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Abstract. The purpose of this research is to evaluate whétle beneficial to carry out
R&D collaborations by partnering with an opportinigVe solve this problem by
exploring the interactions between four key deteants in R&D alliance, named
opportunistic risks, knowledge spillovers, colladdayn structures, and the performance
of R&D alliance including private R&D investment éarfirm’s final profits. By
constructing a game model, we detect the impact®ppfortunistic risks on R&D
performance, as well as the moderating role of kedge spillovers and intensity of
collaboration structures. Findings are the follogviwo aspects. First, in opportunistic
R&D alliance, opportunistic risks play significamégative role on alliance performance
by decreasing firm’s private R&D investment and fhmal profits. However, forming
such alliance could still be beneficial as longhesknowledge spillover degree could be
controlled within a proper scope (Under the modgistructed in this paper, this critical
vale is 0.5 and the effective interval is [0, 0.9]his finding detects the basic condition to
ensure opportunistic R&D alliance could create cetitipe advantage compared to non-
cooperation situation. Second, in opportunistic Ré&llliance, the positive effect,
representing as increasing partner firm's privatdRnvestment and final profits, can be
enhanced through choosing intensive collaboratinrctures. And this finding proposes
the strategy for improving opportunistic R&D all@ais performance.

Keywords: R&D alliance; collaboration structure; opportuidstisks; performance;
knowledge spillover

1. Introduction

R&D alliances have become very popular in thesesydrior studies have asserted that
firms normally conduct R&D collaborations with difent partners simultaneously. The
first studies of R&D alliances focus on the non-ogpnism context with the main
method of cooperative game. However, in these ygarticipants in R&D alliance have
been becoming more and more diversified. Some meses also proposed the same
idea. Tsang (1999) pointed out that inter-orgaional collaborations could be
differentiated into two types: competitive and rmmpetitive collaborations. A
competitive collaboration is defined as the pagrnera collaboration racing to learn. The
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firm that learns fastest dominates the relationsdmyd becomes a more formidable
competitor via cooperation. On the other hand,a&aroncompetitive collaboration, the
partners are not direct competitors, or thoughplmeners are direct competitors, they do
not bring along the competitive mentality to thdlatmoration. The partners have no
intention to compete in the same market in thesieeable future but just enhance their
skills and strengthen their positions in their mxtjve markets. Tsang (1999) claimed
that while the outcome of non-competitive collatliores is more likely to be a win—win
situation, the outcome of competitive collaborasias often depicted as a win—lose
situation. Is the claim really true? We doubt akiband carry out this research to explore
the win-win conditions for competitive/opportunes®&D alliance.

We insist that when R&D alliance involves opportiiti partners (we call it
opportunistic R&D alliance in this paper), the t®aship and interaction between
partners will be very different from those undee tinaditional complete cooperation
mode. The logic of opportunistic alliance is diffat from the traditional pure
competition strategy or the pure cooperation gjsat€he nature of opportunistic alliance
is that there are both competition and cooperationltaneously [1-2], just as the nature
of co-opetition relationships. The goals of parsnare only partially the same [3-4].

Opportunistic alliance is not a simple sum-up ahpetition logic and cooperation
logic, but a combination of those two separated pachdox logics. Therefore, the
governance of such kind of alliance is more complean traditional competition or
cooperation paradigm. It is obvious that the traddl competition paradigm analysis is
based on the rule of maximization of private psyfiand the traditional cooperation
paradigm analysis is based on the principle of medtion of joint profits. However, in
opportunistic alliance, the interests chased bynpes are only partially the same. Thus,
partners’ decision criterion is not just privateofitr maximization or just joint profit
maximization. Then the question comes out: How épict the logic of simultaneous
cooperation and competition?

Researchers have made some efforts to explore deetumlving this problem by
applying qualitative analysis, mathematical or esop methods, and empirical
examinations. (1) Among the qualitative discusspapers, researchers discussed the
existence of the two opposite strength in many &«inaf opportunistic alliance
relationships, the upside and the dark-side of dppwstic alliance, and the probably
outcomes of such relationships [5-6]. (2) Among thathematical or game models
research, R&D cooperation between a set of symmetrasymmetric opportunist firms
has been examined by some authors in a repeatesl fyamework [7-9]. In this type of
model, opportunist firms are made to cooperatenygiémenting an implicit system of
sanctions that result in a loss of reputation, on-renewal of contracts, for any
manifestation of opportunism. Studying the impattspillovers on the stability of
contracts in the context of such repeated gamesaudthors show that spillovers might
have a positive or negative impact on the stabdityR&D cartels, depending on the
nature and degree of spillovers relative to theimeand magnitude of product market
competition. (3) Among the empirical studies, reskars examined the impacts of
several variables (e.g. structure, trust, commitnemeating, et al.) on the performance
of partners in opportunistic alliances [11-14]. these studies, opportunistic risks and
collaboration structures are consistently stressekky factors in the governance process,
having great influence on final performance. Ondbpect of opportunity risk, it is seen
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as an inevitable outcome generated from the cotigretogic between partners. Das and
Teng [15] point out that the opportunistic risksgecific to alliance, and they are decisive
factors of alliance’s performance. On the aspeaodifborative structure, Ring and Van
de Ven [16] stress that the decision on structuoelanis vital in the management of
competitive alliance. Different structure meandedtdnt cooperation depth and different
interaction mechanism between partners, and finallly cause various performances.
Furthermore, researchers also find that thereigrifisant correlation between structure
modes and opportunity risk degree. It means thporpnity risks could be controlled

through choosing effective governance structurasthis paper, we will propose a

method to depict the simultaneous competition aaperation logic in a game model by
introducing a particular parameter named co-opetifactor.

To formalize the logic of co-petition is only a paf this study and the final goal is
to reveal the win-win conditions for opportunistitiance. We will reach our research
objective by exploring the mutual influencing meaisans between opportunistic risks,
collaboration structures, knowledge spillovers, dahd performance in opportunistic
R&D alliances. And the methodology used in thisgrais game model. This research
design is distinct to previous literatures sigmifitly, especially in the following three
aspects. First, expending the key variables andngrehanisms included in game models
in alliance performance field. Among the extandfa making efforts on opportunistic
alliance’s performance based on game theory, ajhauthors have proposed a dozen of
factors which may play a role on performance, thestmpopular decisive factor is
knowledge spillover. And the common research mosledétecting the bilateral
relationships between each single factor and aéimperformance. This means there are
huge research are working on the direct impactknofvledge spillover on the R&D
alliance performance. In our paper, we will exploikateral impacts between variables
and thus detect more complex interactions and nméging. Second, very different from
the game model researches, empirical studies snfigdd involve much more variables
and test more relationships. And the focused fadtorempirical studies are recognized
as alliance structures and the level of opportimigtks [17-20]. However, when taking a
comprehensive view on existing literatures basedame method and empirical method,
it is easy to see that key determinants are obligsslated. In this paper, we will try to
fill the gap by introducing some key variable cormiyoused in empirical studies into
game models.

As to the specific contribution of this paper, flolowing two aspects should be
referred. First, we make the first try of copinglwalliance structures by a continuous
variable in game model. In the existing literatyrdee alliance structure is seen as a
categorical variable measured by scales such dasacts) bilateral contracts, equity, joint
ventures and so on. And the common research metloaoty research on alliance
structures is empirical study or qualitative anaslyShere has been little progress doing
research on alliance structures by the tool of eratitical method or game models. Thus,
the attempt in this paper is beneficial to expame tesearch method on the issue of
alliance governance structures. Second, we detectntoderating role of knowledge
spillovers in alliance, not just the direct effects alliance performance like those in
existing studies. Specifically, the influencing rhanism of structure choice and
opportunistic risks on alliance performance under moderating role of knowledge
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spillover would be discovered. This research desgmmake contributions to enrich the
research perspective on knowledge spillovers, amgveal more complex mechanisms
and interesting findings.

This paper is organized as follows. Section 1 psepothe question. Section 2
introduces the research variable and game backdrdaection 3 presents our models.
Section 4 contains the results and five main figdirSection 5 concludes the paper. The
research model of this paper could be shown asefifju

Opportunistic risks

Knowledge
spillover

Intensity of Performance

» * R&D
Knowledge
spillover

* profits
Figure 1. Research model

collaboration structures

2. Theoretical backgrounds and Basic variables

2.1. Collaboration structures

Many researchers have made efforts on the issaellaboration structures (others may
call it governance formation). The most influentfalding belongs to Das and Teng
[15,17-20]. They classified collaboration structiiato two typologies named equity-
based structures and contract-based structuresrepnesentative formations of equity-
based structures include unilateral equity, biktequity, and joint venture. And the
typical formations of contract-based structuresluie outsourcing, licensing, cross
license, and so on. From the perspective of hibreait degree, researchers rank those
typical structures. For example, Santoro and McZll] distinguished five common
collaboration structures as licensing, cross-licemsbilateral alliance, minority equity
alliance, and equity joint venture, ranking frone teast hierarchical structure to the most
hierarchical structure.

Shelanski and Clein [22] point out in their reséaiftat organization formations could
be described by certain continuous variable. Basedheir results, we hypothesis a
continuous variabld called governance intensity to represent the coitipn
governance structures between partners in co-tgetitlationship. The value of variable
| is positively proportional to the hierarchical deg of governance structures. Since
high hierarchical degree is commonly related terise interaction, thus variadlecould
be used to describe the intensity of partners'raatitons, including the frequency, the
strength, and depth, and interactions like these.

2.2. Knowledge spillovers

R&D spillovers refer to the involuntary leakage,vasll as, the voluntary exchange of
useful technological information.In this paper, \wesume that after partners invest
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resources to the alliance, partners could sharsetfaliance resources and obtain a
normal knowledge spillover degree. With this knadge spillover, innovation activities
can be carried out and new technologies or prodiaiitd be created. In this paper, we
usef to denote the degree of knowledge spillover betwpartners. We make a

hypothesis that the degree of knowledge spillosatatermined by the feature of shared
resource and it is independent to the intensiilEnce structures.

2.3. Opportunisticrisks

Opportunism is defined as "self-interest seekintpguile. This includes but is scarcely
limited to more blatant forms, such as lying, stegland cheating. ... More generally,
opportunism refers to the incomplete or distortetldsure of information, especially to
calculated efforts to mislead, distort, disguisbfuscate, or otherwise confuse" (Hill,
1990).

In this paper, we define opportunism as cheatingcamtracts to obtain extra
knowledge spillovers from partners, e.g. accespargner’s private assets or skills which
are not shared as alliance resource. We see arrtopistic partner as an agent who
cheats whenever it is in his interest to do sis dtbvious that partnership in collaboration
with opportunistic partner is significantly differefrom complete cooperation, since
partners in complete cooperation never cheats @hdtke their responsibilities written
in the contract. Meanwhile, allying with opporturgspartner is also different from non-
cooperation, in which firms are completely indepamtgd with no one contributes specific
assets to others and no one can get any knowl@iieer.

We hypothesis an industry with two symmetric oligypfirms i andj . Each
firm could be opportunistic or non-opportunisticndér the situation of incomplete
information, each firm only has information abobieit own type, but no definite
information about other firm’s type. Lé® ( p< [0,1]) denotes the belief of any firm that
its partner is an opportunist. Under the rule ofdi-tat, firm i makes its decision of
whether to collaborate with firr.

2.4. Performance of R& D alliance

There are controversial conclusions on performarficmpetitive R&D collaborations.
On the positive aspects, researchers (Inkpen 1pBfosed that collaborative R&D
alliances help partner firms to share knowledge exykrience with each other. And
there are abundant empirical studies investigaliogyy inter-firm R&D alliances help
firms to improve their innovation performance (Hagd2001; Hemmert 2003; Muscio
2007). However, on the negative aspects, even meople insist that forming R&D
alliances with competing partners is a dangerounegaPartners will probably steal
know-how and other core skill in order to enharfegirtown competencies. So in such
“learning race”, firms may lose much more than thbtain. Besides the underinvestment
trouble (Sakakibara,2003;), a firm may even loserélative competitive advantages. As
a result, some researchers investigated the asyrarpattner performance (Lin, Yang &
Arya, 2009), and some other authors (Soekijad &fasden, 2003) discussed the
question of what kinds of knowledge could be shavéd competing partners and what
should not.
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We hypothesized that firmand] only carry collaboration in R&D activities. They
keep competition in production and marketing. Dgrithe cooperation, partners’
common goal is to increase the amount of R&D inwesit, which is beneficial for firms
to reduce their production costs. Besides this comgoal, each individual firm has its
own private goal to increase his profit. Since ¢hare two main goals in such R&D
alliance, it is reasonable to measure alliancetfopmance from those two perspectives.
Thus, we will examine two kinds of performance. Thst one is the amount of R&D
investment, measuring the common R&D performande $econd one is individual
firm’'s final profit, measuring the private profitedormance. Obviously, the scale of
collaborative R&D investment has decisive rolesanh partner’s final profits.

If partners both choose not to cooperate, then eatiem will invest R&D resources
of X (w=i,j) and get the payoff of,’ (¥ =i,j) . If they both choose to make
collaboration and carry no opportunistic behavtben each of them will invest R&D
resources ok, (¥ =i, j) and get the payoff af, (¥ =i, j). If firmiintends to cooperate
with firm | and firmj is an opportunistic firm, then the investment &DRresource

made by each firm ig,’ (¥ =i, j) and the payoff ig,’ (¥ =1, j).

3. Modds
According to the Cournot game model, we set theersw demand function
asP(Q)=a-Q, whereP stands for the price of products, a@hdtands for the basic

demand.Q=¢ +0; is the total quantity, wherg and d;denote the quantity of firm
andj , respectively. Further, ldt stands for the margin cost of firms. We 8et Cto

make sure that there is meaningful market demaadu& suppose that firms can reduce
their costs of production through investment in R&Bt the R&D expenditures of firm

i and] be given by andX; .

3.1. Model for non-cooperation

When firmi and firmj all choose non-cooperation strategy, there willnbealliance.
Each firm chooses its own R&D investment and decitlee production quantity
independently. The profit function of firmcan be written as follows. Similar is the case

for firm j .
maxz = [P@Q)- (€~ X )lg — X’
We can solve the equilibrium of R&D investment ahd final profits for each firm
under non-cooperation condition as follows. Wheéfstands for the equilibrium R&D
investment for each firm, ang stands for each firm’s equilibrium profit.

e _2
x*=Z(a-c
7( )

nc_i _ )2
V4 —49(a C) (N

3.2. Model for complete cooperation
If firm i intends to form an alliance, then there will be tsitnations depending on the
type of firm]j . One is complete cooperation, and the other ixppistic cooperation
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with an opportunist partner. Under the first coiodit if the two firms are both non-
opportunist, they will all respect the cooperatommtracts and make decisions under the
principle of joint profit maximization after theyofm alliance. During the process of
R&D cooperation, there will be a knowledge spillowffect (to some non-negative
extent under the given intellectual property regimeéhereby the firms freely learn from
the innovations or cost expenditures of other firhet B from (0,1) be the factor
indicating the degree of spillover. Then from thaillsver effect, each firm can
experiences an additional reduction in costs etlméD(j . Under this situation, the joint

profit function of the alliance is as following.

max@ +7;)= Y, [PQ)- €%~ 5% —%;

m,n=i, j,m=n

We can solve the equilibrium of R&D investment ahd final profits for each
firm as follows. Wherex" stands for the equilibrium R&D investment for edaim

under the situation of complete cooperation withopportunistic partner, ang stands
for each firm’'s equilibrium of profit.
o = (@a=c)d+pj)
9- 1+ By
2
P ol 2)
9-(1+B)
Further, since
' 49
— >3]
z° 45-5(1+ Y
We can see the profit under complete cooperatibiglser than non-cooperation.
This result demonstrates that returns under commlebperation with no opportunistic
motivation are absolutely superior to that under-nooperation condition, regardless of
the knowledge spillover degree.

3.3. Model for cooperation with opportunistic partner

When there is opportunist firm in alliance, eaaimnfiwill make decisions about R&D
investments and products quantities based on tineiple of maximizes its expected
profit. We hypothesis the probability that firimthinks firm j as an opportunist is given

by P( p€[0,1]). And thus the probability that firmis a totally cooperative firm
isl— p. With this belief, each firm’s decision functiahas follows.
maxz® = pri, (¢ X* H (= p)y & X))
We can compute the respond functions of produchtifyeand the result of R&D
investment for each firm as following.

qi(x,xc"’)=§[a—c+(1+ﬂ)x°p]

qi(x,x‘)=§[a—c+(2—ﬁ)x°9+(2ﬂ—1)x’]

oo _ (8=0)(2= )+ (1=~ p)(2=f) (2B~ 1K 3)
9-p@+B)(2-B)- - p)(2-BF
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where, x® stands for the equilibrium R&D investment for eddm when there is
opportunist partner in allianceg; is the equilibrium profit for each firm. Since & i
common that opportunist firm may have intentiongoia in collaboration relationships
only when the conditionz® — 7™ > Qcan be fulfilled. So we give a brief prove as
follows to testify thagz® — z™ > Qis true.
e _ D(a-o)*

4905+ 2p- 5pf+ DB+ B2 F (45 )

¥ -r

In which

D=(-208°- 608°+ 1198*+ 184°— 3477°+ 33@- 816)
+(208° + 304°— 4Q8*— 108°+ 43562+ 27— 2286
—58°+1613* + 298°— 7352 1750+ 30¢

Since

—208° - 605°+ 1198* + 188°— 347F°+ 330 8

=—(ﬂ—%)2(20ﬂ4+8()83— 428>~ 248+ 32408

Thus, we can get the minimum valueDbfat the extreme points whep=0 orp=1.
Further, Since

D(p=0)=-58°+1613"+ 29%°~ 73B*- 1759+ 3096

D(p=1)=B(-58°- 303" - 1248°~ 56F°+ 148+ 4256)

Thus, itis easily to sd@ > 0. Then z° — z™ > Qis true.

4. Influencing Mechanisms between collaboration structures, opportunistic risks,
and performance

4.1. Theimpact of collaboration structureson opportunistic risks

According to transaction cost theory, organizationstitutions have great influence on
firm’'s opportunistic motivations. It means that uher a firm will implement
opportunistic behavior significantly depends on tM@ntracts it signs with its partner.
Besides this theory, a number of empirical stuifiestrategic management field also get
similar conclusions. Many researchers find out thate is significant influence between
alliance structures and the opportunistic behavieos example, compared with contract-
based structures, equity-based structures are maffextive to decrease partner's
opportunistic motivation. Based on these findingss reasonable to set the following

propositionp = p(l) anda—ll3 <0, whereP stands for the opportunistic motivation and
the intensity of collaboration structure, just las tefinitions introduced in section 2. The
above function means that, along with the increpsmh intensity of collaborative
structures, the extent of opportunistic motivatioh partner will be lowed down
correspondingly, regardless of the degree of kndgdespillovers between partners.

4.2. Impacts of opportunistic risks on alliance performance with the moder ating role

of knowledge spillover

4.2.1. Theimpact of opportunistic riskson R& D investment performance

In this section, we try to explore the impacts @paortunistic risksP on the R&D
investment which is seen as special asset investimdimansaction cost theory. In order
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to solve the question that whether it is reliakdeiricrease R&D investment through
allying with an opportunist firm, we are going tonepare the R&D investment under
conditions of non-cooperation and cooperation veith opportunist partner. Solve the
partial derivative ok on Pin function (3), we can get:

ox* _ -9(@-c)(2-B)(26- 1f <0
op  [9-@+B)YHO - pL+A)(2-B)~(1-p)2-BYY ~
Thus, we can obtain the following proposition 1.
Proposition 1: The quantity of R&D investment igyagvely related to the probability
that partner is an opportunistic firm, regardlefsthe value of knowledge spillover.
Following proposition 1, we can easily get

x®(B,1)< x* (B,0) (4)

Since

ox*(B.1) _ (a—c)[(2—/5)2—9]<0
op [9- @+ B)(2-B)Y
Thus, we can see that the minimum valug®funderp =1 isx® (1,1).
At this moment, we have

x®(1,1)-x" = —% (-c)< 0

This result reveals that when partner firm execet@aplete opportunistic behaviors,
the minimum amount of R&D investment invested bgrefirm will be so low that it is
even less than the amount under non-cooperatiaatigit. This will cause ineffective
R&D investment or call it under-invest.

Furthermore, since

X*(,0) _ (a-c)27(1+ B)(2-B)- (2= ¥ [(+ B)(2- S )+ OF 81 0
ap [9k - 1+ B)* 119k — (2~ B)*]*

Thus, we can see that the maximal valug®funderp =0 isx®(0, 0).

At this moment, we have
op r
X (0,0)=_7(1_ X )=£9>

X" 5° a-c¢° 40
This result demonstrates that there exists amviaité of 5. When €V , we can

obtain X* (4, p) = x™ . Thus we get the following proposition 2.

Proposition 2: Even if there are opportunist pagrie R&D alliance, there still exists
an effective interval of knowledge spillover degr¢®. When the condition th#te V is
fulfilled, the amount of R&D investment made by leairm in opportunistic R&D
alliance will overweight the amount happens unaer-cooperation condition.

About the length of the interval of knowledge spillovef, it will be further explored

in the following section when we analyze the impattopportunistic risks on profit
performance.

1

4.2.2. Theimpact of opportunistic risks on profit performance
We have
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z%® = pr (%, X*P)+ (1- p)m; (% ,X")
= ploy (%, x®)? = (x®)*] + @ - p)la (%, x)*=(x) ]

op
Solve the partial derivative @ onP. If we signify the result b%%=%, then the

functions ofAandB are as follows.
A=(8-28-5°) (5+ 43-B°+ - Pp+ DB*)
B=9(a—c)*(28-)-66°- 4ps°+ 3@*— D'~ 3@°
+50pA°%+ 308% - 4pB*- 168 — 565+ 3@+ 21

In order to judge the sign #f. B,we make the following mathematical deformation,
setting two variablesl andN to signify parts ofAandB, respectively.

M =5+48— %+ 2p— 5pf+ /3°

N =-64°—4pB°+308*— pB*- 3@B°+ 55 +

3042 - 40pS% - 16@B - 5L+ 3p+ 216

@SinceM is a linear function oP, its maximum value is observed at the point of
p=0 or p=1. It is easy to compute tha¥l,=5+45-/4°>0 whenp=0, and
M, =7-8+3?>0whenp=1. Thus, we can say >0.

(2)Making a deformation oNl as follows in order to transform it to a linear étion
of P.

N =(-48°-2B*+ 503>~ 403°~ 5@+ 32p
—-64°+308"+ 366°+ 3B°— 168+ 21
Thus, the maximum value dfis generated at the point pf=0or p =1 giving the value
of B. It is easy to compute
thatN, =-64° + 308* - 363°+ 3@3°— 168+ 216 whenp=0, and
N, =-104°+ 283* + 143°— 18%— 228+ 248 whenp=1.

gﬁ"p
Therefore, we can sdy > Ois true. Thus, the sign 5 is finally dependent on the
p

sign of28—1. If so, we can have the following three results.
or*®

<0, whenﬂ<%

or®
ap

or® 1
>0, whe =
ap > 2

=0, Whenﬂ=%

From the above three results, we can obtain thewiolg proposition 3.
Proposition 3: The decreasing of opportunistic dekild increase firm's profits

1 . . L .
Whenﬂ<%. However, WheW>E, the increasing of opportunistic risks would irage

firm’s profit (due to under-investment in R&D).

26



Could Forming R&D Alliance with Opportunistic Pagis be Beneficil
Exploring the Proper Conditions

This specific critical value off reveals the effective interval & we analyzed

in the above part. It is easy to understand tle Falf conclusion, but it seems hard to
understand the last half of the conclusion. Thélo§the last half conclusion lies in that,

when/b%, each firm's R&D investment made in opportunisgliance will less than
non-cooperation. This means that under-invest R&Kpeaditures will happen
whenﬂ>%in opportunistic alliance. At this moment, the kiegge spillover degree is not

in the effective intervdl . The under-invest of R&D expenditure reduces fartotal
loss.

Comprehensively, the above proposition 1, 2 andllus that, Wherﬁ<%, the

R&D investment performance and the final profitfpemance will both keep increasing
along with the decreasing of opportunistic risksisTmeans the optimal strategies for all
partners are to choose non-opportunistic behawidr taus to get the largest win-win
outcomes. In other words, the equilibrium strateigy (non-opportunistic, non-

opportunistic). However, under the condition /bf%, firms both have incentive to

op
behave opportunistically singé[p—>0. In this situation, the equilibrium strategy is

(opportunistic, opportunistic), which means alltpars will invest insufficient amount of
R&D resources. This will prohibit the alliance fronormal operation, and may cause
disintegration. Thus, we can get the following dasion 1:

Conclusion 1: Opportunistic R&D alliance is only applicable whéme knowledge

spillover between partners is at a moderate otivelg low degree (in the model of this
paper, the specific effective interval for knowledgpillover is [0, 0.5]). Only under this
situation, forming R&D alliance with opportunistgartners could benefit firms both in
performance of R&D special investment and the perémce of final profit. However, if
the knowledge spillover exceeds the reasonablesdegreffective R&D investment will

be generated and the alliance may probably faceteggation.

4.3. Impacts of collaboration structures on alliance performance with the
moder ating role of knowledge spillover

4.3.1. Theimpact of collaboration structure on R& D investment perfor mance
Following function (3), we can get

a  op o

op
Since we have proved thaé)t(p—SO and%so, thus, we can observe the result

ox>®

of >0. From this we can obtain the following propositéan
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Proposition 4. Under the condition of collaborating with an oppaistic partner, the
amount of R&D investment is positively with the ensity of collaboration structure,
regardless of the value of knowledge spillover. ®dhimeans tighter collaboration
structure can make contributions to encouragenhesiment of R&D expenditures.

4.3.2. Theimpact of collaboration structure on profit performance

Sincea;—r)zaaL:—g—T, and%sO, thus, we can know the sign gg[l—wis opposite
from a;p . Furthermore, because the singa—a%}p—is dependent on the sing2#f-1, we
can finally get the following results.
aglop >0, whenf <=

op 1
a;rl =0, whenﬁ=§
a;azl"p <0, wheng>=

From the above three results, we can obtain thewoig proposition 5.

Proposition 5. Under the condition of allying with an opportuiigpartner, firm’s profit

is positively with the intensity of collaborationtrigcture whenﬁ<§. However,

wheng >§' firm’s profit will be negatively with the intertgi of collaboration structure.

Proposition 5 reveals that, in order to achievehhigofit performance, R&D
alliance should choose some kind of tight strugtuvbeen the knowledge spillover degree
in alliance is low. However, if there are high kpikr effects, then some kinds of loose
relationships will be more appropriate. Based andbhove proposition 4 and 5, we can
obtain the following conclusion 2:

Conclusion 2; In opportunistic R&D alliance, intensive collabtioa structures are only

applicable when the knowledge spillover betweenngas is at a relatively low degree
(in the model of this paper, the specific effectinterval for knowledge spillover is [0,

0.5]). Only under this situation, applying interesivcollaboration structures with
opportunistic partners could benefit firms both performance of R&D special

investment and the performance of final profit. Koer, if the knowledge spillover

exceeds the reasonable degree, ineffective R&Dstment will be generated and the
alliance may probably encounter disintegration.

5. Conclusions

In this paper, R&D alliance with opportunistic paets was studied. Specifically, we

explore the mutual influencing mechanisms betwdneeet variables known as alliance

structures, opportunistic risks and alliance penfamce, as well as the moderating role of
knowledge spillover in each relationship. In thigepr, alliance performance includes two
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measures hamed R&D special investments and fir@ltgr Research findings can be
summarized as following.

On the first, regarding the relationship betweeliamde structures and
opportunistic risks, theoretical analysis demonmsfrathat the relationship between
intensive alliance structure and opportunistic risiel in alliance. This means that
intensive collaboration structures are benefiamalreducing the probability that partners
execute opportunistic behaviors, regardless theegagf knowledge spillover in alliance.

On the second, regarding the relationship betwegpontunistic risks and
alliance performance, we find the opportunistiksigplay negative role on alliance
performance including having the potential to dasee the R&D special assets
investment and the final profits. However, as lagthe knowledge spillover degree
could be controlled in a proper scope, formingaaltie can still create win-win outcome
which is superior to the situation of non-coopenmati Specifically, under the model

constructed in this paper, the critical vale of Wiexlge spillover is% and the

. o 1 . .
corresponding effective interval [&,E]. Both the R&D special R&D investment and

firm’'s final profits could be increased only whemetdegree of knowledge spillover
belongs to this interval. And these positive eBembuld be intensified by increasing the
intensity of collaboration structures. However, whithe knowledge spillover degree
exceeds the reasonable scope, insufficient R&Dsitmvent will be generated and the
alliance will face failure.

On the third, regarding the relationship betweetiaboration structures and
alliance performance, we find that the intensivdlaboration structures are only
applicable when the knowledge spillover betweeringas is at a relatively low degree
(in the model of this paper, the specific effectinterval for knowledge spillover is [0,
0.5]). Only under this situation, applying interssivcollaboration structures with
opportunistic partners could benefit firms both performance of R&D special
investment and the performance of final profit. Heoer, if the knowledge spillover
exceeds the reasonable degree, ineffective R&Dsimvent will be generated and the
alliance may probably encounter disintegration.

Overall, findings in this paper comprehensively destrate that forming R&D
alliance with potential opportunistic partners ialyo meaningful when knowledge
spillover is controlled lower than critical valug/lich is 0.5 in our model) and the
collaboration structure is tight and intensive. $hiirms should first evaluate the degree
of knowledge spillover between his potential partwed himself before get involved into
alliance. If the degree is relatively high, themsibetter to avoid cooperation. Otherwise,
if the knowledge spillover is in a moderate or Itevel, then cooperation could be
executed and some kinds of strong ties should bsethas alliance governance. In this
way, the alliance could become an effective tookmhance the R&D investment and
raise partners’ revenues.
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