcement

Log of firm age

Number of patents each year per worker of the firm

Carnegie Foundation's
Website

Recap

Patent Board

PATSTAT
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Appendix to Chapter 3: Variable definitions

Serial No. Variables and Construct Data Source

Depth - During the last five years, the average number of times the firm repeatedly used the IPC codes in

L. the patents PATSTAT
2 Breadth-Proportion of the new IPC codes in the focal year's patent, not used in the previous five years' list PATSTAT
of patents
3. Number of alliances in the last 5 years (calculated by moving sum) Recombinant Capital
4. Number of acquisitions in the last 5 years (calculated by moving sum) Thomson SDC
5 Sharjc of number of acquisitions of firms in related industries (acquisitions of related firms/total Thomson SDC
acquisition)
6. Sharjc of number of acquisitions of firms in unrelated industries (acquisitions of unrelated firms/total Thomson SDC
acquisition)
. . . . Company Website, GEN Guides to
7. Natural logarithm of firm age (2009-year of inception) Biotech Companies-1996
8. Natural logarithm of number of employees Compustat
9. Natural logarithm of R&D expenses Compustat
10. Sales growth -[Sales ; —Sales i.1))/Sales j«.1)] Compustat
11. Propensity to patent- Number of patents/total number of workers PATSTAT and Compustat
12. Financial Leverage (debt/equity) Compustat
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Appendix to Chapter 4: Variable definitions

Variables

Construct

Innovation Productivity
R&D intensity
Family Ownership (%)

Family CEO

Family Ownership (%)* dummy family
holding min. 20%

Family Ownership (%)*dummy to 50 BG

Family Ownership (%)* dummy large BG
Family Ownership (%)* dummy other BG

Foreign Ownership

Firm size

Firm age

Knowledge Stock

Wage Intensity
Employee Compensation

Total Assets (Moving average)
Industry Dummy

Number of patents/R&D expenses

R&D expenditure/Sales

Percentage of all classes of shares held by the family
(shareholding of Individuals and Hindu Undivided Family)
as an individual or as a group

Dummy indicates 1 if founding family member(s) is CEO or in BoD
The subset of family ownership holding minimum of 20% shares

Interaction term indicating the top 50 business groups
affiliated firms with family ownership

Interaction term indicating the large business groups
affiliated firms with family ownership

Interaction term indicating the others business groups
affiliated firms with family ownership

Percentage of common shares owned by foreign individual, corporate bodies

Log of total Sales

Log of firm's Age

Number of patents in last 4 years assuming 15% annual
depreciation and an 8% growth backward in times
Wage/Sales

Last 5 years average employee compensation

Last 5 years average total assets

1 if the firm belongs to Manufacturing, IT or chemical industry, O otherwise

Notes: The industry dummy is created by using National Industry Classification (NIC) code available in

Prowess database
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