
Chapter 3 Theoretical Model and Hypothesis Development 

  

This chapter illuminates the theoretical model of R&D sourcing strategy, R&D 

human capital, and performance association, at the beginning. The inference of the 

theoretical model then forms the basis for the hypotheses.  

 

The model delineation of this study follows from Gallini (1984), Bajari and Tadelis 

(2001) and Nahm (2004). The first paper analyzes that licensing ex ante to research 

may discourage further research by the entrant and incumbent, second study explains 

procurement contracts resulting from costly renegotiation, and the last paper 

emphasizes how an incumbent’s architecture choice affects consumers’ technology 

adoption decisions and an entrant’s R&D incentives. The present study extends their 

models by taking into account the R&D diversity, defensive patent, R&D hybrid 

strategy, and considerations of R&D human capital.  

 

 

3.1  Model Description  

 

The two-period model has three risk-neutral strategic players1: the incumbent (I) 

decides whether to offer a contractual arrangement for its technology at the beginning 

of game, the entrant (E) who then adopts R&D sourcing strategy (hybrid vs make) 

between periods one and two, and a continuum of homogenous consumers arrives in 

each period. Each group size of the consumer is denoted by , t=1,2. First-generation 

consumers can either purchase a product immediately or wait until period two. In 

tg

                                                 
1 The researcher discusses the risk aversion issue in Appendix B.  
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period two, consumers consist of first-generation consumers who have not purchased 

in period one and second-generation consumers who have just arrived at the market. 

They decide whether to purchase a product and, if so, which product to purchase. For 

the sake of simplicity, this study normalizes the discount rate to equal one, and 

assumes that first-generation customers with good i will not switch to good j in period 

two since incurring a sufficiently high switching cost. 

 

The utility of a consumer from getting a product i in each period is 

denoted , where is reservation utility, is a coefficient of externalities, 

and

( )Ir bB t+ r b

( )IB t is the size of the installed based of product i in period t. Hence, the benefits 

from a product increase with the size of its consumer group.  

 

Incumbent I has drawn a technology with cost cθ , and faces a choice between 

offering a contractual arrangement or not. The incumbent can choose not to offer its 

technology to the entrant and employ what Katz and Shapiro (1986) call ‘penetration 

pricing strategy’ by selling its products below production cost and building a large 

installed base in order to set its product as the market standard. Instead, the incumbent 

may offer a contractual arrangement for its technology and share its technology with 

other firms in order to set it as the market standard. To be concrete, one can think of 

0 1θ< <  as the R&D diversity inasmuch as the logic of economies of scope in R&D 

formalized the benefits of R&D diversity in terms of cost advantages. Let incumbent’s 

production cost is ( , )c K C H η= + . The production cost is determined by two parts: 

the adjustment cost ( , )C H η  and investment cost .  K

 

Incoming knowledge is characterized by the pair 1,{ }H
h hH γ = . Incoming 
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knowledge  is the higher level of knowledge heterogeneity  with probability h H

Hγ . Incoming knowledge 1,{ }H
h hH γ =  is more heterogonous than incoming 

knowledge ' '
1,{ }H

h hH γ = ,  if  

(1). , 'H H>

(2). '
1

H H
h hh h 1

γ γ
= =

<∑ ∑  for all '1 S H≤ ≤ , 

(3). such that ' ' ,S H S H∀ < ∃ <
' '

1

H H
hh h 1 hγ γ

= =
=∑ ∑                               

 

  The first two parts imply first order stochastic dominance: the probability of 

difficulty in adaptability under knowledge heterogeneity is greater than the probability 

under knowledge homogeneity. The final part captures the idea that more 

heterogonous knowledge is a finer partition of the probabilities over states.  

 

Knowledge heterogeneity must be ex ante adjusted to absorb the internal and 

external knowledge, and let, for simplification, the adjustment cost be . In the 

event that an innovating firm ex ante chooses the difficulty in adaptability to 

knowledge heterogeneity with probability at least 

0a >

H [0,1]η ∈ . It is convenient to 

think η as the less variety of type of R&D experts given the R&D sourcing strategy, 

and this term will be used interchangeably with absorptive capacity ( )inverseη . The 

adjustment costs are described by  

( , )C H η
{1,..., }
min

S H
Sa

∈
=                                                     

1
. . S

hh
s t γ η

=
≥∑                                                  

 

Corollary 3.1: ( , )C H η  is supermodular in ( ,H η ). 

Proof: See Appendix A.  
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  The corollary has three quite intuitive interpretations in terms of knowledge 

heterogeneity and adaptability. First of all, for a given level of knowledge 

heterogeneity , the adjustment costsH ( , )C H η are increasing in the probability η  

that difficulty in adaptability to incoming knowledge; namely, ex ante employing less 

distinct types of R&D employees relates to more ex post adjustment costs in the given 

level of heterogonous knowledge. Second, the cost of guaranteeing a fixed probability 

of ex post difficulty in adaptability ( , )C H η  is increasing in knowledge 

heterogeneity . Last, the more heterogonous the knowledge , the marginal cost of 

increasing the probability of adjustment

H H

( , )C Hη η .  

 

The number of distinct production costs that can be achieved is finite and, for 

illustrative purposes, taken to be three2. With adopting make strategy,  denotes 

investment cost without infringement whereas

1K

1K−  represents investment cost with 

infringement.  refers to investment cost with hybrid strategy. Their relationship is 

presented by 

0K

1 0K K K− 1< < .Without loss of generality, I normalize  to equal zero. 

Therefore, incumbent’s production cost is 

0K

1 ( , )mc K C H η= + , wherein superscript m 

represents firm do R&D in-house completely. For gaining the new innovation, the 

entrant faces two options: 1) to acquire it from the incumbent, 2) to develop it with 

the infringement 3 . The first situation refers the R&D hybrid strategy with the 

production cost, 0 ( ( 1), ) 0 ( , ) ( , )c c
cc K C H C H C Hδ η η= + = = + = η

                                                

, wherein 

superscript c represents R&D hybrid strategy. The second situation refers the make 
 

2 This setting is adopted elsewhere in the R&D literature; for example, see Gallini (1984) and Nahm 
(2004). 
3 This paper assumes that it is impossible for the entrant to achieve the R&D succeed without 
infringement. For instance, it may be virtually impossible to develop a complicated software product 
today without infringing numerous broad existing patents (See Bessen 2003).  

 86



strategy with 1 ( , )m
mc K C H η−= + . Then this study explicitly assumes hδ ∝ . This 

assumption implies that R&D hybrid sourcing strategy has more ex post knowledge 

heterogeneity. Formally, heterogeneity ( )h δ  is given by a function of non-decreasing 

in R&D sourcing strategyδ . This paper uses the incoming knowledge to link R&D 

sourcing strategy.  

 

Corollary 3.2: . Hybrids ex ante hire the varying types of R&D experts  m cc c< < c

c

whereas Makers employ the less distinct types of R&D experts.  

Proof: See Appendix A.  

 

Corollary 3.2 show that it is always a dominant strategy for hybrids to ex ante hire 

the distinct types of R&D experts whereas makers to employ the less distinct types of 

R&D human. In the field interviews with companies, the researcher found that 

virtually all executives deem that in order to pursue great efficiency firms must 

support and supplement their R&D sourcing strategies with an appropriate 

infrastructure of organizational routines and systems. On the other hand, industry 

spillovers and patent standards regime might provide an opportunity for entrants to 

avoid paying very costly R&D personnel expense and royalty. The emulation of 

incumbent’s technology and production cost thereby may act as strategic substitutes in 

the make strategy, and hence the entrant can achieve lowest production cost via 

engaging in make strategy. This condition is described by mc c< . The corresponding 

price is the litigation cost  when incumbent sues for infringement, but the defendant 

can counter-sue over the validity of the patent or adopt ‘‘defensive’’ patent portfolios 

to pay less penalty. My interviewees agreed that Taiwan’s firms typically adopt a 

‘‘defensive patent strategy.’’ According to the interviewees, their firms generally 

L
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expected to pay coming royalties on past use of the property covered by an infringed 

patent. That is, a reasonable risk and slightly less expensive in an expected-value 

sense than paying royalties from the beginning4. This ‘‘defensive’’ behavior is shown 

as , wherein the probability that entrant may be able to enter a plea against the 

litigation, , is an non-increasing function of entrant’s patent portfolio size, n , 

. Following the Bessen (2003), the current study ignores other penalties and 

implicit costs such as those imposed by preliminary injunctions.  

( )u n L

u

( )u u n=

 

 

3.1.1 R&D Sourcing Strategy 

 

Given these condition, the entrant decides on R&D sourcing strategy: make( 0δ = ) 

or hybrid ( 1δ = ) strategy. If incumbent I does not provide an offer of its technology 

to entrant, E has no choice but to undertake make strategy to produce with mcθ  

along with the litigation cost with probabilityL π , and cθ  with probability1 π− 5; 

i.e., the succeed of make strategy goes along with the litigation cost. If the incumbent 

has made an offer, the entrant considers whether or not to accept or reject the offer. 

The entrant can turn the offer down and employ the make strategy. Otherwise, the 

entrant can undertake the hybrid strategy involving a nontrivial transaction cost, O, 

with the unit production cost ccθ  through improving upon the incumbent’s 

technology. Namely, the entrant E can adopt the incumbent’s technology and improve 

upon it by integrating its internal R&D efforts in improving process expenditure, 

improving production technology, and the new product with incumbent’s technology. 

To keep things simple, a transaction cost presents in a symmetric way to the 

                                                 
4 As quoted in Hall and Ziedonis (2001). 
5 The failure cost of make strategy is large enough to make the cost of make strategy with infringement 
equal to the incumbent’s production cost.  
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incumbent and entrant; both firms face the same costs, O. Note, this study also 

assumes the symmetric R&D diversity, θ .6 In the interviews, executives noted, 

innovating firms in Taiwan can adopt the external technology and improve upon it by 

integrating its internal R&D efforts in improving process expenditure, improving 

production technology, and the new product with external technology. 

 

 

3.1.2 Derivation of the Equilibrium 

 

  In this section, the equilibrium strategies for each player will be derived. The 

exogenous parameters ( , , , , , ,r b n O Lθ π ) are all common knowledge7. The present 

study looks for the subgame perfect equilibria (SPEs) of this two-period game with 

pure strategies. To compute the backwards-induction outcome of this game, this study 

begins at the period two. Following the coordination game in the literature, 

consumers’ purchasing decisions can have multiple equilibria. If all 

current-decision-making consumers get a higher utility from some equilibrium than 

from other equlibria, then the Pareto dominant equilibrium for the 

current-decision-making consumers is realized in the subgame.  

 

3.1.2.1 Non Arrangement Is Offered 

1. Period Two 

 

In period two, decision-making consumers consist of the first-generation 

consumers who did not purchase in period one and the second-generation consumers 

                                                 
6 If the R&D diversity exhibits only in entrants, this cost advantage helps them to beat incumbents.  
7 Following Gallini (1984) and Nahm(2004), this study treats the probability of success of make 
strategy as exogenous parameters without loss of generality.   
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who have just arrived at the market. Since all current-decision making customers are 

homogenous, they will agree on which outcome yields higher consumer surplus. The 

market outcome is the Nash Equilibrium in which the current consumers get the 

highest payoff amongst all Nash Equilibria. The researcher in this study posits 

2r bg cθ+ ≥ ; this regularity condition (R1) ensures that all customers will purchase a 

product in equilibrium. 

 

Let product price represent 2p and  for incumbent I and entrant E, 

respectively. If all current-decision-making consumers purchase the product from 

incumbent, it yields a payoff of 

2q

1 2( )r b g g p2+ + −  for consumers. If all of them 

purchase the product from the entrant, they each will obtain 1 2[ (1)Ir b g g B q2]+ + − − . 

So, a unique Nash equilibrium consistent with the equilibrium selection is that all 

current-decision-making consumers purchase the incumbent’s/entrant’s product if and 

only if 8
2 (1)Ip bB− is less/more than .  2q

 

The innovating firms are willing to lower their prices as low as their marginal 

costs because only one product sells. The incumbent I is willing to lower its price to 

cθ , thus the lowest price for the incumbent’s product is (1)Ic bBθ − . Another 

regularity condition (R2) is 1( ) ( )mc c u n L bgθ − + >  which ensures that even if the 

incumbent builds the largest installed based in period one, the entrant can overcome it 

with the successful make strategy though it may pay the litigation. Therefore the 

entrant sells its product at price (1)Ic bBθ −  in period two. When make strategy fails, 

the incumbent can sell its product at price (1)Ic bBθ +  due to its installation base.  

 

                                                 
8 An unstable equilibrium where some consumers purchase incumbent’s product and the other 
consumers purchase the entrant’s product might exist. But, the interior equilibrium is Pareto dominated 
by an equilibrium in which all consumers purchase the same product.  
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In sum, the incumbent has the advantage from the installed base, while the entrant 

can have the cost advantage, depending on whether make strategy success or not. The 

relative size of these two effects determines the second-period competition. 

 

2. Period One 

 

The second-period game has shown an uncertainty about the market standard in 

period two. First-generation customers face a choice between purchasing the 

incumbent’s product in period one and waiting until period two. If purchasing the 

incumbent’s product in period one, consumers can enjoy a positive period-one flow 

utility. Instead, if waiting until period two, consumers can find out which firm will be 

the winner of the second-period competition and purchase a product from the winner, 

which maximizes the beneficial network effects in period two.  

 

Corollary 3.3: In the non-offering a contractual arrangement for incumbent’s 

technology subgame, equilibrium exists and can be characterized as follows: 

(1) In the first period, all first-generation consumers purchase product from the 

incumbent under the highest price at which the incumbent can sell its products  

is 1 2r bg bg cπ θ+ − + .  

(2) The incumbent will undertake the penetration pricing strategy under the 

condition 1 2 1 1 2[ ( )] (1 ) 0r b g g g bg gπ π+ − + − ≤ 1

2

1
2 2

r bg
bg

π +
=> ≤ + . 

Proof: See Appendix A.  
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3.1.2.2  A Contractual Arrangement for Incumbent’s Technology Is Offered 

1. Period Two 

 

If the incumbent I offer a contractual arrangement for its technology to the entrant 

E, the entrant faces a choice between make and hybrid strategy. The entrant can make 

products compatible with the incumbent’s when undertaking the hybrid strategy. Thus 

the second-period market competition becomes just Bertrand competition. The entrant 

can set its price to beat the incumbent marginally, such as 2q cθ ε= − , and the 

entrant’s profit is 1 2[ ( ) ][ (1)]cc c O g g BIθ − − + − . On the other hand, the entrant can 

have the cost advantage when undertaking the make strategy, but needs to compensate 

its potential customers for the missed network interactions with the incumbent’s 

product. The outcome is the same as that of the previous non-arrangement offered 

subgame. Only when make strategy is successful, the profit of the entrant is positive, 

which is 1 2[ (1) ( ) ][I m Ic bB c u n L g g B (1)]π θ θ− − − + − .  

 

So, in the offering a contractual arrangement for incumbent’s technology subgame, 

the entrant adopts hybrid strategy if and only if 

1 2[ ( ) ][ (1)]c Ic c O g g Bθ − − + − ≥ 1 2[ (1) ( ) ][I m Ic bB c u n L g g B (1)]π θ θ− − − + −  

=> 1(1) [ ( ) ( ) ].I m cB c c c c O u n L
b

θ π π
π

≥ − − + + −  

 

Let 1
10 [ ( ) ( ) ]I m cB c c c c O u n L g

b
θ π π

π
< = − − + + − <

∼
, and then we can get the 

regularity condition (R3) 1( ) ( ) ( ) [ ( )m c mc c u n L c c O c bg c u n L]π θ π− − > − − > − − − . 

Under the regularity condition (R3), the hybrid strategy equilibrium requires that all 

of the first-generation customers have purchased the incumbent’s product. Otherwise, 

the entrant will optimally undertake make strategy when all of the first-generation 
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consumers wait. Note the incumbent’s offering a contractual arrangement for its 

technology per se does not affect the entrant’s R&D sourcing strategy unless all of the 

first-generation consumers have purchased the incumbent’s product. In a word, the 

first-generation consumers’ consumption decisions determine the entrant’s R&D 

sourcing strategy. The incumbent can thereby force the entrant to undertake its 

technology (hybrid strategy) by selling its product to customers in period one. The 

alternative equilibra exist though are not related to consumer’s consumption decision: 

when , the entrant always adopts the hybrid strategy; otherwise, entrant always 

adopts the make strategy when 

0IB <
∼

1IB g>
∼

. Figure3.1 presents above conditions.  

 

 

Adopt make strategy           Adopt R&D hybrid strategy 

                    

             0                               1g
~

IB

 
Figure 3.1 Comparison of Relationship between Incumbent’s Size of the Installed Base 

and Entrant’s R&D Sourcing Strategy  

 

 

2. Period One  

 

In the subgame of the offering a contractual arrangement for incumbent’s 

technology, if all of the first-generation consumers purchase the incumbent’s product, 

the entrant will undertake the hybrid strategy. Expecting that the incumbent’s 

technology will be the market standard, the consumers have no need to worry about 

the possibility that the incumbent’s product becomes obsolete in terms of network 
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effects in period two. The expectation that the entrant will adopt the incumbent’s 

technology thereby increases consumers’ willingness to pay for the incumbent’s 

product. 

  

Each subgame has its advantages and disadvantages. With undertaking the non 

arrangement offered, the incumbent can earn a profit as a monopoly supplier of the 

technology, and the incumbent’s profit becomes [ , ]N P
I IMax D

IΠ = Π Π . With adopting 

the offering a contractual arrangement for its technology, the incumbent resolves the 

uncertainty of the market standard in period two and obtains high profits before an 

entrant enters to compete away profits, and the profit becomes 1 1( )r bg g+ . 

 

Figure 3.2 compares these profits levels in the case of the offering a contractual 

arrangement for its technology and non arrangement offered. When 1
2

π ≤ , the 

incumbent chooses to employ the penetration pricing strategy along the non 

arrangement offered path. When 1
2

π ≥ , the incumbent chooses to undertake the 

offering a contractual arrangement for its technology. Along the non arrangement 

offered path, the delay case is realized when 1

2

1
2 2

r bg
bg

π +
> + . However, if 1

2
π ≥ , the 

incumbent optimally chooses to adopt the offering a contractual arrangement for its 

technology, and all first-generation consumers purchase the incumbent’s product in 

period one. That is, the incumbent is more likely to undertake the offering a 

contractual arrangement for it technology strategy as the entrant’s probability of 

succeeding at make strategy increases. The reason is that incumbent with first move 

advantage will preempt the entrant’s make strategy by choosing the offering a 

contractual arrangement for its technology slight earlier than would its rivals. 
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Therefore, the offering a contractual arrangement for its technology excludes the 

delay case, which could be realized along the non arrangement offered path.  

 

 

 

1 2 1 1 2[ ( )] (1 )P
I r b g g g bg gπ πΠ = + − + −

1 1( )A
I r bg gΠ = +

π0

IΠ  

0DΠ =

 
 

0                   1/2                       1 π  

Offer a contractual arrangement 

 1

2

1
2 2

r bg
bg
+

+  
Adopt the penetration pricing strategy 
(along the non-offering arrangement path) 

 

Figure 3.2 Comparison of Relationship between Incumbent’s Contractual Arrangement 
for its Technology and the Probability of Success of Make Strategy 

 

 

Corollary 3.4: In the offering a contractual arrangement for incumbent’s 

technology subgame, equilibrium exists and can be characterized as follows:  

(1) In the first period, all first-generation consumers purchase product from the 

incumbent under the highest price at which the incumbent can sell its product is 
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1r bg cθ+ + . 

(2)When 1
2

π ≥ , the incumbent chooses to undertake the offering a contractual 

arrangement for its technology.  

(3) The entrant adopts hybrid strategy if and only if 

1(1) [ ( ) ( ) ].I m cB c c c c O u n L
b

θ π π
π

≥ − − + + −  

Proof: See Appendix A.  

 

The aforementioned analysis illuminates three paths. One path (delay path) is that 

all first-generation consumers wait until period two, and the entrant undertakes the 

make strategy. Another path (penetration path) is that all first-generation consumers 

purchase the incumbent’s product, and the entrant undertakes the make strategy. The 

other path (the offering a contractual arrangement for incumbent’s technology path) is 

that all first-generation consumers purchase the incumbent’s products, and the entrant 

improves the incumbent technology with the hybrid strategy.  

 

Next this study will perform a comparative static analysis on how (1) the entrant’s 

R&D diversity,θ , (2) the number of patent, n , and (3) transaction cost,O , affect the 

entrant’s R&D sourcing strategy. Meanwhile, the formal analysis of performance 

implications will be shown in the next section. 

 

 

3.2 Hypothesis Development 

 

Here this study spells out the main empirical hypotheses. These hypotheses are 

based on the analytical model described in prior sections. 
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Hypothesis 1.1: Other things being equal, an innovating firm will prefer to adopt 

an R&D hybrid strategy if the R&D diversity prevails. 

Proof: See Appendix A.  

 

The main argument is put forward to explain how and why firms with a larger 

available R&D pool (R&D diversity) prefer to undertake the R&D hybrid strategy. 

One reason in this line with this theorizing is that the decision to diversify R&D is to 

gain economies of scope in R&D. Economies of scope in R&D arise whenever the 

total cost of doing each of the R&D activities jointly is lower than doing each of the 

R&D activities separately (Klette 1996; Henderson and Cockburn 1996). Firms are 

active in different R&D activities such as taping into existing technology and process 

improvement and accommodating new products on behalf of being willing to be 

omnibus diversified R&D firms. At different stages, the focus for the innovative firm 

should be different. For example, in the initial stage, there is a lot of 

product-innovation that appears in the industry, the focal point at this moment lies in 

investing the product R&D to increase the product’s function. Later, the standard 

product takes shape. The focal point lies in improving the process R&D or production 

technology expenditure to abridge the cost. Combining different R&D activities such 

as taping into existing technology, process improvement and accommodating new 

products (Rouvinen 2002; Miravete and 2006) with the externally developed 

know-how (e.g., R&D hybrid strategy) can create economies of scope in R&D, and 

can leverage R&D investments or obtain cross-fertilization across different R&D 

activities by knowledge reuse. 

Pernias

 

In the field interviews with companies, the researcher found that most respondents 
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viewed the R&D diversity by combining internal R&D investment in improving 

process expenditure, improving production technology, and research of the new 

product with external technology acquisition as the important factor to undertake 

hybrid strategy. Innovating firms can adopt the external technology and improve upon 

it by integrating its internal R&D efforts in improving process expenditure, improving 

production technology, and the new product with external technology. All of the 

interviewees mentioned ‘‘you have to do R&D in-house, no matter what business 

model you use for your business deal (ODM, OEM, and OBM modes). You get the 

highest decision-making power of R&D in the OBM mode while the lowest one in the 

OEM mode. If you forgo in-house R&D, you will lose the business deal….the most 

importance is to adapt to the new technology through innovation process….’’ In the 

words of one of the executives:  

 

‘‘The competitive advantage of Taiwan’s company is to ‘integrate’ external 

basic R&D or ‘apply’ the given architecture quickly, and then create the 

value-added….’’  

 

According to the aforementioned statements, diversified R&D firms in Taiwan 

often simultaneously invest in multiple exploration projects for taking advantage of 

economies of scope in R&D.  

 

 

 

Hypothesis 1.2: Other things being equal, an innovating firm will prefer to adopt 

hybrid strategy when its number of patent is less. 

Proof: See Appendix A.  
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The litigation risk is much higher for patents that are owned by individuals and 

firms with small patent portfolios (Lanjouw and Schankerman 2004). Under the 

circumstance where ‘‘defensive power’’ (lack of the number of patents) are weak 

leaving firms vulnerable to take a risk of being sued for the infringement, undertaking 

R&D hybrid strategy provides the desirable resolution of their suits. In this sense, the 

weakness of the number of patents may be hostile to undertaking the make strategy. 

Instead, innovating firms accumulate portfolios of patents to deter patent infringement 

lawsuits (Cohen et al. 2000; Ziedonis 2004), thereby lead to mount the probability of 

engaging in R&D in-house (make strategy).   

 

Indeed, the interviews with executives agreed that licensing and technology 

transfer arrangements ensure that firms have been freed to operate in developing and 

using innovations to design and manufacturing, without risking infringement claims 

from holders of patents in the same field of technology (as quoted in Grindley and 

Teece 1997). But, interviewees put more emphasis on the patents for ‘‘defensive 

reasons,’’ which is applying for and accumulating patents for the purpose of avoiding 

the coming patent infringement lawsuits. Innovating firms with less patent portfolio 

size are handicapped in engaging in R&D in-house by the potential suits. As one 

executive noted, innovative firms using other firm’s patents without owning 

comparable intellectual property could face a more rapid erosion of profits when 

‘‘ramping up’’ their market share coupled with the costs and risks associated with 

infringement had increased.  

 

 A lot of executives summarized Taiwanese companies’ position:  

 

 99



The purpose of all the lawsuits is to rob the market. In essence, a quality 

patent portfolio is a powerful lever in negotiating access to required 

technology and may lead to significant royalty earnings or, at a minimum, to 

reduced payments to others through cross licensing, or, rather reciprocal 

licensing. Most of Taiwan’s firms however lose this opportunity in light of 

that the patents of Taiwan’s company belonging to the field of applied R&D 

while those of foreign enterprise belong to the field of basic R&D technology. 

A firm’s bargaining position is substantially affected by ‘‘basic patent’’ rather 

than minor innovation. Given this condition, it may be virtually impossible to 

develop a new product today without infringing on numerous broad existing 

patents. However, we can not afford to acquire all external technology with 

paying royalties. Typically Taiwan’s firms may amass large numbers of 

patents so that they can use this lever in negotiating access passively to reduce 

the penalty (royalty in future). On the other hand, we will reserve internally 

some money for patent infringement. So, in what follows, most Taiwan’s 

companies for their survival do their own R&D with being liable for the 

infringement.  

 

Hypothesis 1.3: Other things being equal, an innovating firm will prefer to adopt 

hybrid strategy when his prior experience involves an external source. 

Proof: See Appendix A.  

 

A firm’s historical pattern of the acquisition of R&D external sources affects its 

R&D procurement decisions in two ways. First, from a behavioral perspective, a firm 

may be expected to behave in the future according to the routines they have employed 

in the past (Nelson and Winter 1982). Second, firms lacking experience with R&D 

 100



contracting are likely to be less able to search for and select R&D partners and to 

absorb technologies from external procurement (Westney 1988). In other words, due 

to their inexperience, they face higher transaction costs. Soaring transaction costs 

caused by asymmetric information lead vertical processes to integrate. Contrarily, 

firms experienced with purchasing technology from outside sources will be less 

vulnerable to find arm-length governance form an attractive option. In this sense, the 

firm’s previous experience of external source can be seen as knowledge link. Firms 

with the knowledge link turns into reducing transaction cost by heightening 

information symmetry. While the proxy variable for transaction cost is notoriously 

unmeasured, the prior experience of the firm with external sources provides a feasible 

avenue to approach. 

 

In the interviews, the researcher found that some executives see an association 

between R&D sourcing strategy and the previous experience of external sources. 

They expressed this well when they distinguished among different external 

arrangements; innovative firms are well aware what/how to adopt in place by their 

prior experience of external sources. A few interviewees think that prior experience of 

external sources has no impact on R&D sourcing strategy inasmuch as undertaking 

R&D sourcing strategy are viewed as a strategic consideration.  

 

Hypothesis 2: Other things being equal, innovative firms with a R&D hybrid 

strategy are more likely to own diverse types of R&D experts for absorbing the alien 

knowledge than firms with a make strategy. 

Proof: See Appendix A.  

 

In the real world, R&D sourcing strategy often goes along with the adjustment of 
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organization resources. The ideas that underlie this analysis appear to portray a reality 

that firms need to develop sufficient ‘absorptive capacity’ which implies more in 

R&D input in order to capitalize on these incoming spillovers from R&D external 

sourcing (Cohen and Levinthal 1990). Although sourcing partnerships such as 

licensing agreements, technology transfer contract and cooperation with others 

provide an avenue for learning a partner’s technological capabilities, the actual 

internalization of capabilities is not assured (Hamel 1991; Steensma and Corley 2000). 

The answer to this puzzle (R&D hybrid strategy vs. knowledge spillovers) probably 

lies in the firm’s ability to employ unique complementary assets that make some of 

the knowledge more valuable inside the firm than when used by it competitors. The 

present study proposes hiring different types of R&D personnel as the mechanism 

responsible for knowledge spillovers. Firms rich in intangible assets such as having 

diverse types of R&D experts with public good properties have few capacity 

constraints and may be able to apply them readily across the organization. The types 

of R&D experts are fungible. Fungibility represents a firm-level capability that 

enables a firm to benefit from redeployment of existing capabilities to new endeavors, 

thus reducing the cost of each investment (Vassolo et al. 2004). One of the most 

prominent potential benefits of R&D hybrid strategy is the ability it offers a great 

number of Taiwan’s firms to take advantage of the ‘‘update of breed technology.’’ 

Based upon the ‘‘update of breed technology’’, Taiwan’s hybrids can increase its 

value added by the absorption of internal R&D human capital. For example, in 

addition to hiring the R&D experts specializing in the new product and technology, 

Taiwan’s hybrids will employ the R&D experts specializing in improving the process 

R&D and improving production technology for the purpose of absorbing the external 

know-how. Put differently, firms with R&D hybrid strategy are more prone to invest 

more in distinct types of R&D persons for well adapting and absorbing the 
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forthcoming alien knowledge.  

 

Of course, one might list advantages to R&D within a single firm that possesses 

significant economies of scale and scope by employing varying types of R&D experts. 

Producing self-contained R&D activities may require duplication of know-how that 

could be shared within an organization. Moreover, a dominant innovating firm could 

conceivably overcome the disadvantages of having less-than-best-of breed technology 

by conducting at high volume, thus reducing costs and gaining learning-by-doing 

benefits. The Japanese semiconductor industry has succeeded despite a conservative 

approach that prefers refining existing techniques to trying out new technology. But it 

is not the case for most of Taiwan’s firms with insufficiency of advanced R&D such 

as basic R&D. The limitation of financial and R&D resource causes maker in Taiwan 

to concentrate on the few but proprietary technology area such as R&D in investing 

new product and technology9. Put differently, most of makers in Taiwan are prone to 

employ a few types of R&D experts to focus on the specifically technological areas. 

 

Hence, the researcher contends that the hybrid’s benefits are greater when R&D 

sourcing strategy selected is aligned with the variety of types of R&D experts than 

when sourcing strategy is not so chosen; namely, alignment between broad types of 

R&D elite and R&D hybrid strategy is brutal. Virtually all executives do deem that in 

order to pursue great efficiency firms must support and supplement their R&D 

sourcing strategies with an appropriate infrastructure of organizational routines and 

systems. Interviewees regard ad hoc using varying types of R&D employees as 

effective ‘infrastructure’ of absorbing outside know-how.  

                                                 
9 The sample shows that the correlation between maker and R&D experts specializing in the new 
product and technology/improving the process R&D/improving the production technology is 
0.04/-0.06/-0.06.    
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Hypothesis 3.1: Over-external R&D sourcing is negatively associated with firm 

performance while under-external R&D sourcing is positively associated with firm 

performance.  

Proof: See Appendix A. 

 

In order to outperform their counterparts in the industry, the trick is picking the 

crucial R&D sourcing strategy. Complementary benefits accruing to firms engaging in 

both internal R&D and external technology sources and R&D hybrid strategy, raise 

the firm performance. Cassiman and Veugelers (2006) lent evidence that firms that 

only undertake a single innovation strategy, either internal R&D activities or sourcing 

technology externally, introduce fewer new or substantially improved products 

compared to firms which combine internal and external sourcing. Jacobides and 

Billinger (2005) argue that partial integration (partly integrated, partly open to the 

market) helps foster the development of strategic capabilities by providing links 

between key parts of the value chain, and then enhances the operational efficiency. 

Sampson (2004) indicates that choosing inappropriate sourcing strategy dampens 

innovative performance Firms adopting R&D sourcing strategy in perspective thus 

will outperform firms lacking such a strategy. If one assumes that, on average, all 

innovating firms have optimally decided their optimal R&D sourcing strategy, but at 

any point in time some firms will be ‘‘off-equilibrium, ’’ then firms adopting any 

deviations from the optimization (i.e., either too little or too much external R&D 

sourcing; under- or over-external R&D sourcing) should be moving toward their 

optimal R&D sourcing strategy. Alternatively, if the optimal R&D sourcing strategy 

exists, under-/over- external R&D sourcing will be positively/ negatively associated 

with firm performance. In the interviews, executives believed that efficiency and 
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cost-effective are two things to be asked in their decision process (R&D sourcing 

strategy), and confirmed the above idea.  

 

Hypothesis 3.2: Innovative firms with R&D hybrid/make strategy are more/less 

likely to employ diverse types of R&D human (alignment), and then have superior 

performance compared to those with R&D hybrid/make strategy but employing 

unique/multiple- type of R&D human (no alignment). 

Proof: See Appendix A.  

 

One cornerstone of high-performing businesses is employing true cross-functional 

teams when an innovating firm comes to the decision of R&D hybrid strategy.  Since 

investment strategy is associated with an organization’s resource, the coherence 

between a firm’s innovation available resource and organization innovation strategy 

seems necessary for a company’s performance. The absence of such a match will 

result in a conflict among the organizational resources, decision and development. 

This conflict would manifest itself in suboptimal resource deployments, failure to 

develop a firm’s structure strengthening innovation strategy, and a lack of clear 

direction, all of which would have a negative impact on performance. Inevitably some 

firms are mistaken in choice. Siggelkow (2002) showed that misperceptions with 

respect to complements are more costly than with respect to substitutes. In turn, the 

misalignment will lessen their performance. As pointed out by Gulati et. al (2005), 

performance differences across modes of procurement arise as a function of the match 

between adaptive capacity and adaptation requirements associated with the exchange, 

and not only the match between governance form and transaction hazards. Hence, if 

innovative firms with make strategy hire different types of R&D personnel, it not only 

increases their costs but also misaligns resource allocation. In a word, innovative 
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firms matching R&D sourcing strategy with the adjustment of the type of R&D 

experts outperform firms which fail to make such matches. Specifically, firms with 

R&D hybrid/make strategy are more/less prone to invest more in distinct types of 

R&D persons for well adapting and absorbing the forthcoming alien knowledge, and 

then have superior performance compared to those with R&D hybrid/make strategy 

but employing unique type of R&D personnel (no alignment). The interviews with 

executives give de facto support to this idea.   

 

 The above hypotheses are illustrated as the research framework and depicted in 

Figure 3.3.  
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Figure 3.3 Research Framework 
 
H 1.1-1.3 describes the question of the differential value drives of R&D sourcing 
strategy based on the transaction cost paradigm.  
H 2 describes the question of the impact of R&D sourcing strategy on the type of 
R&D experts based on the absorptive capacity viewpoints.  
H 3.1 describes the question of the diverse performance implications of R&D 
sourcing strategy based on the transaction cost paradigm. 
H 3.2 describes the question of the diverse performance implications of R&D 
sourcing strategy-human capital fit based on the supermodular model.  
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