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I mpacts of international and domestic R& D alliances on return on assets:
Some counterintuitive evidences

ABSTRACT
This study investigates the impacts of domesticiatetnational R&D alliances on the return
on assets. The hypothesis is tested using data @8&nmbiotechnology firms. This paper
presents and tests a model in which firms leverthg& development activities through
domestic and international R&D alliances. Our asialyreveals a counterintuitive result:
While the relationship between the intensity of @stic R&D alliances and ROA is negative,
the intensity of international R&D alliances is pinely related to firm returns.

Key words: domestic R&D alliance, International R&Blliance, company financial
performance, biotechnology



1. Introduction

R&D strategic alliances have become a key strategkfor the firm in the new competitive
environment. Through R&D collaboration, firms magcass unique technologies that are not
yet available in-house. Even if R&D activities dess internationalized than production or
marketing activities, they have nevertheless graignificantly over the past 15 years
(OECD, 2000). Globally dispersed R&D operations npagvide the firms a competitive
advantage that cannot be reached in the situatimreMR&D operations are centralized in a
single country (Brouthers et al., 2001; Kuemmet&99).

Nevertheless, when alliances are extensively useillence suggests that many of them
doesn’t reach expectations or fail (Kogut, 1989%)e Rlliance performance has predominantly
been seen as a result of either (1) condition®aunding their formation (e.g. Park & Ungson,
1997) or (2) collaborative processes and partmtesactions (e.g. Ring & Van de Ven, 1994,
Deeds & Rothaermel, 2003).

Nonetheless, empirical work investigating the penfance of alliances is scarce, largely
because of methodological barriers (Gulati, 1998amy) & Rothaermel, 2005). The specific
literature shows that the longevity of alliances baen used as a proxy for their performance
(Barkema et al., 1997), perceptual measures olotdmoen one of the partners in a given
alliance (Parkhe, 1993) or the reaction of thelstoarket to alliance announcements (Anand
& Khanna, 2000). Other studies have investigatéerfinms cooperation and its performance
implications (Hagedoorn & Schakenraad, 1994; Co&bB®tchen, 1999; Baum et al, 2000).
Consequently, the understanding the R&D allianogsaicts is key for the decision-makers. In
this study, by comparing domestic and internatidR&D alliances, we sought to link the
intensity of R&D collaborative activity in biotechlogy and pharmaceutical industry to the
return on assets. Domestic R&D alliances are nohaged like international alliances

(Lichtenthaler & Lichtenthaler, 2004); moreovereithmotivations are often different (Gassel



& Pascha, 2000) in a context of cross-border aatwiwhere additional factors have to be
taken into account (Osborn & Hagedoorn, 1997):

Our analysis of the impacts of R&D alliances is dacted at the intra-industry level. In the
results interpretation, we avoided two kind of biakfferential industry technological
opportunities and inter-industry market-structufieats. But the precision gain obtained by
focusing on a single industry generates the hatarthis industry of being atypical (Berg &
Friedman, 1977).

In a first part of the paper, R&D alliances chaeaistics are presented. Then we describe the
statistically testable hypotheses that relate Srmates of return to a set of variables, including
R&D alliances activities. Then we follow with the ethodology, the results and the
discussion.

2. Domestic and international R& D alliance activities

R&D alliance is defined as any activity “which seé® leverage the resources and
competencies of partners in order to exchange weldp technology” (Li & Zong, 2003, p.
101). In the biopharma industry, the rising numtfethis type of cooperation is mainly due to
the evolving nature of the innovation processgrewing complexity, higher risks and costs
of innovation (Hagedoorn, 1993; Robinson & Stua@)3). In biopharma field, alliances are
widely used at all stages of the drug developmentgss, but are mostly prevalent in the pre-
clinical testing phase (Robinson & Stuart, 2003prenthan 50%. The benefits of these
alliances are self justified: R&D alliances allohetco-financing of the R&D efforts, the
reducing of uncertainty and costs, the sharingkiissand the inflow of internal resources or
assets in the innovation process (Hagedoorn, 1983he biopharmaceutical industry, they
represent a viable way for biopharmaceutical congsato gain access to the complementary

assets required to increase their rate of new pteddevelopment (Deeds & Hill., 1996).



Indeed, the faster a firm develops new productskaimd)s them to market, the more likely it
is to capture the first mover advantages.

Empirical research has reported that leading fiemgage in an increasing number of R&D
alliances (Lichtenthaler & Lichtenthaler, 2004; bse& Rotherhamel, 2003). Baum et al
(2000) show that in the case of a biotechnologyt-sa the number of alliances they have
contracted influence their rate of innovation andrenspecifically their number of patents.
Through alliances, companies acquire new skillyehaccess to new markets and improve
their overall performance (Hagedoorn & Schakenra884).

Hence, it is expected that a high intensity of R&@mestic alliance is transformed into an
increased return on assets.

Hypothesis 1

There is a positive link between the intensity ofmngstic R&D alliance and the return on
assets.

An increasing number of R&D alliances are interoradi, involving partners from several
countries and even continents (OECD, 2000). Anrimational alliance is a collaborative
relationship between a local entity and an overseasterpart encompassing agreements to
co-operate in joint activities such as developmesgearch or technology innovation (Saffu &
Mamman, 2000). In order for the firms to maximibeit distinct competitive advantages,
their best strategic option is to look for the bestources available worldwide. Nevertheless,
international alliances bring new challenges neinfb within domestic alliances (Sirmon &
Lane, 2004). They are riskier than domestic R&Danlles, given the cultural differences
between partners (Barkema & Vermeulen, 1997; SirmorLane, 2004). International
alliances “reside at the confluence of differenttunes, including national, corporate and
occupational” (Salk & Shenkar, 2001, p. 163). Thiural distance raises partners’ business

uncertainty, intellectual property protection prik (Yang et al., 2004), and information



costs, and increases partners’ needs for efficcamrdination and control mechanisms
(Merchant, 2005). International R&D alliances arente very complex to manage
successfully, partly due to the matching difficuttiythe goals and aspirations of autonomous
organizations, headquartered in two or more coes(iNielsen, 2007).

Consequently, international alliances are freqyeplihgued with high degrees of instability
and poor performance (Beamish & Delois, 1997). Mues, some authors suggest that
international alliances are not intended to fullilandard financial objectives such as profit
generation (Nielsen, 2007). Geringer and Heber@1)1@rgue that international alliances may
be considered successful by one or all of the paugespite poor financial results, suggesting
that the performance of the alliance have to bengigished from the impact of the alliance
on financial company performance.

Hence, it is expected that a high intensity of R&iernational alliance is transformed into a
decreased return on assets.

Hypothesis 2

There is a negative link between the intensityntéérnational R&D alliance and the return on
assets.

3. Thereturn on asset

The return on assets (ROA) is used in this studg &#imancial performance measure (De
Carolis, 2003). The ROA is a measure of the efficyeof business operations (Het al,
1992). ROA is dependent upon a number of factoggested by both theory and previous
empirical work, such as the characteristics of ti@ghips and the relational structure
(Rowley et al., 2000); the interfirm assets speitifi(Dyer, 1996), the size of the firm (Hall
& Weiss, 1967), the R&D intensity (Berg & Friedmal77), the total of sales (Roberts,
1999). Hall and Weiss (1967) found a positive rateeturn effect due to the firm size.

Roberts’ study (1999) of firms in the U.S. pharmamal industry found that the innovative



propensity of a firm (defined as the average proporof sales derived from new products)
positively influences the degree to which aboveaye profits (ROA) persists over time.

The rate of return has also been associated with fnarket power and barriers to entry
(Demsetz & Villalonga, 2001), the role of inforn@tibased trading (Easley et al. 2002), the
advertising intensity, the financial structure.

In this study, we introduce in the model the R&Dperditures and the size of the firm. The
size variable may serves as a proxy for the masketer and the barriers to entry (Hall &
Weiss, 1967; Berg & Friedman, 1977). The otheraldes are omitted. First, some of them
are only relevant when analysing dyadic or a paldic alliance relationship. Second,
“advertising expenditure” is not relevant in thetechnology industry case, because other
industries instead of final consumers, are buyingtof the biotechnology industry output.

4. Resear ch Methods

4.1. Data and sample

The research setting is the US biotechnology imglusthis term describes the industry
composed of biotechnology companies focusing ordibeovery of new drugs. The number
of US biotechnology firms has grown by 12% sinc88,1p to 1573 in 2006.

The data were obtained fro@ompustat A systematic random sample of 400 firms was
obtained from this data base. The present studyysesa this sample. The various
interorganizational agreements are taken fBiaScan press articles and firms web sites. The
availability of appropriate data restricted thelgsia to a sample of 312 enterprises.

4.2. Measures

Descriptions of the measures used for the indepegnaied dependent variables are given
below.

Return on asset



Return on assets measures a company’s earningkation to all of the resources it had at its
disposal. Return on assets is measured using tadrdenCompustat

Intensity of R&D collaboration activity

We measure intensity of collaboration activity blyetnumber of R&D alliances a
biotechnology firm has entered into with an incumtbgrm or another biotechnology firm.
We distinguish domestic collaborations (when thetrga is American) from international
collaboration (when the partner is from a foreiguatry).

The measure is defined as

Znumberof R& D alliancesoftypei in yeart
R&D alliances; = -

Numberof firmsinthedata filein yeart

Wherei = 1, 2 (1 = domestic alliance; 2 = internatioriabace)

Research and Developmefirm expenditures on research and development megsured
using the data fronCompustat Past R&D expenditures may be expected to impponu
current profits. The measured rate of return ortassill depend on past R&D investments
(Berg & Friedman, 1977). R&D expenditure was chasgoreference to R&D intensity given
that the amount of sales is equal to O for a migjofi firms.

Size of the firmAccording to Hall and Weiss (1967) “A definitionf(size) expressed in asset
terms is superior to a “sales” or “employment” cepicof size because it is the difficulty of
financing large lumps of assets that limits entrcértain fields ». Consequently, we include
in the model the size-of-firm variable in logaritienfiorm (log (total of assets).

We tested two models. The first model of the cimmsional variation in rate-of-return is the

following:
2005 2005

ROA =fo+B1 RDE¢ 1 +B2 LOgA +Bs D ALLy +Ps D AlLy+e& (model 1)
t=1996 t=1996

Where,

ROA = Return on asset
RDE = R&D expenditures
A = Total of assets



ALL1 = incidence of domestic R&D alliances
ALL2 = incidence of international R&D alliances

Nevertheless, past R&D expenditures may be expdotedpact upon current profits. Time-
series estimates were computed for the effectsast R&D on current profitability. The
method used to estimate the @oefficients is based on a second-order polynoatabrding
to the Among lag procedure.

Hence, the second model is the following:

r t t
ROA =fo+B1 D W RDE;_; +B2LogA+B3 > ALLy +Bs D AlLLx+e (model2)
k=1

t=1996 t=1996

Where,
ROA = Return on asset

r
ZW, RDE; _; where RDE = R&D expenditures amg weights from a polynomial distributed laly,is the number of
k=0
periods covered by the lag function, the coefficients of the lag structure;,ww,, ..., w,. Thus there are k coefficients to be
determined.
A = Total of assets
ALL1 = incidence of domestic R&D alliances
ALL2 = incidence of international R&D alliances

In this case:

W, =oor2 +our +02.>0

This restriction is imposed because it is assunhadl heyond some time periods k, R&D
expenses variations no longer will affect and atseavill not reduce current return on assets.
This can be broken down as follows:

w0 =00 02 +0y02+0, =02>0

Wi =ap 12 +opl12 +ap = (0o + o+ ap) >0

W2 =0922+0p 2 +apx=(4op+ 203 +0a) >0

W3 =032 +a3 3 +ap, = (9ap + 3azt+ 0p) >0

each w coefficients then replaced in by the correspongiokynomial equation.

> WiRDE;_; = ) (aor? +oar + o) RDE_;
k=0 k=0

I

:ao; 2 RDEt-r+a1ch:) r RDE;.+az ) RDE

k=0



For 0<r<3 the final model 2 is :

ROA: = Bo + B1 (a0 (RDE.1 + 4 RDE> + 9 RDE3) + a; (RDE.; + 2RDE + 3RDE3) + 0

(RDE; +RDE.; + RDE.2 + RDE.3) +B2 Log Ac+B3 D, ALLy +Bs D ALLy +g
t

T
Our arguments indicate that the coefficients ofagiqgu should be:

B1>0;B2>0;B3>0;P4<0

The main implications for this study concern thgnsof ; and the sign of34. Firms engaging
in intensive domestic R&D collaborations will hawe higher return on assets than
international R&D alliances.

As the sample is cross-sectional and gathers fwits various sizes, we decided to correct
risks of heteroscedasticity by using a weightedtleguare estimation (WLS): an efficient
estimator in presence of heteroscedasticity.

5. Resultsand analysis

The regression results are presented in Talfladdel 1)and in Table Zmodel 2).Table 3
presents main descriptive statistics and elaggiti

For model 1, the appropriate data available areicgsg the analysis to a sample of 312

enterprises. Fewer observations on R&D expendit@ssicted the sample size for model 2.

Table 1
Cross Sections of the Rate of Return in biotechgo{model 1)
Year N B1 B2 B3 B4 Ajusted-
R&D Size R&D R&D R2
expenditure domestic | international F
alliance alliance
2005 312 -.616*** .880*** -.230* 190 .349
(-4.376) (6.336) (-2.302) (1.825) 9.300***

ROA =P+ Py RDE. 1 +P, LOGA +B3 ) ALLy +Bs ), AlLy+e
t t

Dependent variable: Compustat’s return on asset (ROA
() =t Statistic, ***p <.001, ** p < .001 * p< .05,"p<.10

The results from model 1 do not supported our Hypsts. The coefficieffg is significantly

negative(p = .025)and the coefficient,is significantly positivgp = .073)




More surprisingly, R&D expenditure (in t-1) is négaly associated with company
performance(f; = -.616, p = .000) This result does not confirm those of previousd&s

(Berg & Friedman, 1977).

Table 2

Cross Sections of the Rate of Return in biotechgyobnd polynomial lag modénodel 2)

Year N B1 B2 B3 B4 Ajusted-R2
Lagged Log assets R&D R&D F

R&D domestic | international
expenditure alliance alliance

2006 140 .202* 601 *** -.245%* .047 420
(2.737) (7.049) (3.272) (.632) 26.158***

2005 103 -.161 703*** -.198** .102 .326
(-13.21) (5.688) (-2.196) (1.077) 13.323***

2004 82 - 245%** .880*** -.119* .049 496
(-2.218) (7.442) (-1.329) (.530) 20.938***

ROA, =By + By Wy RDE,_+ Wy, RDE. + Wy RDEg) + P2 LOGA+B3 Y ALLy +s ) AlLz+e
t t

The w_; 's were estimated from a polynomial distributegl lan R&D data over three years.

Dependent variable: Compustat’s return on asset (ROA

() =t Statistic p <.001, * p <.001 * p<.05

Table 3
Mean Values and elasticities (e)

Year |ROA| R&D &owroe 10gA  eroan |AllL]  eromain  |AlI2]  eroaaiz

2006 58,52 201,50 -0,05 2,00 0,01 5,70 -0,02 2,86 0,00
2005 101,76 132,45 0,12 1,95 0,01 5,92 -3,40 3,05 3,41
2004 76,11 147,89 0,10 1,88 0,01 5,66 -1,60 2,73 1,37

dROA dROA dA dROA

€ ROA/RDE = R—OA :ﬁlR—OA‘ € roaa = dA d |OgA =Bz ! ; ERonvailL = M: 32\
dRDE " RDE ROA ROA dAIIL ™ Al
'RDE Alll
dROA

€RroaAlz = RA%% = P4 iﬁ;\
All2

The results from model 2 are also not supporte@. ddgefficientp; is significantly negative

and the coefficienp, is positive. Engaging in national alliances wowavér a firm's rate of



return by more than 2 percentage points. Nevelhbelde positive effect is not statically
significant for the international alliances.

The increasing coefficient on the R&D intensityiahie may reflect higher returns to past
R&D in the later years, compared with expenditunegle in the 2004.

In elasticity terms, one percent of change in tl&&DRexpenditures leads to a 0.04 percent
increase in the rate of return in 2006. One percemeéase in assets raises the rate of return of
.01 percent.

As with previous studies, our result shows a pesiteturn on assets effect from the size of
the firm. Hall & Weiss (1967) explain it in term$ @ significant capital requirements barrier.
An alternative interpretation is that scale ecoremmallow giant firms to be more efficient.
Nevertheless, the falling coefficient on the assatable may reflect lower returns in 2006,
compared with increases of assets in 2004.

5. Discussion

Our results show that, contrary as we expectedfiras increased their R&D domestic
alliances, they tended to reduce their performait®gaging in intensive R&D domestic
alliances would lower a firm’s return on assetssThsult is in accordance with those of Berg
and Friedman’s study (1977). In their regressiordehothe coefficienyy (for the dummy
variable Joint Venture) is negative. The authorasctaled that joint venture may be a
response to low past profitability. They also cdesithat the size of the coefficieptmay
reflect the fact that the managers of firms thajage in joint venture are more risks adverse
than others. These results are counterintuitivenmatsurprising. The relationship between
alliances and company performance is very comptenas been shown that alliances do not
conduct to an increase of new products developnidrd.relation could be initially positive
but at some point may exhibit diminishing returmsegen negative returns (Deeds and Hill.

1996;. de Mesa Vasquez et al, 2006). In a multwades situation, managers have to focus



more on the aggregate success of alliances, iiaaddo single alliance performance (Fricke
and Shenhar, 2000). Alliances are complex orgdoisatarrangements which involve risks.
The risks of R&D alliances are related to the inpteteness of contract (Grossman & Hart,
1986), the potential opportunistic partner’s bebawi(Williamson, 1975), and hence the
potential expropriation by the other partner (Heind&aNickerson, 2004). Consequently, the
greater the number of alliances, the more likelg tregative effects could outweigh the
positive one (de Mesa Vasquez et al., 2006).

The other interesting result of this study is tlsipve impact of international R&D alliances
on company performance. According to Kuemmerle §398ms internationalize their R&D
facilities in order to take advantage of host cogistientific inputs and or respond to local
host country needs that require a modificationhef firm's product or service. Kurokawa et
al., (2007) demonstrate that the more active ieridtional R&D alliances is a company, the
higher is the technology-related knowledge flow. #ternative interpretation stems from the
fact that domestic R&D alliances (in our sampled arainly contracted with pharmaceutical
firms. Hence, in our study, the international R&Diamces mainly implicate firms of the
same size. Pothukuchi et al. (2002, p. 258) fourat the “negative effect from partner
dissimilarity on 1JV performance originates morenfr differences in organizational culture
than from differences in national culture”. Sirmand Lane (2004) suggest that differences
between professional cultures will be the mostufisve to the alliance’s value-creating
activities. They argue that R&D alliances betweeB pharmaceutical and biotechnology
firms are asymmetric. The asymmetries resultimgnfrdifferences in beliefs and norms
matter more as they become more relevant to theexakating activities of the alliance”
(Sirmon & Lane, 2004, p. 316).

The negative relation between “R&D expendituresd ameturn on asset” may result from the

model design. Given that in R&D, the steps necgdgsaachieve the outcome often are highly



uncertain (Rothaermel, 2001). In the case of thagddevelopment process in the
biotechnology industry, it can take up to 15 yedardring a biotechnology molecule to the
market (Giovannetti & Morrison 2000). Consequernithg positive effect of R&D expenditure
has repercussion on long term.
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