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QUANTITY AT EXPENSE OF QUALITY?
MEASURING THE EFFECTS OF TECHNOLOGICAL M&A ON
INNOVATION AND FIRM PERFORMANCE

ABSTRACT

This study examines the effects of technological mergers and acquisitions (M&A) on
post-deal innovation and firm performance. We argue that technological M&A lead to an
increase of the innovation output in terms of patent counts while non-technological deals do
not. By using the novel matching estimators and propensity score methods in order to take in
consideration the endogeneity bias in the sample, we better capture the differences between
technological and non-technological M&A. Our empirical results showed that firms engaged
in technological M&A had lower innovation performance -in comparison to firms involved in
non-technological deals- as reflected by a statistically significant decrease of the average

quality of the inventive output, captured by citation-based patent analysis.



1. INTRODUCTION

In an ever more globalized and dynamic economy, firms attempt to gain and maintain
competitive advantages while facing increasing financial performance pressures. In this
context, mergers and acquisitions (M&A) represent a strategic means not only of entering
desirable markets (Brakman, Garretsen, & Van Marrewijk, 2013; Chevalier, 2004) and
integrating vertically and horizontally (De Man & Duysters, 2005), but also of gaining new
technical knowledge, expertise and capabilities (Link, 1988; Grandstrand, Bohlin, Oskarsson,
& Sjoberg, 1992; Chakrabarti, Hauschildt, & Stiverkriip, 1994; Ahuja & Katila, 2001; Cloodt,
Hagedoorn, & Van Kranenburg, 2006; Cefis, 2010). Moreover, M&A by exploiting potential
economies of scale and scope (Henderson & Cockburn, 1996; Chiu, Lai, Lee, & Liaw, 2008;
Cassiman, Colombo, Garrone, & Veugelers, 2005) can lead to a reduction of both R&D
intensity® and risks (Hitt, Hoskisson, Ireland, & Harrison, 1991), and solve the problem of
organic innovation deficiency (Zhao, 2009). Mainly for these motives, M&A are a
widespread form of company development (Cartwright & Schoenberg, 2006) and a highly

popular phenomenon in the economy, particularly those technology-motivated (Zhao, 2009).

Still, academic and practitioners’ experience highlight that many acquisitions do not
succeed in achieving their desired profitability and/or technological objectives, and despite
the growing amount of literature on the relationship between M&A and innovation, and firm
performance, the results concerning this area of inquiry fall far short from consensus. Some
studies show negative effects (Hitt, Hoskisson, Ireland, & Harrison, 1991; Ornaghi, 2009;
Hall, 1990; Hitt, Hoskisson, Ireland, & Harrison, 1991; Hitt, Hoskisson, Johnson, & Moesel,

1996), whilst others find neutral (Prabhu, Chandy, & Ellis, 2005; Danzon, Epstein, &

! The R&D intensity has been measured as R&D investment divided by sales and adjusted for average industry
R&D intensity.



Nicholson, 2007; Healy, Palepu, & Ruback, 1992) or positive impact? (Ahuja & Katila, 2001;
Cloodt, Hagedoorn, & Van Kranenburg, 2006). Unfortunately, what is observed are generally
simple correlations between M&A activity and innovation input and/or output, and not tested
causal links. Moreover, the M&A and innovation studies are interested in examining the
technology-driven deals and their effects on innovation (Ahuja, & Katila, 2001; Cloodt,
Hagedoorn, & Van Kranenburg, 2006), without offering deeper insight about the joint effect

of technological M&A also on firms’ financial performance.

To better understand these dynamics, this work focuses on two important domains of
M&A performance: the financial domain by examining the market value (Tobin’s q) and
profitability (ROA), and the non-financial domain by measuring the quality of innovation. In
this paper, the term ‘quality of innovation’ refers to the patent technological performance
measured by patent citation-based indicators. A high value of these indicators evidences a
high quality of innovation as well. Furthermore, by distinguishing between deals engaged for
technological motives and those motivated by other reasons® we analyze the extent to which
technological deals affect the quality of inventive output and firm performance in comparison
to non-technological M&A. Our contribution is a better understanding of the real effects and

the consequences of engaging in technological M&A.

In doing so, we focus on the U.S. communication services sector over the period
1998-2005, and our final sample consists of 330 selected deals which involved 162
companies that: 1) acquire at least 50% of the target shares, 2) have full financial data
available from COMPUSTAT database (Standard & Poor’s, 2013) and 3) the acquirer owned
at least one own patent before making subsequent acquisitions. The endogeneity issues (e.g.

self-selection) raised by previous literature (Maddala, 1983; Shaver, 1998) have been

2 Referring to technological acquisitions.
® For example: gaining entry in new markets, obtaining market power, et cetera.



overcome in this work by the adoption matching estimator and propensity score approaches
(Rosenbaum & Rubin, 1983, 1984). These methods are often used in evaluation research to
estimate treatment effects in the absence of experimental data. We include in our sample
technological M&A and non-technological M&A and compare the two groups in term of
invention quality results and performance. Our data shows that technological M&A have a
negative effect on the quality of the patenting output but yield positive effects on the

economic performance of the acquiring firms involved in the deal.

The paper proceeds as follows. In section Il we revise the prior literature and suggest
some hypotheses to test. Section Il describes the data, the methodology adopted and the

results, while section IV discusses the main findings. The final section concludes.

2. THEORETICAL BACKGROUND AND HYPOTHESES

21. THE EFFECTS OF TECHNOLOGICAL M&A ON INNOVATION
PERFORMANCE

Many scholars showed that the key drivers of mergers and acquisitions (M&A) are
primarily attributed to the external technology sourcing and to the exploitation of potential
synergies (Andrade, Mitchell, & Stafford, 2001; Betton, Eckbo, & Thorburn, 2008; Valentini
& Di Guardo, 2004; Bena & Li, 2014; De Man & Duysters, 2005; Inkpen, Sundaran, &
Rockwood, 2000; Kozin & Young, 1994). In fact, M&A represent an important component
of the firm innovation strategy (Bettis & Hitt, 1995; King, Covin, & Hegarty, 2003), through
which firms can acquire new technical knowledge, expertise and capabilities (Link, 1988;
Grandstrand, Bohlin, Oskarsson, & Sjoberg, 1992; Chakrabarti, Hauschildt, & Stverkrip,
1994; Ahuja & Katila, 2001; Cloodt, Hagedoorn, & Van Kranenburg, 2006; Cefis, 2010), and
solve the problem of organic innovation deficiency (Zhao, 2009). Moreover, firms by

appropriating others’ inventive value (Hitt, Harrison, & Ireland, 2001) can exploit potential



economies of scale and scope (Henderson & Cockburn, 1996; Chiu, Lai, Lee, & Liaw, 2008;
Cassiman, Colombo, Garrone, & Veugelers, 2005) which may lead to a reduction of both

R&D expenditure and risks (Hitt, Hoskisson, Ireland, & Harrison, 1991).

Villalonga & McGahan (2005) suggested that firms are more likely to engage in
M&A than in alliances when the technological resources of the target are higher than the
bidder’s ones. Moreover, Desyllas and Hughes (2009) argued that publicly-trated acquirers
who had already produced cutting-edge patents were attracted to target firms having large
patent stock. These types of targets are more attractive for their potential to foster greater
value creation and more-rapid commercial exploitation of knowledge when acquirer and
target are combined (Szucs, 2014). Buying valuable patents allows acquirers to increase the
total value of their overall patent portfolio and represents an essential means of gaining
access to new technological knowledge which the firm did not formely possess (Gantumur &
Stephen, 2012). In analysis of 1,053 deals involving several technology sectors (e.g.,
electronic equipment, machinery, computer, telecommunications et cetera), Zhao (2009)
argued that technology-motivated M&A have become a common phenomenon in the U.S.
economy, because technological acquisitions are an effective means to gain competitive
advantage while responding to the acquiring firm’s need for increasing innovation output

(Bower, 2001; Ranft & Lord, 2002).

Ahuja & Katila (2001)’s investigation of 534 acquisitions in the chemicals sector
introduced the distinction between “technological acquisitions” (whose main purpose is
technology transfer) and “non-technological acquisitions” (which did not involve the transfer
of technology components). Both Ahuja & Katila (2001) and Cloodt, Hagedoorn & Van
Kranenburg (2006)—which replicated the former’s findings in the four additional technology

sectors of aerospace and defense, computers and office machinery, pharmaceuticals, and



electronics and communications equipment—found that technology acquisitions enjoyed
higher post-acquisition patent counts. Non-technology acquisitions had no significant effect
in Ahuja & Katila (2001) and exerted a negative effect on the number of post-acquisition

patents in Cloodt, Hagedoorn & Van Kranenburg (2006).

Wagner (2011)’s analysis of 50 large U.S. semiconductor firms, sought evidence of
exploratory versus exploitative innovation when measuring the differential effects between
technology-related acquisitions and non-technological acquisitions. Results were consistent
with that reported by Hagedoorn and Duysters (2002) and subsequently by Desyllas and
Hughes (2008), and showed the technology-related acquisitions* were positively associated
with inventive output, while non-technological acquisitions negatively affect the inventive

output (in terms of patent counts).

All these contributions seem to agree that technological M&A positively affect the
quantity of inventive output while non-technological M&A are non-significantly or even
negatively related. However, the quantity of patent counts —as showed by Griliches (1990)-
can not be considered a reliable proxy of patent importance, being the value of a patent
portfolio often concentrated in few patents. In addition, patent citations by reflecting the
invention attracting power, represent a meaningful measure of the technological quality and

innovation performance (Harhoff, Narin, Scherer, & Vopel, 1999).

Recently, Valentini (2012), by examining a sample of 159 deals in the U.S. ‘medical
devices and photographic equipment’ industry, investigated on the effects of M&A not only
on the quantity but also on the quality of the post-deal innovation performance. He used the
three main indicators of the patent quality introduced by Trajtenberg, Henderson and Jaffe

(1997) and then resumed by Hall, Jaffe, & Trajtenberg (2001): impact, generality and

* Wagner focused on the number of technological-related and non-technological acquisitions.



originality. The main findings regarded the positive relationship between M&A and patent
quantity —probably influenced by the pressure for performance- and the negative impact of

M&A on all the three quality patent measures.

The results of Valentini (2012) can be also explained using the concepts of
exploration and exploitation introduced by March (1991). Exploration involves the search for
broader and newer knowledge, whilst exploitation involves the refinement and deepening of
the extant knowledge. As showed by Le, Park, and Kroll (2014), acquirers benefit more in
terms of innovation performance from the post-deal R&D exploitation rather than
exploration. This means that the R&D efforts after the acquisitions will contribute to a

significant increase of the inventive output (i.e. patents).

Moreover, the acquirement of external knowledge — according to existing literature- is
perceived to foster the breakthrough innovations (Ahuja & Katila, 2001; Almeida & Phene,
2004; Phene, Flamoe-Lindquist, & Marsh, 2006; Phene & Almeida,2008; Rosenkopf &
Nerkar, 2001; Bapuji, Loree, & Crossan, 2011). In presence of these high value inventions,
firms often use patents for strategic aims by creating the so called “defensive blockades”
which consist in the enlargement of the acquirer’s “manoeuvring space” to avoid litigation
(Blind, Cremers, & Mueller, 2009; Blind, Edler, Frietsch, & Schmoch, 2006; Cohen, Goto,
Nagata, Nelson, & Walsh, 2002; Kingston, 2001; Andries & Faems, 2013). This strategy,
inetavibly will increase the breakthrough patent protection as well as the number of patents
issued. Hence, there will be a further emphasis of the rise in quantity at expense of the quality

of patent output.

These dynamics, will not involve the non-technological acquisitions which being
driven by other reasons, will focus on the achievement of other goals different from

technological ones: i.e. entering desirable market (Brakman, Garretsen, & Van Marrewijk,



2013; Chevalier, 2004), integrate vertically/horizontally (De Man & Duysters, 2005), gain
market power (Anand & Singh, 1997; Baker & Bresnahan, 1985; Barton & Sherman, 1984),

diversification (Berger & Ofek, 1995) etc..

In summary, according to the existing literature we would expect that firms involved
in technological M&A while experience an increase of the quantity of inventive output -
particularly due to R&D activity exploitation adopted by the acquirer and “defensive
blockade” strategies — lose out a decrease of the average quality of patents, performing worse
than firms engaged in non-technological deals which may have no significant improvement

or even higher patent quality performance.

Hypothesis 1a: Technological M&A have a negative effect on the quality of the post-

deal inventive output.

Hypothesis 1b: The firms involved in technological M&A have a lower quality of the

post-deal inventive output in comparison to those engaged in non-technological M&A.

2.2. THE EFFECTS OF TECHNOLOGICAL M&A ON FIRM PERFORMANCE
Though the effects of M&A on firm performance have been broadly examined in
literature, they still show controversial results. Many scholars pointed out that M&A have a
negative effect on firm performance or even destroy acquirers’ market value (Hitt, Harrison,
& lIreland, 2001; Agrawal, Jaffe, & Mandelker,1992; Rau & Vermaelen, 1998; Antoniou,
Petmezas, & Zhao, 2007; Sudarsanam & Mahate, 2003), while others (see Healy, Palepu, &
Ruback, 1992) demonstrated that the merged firms significantly improved their performance

due to the realization of higher post-deal cash flows.

Moreover, as prior studies on innovation found evidence about the strong relationship

between R&D activities (input/output) and market value (see Toivonen, Stoneman, &



Bosworth, 2002) the M&A literature was further stimulated on investigating how
technological M&A could be used to enhance the firms’ R&D in order to positively affect the
firm market value (Kallunki, Pyykko, & Laamanen, 2009). In particular, many contributions
recognize that technology M&A are beneficial for the acquired firm (Higgins & Rodriguez,

2006; Kohers & Kohers, 2000; Conn, Cosh, Guest, & Hughes, 2005).

In addition, Kallunki, Pyykk6é and Laamanen (2009), showed that when the deal
involved two technology companies, there was a very high increase on the stock price
magnitude, even 107 % in the year the M&A occurred. These results were not observed in the
case of non-technology targets primarily due to the potential lack in the target’s absorptive
capacity (Cohen & Levinthal, 1990; Higgins & Rodriguez, 2006) which may negatively

affect the R&D activity and the profitability.

To better understand what a “technology acquisition” is meant, Hung and Tang (2008)
provided a definition according to which the technological M&A is “a process of planned,
selective, focalized importation of advanced technology which the enterprise has not nor did
not master, and new application of imported technology which can bring expectant economic
benefits to new users” (p:551). This definition suggests that the importation of the advanced
technologies represents a precious inputs for the R&D activities which if synergistically
exploited, are expected to positively affect the innovation output and market value. Hence,
the analysis about the effects of the technology M&A inevitably is connected with the value
of the intangible assets represented by patents and their relationship with both productivity

and market value.

Patents counts being considered as an important measure of both technological
performance and R&D outcomes (Stock & Stock 2006; Chen &Chang 2012; Chen, Shih, &

Chang 2014) are showed to be positively related to the market value of the patent portfolio

10


http://link.springer.com/article/10.1007/s11192-013-1110-9/fulltext.html%23CR37
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(Hall, Jaffe, & Trajtenberg, 2005). Chen and Chang (2010), by analyzing the U.S.
pharmaceutical industry, found that portfolios with high patent counts had higher market
value in comparison to smaller portfolios. Hence, a main objective for firms engaged in

technology M&A is the increase in the number of patent issued.

Moreover, Blind, Edler, Frietsch, and Schmoch (2006), investigating on the motives to
patent, observed “new strategic” ones like those used to signal potential investors about
inventions which were not embodied in any commercialized good. This finding suggests us
that an increase in the number of the patented invention can be used to stimulate and
influence the market’s expectations. In addition, the expert ratings are influenced by the size
of the patent portfolio (patent counts) and not by the quality and impact of the innovation

output (Narin, Noma, & Perry, 1987).

Bloom and Van Reenen (2002) - finding that inventive output has an economically
and statistically significant effect on firm productivity and market value- suggested that
patents immediately affect the market value, while productivity takes more time. An
explanation can be led to the lag between the invention and the product commercialization.
Moreover, Meeks and Meeks (1981) showed that respect to other profitability post-deal
measures, ROA was less sensitive to distortion caused by the M&A transaction, hence we
expect that technology M&A will be influenced more by an indicator related to the market

value (i.e. Tobin’s q).

Finally, as the literature suggests, technological M&A are expected to have better
performance in terms of both market value and productivity. However, we expect that the
Tobin’s g will be highly influenced by the increase in the number of patents granted after the
deal- rather than patent quality- as a signal of the synergy generation among the firms

involved.

11



Hypothesis 2: Firms involved in technological M&A will have better post-deal
economic performance in comparison to firms engaged in non-technological M&A,

particularly for Tobin’s q.

3. METHOD

In this paper, we apply a multivariate matching method to assess the effects of the
technological M&A on inventive output and firm performance. In the last decade, the
matching estimator method is gaining success in different fields, including economics and
more recently management (see the work of Valentini, 2012). The key feature of this method
is its approximation to a randomized ex post experiment, when experimental data are absent
(Heckman, Ichimura, & Todd, 1998; Heckman & Navarro-Lozano, 2004). The basic idea is
to compare the results obtained by a treated group with those obtained by “twins” in the
control group. Both groups share a set of characteristics/indices (X;), but they obviously
differ in the treatment variable. A common estimand in non-experimental studies is the
“average effect of the treatment on the treated” (ATT), which considers the effect for

observed units included in the treatment group.

Following the Abadie, Drukker, Herr, and Imbens (2001), and Abadie and Imbens
(2002) method, let formalize that each firm engaged in an M&A has two potential outcomes
Yi(1) if involved in a technological deal and Y;(0) if it is not. Using a dummy variable T;, we
denote Ti=1 if the firm receives the treatment, signaled by a positive difference in terms of
patent counts before and after the M&A took place, and T; = 0 for the control group. Yi;
denotes the value of unit i if the firm had a tangible technological improvement after the deal
measured by an increase in the number of patents , whilst Yj, refers to the value of unit i if
the supposed motive of the deal was not technological, or if the aim of an eventual
technological M&A has not been achieved. If the technological benefit for each firm could be

observable it would be summarized as Y;(1) - Yi(0) and the average treatment effect of the

12



treated population should be tart = E(t|T=1) = E [Y(1)|T=1] — E[Y(0)|T=1]. The main issue
is that both these outcomes are not observable at the same time, this means that there is only
one counterfactual outcome observable and it refers to the treated group, whilst E[Y(0)|T=1]
IS impossible to estimate. Therefore, we can use the simple matching estimator of the ATT,

which is defined as the difference between expected outcomes with or without treatment, and

itis given by: t = % Yoy (Yi— Yi (0)), when N is the number of deals. Consistently with

the method suggested by Abadie & Imbens (2002) and Villalonga (2004), in order to reduce
bias and produce matches of higher quality, we apply a matching estimator with replacement
and four comparison. Specifically, we use the propensity score matching (Rosenbaum and
Rubin 1983) based on logistic regression, where Y is conditioned on X by matching on the
probability of assignment to treatment, the so-called propensity score. Usually, as sample size
grows large, matching on the propensity score produces balance on the vector of covariates X
(Rosenbaum and Rubin 1983). Propensity score matching involves matching each treated unit

to the nearest control unit on the unidimensional metric of the propensity score vector.

Following previous studies, we choose to use the following matching covariates:
logarithm of assets, productivity, size, leverage, intangible assets and year dummies. The
propensity score is estimated through a logistic regression model in which the treatment
variable plays the role of response while the control variables (matching covariates) the role
of predictors. Next, observations are matched on the basis of the estimated propensity score.
In order to make matching outcomes more, the procedure is repeated on 1,000 bootstrap
samples. Bootstrapping is highly recommended because the bootstrapped Kolmogorov-
Smirnov test, unlike the standard test, provides correct coverage even when there are point

masses in the distributions being compared (Abadie, 2002).
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We used matching with replacement in the estimation of the average treatment effect.
Results of computations run on different settings show that matching each treatment unit with
the 4 closest controls allows us to balance the bias: variance trade-off induced by the possible
increase in bias obtained when selecting multiple controls for each treated individual and the

possible decrease in variance deriving from larger matched sample size.

Finally, our hypothesis have been tested using an alternative of the parametric T-test:
the nonparametric Wilcoxon Signed Ranks Test (Corder & Foreman,2009). The latter
pertains to the comparison of two samples which are paired, or related (Wilcoxon, 1945) and
it is more indicated to be used in statistics when for a given even, the assumptions® of the t-

test are not met by the data.

3.1. DATA SOURCE

In the last decades, the U.S. communication services sector has experienced several
M&A waves due to both technology shocks and deregulation (Gantumur & Stephan, 2012;
Harford, 2005). We focus our study on this industry for several reasons. First, the high
number of M&A transactions: over the period 1998-2005-according to Thomson Reuters
(2013), Thomson One’s Mergers & Acquisitions (2013), SDC Platinum Database (2013) -
there occurred 2028 deals which involved 928° different U.S. communication companies.
Second, the increasing demand for new technologies and the declining demand environment
for older ones (Christensen, 1997; Harrigan, 2003). Third, the fundamental role of the
intellectual property protection and the high-density of the patenting activity (Hall &
Ziedonis, 2001; Ziedonis, 2004). Last, the survival importance of the constant innovation

improvement due to the high market competition (Danguy, de Rassenfosse, & van

> An assumption of the paired t-test is that the data measured on a specific interval are distributed following a
normal distribution.
® These firms acquired at least half of the total shares of the target firm.
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Pottelsberghe de la Potterie, 2013). These particular features, make this sector highly suitable

to analyze the effects of M&A on inventive output (patents) and economic performance.

We first identified 361 deals over the period 1998-2005 which involved 162
companies that: 1) acquire at least 50% of the target shares, 2) have full financial data
available from COMPUSTAT database (Standard & Poor’s, 2013) and 3) the acquirer owned
at least one own patent before making subsequent acquisitions. As many companies engaged
in several acquisitions in a single year, we further reduced our sample —controlling for the
number of deals per year for each firm- by selecting 330 deals. 120.588 U.S. patents granted
over the period 1995-2009 - consistently to a four-year window- and their patent backward
and forward citations rising up the sample to a total of 3,686,084 citations. The patent

information were available from the Derwent Innovation Index database (2013).

A four-year window (Sampson, 2007) was chosen to take into account the lack of
forward citations in more recent years. Hall, Jaffe & Trajtenberg (2005) observed that it is
necessary several time before the patent accumulates significant information in terms of
forward citations. Also, Mehta, Rysman & Simcoe (2010) showed empirically that the
“citation clock” does not start in correspondence to the date in which the patent is granted,
but it takes more time. In fact, patents granted recently have very few or even no citing

patents.

We measure three patent dimensions (impact, breadth and depth) as innovation
quality proxies (Fleming, 2001; Trajtenberg, Henderson, & Jaffe, 1997; Argyres &
Silverman, 2004; Hall & Ziedonis, 2001; Hall, Jaffe, & Trajtenberg, 2001; Trajtenberg, 1990;
Valentini & Di Guardo, 2012). We examined patent-quality patterns using U.S.-granted

patents and the parsimonious 36-category system of Hall, Jaffe, & Trajtenberg (2001) which
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is derived from the USPTO classification schema. Our patent-quality indicators-- generality

and originality--were calculated using their arithmetic weighting indices.

3.2. MATCHING VARIABLES AND TREATMENT

The matching estimator method requires several control variables to better match the
treated firms with their “twins” in the non-treated group, allowing us to measure the real
effects of the treatment itself. In our study, the treatment consists in engaging in a
technological M&A, whereas the control firms do not. We can assume that among the many
M&A- in which the firms of our sample are involved- some of them are specifically
technological driven. In the light of previous studies, we can further assume that the M&A
characterized by an increase in the number of patents granted, are the ones technological
driven (the treatment group) and the others with no increase or a decrease in the patent
counts, are the control group (i.e. the deal of firm A is considered technology-driven if the
number of patents in the four-year window after the deal is higher than the number of patent
counts in the pre-deal window, otherwise the deal is considered non-technological). In this
way, we can observe if the treatment group experience a better or a worse outcome in terms

of patents quality (impact, generality and originality) and in terms of economic performance.

Consistently with previous works we select the following covariates: logarithm of
assets, productivity, size, leverage, intangible assets, year dummies and number of
acquisitions made by a firm in each considered year. Firm productivity: we use the sales-per-
employee ratio which represents an indicator of the productivity of employee. Firm Size: we
control for the asset-per employee ratio as a measure of capital intensity. Firm leverage is
represented by long-term debt to total assets (Hitt, Hoskisson, Ireland, & Harrison, 1991,
Barkema & Schijven, 2008). The intangible assets are represented by the proportion of the

intangibles respect to total assets. This is an indicator of the potential existing patents in the
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firm patent portfolio. Year dummies: we consider a dummy variable for each sampling year
as the acquisition year may influence the post-deal performance, recognizing that in
particular the U.S. communication sector was subject to several acquisition waves (Gantumur
& Stephan, 2012; Harford, 2005). In our sample, many firms engage in several M&A, we
control for the number of the acquisitions made in a single year, in order to take into account

the influence of the low or high occurrence of this organizational event.

3.3.  INNOVATION PERFORMANCE

In order to fully appreciate the post-deal innovation performance we examine the
changes in the quality of the acquirer patent portfolio. The literature suggests several
measures based on both R&D input and output. De Man & Duyster (2005) in an M&A
review suggest that input indicators may lead to misleading results: M&A by reducing the
R&D redundancies can decrease the R&D expenditure but not necessarily impoverishes the
firm innovativeness. For this reason we adopt the output perspective to better capture the
firm’s inventive capabilities (Hall, Jaffe, & Trajtenbrg, 2005; Ahuja & Katila, 2001,

Valentini, 2012).

A reliable measure of innovation importance and quality is represented by citation-
based indicators (Griliches, 1990; Bloom & Van Reenen, 2002; Yayavaram & Ahuja, 2008). In
particular, those based in forward citations represent the “lifeblood” of technological

development (Tseng, Hsieh, Peng, & Chu, 2011).

3.3.1. Impact index: Citations received by subsequent patents
The impact index is a measure of the total number of citations received by subsequent
patents, and reflects the technological influence of a patent in further inventions. Forward

citations are considered to be more directly related to innovation importance (Lanjouw &
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Schankerman, 2004), as higher is the number of citations, higher will be its technological

impact on subsequent patented innovations (Hall, Jaffe, & Trajtenberg, 2001).

We measured the difference between pre-deal and post-deal portfolio impact.
Generally, indicators based on forward citation are highly influenced by time. If two patents
have identical features but different application date, the patent with the latest date has a
lower probability to receive citations. Therefore, it is important to normalize citation-based
indexes in order to allow the comparison between periods. We used the average value of the

measure itself and the average of the sector for each examined year.

3.3.2. Generality: Breadth of innovation

The generality index is a measure of the breadth of applicability of a technology on
subsequent inventions and it is based on the classification codes of the forward citations.
When the breadth is high, it means that the knowledge embodied in the patent is used in
several technological domains, hence the invention is considered “general”. The generality
index, was first introduced by Trajtenberg, Henderson and Jaffe (1997) and then resumed by

Hall, Jaffe, & Trajtenberg. (2001). It can be represented as:

. _ i 2
Generality; = 1- ) t]

j=1
where t;; indicates the percentage of citations received by patent; that belong to patent class;,
out of n; patent technological classes. When the forward citations of a patent; broadly lay in
several technology classification, this measure will be high, otherwise it will be low or even
equal to zero in the case in which all the citing patents share the same classification code.
Briefly, a high generality score suggests that a patent had an impact that influenced

subsequent innovations in a widespread variety of technological fields.

18



We measured two generality indicators — four years before and four years after the
acquisition. Similarly, to the impact index, generality has been normalized by the sector

average in each year and its own average in the four-year window.

3.3.3. Originality Indicator: Depth of innovation

The Originality indicator measures the depth of the technological knowledge bases
synthetized in a patent application. This index is known to capture the historical aspects of
the technology embodied in the patent data which by taking into account the classification
codes of the backward citations can be expressed as follows (Trajtenberg, Henderson and

Jaffe,1997; Hall, Jaffe, & Trajtenberg, 2001):

Nj

Originality; = 1- ) _s;
j=1
sij represents the forward citations of patent i (expressed in percentage terms) that
have class code j, out of n; patent technology classes. Hence, if an invention is built on many
different technologies, it is considered to be more “original” than those which lie on a single

technological domain. The value of originality will rise as the number of technological

classification codes of is going to be broader.

By measuring pre- and post-acquisition originality indexes, we evaluated the changes

that might occur before and after an acquisition engagement.

3.4. FINANCIAL PERFORMANCE

In order to capture more information about the impact of M&A on firm performance,
we used two types of indicators: an asset-stewardship measure (Return on Assets) and
Tobin’s g. ROA was measured as EBITDA divided by total assets to recognize that some

portion of short-term profits had been invested in longer-lived assets that were used in
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operations (Hoskisson & Hitt, 1990; Hitt, Harrison, Ireland, & Best, 1998; Zollo & Singh,
2004; Barkema & Schijven, 2008). Meeks and Meeks (1981) showed that respect to other

profitability post-deal measures, ROA was less sensitive to distortion.

Tobins’q is a market performance measure, which reflects investors’ expectations
regarding the future cash flows that would be generated as well as the market’s expectation
about intangible assets (Patel & Ward, 2011; Sandner & Block, 2011; Hall, Jaffe, &
Trajtenberg, 2005). During the stock market run-up that is associated with the Internet
bubble, firms booked accounting losses that resulted in negative equity values on their
balance sheets even as their market valuations soared. Following Gompers, Ishii, Metrick
(2003), Tobin’s Q for the four years after an acquisition occurred was calculated as the
market value of assets divided by the book value of assets, where the market value of assets is
computed as book value of assets plus the market value of common stock less the sum of the
book value of common stock and balance sheet deferred taxes. All book values for fiscal
year; and years thereafter (obtained from COMPUSTAT) were combined with the market
value of common equity at the calendar end of year; -- and for years..; thereafter (where ; = 1,

2,3,4).

4. RESULTS

This study analyzed 330 deals in the U.S. communication services sector and
investigated on how better/worse firms involved in a technological M&A perform, in
comparison to other companies which engaged in an M&A for other motives. Three patent
quality indicators - impact, generality and originality- and two firm performance measures -
Tobin’s g and ROA- have been assessed to better understand the overall dynamics of the

organizational “shock” caused by M&A.
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The endogeneity issues have been considered by applying an effective and
increasingly popular approach in innovation studies: the matching estimator method which
uses the average treatment in the treated for the estimation of the phenomenon. This
statistical tool allow us to compare and determine the differences between twins of firms
(treated and control) which present only a dissimilarity, the treatment. As argued previously,
firms involved in technological M&A (treated group) are identified by the increase in the
number of patents after the deal was consummated - as a direct consequence of the firm
willingness to use M&A as a tool for technology acquirements - while firms engaged in non-

technological M&A (non-treated/control group) will not.

Table 1 reports the average post-deal effects of M&A on innovation performance in each of
the two M&A groups: technological and non-technological. The impact and the generality
indicators have been normalized — as explained in the paragraphs 3.3.1 and 3.3.2.- whilst

originality is not affected by time, hence it doesn’t need normalization.

Patent Quality indicator Technological M&A Non-Technological M&A
Impact -61.36*** 45.50%**
Generality -0.03t 0.01t
Originality -0.01*** 0.03***
Matching Covariates Leverage

Intangible assets
logarithm of assets Year dummies
productivity Number of acquisitions per year
size

***p<0,01 **p<0.05 *p<0.10 1p>0.10

Table 1. Average effects on the post-deal innovation performance for technological and non-technological
M&A.

As expected, all patent quality indicators are negative for technological deals
signaling a decrease in the post-deal innovation performance, and confirming our Hypothesis

la. In particular, the impact index, which captures and highlights the importance of a patent
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in terms of forward citations, sharply drops down with high statistical significance. This
means that after a technological deal the firm’s patent portfolio receives in average less
citations. This result may be influenced by the aim of the bidder to increase the number of
patents -in order to fully exploit the target technological potential, or to provide to the high
value acquired patents a wider protection by blocking competitors in that specific

technological domain’ - causing inevitably an impoverishment of the average.

The generality index is a measure of the breadth of the patent technology embodied in
subsequent applications, it shows a decrease, though it is not statistically significant. Hence,
it clearly emerges that the patent portfolio loses its appeal in broader technological fields.
Moreover, the originality is statistically significant and worsens after a technological deal,
though slightly less than the other indicators. This can be interpreted as a further confirmation
of the fact that firms involved in technological deals increase their technological output in a
narrower range of technological classification codes, probably around the high technology

acquired patents granted after the deal.

As Table 1 shows, the patent quality of the firms involved in non-technological M&A
even enjoy the positive effects of the deal, being all the indicators positive and statistically
significant, except the generality index. Hence, we can affirm that firms involved in
technological M&A have a lower quality of the post-deal inventive output in comparison to

those engaged in non-technological M&A, confirming our Hypothesis 1b.

Table 2 shows the post-deal average effects on the firm performance for
technological and non-technological M&A in each post-deal year (i.e. with t; we denote the

first year after the deal was consummated).

" The so called “Defensive Blockades”.

22



Tobin’s q t, t, t3 ty

Technological M&A 1.63*** 1.30** 1.33t 1.46%**
Non-Technological M&A 1.21*** 1.18** 1.54t 1.29%**
Return on Assets (ROA) t; t, t3 s
Technological M&A 0.06** 0.06+ 0.07** 0.05t
Non-Technological M&A 0.06** 0.06t 0.09** 0.071

Table 2: Average post-deal effects on firm performance for technological and non-technological M&A.

Tobin’s Q is a widespread measure in economic studies and reflects the investors’
expectations regarding the future cash flows that will be generated by the merged firm. As
Table 2 clearly reports, the post-deal firm performance for all M&A is positive in all the
periods observed, though they lose statistical significance in correspondence with to ‘t; for

Tobins’q and ‘t;” and “t,” for ROA.

In particular, the Tobin’s g of the firms involved in a technological M&A in the four
years after the deal, improves and it is higher than the non-technological M&A. This means
that when the R&D efforts are synthetized in an increase of the inventive output (patents), the
market overestimates the firm’s potential and expects future rent extraction. This is a further
confirmation of the high press for performance faced by firms which engage in technological
M&A to stimulate the firm market value. In addition, the market seems not to be able to fully
appreciate the patent quality as it is significantly worsened.

ROA, which is measured as EBITDA divided by total assets, being less sensitive to
distortion caused by the M&A transaction follow a similar trend in both technological and
non-technological deals, even with better and significant results for the non-technological

group in t3. This confirms our Hypothesis 2.
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5. CONCLUSIONS

This study examined the effects of technological M&A on both innovation and firm
performance, and further investigated on the motives that push bidders to acquire external
knowledge through M&A. In particular, we focused on three dimensions of the quality of the
inventive output - impact, breadth and depth of innovation- measuring three quality
indicators: impact, generality and originality (Fleming, 2001; Trajtenberg, Henderson, &
Jaffe, 1997; Argyres & Silverman, 2004; Hall & Ziedonis, 2001; Hall, Jaffe, & Trajtenberg,

2001; Trajtenberg, 1990; Valentini & Di Guardo, 2012).

In the light of earlier works (Ahuja & Katila; Cloodt, Hagedoorn, & Van
Kranenburg, 2006) we argued that technological M&A lead to an increase of the inventive
output in terms of patent counts. We adressed two main reasons: the first, the strategy of
R&D activity exploitation adopted by the acquirer, as suggested by the findings of Le, Park,
and Kroll (2014), and the so called “defensive blockades” which consist in the enlargement
of the acquirer’s “manoeuvring space” around strategic and high value patents (Blind,
Cremers, & Mueller, 2009; Blind, Edler, Frietsch, & Schmoch, 2006; Cohen, Goto, Nagata,

Nelson, & Walsh, 2002; Kingston, 2001; Andries & Faems, 2013).

Our sample consists of 330 deals which involved 162 companies of the U.S.
communication services sector. We used the matching estimator and propensity score
methods to take into account the endogeneity issues (Maddala, 1983; Shaver, 1998) and to
better allow the comparison between technological and non-technological M&A (Rosenbaum

& Rubin, 1983, 1984).

Our empirical results showed that firms engaged in technological M&A had lower
innovation performance -in comparison to firms involved in non-technological deals- as

reflected by a statistically significant decrease of the average quality of the inventive output,
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captured by citation-based patent analysis. These findings are consistent with the work of
Valentini (2012) who demonstrated that an indirect post-deal effect of an increase of the
inventive-output, is the decrease of the patent quality. Hence, clearly emerged that the post-
deal increase of the quantity is done at expense of the quality, for technological M&A.
However, the firms engaged in non-technological M&A do not suffer the high technological
pressure for performance, and as we supposed, they present even better results compared to

the companies involved in technological M&A.

Furthermore, in order to deeper understand the motives why firms continue using
technological M&A as a means to acquire external knowledge, though this leads — as argued
above- an impoverishing of the patent quality, we focused our attention on the analysis of the
financial domain by using two indicators: Tobin’s g which better reflects the market
expectations for future cash flows and the Return on Assets (ROA) which is less influenced

by the bargaining of the acquisition (Meeks & Meeks, 1981).

This study showed that firms which were involved in technological M&A had
higher post-deal financial performance, compared to those non-technological, particularly for
the Tobin’s g. This means that the market overestimates the increase of the number of patents
— as in the case technological deals- though they present a lower average quality. However,
the return on assets (ROA) resulted less sensitive though it marked a positive difference
between the two deal types considered till the third year after the deal. This result suggests
that the beneficial effects of the technological M&A last for few years. Maybe, this is a

reason why many firms strategically choose to continuously acquire innovate targets.

Our findings, first contributed to the innovation literature, shedding more light on the
effects of the technological M&A on the quality of innovation performance. We found

empirical support about the beneficial effect of technological M&A on the acquirer’s firm
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(Higgins & Rodriguez, 2006; Kohers & Kohers, 2000; Conn, Cosh, Guest, & Hughes, 2005),

contributing to the M&A literature.

The managerial implication suggested by this study can be summarized as follows:
managers of firms involved in technological M&A should know that the innovation
embodied in their patent portfolio may be overestimated and may not reflect the effective
value measurable through a broadly used and acceptable citation-based indicators. Moreover,
investors and the market more in general should be more aware about the quality of the
patents granted and try to understand when acquirers actually adopt the strategic “defensive

blockade”, without adding much value to the patent portfolio and intangible assets.

Finally, this work used the Hall, Trajtenberg and Jaffe (2001) indicators based on US
classification codes. It should be said that USPTO? is exclusively adopting the Cooperative
Patent Classification, a new patent classification shared with EPO®. This means that there is a
need to build new and as hoped better patent indicators. Hence, further research may focus
not only on other sectors but may also use novel and more dynamic indicators — for instance
those proposed by Harrigan, Di Guardo and Velez (2014) which are based on Derwent Patent

Classification.
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