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This paper examines the impact of acquisitions on the subsequent innovation performance of
acquiring firms in the chemicals industry. We distinguish between technological acquisitions,
acquisitions in which technology is a component of the acquired firm’s assets, and nontechnologi-
cal acquisitions: acquisitions that do not involve a technological component. We develop a
framework relating acquisitions to firm innovation performance and develop a set of measures
for quantifying the technological inputs a firm obtains through acquisitions. We find that within
technological acquisitions absolute size of the acquired knowledge base enhances innovation
performance, while relative size of the acquired knowledge base reduces innovation output.
The relatedness of acquired and acquiring knowledge bases has a nonlinear impact on
innovation output. Nontechnological acquisitions do not have a significant effect on subsequent
innovation output.Copyright 0 2001 John Wiley & Sons, Ltd.

In this paper we examine the impact of acquiwhile the relationship between firms’ investments
sitions on the subsequent innovation performan@@ knowledge and their innovation output has
of acquiring firms. Studying the impact of acquibeen studied extensively (Hall, Griliches and
sitions on postacquisition innovation performancelausman, 1986; Griliches, 1990), relatively little
is important from at least three perspectives. Firsesearch has focused on the role of acquisitions
this evaluation is important from the perspectiven growing the firm’s knowledge base (Granstrand
of organizational learning and innovation, an@nd Sjolander, 1990; Huber, 1991; Gerpott, 1995).
helps us understand how organizations absorb aflis lacuna is all the more surprising given find-
use external knowledge. Firm-level theories dhgs which indicate that obtaining technological
technical change suggest that a firm’'s inndknow-how and developing technical capabilities
vativeness is an outcome of increases in i@re increasingly important motives for acqui-
knowledge base (Griliches, 1984, 1990; Pakesitions (Link, 1988; Granstrancet al, 1992;
and Griliches, 1984; Henderson and Cockbur©Ghakrabarti, Hauschildt, and Suverkrup, 1994;
1996). While a firm's knowledge base can growVysocki, 1997a, 1997b).
through a series of knowledge-enhancing invest- Scholars studying the market for corporate con-
ments by the company over time, firms can alsimol have also examined the relationship between
grow their knowledge through acquiring or ‘graft-acquisitions and innovation output (Hitt al,
ing’ of external knowledge bases (Cohen an#i991, 1996; Hoskisson, Hitt, and Ireland, 1994).
Levinthal, 1989; Huber, 1991). InterestinglyHowever, in contrast to the findings of the inno-
vation literature, studies in the corporate control
tradition have generally found that acquisitions
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innovation, and the absorption of manageriautputsas measured by the patenting frequency
energy in the acquisition integration process aff the acquiring firm. Accordingly, we adopt an
the expense of routine management have begmovation production function framework and
posited as possible explanations for these resuiteodel patenting frequency as the output of a
(Hitt et al, 1991, 1996). This conclusion, how-production function (Griliches, 1984). The
ever, is puzzling since acquisitions continue thypotheses of this study are statements about
be a popular strategy for corporate growth. lthe relationship between this patented knowledge
recent years more dollars have been invested autput and the firm's stocks of owned and
acquisition activity than in any other equivalenacquired knowledge. In estimating the impact of
time period in history (Curry, 1997). Evaluatingacquisitions on the innovative output of a firm
the postacquisition innovation output of acquiringve statistically control for the levels of innovative
firms provides one indicator, albeit an indirecinputs such as R&D expenditures, but leave their
one, of the returns to corporate investments isubstantive examination to future work.
acquisition activity.

A third reason for studying the impact of acqui-
sitions on the postacquisition performance dfilYPOTHESES
acquiring firms comes from the growing literature
on the resource-based view of the firm. Accordinfpn this research we focus on two contingencies
to this perspective acquisitions are an importatihat may be critical to clarifying the relationship
part of the business process of redeployingetween acquisitions and the postacquisition inno-
resources into more productive uses (Anand am@tion performance of acquiring firms. First, we
Singh, 1997; Capron, Dussauge, and Mitcheliraw attention to the fact that technological
1998; Capron, Mitchell, and Swaminathan, 1998jeasons do not motivate all acquisitions. For
Through acquisitions firm-specific assets housexzkample, acquisitions can be motivated by the
within one organization are merged with assetdesire to obtain access to distribution channels,
in another organization to improve the productivio gain entry into new markets, or to obtain
ity of the combined assets (Haspeslagh and Jerfirancial synergies or market power (Lubatkin,
son, 1991; Anand and Singh, 1997). Evaluatin§983; Balakrishnan, 1988; Chatterjee, 1991; Has-
the postacquisition performance of firms providegeslagh and Jemison, 1991; Capron, Dussauge,
evidence on the efficiency of this asset-matchirgnd Mitchell, 1998). Such acquisitions may pro-
and combining process. vide no technological inputs to the acquiring firm

In this paper we draw upon theories of technaand therefore cannot be expected to improve its
logical innovation, learning, and the resourcannovation output. Second, we note that even
based view to develop a theoretical model anagimong technologically motivated acquisitions the
predictions relating acquisition characteristics tompact of acquisitions may depend on the charac-
the innovation performance of acquiring firmgeristics of the relationship between the knowl-
(Cohen and Levinthal, 1989; Grant, 1996). Inncedge of the acquired and acquiring firms
vation performance can be measured in terms @fubatkin, 1983; Singh and Montgomery, 1987;
innovative inputs such as R&D expenditures, dcane and Lubatkin, 1998).
innovation outputs such as patenting frequency In summary, we argue that the impact of acqui-
(Griliches, 1984; Henderson and Cockburrsitions on the acquiring firm’s innovation output
1996). Acquisitions can affect both innovativecan be understood in the context of the techno-
inputs and innovative outputs (Hidt al, 1991). logical inputs provided by the acquisition. We
For instance, a firm's R&D expenditures carargue that acquisitions that provide no technologi-
decrease after it conducts an acquisition as tleal inputs cannot be expected to have a positive
firm eliminates certain streams of research or ampact on firm innovation output (Hypothesis
managers become more risk averse (Hittal, 1). Second, within acquisitions that do provide
1991). Yet, even while research efforts decreasechnological inputs, we predict that the impact
the productivity of those efforts can increase asf an acquisition on the postacquisition innovation
the two hitherto separate research teams combioetput of the acquiring firms is likely to vary
their skills and knowledge. In this research weositively with the absolute size of the acquired
focus on the impact of acquisitions on innovatiofirm’s knowledge base, negatively with the rela-
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Technological Acquisitions and Innovation 199

tive size of the acquired and acquiring knowledg€Thompson, 1967) and innovation routines of the
bases, and curvilinearly with the relatedness difm, and therefore have no impact on innovation
the acquired and acquiring knowledge basemitput at all. The final impact of an acquisition
(Hypotheses 2, 3 and 4). depends on the degree to which these effects
come into play.

Accordingly, we present the following base

Technological vs. nontechnological hypothesis:

acquisitions

Acquisitions can affect the acquirer's subsequent Hypothesis 1: Nontechnological acquisitions
innovation output through two possible mecha- will affect the postacquisition innovation output
nisms. First, an acquisition of another firm can of acquiring firms either negatively or nonsig-
be viewed as an absorption of the acquired firm’s nificantly.
knowledge base into the acquiring firm’s knowl-
edge base. Such a union can potentially expa
the acquirer's knowledge base and increase
innovation output by providing economies o
scale and scope in research and by enhancing
acquirer's potential for inventive recombinationTechnological acquisitions are acquisitions that
(Henderson and Cockburn, 1996; Fleming, 1999)rovide technological inputs to the acquiring firm.
Since nontechnological acquisitions add less fbhus, they potentially expand the acquirer's
the knowledge base of the acquirer they are lekaowledge base and provide scale, scope, and
likely to lead to such innovation output-enhancingecombination benefits (Henderson and Cockburn,
effects! However, an acquisition can also disrupi996; Fleming, 1999). However, technological
the established routines of the acquiring firm andcquisitions can also entail a disruption in organi-
those of its newly acquired component, andational routines. Further, this disruption is most
thereby reduce productivity (Jemison and Sitkifikely in the set of routines that are closest to
1986; Haspeslagh and Jemison, 1991). Pritlie innovation arena, the technological subsystem
research suggests that acquisition integratimi the firm. Thus, technological acquisitions can
entails far-reaching disruption, and involves sigalso have a negative impact on the innovation
nificant managerial attention and transactiorsutput of the acquiring firm. On balance,
costs (Pritchett, 1985; Haspeslagh and Jemisasgsessing whether technological acquisitions will
1991; Hitt et al, 1991, 1996; Hoskissort al, have a positive or negative impact on postacqui-
1994). However, whether this disruption relatedition innovation output is likely to depend upon
to nontechnological acquisitions will produce ahe quantity and nature of knowledge elements
negative impact on innovative productivity is nothat they bring to the acquiring firm. To evaluate
clear, a priori. On one hand it is possible thatwhether the scale, scope, and inventive recombi-
as management focuses more on acquisitions amation benefits of acquisitions outweigh their
their integration, decision making on routine techregative effects on organizational routines we
nological matters can be delayed, activities sudompare the knowledge bases of acquired and
as product championing can suffer, and a crisecquiring firms along three key characteristics
mentality on the management of the acquisitiothat have also been prominently used in prior
can lead to only residual energies being supplieatquisition research: absolute size, relative size,
to day-to-day operations even in the technologicahd relatedness (Lubatkin, 1983). In the following
core of the company (Thompson, 1967; Pritchetsections we examine and develop distinct hypoth-
1985; Hitt et al, 1996). Alternately, it is pos- eses for each of these characteristics.
sible that since such acquisitions do not
involve a technological component by def'n't'onAbsolute size of acquired knowledge base
they may not affect the technological subsystem
The absolute size of an acquired knowledge base

, . can affect the post acquisition innovation output
1 As suggested by one of the reviewers, in some case

nontechnological acquisitions can increase innovation outplg,%_ the acqum_ng_ﬂrrr_w through _ajt least two mecha-
for instance by providing contacts with new customers.  nisms, both indicating a positive effect of larger

ﬁ‘SechnoIogical acquisitions and the absolute
pize, relative size, and relatedness of
ﬁ\neowledge bases
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knowledge bases. First, the integration of the twperformance. The acquirer needs to recognize the
hitherto separate knowledge bases may enablalue and content of the acquired knowledge,
enhanced economies of scale and scopssimilate it, and apply it (Cohen and Levinthal,
(Henderson and Cockburn, 1996). For instance,1890). The degree to which these tasks can be
long tradition of research in technology suggeswuccessfully accomplished is likely to vary with
that new innovative outputs are often the resuthe relative size of the acquiring and acquired
of recombining existing elements of knowledg&nowledge bases. The larger thelative size of
into new syntheses (Schumpeter, 1934; Henderstire knowledge base to be integrated, the more
and Clark, 1990; Kogut and Zander, 1992; Tusldifficult these stages are likely to be, and the
man and Rosenkopf, 1992; Utterback, 1994nore negative the impact on postacquisition inno-
Fleming, 1999). From this combinatorial perspec+ation output.
tive, the number of direct combinations that a Knowledge is primarily transferred through
firm can create from its own knowledge elementimteractions between the acquired and acquiring
increases with the size of the acquired knowledgsits, and entails both teaching and learning on
base. While a firm with five units of knowledgeboth sides (Haspeslagh and Jemison, 1991). Inte-
can generate 10 combinations using two elemerggation teams, meetings within and between the
at a time, acquiring another firm with three unitéwo R&D units, and extensive face-to-face com-
of knowledge increases the number of combimunication are integral parts of the process by
nations that become available to 28. Similarlywhich the merging units learn about each other’s
the merger of two knowledge bases can aldechnology and processes (Gerpott, 1995). Since
provide scale or scope economies by reducirgyery communication needs both a sender and a
duplication in research efforts or by providing aeceiver, the relative size of the knowledge bases
larger research base to defray costs. in the merger becomes relevant. If the merged
Second, acquiring a larger knowledge base m&pnowledge bases are relatively equal in size, most
enhance a firm's absorptive capacity. Prioof the knowledge resources of the combined firm
research indicates that as a firm expands its intewill be devoted to the task of integrating the two
nal knowledge base and technological capabilitknowledge bases. As the two approximately equal
it also enhances its ability to absorb and utilizgroups educate each other, fewer resources will
external knowledge (Cohen and Levinthal, 198%e available for conducting the actual business
Cohen and Levinthal, 1990). Thus, when a firnof innovation. On the other hand, if the two
acquires a knowledge base it obtains access rotowledge bases are relatively dissimilar in size,
only to the acquired firm’s internally createdthe absorption and assimilation activity will
knowledge but also to a larger external domaiaccupy only a part of the larger group’s resources
of knowledge that is understood and used bsgven if it entails the preoccupation of the smaller
the acquired firm. Thus, acquisitions increase thef the two groups.
number of elements of both internal and external A second dimension of the relative size effect
knowledge that are available to the acquiring firns the disruption of existing organizational rou-
and hence increase its potential for inventivénes (Haspeslagh and Jemison, 1991; Singh and
recombination. Hence, we hypothesize: Zollo, 1997). For successful assimilation and
application of the newly acquired knowledge,
Hypothesis 2: The greater the absolute size ofiany changes have to be introduced into the
the acquired knowledge base, the greater theinctioning of the organization. Pathways of com-
subsequent innovation output of the acquiringhunication, routing of work and authority, and
firm. formal and informal organizational structures all
have to be adapted to incorporate the acquired
unit's knowledge (Gerpott, 1995). If the acquired
firm’'s knowledge base is small relative to the
The arguments above focused on the increasadquirer the modifications required are likely to
scale, scope, and recombination benefits possilidle minor, and therefore not be very disruptive.
through the acquisition of a knowledge base. YeHowever, if the acquired firm's knowledge base
several steps must be completed before newiy large relative to the acquiring firm, fairly major
acquired knowledge can improve the acquirershanges would have to be made in the acquiring

Relative size of acquired knowledge base
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firm, leading to a significant disruption of existingperspective acquired knowledge can help improve
processes. Accordingly, we predict: performance through two effects. First, acquired
knowledge can provide a cross-fertilization effect
Hypothesis 3: The greater the relative sizeis old problems can be addressed through new
of the acquired knowledge base, the less trapproaches, or by a combination of old and new
subsequent innovation output of the acquiringpproaches (Cohen and Levinthal, 1990). Second,
firm. new acquired knowledge can serve as the basis
for absorbing additional stimuli and information
from the external environment. If an acquisition
brings in knowledge that is too closely related to
the existing knowledge base of the acquiring firm,
The third critical dimension in the unification ofboth these benefits might be limited.
two knowledge bases is their relatedness Knowledge bases with moderate degrees of
(Lubatkin, 1983; Singh and Montgomery, 1987relatedness provide the benefits of enhancing the
Lane and Lubatkin, 1998). While the previouwvariety of possible combinations that the firm can
arguments concerned themagnitude of the use, while maintaining the elements of com-
acquired and acquiring knowledge bases thmonality that facilitate interaction between the
relatedness argument concerns thentent of acquired and acquiring knowledge bases. Based
these knowledge bases. We predict thain the above arguments we suggest that acqui-
relatedness between the acquired and acquirieijions that are characterized by a moderate
knowledge bases is likely to have a nonmonotonitegree of overlap in the knowledge bases are
influence on the subsequent innovation perfolikely to provide the most significant positive
mance of acquiring firms. Innovation output willimpact on the acquiring firm’s subsequent inno-
increase with increasing relatedness, but beyordtion output. Accordingly, we predict:
some optimum innovation output will decrease
with increasing relatedness. Hypothesis 4: The relatedness of the acquired
The absorptive capacity argument suggests thatknowledge base will be curvilinearly (inverted
the ability to use new information to solve prob- U) related to the subsequent innovation output
lems is enhanced when the new knowledge is of the acquiring firm.
related to what is already known (Cohen and
Levinthal, 1990). Elements of similar knowledge
facilitate the integration of the acquired andATA AND METHODS
acquiring knowledge bases (Kogut and Zande&rJ
1992; Grant, 1996). Common skills, shared lan-
guages, and similar cognitive structures enable the previous section we argued that an acqui-
technical communication and learning (Cohen argition can be viewed as the union of two knowl-
Levinthal, 1989; Lane and Lubatkin, 1998)edge bases. Measuring an organizational knowl-
Further, the recipes for conducting research, @dge base is then the key operational issue in
the innovation routines of the acquired andesting the hypotheses. Specifically, we need to
acquiring firms, are also likely to be different ifidentify empirical measures that capture the abso-
the firms come from distant realms of technologiute size, relative size, and relatedness of knowl-
(Kogut and Zander, 1992; Spender, 1989). ladge bases. In the arguments below we suggest
such circumstances the integration of knowledglat an organization’s patent portfolio provides a
bases can be resource consuming, or evemeans for capturing these dimensions and map-
counterproductive as routines inappropriate foing an organization’s knowledge.
either or both knowledge bases can be adoptedA patent, by definition, represents a unique and
(Haspeslagh and Jemison, 1991; Singh ammbvel element of knowledge. A set of patents
Zollo, 1997). then represents a collection of discrete, distinct
On the other hand, an acquired knowledge basaits of knowledge. Identifying a set of patents
that is too similar to the acquiring knowledgehat a firm has demonstrated familiarity with, or
base may also contribute little to subsequent innoaastery of, can be a basis for identifying the
vation performance. From an absorptive capacitsevealed’” knowledge base of a firm, the distinct

Relatedness of acquired and acquiring
knowledge bases

rganizational knowledge base
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elements of knowledge with which the firm hagerformance of these firms. A distributed lag
revealed a relationship (Kim and Kogut, 1996).analysis was used to identify the effects of an
The patents owned by a firm represent thacquisition on innovation performance in the 4
knowledge that the firm is acknowledged as hawears succeeding the acquisition.
ing created (Jaffe, Trajtenberg and Henderson, This approach addresses several methodological
1993). Such patents are naturally elements of tipgoblems that arise in evaluating the impact of
firm’s knowledge base. However, the firm’s paacquisitions on the postacquisition performance
tents also build on prior patents, the knowledgef acquiring firms. First, examining a single
created by the same firm in the past or by othéndustry over a common period controls for
firms which have preceded it in that line ofindustry and period effects that have been cited
inquiry. These prior patents are cited in the pas a problem with prior acquisition research
tents as recognition of their contribution to th€éFowler and Schmidt, 1988). Second, this research
knowledge embodied in the focal patent. By credesign naturally includes both firms that are active
ating a patent that builds on these prior patents acquisitions and those that are inactive. In the
the firm provides evidence that the knowledgabsence of the latter group of firms it is difficult
contained in those past patents is a part of the refute the argument that good or bad perfor-
firm’s knowledge set. Thus, the patents cited bsnance by acquiring firms was not shared by
the firm should also be included in its knowledgsimilar nonacquiring firms (Fowler and Schmidt,
base. The Appendix describes in more detail thE988). Third, this approach resolves the problem
logic underlying this approach to measuringf handling firms with multiple acquisitions. To
organizational knowledge bases. reduce the problem of confounding caused by
Using patent data to measure organizationfifms making several acquisitions over the study
knowledge bases corresponds closely to the coperiod, some researchers have omitted such firms
ceptual abstraction of a firm’'s knowledge base dsm analyses (Fowler and Schmidt, 1988). How-
a set of knowledge elements (Grant, 1996). Thever, omitting such firms may lead to biased
number of cited and obtained patents providesfedings. With our research design such firms can
measure of the size of the knowledge base. Tie retained in the analysis by including acqui-
individual patents in the firm's knowledge baseition and firm characteristics as time-varying
provide the basis for comparing the firm’s knowlcovariates in a panel regression. Finally, our panel
edge base with other knowledge bases. Sindata set includes distributed lag effects. The dis-
each patent number uniquely identifies a distin¢tibuted lag technique enables us to use multiple-
component of knowledge, the higher the numbexeriod lagged values of the independent variables
of patents that are common across two knowledges additional regressors in the estimated equation
bases, the higher the relatedness between th¢dedgeet al, 1988). By using this approach, we
knowledge bases (see also Stuart and Podolmgn, in principle, trace the effects of the acqui-
1996; Mowery, Oxley and Silverman, 1998). sition on the performance of the acquiring firm
for several periods after the acquisition.

Methods

A panel data design was used to test the hypot
eses. We selected a sample of firms from th&e now describe our econometric approach, fol-
global chemicals industry independent of thellowed by a discussion of the industry setting and
acquisition behavior, and traced the acquisitiotihe variables used to test the hypotheses. The
behavior of these firms over a 12-year periodlependent variable of the study, innovation out-
from 1980 to 1991 (more details on the samplput, as measured by patent counts, is a count
are provided later). Several of the sample firmgariable and takes only non-negative integer
were very active in the acquisitions arena, whilgalues. The linear regression model's assumptions
others conducted few or no acquisitions at albf homoskedastic, normally distributed errors are
We attempted to collect data on every acquisitiothus violated. A Poisson regression approach is
conducted by these firms. The acquisition charaeppropriate for such data (Hausman, Hall, and
teristics of these firms were modeled as timeésriliches, 1984; Henderson and Cockburn, 1996).
varying influences on the subsequent innovatioficcordingly, we specified the following Poisson

h/l_odel specification and econometric issues
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regression model: sequential in any one period, the regression coef-
ficients on the distributed lags can be summed to

Pie = exp Ki-1Y + Ai-aPa + Ao obtain thetotal impact of an acquisition across
+AuaPBs + AviBa) (1) fime (Gujarati, 1988: 507). By using the variances

and covariances of the individual lag coefficients

where P; is the number of patents obtained byrom the regression output the variance of the
firm i in yeart, X, , is a vector of control summed coefficient can be calculated. The
variables affectingP;, and Ay.,.. is the lagged summed coefficient can then be used for hypoth-
vector of the acquisition variables for years- esis testing. For instance, the hypothesis that the
ltot — 4. total impact of acquisitions summed across all

Intuitively, this specification implies that theyears is zero can be tested by computing the
number of patents obtained by any firm in anjollowing t-statistic and checking whether it is
year is randomly distributed following a Poissorstatistically significant at the desired confidence
process, where the covariate vectofg_, and level (Greene, 1993; Guijarati, 1988).
Ai_1, Ai—s, Ai_s, and A,_, determine the mean
of this process. Changes in the value of individual t=(Bs + Bz + Bis + Bis)
covariates thus influence patenting frequency by
affecting the mean of the Poisson distribution

from which observations are drawn, in a manner , . -
. . . : where the[3,_/'s are the regression coefficients
identical to an ordinary regression.

for the ith period lagged acquisition variable

Since the impact of an acquisition is likely toF}Judgeet al, 1988). The variance for the summed
be felt over a number of years, rather tha

entirely in any one year, we used a distribute oefficients can be computed using the following

lag model (Judgeet al, 1988). To capture the elation (Gujarati, 1988: 507):
lag effects, the one-period, two-period, three-,_ .
period, and four-period lagged values of all acqui-Varlance Bi-r * Bz *+ Bis + Bra)
sition related variables were included as covari- = [Var(B.-,) + Var(B._,)
ates in the above model. This distributed lag
model tests the impact of acquisitions for up to +Var(Bo) + Var..) @)
4 years after the year the acquisition was orig- + 2CovB1Bis) + 2Cov(Bi_1Bis)
inally made. Thus, illustratively speaking, in these
mod)t/als the acquiring firm's yinrrwJovatiog|’1 perfor- +2COVB-1Brs) + 2COVER-oBrs)
mance in 1986 is potentially influenced by acqui- + 2CoVBoB:i4) + 2Cov(Bi_sBia)]
sitions made in 1982, 1983, 1984, and 1985. In
sensitivity tests (results available from the The conditioning vectoiX in Equation 1 helps
authors), instead of using four lags we also estits to control for alternative explanations. For
mated the models using three and five lags amdstance, since an acquisition represents the
found results substantively identical to thosabsorption of one firm by another, a simple expla-
reported here. nation for an increased postacquisition innovation
The use of distributed lags provides two benesutput would simply be increased innovative
fits. First, it enables us to examine the timénputs—the one postacquisition firm reflects the
pattern of the impact of acquisitions on firmcombined efforts of the two preacquisition firms.
innovation output. For instance, if an acquisitioBy including innovative inputs as time-varying
contributes to improved performance for the firstovariates in the conditioning vectof, we can
2 years but thereafter leads to no further improvelirectly control for such effects. Other possible
ment in innovation output, the 1- and 2-yeadeterminants of innovation outputs such as firm
lagged acquisition variables will be positive andgize, diversification, nationality, and time are also
significant, while the 3- and 4-year lagged acquicontrolled for through this vector.
sition variables will be nonsignificant. Second, This specification does not account for unob-
since the total impact of an acquisition is likelyserved heterogeneity, or the possibility that obser-
to be distributed over several periods followingationally equivalent firms may differ on unmeas-
the acquisition and may be statistically inconured characteristics. For instance, firms may enter

/ VVariance B + Bz * Prs + Bi-s)
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the sample with inherently different innovationestimate of the ‘working correlations’ between
generating capabilities. Such unobserved heterthre errors of different observations. This working
geneity, if present and not controlled for, camorrelation matrix is then used as an input in a
cause estimation problems. First, it can lead ®econd regression. The beta coefficients and stan-
overdispersion in the data. For the Poisson distritard errors from this second regression provide
bution the variance is restricted to equal theonsistent estimates of the underlying parameters
mean. If this restriction is false and the data anhile accounting for the observed correlation
overdispersed in that the variance exceeds thetween observations. To ensure that all residual
mean, the computed standard errors in a Poissoorrelation was accounted for, we used the GEE
regression are understated. Second, unobserygdcedure to estimate all models. Even for the
firm effects can lead to serial correlation amonGEE approach instead of using the model-based
the residuals of observations from the same firrstandard errors we used the more conservative
Under overdispersion or serial correlation, comd.e., larger) empirical standard errors. This
puted regression coefficients remain consistenthnsures that other potential misspecifications of
estimated; however, the standard errors are indbe variance function, such as any residual over-
curate. Thus, hypothesis testing and inference cdispersion, are also accounted for.
be invalidated. To address the possibility of unob-
served heterogeneity we used the Presample Pagglmple and data
Poisson approach (Blundell, Griffith, and Van
Reenen, 1995). We tested the hypotheses on a longitudinal data
In the Presample approach, unobserved heteset comprising the acquisition and patenting
geneity is modeled as an additional covariate iactivities of 72 leading firms from the global
the basic Poisson model. The values of the deperhemicals industry. Focusing on the largest firms
dent variable in the periods immediately precedf the industry was necessary to ensure the avail-
ing the study period are used to construct aability and reliability of data. Obtaining infor-
instrumental variable. This instrumental variablenation on the key variables for smaller firms is
serves as a ‘fixed-effect’ for the firms in theextremely difficult. This focus on large firms is
panel and helps to partial out unobservable diffeelso consistent with prior research on acquisitions
ences across firms. Thus, presample informatigHitt et al, 1991, 1996). We identified the 100
on the firms provides the basis for controllindeading players in the chemicals industry from
for unobserved heterogeneity. In the context dists of the largest chemicals firms that are pub-
the current research the Presample variable chshed annually by trade journals such @semi-
be interpreted as a measure of the unobserveal Weekand C&E News To avoid survivor bias,
differences in knowledge stocks between the sarthe selected sample was drawn from the lists at
ple firms. the beginning of the study period. In these pub-
Although the presample approach can help iiished lists subsidiaries were often listed sepa-
the reduction of overdispersion and serial corragately from parent firms. After combining subsidi-
lation, a more complete treatment of these potearies with parent firms, a sample of 82
tial problems would be to use an estimatiomdependent firms was identified for inclusion in
approach that accounts for any remaining ovethe sample. However, for 10 firms data could not
dispersion and serial correlation even after thee reliably obtained and they were subsequently
inclusion of a presample variable. The Gendropped from the analysis. The remaining firms
eralized Estimating Equations (GEE) methodnclude the key firms in the industry over the
ology provides a direct approach to modelingtudy period and comprise of 30 European, 26
longitudinal Poisson data with serial correlatiodmerican, and 16 Japanese firms. The panel is
in a regression context (Liang and Zeger, 1986)nbalanced as some of the firms were acquired
The GEE estimation procedure involves twdy other firms or restructured in a fashion that
stages. In the first stage of the procedure betaade comparison difficult beyond a particular
coefficients are estimated with the assumption gkear. Even though the sample was focused on
independence across observations. This proceke largest firms in the chemicals industry the
yields consistent estimates of the beta parameténslusion of 72 firms provides significant depth
and the residuals from this regression provide d@o the sample and ensures that there is consider-
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able variety within the sample on the key varitor. Three main types of data sources were used
ables of this study. For instance, the number &b identify acquisition activity and to collect
employees for firms in the sample varies from data on acquisition transactions: (1) commercial
minimum of 2300 to a maximum of more thandata bases, including general business news
181,000. Similarly, the number of patentsnedia such as the Dow Jones News Retrieval
obtained yearly varies from 0 to 760. Financialext Index, and chemicals sector-specific data
figures and personnel data on these firms webases such as Metadex, (2) general business
obtained from Compustat, Worldscope, Japgorint media such as the Frost and Sullivan Predi-
Company Handbooks, Daiwa Institute Researdasts Index (United States, International, and
Guides, and trade publications and compariyurope),Mergers and Acquisitions Journand
annual reports. For all firms, financial data wer&oody’s Manuals, and industry-specific publi-
converted to constant (1985) U.S. dollars teations such asChemical Weekand Plastics
ensure standardization within the sample. A fullechnology and, (3) government publications
list of the sample firms is available from theand consultant reports for the chemicals indus-
authors. try. We were able to identify 1287 acquisition
The chemicals industry is an appropriate settirgnnouncements for the sample firms over the
for several reasons. First, technology-based acqpieriod of 1980 to 1991.
sitions have been a significant feature of this To identify the technological acquisitions
industry Chemical Week1983; Gibson, 1985). within this larger sample two approaches were
Second, patents are generally regarded to hbeed. First, we obtained detailed news stories
effective, and used widely and consistently in thassociated with each acquisition announcement.
chemicals industry (Leviret al, 1987; Arundel We were able to obtain news stories providing
and Kabla, 1998). For the firms in the sampldetails for 516 of the 1287 acquisitions identified
we obtained yearly patent counts from 1975 tfor the sample firms. For the remaining acqui-
1992 and acquisition and firm attribute data fositions no further details, or inadequate details,
the years 1980 to 1991. The need to use laggecre available. Second, we searched the U.S.
relationships between patent counts and the otHeatents Data Base to determine if the acquired
variables and to construct a control for unobfirms had obtained any patents in the 5 years
served heterogeneity reduced the final panel fpreceding the acquisition. 165 of the acquired
regression analysis to 9 years. We describe tfiems had obtained patents during the 5 years
data collection and coding procedures for thpreceding their acquisition. For all subsequent
three sets of variables in some detail below. analyses we retained only those acquisitions for
We used U.S. patent data for all firms, includwhich we were able to find either corroborating
ing the foreign firms in the sample. This wasews stories or patenting activity (534 acqui-
necessary to maintain consistency, reliability, ansitions in total). Acquisitions for which we were
comparability, as patenting systems across natioable to obtain no further information were omit-
differ in their application of standards, system ofed. The paucity of information on these acqui-
granting patents, and value of protection granteditions suggests that these acquisitions were very
The United States represents one of the largesnall or unimportant. Therefore, our analysis is
markets for chemicals, and firms desirous of conbased on the 534 acquisitions for which we have
mercializing their inventions typically patent inrelatively complete information.
the United States if they patent anywhere. StudiesWe used two criteria to distinguish technologi-
by Dosi, Pavitt and Suete (1990) and Basberpl acquisitions from all other acquisitions. First,
(1983) show empirically that U.S. patent datave examined the news stories to establish if the
provide a good measure of foreign firms’ innoacquiring firm reported technology as a motivat-
vativeness. Prior research using patent data owg factor for the acquisition or if technology
international samples has also followed this straivas a part of the transferred assets. We classified
egy of using U.S. patent data for internationahe acquisition as technological if either of these
firms (e.g., Stuart and Podolny, 1996; Patel armbnditions was met. Second, we classified the
Pavitt, 1997). acquisition as technological if the acquired firm
Data on acquisitions were obtained throughad any patenting activity in the 5 years preced-
detailed archival research on the chemicals seiag the acquisition. Of the 534 acquisitions on
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which we had information, 283 met at least ongears seems reasonable and has been used by
of the two above criteria and were classifiedther researchers (Podolny and Stuart, 1995;
as technological acquisitions. The remaining 25Hlenderson and Cockburn, 1996). In this research
acquisitions were classified as nontechnologicalwe use the patents obtained by a firm in the
This classification scheme reflects a fairlypreceding 5 years to compute our knowledge
inclusive definition of technological acquisitionshase measures. We also computed some of the
Firms need not have patented to be classified agasures using patents for the preceding 6 years.
technology acquisitions. Further, acquired firm¥hese measures were highly correlated with the
obtaining even a single patent in the 5 years-year measures, suggesting that the construct is
prior to the acquisition are classified as technaiot unduly influenced by changes in the time
logical acquisitions. period used to compute it.
This classification scheme provides two bene-
fits. First, it uses two indicators to identify tech-,_ . —_ . L
. . Variable definitions and operationalization
nological acquisitions and therefore enables more
complete identification of technological acqui-Dependent variable
sitions than either indicator by itself would. For
instance, our patent-based measures cannot be
computed if only a part of a firm is acquiredPatents Innovation output, the dependent vari-
rather than the complete entity, or if the techable, is measured through the patenting frequency
nology has not been patented at all. In suadbf firms, that is, the number of successful patent
circumstances the news story could provide applications by a firm in a given year. Patents
indication of whether the transaction entailethave both significant strengths and weaknesses as
technology or not. Similarly, if the acquisitionmeasures of innovation output. First, patents are
was motivated by multiple factors of which techdirectly related to inventiveness: they are granted
nology was not necessarily the one mentioned only for ‘nonobvious’ improvements or solutions
the news story, the patents measure provides waith discernible utility (Walker, 1995). Second,
indicator of whether technology was involvedthey represent an externally validated measure of
Thus, using the input from the news stories sugechnological novelty (Griliches, 1990). Third,
plements our patent-based measures. they confer property rights upon the assignee and
Second, using this scheme of classificatiotherefore haveconomicsignificance (Kamien and
makes our statistical tests more conservativEchwartz, 1982: 49; Scherer and Ross, 1990:
With this scheme we are likely to capture ang2l).
acquisition that includes a technological compo- Patents also correlate well with other measures
nent. Further, we are more likely to err in theof innovative output. Empirical studies find that
direction of defining acquisitions as technologicgbatents are closely related to measures such as
even when they have a relatively small techhew products (Comanor and Scherer, 1969), inno-
nology component. If such misclassificationsation and invention counts (Achilladelis,
occur, we reduce our likelihood of findingSchwarzkopf and Cines, 1987), and sales growth
a positive impact of technological acquisitiongScherer, 1965). Expert ratings of corporate tech-
on the innovation performance of acquiringiological strength are also highly correlated with
firms. the number of patents held by corporations
Finally, we need to select a time period ofNarin, Noma, and Perry, 1987). Further, surveys
window for measuring a firm's knowledge baseof patent holders indicate that the rate of utili-
At one extreme only the current year’'s patentgation of patents is reasonably high, with esti-
could be considered relevant. At another extrenmmaates indicating that between 41 percent and 55
any patent obtained by the firm in the past coulgercent of all patents granted are put to commer-
be included in computing its current knowledgeial use for at least a limited time (Griliches,
base. Prior research suggests that knowledge cap®90). Similarly, about 50 percent of all patents
tal depreciates sharply, losing significant valugranted are still being renewed and a renewal fee
within 5 years (Griliches, 1979). Although theis being paid 10 years after the patents had
depreciation rate for knowledge capital is likelyoriginally been applied for (Griliches, 1990;
to vary across industries, a boundary of 5 or 6chankerman and Pakes, 1986). Given a nonneg-
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ligible renewal fee, this indicates a significansitions. We used four lagged versions of this and
usefulness for the majority of patents for a sigall other acquisition related variables listed below.
nificant time period.

However, the use of patents as a measuAbsolute size of acquired knowledge basko
of innovative output also has limitations. Somebtain this variable we used the following pro-
inventions are not patentable, others are not peedure: for each acquiring firm for each year, we
tented, and the inventions that are patented diffprepared a list of the patents its acquisitions had
greatly in economic value (Cohen and Levingbtained in the preceding 5 years. These patents
1989; Griliches, 1990; Trajtenberg, 1990)were then combined with the patents cited by
Research, and the logic of appropriability, indithem. Thereafter, all duplicates were removed to
cate that the degree to which the first two oénsure that a patent number appeared only once
these factors are a problem varies significantign this list. The acquired knowledge base was
across industries (Cohen and Levin 1989; Levithen computed as the number of patents (i.e.,
et al, 1987). Limiting the study to a singleknowledge elements) on this list.
industrial sector or a few closely related sectors
minimizes such problems as the factors that affeBtelative size of acquired knowledge basghis
patenting propensity are likely to be stable withiwvariable was obtained by dividingAbsolute
such a context (Basberg, 1987; Cohen and Levisize of acquired knowledge badg the size of
1989; Griliches, 1990). the acquiring firm’s knowledge base. The size of

We measure Pateptsas the number obuc- the acquiring firm's knowledge base was
cessfulpatent applications, or granted patents, faomputed using the same procedure as the size
the acquiring firmi in yeart. The granted patentof the acquired firm's knowledge base (see
carries the date of the original application. Weabove). In a few cases the acquired knowledge
use this date to assign a granted patent to thase was larger than the acquiring knowledge
particular year when it was originally appliedbase. In these cases we used the larger number
for. This procedure permits consistency in thas the denominator. Since our theoretical mech-
treatment of all patents and controls for differanism is concerned with the relatiygroportion
ences in delays that may occur in granting patent$ the merged firms’ resources that are likely to
after the application is filed (Trajtenberg, 1990)be occupied with integrative rather than inventive
Note that the patent count for the dependenmictivity, a number greater than 1 is not meaning-
variable is based on the patents of the acquirirfgl.
firm obtained 1-4 yearsfter the acquisition in
all cases. These patents are therefore differdRelatedness of acquired knowledge ba3®
from the patents on which the independent varimeasure the relatedness of the acquired knowl-
ables are based. The independent variabledge base, the following procedure was followed.
described below are based on patents obtainEdst, the list of patent numbers that appeared in
by the acquired and acquiring firms, respectivelfjgoth the acquired firm's knowledge base and in

in the 5 yearshefore the acquisition. the acquiring firm's knowledge base was pre-
pared. Then, the number of elements on this
Independent variables list was divided by Absolute size of acquired

knowledge base
Number of nontechnological acquisition#\s
noted earlier, acquisitions were coded as technitumber of technological acquisitions where pa-
logical acquisitions if either of the following two tents unavailable This is the number of acqui-
criteria are met: first, if the acquiring firmsitions for which news stories indicated that tech-
reported technology as a motivating factor for theology was a component of the transferred assets
acquisition or if technology was reported as aut where no patents could be identified with the
part of the transferred assets of the acquired firmragquisition. This would occur if either the
second, if the acquired firm had any patentingcquired unit had obtained no patents or if the
activity in the 5 years preceding the acquisitioracquired unit was a part of a larger parent firm
Acquisitions that did not meet either of the abovand patents were not assigned separately to the
criteria were coded as nontechnological acquacquired unit and therefore could not be separated
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from the parent firm’'s patents. notably the correlation betwedr&D and Logem-
ployees (0.72), and the correlation of the firm
Controls fixed-effect variable Presample patentswith

We included several control variables in the moé?&D (0.89) andLogemployee0.72). Robustness

els. These control variables include yearly R& ests (reported at the end of this section), how-
' yearly ever, indicate that the results on the hypothesized

expenditures R&D), firm size as measured byeffects were strong and unaffected by these high
natural log of number of employees

) . . correlations between some of the control vari-
(Logemployes@s firm diversification as measuredables
by entropy Diversificatio, and a measure of )

national cultural distance between the acquire Table 2 provides results for all models using
. . ; " d 8EE Poisson estimators (reported with empirical
and acquiring firms Koreign acquisitions The

. standard errors). The variables reflecting the
following formula was used to calculate th . .
. e . _ ypothesized effects were entered into the
Diversification measure: Entropy= X3P

. ) egression individually and likelihood ratio tests
In(1/P;), whereP; is defined as the percentage of .
firm sales in segmerjtand In(1P) is the weight are reported for all models. Model 1 in Table

4 . . 2 presents the base model with firm- and acqui-
fc'>r. each segment(Palepu, 1985)Foreign acqui- sition-related control variables. Models 2-6
sitions was computed as

include theNumber of nontechnological acqui-
4 sitions Absolute size of acquired knowledge
i Laiti 1. \2/ V. base Relative size of acquired knowledge base
Foreignacquisitions= 2, {(1~1.)*/V}/4  (3) Relatedness of acquired knowledge baaed
Relatedness of acquired knowledge Basari-
where |; stands for the index of théh cultural ables entered successively. We use the full
dimension,j and u are subscripts indicating themodel to discuss the results of the hypothesis
countriesj and u, and V; is the variance of the tests. The summed coefficients and the
index of theith dimension (Hofstede, 1980). Theassociated standard errors for the lagged acqui-
index thus indicates the cultural distance betweesition variables for these models are given at
the acquirer's countryj) and the acquired firm's the bottom of the table.
country (1) (Kogut and Singh, 1988). We antici- In Hypothesis 1 we predicted a negative or
pate that foreign acquisitions might be more difronsignificant relationship between the number of
ficult to integrate than domestic acquisitionshontechnological acquisitions conducted in a year
Finally, in all models we included the firm hetero-and the subsequent innovation output of the
geneity control variablePresample patent§the acquiring firm. The coefficients oNumber of
sum of patents obtained by a firm in the 3 yeamon-technological acquisitionare nonsignificant
prior to the firm's entry into the sample) andor all four periods individually. The summed
dummy variables for acquirer nationality and caleoefficient, which represents the total effect of
endar year. acquisitions across the 4 years, is not statistically
significantly different from zero. Thus, we do not
find an appreciable impact of acquisitions without
RESULTS a technological component on the innovation out-
put of the acquirer for the four periods following
Table 1 provides descriptive statistics and correhe acquisition.
lations. The table indicates the diversity of firms The coefficients of the fouAbsolute size of
included in the sample. Even though the sampbequired knowledge baseariables in Model 6 in
involves the prominent players in the industryTable 2 are positive and significant, supporting
there is considerable variance on all the keMypothesis 2. The summed coefficient reflecting
variables such a$atents R&D, Logemployees the total impact of the acquisition is also positive
and the acquisition variables. The variableand significant. However, as the summed coef-
reflecting the hypothesized effects are not vefficient indicates (0.0004), the absolute magnitude
highly correlated among themselves or with thef this effect is low. A one-unit increase in the
control variables. However, the correlationknowledge base of the acquired firm leads to a
between some of the control variables are higl),04 percent increase in the acquirer’s innovation

i=1
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Table 2. GEE presample Poisson
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regression with distributed lag analysis predicting, patgatde

Variable 1 2 3 4 5 6

Intercept 1.906*** 1.916*** 1.994*** 2.055%** 2.041%** 2.048%**
[0.333] [0.334] [0.296] [0.293] [0.295] [0.292]

No. of 0.004 0.009 0.009 0.008 0.004

nontechnological [0.017] [0.017] [0.016] [0.016] [0.017]

acquisitiong ;

No. of -0.002 -0.0003 0.004 0.005 0.004

nontechnological [0.018] [0.017] [0.016] [0.016] [0.016]

acquisitions ,

No. of -0.001 -0.006 -0.002 -0.003 -0.002

nontechnological [0.023] [0.023] [0.023] [0.023] [0.024]

acquisitiong 5

No. of -0.010 -0.012 -0.008 -0.010 -0.008

nontechnological [0.014] [0.014] [0.013] [0.013] [0.012]

acquisitiong 4

Absolute size of 0.0001** 0.0001*** 0.0001*** 0.0001***

acquired knowledge [0.00004] [0.00002] [0.00002] [0.00003]

base ,

Absolute size of 0.0001*** 0.0001*** 0.0001*** 0.0001***

acquired knowledge [0.00003] [0.00002] [0.00002] [0.00002]

base.,

Absolute size of 0.0001*** 0.0001*** 0.0001*** 0.0002***

acquired knowledge [0.00002] [0.00002] [0.00002] [0.00002]

base 5

Absolute size of 0.0000 0.0001** 0.0001** 0.0000*

acquired knowledge [0.0000] [0.00004] [0.00004] [0.0001]

base,

Relative size of —0.393** —0.387** —0.348*

acquired knowledge [0.165] [0.167] [0.156]

base

Relative size of —0.447*** —0.442%** —0.455***

acquired knowledge [0.144] [0.142] [0.144]

base.,

Relative size of -0.388*** -0.405*** -0.488***

acquired knowledge [0.125] [0.125] [0.121]

base

Relative size of —0.479** -0.430* —0.369*

acquired knowledge [0.196] [0.198] [0.209]

base ,

Relatedness of -0.207 0.221

acquired knowledge [0.176] [0.558]

base

Relatedness of 0.002 0.821*

acquired knowledge [0.112] [0.384]

base ,

Relatedness of 0.158 0.847*

acquired knowledge [0.111] [0.371]

base

Relatedness of 0.151 0.836**

acquired knowledge [0.121] [0.335]

base ,

Relatedness of -0.820

acquired knowledge [0.911]

basé,_,
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Table 2. Continued

Variable 1 2 3 4 5 6
Relatedness of -1.580**
acquired knowledge [0.572]
basé,_,
Relatedness of -1.301*
acquired knowledge [0.572]
basé,_,
Relatedness of —-1.251**
acquired knowledge [0.501]
basé,._,
No. of technological 0.023 0.034 0.016 0.018 0.009
acquisitions where [0.026] [0.024] [0.023] [0.023] [0.024]
patents
unavailable_,
No. of technological 0.011 0.025 0.016 0.016 0.014
acquisitions where [0.024] [0.022] [0.021] [0.021] [0.022]
patents
unavailable_,
No. of technological 0.039 0.053* 0.043 0.047 0.045
acquisitions where [0.030] [0.027] [0.026] [0.025] [0.025]
patents
unavailable 5
No. of technological 0.063* 0.068* 0.066* 0.073** 0.077**
acquisitions where [0.020] [0.027] [0.026] [0.026] [0.027]
patents
unavailable_,
Foreign 0.034** 0.031 0.026 0.035 0.038* 0.040*
acquisitiong ; [0.012] [0.016] [0.017] [0.019] [0.017] [0.017]
Foreign 0.020* 0.019 0.014 0.023 0.022 0.024
acquisitiong,, [0.010] [0.013] [0.012] [0.015] [0.015] [0.015]
Foreign -0.020 -0.042* —-0.051** —-0.042* —0.046** -0.043*
acquisitiong g [0.013] [0.017] [0.016] [0.017] [0.016] [0.017]
Foreign 0.009 -0.008 -0.010 -0.004 -0.008 -0.011
acquisitiong , [0.013] [0.015] [0.015] [0.017] [0.017] [0.017]
R&D, , -0.0004 -0.001 -0.001 -0.001 -0.001 -0.001
[0.001] [0.002] [0.002] [0.002] [0.001] [0.001]
Logemployegs 0.554*** 0.553*** 0.534#** 0.517*** 0.522%** 0.516%***
[0.105] [0.109] [0.099] [0.097] [0.097] [0.096]
Diversification/ -0.176* -0.187* -0.217* -0.180* -0.183* -0.174*
Entropy_, [0.076] [0.083] [0.085] [0.080] [0.080] [0.076]
uUs firm 0.553*** 0.549%** 0.526*** 0.509*** 0.507*** 0.514#**
[0.128] [0.130] [0.120] [0.118] [0.117] [0.114]
Japanese firm 0.997*** 1.006*** 0.991*** 0.942%** 0.950*** 0.951***
[0.233] [0.229] [0.219] [0.217] [0.217] [0.216]
Presample patents 0.135%*** 0.137%** 0.145*** 0.142%** 0.143*** 0.142%**
[0.022] [0.024] [0.024] [0.023] [0.023] [0.022]

output. If we consider a hypothetical acquisitiorb0 = 0.02) for the acquiring firm after the acqui-
in which the acquired firm has a knowledgssition, other things being equal.

base with 50 elements (50 elements correspondsin Hypothesis 3, a negative relationship was
approximately to a firm with 10 owned patentproposed between the relative size of an acqui-
plus 40 cited patents) then the above coefficiesttion and the subsequent innovation performance
suggests that this acquisition should lead to a & the acquiring firm. This prediction was also
percent increase in innovation output (0.0084 borne out. Specifically, the individual and
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Table 2. Continued

Variable 1 2 3 4 5 6

N 598 598 598 598 598 598
Pearson chi sq./d.f 10570/579 10491/571 9923/567 9454/563 9448/559 9280/555
-2 log-likelihood vis 158+ 1136*** 938*** 12%** 336***

a vis the preceding

model

Summed coefficients (Model 6)

No. of nontechnological -0.001

acquisitions [0.054]

Absolute size of 0.0004**

acquired knowledge [0.000]

base

Relative size of -1.660**

acquired knowledge [0.661]

base

Relatedness of 2.725**

acquired knowledge [1.332]

base

Relatedness of —4.951**

acquired knowledge [2.020]

basé

No. of technological 0.145*

acquisitions where [0.081]

patents unavailable

Foreign acquisitions 0.011
[0.049]

*p < 0.05; **p < 0.01; **p < 0.001 (one-tailed tests for hypothesized variables, two-tailed tests for controls)
The table gives parameter estimates; standard errors are in brackets. Year dummies are included, but not shown.

summed coefficients foRelative size of acquired we were unable to identify patents also improve
knowledge baseare negative, indicating thatpostacquisition innovation output.
acquiring firms that are large relative to the Foreign acquisitionswhich represents the cul-
acquirer leads to a decline in postacquisition inndural distance between acquired and acquiring
vation output for the acquirer. We also find supfirms, has a nonsignificant impact on innovation
port for Hypothesis 4. As shown in Model 6 ofoutput. Although the 1-year and 3-year lagged
Table 2, the coefficients forRelatedness of variables are marginally significant but in
acquired knowledge basare positive, and that opposite directions (positive and negative,
for its squared term,Relatedness of acquiredrespectively), the summed coefficient is positive
knowledge bage are negative. These findingsbut not statistically significant (Table 2). Although
support the argument that the relatedness tifese results are not conclusive it appears that,
acquisitions has a curvilinear impact on the sulsn balance, foreign acquisitions neither help nor
sequent innovation output of acquiring firms. Théurt innovation output. This finding is consistent
summed coefficients at the bottom of Table @ith recent research on international acquisitions,
support the same results. which finds that acquisitions in which the acquirer
Among the control variables, the coefficienteand the acquired are from different countries do
on Number of technological acquisitions wherelot result in greater postacquisition conflict, and,
patents unavailabldor the 1-year, 2-year, and 3-in fact, often lead to superior postacquisition
year lags are positive but not significant. Howperformance (Weber, Shenkar, and Raveh, 1996;
ever, the 4-year lag is positive and significanVery et al, 1997). Nevertheless, further research
The summed coefficient is positive and signifits required to understand this issue more com-
cant. Thus, technological acquisitions for whiclpletely.
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Logemployegsthe control measuring the sizeTable 3. GEE presample Poisson regression predicting
of the acquirer, was found to be positivel)Pate”tS Own-cited patents measures. Summary of the

associated with patenting frequencfiversifi- summed coefficient results for all lagged variables

cationis negatively associated with patenting freg, iaple own Cited
quency. Prior results on the impact of diversifi- patents patents
cation on innovative activity have been mixed; 1 2
studies find that diversification has both a positive

and a negative impact on innovation (Cohen arfdo. of nontechnological -0.007 0.0006
Levin, 1989). Diversification can either encourag%%‘l‘é'fd{(‘ao';?ze of acquired [g-gg;]*** [0.054]
innovation by providing a stimulus of mul'[ipleknow|edge base (o\c}vn [0:001]

knowledge bases within a single firm and byatents)
leading to cross-fertilization of ideas, but it carRelative size of acquired  -1.632*
also imply a loss of focus in a given technologicatnowledge base (Own [0.708]
area as research efforts are spread in multipp8tents) .
directions. The results of this research su elatedness of acquired 2.411
", - PPOg owledge base (Own [3.562]
the latter interpretation. patents)
The Presample patentsariable and several of Relatedness of acquired  —3.568
the year dummies (not reported) were also si¢ghowledge base(Own [7.533]
nificant in all the models. This indicates that iPatents) . e
i tant to control for unobserved fir fibsolute size of acquired 0.0004
was 1mpor X ! rTlmowledge base (Cited [0.000]
effects as well as period effects in these datgatents)
The Year dummies for 1983-86 were negativRelative size of acquired —1.653***
and significant, while all the other year dummiesnowledge base (Cited [0.465]
were nonsignificant, relative to the omitted cate%ate”ts) . .
ory—1991. These results indicate that patenti glatedness of acquired 2.752
gory—199.L. i ) pate rk(nllowledge base (Cited [1.266]
had significantly increased for this set of firmgatents)
in the later years (1987-91), relative to the earlie®elatedness of acquired —4,759%*
years (1983-86). The nation dummy variablel$ﬂ?W|tet)ige base(Cited [1.865]
: : ; ; atents
reflecting acquirer nationality, Japanese and U'%b. of technological 0.196* 0.141
were also positive and significant, indicating thaf

) i cquisitions where patents [0.083] [0.081]
Japanese and U.S. firms were likely to obtaignavailable

more patents than European firms. Foreign acquisitions -0.003 0.011
[0.003] [0.048]
Sensitivity analyses Reported coefficient estimates are the sum of the four lagged

coefficients B.1, Biz Bia Bra) for each variat_)le.
We also ran Several sensiviy esis to check 16~ 995 T ~ 01 v'p T 0001 fene el et for
robustness of the results. We reconstructed all” '
the knowledge base measures after separating the
patents obtained by a firm (Own Patents) frorfthe summed coefficients in Table 3 indicate that
the patents cited by the firm (Cited Patents), anglith knowledge base measures based only on
ran two distinct sets of models. In the first seDwn Patents (Model 1), the hypotheses (2 and
we used knowledge-based measures for acquirgdon absolute sizeof acquired firm andelative
and acquiring firms based on only the Own Pasize of acquired firm were strongly supported.
ents of the firm (i.e., we excluded Cited PatentsHowever, the coefficients for theelatedness
In the second set we computed all knowledgdwypothesis (4) carried the right signs (for
based measures for acquired and acquiring firmslatedness and- for its square term), but they
based on only the Cited Patents of the firms (i.ewere statistically nonsignificant. In the analysis
we excluded Own Patents). The results of thedmsed on Cited Patents only (Model 2) all hypoth-
analyses are presented in Table 3. In the interesgtes (2, 3, and 4) were strongly supported. Thus,
of brevity, we only report the summed coefusing only patents, or only citations to measure
ficients and associatedtests for the models (theknowledge bases, provides rather similar results
full regression table is available from the authorsjo using both patents and citations for the absolute
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size and relative size effects. However, in termthree control variablesR&D, Logemployeesand
of measuring relatedness, the patents-only med&esample patentsere high. Although this high
ures do not appear to capture relatedness as wallinearity does not bias coefficient estimates, it
as the citations-based measures. A comparisonaain affect the stability of the estimated coef-
the results in Table 3 (based on Own Patents ficients. Consequently, omitting even a few obser-
Cited Patents taken individually) with the resultyations can change the sign or the significance
in Table 2 (based on combining Own and Citedf the affected variables (Greene, 1993). To
patents to provide a single measure of knowledgmsure that our results were robust, we drew 50
elements), however, suggests that the relatedneaadom samples of 90 percent of the observations
measure based on both own and cited patersied estimated the full model for each of these
collectively is more predictive than the measuresamples. The results of this sensitivity analysis
based on either Own Patents or Cited Patentsdicated that the results of our hypothesis testing
only. were robust.
In the results discussed above we used the
Presample Patents variable as a measure of unob-
served differences in the knowledge bases @ISCUSSION
firms. The patent production function literature
provides several alternate approaches to constridte results of the study indicate support for
indices, reflecting differences in firms’ knowledgeour theoretical predictions. Specifically, separating
stocks (Griliches, 1984; Ha#t al,, 1988; Hender- nontechnological acquisitions from technological
son and Cockburn, 1996). We constructed seversquisitions and distinguishing between techno-
such indices using different assumptions and inpldgical acquisitions on the basis of the absolute
data. First, we used capitalized historical R&[ize, relative size, and relatedness of the knowl-
expenditures to construct a knowledge stock indexdge bases of the acquired firm helps in predicting
(Hall et al, 1988)? Second, we constructed anpostacquisition innovation output. We do not find
index based on the moving average sum of R&ny statistically significant impact of nontechno-
D expenditures for the previous years. We logical acquisitions on subsequent innovation out-
used a depreciation rate of 0.20 (consistent withut. Within technological acquisitions, absolute
Henderson and Cockburn, 1996, and other studisize of the acquired knowledge base has a posi-
in this tradition) for the first approach and = tive impact on innovation output, while relative
5 years for the second approach, and estimatside of the acquired knowledge base reduces inno-
models using these indices in lieu of the R&Dvation output. The relatedness of acquired and
variable. We also computed the knowledge stockcquiring knowledge bases has a nonlinear impact
index using cumulative lagged depreciated pateah innovation output, with acquisition of firms
stocks rather than cumulated lagged depreciatedth high levels of relatedness and unrelatedness
R&D, and used this as a control variable in ouboth proving inferior to acquiring firms with mod-
regression models in place of the Presample Perate levels of relatedness. These findings have
tents measure. In additional estimation we usedhplications for theory, research, and practice.
the one period lagged values of the dependeWe discuss these below.
variable in lieu of the presample variable. The
results for all these approaches (available from . .
7 . Implications for theory and research
the authors) are very similar to the earlier
reported results. Recent research has highlighted the role of acqui-
As noted earlier, the correlations between th&tions as a mechanism for the redeployment of
resources that are subject to market failure
_ (Anand and Singh, 1997; Capron, Dussauge, and
2 Specifically, for theith firm andtth period, knowledge stock Mitchell, 1998). In this study we investigated the
(K;;) was computed using the formulg, =1 — 8(K;,_1) + Ry, . .
where o stands for depreciation rate for knowledge capital,effect'verleSS of such redeployment in the case of
andR, represents the current-period knowledge flow additiorone set of resources that are very susceptible to
The initial stock of capital was computed by dividing themgrket failure, knowledge-based or technological
first observed year's flow by + g, whereg is the firm's .
historic rate of growth of real expenditures on R&DIESOUrCes. Our results provide both good and
(Henderson and Cockburn, 1996). bad news.
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The positive outcome of this evaluation is thatgration task is not uncommon. Further, the vari-
when the characteristics of acquisitions areation on relatedness, and the curvilinear relation-
accounted far acquisitions improve the techno-ship that we identified between acquisition
logical performance of the acquiring firm.relatedness and innovation output, suggests that
Although prior research concluded that acquin selecting acquisitions managers err in both
sitions reduce innovative outputs, this study suglirections, acquiring both businesses that are only
gests that under the appropriate circumstancelstantly related or unrelated to the existing busi-
even after controlling for innovative inputs suchess, as well as those that are too closely related
as R&D, acquisitions can introduce a positivéo the current business. The problems of acquiring
shock onto innovation output. This finding is alsainrelated businesses are well documented and our
consistent with the sheer volume of acquisitionesults further reinforce those lessons (Singh and
activity in the high-technology sector that sugMontgomery, 1987). Additionally, our findings
gests that managers also view acquisitions ashalp to highlight errors in the opposite direction.
mechanism for accessing technology. Managers do make mistakes in picking acqui-

The results of this study are also importansitions that are too closely related to their extant
from a broader economic perspective. The rapibmains, and these mistakes are penalized with
growth of technical knowledge in the past fewpoorer performance. Thus, we find some empiri-
decades has meant that building and maintainingl evidence of ‘competency traps’ (Levinthal and
expertise in multiple technologies is difficult forMarch, 1993).
even the largest corporations (Granstrand and Sjo-
lander, 1990; Arora and Gambardella, 1994). Yeﬁ,n lications for measurement
bringing together different streams of knowledge P
is becoming an important precondition to succes®ur findings also have implications for the litera-
ful innovation in many industries (Grant, 1996fure on acquisitions in general. Managerial hubris
Powell, Koput, and Smith-Doerr, 1996). Thisand agency problems (Roll, 1986; Hayward and
need for increased differentiation in the developdambrick, 1997), imitation effects (Haunschild,
ment of knowledge and increased integration ih993), inappropriate application of learning
its application has given new importance to techHaleblian and Finkelstein, 1999), and underesti-
nology markets (Demsetz, 1991; Grant, 1996jnating the process impediments to postacquisition
Our results indicate that the process of obtainingtegration (Jemison and Sitkin, 1986; Hét al,,
technological assets from external sources ani®96; Singh and Zollo, 1997) are all valid and
matching them with internally developed assetsomplementary explanations for why acquisitions
to enhance their productivity can work, at leastonsistently fail to help the acquiring firm. The
insofar as the frequency of innovation outputindings of this paper suggest an additional expla-
is concerned. nation, one that is perhaps more sympathetic to

The above arguments highlighted the brightenanagerial motivations and decisions. Evaluating
aspects of the results. Another perspective @il acquisitions on the same performance metric,
these results, however, draws attention to thefior instance financial performance, may not be
less positive facets. Prior research has identifieghpropriate. Acquisitions motivated by different
three kinds of deficiencies in the context obbjectives may differ in their timing and mode
organizational learning: hubris, or underestimatingf impact on firm performance.
the likelihood of failure or the difficulty of the  The recent literature has provided several excit-
task at hand; overexploration, or venturing inting ways of using patent data to measure the
domains of completely new knowledge; andgonstruct of knowledge (Mowery, Oxley, and Sil-
overexploitation, or focusing only on the immediverman, 1998; Jaffeet al, 1993; Stuart and
ate neighborhood of the well known and underfPodolny, 1996). We build on these studies by
stood and overlooking more distant optiongpresenting an additional set of measures and
(Levinthal and March, 1993). Our data and resul@pplying them to the context of acquisitions. The
indicated evidence of all three kinds of errors. Tpatent-based approach to knowledge measurement
the extent that relative size serves as a measureugkd by this study, and similar approaches used
the relative difficulty of integration, it appearsin prior studies (e.g., Stuart and Podolny, 1996),
that underestimating the magnitude of the intdiave several strengths. A primary strength of
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such approaches is that by using information orators of innovation. In addition to the chemicals
individual elements of knowledge thesesector some of the other contexts in which these
approaches make possible a fine-grained asseswgasures could be applied include biotechnology,
ment of a firm’'s knowledge base. Research hagmiconductors, industrial machinery, and
argued that a firm’s knowledge base should idedvanced materials.
ally be reflected as an asset on its balance sheefAnother limitation of this study that suggests
(Granstrand and Sjolander, 1990). Although than area of future research is the use of patents
remains unattainable at present, these kinds t@f measure innovative output. Although patents
measures do provide some basis for quantifyirgre reasonably good indicators of innovative out-
this asset and enabling further analysis. A secomait, they are best regarded as intermediate out-
strength of these approaches is that they enaldemes between acquisitions and value creation.
continuous, and highly informative and detailedyhile our results indicate that acquisitions accel-
measurement of difficult constructs such as teclerate the creation of technologically new combi-
nological relatedness. Finally, another virtue afations and innovations, they do not allow us to
these approaches is that they permit quantificatialirectly measure the value generated by these
of knowledge bases from publicly available datannovations. Examining the economic value of
in a longitudinal context. postacquisition innovations would be a natural
The use of distributed lags to study the dynanextension of the work in this study and would
ics of postacquisition performance represengnable a more complete assessment of the contri-
another potential contribution of this studybution of technological acquisitions to technologi-
Although the distributed lag technique has beeral development.
used by economists, relatively few researchers inFinally, in this paper we used only a simple
the strategy area have used this methodologyount measure for nontechnological acquisitions.
This approach could be extremely useful in &owever, such acquisitions could themselves vary
variety of strategic contexts that entail studyingn many dimensions and reflect many different
the impact of an event or strategy on the perfoobjectives. The development of a schema to mea-
mance of a unit across several periods. sure the various dimensions of nontechnological
acquisitions and relating them to different types
of firm outcomes would be another fruitful direc-
tion of further research.
The findings of this study draw managers’ atten-
tion to several paradoxical aspects of the acqui-
sition selection and integration process. This study
indicates that larger absolute size and small&CKNOWLEDGEMENTS
relative size of acquisitions are associated with
superior postacquisition performance for th&/e thank Jim Fredrickson, George Huber, Jim
acquiring firm. Further, a moderate level ofWestphal, the editor, and two anonymous
relatedness is preferable to acquiring a firm thaeviewers for comments that helped us to refine
is very closely related, or distant to the acquiringur thinking. We especially thank Risto Miikku-
firm. Thus, from the acquisition selection standkainen for assistance and advice on the computer
point this research suggests that a balance on bgtlograms used to compute the patent citation
size and relatedness of acquisitions is favoredariables. We gratefully acknowledge the finan-
cial support of the University of Texas at Austin.
The first author also acknowledges the support
of the Center for International Business Education
Several limitations of this study are worth notingand Research at the University of Michigan.
The restriction of the sample to a single industrial
context reinforces the need for conducting the
study in other industries. Additionally, the rel-
evance and utility of the patent-based measurREFERENCES
of knowledge are likely to be limited to industries
in which patents are themselves meaningful indixchilladelis B, Schwarzkopf A, Cines M. 1987. A

Implications for managers

Limitations and future research

Copyrightd 2001 John Wiley & Sons, Ltd. Strat. Mgmt. J.22: 197-220 (2001)



218 G. Ahuja and R. Katila

study of innovation in the pesticide industry: analysi§leming L. 1999. Recombinant uncertainty in techno-
of the innovation record of an industrial sector. logical search. working paper, Harvard Business
Research Policyl6(2—4): 175-212. School.

Anand J, Singh H. 1997. Asset redeployment, acquiowler KL, Schmidt DR. 1988. Tender offers, acqui-
sitions and corporate strategy in declining industries. sitions, and subsequent performance in manufactur-
Strategic Management JourpalSummer Special ing firms. Academy of Management Journal(4):
Issue18 99-118. 962-974.

Arora A, Gambardella A. 1994. Evaluating technologiGerpott T. 1995. Successful integration of R&D func-
cal information and utilizing it: scientific knowledge, tions after acquisitions: an exploratory empirical
technological capability, and external linkages in study. R&D Managemen®25(2): 161-178.
biotechnology. Journal of Economic Behavior & Gibson WD. 1985. Tracking technology around the
Organization24(1): 91-114. globe. Chemical Weel36(24): 34.

Arundel A, Kabla I. 1998. What percentage of inno-Granstrand O, Bohlin E, Oskarsson C, Sjoberg N. 1992.
vations are patented? Empirical estimates for Euro- External technology acquisitions in large multi-tech-
pean firms.Research Policy27: 127-141. nology corporations. R&D Management 22(2):

Balakrishnan S. 1988. The prognostics of diversifying 111-133.
acquisitions. Strategic Management Journa®(2): Granstrand O, Sjolander S. 1990. The acquisition of
185-196. technology and small firms by large firm®urnal of

Basberg B. 1983. Foreign patenting in the U.S. as a Economic Behavior & Organizatio©3(3): 367—386.
technology indicator: the case of Norwadgesearch Grant RM. 1996. Prospering in dynamically-competitive
Policy 12 227-237. environments: organizational capability as knowledge

Basberg B. 1987. Patents and the measurement ofintegration.Organization Scienc&(4): 375-387.
technological change: a survey of the literatureGreene W. 1993.Econometric Analysis Macmillan:

Research Policyl6(2—4): 131-141. New York.

Blundell R, Griffith R, Van Reenen J. 1995. DynamidGriliches Z. 1979. Issues in assessing the contribution
count data models of technological innovati@&to- of research and development to productivity growth.
nomic Journal105429): 333-344. Bell Journal of Economic4d0(Spring): 92-116.

Capron L, Dussauge P, Mitchell W. 1998. Resourc€riliches Z. 1984. Introduction. IlR&D, Patents and
redeployment following horizontal acquisitions in  Productivity, Griliches Z (ed). University of Chicago
Europe and North America, 1988-1993trategic Press: Chicago, IL; 1-20.

Management Journal9(7): 631-661. Griliches Z. 1990. Patent statistics as economic indi-

Capron L, Mitchell W, Swaminathan A. 1998. Resource cators: a surveyJournal of Economic Literature
redeployment following horizontal acquisitions in  28(4): 1661-1707.

Europe and North America, 1988-1993trategic Gujarati D. 1988. Basic Econometrics 2nd edn,

Management Journal9(7): 631-661. McGraw-Hill: New York.

Chakrabarti A, Hauschildt J, Suverkrup C. 1994. Doelaleblian J, Finkelstein S. 1999. The influence of
it pay to acquire technological firm$&D Manage- organization acquisition experience on acquisition
ment 24(1): 47-56. performance. Administrative Science Quarterly

Chatterjee S. 1991. Gains in vertical acquisitions and 44(1): 29-56.
market power: theory and evidencAcademy of Hall B, Griliches Z, Hausman J. 1986. Patents and

Management JournaB4(2): 436—-448. RandD: is there a lagnternational Economic
Chemical Week1983. The push to buy technology. Review27(2): 265-283.
134(Sept. 14): 44. Hall B, Cummins C, Laderman E, Mundy J. 1988. The

Cohen W, Levin R. 1989. Empirical studies of inno- R&D master file documentation. NBER Technical
vation and market structure. IHandbook of Indus- Working Paper Series, no. 72.
trial Organization (ll). Schmalensee R, Willig RD Haspeslagh PC, Jemison DB. 199lanaging Acqui-
(eds). Elsevier: Amsterdam; 1059-1107. sitions: Creating Value Through Corporate Renewal
Cohen WM, Levinthal D. 1989. Innovation and learn- Free Press: New York.
ing: the two faces of R&D.Economic Journal Haunschild PR. 1993. Interorganizational imitation: the
99(397): 569-596. impact of interlocks on corporate acquisition activity.
Cohen W, Levinthal D. 1990. Absorptive capacity: a Administrative Science Quarterly8(4): 564-592.
new perspective on learning and innovatidwmin- Hausman J, Hall B, Griliches Z. 1984. Econometric

istrative Science Quarterlg5: 128-152. models for count data with an application to the
Comanor W, Scherer F. 1969. Patent statistics as a patents—R&D relationshipEconometrica52 909-

measure of technical changdournal of Political 938.

Economy77(3): 392-398. Hayward MLA, Hambrick DC. 1997. Explaining the
Curry S. 1997. The year of the very big dedirtune premium paid for large acquisitions: evidence of

Nov. 24: 36-37. CEO hubris. Administrative Science Quarterf2(1):

Demsetz H. 1991. The theory of the firm revisited. In 103-127.
The Nature of the FirmWilliamson O, Winter S Henderson RM, Clark KB. 1990. Architectural inno-
(eds). Oxford University Press: New York; 159-178. vation: the reconfiguration of existing product
Dosi G, Pavitt K, Suete L. 1990The Economics of  technologies and the failure of established firms.
Technical Change and International Trad&lew Administrative Science Quarterly(1): 9-30.
York University Press: New York. Henderson R, Cockburn I. 1996. Scale, scope, and

CopyrightJ 2001 John Wiley & Sons, Ltd. Strat. Mgmt. J.22: 197-220 (2001)



Technological Acquisitions and Innovation 219

spillovers: the determinants of research productivitilowery D, Oxley J, Silverman B. 1998. Technological
in drug discovery.RAND Journal of Economics overlap and interfirm cooperation: implications for
27(1): 32-59. the resource-based view of the firResearch Policy
Hitt MA, Hoskisson RE, Ireland RD, Harrison JS. 27(5): 507-523.
1991. Effects of acquisitions on R&D inputs andNarin F, Noma E, Perry R. 1987. Patents as indicators
outputs. Academy of Management Journ&U(3): of corporate technological strengtResearch Policy
693-706. 16(2-4): 143-155.
Hitt MA, Hoskisson RE, Johnson RA, Moesel DD.Pakes A, Griliches Z. 1984. Patents and R&D at the
1996. The market for corporate control and firm firm level: a first look. INnR&D, Patents and Pro-

innovation. Academy of Management Journz®(5): ductivity, Griliches Z (ed). University of Chicago
1084-1119. Press: Chicago, IL.

Hofstede G. 1980.Culture’s Consequences: Inter-Palepu K. 1985. Diversification strategy, profit perfor-
national Differences in Work-Related Valuesage: mance and the entropy measuBirategic Manage-
Beverly Hills, CA. ment Journal6(3): 239-255.

Hoskisson RA, Hitt MA, Ireland D. 1994. The effectsPatel P, Pavitt K. 1997. The technological competencies
of acquisitions and restructuring (strategic of the world’s largest firms: complex and path-
refocusing) strategies on innovation. Tihe Manage- dependent, but not much varietiResearch Policy
ment of Corporate Acquisitions: International Per- 26: 141-156.
spectivesVon Krogh G, Sinatra A, Singh H (eds).Podolny JM, Stuart TE. 1995. A role-based ecology of
Macmillan: Houndmills; 144-169. technological changéAmerican Journal of Sociology

Huber G. 1991. Organizational learning: the contribut- 100(5): 1224-1260.
ing processes and a review of the literatu@sgani- Powell WW, Koput KW, Smith-Doerr L. 1996.
zation Science(1): 88-117. Interorganizational collaboration and the locus of

Jaffe A, Trajtenberg M, Henderson R. 1993. Geographic innovation: networks of learning in biotechnology.
localization of knowledge spillovers as evidenced Administrative Science Quarterl(1): 116-145.
by patent citationsQuarterly Journal of Economics Pritchett P. 1985. Managing people problems in deals
108 577-598. that don't close Journal of Buyouts & Acquisitions

Jemison DB, Sitkin SB. 1986. Corporate acquisitions: 3(7): 35-38.

a process perspectiveAcademy of ManagementRoll R. 1986. The hubris hypothesis of corporate take-
Review11(1): 145-163. overs.Journal of Busines$9(2): 197-216.

Judge GG, Hill RC, Griffiths WE, Litkepohl HH, Lee Schankerman M, Pakes A. 1986. Estimates of the value
T. 1988.Introduction to the Theory and Practice of of patent rights in European countries during the
Econometrics 2nd edn, Wiley: New York. post-1950 periodEconomic Journab6: 1052—-1077.

Kamien M, Schwartz N. 1982Market Structure and Scherer F. 1965. Corporate inventive output, prof-
Innovation Cambridge University Press: New itability and sales growthJournal of Political Econ-

York. omy 73(3): 290-297.
Kim D-J, Kogut B. 1996. Technological platforms andScherer F, Ross D. 1990ndustrial Market Structure
diversification.Organization Scienc&(3): 283-301. and Economic Performancéloughton Mifflin: Bos-

Kogut B, Singh H. 1988. The effect of national culture ton, MA.
on the choice of entry modeJournal of Inter- Schumpeter J. 1934 he Theory of Economic Develop-
national Business Studiek(Fall): 411-432. ment Harvard University Press: Cambridge, MA.

Kogut B, Zander U. 1992. Knowledge of the firm,Singh H, Montgomery CA. 1987. Corporate acquisition
combinative capabilities, and the replication of tech- strategies and economic performan8&ategic Man-
nology. Organization Sciencé(3): 383-397. agement JournaB(4): 377-386.

Lane PJ, Lubatkin M. 1998. Relative absorptivesingh H, Zollo M. 1997. Knowledge accumulation
capacity and interorganizational learnin§trategic mechanisms and the evolution of post-acquisition
Management Journal9(5): 461-477. integration strategies. Working paper, University of

Levin RC, Klevorick AK, Nelson RR, Winter SG, Pennsylvania.

Gilbert R, Griliches Z. 1987. Appropriating the Spender J-C. 1989ndustry Recipes: An Inquiry into
returns from industrial research and development: the Nature and Sources of Managerial Judgement
comments and discussioBrookings Papers on Eco-  Blackwell: New York.

nomic Activity3: 783-831. Stuart TE, Podolny JM. 1996. Local search and the

Levinthal D, March J. 1993. The myopia of learning. evolution of technological capabilitiesStrategic
Strategic Management Journalinter Special Issue ~ Management Journal Summer Special Issud7:

14: 95-112. 21-38.

Liang K-Y, Zeger S. 1986. Longitudinal data analysiShompson J. 19670rganizations in ActionMcGraw-
using generalized linear modelBiometrika 73(1): Hill: New York.
13-22. Trajtenberg M. 1990.Economic Analysis of Product

Link A. 1988. Acquisitions as sources of technological Innovation: The Case of CT Scanneksarvard Uni-
innovation. Mergers & Acquisitions23(November/ versity Press: Cambridge, MA.

December): 36-39. Tushman M, Rosenkopf L. 1992. Organizational deter-
Lubatkin M. 1983. Mergers and the performance of the minants of technological change: toward a sociology
acquiring firm. Academy of Management Review of technological evolutionResearch in Organiza-

8(2): 218-225. tional Behavior14: 311-347.

CopyrightJ 2001 John Wiley & Sons, Ltd. Strat. Mgmt. J.22: 197-220 (2001)



220 G. Ahuja and R. Katila

Utterback J. 1994Mastering the Dynamics of Inno- Weber Y, Shenkar O, Raveh A. 1996. National and
vation: How Companies can Seize Opportunities in corporate cultural fit in mergers/acquisitions: an
the Face of Technological Changdarvard Business  exploratory study. Management Science42(8):
School Press: Boston, MA. 1215-1227.

Very P, Lubatkin M, Calori R, Veiga J. 1997. RelativeWysocki B. 1997a. Why an acquisition? Often, it's the
standing and the performance of recently acquired people.Wall Street JournalOctober 6: 1.

European firms. Strategic Management Journal Wysocki B. 1997b. Many mergers driven by search for

18(8): 593-614. fresh talent.Chicago TribuneDecember 28: 67.
Walker R. 1995.Patents as Scientific and Technical
Literature Scarecrow Press: Lanham, MD.

APPENDIX does not truly represent knowledge underlying
the current patent.
The list of patents obtained by a firm, and the The legal aspects of the patenting process
patents cited by the firm in the patents obtainealso ensure that patents thdb truly represent
by it, is used as the measure of the firm's knowlpreexisting knowledge are cited with accuracy
edge base. Since a firm's own patents representpatents that build upon them. First, all appli-
knowledge created by the firm, their use asants are required by law to acknowledge all
components of the firm's knowledge base is natdprior art’ through citations. Second, to oversee
ral. However, the use of patentsted by the firm this process, each patent and its citations must
as a component of the firm's own knowledgde cleared by a patent examiner before the
base may require further explanation. patent is actually granted. The patent examiner,
Patent citations represent an acknowledgememho is usually an expert in the technological
of the contributions of prior work in the develop-domain under which the patent falls, conducts
ment of the current invention. As Jaffet al. a search of the prior art in the area and adds
(1993: 580) note: any citations that the patent applicant's own
search may have missed. Since citations circum-
The granting of the patent is a legal statement scribe the exploitable domain of the applicant’s
that the idea embodied in the patent represents patent, the patent applicant is likely to contest
a novel or useful contribution over and above ihase citations if they do not accurately rep-
the previous state of knowledge, as represented . .
by the citations. Thus, in principle, a citation of '€Sent prior related knowledge. Together, this
Patent X by Patent Y means that X represents a System represents a set of checks and balances
piece of previously existing knowledge upon that ensures that patent citations are relatively
which Y builds. robust indicators of knowledge flows
(Trajtenberg, 1990; Jaffeet al, 1993). Thus,
A citation thus represents a restriction on athe assignee of a patent is likely to know the
owner’s rights to exploit her own patent, and igontents of the patents cited by her, at least to
therefore not likely to be made if the cited patena level of familiarity, and perhaps to mastery.
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