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1. Introduction

There has been a long-standing debate in the literature on why mergers occur and on
determinants of merger pairing decisions.' Harford (2005) finds that economic, regulatory, and
technological shocks drive industry merger waves. This support for neoclassical explanation of
aggregate merger activity suggests that neoclassical theory may also explain which firms become
acquirers and targets as well as how merger pairs are formed. In particular, the transaction cost
economics (Coase (1937), Williamson (1975, 1979, 1985), Klein, Crawford and Alchian (1978))
as well as the property rights theory of the firm (Grossman and Hart (1986), Hart and Moore
(1990), and Hart (1995)) argue that firms merge to achieve economic gains from
bilateral/multilateral relationships if these relationships and the rents they generate are not

contractible.

In this paper, we examine how firms’ innovation activities affect their merger activity.
We ask whether the existence of synergies between firms in the space of technological
innovation leads to corporate acquisitions and how characteristics of such synergies are related to
who buys whom. In this context, we present direct evidence on the importance of asset
complementarities for mergers and find support for the prediction of the neoclassical property

rights theory of the firm that complementary assets should be owned together.

Our focus on innovation is motivated by empirical evidence, which shows that merger
waves occur in response to technological progress, and the theory of the firm, which argues that
contractual incompleteness is a necessary condition for economic activity to take place inside
formal organizations as opposed to be run solely by market transactions. Since innovation

involves investing in human capital and R&D and producing predominantly intangible assets, the

' At least three, not mutually exclusive, schools of thoughts appear to emerge. First, mergers take place because of
incompetent target management and/or hubris (Jensen and Ruback (1983), and Roll (1986)). Second, mergers take
place because acquirer managers take advantage of the market’s overvaluation of their firms and/or there exists
correlated misinformation whereby errors in valuing potential takeover synergies are correlated with overall market
valuation error (Shleifer and Vishny (2003), and Rhodes-Kropf and Viswanathan (2004)). Lastly, mergers take place
because of efficiency gains (Jovanovic and Rousseau (2002) and Harford (2005)).
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relationships between firms that arise due to their innovative activities are presumably hard to
contract upon. At the same time, such relationships arise frequently as innovativeness is the
crucial contributor to future corporate profits and is pursued by many firms across a wide
spectrum of industries.” As a result, innovation might be an economy-wide driver of corporate
acquisitions. Indeed, 60% of all public-public US mergers in the 1984-2006 period are associated
with firms that are involved in innovation activities, as captured by patenting, prior to the

transaction.

The acquisition of Closure Medical Corporation by Johnson & Johnson (J&J) is
illustrative of the role that complementarity in the technology space plays in redrawing the
boundaries of the firm. Closure Medical, a global leader in biomaterial-based medical devices,
developed the cyanoacrylate technology that was used in J&J’s products prior to the acquisition.
On March 4, 2005, J&J announced the acquisition of Closure Medical stating that,
“cyanoacrylate formulations offer several advantages, including speed, ease-of-use and
performance [and that] the capabilities and experience [J&J] expects to gain from this transaction

»3 Similarly, Intel’s President

can significantly contribute to the company’s sustained success.
described the acquisition of Chips and Technologies on July 27, 1997, “Intel and Chips and
Technologies already share an excellent working relationship based on our joint efforts in
graphics accelerators. Intel’s acquisition of Chips and Technologies will provide [Intel] with the
ability to bring strong graphics solutions to the mobile market segment.” The acquisition was

triggered by the Chips and Technologies’ industry-leading technology (HiQColor) in graphics

accelerators for the mobile computers.*

* A large body of work in industrial organization and on the economics of innovation shows that the competitive
structure of the innovation process is the most important driving force for firms’ R&D investment decisions (see
Tirole (1998)).

? See J&I’s press release, “Johnson & Johnson and CLOSURE Medical Corporation Announce Acquisition
Agreement” on March 4, 2005 at http://www.investor.jnj.com/textonly/releasedetail.cfm?ReleaseID=157299.

* See Intel’s press release, “Intel to Acquire Chips and Technologies, Inc.” on July 27, 1997 at
http://www.intel.com/pressroom/archive/releases/1997/CN072797.HTM.
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These examples highlight the key features of merger transactions we study. First, merger
partners pursue related R&D activities prior to the acquisition. Second, a particular technology of
the target firm appears to be very valuable for the acquirer, triggering the bid. This suggests that
economic gains from technological complementarities can be realized only if the assets are
joined under the acquiring firm’s ownership. Third, the merger is expected to have a positive
impact on the acquirer’s future performance. To see whether these anecdotal examples, which
are consistent with the property rights theory of the firm, represent a general pattern underlying
merger activity, we ask the following research questions: Are acquisitions driven by
technologically advanced firms or by technology laggards? Do merger partners possess
complementary technologies prior to the transaction? Which characteristics of technological
overlaps affect merger pairing decisions? Do innovation-driven acquisitions improve firm’s

innovativeness as well as operating and stock market performance?

To answer these questions we compile an economy-wide patent-merger dataset and
develop measures that capture innovation quantity and quality, and more importantly, asset
complementarities that stem from technological overlaps of merger partners’ innovation
activities. Using citations the acquirers’ and the target firms’ patent portfolios made to other
patents, our measures identify whether merger partners’ innovation activities are directly
interrelated and also whether they originate from the same knowledge base. This allows us to

examine how technological complementarities affect merger motives and outcomes.

We first show that more innovative companies, as measured by both patent quantity and
quality, are more likely to engage in acquisition activities. Second, technological overlaps
between the bidder’s and the target firm’s innovation activities as captured by proximity of
innovation activities, shared knowledge base, and patent cross-citations have significant impact
on who buys whom decisions. Finally, we show that innovation-driven acquisitions achieve
better long-term real outcomes: higher sales growth, more impactful innovation output as well as

improved long-term stock market performance.



Our paper differs from prior work in the following dimensions. First, using patent and
patent citations data, we develop new measures of asset complementarity in the merger setting
and provide evidence in support of the property rights theory of the firm. Second, we identify
both unilateral and bilateral technology-specific firm characteristics that trigger merger pairing
and that lead to improved operating and stock market performance. Finally, we present large
sample evidence on the real consequences of mergers on the acquirers’ future innovation

activities. Our sample spans most industries and covers the past two decades.

Our paper adds to the large literature by examining the motives and outcomes of mergers
(see the survey by Andrade, Mitchell, and Stafford (2001)) and is closely related to two recent

papers taking the boundaries of the firm view of mergers.

Building on the property rights theory of the firm, Rhodes-Kropf and Robinson (2008)
use the search model of Diamond-Mortensen-Pissarides to explain the observed pattern of
market-to-book ratios of acquirers and target firms. In their model, a firm’s market-to-book ratio
reflects expected gains from future merger synergies and hence depends on the probability with
which the firm finds a merger partner as well as on the bargaining position the firm has over its
merger partner. The model’s equilibrium dictates positive assortative matching of firms on the
market-to-book ratios which is supported by the data. We use the overlaps between firms in the
space of technological innovation to directly measure potential synergies between the acquirer
and the target firm. We show that such synergies drive merger pairing decisions and are

important for achieving real positive effects of mergers.

Hoberg and Phillips (2010) provide direct evidence that product market synergies are
important determinants of mergers. Using a text-based analysis of firms’ product descriptions in
the 10-K reports, they identify product market interactions among merger candidates and show
that acquirers merge with target firms that have complementary assets and that such mergers

achieve product range expansions. They also find that mergers between firms with similar



product descriptions lead to higher operating profitability and sales growth. We analyze the role

of asset complementarity in innovation and do not study how firms interact in product markets.

The paper proceeds as follows. We review the literature and develop our hypotheses in
the next section. We describe our sample and construction of key variables in Section III. We
examine merger incentives and outcomes in Section IV. Additional investigations are presented

in Section V, and we conclude in Section VI.

II. Literature Review and Hypothesis Development

In this section, we first review the literature on the boundaries of the firm. We then develop our
hypotheses focusing on how asset complementarities—measured using acquirers’ and target
firms’ technological overlaps—give firms incentives to merge and how mergers may realize

subsequent real improvement.

11 A. Literature on the Boundaries of the Firm

Williamson (1975, 1979, 1985) and Klein, Crawford, and Alchian (1978) observe that
when parties cannot write detailed long-term contracts, they underinvest in relation-specific
assets because the ex post quasi-rents from these investments cannot be divided up appropriately
at the time of investing. Williamson (1985) places a particular weight on the role of asset
specificity in the supplier-customer relationship along the supply chain and argues that vertical

integration increases efficiency as it reduces underinvestment and eliminates hold-up problems.’

A more formal property rights theory of the firm, pioneered by Grossman and Hart

(1986), also notes that asset ownership is irrelevant under complete contracting and hence it must

> Our empirical strategy relies on measuring asset complementarity between firm pairs as opposed to measuring
asset specificity. Since asset complementarity is central to the property rights theory of the firm while asset
specificity plays no role in it (see Whinston (2003) for detailed discussion), we base our hypotheses on the
predictions of the property rights theory of the firm.



be contractual incompleteness that leads to setting up formal organizations and hence to
understanding firm boundaries. Hart and Moore (1990) develop a theory of how ownership of
assets, which confers residual rights of control over these assets, alters the efficiency of trading
relationships. Decisions about asset ownership—and hence firm boundaries—are important
because control gives the owner bargaining power when unforeseen or uncovered contingencies
force parties to negotiate how their relationship should be continued. In their setting, a firm is a
match between an agent’s human capital and assets which generates social surplus, and the

contractual incompleteness is with respect to the agent’s ex ante human capital investment.

Hart and Moore (1990) show that the agent whose investment is more important for
creating the surplus when working with an asset, i.e., whose investment impacts the surplus the
most, should own the asset. They further show that highly complementary assets should be
owned together. The latter result obtains because the realization of benefits from asset
complementarities requires relationship-specific investments while, at the same time, the
existence of complementarities creates opportunities for rent-seeking. Rent-seeking is minimized
if control rights are allocated to a single party, which increases efficiency. In contrast, assets

without complementarities should be owned by different firms without any efficiency losses.

11.B. Our Hypotheses

The starting point for our investigation in this paper is that firms with extensive
innovation activities are likely to have investment opportunities with potentially significant
impact on the economy. According to the property rights theory, such firms should own
technology- and R&D-related assets that will allow them making these investments.
Furthermore, more innovative firms are more likely owns technology- and R&D-related assets
that are complementary to those of other firms. In contrast, firms not active in innovation may
never be able to realize synergistic gains from buying either technology- or R&D-related assets.

As such, we hypothesize that:



Hypothesis 1: Merger Occurrence: More innovative firms are more likely to engage in M&As

as acquirers.

Inter-firm linkages in technological innovations can lead to merger decisions through
several channels. First, Hart and Moore (1990) show that firms with the highest degree of
complementarity have the strongest incentive to merge as, for them, the opportunity cost of not
merging is the highest.® Moreover, if merging entails transaction cost, firms with complementary
assets should be more willing to pay the costs of merging as the benefits of common ownership

are bigger.

Second, technological overlaps can help overcome information asymmetry in
acquisitions. R&D intensive assets, by nature, are more difficult to evaluate than tangible ones.
One of the concerns for an acquirer is its ability to accurately value the target firm. If the
acquirer and the target firm are familiar with each other’s technologies, then information
asymmetry between merger partners is mitigated (Higgins and Rodriguez (2006), and Zhang

(2010)).

Third, Holmstrom and Roberts (1998) argue that information and knowledge transfers are
common drivers of horizontal mergers, particularly in the areas of technology and innovation.’
Sharing knowledge with another firm might be beneficial to both parties (and also socially
efficient) due to complementarities, but it does not take place easily. This is because the buyer
does not know how much to pay until the idea’s value is established, which may require the
seller giving away most of the idea for free in the first place. Integration would be a natural way

to facilitate trade and increase efficiency in such cases.

Finally, the target firm’s technology can complement the acquirer’s technology or it can

fill particular gaps in the acquirer’s R&D portfolio so that the innovation prowess or the

® The search-and-matching model of Rhodes-Kropf and Robinson (2008) also suggests that asset complementarity
leads to mergers.

7 Arrow (1975) shows that information transmission between upstream and downstream firms may be facilitated by
vertical integration.



competitive position of the combined firm is strengthened (see Breitzman and Thomas (2002),

and Higgins and Rodriguez (2006)).

As such, we expect that innovative acquirers pursue target firms with which they have

innovation overlaps or target firms with similar technological competency:

Hypothesis 2: Merger Pairing: Mergers are more likely to take place between firms with

overlapping innovation activities.

Innovation-driven mergers can result in performance improvements through three
channels. First, according to the property rights theory of the firm, integration improves
incentives to invest, reduces underinvestment, and enhances efficiency. If so, innovation-driven

mergers should lead to greater innovation activities and investment post-merger.

Second, innovation-driven mergers have the potential to perform well if the acquirer
achieves economies of scale and scope in production of innovation by buying target firms with
related R&D activities. Specifically, as R&D activities typically have a significant fixed cost
component, mergers between firms with related R&Ds can lead to a substantial reduction in
development costs by avoiding duplication and/or sharing inputs. Such economies of scale and
scope are likely to be the greater the more related the merger partners’ R&D activities are

(Ornaghi (2009)).

Third, by unifying R&D activities, mergers can facilitate knowledge spillovers that
increase the productivity of R&D activities of the combined firm. In contrast to pure economies
of scale and scope in the production of innovation, knowledge-based spillovers imply
improvement in innovation performance, irrespective of any change in R&D inputs (Kamien and

Schwartz (1982), and De Bondt (1996)).

As such, we hypothesize that:



Hypothesis 3: Merger Outcomes: Innovation-driven mergers generate more future innovation
output, and are associated with higher stock market price reaction, and better post-merger

operating and stock market performance.

In our empirical investigation, we test these hypotheses and also attempt to control for
some of the alternative explanations for why and how mergers take place. In the next section we

describe our data, define key innovation variables, and present summary statistics.

I11. Sample Formation and Key Variable Definitions
1I1.A. Our Sample

To form our M&A sample, we begin with all announced and completed US M&As with
announcement dates between January 1, 1984 and December 31, 2006 covered by the Mergers
and Acquisitions database of the Thomson Financial’s SDC Database.® We identify all deals
where the form of deal was coded as a merger, an acquisition of majority interest, or an
acquisition of assets. Then we only retain an acquisition if the acquirer owns less than 50 percent
of the target firm prior to the bid, is seeking to own greater than 50 percent of the target firm, and
owns greater than 90 percent of the target firm after the deal completion. We require that: 1) both
the acquirer and the target firm be bigger than $1 million or that the transaction value be no less
than $1 million (all in 1984 constant dollars) to get rid of many small deals; 2) neither the
acquirer nor the target firm be from the financial sector (SIC 6000-6999); and 3) both the
acquirer and the target firm be covered by Compustat (with information on their industry

classification and sales). These filters yield 3,651 deals—the SDC Sample.

To examine the effect of asset complementarity in the technology space on M&A
decisions, we form samples of pseudo deals using matching acquirers and matching target firms

and append them to the SDC Sample that contains the actual acquirers and the actual target firms.

¥ Our sample period begins in 1984 because the information in SDC is less reliable before 1984 and ends in 2006
because the patent data ends in 2006.



Matching acquirers (target firms) are selected in the following way: 1) we consider all
Compustat firms over the sample period that were never an acquirer nor a target firm in the SDC
Sample; 2) they are from the same 2-digit SIC industry as the actual acquirer (target firm) as of
the fiscal year end before the bid announcement; 3) their sales is the closest to the actual
acquirer’s (target firm’s) sales as of the fiscal year end before the bid announcement; and 4) both
the actual acquirer and its closest matching firm (both the actual acquirer-target pair and their
respective closest matches) have available information (from Compustat and CRSP) to construct

firm characteristics as defined in Appendix 1.

There are 1,858 deals in the SDC Sample, for which we are able to form pseudo deals by
pairing the closest match of the actual acquirer with the actual target firm using the procedure
described above—the Acquirer Sample. There are 1,479 deals in the SDC Sample, for which we
are able to form at least one pseudo deal by pairing: 1) the actual acquirer with the closest match
of the deal’s actual target firm; 2) or the actual target firm with the closest match of the deal’s
actual acquirer; 3) or the closest match of the deal’s actual acquirer with the closest match of the

deal’s actual target firm—the Acquirer-Target Sample.

We then retrieve patent related information for the actual acquirers and the actual target
firms and their respective matches from the patent database compiled by combining the NBER
Patent Data Project (January 2011) with the worldwide Patent Statistical Database (PATSTAT,
April 2008) of the European Patent Office (EPO). The NBER project provides data about all
utility patents’ awarded by the US Patent and Trademark Office (USPTO) over the period 1976-
2006. Among other variables, the NBER project contains, for each patent, a unique patent
number, patent assignee names matched to firms in Compustat (a patent number-GVKEY link),
and a patent’s technology field defined according to the standards of the International Patent

Classification (IPC) system. The original matching of patent assignees, by name, to firms in

? According to the US Patent Law (35 U.S.C. 101) utility is a necessary requirement for patentability and is used to
prevent the patenting of inoperative devices. In our analysis, we do not use plant patents, i.e., patents for new
varieties of plants.
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Compustat is done by Hall, Jaffe, and Trajtenberg (2001). Since then, the matching has been
updated using multiple manual and computer generated matches (see Bessen (2009) for details).
The PATSTAT database contains, among other information, the identification of the set of patent
publications that cite a particular patent (citations received by a patent) and the identification of
the set of patent publications a particular patent is citing (citations made by a patent), based on
all patent documents submitted to the USPTO. The key advantage of using the NBER project
together with the PATSTAT for our analysis is that the combined database allows us to track
patenting output and patent citation activity over time by technology fields as well as by firms

and firm-pairs.

1I1.B. Our Innovation Measures

The IPC system is a hierarchical patent classification system created under the Strasbourg
Agreement (1971) and updated on a regular basis by a committee of experts, consisting of
representatives of the contracting states of that agreement. The structure of the IPC classification
is made up of a section, class, subclass, main group, and subgroup. There are eight sections and
about 400 classes (depending on the version) in the second-level of the IPC system. The second-
level of the IPC classification is our proxy for the technology field of innovation, technology

class, which we use to construct the measures of innovation output, quality, and overlaps.

The assessment of the quantity of innovation output of a given firm using the patent
count data can only be made with reference to some benchmark innovation output due to the
following reasons. First, technology classes differ in the nature of R&D activity and resources
required in producing a patentable innovation to the extent that patent counts in two distinct
classes may not be comparable in the cross section. Second, there are technology class-specific
time trends in the number of awarded patents that may not fully reflect changes in innovation
output. In particular, large increases in the number of awarded patents in some classes over time

might reflect the evolution of USPTO practices with respect to what is a patentable innovation,
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and hence patent counts from different years may not be (time) consistent measures of
innovation output even within the same technology class. We address both issues by computing
firms’ patent counts using the scaled number of patents, where we divide the number of patents a
firm received in a given technology class and year by the median number of patents received in a

given technology class and year.

The assessment of the quality of innovation output of a given firm using patent citations
requires dealing with two specific features of the citation count data. First, citations received by
any given patent is truncated in time because we only know about the citations received so far,
and hence patents of different ages are subject to various degrees of this truncation. Second, as
the number of awarded patents has been rising steeply over time, the increase in the universe of
citing patents mechanically increases the total number of citations made, which may mean that
later citations are less significant than earlier ones. To deal with both features, we apply a variant
of the “fixed-effects” method of Hall, Jaffe, and Trajtenberg (2001). Specifically, we divide each
patent’s citation count by the median citation count of patents in the technology class and award
year to which the patent of interest belongs.'® Below we introduce our innovation measures,

while detailed definitions are provided in Appendix 1.

To capture the quantity of innovation, we employ Citation-Weighted Patents and Patent
Index. The former is the sum of the citation-weighted number of awarded patents to the
acquirer/target firm. The latter measures the quantity of a firm’s innovation output benchmarked

relative to the median quantity of innovation output in each technology class and time period

' Hall, Jaffe, and Trajtenberg (2001) note that, while the fixed-effects rescaling ensures comparability, it also
removes variance components of the citation data that might be real. The only way to avoid this is to impose a
structure on the citation generating process, and identify real from mechanical sources of variation in the citation
data using some additional assumptions. In particular, the “quasi-structural” approach developed by Hall, Jaffe, and
Trajtenberg (2001) relies on stationarity, which means that citation-lag distribution is time-invariant. Stationarity is
likely to be violated in our setting, as mergers between firms (especially among firms as large and highly innovative
as in our sample) might affect the citation generating process in some technology classes. Indeed, since we expect
that merger events do impact the innovation process, we only count citations in a “fixed window” (typically three
years) starting with the patent award year. For the same reason, we also focus only on patents awarded shortly
before and after each event.
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where and when the firm was active in patenting. In both cases, we consider patents with an
application year from the three-year period before/after an acquisition (see Figure 1 for an

illustration of these time periods which we denote “BEFORE” and “AFTER?”).

To capture the quality of innovation, we create Citation Index and Self-Cites Ratio. The
number of citations a patent receives conveys information about its importance and allows
gauging the enormous heterogeneity in the quality of patents. This is because, if firms invest in
further developing an innovation disclosed in a previous patent, then the resulting (citing) patents
presumably signify that the cited patent is economically valuable. Further, if there are citations
years after the award of the cited patent, it must be that the cited patent has indeed proven to be
valuable (Hall, Jaffe, and Trajtenberg (2005)). Citation Index captures the quality of a firm’s
patent portfolio benchmarked relative to the median quality of patenting output in each
technology class and time period where and when the firm was active in patenting (see Figure 1
for an illustration of time periods over which we measure awarded patents as well as time
periods over which we measure citation counts for each patent awarded in a given year). Self-
Cites Ratio is the number of awarded patents to a firm that cite any of the firm’s earlier patents
scaled by the total number of awarded patents to the firm over the same time period. Both Patent

Index and Citation Index are new constructs to the literature.

An important consideration for our analysis, however, is not necessarily the quantity and
quality of innovation output, but the trend of these measures in the years prior to an acquisition.
A declining quantity (quality) of innovation output in the years prior to an acquisition would be
indicative of a company whose technological output is deteriorating. As such, we also compute
changes in our measures of innovation quantity and quality between the three-year period before
an acquisition and the time period prior to that (see Figure 1 for an illustration of these time

periods which we denote “BEFORE” and “AGO”).

We employ three sets of variables to capture innovation overlaps. The first set of

variables includes two symmetric measures. Following Jaffe (1986), Technological Proximity,

13



measures the proximity of any two firms’ innovation activities in the technology space using
patent counts in different technology classes. Knowledge Base Overlap, measures the extent to
which any two firms’ awarded patents cite the same set of past patents. Therefore, Knowledge
Base Overlap captures the similarity of technological foundations of any two firms’ patent
portfolios, specifically, whether the two firms base their innovation activities on the same
underlying knowledge.!' The second set of variables, new to the literature, includes two
reciprocal measures. Acquirer’s/Target’s Base Overlap Ratio captures the importance of the
knowledge base that is common to both firms relative to the acquirer’s/target firm’s entire
knowledge base. The final set of variables also includes two reciprocal measures.
Acquirer’s/Target’s Cross-Cites Ratio measures the extent to which the target firm’s/acquirer’s
patent portfolio is directly cited by the acquirer’s/target firm’s patent portfolio. Therefore, Cross-
Cites Ratios capture the immediate importance of a firm’s innovation activity to that of another

firm.

111.C. Measures of Merger Performance

We adopt a number of measures to evaluate the impact of mergers and acquisitions on
innovation and firm operating and stock market performance (detailed definitions are provided in

Appendix 1).

The first set of performance measures consists of our innovation variables defined in
Section II1.B. In our typical specification, we compare innovation output and quality post-merger
(in the three-year period after the deal completion—year cyr+1 to cyr+3, see Figure 1) relative

to that of pre-merger (in the three-year period before the bid announcement—year ayr-3 to ayr-

D).

" The applicant has a legal duty to disclose any knowledge of the “prior art,” but the decision regarding which
patents to cite ultimately rests with the patent examiner, who is supposed to be an expert in the area and hence to be
able to identify relevant prior art that the applicant misses or conceals.
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The second set of performance measures captures operating performance in terms of sales
growth, return on assets (ROA, i.e., the ratio of earnings before interest, taxes, depreciation, and
amortization to total assets), R&D intensity (R&D, i.e., the ratio of research and development
expanses to total assets), and investment activity (CAPEX, i.e., the ratio of capital expenditures

to total assets).

The third set of measures focuses on stock market performance. First, we capture the acquirer’s
post-merger long-run stock market performance controlling control for size, book-to-market, and
pre-acquisition return following Lyon, Barber, and Tsai (1999). Second, we complement the
long-run performance with the immediate stock price reaction of the acquirer and the target firm
to the bid announcement. Acquirer CAR3, is the acquirer’s abnormal announcement-period
return over days (-1, 1), where day 0 is the bid announcement date. Daily abnormal stock returns
are computed using the market model and the value-weighted CRSP index. The estimation
window is days (-252, —60) prior to the bid announcement date. Target CAR3 is computed
similarly. Following Bradley, Desai, and Kim (1988), we also compute the value-weighted
announcement period return, Deal CAR3, as (Acquirer CAR3 x acquirer market capitalization +
Target CAR3 % target market capitalization) / (acquirer market capitalization + target market

capitalization).

1I1.D. Sample Overview

Table 1 presents the temporal distribution of the M&A samples that we use in our analyses.
From the 1,858 actual deals in the Acquirer Sample (All Deals), there are 1,009 deals where the
acquirers engaged in patenting activities over the five-year period prior to the bid
announcement—~Acquirers with Patents. From the 1,479 actual deals in the Acquirer-Target
Sample, there are 942 deals where either the acquirers or the target firms engaged in patenting

activities—Acquirers or Targets with Patents, and 450 deals where both the acquirers and the
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target firms engaged in patenting activities over the five-year period prior to the bid

announcement—Acquirers and Targets with Patents.

We observe a trough in the early 1990s and a strong surge in the late 1990s in M&A
activities, coinciding with a recession and a subsequent rising stock market and economic boom.
The five samples exhibit very similar temporal trends, with M&A activities bottomed in 1992
and peaked in 1998. It is clear that deals made by innovative acquirers exhibit similar cyclicality

as those made by acquirers at large.

Appendix 2 presents a detailed breakdown of sample deals by industry using 2-digit
SICs. We show that deals in the Acquirers or Targets with Patents sample span 48 different
industries. The five industries with the highest number of deals are: Chemicals and Allied
Products (SIC 28, including pharmaceutical and biotech industries), Industrial and Commercial
Machinery and Computer Equipment (SIC 35), Electronic and Other Electrical Equipment and
Components (SIC 36), Measuring, Analyzing, and Controlling Instruments (SIC 38), and

Business Services (SIC 73)."

Table 2 Panel A presents the descriptive statistics for the Acquirers or Targets with
Patents of the Acquirer-Target Sample." Total assets are in billions of 2006 constant dollars. We
show that the acquirers tend to produce more patents than their target firms as measured by both
citation-weighted patents and patent indices. Further, in terms of the quality of innovation, the
acquirers’ citation indices as well as self-cites ratios are greater than those of their target firms.
Our univariate statistics are suggestive of that the acquirers are more innovative than their target

firms.

"2 In the technological strand of the merger literature, most prior work is limited to technology/research intensive
industries that represent a narrow snapshot of the economy (see for example, Cloodt, Hagedoorn, and Van
Kranenburg (2006) on four high-tech sectors, Higgins and Rodriguez (2006) and Ornaghi (2009) on the
pharmaceutical industry, and Danzon, Epstein, and Nicholson (2007) on the pharmaceutical/biotechnology industry)
and typically uses measures of firms’ innovation output that fail to capture asset complementarity from innovation-
driven acquisitions (see for example, Danzon, Epstein, and Nicholson (2007), Zhao (2009), and Zhang (2010)).

" The descriptive statistics for all other samples exhibit similar patterns, and are available upon request.
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The firm characteristics show that our sample firms are large firms (in the 9" and 8"
deciles of the Compustat universe over the same time period for the acquirers and the target
firms in the Acquirers or Targets with Patents sample, respectively), and that the acquirers have
higher sales growth and profitability, better stock market performance, and lower B/M ratios
than the target firms. Overall, our acquisition sample is similar to those used in other studies of
mergers between public firms (see for example, Gaspar, Massa, and Matos (2005), and Jenter,

Harford, and Li (2011)).

At the bottom of Panel A, we show that there are innovation overlaps between the
acquirers and their target firms using different measures. In particular, there are 242 deals (out of
942 deals) where one or more measures of innovation overlaps are non-zero. The mean
correlation between the acquirer’s and the target firm’s patent portfolios is 0.10. Naturally, the
common knowledge base between the acquirers and the target firms is more important to the
latter than to the former. There are more target firms making cites of their acquirers’ patents

(Target’s Cross-Cites Ratio) than the other way round (Acquirer’s Cross-Cites Ratio).

Table 2 Panel B presents the analogous descriptive statistics for the sample of pseudo
deals to the Acquirers or Targets with Patents of the Acquirer-Target Sample. There are 2,532

pseudo deals to 942 actual deals.

We show that among these pseudo deals, the acquirers tend to produce more patents with
higher citation indexes than their target firms, but both the acquirers and the target firms are less
innovative in comparison to their respective actual merger partners (Panel A of Table2). The
reported statistics further suggest that the matching firms have similar financial characteristics

(as intended) to the actual acquirers and target firms.'* Interestingly, the extent of innovation

' Since the firms in pseudo deals are matched to their respective actual merger partners by sales, the sales
differences between the actual and matching firms are minimal, while we still see some differences in total assets. In
our multivariate analyses, we include natural logarithm of total assets as a regressor to control for any residual
variation in firm size.
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overlaps is minimal between the merger partners in pseudo deals, as compared to the overlaps

between the merger partners in the actual deals as shown in Panel A.

Table 2 Panel C presents the correlation matrix of the innovation variables for the same
sample as described in Panel A. We show that there is high correlation between the two
measures of patent quantity and one measure of patent quality—Citation-Weighted Patents,
Patent Index, and Citation Index (the exception is Self-Cites Ratio). As a result, in our
multivariate analyses of selection into acquirers we include one patent quantity or quality
measure at a time. There is moderate correlation among the six measures of innovation overlap
between the acquirer and the target firm, and between these overlap measures and the measures
of patent quantity/quality. Therefore, in our multivariate analyses of merger pairing, we use

specifications with one as well as with multiple innovation measures at a time.

IV. Main Results

In this section, we implement various multivariate analyses to test our hypotheses regarding the

interaction between corporate innovations and acquisitions.

1V.A. Who Are the Acquirers?

Are acquisitions driven by technologically advanced firms, probably to preserve or
further enhance their competitive edge, or by technology laggards? To answer this question, we
estimate the following probit regression using cross sectional data with one observation for each

actual deal and one observation for each pseudo deal:

Acquirer;; = a + f1Innovation Measure;;_, + B,Acquirer Characteristics;;_; +

Industry FE; + Year FE, + e;;. (1)

The dependent variable is, Acquirer;, equal to one if the firm is the actual acquirer, and zero

otherwise (i.e., if the firm is the acquirer matching firm). Innovation Measure;, ; is one of the
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measures of innovation quantity and quality as defined in Section II1.B. Acquirer
Characteristics;.; are measured as of the fiscal year end before the bid announcement. Table 3
presents average marginal effects from the probit regression in Equation (1) computed across all

firms in the sample.

In Panel A, we focus on the quantity of innovation measured using Citation-Weighted
Patents in levels and changes, and employ both A/l Deals and Acquirers with Patents of the
Acquirer Sample. Across both samples and all specifications, we show that more innovative
firms are more likely to become acquirers. In terms of the economic significance, under Column
(1) specification, if the value of Citation-Weighted Patents increases by a tiny bit, the probability
of'a sample firm to become an acquirer increases by 2.5 percentage points, on average. As a
comparison, an infinitesimal increase in prior year stock returns is associated with 4.4 percentage
points increase in the likelihood of a sample firm to become an acquirer, on average. It is worth
noting that the largest effect on the likelihood of a firm becoming an acquirer is its R&D
expenditures, reinforcing our conjecture that innovations drive acquisitions. Similarly, under
Column (2) where we employ ACitation-Weighted Patents between year ayr-3 and year ayr-1 as
the key explanatory variable, if the trend of innovation output increases by a tiny bit, the
probability of a sample firm to become an acquirer increases by 4.6 percentage points, on
average. In contrast to Zhao (2009), our results suggest that both the level of innovation quantity

and its time trend play an important role in M&A decisions."

Using the subsample of innovative acquirers in Columns (3)-(4), we show that the effect
of innovation quantity is strengthened. In terms of the economic significance, under Column (3)
specification, if the value of Citation-Weighted Patents increases by a tiny bit, the probability of
a sample firm to become an acquirer increases by 8.5 percentage points, on average; and under

Column (4) where we employ ACitation-Weighted Patents as the key explanatory variable, if the

'3 1t is worth noting that when we include both the level and change in patenting output variables, the coefficients on
the level variables are unchanged and remain highly statistically significant while the coefficients on the change
variables become only marginally significant (results available in the internet appendix).
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trend of innovation output increases by a tiny bit, the probability of a sample firm to become an
acquirer increases by 6.4 percentage points, on average. Our results suggest that innovation
output becomes even more important consideration in M&A decisions when the potential

acquirer has been innovative prior to an acquisition bid.

There are other findings that are not directly related to innovation but are consistent with
prior work in M&As (see for example, Moeller, Schlingemann, and Stulz (2004), and Gaspar,
Massa, and Matos (2005)). We show that larger firms, firms with fast growth, high R&D
expenditures, low B/M ratios, and high prior year stock returns are more likely to engage in
M&As. In Panel B, we repeat the analysis using our preferred measure of the quantity of

innovation—Patent Index, and show that the effect of innovation quantity is strengthened.

In Panel C, we focus on the quality of innovation measure Citation Index and employ the
same samples and specifications as in Panel A. Only among Acquirers with Patents of the
Acquirer Sample, we show that innovative firms with more extensively cited patents are more
likely to become acquirers. In terms of the economic significance, under Column (3)
specification, if the value of Citation Index increases by a tiny bit, the probability of a sample
firm to become an acquirer increases by 5.6 percentage points, on average. There is no
significant association between the time trend in patent quality and the likelihood of a firm

becoming an acquirer.

Finally, in Panel D, we repeat the analysis using Self-Cites Ratio, and show that it has
positive and significant effect on the probability of a firm to become an acquirer, especially,
when measured in changes. This suggests that firms whose innovation activities are becoming

increasingly self-reliant are more likely to make an acquisition.

Overall, our results provide strong support for our hypothesis (H1) that more innovative
firms are more likely to become acquirers. Our findings are consistent with the empirical

investigation by Maksimovic and Phillips (2001) who show that firms divest assets/divisions that
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are less productive than their respective industry benchmarks while keeping the more productive

assets/divisions, and that more efficient firms are more likely to be buyers for corporate assets.

1V.B. Acquirer-Target Pairing

Do merger partners possess complementary technologies as predicted by the property
rights theory of the firm? To answer this question, 