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Since the 1980s external technology acquisition hds®en a vital component of firms’ technology
strategy and today it ranks even higher on the agela of technology managers of the most
innovative firms, as the impact on management praae that Open Innovation has had suggests. In
parallel with the increasing reliance on external gurces of technology, scholars have started to
caution about the potential drawbacks of adopting atoo open policy in technology acquisition.
Adding to prior research that has offered contrasting evidence on the benefits of external technology
acquisition on innovation performance, this paper ffers an original and through analysis of the
impact of technology in-licensing on a firm's new pduct development.

Adopting an absorptive capacity perspective and usg longitudinal data of Spanish manufacturing
firms, this paper finds that an inverted U-shaped elationship exists between external technology
acquisition and product innovation performance, whch is moderated by internal R&D
expenditures. Interestingly, the direction of suchmoderation appear to depend on the extent to
which firms conform themselves to the Open Innovatin paradigm. These results suggest, among the
others, the need for a re-conceptualization of abggtive capacity that accounts for other managerial
mechanisms than internal R&D in order to turn extemal technologies into new products.

1. Introduction Several dynamics have recently lowered the barders

firm has to overcome when it comes to access téogyno
External technology acquisiton has been a vitall®M outside its boundaries, i.e., the strengthgna
component of firms’ technology strategy since theomd Ntellectual Property regimes (Teece, 1998), inseela
half of the 1980s (Magee, 1992; Chatterji and Manuedwsmn qf Iapor in mnovanvg activities and diffion of
1993: Chatterji, 1996). As the huge impact that @en the “serial mnovator". business model (Arora and
Innovation paradigm has had on management praictice Gambardella, 2008; Hicks and Hedge, 2005), stronger
the last years suggests (Gassmann, 2006; Chesbmugﬁe“anc? on Externa_l Technology Commercialization
al., 2006), external technology acquisition stiihks high Stvategies from large innovators (Kline, 2003; Gzesn

on the agenda of technology managers of the mo@pd Enkel, 2009), birth of technology brokers
innovative firms today. (Lichtenthaler and Ernst, 2008; Chesbrough, 2006).

The reasons why firms have been increasingly



acquiring technology from external sources andrities invest as well in internal R&D to develop and nuetu
underlying this strategy have been extensively tieban  technical capabilities. Following this line of reaig,
the literature (e.g., Hagedoorn, 1993; Jones et2800; some scholars have demonstrated that externaldkxgyn
Chesbrough, 2003). Firms acquire technologies froracquisition is complementary to internal R&D (e.g.,
outside their boundaries with the aim to shareidies and Cassiman and Veugelers, 2006; Jones et al., 2000;
costs that developing new technologies entailntwease Laursen and Salter, 2006; Rothaermel et al., 2006;
the flexibility of internal R&D activities, to scou Vanhaverbecke et al., 2002; Veugelers, 1997), i.e.
developments in distant disciplines and geographies external technology acquisition positively affedisn’s
enable cross-functional innovation processes angerformance only if complementary R&D activitieg an
ultimately improve their competitive advantagephrallel  place.
with this increased reliance on external sources of We believe that there is the need for a thorough
technologies, scholars have started to caution tatteu analysis and critical re-examination of externaht@logy
risks and potential drawbacks associated with foiecy  acquisition and its impact on firm’'s product inntea
(Laursen and Salter, 2006; Cassiman and Veugeleggerformance. This article contributes to the curdibate
2006). Relying on technologies developed outsiéditm by proposing a conceptual model (see Figure 1) wifiy
increases the likelihood of losing control over ecor focuses on in-licensing as the main contractuahféor
competencies, it lowers appropriability and mightexternal technology acquisition; (ii) assessedripact of
determine high transaction costs. Literature on thi-licensing on the firm’'s product innovation parftance;
absorptive capacity and Not-Invented-Here syndrom@ii) explores the moderation effects played byiran®s
concepts (Katz and Allen, 1982; Cohen and Levinthabbsorptive capacity. These relationships among the
1990; Rothaermel and Alexandre, 2009) suggests thatodel’'s constructs are tested using a longitudizahset
technology acquisition will have a different impamh consisting of 27,153 firm-year observations for endran
different organizations, i.e. how will a companydige to 3,800 Spanish manufacturing over the period 199520
absorb and effectively use technology developed
elsewhere depends on several factors related tfirth's
strategic investments, internal organization andst pa Indicensing Product
experience. payments innovation
performance

A rich body of empirical research has flourisheolusrd
a related problem, i.e. whether acquiring technpliogm
external sources positively impacts firm's perfonoe
Results from these empirical analyses are comigstiith
some scholars suggesting that a positive relatiprishin
place between external technology acquisition amd's  Figure 1.Conceptual model.
performance (MacPherson, 1997a,b,c) and others who
find instead no relationship or even a negativek lin
between them (Kessler et al., 2000; Jones et @00;2 This article contributes to existing research by: (
Bruce et al., 1995). These divergent findings canib showing the existence of an inverted U-shaped
part explained with the heterogeneity of the vdealused relationship between external technology acquisitmd
to measure the extent of a firm's reliance on ewter firm's innovation performance, therefore confirming
technology sources and especially its performabetn§ generalizing and extending to manufacturing firnmsl a
them product-, market- or financial-related). other contractual forms, such as in-licensing, ltestom

If we focus in particular on the impact of externalalliance literature (Deeds and Hill, 1996); (i)
technology  acquisition on  product innovationdemonstrating that not only an optimal level ofeenal
performance, an important contribution comes fromechnology acquisition exists, but that such optima
Brown and Eisenhardt (1997), who find that firmsitth configuration is influenced by an idiosyncratic nir
rely on external technology sourcing to explore andpecific factor: absorptive capacity; (iii) spedify that
absorb cutting-edge knowledge residing beyond thethe moderation effect of absorptive capacity varies
boundaries are more successful in new produciccording to the level at which external technology
introductions than companies focused on internacquisition is undertaken, therefore supporting a
technology sourcing. There are other scholarsontingent rather than absolute view of the absmpt
demonstrating that accessing technological knovéedgsapacity concept. Finally, this paper noticeablgtdbutes
held beyond the focal firms’ boundaries improveirthe to the Open Innovation literature by showing thla¢ t
innovativeness (Ettlie and Pavlou, 2006; Spenc@032  implementation of Open Innovation requires firmsatt
Some contrasting findings are however reported @ty@ are in a constantly unstable equilibrium, to batanc
(1996), who shows that corporate-sponsored ventur@sternal and external technologies.

Absorptive capacity

making more extensive use of external technologyces Moreover, several practical insights are given toe€
exhibit no significant differences in the introdiect of Technology Officers and R&D managers about how to
new product developments. increase their firm's product innovation performarty

A critical contribution to this debate comes frohet acquiring external technologies through in-licegsin
absorptive capacity research (Cohen and Levinfl#0; agreements. The structure of the article is asvial The
Zahra and George, 2002), which suggests that,dardo  next section develops theory and hypotheses. $e8tio
extract value from external technologies, a firned®to gives an overview on data and methodology usedhén t



analysis, whereas Section 4 describes the empigsalts. the external provider of this technology). The mariérm

Section 5 discusses the findings of the econometricquires technology from external sources, the nesre

analyses and Section 6 concludes and outlines sompest transaction costs increase, which in turn terea

directions for future research. information processing overloads (Rothaermel andd3ge
2006; Hitt et al., 1996; Zahra et al., 2000) ansirdct
resources from NPD. The arguments related to tbe db
control over core competencies and to ex-post etz

2. Theory and hypotheses development costs together suggest that, past some pointcénding
will negatively impact on product innovation perfance.

Therefore we posit the following:

2.1 Technology in-licensing and product Hypothesis 1:An inverted U-shapeq_r_elationship exists
innovation performance between the acquisition of external

technologies through in-licensing and
There are several theoretical reasons why external product innovation performance.

acquisition of technologies by means of in-licegsmay
have a beneficial effect on firm's product innowati
performance. First of all, it contributes to spega the
NPD process (Leone and Reichstein, 2010) and iedsw 2.2 Technology in-licensing, product innovation
the high risks inherent in R&D activities (Rothaetrand performance and internal R&D expenditures
Alexandre, 2009), as technologies acquired fronsidat
are already totally or partly developed. Furthemmor AS regards the role of internal R&D investments in
technology in-licensing allows the firm to turndarfixed ~Mmoderating the relationship between the acquisitibn
R&D costs and capital expenditure into variabletgoas €xternal technologies by means of in-licensing and
royalties are often calculated as a percentagehef tProduct innovation performance, there are a nundfer
licensee’s sales from products incorporating the intheoretical reasons which suggest that the impaan-o
licensed technology. As a result, the flexibility the licensing on product innovation performance isreger in
firm's R&D activities is strongly enhanced (Taponda the presence of higher levels of R&D investmentsstF
Thong, 1999; Kessler et al., 2000). Acquiringthe concept of absorptive capacity, i.e. the cdipalof a
technologies through in-licensing further allows tirm  firm to screen, identify, evaluate, assimilate angbloit
to access breakthrough technologies from distaxternal knowledge (Cohen and Levinthal, 1990).sThi
technological fields. As noted by Gavetti and Lé¢hid  ability requires in-house R&D capability and exjsrton
(2000), “best opportunities are distant”. In a eomtof the part of the innovating firm. A vast body of drgal
distributed knowledge, it is impossible indeed teef research has documented this role of internal R&DRhe
abreast of all relevant technological advancesusiatly —seminconductor industry, Tilton (1971), for example
through internal technology sourcing (Rothaermetl anargues that strong R&D capabilities allow firmskeep
Alexandre, 2009). abreast of the latest technical developments asd tee
However, increased reliance on external sources @fsimilation of new technology developed elsewhere.
technologies by means of in-licensing may shovcassiman and Veugelers (2006) suggest that interrhl
diminishing return effects on firm's product inndice external sources of knowledge are complementserath
performance and, past some point, may have a negatithan substitutes. A firm’s absorptive CapaCity afo
impact on performance. First of all, the econontés® of ~ indeed for superior monitoring, understanding, eairg,
diminishing returns suggests that, the more a figfies on  €valuation and exploitation of externally generated
external technology sources, the more likely ittis knowledge (Helfat, 1997; Mowery, 1983) and for the
acquire technologies whose marginal contribution t&ffective spanning of organizational and technaabi
product innovation performance is relatively smalleboundaries (Tushman, 1977, Tushman and Katz, 1980).
(Deeds and Hill, 1996). Moreover, the more a firm'his spanning of different organizational and
acquires technology from external sources, thedrtighe technological boundaries, in turn, permits a fionnake
risk of losing control over critical competencesa(hel, Novel linkages among different types of knowledge
1991). In particular, the more dispersed a firm'dSimon, 1985). Furthermore, absorptive capacityitecal
knowledge basis, the higher the risks of compegsnci for selecting the most suitable partners (Stuartalet
hollow out as a result of interrelated phenomerzhsas 1999). Similar to the concept of “absorptive capgcdis
large numbers, knowledge asymmetries and unceytainihe one of “combinative capability”, i.e. the firsability
(Becker, 2001). Differently put, very dispersed Wierdge “t0  synthesize and apply current and acquired
becomes more difficult to integrate in NPD (Becked knowledge”, which allows it to identify and harnetse
Zirpoli, 2003). Finally, acquiring technology from spillovers due to the simultaneous pursuit of imabr
external sources entails significant transactiorstg;o learning through R&D and external learning through
which can be ex-ante (e.g., costs for the search f@lliances, joint ventures, and acquisitions (Kogurtd
partners, evaluation of the available alternatives£ander, 1992). As suggested by Teece (2007) talking
negotiations) and ex-post (e.g., costs for absgrtie about the “sensing” capability, stronger interna&[R
externally acquired technologies, integrating theith ~Makes firms more sensitive to opportunities thaspnt
internal pieces of knowledge, manage the relatipnstth themselves in their technological environments. sThi



makes them more successful in identifying in-liGegs (Hoang and Rothaermel, 2010). Taken together,ntiaig
opportunities with a stronger potential to resultriew be indicative of a situation where core competendme
products. Finally and more simply, in-licensedinternal R&D can turn into core rigidities (Leonard
technologies need further R&D efforts to be turmeid  Barton, 1992) when combining them with in-licensed
new products (Huston and Sakkab, 2007). This agpect technological knowledge.

been captured by the concept of “Realized Absoeptiv Therefore we posit that:

Capacity” (Zahra and George, 2002), i.e. a firmbdity

to process knowledge internally. Overall, existingHypothesis 2AA firm’s R&D expenditures moderate the

empirical research strongly points to the imporéafar a inverted U-shaped relationship between
firm, in order to generate knowledge spilloverswastn in-licensing and product innovation in

internal and external technology sourcing, to perbkath such a fashion that the effect of in-
sourcing strategies simultaneously (Cassiman and licensing on performance is stronger
Veugelers, 2006; Laursen and Salter, 2006; Rothelezt when the firm has higher R&D

al., 2006; Vanhaverbeke et al., 2002; Veugelersy19 expenditures.

However, we believe that there are also several
theoretical reasons suggesting that high reliance dHypothesis 2BA firm's R&D expenditures moderate the

internal R&D might hinder a firm’s ability to turexternal inverted U-shaped relationship between
technologies acquired through in-licensing into new in-licensing and product innovation in
products, i.e. internal R&D might negatively moderthe such a fashion that the effect of in-
inverted U-shaped relationship between the aciprisif licensing on performance is weaker when
external  technologies and product innovation the firm has higher R&D expenditures.

performance. First of all, the so-called Not-InveshtHere

Syndrome (Chesbrough, 2003). The existence of Not-

Invented-Here (NIH) syndrome (Katz and Allen, 1982)

i.e. the internal resistance by R&D staff to extgrideas, 3. Data and Methodology
can be thought as a behavioral response inducing a

substitution relationship between the use of edlern|n order to test our hypotheses, we draw on lodgitai
sources and internal R&D activities. In surveyifgpat  data from the Spanish Business Strategy Survey $$BS
2700 UK manufacturing firms, Laursen and Saltet0@0 an annual survey of a representative sample of iSpan
find evidence of a substitution effect between th?nanufacturing firms conducted by the Spanish Mipisf
openness of external search activities and inteR&D,  |ndustry, Tourism and Commerce. Firms in the survey
thus showing the existence of a NIH syndrome. Theem represent 20 industrial sectors according to theCEA

a firm invests in R&D activities (e.g., the hightte Rev.1 classification (National Classification ofdaomic
number of employees dedicated to R&D, the larger thactivities, revised in year 1993). Respondents he t
laboratories), the more cognitive barriers it eseict the gpgs survey are CEOs, and data is collected usiagtd
internal acceptance and exploitation of externadigyuired interviewers supported by a questionnaire. Ovewal;
technologies. The organizational phenomenon uniderly sample ranges from 1995 to 2006. Because some firms
the Not-Invented-Here syndrome can be also exmaingtopped providing information during the sampleiquér
applying neo-classical theories of investment b&llav for several reasons, including mergers, changes to
(Arrow, 1962; Gilbert and Newberry, 1982; Reinganumnonindustrial activity, or shutdown of the prodocti
1983), whereby firms that strongly invest in in@rR&D  process, we have an unbalanced panel. After adogunt
activities perceive a lower incentive (in companiseith  for missing data, we have an unbalanced panel 8#43,
firms investing smaller resources in internal R&DYyard  firms, consisting of 27,153 firm-year observations
turning externally acquired technologies into neaducts  crossing all 20 industrial sectors. The Kolmogorov-
because this might render obsolete previous in&¥81in  Smirnov tests on four important variables from dagaset
R&D and technology development (Conner, 1988. age, number of employees, sales, and number of
Scherer, 1980). Second, there might be a problem gfnovations — reported no significant differencesween
organizational inertia (Hannan and Freeman, 199841  respondents and nonrespondents. In the final sartie
The more resources a firm devotes to internal R&Rhemicals, motor vehicles, machines and mechanical
activities, the stronger the organizational rolging equipment, and food and tobacco sectors rank artfeng
develops and employs when it comes to develop nem{ost populated sectors, which coincides with theiac

products and address technical problems durind\®  distribution of Spanish manufacturing firms.
process. The likelihood that technologies comingmfr

outside a firm’'s boundaries requires different agghes

to be handled down and turned into new products i§.1 Measures

particularly high, this reducing the ability of mnfi with

strong investments in R&D to turn them into higherDependent variable

product innovation performance. Moreover, firmst thige

extremely focused on internal technology creatiomi a Product innovatiop We measure a firm's product
development may devote insufficient managerialngite  innovation performance using the new number of new
to external scouting, this resulting in a poor iapito  products developed by firmin yeart. In our data the
recognize and select the most viable acquisitioionp Nnumber of new products developed is directly relate



innovativeness: “new products” are recognized ash su Cockburn, 1996; Ahuja and Katila, 2001). We spedifi
only if they are completely different to previousoguct the following regression model:
lines or if they have suffered substantial modifimas Product innovation =e(xn-1ﬁ1)
from previous products. The number of new produacts : '
only measures a firm’s ability to introduce new guwots

in the market but also its ability to upgrade cotrenes.
Also, this measure is closely related to similanmees of
innovative strength such as patents (Scherer argk,Ro
1990; Ahuja and Katila, 2001), sales growth (Schere
1983), and invention counts (Achilladelis et al987T).
The ability to produce multiple product innovatioimsa
given period is critical in high-velocity environms and

is considered a key indicator of innovative perfante
(Schoonhoven et al.,1990).

where, Xi; is a vector of regressors containing
independent and control variables, as well as actan
terms to test for moderation effect. We assume tihat
impact of the regressors is not contemporary wita t
dependent variables and therefore we lag them enedy
Following Ahuja and Katila (2001) we apply the
Generalized Estimating Equations (GEE) methodofogy
estimating Poisson data because it helps redudgemns
caused by overdispersion. We also correct for ptessi
violations of the independence assumption of the
independent variable by specifying an exchangeable
correlation matrix, which assumes interdependente o
subsequent observations of the dependent variatdagh
time without imposing a specific type of correlatio
(Diggle et al.,, 2002). Moreover, in order to pravid
meaningful comparison of the regression coeffigent
across different models and to reduce potential
multicollinearity problems, we entered all the eggors in
a standardized form. This procedure does not affext
level of significance of beta coefficients. Asstadften the
case, quadratic and cross-product terms tend tudbdy
correlated with the variables used to construcinthé/e
examined the variance inflation factors (VIFs) fbrect
ffects, and the average VIF is 1.50, which is welow
%e recommended threshold of 10 (Cohen et al., 2003

Independent Variable

In-license expenditurgs To approximate firms’
commitment to external technology acquisition we trse
log of firms’ in-licensing expenditures in Euros.o T
capture the curvilinear effect of in-licensing empiures
on the dependent variable, we construct a squamed t
namedin-license expendituré{sl , which allow us to test
for the hypothesized curvilinear (inverted U-shgpseftect
of in-licensing expenditures on innovation. Beamind
that the explanatory variables in this model aggéa one
period to avoid potential endogeneity problems edusy
simultaneity between innovative performance and th
variables related to external knowledge flows (HEsoro
et al., 2009).

Moderating Variable 4. Empirical results

R&D expenditurg;. Following our arguments developed Table 1 provides the descriptive statistics anchtiate

earlier, we use R&D expenditures as a variableorrelation matrix for all the variables included our

moderating the curvilinear effect of in-licensinganalysis. The average sample firm develops bet®esmd

expenditures on innovation. To measure firms’ R&D3 new products annually.

expenditures, we use the log of total R&D expemdiu Table 2 shows the panel regression results using GE

This variable is lagged one period with respectthte Poisson estimators when predicting firm product

dependent variable because R&D investments arly like innovation performance (Models 1-3) .

take some time before they actually have an effect In testing our theoretical model, we applied a

performance. hierarchical moderated regression (Jaccard et 280)1
According to this method, the moderation effecR&D

Control Variables expenditure are appropriately examined as thedotien

As organizational controls we include the sizeioh$, as terms are tested for significance after all lowedew

measured by the log of sales. We include firm ageffects have been entered into the regression iequat

measured by the log of age, which controls foraherall
generic experience of firms. We also control fosgible
macroeconomic and business cycle shocks commolh to
industrial sectors, using time dummies for all ylears in

Moderation effect is supported only if the model
containing the interaction terms represents assizlly
8ignificant improvement over the model containig t
direct effects (Hoang and Rothaermel, 2010; Banodh a

the sample, as well as time-invariant shocks, usingenny 1986).

industry dummies reflecting the 20 different indisst Model 1 depicts the baseline model including all

sectors. control variables as well as the moderating vaeials
expected, the level of a firm's R&D expenditure is
positively correlated with the firm’s product inration

3.2 Estimation procedure performance.

Because the dependent variable is a count outcome
variable taking non-negative integers, a regression
approach for Poisson data is suitable (Hendersah an



Mean Std. Dev. 1 2 3 4
1 Number new products 2.546 20.167
2 Log(sales)t-1  14.342 2.283 0.0300*
3 Log(Age)  2.920 0.897 0.0230*  0.4193*
4 Log(R&D spending)t-1  3.778 5.352 0.0796* 0.5709* 0.2626*
5 Log(In-licensing payment)t-1  1.222 3.605 0.0394* 0.3585* 0.1516* 0.3187*

Table 1. Means, standard deviations and correlgition

Panel data Model predicting the Number of ProdacbvVations at timé

Model 1 Model 2 Model 3

Log(sales}-1 0.077** 0.083*** 0.059***
(0.004) (0.004) (0.005)

Log(age) 0.010 0.022%** 0.027***
(0.006) (0.006) (0.006)

Log(total R&D)t-1 0.071%* 0.074%* 0.102***
(0.001) (0.001) (0.001)

IN-Licensing experience 0.054*** -0.006 0.023***
(0.004) (0.005) (0.005)

Log(IN-Licensing payment)1 0.204*** 0.399***
(0.005) (0.009)

Log(IN-Licensing payment)-12 -0.015*** -0.025***
(0.000) (0.001)

Log(IN-Licensing payment)-1 * Log(total R&D)t-1 -0.028***
(0.001)

{Log(IN-Licensing payment}-1}"2 * Log(total R&D) t-1 0.002***
(0.000)

Sector controls (20 sectors) Yes Yes Yes
Year controls Yes Yes Yes

Constant -0.088 0.011 0.176**
(0.062) (0.061) (0.060)

N 27210 27153 27153

**<0.001; *p<0.01; *p<0.05; tp<0.1

Table 2. GEE Poisson estimation model predictirmgipct innovation performance.

In Hypothesis 1, we suggested that the relationship In Hypothesis 2A, we proposed that a firm's R&D

between the firm’s acquisition of external techmyits

and its product innovation performance is an iret-

shape, implying that in-licensing expenditures ewkahe
number of new products developed by the firm. Indels

2-3, because the linear terms for in-licensing paynare
positive and significant, whereas the squared teanes
negative and significant (p<0.001 for all modelgg, find

strong support for our hypothesis.

investments moderate the inverted U-shaped rekttipn
between external technology acquisition and firmdpict
innovation performance, so that the effect of aefising
on new product development is stronger when tha fir
possesses higher levels of R&D expenditures. Tiothés
hypothesis, we inserted the interactions betweenirh
licensing payment variables (linear and squaredsgand
R&D expenditures in Model 3. The results obtained



support Hypothesis 2B as the interaction between tho improve its ability to access technologies awd t
linear in-licensing payment term and R&D expenditis enhance the flexibility of internal R&D activities.
negative and significant (whereas the interactietwben However, relying too much on technology in-licemsin
the squared in-licensing payment term and R&Dmight hinder the firm's capability to develop and
expenditure is positive and significant). To furthe commercialize new products as a result of increased
investigate such relationship, we followed Aikerl aidest  difficulties in integrating very dispersed pieced o
(1993) and plotted the significant results obtained knowledge and soaring ex-post transaction costs.
Model 3 in correspondence to the main quartileshef Therefore, if it is true that a firm willing to impve its
R&D expenditure distribution (see Figure 2). Thetpl product innovation performance should rely on
reveal that the negative sign for the linear irdfising technologies acquired from outside, we cannot lsatythe
payment term and R&D expenditure is the productof more a firm relies on external technologies, thieéts
steeper (more positive) slope for the relationdlépveen product innovation performance. For a firm that it
in-licensing and new product development, wherREB®  maximize product innovation performance, the paper
expenditures are low and a less steep slope wheld R&hows the existence of an optimal level of external
expenditures are high. It emerges that for lowlkweéin- technology acquisition through in-licensing. Thecidin
licensing, the results are consistent with Hypdth@8, to rely on external technologies to a higher exieng.,
which postulates that the positive effect of irelising on  because of lack of internal competencies resuftioign an
firm innovation performance is weaker when the firmunexpected leave of some star scientists) reqtgradopt
possesses higher levels of R&D expenditures, wkdiiga appropriate managerial and organizational solutitms
high levels of in-licensing, the results show ththe improve the integration of very dispersed knowledgel
negative effect of in-licensing on firm innovationreduce the associated costs (e.g., creation ofcaledi
performance is weaker when the firm possesses higherganizational units to centrally manage acquired
levels of R&D expenditures. Therefore, the directiof technologies, establishment of rewarding and irigent
the moderation of absorptive capacity appears pend systems that encourage the integration of external
on the extent to which firms conform themselveshe technologies with internally available competencidhe
Open Innovation paradigm. role of internal R&D expenditures in reducing the
negative effects of relying too much on external
technologies will be discussed ahead.
Our findings are consistent with those reported in

: ///”’*\ Deeds and Hill (1996) and more recently Rothaeramel

Deeds (2006), although they consider the impact of

strategic alliances on product innovation perforoganf

RD spending: 95% percentile

£

Q 2

] . . -

g = / D spending 54 percente entrepreneurial biotech firms. Taken together, ehes
R / R0 pending 25% perceile studies suggest that the inverted U-shape reldtipns
3 —RD spending: 50% percentile e

5w R spending.50%percetle between external technology acquisition and product
Q

z T T ————————

innovation performance is highly generalizable areiiess
of the means through which technologies are acduire
1 from outside (in-licensing, strategic alliances,injo

mmmmmmmmmmmmmmmmmmmmmmmmmm

FEeSTNams dormeangiTaaiianas ventures, acquisition) and the characteristics loé t
Log(itHicensing) innovative firm (start-up or large, incumbent firnmovel
and dynamic or mature industries). Testing this

Figure 2. Moderating effect of R&D expenditure e telationship generalizability represents a promising avenuefiiture
between in-licensing and product innovation research.

5.2 The moderating role of internal R&D
5. Discussion expenditures

Most importantly, our findings about moderating eeff
suggest that the impact of internal R&D investmeots
- . the relationship between external technology adtii
_5-1 TeclhnOI()gy in-licensing and product and product inrilovation performance will beggigr:?;];
innovation performance different for firms which rely on external techngles at
) - dissimilar extents. For descriptive purposes, we
Our analysis shows that external acquisition OEategorized the firms according to their degresetiénce

t_echnolog|es by_means_ of in-licensing is beneﬂt[mla on external technology acquisition, as measureth®yog
firm's product innovation performance, but it shows

T . of firms’ in-licensing expenditures. We cluster jzad,
d|m|n|_5h|r_lg returns effects and, past some pomise_ls a using a hierarchical clustering method with k-meand
hegative |mpact on performance. In other Word_sum_rrq; euclidean distance (Rencher, 2002), the firms aeeth
technologies from external sources helps the firondase

; S levels, ranging from low- to high-reliance on exiar
the speed of its NPD process and reduce its inheisis, technology, and the resulting groups were the talig:



» Closed Innovators, i.e. those companies that ammerges that high R&D expenditures help firms rattg
spending at year t a very small amount of resources the diminishing returns and, past some point, ggative

in-licensing external technologies (less than 3041

effect of in-licensing on product innovation perfance

our independent variable). 89.3% of our observation(see Figure 2). Therefore, the point of maximumfiions

fall in this category.
* Semi-Open Innovators, i.e.
spending a sizable amount of resources in in-liogns

investing a lot of money in internal R&D lies in

companies that areorrespondence with higher level of in-licensingrpants

than for low R&D spending firms (see Figure 2).

(between 3.41 and 10.1 of our independent variablelntuitively, this can be justified by the fact thhigher

This category represents 5.2% of our sample.

R&D expenditures allow firms to better manage endér

* Open Innovators, i.e. companies which spend a lardechnologies without suffering the negative effette to
amount of resources into in-licensing (more thari 10 difficulties in integrating dispersed knowledge asugring
of our independent variable) and represent the 5.5%x-post transaction costs. Therefore R&D expenelstact
of our sample. In this category we can find bothas a cushion that avoids dysfunctions from increpsin

companies with a consistent record of heavy use-of
licensing or “compulsive buyers” that have signed u
tantum a very relevant in-licensing deal. Our asigly

Open Innovator’'s reliance on external technologies
terms of product innovation performance. Firms vty
R&D lack indeed an adequate level of absorptiveacep

shows that external acquisition of technologies byo understand, screen, select and absorb a largerarof
means of in-licensing is beneficial for a firm's external technologies and to turn acquired teclyieto

product innovation performance, but

diminishing

it showsinto new products. Open and Semi Open Innovatars th

need an internal R&D powerhouse.
From a practical point of view, this analysis irates

As regards the moderating role of internal R&Dthat the best solution for firms willing to maxireizhe

expenditures, it is interesting to comment on tliterént
slope of the curves for high-R&D spending and Io&ER
spending companies depicted in Figure 2. As regtrels

number of new products developed and introduced int
the market is to rely on relatively high levelsefternal
sources of technologies combined with strong irglern

left part of the curves, with low levels of externa R&D expenditures. Because this approach might g ve

technology acquisition through in-licensing (i.eor f
Closed Innovator firms), additional acquisitionectternal
technologies has a higher marginal effect on nevdyt
performance in firms with low R&D in comparison twit
firms with high R&D expenditures. In other wordbet
benefit in terms of product innovation from incrieas
external technology acquisition of 1 Euro is higfarlow

R&D spending firms. It is therefore more difficuld

increase product innovation performance
acquiring external technology for Closed
which invest a lot of money in internal R&D thanr fo
Closed Innovators with limited internal R&D
expenditures. A Closed Innovator that carries oldt af

internal R&D will suffer from stronger NIH and caigine

barriers to
knowledge than a Closed Innovator with limited intd
R&D expenditure. At the same time, it is likely tha
Closed Innovator with strong internal R&D will ifcénse
from outside only marginal technologies,

be the case for Closed Innovator with limited ingdr
R&D, that might use external technologies as stuistio
internal knowledge). Under this circumstance, ajtboe
capacity is less important to determine the firatdity to
make the most out of the acquired technologiesrims of

product innovation performance. Taken togethersahe o

results indicate that moving from a Closed to are®p
approach to innovation might be more difficult finms

with stronger internal R&D investments. This is an

important contribution to the literature which trasently
looked at the organizational implications of a &iion
toward Open Innovation (Chiaroni et al., 2010; DinM
et al., 2010), and is consistent with the neoctas$si
theories of investment behavior mentioned in Sacio
Moving toward higher levels of external technolagy
licensing (i.e. for Semi-Open and Open Innovatdts)

througtechnologies
Innovator&nowledge development efforts.

costly to pursue, some companies might lack thenfiral
resources to adhere to this policy. If this is tlase, it is

not advisable to simply out-source technology
development by substituting internal R&D investnsent
with external shopping of technologies. Rathersectbnd
best” approach seems to be the reduction of ba¢mnial
R&D expenditures and external technology acquisjtgn

as to maintain consistency between the amount of
acquired from outside and internal

From a theoretical point of view, this analysis gests
that a firm's absorptive capacity is much more inhgot
in determining a firm's ability to turn the extetlya
acquired technologies into new product when higlelle

the acceptance of externally acquiredf external technologies are acquired (i.e. for ©pe

Innovator firms). With low levels of external teaiogy
acquisition (i.e. for Closed Innovator firms), riely very
much on internal R&D might on the contrary reduie t

whichfirm’s ability to turn new technologies acquiredorn
complement internal knowledge (whereas this mightt n outside

into new products, because of NIH and

organizational inertia, which instead do not apptar

affect firms which are already Open Innovators, #ngs

are likely to have learned how to overcome thesedra.

This line of reasoning has two complementary (chaps

opposite) implications:

The importance of absorptive capacity (measured as

internal R&D spending) in affecting a firm’s abylito

turn external technologies into product innovatisn

dependent on the amount of technology that the firm

already acquires from outside (i.e. on the fadiaihg

a Closed or an Open Innovator). Therefore,

absorptive capacity seems not to be an absolute

concept, but it is dependent on the amount of aater

technology that the firm already acquires;

e« There might be different ways to operationalize
absorptive capacity in innovation and technology



management research. Absorptive capacity can lvelatively high levels of external sources of tedbgies
measured through internal R&D expenditures, asombined with strong internal R&D expenditures.
done by most prior research (Cohen and LevinthaBecause this approach might be very costly to muyrsu
1990; Rothaermel and Alexandre, 2009; Escribano sbme companies might lack the financial resourees t
al., 2009), for firms that already rely on highéévof adhere to this policy. If this is the case, it &t A clever
external technologies, but it takes something difieé  strategy to simply out-source technology developnin
than internal R&D to increase a Closed Innovatosubstituting internal R&D investments with external
firm’'s capacity to absorb new pieces of technolsgieshopping of technologies. Rather, a *“second best”
acquired from outside. Future research shoulddry tapproach seems to entail the reduction of bothrriate
unearth the mechanisms that enhance the margir@kD expenditures and external technology acquisjtgn
returns of in-licensing for firms relying on extatn as to maintain consistency between the amount of
technology acquisition to a limited extent. technologies acquired from outside and internal
knowledge development efforts.
As regards implications for research, the artislghie
first contribution that illustrates from both a tmetical
6. Conclusions and an empirical point of view the existence ofrarerted
U-shape relationship between technology in-liceppsind

Considering the importance that external technologproduct innovation performance. Taken together i
acquisition still has in the most innovative firms results of prior research about the impact of stjiat
technology strategy, this article investigatesithpact of alliances on product innovation performance of
techn0|ogy in-“censing on a firm’s product innaoat entrepreneurial biotech firms (DGEdS and Hl”S, 6.,99
performance. Relying on a longitudinal dataset isting ~ Rothaermel and Deeds, 2006), our findings points to
of 27,153 firm-year observations for more than 8,80broad generalizability of the above mentioned dinwar
Spanish manufacturing over the period 1995-2006, wielationship in the field of external technologyaisition,
find that a curvilinear inverted U-shaped relatitips which should be tested in future research. Furtbezm
exists between the money spent on technology éméimg Our analysis indicates that absorptive capacity,
and the number of new products that the firm dexelo operationalized through a firm's internal R&D
and commercializes. Differently put, external asgign €xpenditures, has a different impact on the firatidity to
of technologies by means of in-licensing is bernafifor a  turn externally acquired technologies into new jictd
firm's product innovation performance, but it showsdepending on how much external technology the firm
diminishing return effects and, past some poirtsas a already acquires from outside. This suggests tifatre
negative impact on performance_ We further consider research should focus on what makes the difference
how internal R&D spending moderates the relatignshibetween Closed and Open Innovator firms as reghgis
between external technology acquisition through inability to turn new technologies acquired from edesinto
licensing and product innovation performance. Wl fi New products and hence to develop a more fine eplain
that the positive and, past some point, negatifecebf theoretical understanding of the absorptive capacit
in-licensing on product innovation performance msaker —concept.
for firms with higher R&D expenditures. Our results As regard limitations, it should be noted that weyo
indicate that the benefit of internal R&D on a fism account for the quantitative aspect of new product
ability to turn further technologies acquired framtside innovation, and not for its quality (e.g., whetftee new
into new products varies depending on how much mondroducts developed through integration of external
the firm is already spending on in-licensing (iwhether ~technologies result in higher market share or funen
the firm is a Closed, a Semi-Open or an Open Intooya performance that those developed relying on interna
with high R&D expenditures determining a higherR&D). Second, our work may be at risk of aggregatio
marginal benefit for Open Innovator than Closedias as we do not distinguish between in-licensiegls at
Innovator firms. different stages of the innovation value chain avith
From a practical point of view, the article suggesiat different partners. Also we focus on outcomes atfitm
a firm should identify an optimum level of externallevel of analysis: a more fine grained analysis #esess
technology acquisition through in-licensing whichperformance at the single deal level may offer aemo
maximizes its product innovation performance. Théubtle understanding of the impact of in-licensimger
decision to rely on external technologies to a bigixtent Performance and of the moderating effect of interna
(e.g., because of lack of internal competencieslting ~R&D.
from an unexpected leave of some star scientistp)ires
to adopt appropriate managerial and organizational
solutions to improve the integration of very disgsat
knowledge and reduce the associated ex-post triamsac
costs. Moreover, a firm which is willing to makeetmost /- References
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