Mergers & Acquisitions and Innovation Performance

in the Telecommunications Equipment Industry

Tseveen Gantum@r
European University Viadrina

Andreas Stephan
Jonkdping International Business School, DIW BelGG&ESIS Stockholm

ABSTRACT

The telecommunications equipment industry witnessad enormous worldwide round of Mergers &
Acquisitions (M&A). This paper examines the inndgatdeterminants of M&A activity and the consequesc
of M&A on the technological potential and the inatien performance. We extend the resource-baseatie
elucidating external technology sourcing and prewsnpirical evidence on the keen reliance of thépement
firms on M&A as a technology sourcing strategy tfee period 1988-2004. Employing the matching prejign
score approachthis study provides evidence that mergers realize aifgignt growth in the innovation
performance of firms. The post-merger innovatiorfggenance is, in turn, driven by both the prior @&s in in-

house R&D commitment and the deterioration of métechnological capabilities at acquiring firms.

Keywords:Mergers & Acquisitions, Innovation Performancelébemmunications Equipment Industry

JEL ClassificationsO30, G34, L63

Y We would like to thank Vivek Ghosal and Michal {@faas well as seminar participants at the 1OC Qmmfee in
Savannah, the EARIE Conference in Valencia, and thefe@ence on the Economics of ITC in Paris for thestpful
comments and suggestions. We are also gratefuhecetlitor Paul Nightingale and three anonymousreefe for their
constructive comments and suggestions on the previersion of the paper. The standard disclaimplies

@ Corresponding author: European University Viadriff@culty of Economics and Management Studies, ®ross
Scharrnstrasse 59, D-15230 Frankfurt (Oder), E:mgaittumur@euv-frankfurt-o.de



1. Introduction

It is striking that most Mergers and Acquisitiofd&A) are associated with technological and/or
regulatory shocks. This pattern supports the laegaple results of Mitchell and Mulherin (1996) that
merger activity is related to industry shocks. Seflerg and Reeves (1999) argue that deregulation is
the single most important factor determining adtjois activity at the industry level. Another study
by Andradeet al. (2001) shows that deregulation becomes a domfaatdr in M&A activity after the
late 1980s and accounts for nearly half of the eweegtivity since then. Le Blanc (2002) points out
the distinction of exogenous shocks to the industructure, both technological (innovation) and
institutional (deregulation), and the strategicunatof mergers to alter the industry structure,riomp
their competitive position, and increase their reargower. At the same time, a complementary
explanation of merger waves involves endogenouscesff where an initial merger in an industry
triggers a chain of successive mergers.

The simultaneous impact of both effects is paréidul relevant for the telecommunications
industry, where a radical change in the environmerg. the 1996 Telecom Act in the US and the
1998 deadline for telecom markets liberalizatiorEurope, pushed some pioneer firms to decide and
quickly embark on a technological merger stratégggering similar moves in the whole industry
through some kind of subsequent race for assetsaagelt firms (Figure 1). During this period, R&D
and innovation increasingly shifted toward the piErs of telecommunications equipment. As the
trade and regulatory liberalization primarily hab®lmlized the demand for telecommunications
equipment, technological change in the industry had upstream effects on R&D (Figure 2).
Moreover, the growth in patenting has been tremesdo from 1988 to 1998 the number of
communication equipment patents applied by the WP8treased by more than four times (Figure
3).

As the telecommunications equipment industry waened to entry, some firms chose to be
niche manufactures such as AVMr Pandaté] offering a narrow range of equipment products,
whereas big players such as Alcatel-Lucent, Nok&ésn8ns, Motorola, Ericsson adopted a strategy to
expand beyond their former boundaries. In betwberetare numerous firms operating in a specific
equipment sub-sector with a partly regional or glolocus. Through international strategies, firms
were not only able to enter foreign markets, bsib @ble to seek foreign assets (both of a tangitde
an intangible nature) and to build R&D, and suptg production facilities abroad. External strategi
options such as M&A provide an established markesitpn, access to existing networks and
infrastructure, to a range of capabilities thatytheed in order to further develop both core atigisi
and complementary activities.

While the regulatory liberalization foremost has olgllized the demand for

telecommunications equipment, technological deveks have also created new opportunities and

1 AVM operates in the area of PC connection throuigital communication technologies such as ISDN, G&lid xDSL
technology.
2 pandatel is a leading manufacturer of optoeleitrommponents and wavelength division multiplexers.



threats for the equipment producers. The emergehttee New Economy and the introduction of new
technologies such as mobile phones and broadbadftueed the equipment producers to reconsider
their strategy, their technological base, and theduct portfolio. The technological process whih
progressively blurring the boundaries between mfdion and communications technologies has
required technological diversification amongst theumbents and opened up multiple entry options
also for new players (Di Minin and Palmberg, 20@)ilding on the future changes in the scope of
different product markets, the convergence of weritechnology subfields piles up arguments of
scope economies, possible market share leveragmognetwork effects to motivate M&A.

In that context, the equipment producers had to emaklequate adaptations to the
technological changes and quickly respond to teerdggl technological development — often through
technological acquisitions. In order to enhancéoosustain their competitive advantage M&A have,
thus, aimed at providing a unique geographical @ge or a unique range of various products within
and between the segments such as communicatiocedeyiublic and enterprise network equipment,
and system and network management that can bedalimda single proposal.

The literature on M&A in the telecommunicationsustty is extensive and mostly focuses on
the telecom service providers (e.g., Jamison, 18@&;, 2005; Le Blanc, 2002; Rosenberg, 1998;
Warf, 2003). While the importance of technologigaiovation is widely acknowledged within this
literature, it is surprising how little attentioh has received in justifying M&A. At the same time,
while the intense M&A activity within the telecorarsice providers passed its ripple effects on & th
telecom equipment producers, we are not aware ysamy which investigates the linkage between
recent risebothin M&A and innovation activity in the telecommuaions equipment industry.

This paper attempts to make contribution on twatsoOn the theoretical front, this paper
incorporates the nature and type of innovation imctv firms engage in explaining technology
mergerd and extends the resource-based approach in dingj@gternal technology sourcing. On the
empirical front, this paper reveals the keen reganf the telecommunications equipment firms on
mergers as a technology sourcing strategy. It énrélddresses important exploratory issues: ficssd
the innovation activity of firms depict a signifrdapredictor of entering the merger activity? Seton
how do firms that choose mergers and firms that staside of the merger activity differ with respec
to their innovation performance? Third, the folloyw question is then what are the effects of mergers
on the innovative performance of firms if we cohtiar the differences in innovation performance

prior to M&A activities?

The remainder of the paper is organized as foll@&estion 2 outlines the innovation rationale
for merging in the telecommunications equipmentusidy and gives an overview of the
corresponding merger cases. Section 3 developsaetical framework to our research questions.

The empirical methodology is presented in SectioBettion 5 provides a description of the data. In

* In the following sections, we use the terms mergerd acquisitions interchangeably by referring lte t
combined unit.



Section 6, we present and discuss empirical reaunltstheir robustness. Section 6 concludes with a

summary of our findings and some implications fotHer research.

2. Innovation Rationalefor Merging in the Telecommunications

Equipment Industry

Telecommunications equipment firms seek to exphed array of activity, both in types of products
offered and within geographical areas offetefihe combination of two sets of resources and
capabilities allows firms to implememixpansionstrategies quickly and efficiently. If the merging
firms are complementary, the acquiring firm is atbeenter new, lucrative, fast-growing markets,
coordinate its product portfolio or gain new distiion channels. For instance, the acquisitiorhef t
public telecom equipment business from Robert Bdskekom provided Marconi’'s communication
division with an excellent opportunity to enter tk&erman market. Moreover, Bosch’s Public
Network’s broadband wireless access products caomgieed Marconi’'s own range of access
products. Another example of the transnationalsiations was the acquisition of Phillips by AT&T.
Through this acquisition AT&T attained an interoatl premier position in transmission networks,
microwave transmission access, and mobile infresira system solutions and provided strong
strategic fit with existing equipment vendors inr@ue. As part of its strategic move into next
generation IP carrier networking, Ericsson acquifedchWave, Inc., a Silicon Valley based provider
of enterprise IP-telephony solutions. The acquisitgave Ericsson fully featured Internet Protocol
(IP) PBX systems that support with voice over I anreless LAN terminals, enhanced its presence
in the US and targeted new distribution channels.

One of the significant trends in the industry ig theparation of component suppliers that
design and manufacture the specialized componemts $ystems provider that manufacture entire
pieces of equipment and equipment systéffise component firms play a crucial role in supiport
the communications equipment supply chain. It ishat component level that many technological
breakthroughs have been achieved and enablesctim@otegies for the system providers. Although a
division of labor between systems and componentsufaaturing is becoming evident, component
manufacturers are providing margegrated moduleto their systems customers rather than just raw
components. By incorporating the key technologige their product portfolios, systems providers
can offer the technical capabilities within thajjugoment which is demanded by their service pravide

customers. The impact of greater reliance by systproviders on their suppliers is that the latter

* The merger cases we describe in this sectionesteiated to the time period 1988-2004 which cqroesls
with the time frame of our empirical analysis.

® In its transaction in 2000, Marconi paid USD153liom, whereas most of the assets to be transfeiwed
Marconi are located in Germangase COMP/M.1800 (European Commission)

® The acquisition took place in the framework of tcess of restructuring of AT&T which led to the
separation of the telecommunications equipmentnagsi from other groups one year later in 199dse
IV/M.651(European Commission)

" This trend is particularly evident in the opticammunications equipment sector (Merrill Lynch, @p0



have to provide broader product lines in order fferca greater integration role, or are impelled to
provide platform technologié's that can be used to integrate discrete devicesthén optical
components subfield, the most innovation driverise@ wave of consolidation occurred led by JDS
Uniphasea manufacturer of fiber optic products and a leadehe integration of discrete components
into multi-functional components and high-performammodules. Within a year, JDS Uniphase had
acquired 11 optical component providérEhese acquisitions accelerated JDS Uniphase’#yatul
integrate significant technologies and associateellectual properties into its high-value optical
modules.

Given that key breakthroughs in the technology ocauthe component level, systems
providers seem to have adopted an integrationeglyaiwvhich is to leverage the work of component
suppliers and then to add value — and product rdiftiation — mostly through system level
architecture and software. Moreover, the charasttesi of the network industry also give the
equipment providers an attractiveness of the mgrdihe firm's competitive advantage in the network
industry comes from the capacity of its producte¢twork with each other in order to form systems
which are adapted to the specialized needs of inhai customers® Network effectsin context of
equipment manufacturing, occur when the serviceigen’'s customers’ value of equipment increases
with the number of the customers using that sam@atent or complementary equipment. The rise in
the number of service provider customers usingetiipment increases the number of complements
for that equipment which in turn increases the @alfithe equipment. The complexity of the devices
leads to two common costs in running multivenddmveeks: costs of learning new devices and costs
of ensuring compatibility and interoperability betwn multiple devices (Forman and Chen, 2003).
Network externalities in the router equipment sector example, primarily arise due to the
incompleteness of compatibility of routers and stats (Tanaka and Murakami, 2003). Although all
routers and switches, which fall within broad ramjevendors classified as networking equipment
providers®, adopt the same interface based on the. TCP/IRoquip the implementation of the
interface depends on the vendor. Thus, compayibilithin routers and switchers is not perfect among
vendors. Hence, the mergers in the network indusftan produce significant cost savings due to its
network specifics. In some instances with significeconomies of scale or when the costs of
designing components to work with different systeives. interoperability, are high, a merger can

actually be efficient for the market — at leasttfoe service provider customéfs.

8 platform technologies are technologies that carused to facilitate a broad range of applicatioasenl
activities. Access to appropriate platform techgase can reduce costs and avoid unnecessary chinohioaf
facilities, increase international R&D competitiems, and provide an environment of effective netimgrand
collaboration.

° Between June 1999 and July 2000 JDS Uniphasedudrad 11 firms at a cost of US$ 60.6 billion.

19 For more on network effects, see Katz and Sh4p@e4).

j.e., data-communications equipment providers.

12 0On the other hand, the mergers in network indesteian also increase the monopoly power of the romhi
firm by creating significant barriers to entry asstomers can blcked-inor tied to a particular product by
significant investments into that product.



Cisco Systems — the dominant supplier in the maikehetworking equipments — has been
attempting to create an end-to-end service netwockitecture by pursuing a vision “of being all
things to all users.” Cisco’s frequent acquisitioveye among others in the area of router technology
some of which specifically related to either softevar ASIC® development which represents the two
key technologies of router systems producers (Mekynch, 2000). These ASICs are highly
proprietary and a substantial proportion of a vetsdatellectual property is contained within them.

Such acquisitions where the merger strategy adh&rethe technology valueand the
associated knowledge base are extremely importairthé established equipment vendors, allowing
them to adapt rapidly to the dynamic market envitent. Aimost all equipment sub-sectors have
been prolific acquirer of technology. Examplesibitmg Cisco’s* remarkable number ¢échnology
acquisitionsinclude Granite Systems, purchased for its Gigkliiernet technology; Radiata, Inc.,
which provided Cisco with leading semiconductohtemlogy for developing next generation wireless
networks; Komodo Technology, Inc. with its techrgplaon a smooth transition path from traditional
circuit-switched networks to new packet-based nekso

Even firms that are not large-scaled but are knfawrtheir home-grown products have used
external technology sources as a mean of valuedanfth®vation. Through its acquisitions of four
firms within a year, ADVA Optical Networking, a Gean-based leading global provider of end-to-
end optical networking solutions, attained accesditverse knowledge bases such as software
developing in integrated access devices, a degjgail manufacturing of carrier class fiber access
equipment, and intelligent storage area networkjageways as well as R&D skills and expertise.
Each of these transactions was done purposelyitoig@aepth knowledge of each technology and to
strengthen the position as a provider of opticalvoek solutions.

Acquisition ofvaluable patentsn order to reassert patent portfolio has beeruei@ means
of technological acquisition. Acquiring Chipcom ieased 3Com's granted and pending U.S. patents
from 97 to 122?° The patents enhanced the company's innovatioivérsg technology areas such as
increasing network throughput, simplifying intenwetking connectivity, enabling multimedia over
existing Ethernet lines, and improving LAN securfarthermore, in mobile infrastructure equipment,
Qualcomm, the world leader of CDMA digital wireldsghnology, acquired SnapTrack Inc., a leader

in wireless position location technology. Througiistacquisition, Qualcomm obtained SnapTrack's

13 Advances in Application-Specific Integrated CitsufASIC) technology undertaken by router manufistu
have been responsible for important improvementsuter performance.

14 Wwith its relatively diversified product range, €isis unbeatable in its record of acquisitions rifistance,
between 1993 and 2000 a total of 71 acquisitiook lace across the equipment sub-sectors.

15 For around a total of USD195 million, ADVA acquireCellware Broadband (Germany), First Fibre (UK),
Storage Area Network (UK) and R&D team from Siemiensorway in 2000.

16 With the combined innovation of the Chipcom andBCdevelopment teams (1995), 3Com achieved a steady
stream of new patents in the following years.



patent portfolio of nearly 50 patents, either issoe pending, that are critical to the efficienbst
effective deployment of Wireless Assisted GPS sysié

Since the telecommunications equipment industry lbeesn shaped by highly knowledge
intensity, the rationale of merging activities nged take into account technological changes which
have modified the competitive and productive contd@xfirms during the last two decades. In other
words, in order to justify the desideratum of mesges an external technology source, it is esdeatia
attend tathe nature and type of innovatiam which firms engage and its competitive impagbm an

industry.

3. Theoretical Framework

Resource-based theory seeks to bridge the gap éetiveories of internal organizational capabilities
on the one hand, and external competitive stratbggries, on the other hand (Barney and Clark,
2007)*® Instead of viewing the firm as an organizationnimimize production costs (production
based theory), the resource-based view of the ghifis the focus from cost- to value-consideration
and views the firm as a creator of benefits (Hofinzand Schaper-Rinkel, 2001). Resource-based
theory defines a firm as a bundle of resources eahbilities and argues that different firms’
resources and capabilities can be a major reasprithi persistent heterogeneity in a firm’'s
performance. This approach focuses on the chaistaterof valuable resources and capabilities that
one firm possesses and that competitor firms fiffecdlt to create on their own.

Resource-based theory, however, implicitly assuthas firms have the same capability in
appropriating the advantages and benefits generbjed technology, or that a technology’s
competitive advantage can be reaped by any firnnatber whether or not the firm has the capability
to assimilate and exploit it. This assumption hasrbadjusted by thabsorptive capacitypproach,
which suggests that whether or not a firm can ifieahd assimilate and exploit external technolegie
varies among firms and even varies in the same diver time and in different situations (Cohen and
Levinthal, 1989, 1990; Lane and Lubatkin, 1998) r&twer, with their theory about the persistence of
the large industrial corporation, Nelson and Wir{i&82) and Mowery, Oxley, and Silverman (1996)
add a cumulative dimension to the theory of tha fiy exposing the organizational capabilities which
are characterized by tacit knowledge and embeddsdneorganizational routines. They emphasize
the role of organizational differences in the fimgnamic capabilities especially differences in
abilities to generate and gain from innovation define dynamic capabilities as the firm’s ability t
integrate, build, and reconfigurgernal and external competences to address atgegivironments.

Following Joseph Schumpeter (1942), the literatharacterizes different sets of industry

conditions which affect the competitive impact ethinological innovations. New-Schumpeterian

1n 2000, Qualcomm paid USD 1 billion in stock fbe acquisition which should accelerate the intotidn of
powerful location-enabled mobile devices.
18 Barney and Clark (2007) provide an in-depth surweyhe resource-based theory.



authors (Utterback and Abernathy, 1975, 1978; Tashrand Anderson, 1986) have proposed a
punctuated equilibrium model for analyzing the temlbgical change process. According to this
model, the evolution of technology-based organirestiand industries is characterized by long periods
of stability and marked by abrupt changes assatiatgh the emergence of new technologies.
Initially, the lack of a dominant design facilitatthe market entry of firms and the competition agho
technological alternatives, usually product innawag. During the consolidation of a dominant design
the industrial structure undergoes several chadgedo the firms’ strategies towards standardinatio
After the emergence of a dominant technology, tinevative efforts of the firms in the market are, i
general, process innovations, and the industrialcgire enters a phase of maturity and stable
equilibrium.

However, the punctuated equilibrium model does amtly to industrial settings that have
been characterized as continuously chaotic, urinerand as “high-velocity” (Eisenhardt and
Bourgeois, 1988). Instead, a punctuated diseqiuiiib model (Page, Wiersama, and Perry, 1989)
may be more appropriate. This model assumes thatiry industries, discontinuity and change is the
norm; that innovation is technologically drivendatihat there are no long periods of stable design
convergence. Under such conditions, firms seekétpriological know-how will be more likely to
pursue architectural innovationwhich is triggered by a change in the linkageswben core
components in an established product while the design concept behind each component remains
the same (Henderson and Clark, 1990). Althougrethee several other dimensions on which it may
be useful to define the different types of techgaal change, the use of the term architectural
innovation enables us to identify innovations thate a more significant impact on the relationships
between components than on the core technologit® @omponents themselves.

The telecommunications equipment industry has éspeed a great amount of technological
innovation as a consequence of the convergenceegsdoetween information and communication
technologies. The initial radical innovation wae #pplication of integrate circuit technology tmal
digital switching of telephone calls which changbéd core design concepts of telephone systems.
After the introduction of this radical innovatiothe telecommunications equipment industry has
settled on building architectural knowledge thapresents learning a little about many different
possible designs in contrast to learning a greak aleout the dominant design (Henderson and Clark,
1990). The firms actively developed both knowled@peut alternative components and knowledge of
how these components can be integrated. Much &f itimovation could be characterized as
architectural since it has led to the reconfigoratof components and changes in the way equipment
addresses a variety of user needs.

With respect to the architectural innovation prewélin the telecommunications equipment
industry, established firms often face difficultigs adapting to architectural technological change.
These difficulties accrue adentification and developmenbdf architectural knowledge as well as at

application of new architectural innovation (Henderson andrila990). In the following, we



analytically examine the merger rationale accordiogthese stages of technological evolution.
Certainly, the rationales behind mergers ascrilethése stages are not mutually exclusive. It is

feasible to assume that they are at least to seged intertwined between the innovation stages.

A. Mergers for Identification of Architectural Inmation

Under conditions of uncertainty, firms face theniiféecation problem: Firms require significant time
and resources to identify a particular knowledgea@hitectural, since architectural innovation can
often initially be accommodated within old framew®rSince core design concept remains untouched
by architectural innovation, the organization maisunderstand the nature of the threat. This is
distinctive to established firms in the market oarket leaders, mostly large firms by which an
appropriate innovation may be screened out by if@mation filters and communication channels
that embody old architectural knowledge. Moreoeegnomic models suggest that established firms
have an incentive to invest in incremental innawaithat add to their established knowledge bade an
protect or enhance their existing rent stream (DI888; Teece, 1996). Thus, they seek to maximize
the returns from known technology rather than devesources for architectural innovations with an
uncertain payoff. In contrast to incremental insitbons, architectural innovations place a premium o
exploration in design and the assimilation of navowledge. Hereby, the firm's knowledge base,
defined as a set of knowledge and competenciesingm preliminary condition in the assimilation of
spillovers from R&D efforts of the environment. Goh& Levinthal (1989) and Rosenberg (1990)
insist on potential synergies between the firm'si éswvowledge base and external flows of scientific
and technical knowledge. Internal R&D activity doest only stimulate innovation, but it also
enhances the firm’s ability to recognize and adatmioutside knowledge. By contributing R&D to
the firms’ absorptive capacityhowever, it should be noted that technologicafquemmance does not
necessarily depend on past or referential perfoceabut rather on absorptive capacity generated in
the past. In other words, firms with high absorptoapacity will exploit new ideas regardless ofrthe
past performance. For Rothaermel (2001), organizatilearning motivates exploration alliances in
order to build new competencies through the exfilmmaof new technological knowledge. With the
aim of discovering a new technologgxploration mergersmay allow the acquisition of new

capabilities by sharing tacit knowledge such asclR&D related to emerging technologies.

B. Mergers for Development of Architectural Innaeat

Since success in the telecommunications equipnmehisiry turns on the synthesis of component
technologies in creative new designs, firnmiovationcompetenceelies on the active development
of both knowledge about alternative components lamalviedge of how these components can be
integrated. Thereby, an ongoing interf®.D commitmentallows the firms to not only scan the
environment for component and architectural knogtedetter, but it also enables the firms to

evaluate complementary technology better (Veugel®#®@97). When a firm decides to acquire a



technology, its own R&D operations allow it to igtate the technology better because external
knowledge sources do not automatically find theayvinto the firm’s innovation process (Cassiman
and Veugelers, 2002).

Once a firm has recognized the nature of an acthital innovation, it encounters the next
constraints to switch to a new mode of learning rah invest time and resources in learning about
the new architecture (Henderson and Clark, 1990n Foutines and organizational approaches that
are successful in one technology paradigm do ncgssarily translate into success in subsequent and
other paradigmsOrganizational inertiaconstraints the abilities of established firms shese the
structures and systems facilitate survival in staid predictable environments become liabilitres i
environments undergoing rapid change (Hannan aeenkan, 1984). Since established firms focus on
nurturing organizationally embedded knowledge,rtie@iphasis on continuous improvement in such
knowledge can inhibit learning new architecturabkiedge, thus becoming subject to inertial forces.
Suchknowledge inertieenters into force when a firm is particularly tked from adjusting to the
market environment by their prior success in dgvelp innovation competencies and by the fact that
it must build new architectural knowledge in a @dttin which some of its old architectural
knowledge may be relevant (Shu-hsien Liao, 2001).

In order to transfer the broad, but shallow knowgkedhat is particularly important for
architectural innovation and, in turn, leveragesting competencies, firms may engagexploitation
mergersthat allow them to benefit directly from the teological expertise of emergent firms which
are characterized by the absence of internal foofemertia and long-standing commitments to
established value networks (Hagedoorn and Schakent®94; Rothaermel, 2001).

At the same time, the exploitation mergers enaiphasfto buildnew upstream value chain
activities. Richman and Macher’s (2004) findingsni their case study analysis contribute to the
framework that the successful development of neslartelogical paradigms often requiresw and
different routinegNelson and Winter, 1982). If a firm is unableexecute a technology strategy to
accommodate to an emerging architectural innovatiornts own, it may elect to acquire firms that
have already begun to develop or commercializeymisdunder a new technological paradigm. Hence,
the focal firm gains access to both new technokgied the underlying routines and resources that
support those technologies.

In turn, the creation and the implementation of nmewtines to develop and adjust to new
technologies require the development of mechantbimisallow firms to constantly and consistently
adapt to frequent architectural innovations. Firmaiganizational slackresources can encourage
transfer of technology (e.g., Nohria & Gulati, 19%nd provide the resources for discretionary
investments such as R&D (e.g., Bourgeois, 1981)h\af increasing organizational slack and through
its impact on absorptive capacity, managers acoept risk and choose mergers that provide a higher

degree of interaction between the involved firmd arposure to the tacit knowledge in the involved



parties and great potential for knowledge transf@mpared to other external R&D sources like
licensing and joint venture (Steensma and Corl@91»

In industries like telecommunications equipment ufaoturing, the responsiveness of
organizational slack to exploit external knowledigavs faces considerable time constraints due to
highly competitive conditions caused by short cg@éarchitectural innovation and to the fact tlrat,
new product development, the strategies of telecanmirations equipment firms are not always
market driven - for the pursuit of innovation oftewolves technologies with applications that meet
the future rather than present customers’ demanenGhe rapid pace of innovation, firms may not
have the time to develop innovations on their ofathey seek to remain competitive andmay need to

acquire such innovations to keep up.

C. Mergers for Application of Architectural Innovat

Once any dominant design is established, the lin#é&d of components is refined and
elaborated, and the progress takes the shape ofwmpents in the components within the framework
of a stable architecture. The correspondgestation periodof technological innovation can be,
however, affected by government regulations andistigt standards. Long gestation periods strain
capital resources of new entrants before they Baceessfully marketed new products. The liquidity
constraints of new entrants might enhance a bargpipower of established firms, better enabling
them to gain access to technological innovationsegf entrants through mergers on favorable terms.

Moreover, although a technology can be architetinrséhe sense that it relies upon a new
knowledge base and on a new production procedsdees not alter the way the new products are
commercialized. Thus, if thdownstream value chaigctivities of established firms retain their value
established firms may then be in a position to befiem the new technology by undertaking mergers
with emergent firms (Rothaermel, 2001; Teece, 1992)the same time, due to a lack of strong
enterprise channels, the emergent firms are lksl/Ito have the resources to bring an invention to
the marketplace. This lack of manufacturing andrithigting activity can be filled by large firms

which possess a greater ability to finance a largeunt of R&D as well.

4. Empirical M ethodology
4.1 Assessing the Merger Propensity

In the first stage of the analysis, we exploredtieactiveness of telecommunications equipmentsfirm
as merger candidates by investigating the detemtsraf mergers. Employing a random utility model,
we consider firni’s decision of whether to acquire, to be acquitechave involvement in a pooling

merger or to stay outside the merger market. Thidas associated with each of these choikeare

modeled as a function of the firm’s characteristiGswhich affect the utilities differently:



Uik :Xiﬁ<+QK (1)

While the level of utility is not observable, wengdhowever, infer from the firms’ choices

how they rank each of these alternatives. If weurass that theqj are distributed Weibull, the
differences in the disturbances are distributedstamgand a multinomial logit can be used to estana
the differences in thg8, parameters.

The propensity of engaging in a merger is based panel that consists of innovation-related
and financial variables on both merged and non-etkfigms for which data were available during the

1988 to 2004 period. The probability that fiinthooses alternativie is specified as:
expf X) 1
Srep(s X) Yeal(4-A) X]

Pr(i chooses k¥ 2

where f,,...,3,, are mvectors of unknown regression parameters.

An important property of the multinomial logit mddes that relative probabilities are
independent from each other, which is the so-calelbpendence of irrelevant alternatives (11A)
property. In order to obtain robust standard erafrgstimated coefficients, appropriate tests were
conducted, which are discussed in the section 6.1.

In the following, we explain the innovation deten@aunts of mergers captured by the empirical
analysis and assess the plausibility of the mesgeice. As noted before, the main prescriptiornef t
resource-based approach asserts that only resotiraesare valuable, rare, inimitable, and non-
substitutable can be sources of competitive adgent®ue to the fact that such resources are
described as intangible, rather than tangible, rds=arch stream tends to be idiosyncratic in that
previous studies focus on a very limited set obuese variables or a single firm. While such stadie
are beneficial, they are limited in their generiity. By quantitatively studying resource effect
across a large sample of multiple firms, the resptovide generalizable findings for the resource-
based approach. According to Michaliginal (1997) and Levitas and Chi (2002), this is anangnt
need because it adds broader, more robust tedts tfeory.

In this paper, we employ both tangible and intalegitesources, which are quantitatively
measurable, as the determinants of mergers. Thwation performance of a firm is examined with
respect to the resources for its R&D commitment, DR&ompetence, absorptive capacity, and
knowledge inertia.

R&D commitmentof the firm is an important resource in drivingetfirm’s technological
development. High R&D commitment means that thdihave sufficient capabilities to mount an
effective market challenge to high technology fremternal sourcing. To capture R&D’s role in
promoting technological innovatiowe take the R&D intensity as a share of R&D expemdiin total

assets.



The measure ofhnovation competencis in line with those of Henderson and Cockburn’s
(1994), who provide the concept of core competesiog divide it into two critical elements of
competence to be measured. While “component compeités the locally embedded knowledge and
skills, “architectural competence” is the abilityihtegrate the component competencies in a new and
flexible way and to develop fresh component compaés as they are required. Due to the difficulty
of gaining access to the intra-organizational reselevel information, we restrict the measure Hy t
component competenc8ince proprietary knowledge becomes a stratdgicaportant capability in
high-tech firms, we use the citation-based patgenisity as a measure of component competence.

In order to account not only for the quantity bisibahe quality of the patented inventions, we
measure the patent-based characteristics of ausimg the number of forward citations of patents.
The number of citations received by any given patetruncated in time because we only know about
the citations received thus far. In other word® tumber of forward citations a patent received
depends on the year of the application. We, theggimormalize the citation counts by their average
value calculated over all patents belonging tosthime technological sub-class whose application was
filed in the same yedf.We then weight each patent of a firm by the nuntetormalized citations
that it subsequently received (Trajtenberg, 1990).

Knowledge inertiastemming from the use of routine problem solvinggedures, stagnant
knowledge sources, and an overemphasis on refamigigimproving existing knowledge, preventing
the firm from exploring alternative knowledge sasdShu-hsien Liao, 2001), is measured by its
outcome, namely by R&D productivity. R&D productiiaccounts for the extent to which R&D
brings forth new knowledge and is defined as @ maiticitation-weighted patent to R&D expenditure.

In their review of theabsorptive capacitapproach, Zahra and George (2002) argue that there
exist substantial differences among the dimensainsbsorptive capacity — the ability to “identify,
assimilate and exploit knowledge from the environthéCohen and Levinthal, 1989), which allow
them to coexist and be measured and validated amtlgmtly. According to Zahra and George (2002),
the “potential absorptive capacity” enables thméirto be receptive to identification and assinolati
external knowledge, while “realized absorptive adya reflects the firm’s exploitation capabilitpt
leverage the knowledge that has been absorbed mfgloye the stock of accumulated patents in order
to capture the path-dependent and cumulative nafuaesorptive capacify. Thereby, we are able to
capture the first two components of absorptive ciypalirectly, namely the abilityo identifyandto
assimilatethe new knowledge from mergers. The stock of actated knowledge of a firm is
measured using citation-based patents and caldubgtepplying the perpetual inventory method by

assuming a depreciation rate of 15 percent perrar{flall, 1990). Hence, the individual patents ia th

¥ This is thefixed-effectsapproach proposed in Halt al (2001)

20 Many studied used R&D intensity as a measuremeabsorptive capacity. However, recent studies il®v
evidence that the “two faces of R&D” (Cohen and ibéhval, 1989) dominate each other in the short-ii,
R&D expenditures are predominantly a means of adpiet) new knowledge and innovation rather than amae
of building absorptive capacity (Schmidt, 2005).



firm's knowledge base provide the basis for commathe firm’'s own knowledge base with that of
other firms.

In order to control for the significant role of temlogy development as a rationale for
engaging in mergers, we include dummy variableskvimdicate zero (or very low) R&D intensity
and zero (citation-weighted) patent intendity.

Our measure of organizational slack focuses onrm'di available and potential slack
resources, which represent resources availabl@ainget committed for particular allocations and th
future ability to generate resources, respectivéigiger & Cashen (2002) highlight the role of
organizational slack as an important condition tif@tilitates innovation adoption and, thus,
contributes to a firm’s innovativeneSdn keeping with previous studies (e.g., Singh,& @omiley,
1991), we rely on accounting data and measurevhiéahle slack using the ratio of cash flow to tota
assets and the potential slack using Tobip'sn financial terms, the cash flow ratio represettte
financial capabilities of firms and amounts for dsnavailable to a firm for operations, investments,
and acquisitions. We approximate Tobig'$y calculating the ratio of the market value te tiook
value of a firm’s assets, where the former is th ©f the book value of long-term debt and the
market value of common equity. Being a forward logkindicator, a high value off suggests
favorable growth opportunities (e.g., Gugieal, 2004).

Besides the large firms, the relatively small firims the telecommunications equipment
industry have often become public enfityGiven the evidence that firms that innovate rezev
market premium over similar firms that do not inatev (e.g., Chaney, Devinney, and Winer, 1991),
firms with growing market value may appear to bellf acquisition targets or merger partners for
mature firms looking to absorb growth opportunitiEsm size and firm growth are measured by the
book value of total assets and the annual grovithahthe market value, respectively. All monetary
values are deflateby a price index focommunicationsequipment manufacturing based on the
1999 price®

4.2 Assessing the Merger I mpact
In the second stage of the analysis, we investifp@teffect of mergers on the innovation perforneanc

of the firms. Given the high degree of architedtiramovation affecting the telecommunications

2 For the firms with missing R&D intensity over timee set the R&D intensity equal to zero. Indedmb t
manual inspection of the observations with missialgies indicates that the missing R&D values belemtyely
to that part of the relative small firms that peiow or no R&D activity.

22 Geiger & Cashen (2002)vestigate the different dimensions of slack aimd favailable slack to have an
inverted U-shaped relationship with innovation attwp while potential slack has a linear positiedationship
to innovation adoption.

> This trend is reasoned by the fact that becomingndapendent public entity provides smaller firmishw
stock options which are essential for retaininghhigbor skills and that market valuations for inelegent
component firms are much higher than for thoseclusely depend on the parent firms (Merrill Lyn2600).

2 Moreover, all covariates in the regressions hagenblagged by one year in order to avoid potential
endogeneity problems as well as possible biassem@rirom different merger accounting methods andrfcial
statement consolidation.



equipment industry, we expect that successful eggip firms take advantage of technological

mergers to enhance their innovation position armfbpeaance. Mergers may extend the technological
base of firms involved, allowing them to achieveeajer economies of scale and scope in R&D
through more efficient deployment of knowledge tgses. That is, mergers may enlarge the overall
R&D budget of firms engaged, which then enablesntie tackle larger R&D projects and, thereby,

this spreads the risk of innovation. Furthermoiiaces in fast moving markets with abbreviated

product life cycles, the uncertainty and the rigkirvesting in unproven technologies are often

shouldered by outside investors, the merger insidety involve greater incentives to invest in R&D

after the acquiring of an auspicious technology.

Greater R&D commitment, however, does not guarapgeese that the firms will have higher
levels of innovation competence with respect t@phintensity, especially if mergers undertakenehav
low knowledge and technology complementarity whth firms involved. Therefore, the integration of
complementary knowledge and technology may increas®vation output through mergers leading to
more advanced technologies being developed (eegpd®, 1995).

If technology is playing an important role in theaaernal knowledge acquisition strategy, then
firms undertaking mergers, while at the same tiroguaing patents, will renew and enhance their
path-dependent absorptive capacity in terms ofraatated patent portfolio.

Given the difficulties faced by the developmentanthitectural innovation, we expect that
technological mergers are used to overcome the letlge inertia and the lack of competitive
innovation competence as well. At the same timaydwer, the organizational obstacles faced in
mergers with regard to the larger R&D departmerstswall as the miscarried and inappropriate
integration of the technology-based firms (Duystard Hagedoorn, 2000) may diminish the marginal
returns from R&D investment in their extent andespe

In addition, the overall performance of the merfjenis will be analyzed by means of firm
size, market value, cash-flow ratio, and Tobig's Being the measures of growth opportunities and
financial capability of a firm, Tobin'g} and cash flow give an indication to the financtyge of a
merger. The first stage estimates may enable usdioate whether a merger is financed by stock
and/or debt or internally generated resourcesddsh flow. In particular, if firms with higher Tobs
g are more likely to engage in mergers, then weiprddat an average merger is financed through
stock instead of cash, which may lead to a dearggsost-merger Tobin’sl. The findings from
studies on the firms’ post-merger performance sliwat, in the long-run, stock acquirers perform
poorly compared to cash acquirers and matchingsfitmat do not merge (e.g., Loughran and Vijh,
1997¥.

Most studies investigate the impact of a mergethenmarket value of a firm by limiting the
scope of a study to the around days of the merggrouncement and, thus, ignoring the

contemporaneous impact of innovation as well. Gihenevidence that a continued emphasis on R&D

% Loughran and Vijh (1997) analyze the excess refurthe five-year period after the acquisition.



and an introduction of new products (positivelyfeaf the market value of firms in the technolodical
based industries (e.g., Pakes, 1985; Chaney, Deyjramd Winer, 1991) and in order to capture both
coexisting effects of technological mergers andr timmovation value on the firm’s market value, we
consider the long-run effect similar to the otherfprmance determinants as described in Sectian 6.2
Our analysis of the effects of mergers controlsendogeneity and ex-ante observable firm
characteristics using a propensity score methoch€le and Wahba, 2002). Controlling for the
differences in the merged and non-merged firmsfgoarances prior to the merger, we estimate the
firms’ post-merger innovation performance compaeavhat they would have in the absence of the

merger.
For each firmi in the sample, leM, be a merger indicator that equals one when the fir

engages in a merger and zero otherwise. We defjotes the innovation performance of merging and

Y,, as the innovation performance of non-merging firmad observe M, and, hence,
Y, =M 0Y, +(1- M)DX,. Accordingly, let E[Y,|M =1]and E[Y,|M =0] denote average

outcomes of the technological performances of nikegwl non-merged firms, respectively. The effect
we are interested in is that of the merger on ¢lclriological performance of the merged firms, er th
difference between the expected innovative perfamea of the merged firms and the firms that

would have experienced if they did not merge:
T‘M,:le[Yi1|Mi:q_E[%|M: ﬂ ®3)

This denotes the expected treatment effect onrdaged. Since we do not have the counterfactual

evidence of what would have happened if a firm hat engaged in a mergeE[\(O| M :1] is

unobservable. However, it can be estimatedEt{Yﬂ0| M = O:' and the effect can be then given by the

difference in the average outcome between the rdexge non-merged innovative performances:
" =E[Yu[M =1-§ ¥ M= g “)

In fact, we have observations of the firms that mldd engage in a merger, but if the merged and the
non-merged firms systematically differ in theimfircharacteristics, (4) will be a biased estimafor o
(3) (Hiranoet al, 2002).

Rubin (1997) and Rosenbaum and Rubin (1983, 198Ayead that a propensity score analysis
of observational data can be used to create grofigeeated and control units that have similar
characteristics, whereby comparisons can be matthinvthese matched groups. In these groups, there
are firms that have been merged and firms that ima¢ébeen merged; hence, the allocation of the

merger can be considered to be random inside thegrof firms.



The merger propensity score is defined as the tiondl probability of engaging in a merger given a

set of observed covariat¥s:

p(Mi):Pr(Mi::qu):E[M|X:| (5)

The treatment effect of a merger is then estimagetthe expectation of the conditional effects

over the distribution of the propensity score ia therged sample:

r Mizlep(Mi){E[Yil‘ (M), M= 1]‘ E{X‘ o V), M= @’| M= }]
(6)

The propensity score matching relies on two keyiragsions (Rosenbaum and Rubin, 1983,
1984). The first, conditional independence assuwnpt{CIA) requires that conditional on the
propensity score potential outcomes are indepenofeineatment assignment. The CIA assumes that
selection into treatment occurs only on observablgracteristics. Hence, unbiased treatment effect
estimates are obtained when we have controlledlfoelevant covariates. The second assumption is
the common support or overlap condition, meanirgg firms must have a positive probability of
being either merger or non-merger rather than hesting same covariate values. In sum, the
propensity score matching relies on the “strongoighility” assumption, which implies that for
common values of covariates, the choice of treatniemot based on the benefits of alternative

treatments.

5 Data

In order to examine the interaction between meager innovation activity, a new firm-level data set
is constructed which covers the overwhelming majaf firms in the telecommunications equipment
industry that operated in any year over the 18p&dnd, 1987 to 2004 (including lagged periods).
This data set is created by a complex matchingga®of information from initially four separate
databases.

We define the telecommunications equipment firmshase which have primary activity in
the communications equipment Standard Internatidbadles (SIC) 3661, 3663, or 3669. The
population of firms and their financial informatiancluding R&D expenditures were drawn from
Compustat and Global Vantage databases. Aftermditinig firms with missing financial information,
we can identify a sample of 638 telecommunicatieasipment firms for those data on R&D
expenditures, total assets, market value, cash #od long-term debt.

The patent statistics for the telecommunicationgggent industry are based on the database
which is compiled by the National Bureau of EconoRiesearch (NBER, Haé#t al, 2001). This

database comprises detailed information on all d&mis granted between 1963 and 2002 and all



patent citations made between 1975 and 2002. Ttemtpand citations data were procured originally
from the US Patent Office and from Derwent InforimatServices, respectively. Although this US
data could imply a bias in favor of US firms andiagt non-US firms, the group of non-US firms in
this sample represents a group of innovative anberalarge firms that are known to patent
worldwide. Our data set includes information on gaent number, the application and grant dates,
the detailed technology field(s) of the innovatitme name(s) of the inventors, the city and st f
which the patent was filed, and citations of ppatents on which the current work builds. We inelud
the patents for which firms applied in twelve malasses of the International Patent Classification
(IPC) 178, 333, 340, 342, 343, 358, 367, 370, 379, 385, or 455 - in the category communication
equipment. As the distribution of the value of pédel innovations is extremely skewed, we also
consider the number of forward citations as anciadir of the importance or the value of innovations
for each patent, thereby overcoming the limitatiohsimple counts (Brouwer and Kleinknecht, 1999;
Griliches, 1990; Hall, 2001). During the observeatipd, 251 firms from our sample applied for a
total of 11,226 patents in communication equipnferdiuding multiple applications by the same firm
in the same year and for the whole period); thislpces a total of 86,442 citatioffs.

M&A transaction data were obtained from the Thom&me Banker-Deals database. Updated
daily, this database offers detailed informationno@rger transactions including target and acquirer
profiles, deal terms, financial and legal advisssignments, deal value and deal status. This dsgaba
includes alliances with a deal value of more thanillion USD, thus ensuring that the overwhelming
majority of mergers are covered. Our initial sampemerger transactions contains information on
364 completed deals (including multiple deals bg #ame firm in the same year and during the
observed period) carried out by 178 firms and anned during the period from 1987 to 2004. Using
information from the data source, we distinguistetiveen the role that a firm played in a M&A
transaction and classified the firms in our samiplgeneral as an acquirer, a target, or a partner i
pooling merger. While 84.8 per cent of the mergend took part up to three times in a merger, we
can observe that the merger activity of the teleoomcations equipment industry is characterized by
the transactions of certain firfisFor our econometric analysis, we restrict the iplglttransactions
carried out by one firm in the same year to thgdat transaction onfy. Finally, the estimation
sample consists of total 302 M&A transactions, Wwhinvolve 186 acquirer, 22 targétsand 94

partners in pooling mergers.

% The data set is truncated which might cause a damnahbias in the citation counts of recent patents.

%" For instance, the large-scale firms such as EigsSiemens, Cisco, Motorola, and Alcatel carriatl 17.86
percent of the total merger transactions.

% The frequency of merger transactions carried quore firm in the same year is as follows: 294 §irmith
one deal, 44 firms with two deals, six firms witirde deals, and three firms with four deals in\egiyear
during the sample period.

2 We lack accounting data on the target firms fansactions that involve the acquisitions mostlypéately
held and/or relatively small firms that are not igted in the US and not listed in Global Vantage.



The databases were matched through the matchimgitalgp on the basis of firm names,
CUSIP number$, and address information provided by each databiEise firms that are lacking
information or have inadequate data on the matcpimogedure were cross-checked and completed

with information reported in the Dun & Bradstreét®ho owns whom” annual issues.

6 Empirical Resultsand Discussion

6.1 Pre-Merger Innovation Performance
In this section, we examine the merger decisiorthef telecommunications equipment firms in a

multivariate analysis. Summary statistics of thealdes and their correlations are shown in Table 1
INSERT TABLE 1 ABOUT HERE

Given that both merging and non-merging firms addlided in the sample, we can distinguish
between the characteristics of merging firms imgegtion events and the firms outside of the merger
market. Table 2 presents the t-statistics on thierdnces in means of the firms’ characteristics
separately for merged and non-merged firms. Memyedl non-merged firms in the sample suggest
significant differences in the observed charadiessFirms that actually merged are characterined
a greater knowledge stock expressed in accumulaitgltbctual property rights than firms that didtno
merge. In terms of total assets, there is a sipmti size difference between merged and non-merged
firms, thus showing that larger firms are more lijki® acquire. The merged firms had, on average, a
larger Tobin’sq and cash-flow ratio, and they were less likelyh&we missing R&D values and zero
(citation-weighted) patent intensity. The firmsdar sample do not differ significantly in their R&D

and (citation-weighted) patent intensity as weliesearch productivity prior to a merger.
INSERT TABLE 2 ABOUT HERE

Equation (2) is estimated using a multinomial logibdel with four outcomes: to be an
acquirer, to be acquired, to be a pooling mergertoobe not involved in a merger. There are
substantial drawbacks associated with the useeofmthitinomial logit estimation because it assumes
that the disturbances are independent across aiters. This assumption suggests that if a firm was
choosing between the four alternatives, then tieen® relationship between a firm's disturbances fo
being an acquirer, a target, a partner in a poatiagger, or no involvement in a merger. In the ernt

of this analysis, it is likely that merger behavigill not fulfill this requirement. The test of the

30 cUSIP stands for Committee on Uniform Securit@entification Procedures.



maintained assumption of independence of irrelealtatnatives (Il1A) will indicate whether the ratio
of probabilities of any two alternatives is enfyreinaffected by the systematic utilities of anyesth
alternatives. In order to examine how the estinmatiesults are affected by this property, four
Hausman’s specification tests (Hausman, 1978) wenelucted. The results from multinomial logit
are compared with those from binomial logits betwt#ee non-merged firms sample and each of the
samples of acquiring, acquired, and pooling merfgmas as well as between acquirer and pooling
merger samples. Thevalues associated with the resulting test stesistiere .88, .93, .76, and .67,
respectively. Therefore, the null hypotheses aré megected each which implies that the IIA
assumption is not violated. Furthermore, the resoftthe binomial logit regressions were almost
identical to those of multinomial logit model whids comforting as it substantiates that the
independence assumption is not a concern in odysasand that we obtain robust estimates of the
variance of coefficients.

Table 3 presents the marginal effects for the maoittiial logit regression. The statistics for the
joint hypothesis and likelihood ratio tests areakgported. All estimated models are highly sigpaifit
as indicated by the likelihood ratio tests of thél hypothesis that the slope coefficients aretjgin
zero, which are rejected at the 1 percent levelgugie chi-square test statistic. However, theltesd
the target probability regression show a lack adcfgeness due to the variation among the small
sample of target firms. While the coefficient esttes of the target probability model, which are not
reported here, provide significance on some fevepetident variables, the marginal effects do not
provide any significant results on the target pholig. In order to account for the significant
coefficient estimates of the target probabilitye tharginal effects of the target probability moded

reported in Table 3 in line with the marginal effeof other probability estimations.31

INSERT TABLE 3 ABOUT HERE

The results indicate that merging firms as a wtsglem to have, on average, a significantly
different innovation profile compared to that ofnAmerging firms. Firms with greater R&D intensity
have a significantly greater propensity to undertakquisitions. A one standard deviation increase i
a firm’'s R&D intensity is associated with a .75 qgatage point increase in the likelihood of acqgjri
another firm, which corresponds to a 10.73 pergamipensity increas8. We also obtain a
significantly negative coefficient of the determimdor zero (or very low) R&D intensity. Therefore,
the acquirers are more likely to have non zero R&hmitment in the year before the merger. At the
same time, the non-merging firms tend to have nrequent zero R&D intensity than merging firms.
A nearly 20 percent increase in the absence of R&hmitment (which corresponds to a one

standard deviation) increases the propensitgadtbeing involved in mergers by almost 91 percent.

*'In Table 3, we denote the corresponding signifieangarentheses.
%2 The mean predicted probability to acquire in aipalar year is .07 (Table 4).



We find evidence in our data that the most intdynBi&D-committed firms are most likely to seek
technological advancement in the acquisition market

The estimated marginal effects on innovation coempet, which is measured by (citation-
based) patent intensity, provide quite significamtifferent results on being an acquirer and being
partner in a pooling merger. Firms with greaterepaintensities are more likely to be an acquirer,
whereas firms with smaller patent intensities a@arikely to be a partner in a pooling merger.
Hence, a decline in innovation competence seerbe tilve driving force behind the merger activity.
The indicator for zero patent intensity has, sonmawdurprisingly, an insignificant impact on the
propensity of merger activity.

The merging firms are more likely to have a largeusnulated citation-based patent stock.
This evidence seems to be in accordance with teerdétical argument that a large stock of
accumulated knowledge is essential if the acquyoepne partner in a pooling merger) is to have the
necessary absorptive capacity to identify the gmpmte target (or another partner in a pooling
merger). The fact that firms with a rather low aoclated knowledge stock are less likely to engage
in a merger supports this evidence. Moreover, tdedficient estimates of the multinomial logit model
which are not reported here, indicate that the iadtpn targets possess a significantly larger
accumulated knowledge stock than the non-mergedsfirThese results mutually support the
hypothesis that higher levels of absorptive cagamild the strengthening of its creation on the pfart
research-focused firms are necessary for thoses finridentify and assimilate new knowledge and
innovation into their R&D programs effectively. Gaguently, by embodying the “potential
absorptive capacity,” the merging firms provide ractal fundament for conducting the “realized
absorptive capacity,” i.e. the ability to exploitet knowledge from external sourcing, which is a
primary source of performance improvement analyadtie next section.

Given the R&D and citation-based patent intensities find that the likelihood of becoming
an acquirer is higher with a lower R&D productivitf firms. Although the acquiring firms
experienced higher input and output in R&D, thegrseo carry either a low number of patents and/or
a relatively low-valued patents yield of R&D doBabefore acquisitions. This result suggests that
there exists an enhanced desire to acquire newdtady and innovation-related assets driven by
knowledge inertia from the exploitation of the fgtrexisting knowledge base. However, the patent
intensity of the target firms provides insignifitaresults on both coefficient estimate and marginal
effect of the propensity to be acquired. We wilineoback to this point as some predications reggrdin
the target firms’ pre-merger performance can bé&ddrfrom the next step of our analysis.

Another interesting result is that firms with a padsorptive capacity and, at the same time
presenting higher innovation competence, tendmengage in mergers. We ascribe these firms to be
relatively young and with significantly new knowsoThe negative effect of the firm size on the

propensity to stay outside of the merger activigp goints toward that direction.



Considering the results for the control variablagger firms, as measured by the book value
of total assets, are more likely to engage in nreagévity. This suggests that large firms are more
willing to make use of their large and more stabternal funds to sourcing external R&D projects. A
100 percent increase in a firm's total assets gied®6 (.031) percentage point increase (decréase)
the likelihood of acquiring another firm (stayingitside the acquisition), which is a 37.14 (.034)
percent increase (decrease) in the predicted pilipab The estimated coefficient of the target firms’
size exerts a significantly negative impact on phepensity to be acquired, suggesting that smaller
firms are likely to be acquired. In addition, thenaal growth of market valuation in the pre-merger
year seems not to be conducive for a merger eseldast for the acquirer firms.

In terms of slack resources, the significantly pesieffect of the cash flow ratio on the
likelihood to acquire another firm suggests thajuatng firms have considerable cash to run a large
firm and agency controls are imperfect. Accordim@eiger and Cashen (2002), possessing the ability
of the available slack tends to precipitate thametogical acquisitions. At the same time, firmshaa
relatively low cash flow ratio tend not to engageaimerger (although statistically significant oaty
10 percent level) due to their financial constinThus, either imperfect agency concerns or
availability of financing are significant constresnon acquisitions. Consistent with Wiseman and
Bromiley (1996), if firms have little slacknessgthtend to be risk averse and will choose external
technology sourcing other than the acquisitiondcwvhequire less slack resource commitments.

On the one hand, given the claims that the mosbitapt currency in making the acquisitions
in the telecommunications equipment industry hanlibe offer of highly-valued stock34 and, on the
other hand, given the proposition that the acqarsitinancing through stock options is presupposed
by higher investment opportunities in terms of Tibg, the insignificant Tobin'g in the likelihood
to acquire is somewhat surprising. We, thus, findhaication that an average merger is more likely
draw upon the cash financing rather than the dioekcing.

The potential slack measured by Tobig'seems not to be a significant determinant for the
explaining the technological mergers. Growth opyaties are not likely to be of primary priorityrfo
firms engaging and for firms outside the mergeiivagt Moreover, the significant result on the
marginal effect of the control for zero (or veryoR&D intensity confirms further that the mergéns
the telecommunications equipment industry are wreater extent caught up in the technological
drive. Thus, by the mergers of the equipment predsjcthe value of growth opportunities is

overweighted by the technological value.

6.2 Post-Merger Innovation Performance

% The probabilities to be an acquirer and not tabguired in a particular year are .07 and .89%paetively
(Table 4).
% For instance, Cisco is widely known as a permastrk-acquirer.



We estimate the average treatment effect on tlagetteby employing stratification matching.
Implementing the matching requires choosing a Seaables that satisfy the plausibility of theACl
This implies that only variables that simultanegusifluence the merger decision and the outcome
variable(s) should be included. The firm’'s innowatiperformance is defined by the annual growth
rates of innovation input and output, knowledgecistand research productivity. In addition, the
determinants of the firm’s overall performance umtgd the annual growth rates of firm’s size, market
value, Tobin’sg, and cash flow ratio. In order to derive the meng@pensity score, we estimate the
logit model of equation (2) with the annual changéghe determinants of innovation and overall
performances.

In order to check the common support region, we pamm the maximum and minimum
propensity scores in the merged and non-mergedggrdinat is, we discard all observations that have
a propensity score smaller than the minimum argklathan the maximum in the opposite group. As a
conseguence, any observations lying outside therrerf common support given by [0.0072, 0.6101]
are excluded. Almost 42.6 percent of non-mergaddihave a propensity score below 0.1, while 7.3
percent of merged firms have the same low propessitres® Since the number of treated firms lost
due to common support requirement amounts up ter8ept of the treated group and there are still
comparable control firms to remaining treated fifinshere is a good overlap in the estimated
propensities scores for merged and non-merged firrtige sample.

The data in the region of propensity score ovenlape sub-classified into five blocks defined
by the quintiles of the propensity scores for mdrdiems®’ To check for the adequacy of the
propensity score model, we then used a two-way ARNQY assess whether the propensity score
balances each covariate between the merged andneayed groups of firms. Each covariate is
regressed on the merger and the propensity scatarstindicator and their interaction as factorse T
insignificant effects of mergers and insignificaftects of the interaction between propensity score
stratum and merger indicators determine that theildutions of the covariates within the sub-classe
are the same for merged and non-merged fifrii$ie results of T-tests on the differences in oo
means across both groups after the stratificatiatcining are shown in Table 4. The balance in
covariates of merged and non-merged firms assuresbiased estimate of the effect of a merger on

the innovation performance (Dehejia and Wahba, 1990

INSERT TABLE 4 ABOUT HERE

% Rosenbaum (1984) argues that a low propensity dmemv 0.1 percent is not uncommon in distributiohs
propensity score estimates even for treatment vasens.

% While the removed 3 percent of the merged firm®lve larger firms, the removed 58 percent of tha-n
merged firms are rather heterogeneous in their §ime measured in total assets.

3"Five sub-classes (quintiles) constructed from timpensity scores will often suffice to remove 098rpercent
of the selection bias due to each of the covari@esenbaum and Rubin, 1984).

#Before sub-classification, we found significanteets of mergers on more covariates using one-wa@¥AAl



Since the full impact of mergers on the innova@nformance takes time and results may not
be evident immediately, we examine the impact wfesger in yeat on the change in outcomes from
t+1 tot+2, t+2 tot+3, andt+3 to t+4 in order to capture the long-run post-merger perémce’’

A number of interesting insights emerge from theéaw of the estimates on the effects of
mergers on innovation performance in Table 5. Timpaict of mergers appears to be more
concentrated in the first year following a merget,iwhere the annual changes frofi to t+2 are
estimated. Herein, stronger results are obtaineddo main variables which more strictly explaie th

firm’s innovation performance.

INSERT TABLE 5 ABOUT HERE

We find that mergers are followed by an improvemienthe accumulated citation-based
patent stock. In addition to the partners in a ipgoimerger who possessed a large accumulated
knowledge stock prior a merger, the acquisitiogats also tend to be firms with highly valued paten
stock. This result is in accordance with our predicthat accumulated knowledge stock confers an
ability to recognize and to assimilate the new kieolge and technology in an environment and this
ability seems to enhance the technological strengtlen further. Hence, by embodying the “potential
absorptive capacity,” the merging firms provideraceal fundament for the conducting the “realized
absorptive capacity” (which we cannot measure i study), i.e. the ability to exploit the knowlexg
from external sourcing, which is a primary sourEperformance improvement.

The annual change in R&D intensity displays a gigantly positive sign in all three years
following a merger. Hence, according to our presioesult from the first stage of the analysis, this
indicates that the strong R&D commitment of acaugrfirms positively influences the recognition
and the assimilation of the external knowledge lyypéementing in-house R&D effort. Moreover, it
suggests that the mergers increase scale and sfoR&D activity rather than depreciate the
investments in R&D on behalf of financing the tractson.

The merged firms experience a significantly positimpact on the citation-based patent
intensity compared to those outcomes that theswes fiwould have reached if they did not merge. Due
to the fact that the acquiring firms had a high&ation-based patent intensity prior to the acdaiss,
this effect suggests that an intensification ofhhiglued patent creation relative to the firm'sedss
base prior to an acquisition generates a signifigdrigher innovation output of the merged entity.
Additionally, the pooling partners who faced sorbsemnce of innovation competence in terms of the
innovation output seem to grow following a mergmtentially because the merger provided access to

complementary technological resources which thglesifirms previously lacked. This result is in

* We cannot compare pre- and post-merger performaheeerged firms with the matched sample of non-
merging firms over the same time period becauséawle pre-merger accounting data for one compongtiteo
merged entity for a significant fraction of our mers



accordance with Cassiman al. (2005§° who find from the merger case study that the nmerdirms
with complementary technologies and close markateeness result in more R&D output.

Furthermore, the insignificant result on the postger research productivity suggests that the
marginal returns from R&D investments do not changgh respect to the innovation output. Thus,
greater R&D and patent intensities compared to whefirms would reach in the absence of merger
do not result in higher R&D productivity. From thissult, we cannot argue that the knowledge inertia
faced by the acquiring firms before the mergetilsexistent since we cannot compare pre- and-post
merger performance. However, even the post-mer@gdd Broductivity is higher than prior to the
merger; the non-merged firms possess still effeati@ployment of their R&D resources, so that there
is no significant difference between the treated aon-treated groups. Furthermore, one point te not
is that the estimation of the R&D productivity gosleng with a large variance, which may be the
reason for the insignificant result.

The impact on the determinants of the firm’'s oJepakformance is generally as expected.
There is a firm's size growth with respect to tmmw@al change in total assets as typically expected.
According to the indication from the first stagetbé estimation that the mergers, on average, are
more likely to be financed through cash rather thgnstock and/or debt, the cash flow ratio is
decreasing after the mergers, yet it is insignificat the same time, merged and non-merged firons d
not significantly differ in their Tobin’s), at least for the observation period.

The significant positive increase in the annualghoof the market value confirms that, in the
first full year following a merger, overall returfer shareholders are above those of the non-merged
firms with similar characteristics. This resultdensistent with the evidence that the cash-financed
mergers perform better with regard to the markduevahan non-merged firms with similar
characteristics (e.g., Loughran and Vijh, 1997)or&bver, being the simultaneous impact of merger
transaction and innovation, the increase in thegeeerfirms’ market value does suggest that the
technological mergers occurred in the telecommuioics equipment industry resulted in the

enhanced innovation performance.

6.3 Sensitivity Analysis

CIA assumes that the effects of casual merger atréinfluenced by any correlation between
unobserved factors and a firm’'s selection into ahsterger. Hence, the treatment effect estimators
are not robust against “hidden bias” if unobserfextors like managerial skills and technological
shocks that affect the merger are also correlaiddtive outcomes. After adjusting for selectionsbia
due to non-overlapping support and discrepanci¢isardistribution between merged and non-merged

firms, the purpose of sensitivity analysis is tdedaine whether or not inference about treatment

“ By focusing on the role of technological- and masatatedness, Cassimahal. (2005) analyzed the effect of
M&A on the R&D process of 31 merger cases from medand high-tech industries.



effects may be altered by unobservable variablegder to undermine our conclusions of matching
analysis. While it is not possible to estimate thagnitude of selection bias with non-experimental
data, the bounding approach proposed by Rosenba06?) does provide a way of judging how
strongly an unmeasured confounding variable mudstefhe selection process.

If we letu; be an unmeasured covariate that affects the pilapafy of a firmi of selecting
into the treatment ang are the observed covariates that determine treditarel outcome variable,

then treatment assignment can be described byddg as
log| —— | =k(x)+y @)
1-n

whereO<suy < 1.

Rosenbaum (2002) shows that this relationship ispie following bounds on the odds ratio
between treateidand controf units which are matched on the propensity s€gxg

is—lo'(l_p‘)s/' (8)
I p(1-n)

where /- :exp(y( - q))
Because of the bounds ana given value ofy measures the degree to which the difference betwee
selection probabilities can be a result of hidders.by =1and, accordingly,/ = 1imply that both

matched firms have the same probability of engagirgmerger and, thus, hidden bias does not exist.
Increasing values of simulate an increased influence of unobservableb®selection decision. If a
large value of/ does alter inferences about the merger effectrdhelts are sensitive to potential
selection bias.

We adopt Becker and Caliendo’s (2007) procedurddainding treatment effect estimates for
binary outcomes and define new outcome variablegshwtake the binary values according to the

annual growth of performance outcorfies.

INSERT TABLE 6 ABOUT HERE

Table 6 contains the results of the sensitivitylysia for the significant effects of the mergers
on the annual growth of the firms’ innovation in@utd output and knowledge stock in the first year
following a merger. It displays the Mantel and Hsmx (1959) test statistics for the averaged
treatment effect on the treated while setting &well of hidden bias to a certain value The MH test

statistics is used to test the null hypothesis of merger effect and for each assuméd a

1 Stata procedurmhboundgBecker and Galiendo, 2007) has been applied, wisiGmplemented for the case
of binary outcome variables. We define an outcomeéable taking the value 1 if a firm had a positarenual
growth and O otherwise.



hypothetical significance level “p-critical” is eallated, which represents the bound on the

significance level of the treatment effect in tlase of endogenous self-selection into treatment.
Given the positive estimated treatment effects ahds, looking at the bounds under the

assumption that we have potentially overestimahtedtitue treatment effects, the results indicaté tha

the robustness with respect to hidden bias vatessa the outcome variabl€dJnder the assumption

of no hidden biasé” = 1), the MH test statistics provide a similar resulyjgesting significant merger

effects. The finding of a positive effect of mergemn the patent intensity is at least robust to the
possible presence of selection bias. The critishlerof€” is 1.20, indicating that firms with the same

observable characteristics differ in their odd$retment by 20 percent. Next, the critical valfiego

at which we would have to question our conclusibraqositive effect on the R&D intensity is
between 1.40 and 1.60. However, the Rosenbaum boamedworst-case scenarios. Hence, a critical
value of 1.40 does not mean that unobserved heteeity exists, and there is no merger effect on the
innovation input. This result means that the carick interval for the R&D intensity effect would
include zero if the odds ratio of treatment assigntdiffers between the merged and non-merged
firms by 1.40 due to an unobserved variable. Fumibee, the effect on the knowledge stock remains
significantly positive even in the presence of astantially unobserved bias by a factor of 2. This
result implies that if an unobserved variable cdube odds ratio of merging to differ between the
merged and non-merged firms by a factor of as nascB, the 90 percent confidence interval would
still exclude zero. Thus, the positive estimatefdat$ on the firm’'s innovation input and knowledge
stock are robust to the unobserved heterogeneitije whe positive effect on the patenting intengity

less so.

7 Conclusions

The emergence of architectural innovations thatiirecnew structural relationships create difficesti

for firms that have well-established routines baseaarlier technological paradigms. Consequently,
architectural innovation to develop products inesrtb meet the specialized needs of customers has
been an important underlying factor for the exterk@owledge acquisition strategies of many
telecommunications equipment firms.

This paper delivers insights into the desirabibtfyM&A for the innovation performance of
firms by analyzing the mergers that took placeha international telecommunications equipment
industry from 1988 until 2004. We find evidencettimaergers realize a significant growth in the
innovation performance of firms. The post-mergerwation performance is, in turn, driven by both
the success of in-house R&D commitment and the mesk of internal technological capabilities at

acquiring firms prior to a merger. In particulare find that the telecommunications equipment firms

*2The significance levels‘alculated under assumption of overestimatiortrineat effect are presented.



undertake M&A in order to reassert their R&D commeént and patent program through strengthening
scale and scope in R&D, and, thereby, their magadition. The equipment manufacturers that
experienced low research productivity from ongaemgloitation of R&D efforts in the past are forced
to explore potential future innovation trajectori@s complementary technologies by acquisitions,
whereas those firms with a declining inventive fwit® are involved in pooling mergers to offer
comprehensive and integrated equipment solutioltbodgh mergers allow the equipment firms to
revitalize a firm by enhancing and supplementirsgkihowledge and technology base, they do not
foster, on average, a higher level of R&D produttiv

While the time frame this paper analyzes is shgp@aarily by technological M&A, the
recent market trend in the telecommunications itiglus reshaping the equipment M&A. On the one
hand, the reduction in the number of service prensidhrough consolidatioffdrives the equipment
manufactures to ramp up their size. On the othedhanlike the past where the telecommunications
service providers purchased nearly all new techgylio network-based applications from equipment
producers, they are increasingly looking towardsdmerging Next Generation Network. The service
providers’ investment is bound to increase in thterhet technology adoption. This investment shift
tends to force the equipment producers into suhiM&A.* At the same time, the increasing
converge of enterprise and wide area network marttéves the equipment producers to expand into
each traditional market segment through technoM@&A. Further research into the linkage between
survival and technological M&A as attempts to chiatje the emerging Next Generation Network

should yield additional important insights.

3 e.g., acquisition of MCI by Verizon and merger®d&T/Bell-South/Cingular in 2006
* e.g., merger of Alcatel/Lucent in 2006 and NokiefSens in 2007
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Table 1. Descriptive Statistics and Correlation Matrix (n = 9,570 firm-year s)

Variables Mean Std.Dev. 1 2 3 4 5 6 7 8
1 R&D Intensity 0.115 0.336 1.000
2 Patent Intensity 0.019 0.097 0.100 1.000
3 Patent Stock (Ln) 1.441 1.504 0.106 0.117 1.000
4 R&D Productivity 0.237 1.194 -0.0850.667 0.086 1.000
5 Total Assets (Ln) 4.001 2120  -0.379-0.229 0.500 -0.166 1.000

6 Market Value Growth 1.519 3.236  -0.0080.000 0.011 -0.000-0.022 1.000
(Ln)

7 Tobin'sq 2.091 3.259 0.205 0.103 0.070 0.046 -0.08®262 1.000

8 Cash-Flow Ratio -0.162 1.460 0.574 -0.0620.118 0.036 0.278 0.065 -0.023.000

Notes: The figures refer to the sample used for themegion of the multinomial logit model (Table 3).bla cells for
variables 1-8 contain the correlations betweervénables.



Table 2. Merged versus Non-Merged Firms before Matching

Mean
(Standard Error) t-statistic for
Merged Firms Non-Merged Firms difference in means

R&D Intensity 0.105 0.115 0.48

(0.005) (0.005)
Patent Intensity 0.014 0.020

(0.003) (0.001) 0.85
Patent Stock (Ln) 2.327 1.378

(0.152) (0.029) -8.00”
R&D Productivity 0.214 0.238

(0.067) (0.024) 0.27
Total Assets (Ln) 5.344 3.914

(0.153) (0.031) -10.89"
Market Value Growth (Ln) 1.410 1.611

(0.081) (0.06) 0.52
Tobin’sq 2.476 2.037

(0.158) (0.057) -2.01"
Cash-Flow Ratio 0.019 -0.174

(0.016) (0.023) -2.10°
Indicator for Missing R&D Expenses 0.100 0.175

(0.018) (0.005) 3.20"
Indicator for Zero Patent Intensity 0.455 0.515

(0.030) (0.007) 1.90

*****

different from zero at the 1%, 5%, and 10% staiidtievel, respectively.



Table 3. Marginal Effects of the Propensity of Involvement in M& A Activity

Acquirer Target Pooling Merger No M&A
R&D Intensity 0.034 -0.62e-04 -0.020 -0.013
(0.011) (0.34e-03) (0.13e-02) (0.017)
Patent Intensity 0.76e-04" -0.45e-06 -0.39e-04 -0.37e-04
(0.28e-04) (0.17e-05) (0.21e-05) (0.35e-04)
Patent Stock (Ln) 0.34e-04 0.20e-06**’ 0.35e-04" -0.70e-04"
(0.16e-04) (0.72e-06) (0.11e-05) (0.20e-04)
R&D Productivity -0.79e-04" 0.67e-06 0.15e-04 0.62e-04*
(0.27e-04) (0.23e-05) (0.19e-05) (0.34e-04)
Total Assets (Ln) 0.026" -0.54e-04 0.48e-07 -0.031"
(0.41e-02) (0.15e-03) (0.19e-03) (0.45e-02)
Market Value Growth (Ln) -0.78e-05 -0.64e-07 0.88e-05 -0.89e-06
(0.17e-04) (0.28e-06) (0.10e-05) (0.20e-04)
Tobin'sq 0.36e-04 0.15e-05 0.82e-05 -0.46e-04
(0.25e-04) (0.58e-05) (0.14e-05) (0.30e-04)
Cash-Flow Ratio 0.17e-03" 0.53e-04 0.34e-04 -0.26e-03
(0.76e-04) (0.14e-03) (0.27e-05) (0.16e-03)
Indicator for Missing R&D -0.044™ 0.16e-03 0.37e-02 0.40e-01
expenses (0.017) (0.59e-03) (0.11e-02) (0.21e-01)
Indicator for Zero Patent -0.017 -0.10e-03 0.012 0.51e-02
Intensity (0.014) (0.36e-03) (0.84e-03) (0.017)
Mean of Dependent Variable 7.00 0.01 3.00 89.99
(Percentage Points)
Observations 186 22 94 9,206
Log Likelihood -1,350.60
Restricted Log Likelihood -1,590.54
Prob > ChiSqd 0.00

Notes. The marginal effects provide percentage point ghanin the probability of an outcome. Marginal eféeare

computed at means of explanatory variables. Stdnelaors are given in parentheses. ***, ** anchtlicate a significance
level of 1%, 5%, and 10%, respectively. The sigalfit estimates which are captured by the coeffi@éacts, but not by the
marginal effects, are reported in parentheses.



Table 4. Merged versus Non-Merged Firms after Matching

Group Firm-  R&D Intensity Patent Intensity  Patent Stock R&D Productivity
years

mean t-statistic mean  t-statistic mean t-statistic meant-statistic

1 Merged 64 0.069 0.001 1.280 0.002
Non-merged 1622 0.116 0.51 0.012 0.50 0.877 -1.19 0.077 0.67
2 Merged 60 0.0776 0.015 2.293 0.168
Non-merged 1339 0.0862 0.15 0.015 -0.02 2.000 -0.78 0.161 -0.03
3 Merged 48 0.108 0.002 1.355 0.001
Non-merged 1109 0.142 0.62 0.010 o0.71 0.921 -1.24 0.162 0.59
4 Merged 59 0.12 0.006 1.560 0.010
Non-merged 765 0.13 0.23 0.013 1.37 1.045 -1.40 0.170 1.26
5 Merged 60 0.135 0.032 3.528 0.384
Non-merged 514 0.114 -1.38 0.014 1.45 2.446-5.12 0.222 1.16

Notes: The number of the observations is smaller thaseho the Tables 1 and 2 due to the region of commo
support requirement.



Notes: Reported are means. Standard errors are givearamfheses. , ™, and indicate a significance level

Tableb5. Effectsof M& A (Average Treatment Effectson the Treated)

Annual Growth

First year
(t+1 to t+2)

Second year
(t+2 to t+3)

Third year
(t+3 to t+4)

R&D Intensity 0.139" 0.1937 0.228"
(0.045) (0.052) (0.039)
Patent Intensity 0.083 -0.113 -0.051
(0.004) (0.152) (0.436)
Patent Stock (Ln) 0.046 0.004 0.018
(0.017) (0.024) (0.025)
R&D Productivity 0.816 -0.006 0.238
(0.626) (0.589) (0.315)
Total Assets (Ln) 0.052 0.041 0.040
(0.026) (0.026) (0.028)
Market Value (Ln) 0.338 -0.027 0.124
(0.103) (0.197) (0.146)
Tobin'sq 2.500 2.076 1.694
(2.920) (2.053) (1.642)
Cash-Flow Ratio -0.031 1.002 -1.052
(0.874) (3.016) (2.096)

of 1%, 5%,

and 10%, respectively.
Table 6. Rosenbaum Boundsfor Effectsof M& A
Gamma R&D intensity Patent Intensity Patent Stock
[Q-MH; Q-MH]  p-critical [Q"-MH; Q-MH]  p-critical [Q"-MH; Q-MH]  p-critical

1.00 [1.9775;1.9775] 0.0002 [1.6774; 1.6774] 0.0334 [1.1254; 1.1254] 0.0000
1.20 [1.7896; 2.5660] 0.0113 [1.4226; 2.2627] 0.0843 [1.0452; 1.8044] 0.0003
1.40 [1.5221; 2.9142] 0.0401 [1.2476; 2.5704] 0.2910 [1.5905; 2.0123] 0.0051
1.60 [1.3764; 3.2422] 0.1211 [1.1898; 2.8621] 0.3200 [0.0864; 2.3213] 0.0124
1.80 [1.1644; 3.5521] 0.2523 [1.1342; 3.1394] 0.5171 [0.0657; 2.7868] 0.0594
2.00 [1.0897; 3.8461] 0.2973 [1.0698; 3.4764] 0.5940 [0.0266; 2.9612] 0.0821

Notes: Q*-MH and Q-MH are Mantel-Haenszel test statistics under apsioms of overestimated and underestimated
treatment effects. Significance levels are undsumption of overestimation of treatment effects.



Annex
Figure 1. M&A in the Telecommunications Equipment Industry,

1988-2002
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Figure 2. Average R& D Expendituresin the Telecommunications
Equipment Industry, 1988-2002
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Figure 3. Patenting in the Telecommunications Equipment Industry,
1988-2000
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Notes: The abrupt fall in the patent applications aft@®8 in figure 3 is primarily caused by the truneatdf the patent data
sample. We have patents which were granted un@R2Thus, we end our analysis on patents in 20@ause, in the
subsequent years, a truncation due to the graftdegmes clearly visible.



