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Abstract 

This paper develops a game-theoretical model to investigate heterogeneous firms’ entry mode choice of international 
expansion. The distinct feature of this paper is that exchange rate, R&D competition, and intra-industry firm 
heterogeneity are incorporated into the theoretical framework. The possible impact of a firm’s outward foreign direct 
investment (OFDI) on its R&D spending and other non-OFDI firms’ R&D spending is also examined. Our analytical 
results indicate that, if host country has lower labor costs, when facing rising domestic labor costs or appreciation of 
home currency, a firm with lower productivity in production or R&D activity will choose OFDI, whereas the firms 
with higher productivity will produce at home and export. In addition, our results demonstrate that the impact of 
OFDI on R&D spending is ambiguous, depending on firm heterogeneity as well as the wage gap between home 
country and host country. 

Keywords: exchange rate, firm heterogeneity, foreign direct investment, R&D  

1. Introduction 

An increasing number of theoretical and empirical studies in international trade have incorporated firm heterogeneity 
into their analysis in recent years. This new literature was triggered by interesting empirical findings from micro 
datasets, such as Bernard and Jensen (1995, 1999). One of the striking features of the empirical evidence from those 
micro datasets is that exporters and importers represent just a tiny fraction of producers across many developed and 
developing countries. In addition, exporters and importers tend to be larger, more productive, more skill- and 
capital-intensive, and pay higher wages prior their entry into international markets than non-trading firms, which 
suggest self selection. Based on the empirical observation, several theoretical studies have provided new insights 
about the relationship between firm heterogeneity and participation in international markets, such as Melitz (2003), 
Bernard, et al. (2003), and Helpman, et al. (2004), among others. (Note 1) 

The essential feature in the theoretical framework of this new literature is the combination of sunk costs of 
international expansion and heterogeneity in the underlying characteristics of firms. This combination can explain 
why not all firms export and why only those firms with higher productivity export. In addition, this combination can 
also explain the relationship between productivity differences among firms and their choice between exports and 
foreign direct investment. Helpman, et al. (2004), for instance, extending the models by Brainard (1987, 1993) which 
stresses trade-off between proximity and concentration, incorporate productivity heterogeneity into their analytical 
framework and show that the choice of entry modes into international markets could differ across firms within the 
same industry. The sunk costs of outward foreign direct investment (OFDI, hereafter) are usually thought to be 
higher than exports. However, the variable costs of foreign production are lower because of the trade costs incurred 
by exports. Helpman, et al. (2004) predict that only the most productive firms become multinationals; firms whose 
productivity falls in an intermediate range export and the least productive only sell domestically. 
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Helpman, et al. (2004) assume that the purpose of establishing foreign production facilities is for market access, and 
all OFDI is horizontally driven. By contrast, Head and Ries (2003) demonstrate that when there are factor price 
differences between host countries and home country so that certain OFDI is of vertical type, the ordering of 
productivity distribution between multinationals and non-multinationals can be reversed. If the host country has cost 
advantage, for instance, the least productive firms might locate abroad whereas more productive ones produce at 
home. This can be attributed to the fact that low productivity firms have a greater incentive to pay the higher sunk 
costs of OFDI because they use more intensively the factor whose overseas price is low. 

Regarding the relationship between firm heterogeneity and entry mode choice, the extant theoretical studies are still 
limited. In addition, there are two limitations in the previous literature. First, traditional theory of foreign direct 
investment (Dunning (1977)) indicates that a firm’s ownership advantages, including R&D capability, have 
important bearing on a firm’s decision of international expansion strategies. Sanna-Randaccio (1998, 2000) among 
others develop theoretical model to show that there exist two-way linkages between a firm’s OFDI and its R&D. Lu 
(2007) also demonstrates that industry R&D heterogeneity affects the choice between domestic R&D investment and 
OFDI of a firm across industries. However, a firm’s R&D investment and its possible interaction with its choice of 
entry modes are still not incorporated into the extant theoretical models of international expansion strategies with 
firm heterogeneity. Second, recent studies show that, given the sharp fluctuation of exchange rates over time in many 
countries, exchange rate might have played an important role in a firm’s international expansion strategy, particularly 
for the firms in the less developed countries in which capital markets are still relatively underdeveloped. However, 
exchange rate is not considered in most previous theoretical studies except for Hsu (2011), which shows that home 
currency appreciation raises the likelihood of OFDI. (Note 2) 

To fill the gap in this literature, the purpose this paper is develops a game-theoretical model to investigate 
heterogeneous firms’ choices over entry modes of foreign expansion. In contrast to previous studies, the distinct 
feature of this study is that exchange rate, R&D competition, and intra-industry firm heterogeneity are incorporated 
into our theoretical framework. Following Chen and Hsu (2003), Tsai and Chiou (2007), and Chen and Yang (2013), 
we examine the case in which a firm’s OFDI is to take advantage of low-cost labor and resources in host counties 
rather than market access or the circumvention of trade barriers.  

The rest of the paper is organized as follows. In the next section, we first develop a basic theoretical framework to 
analyze the impact of a monopoly firm’s OFDI in low-wage countries on its R&D spending. Section 3 then extend 
our analysis to the case of an oligopolistic model with two identical firms. Section 4 subsequently examines the case 
of two heterogeneous firms. The final section summarizes our major findings and provides brief concluding remarks. 

2. The Basic Model: A Monopoly 

2.1 The Model 

To incorporate exchange rate, R&D competition and firm heterogeneity into an oligopolistic model might make our 
model too complex to obtain any analytical solution. In order to derive some analytical results for better 
understanding of the driving forces behind our theory, in this section, we start with a simple theoretical framework to 
analyze the interaction of a monopoly firm’s entry mode decision and its relationship with its domestic R&D 
spending, and then extend this basic model to cases with duopoly.  

We assume that a monopoly firm which produces to serve a foreign market. It can choose to manufacture its product 
in its home country and exports the product to the foreign market. It can also relocate his production activity to the 
foreign country to serve the market. Assume that the firm initially produces at home. When the firm faces an increase 
of domestic labor cost, it can relocate its production to country with lower labor cost, which strategy can be referred 
as “moving out” strategy. Alternatively, it can choose to increase its R&D spending in order to raise its productivity 
to reduce the adverse impact of an increase in wage rates, which strategy can be referred to as “moving up” strategy 
(Lu (2007)). In this section, we illustrate that the firm’s OFDI does not necessarily negatively relate to its domestic 
R&D spending. In other words, its moving-out strategy and moving-up strategy can be either substitutes or 
complements. 

Suppose that a monopoly firm uses labor input only to manufacture its product in the home country or a foreign 

country to serve the foreign market. The firm can undertake R&D to reduce its production costs before it determines 

its production level. Let I  be the level of R&D undertaken by the firm and let c  denote the firms marginal cost. 

As for the relationship between the firm’s marginal cost, c , and its R&D spending, the following functional form 

suggested by Chen and Yang (2013), is adopted:  
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( , ) ( ), ,jc w I w I j h f   
                                (1) 

where   is a constant and can be considered as the initial labor requirement per unit of output, and jw is the wage 

rate in the home country (j=h) or in the foreign country (j=f) . The parameter θ, with 0 1  , represents the 

productivity of a firm’s R&D activity.  

Eq. (1) implies that a firm can reduce its marginal cost of production in two ways, either lowering its labor cost by 
moving out to a country with lower labor costs or increasing its R&D spending. Consequently, there exists a 
substitution effect induced by investing in low-wage countries on the firm’s domestic R&D spending. In addition, it 
should be noted that Eq. (1) implies that the returns on a firm’s R&D investment is assumed to be higher if a firm 
faces a higher wage rate. This suggests that the above-mentioned negative impact of OFDI on R&D will be higher if 
the gap of the wage rates between home and host countries is larger. The specification of the marginal cost function 
in this setting is different from most previous studies in which the return on a firm’s R&D investment is assumed to 
be independent of the wage rates.  

It is assumed that the firm has two entry modes for serving the foreign market: exports or OFDI. There exist sunk 
costs of exporting, which are typically thought to include fixed costs of research into product compliance, 
distribution networks, advertising and so on. (Note 3) There also exists a unit cost associated with exporting 
activities such as transportation costs, s . The sunk costs and variable costs associated with exporting activities are 
assumed to be zero for simplicity. If the firm attempts to take advantage of low-wage labor in the host country and 
decides to start a new plant there, it will incur additional plant-specific sunk costs G, which are usually supposed to 
be higher than the sunk costs of exporting.  

We consider a linear (inverse) demand function,  

p q                                         (2) 
where p is the output price in terms of foreign currency, and q  denotes the output of the firm. When the firm 

chooses exports as its international expansion mode, its profits are given by:  

   
2

2h h

I
R p q w I q         

                         (3) 

where R is the exchange rate, and
2( ) / 2I is the cost of R&D investment with  >0, which is inversely related 

to the cost effectiveness of the firm’s R&D investment. The specification of the cost of R&D investment implies that 

there exists decreasing returns to R&D activity. Exchange rate is expressed in units of home currency per unit of 

foreign currency.  

By contrast, if the firm decides to set up a new plant in the foreign country instead of exporting, the firm’s profits are 
then given by:  

   
2

2f f

I
R p q R w I q          

                         (4) 

It is assumed that the firm faces a three-stage decision problem. In the first stage, the firm determines if it will serve 
the market via exports or FDI. In the second stage, given the entry mode of the firm, it chooses its R&D spending 
level. In the third stage, given its R&D spending level, the firm then chooses its output level. The model is solved by 
backward induction. That is, given the firm’s entry mode and R&D decision, the output decision of the firm is solved 
first. Then the firm’s optimal R&D level is derived. Finally, the choice of the firm’s entry mode is determined.  

2.2 Comparative Statics 

The Case of Export 

The quantity decision problem for the case of export is solved first. For simplicity, the parameters of   and  are 

assumed to be 1 in this section. From the first-order condition of profit maximization, we obtain the firm’s optimal 



www.sciedu.ca/rwe Research in World Economy Vol. 6, No. 1; 2015 

Published by Sciedu Press                        23                          ISSN 1923-3981  E-ISSN 1923-399X 

quantity as follows: (Note 4) 

 1

2
hR w I

q
R

  


                                     (5) 
Substituting Eq. (5) into Eq. (3), we then solve the second stage problem, the R&D decision problem. From the 
first-order condition, we can solve for the optimal R&D level as follows: (Note 5) 

1

2

hA w
I

A

 
,                                        (6) 

where 1 hA R w 
 and

2 2
2 2 hA R w  

. To ensure a positive output or R&D level, we assume that 

0hR w 
(thus 1 0A 

), and 2 0A 
. 

Substituting Eq. (6) into Eq. (5) and then Eq. (3), we can derive the optimal quantity and profits, respectively, as 
follows: 

1

2

A
q

A

 
                                          (7) 

2
1

22

A

A

  
                                          (8) 

Proposition 1: The optimal R&D level of the monopoly firm is positively related to its productivity of a firm’s R&D 
activity and the exchange rate of the home country, but negatively related to its investment cost of R&D spending. 
However, the relationship between wage rate and its optimal R&D level is indeterminate. 

Proof: Differentiating Eq. (6) with respect to  , , R and hw
, we have  

 2 2
1

2
2

2
0

h hw A R wI

A

 



 
  

  
2

3
2
2

0hw AI

R A


 

  

1
2
2

2
0hRw AI

A





  

  

 1 3

2
2

2 h

h

R A w AI

w A

  


 , where
2

3 2 hA w  
. 

Since the relative magnitude of 1A and 3A
 is unknown, the sign of h

I

w


 is indeterminate. 

The economic intuition behind the results regarding the relationship between the optimal R&D and  , , or R is 

straightforward. All of these parameters will make R&D activity more profitable. Note that the higher the 

productivity of a firm’s R&D activity is, the higher the returns from R&D activity will be. The higher the exchange 

rate of the home country (that is, the depreciation of its currency) is, the higher the marginal revenue of the firm will 

be so as to increase the firm’s output. (Note 6) In addition, the higher the output is, the lower the average cost of 
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R&D will be. This is referred to as “cost-spreading effect” (Cohen and Klepper, 1996a, 1996b), or “sales-increasing 

effect” (Petit and Sanna-Randaccio, 1998) in the literature.  

As for wage rate, it has two opposite effects on the optimal level of R&D so that the direction of its impact is 
ambiguous. On one hand, since we assume that the returns from a firm’s R&D investment is higher if the firm faces a 
higher wage rate, as a result, a higher wage rate tends to stimulate a firm’s R&D spending. On the other hand, a 
higher wage rate increases its marginal production cost so as to depress the firm’s output, as shown in Eq. (5). This 
will increase its average cost of R&D, and thus reduce its optimal R&D spending.  

The Case of OFDI 

Appling similar reasoning as the case of export, we can solve for the optimal output and R&D level from 
maximizing Eq. (4) with respect to output or R&D, respectively. Using the first-order conditions, we have: (Note 7) 

 1 1

2
fw I

q
  


                                   (9) 

 
2 2

1

2
f f

f

Rw w
I

Rw


 







                                  (10) 

Substituting Eq. (10) into Eq. (9) and then Eq. (4), we obtain the optimal output and profit levels, respectively, as 
follows:  

 
2 2

1

2
f

f

w
q

Rw


 







                                    (11) 

 
 

2

2 2

1

2 2

f

f

R w

Rw




 






                                   (12) 

Since solutions between these the case of export and OFDI are almost the same except for the differences in wage 

rates ( hw
 versus fRw

), the comparative statics analysis for this case is omitted. 

The Choice of Entry Mode  

We can solve the firm’s first-stage decision problem through the comparison between 


and 


. If 

0G     , then it is profitable for the firm to relocate its production to the foreign country. We assume that 

the wage rates in these two countries have a proportionate relationship: f hRw w
, 0 1  . Here,   

represents the wag gap between these two countries. This specification implies that initially the foreign country tends 

to have a lower labor cost, and the higher the value of   is, the higher the relative wage rate (in terms of the same 

currency) of the foreign country will be. Eqs. (10), (11) and (12) can be rewritten as follows: 

1

2

hw A
I

A

 



                                        (13) 

1

2

A
q

A

 



                                          (14)  

2
1

22

A

A

  



                                          (15) 

where 1 0hA R w   
; 

2 2 2
2 2 0hA R w    

. 
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Proposition 2: Given a finite G , if the wage gap between these two countries is high enough, the monopoly firm 

will undertake OFDI.  

Proof: Let net benefits from OFDI to be denoted by
 f G     

. Since it is assumed that the only 

benefits from OFDI is the labor cost savings, the upper bound of the benefits from OFDI is 

 1 3

0
2

2

4
hw A RA

A


  




 

. Therefore, the firm will undertake OFDI only if

 1 3

2

2

4
hw A RA

G
A

 


. 

Assume that 
 

0
0f







, which implies that if the sunk costs of G is not too large and there is no variables costs 

to produce abroad, the firm will undertake OFDI. Note that
 

1
0f G





  

, which implies that if the wage 

rates (in terms of the same currency) of these two countries are equal ( 1)  , then the firm will not undertake OFDI. 

In addition,

  1 3
2
2

0h
f R w A A

A

 



  



 


, where 

2
3 2 0hA w    

. By Mean Value Theorem, there exists 


such that   0f   

. That is, there exist a 

such that when  ,   0f   .  

Note that 

f

h

w
R w    
  , 0 1  . Hence, the above result implies that if the relative wage in the foreign 

country 

f

h

w
w

 
 
   is low enough, or the exchange rate of the home currency ( R ) is low enough, the monopoly 

firm will undertake OFDI. 
This proposition indicates that if the relative wage rate in the foreign country is low enough, or the exchange rate of 
home currency is low enough, the monopoly firm will undertake OFDI to take advantage of its lower labor costs. 
The economic intuition for the results in Proposition 2 is clear. Since we assume that the overseas investment is 
driven by the labor cost savings, if the wage gap (in terms of the same currency) is large enough, it will be 
worthwhile to incur sunk costs G to take advantage of the lower labor cost in the foreign country. The decrease in the 
exchange rate (i.e., appreciation of home currency) will widen the wage gap so as to stimulate the firm to undertake 
OFDI. 

From Eqs. (8) and (15), we can derive the threshold for the firm to undertake OFDI, 

:  

  
 

2 2 2
2 1 2 2 3

2 2
3 1 2

2 2 4

2h

R A R A GA G A RA

w R A R A G A

   


  


  


 
                     (16) 

Eq. (16) indicates that there are many other factors will affect the firm’s decision of OFDI, such as productivity of 

R&D ( ), cost effectiveness of R&D ( ) and so forth.  

The Impact of OFDI on Domestic R&D 

To investigate the impact of OFDI on the investing firm’s R&D spending, we calculate the differences between 
I  in Eq. (6) and I  in Eq. (13) as follows: 
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  3 1

2 2

1 2h hRw w A A
I I

A A

      
 


                         (17) 

From Eq. (17), it can be shown that the impact of a firm’s OFDI on its R&D investment is ambiguous, which 
depends on the wag gap of these two countries, which is summarized in the following proposition 3. 

Proposition 3: The OFDI of a monopoly firm will stimulate its R&D spending if the wage gap between home 
country and host country is not too large. Otherwise, the OFDI of the firm will depress its R&D spending.  

Proof: From Eq. (17), it is straightforward to obtain the result that if 1    , where

1

3

2

h

A

w A

  
, 

then 0I I   ; and if   , then 0I I   . 

The economic intuition behind the results in Proposition 3 is as follows. On one hand, since the firm faces a lower 
wage rate after undertaking OFDI, the returns from its R&D will be lower, thus reducing its incentive to undertake 
R&D. This is a substitution effect induced by OFDI, as pointed out by Chen and Yang (2013). On the other hand, a 
lower wage rate decreases its marginal production cost so as to enhance the firm’s optimal output. The increase in its 
output will reduce the average cost of R&D, and thus increasing its optimal R&D spending, which is cost-spreading 
effect mentioned above. If the wage gap large enough, the substitution effect will dominate the cost-spreading effect. 
In contrast, if the wage gap is low, the cost-spreading effect will dominate the substation effect. Therefore, the impact 
of OFDI on R&D spending is ambiguous.  

3. The Model with Two Identical Firms 

3.1 The Model 

In this section, we extend our basic model to the setting of a three-stage non-cooperative game with two identical 

firms in the home country: Firms 1 and 2. Suppose that both firms manufacture a homogeneous good and compete in 

the foreign market. The firms compete in output as well as R&D spending. We focus on the case that only one of the 

firms undertakes OFDI, say Firm 1. In the first stage, Firm 1 determines if it will serve the market via exports or FDI. 

In the second stage, given the entry mode decision of Firm 1, both firms choose their R&D spending levels 

simultaneously. In the third stage, given their R&D spending levels, both firms choose their output levels 

simultaneously. Let Ii be the level of R&D undertaken by firm i and let ci denote firm i’s marginal cost (i=1,2). The 

output levels of the firms are 1q
and 2q

, respectively. Let 1 2q q q 
. 

The Case of Export 

We first consider the case that both firms produce at home and serve the foreign country via exports. The profits of 
the firms can be written as 

  2( ) (1 ) 2i h i i iR p q w I q I     
 ,  1, 2i                       (18) 

Differentiating i  with respect to iq
, we can obtain the following reaction functions of the firms from the 

first-order conditions: 

1 2
1 2

R c Rq
q

R

 


                                      (19) 

2 1
2 2

R c Rq
q

R

 


                                      (20) 
It is clear from Eqs. (19) and (20), the reaction functions have negative slopes. Hence, the output levels of these two 
firms are strategic substitutes. Solving Eq. (19) and (20) simultaneously, we obtain the optimal output levels of the 
firms as follows:  
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2

3
i i

i

R c c
q

R
  


,  1, 2i                                 (21) 

It is clear from Eqs. (21) that , 
*

/ 0
i

q R   , 1, 2 i  , which suggest that depreciation of home currency will 

stimulate the output levels of the firms. 

Substituting Eqs. (21) and (22) into the profit functions, we then solve the second-stage problem by differentiating 

the profit functions with respect to i
I

. From the first-order conditions, we can derive the reaction functions for the 

firms’ R&D spending as follows:  

2

2 21

4 ( )

8 9

h h h

h

w R w I w
I

w R

 

 

  



                              (22) 

1

2 22

4 ( )

8 9

h h h

h

w R w I w
I

w R

 

 

  



                              (23) 

The denominator of Eq. (22) or (23) is the second-order condition of this maximization problem and it is negative 
when we assume that this condition holds. Consequently, it is clear that, if the second-order condition holds, the 
slopes of the reaction functions for the firms’ R&D are also negative, which implies that their R&D activities are 
strategic substitutes. Solving Eqs. (22) and (23) simultaneously yields the following optimal R&D levels:  

* 1

2

4
h

i

w A
I

B




,  1 , 2i                                   (24) 

where
2 2

2 9 4 hB R w   . To ensure that the R&D levels are positive, we assume that 2 0B 
. 

Substituting Eqs. (24) into Eqs. (21) and (18), we obtain optimal output and profit levels as follows: 

* 1

2

3
i

A
q

B




,  1, 2i                                     (25) 

2
* 1 3

2

2

i

A B

B


 

,  1, 2i                                    (26) 

where
2 2

3 9 8 hB R w   . To ensure that the profit levels are positive, we assume that 3 0B  . 

Proposition 4: The optimal R&D level of the duopoly are positively related to R&D productivity and negatively 
related to cost effectiveness of the firms’ R&D activity. However, the relationship between its optimal R&D level 
and exchange rate or wage rate is indeterminate. 

Proof: Differentiating Eq. (24) with respect to  , , R and hw
, we have  

2

2

2

14
0i h

AI w Bi

B


 


,  1, 2i                                  (27) 

2

2

136
0i h

AI R wi

B






  


,  1 , 2i                                 (28) 
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2 2

2

2

4 (9 4 )
0h hiI w w

R B

   





,  1, 2i                         (29) 

 2 2

2

2

4 4 9 ( 2 )h h

h

i
R w R wI

w B

   



,  1, 2i                      (30) 

Proposition 5: The optimal output levels of the duopoly firms are positively related to R&D productivity, the cost 
effectiveness of the firms’ R&D activity, and exchange rate.  However, the optimal output levels and wage rate are 
negatively related.  

Proof: Differentiating Eq. (25) with respect to  , , R and hw
, we have  

2

2

2

24 ( )
0i h hq w R w

B




 
 


,  1, 2i                        (31) 

2

2

2

3 (9 4 )
0i h hq w w

R B

   
 


  1, 2i                       (32) 

2 2

2

2

1 2 ( )
0i h hq w R w

B




 
  

 ,  1, 2i                       (33) 

 

 2 2 2

2

2

3 9 8 4
0h hi

h

R R w wq

w B

    
 




,  1, 2i                (34) 
While the economic intuition behind the results in Proposition 4 is similar the case of monopoly, the economic 
rationale behind the results in Proposition 5 is straightforward. The increase in the firms’ R&D productivity, the cost 
effectiveness of R&D spending and exchange rate will increase the firm’s incentive to undertake R&D to reduce 
their marginal costs, and thus stimulating the firms’ optimal output. The increase in exchange rate (depreciation of 
the home currency) can also enhance the marginal revenue of the firm’s output so as to simulate their output levels. 
In contrast, an increase in wage rate will raise the marginal costs of the firms, and thus reducing their optimal output 
levels.  

The Case of OFDI 

Suppose that Firm 1 determines to undertake OFDI. Its profit can be written as 

2
1 1 1 1( ) (1 ) 2fRp q Rw I q I G                               (35) 

Appling similar reasoning as the case of export, we can solve for the equilibrium optimal output and R&D levels for 
both firms as follows:  

 1 6

1
4 6 6

3 3 1

2 3

hA B R w
q

B B R B

  




   





                             (36) 

 1 6

2
4 6 6

3 3 1

2 3

hA B R w
q

B B R B

  




   





                            (37) 

1 1

4

3
hw

I q



 
                                  (38) 
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2 2

4

3
hw

I q



 

                                   (39) 

where 
2 2

4 3 2 0hB R w   
; 

2 2
6 3 4 hB R w  

; 
2 2 2

6 3 4 hB R w   
. To ensure that equilibrium 

output levels are positive, we assume that 6 6 0B B 
. The profit level of the Firm 1 can be calculated as  

 2
3

1 19

B
q G


   



                                 (40) 

where
2 2 2

3 9 8 0hB R w    
.  

The Choice of Entry Mode  

Similarly to the case of monopoly, we try to derive a threshold value of the wag gap, 1


, such that if 1   , one 

of the duopoly firms will undertake OFDI, as shown in Proposition 2. However, because 1


 is too complicated for 

us to obtain an explicit result. Therefore, we will resort to numerical simulation in the following subsection to 

examine if the result in Proposition 2 still holds in the case of duopoly.  

The Impact of OFDI on Domestic R&D 

From Eqs. (24), (38) and (39), we can calculate the impacts of Firm’s 1 OFDI on its R&D spending of both firms as 
follows: 

  
 

4 5 1 3
1 1

2 4 6 6

4 1 2 3

2 3
h hRw w B B A B

I I
B B B R B

   


   
 


                  (41) 
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2 4 6 6

1 2 1 4

2 3

h hR w w A R B
I I

B B B R B

    


 

 
 


                  (42) 

where 
2

5 9 4 0hB w    . (Note 8) 

Similar to the case of monopoly, we can show that the relationship between a firm’s OFDI and its R&D spending or 
the R&D spending of the other firm is indeterminate under the setting of duopoly. The results are summarized in the 
following propositions.  

Proposition 6: If Firm 1 only undertakes OFDI, the OFDI will stimulate its R&D spending if the wage gap between 
home country and host country is not too large. Otherwise, the OFDI of the firm will depress its R&D spending.  

Proof: From the Eq. (41), it is straightforward to show that if 11     , where 1 1 3 4 53 2 hA B w B B   , then 

1 1 0I I     so that Firm 1’s OFDI will enhance its R&D investment, while if 1    , then 1 1 0I I    so that 

the firm’s OFDI will depress its R&D investment. 

Proposition 7: If Firm 1 only undertakes OFDI, the OFDI will stimulate the R&D spending of Firm 2, if the wage 
gap between home country and host country is not too large. Otherwise, the OFDI of the firm will depress its R&D 
spending. 

Proof: From the Eq. (42), it is straightforward to show that if 21     , 
2

2 5 14 hR B w A   , Firm 1’s 

OFDI will enhance firm 2’s R&D investment, while if 2    , the firm’s OFDI will depress firm 2’s R&D 

investment. 

Propositions 6 and 7 indicate that the OFDI of Firm 1 will have an ambiguous impact of the R&D spending of both 
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firms, which depend on the wage gap between the home country and host country. However, under the assumptions 
of our analytical framework, the output and R&D strategies of these two firms are strategic substitutes, consequently, 
if Firm 1’s OFDI enhance its R&D spending, the R&D spending of Firm 2 will decrease; and vice versa. Therefore, 
we can summarize these results in the following proposition.  

Proposition 8. If 1 2      or 2 1     , then Firm 1’s OFDI will depress Firm 2’s R&D spending. In 

contrast, if 2 1     , then Firm 1’s OFDI will enhance Firm 2’s R&D spending.  

4. The Model with Two Heterogeneous Firms 

In this section, we further extend our basic model to the setting of a three-stage non-cooperative game with two 

heterogeneous firms. Suppose that the firms compete in output as well as R&D spending. In addition, both firms 

might differ in production productivity ( ) and/or cost effectiveness of R&D (1 / ) . We are interested in the 

following questions: Facing an increase in labor costs or appreciation of home currency, which firm will choose 

“moving-out strategy”, i.e., to relocate its production abroad, and which firm will choose “moving-up strategy”, i.e., 

to stay at home and increase its R&D spending? In addition, if one of the firm moves out, how the R&D of the 

investing firm and the other firm will be affected? Since it is too complex to derive analytical solutions for this 

setting, we have to resort to numerical simulation in the following analysis. The baseline setting for the parameters of 

the model are: 
1wh 

, 0.85  , 1  , 1  , 1R  , 5  , 35  , 25G  . 

The Choice of Entry Mode  

To investigate the relationship between production productivity and entry mode choice, we assume that the 

production productivities of these two firm have a proportionate relationship: 1 2 ,  0    . If 1  , it 

implies that Firm 2 has higher production productivity, and vice versa. Figure 1 indicates that if 1  , then it is 

more profitable for the firm with lower production productivity, i.e., Firm 1, to undertake OFDI, which suggests that 

if the host country has cost advantage, the less productive firm will locate abroad whereas the more productive one 

produce at home. This result is consistent with the prediction of Head and Ries (2003). 

                              
** *
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Figure 1. Production productivity and profitability of OFDI 

To investigate the relationship between cost effectiveness of R&D and entry mode choice, we assume that the cost 

effectiveness of R&D of these two firm have a proportionate relationship: 1 2 ,  0    . If 1  , it implies 

that Firm 2 has higher productivity in undertaking R&D activity; and vice versa. Figure 2 indicates that if 1  , 

then it is more profitable for the firm with lower productive in R&D activity, i.e., Firm 1, to undertake OFDI, which 

suggests that if the host country has cost advantage, the less productive firms in R&D activity might choose 
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“moving-out” strategy to take advantage of lower labor costs whereas the more productive one produces at home. 
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Figure 2. Cost effectiveness of R&D and profitability of OFDI 

The Impact of OFDI on Domestic R&D 

As for the impact of OFDI on R&D spending, Proposition 8 indicates that the results will depend on the wage gap 
between these two countries, and the OFDI have opposite effects on the R&D of the investing firm and the R&D of 
the other firm. However, Eqs. (41) and (42) indicate that other firms characteristics, such as production productivity 
and cost effectiveness of R&D activity, will also have some influence on these results. In the following we use 
numerical simulation to illustrate several possible situations. 

Figures 3 and 4 show that when the wage gap between these two counties is large enough ( =0.5), the OFDI of a 

firm (Firm 1) will depress its R&D spending and enhance the R&D spending of the other firm regardless of the 

relative magnitude of production productivities ( ). In contrast, Figures 5 and 6 illustrate that when the wage gap 

between these two counties is low enough ( =0.85), the OFDI of a firm will stimulate its R&D spending and 

depress the R&D spending of the other firm regardless of the relative magnitude of production productivities. These 

results are consistent with the prediction of Proposition 8.  
** *
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Figure 3. Production productivity and R&D of OFDI firm ( 0 .5  ) 
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Figure 4. Production productivity and R&D of non-OFDI firm ( 0 .5  ) 

 
Figure 5. Production productivity and R&D of OFDI firm ( 0 .8 5  ) 

 

Figure 6. Production productivity and R&D of non-OFDI firm ( 0.85  ) 

As for the case in which the firms differ in cost effectiveness in R&D activity, Figures 7 and 8 show that when the 

wage gap between these two counties is large enough ( =0.5), the OFDI of a firm (Firm 1) will depress its R&D 

spending and enhance the R&D spending of the other firm regardless of the relative magnitude of cost effectiveness 

in R&D activity ( ) . In contrast, Figures 9 and 10 indicate that when the wage gap between these two counties is 

low enough ( =0.7), the OFDI of a firm might stimulate its R&D spending or depress on its R&D spending, 

depending on the differences in cost effectiveness in R&D activity. If the differences in cost effectiveness in R&D 

activity are large enough, Firm 1’s OFDI will depress its R&D activity, but stimulate Firm 2’s R&D spending. On the 
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contrary, if the differences in cost effectiveness in R&D activity are small, Firm 1’s OFDI will stimulate its R&D 

activity, but depress Firm 2’s R&D. In other words, if the differences in wage rates between these two counties are 

not too large and the investing firm’s relative productivity in R&D activity is not too low, the OFDI will enhance the 

investing firm’s R&D. These results can be attributed to the fact that there are two opposing effects induced by OFDI. 

If the relative cost effectiveness of the investing firm is not too high (i.e.   is large), it is more likely that the 

negative “substitution effect” will dominate the positive “cost-spreading effect” so as to reduce the incentive of the 

investing firm’s R&D spending.  
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Figure 7. Cost effectiveness of R&D and R&D of OFDI firm ( 0 .5  ) 
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Figure 8. Cost effectiveness of R&D and R&D of non-OFDI firm ( 0 .5  ) 
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Figure 9. Cost effectiveness of R&D and R&D of OFDI firm ( 0.7  ) 
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Figure 10. Cost effectiveness of R&D and R&D of non-OFDI firm ( 0.7  ) 

5. Conclusion  

This paper develops a game-theoretical model to investigate heterogeneous firms’ entry mode choice of international 
expansion. The distinct feature of this paper is that exchange rate, R&D competition, and intra-industry firm 
heterogeneity are incorporated into the theoretical framework. The possible impact of a firm’s outward foreign direct 
investment (OFDI) on its R&D spending and other non-OFDI firms’ R&D spending is also examined.  

Our analytical results indicate that, if the host country has cost advantage, when facing rising domestic labor costs or 
appreciation of home currency, a firm with lower productivity in production or R&D activity will choose OFDI, 
whereas the firms with higher productivity will stay at home and export. These results are consistent with the 
prediction of Head and Ries (2003).  

In addition, our results demonstrate that the impact of OFDI on R&D spending is ambiguous, depending on firm 
heterogeneity as well as the wage gap between home country and host country. Specifically, when the wage gap 
between these two counties is large enough, the OFDI of a firm will depress its R&D spending and enhance the R&D 
spending of the non-OFDI firm. However, when the wage gap is low enough, the OFDI of a firm might stimulate its 
R&D spending, unless its productivity in R&D is too low. These results suggest that OFDI and domestic R&D could 
be complements or substitutes, depending on the wage gap. This is an important empirical issue, and further research 
seems warranted.  
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Notes 

Note 1. See, for instance, Greenway and Knetter (2007), and Bernard, et al. (2012) for recent surveys about this new 
literature. 

Note 2. See Chen, et al. (2006) and Lin, et. al. (2010) among others for recent research about the impact of exchange 
rate movements on OFDI both theoretically and empirically. 

Note 3. See Greenway and Kneeter ( 2007), p. F151. 

Note 4. The second-order condition,
2 2 2 0h q R     , holds. 

Note 5. The second-order condition, 
2 2

2 2 0I A R     , holds. 

Note 6. 
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Note 7. It is clear that the second-order conditions for the case also hold. 

Note 8. This condition ensures that the marginal costs of the firms are positive, i.e., 1(1 ) 0hw I   . 


