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Abstract: The firm’s position analyzes in this paper concerns the field of Static Games Theory 

(SGT). We establish a connection between the firm’s position with an analysis based on reaction 

function and the equilibria obtained in the framework of game theory with sequential moves. Our 

main finding is that by using backward induction method, the sub-game perfect Nash equilibrium is 

a situation corresponding to a positive firm’s reaction function. Thus, when the first mover invests 

and obtained a technology (innovation), immediately, the follower adopts the imitation strategy. 

Conversely, even if the first mover fails in innovation, the follower invests and the firm’s reaction 

function stays positive.  
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1. Introduction 

The study of a firm’s position in the market addressed in this paper within the framework of 

game theory has two features. Primarily, over the past two decades a considerable number of studies 

have been made in a Cournot context of oligopoly models with incomplete information (Clarke, 

1983; Li, 1985; Vives, 1984). In contrast, only a few attempts, including those of Huck and al. 

(2001), Robson (1990) and Sherali and al. (1983), have so far been made at discussing Stackelberg 

oligopoly models with complete information. Recently, some researchers, such as Van Damme and 

Hurkens (1986), Albaeck (1990) and Bagwell (1995), explore the relationships between 

commitment and firm’s position in game theory literature. Stackelberg models have a sequential 

move structure that is very appropriate to describe a game model with an irreversible action of 

economic agents (players) in that later-mover can observe the earlier-mover action before he acts in 

the game (Stackelberg, 1934). In R&D competition, many firms that invest in new products targeted 

a profitable product market position have failed because they did not have what it takes to develop 

and commercialize the product (Afuah, 2009, p. 296). Thus, the firm’ position at the first stage of 

competition is important (Anderson, and Engers, 1994). In this case, Lee and al. (2000) considered 

that the rival reaction determines the timing, the order and the durability of the first mover 

advantages. The rival reaction is call the firm’s reaction function i.e. how firm react according to the 

rival strategy. For example, on the one hand, ebay was the first online auction firm which dominate 

until today its industry. On the other hand, Google was not the first search engine company by went 

also to dominate its industry. In these situations, the question we attempt to answer is, why is it that 

sometimes the first mover position go on dominate their markets but at other times the second 

mover position go on to dominate their market? The reaction function concept is used to elaborate a 

model based on a non-cooperative game with complete information.  
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Secondly, the strategy of the firm is selected to maximize the profit at every stages of the game 

(Beath and al., 1989). At each stage, the profit or payoff is determined simultaneously by the 

competitive firms. When the analysis deals with duopoly competition, firms can choose first mover 

or follower position depending on their respective strategies (Boyer and Moreaux, 1987). 

Sometimes, there is neither a first mover nor a second mover advantage (Dastidar, 2004). Thus, 

while strategic interaction is taken into account, firm choice is to take the first mover (follower) 

position if its reaction functions are decreasing (increasing) (Sherali, 1984; Dowrick, 1986). From 

this literature, it is necessary to establish a connection between the firm’s position obtained with an 

analysis based on reaction function and the equilibria resulting from STG with sequential moves.     

A non repeated game with five successive stages is proposed. This is a sequential duopoly 

game with complete information and each firm has to decide between to invest or not in R&D. For 

both firms the results of the investment are uncertain. With probability one half, the firm discovers 

an innovation that improves its strategic power in the market. With the complementary probability, 

nothing happens.  

Quite often, playing in the first position provides a significant advantage since the first mover 

can incorporate his strategic reasoning that the follower will react optimally to choose the strategy 

(Gal-or, 1985). In this paper, we aim at weakening this advantage in two ways. Firstly, we introduce 

a strategic uncertainty on the result of the investment made by the firms. Hence, the first mover 

cannot guarantee to maintain his leadership since his investment may not produce an innovation. 

Secondly, the follower has the possibility to improve his power in the market by imitating the 

technology used by the rival. Using backward induction method in the extensive form, the sub-

game perfect Nash equilibria corresponds to the investment strategy and imitation strategy for the 

first mover and the follower respectively. Consequently, if the first mover did not have the 

advantage of intellectual property protection to defend its property rights, the catch-up process can 

consolidate the follower position.  

The rest of the article is organized as follows: section 1 provides a description of the model 

with strategic interactions between firms. In this section, rational strategies between firms will be 

analysed. Sections 2 and 3 present respectively the Nash equilibria in the normal form and in the 

extensive form. Section 4 concludes with a comparison of different results. 

2. Presentation of the Model  

2.1 Rules of the Game 

The sequence of the decisions is as follows: In the first stage, the first mover chooses between 

to invest or to not invest in R&D. Then in the second stage, Nature determines the result of the 

investment, which is observed by both firms. In other words, by investing the first mover (FM) can 

or cannot have innovation. Conversely, if there is no investment in R&D, the firm will not get 

innovation. At the third stage, the follower (FL) decides between to entering or to not enter in the 

market. If the FL chooses to enter, it knows both the strategy chosen by the FM and the result of its 

investment (if any), then it has to choose among two strategies: either to invest in R&D a fix 

amount or to imitate the technology used by the FM. Once again, Nature determines the output of 

the investment and the probability that the FL discovers an innovation is also one half. On the 

opposite side, if the FL does not enter in the market, then the position of the FM do not change. 

Finally, the game ends and the two firms obtain their profits. 

With complete information, the model of duopoly competition can be represented by a decision 

tree. This tree contains all the components of the structure of the game. In this situation, the players 

know all the information that describes the structure of the game which is composed by: the players, 

the order in which players choose strategies, the information available to players in choosing their 
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actions and the payment of each player. Each player knows that the other player has full information. 

In this case, each set of information has only one “peak” implanted in decision nodes A, B and C 

(Fig. 1). These decision nodes depend on the FM’s strategies at the first stage of the game. At all, 

the game is concerned by seven decision nodes: one for the FM at six for the FL. Decision nodes A, 

B and C are used to analyze the game. These decision nodes are estimated differently by the FL. 

With the first sub-game implanted in decision node A, the FM invests in R&D and obtains 

innovation. With the sub-game implanted in decision node B, the FM invests in R&D but fails in 

innovation. Finally, with the sub-game implanted in decision node C, FM does not invest in R&D.  

The game takes place as follows. In the first stage, the FM has the possibility to invest in R&D 

and the result of this investment will lead to an innovation with a probability ap . Similarly, the 

probability corresponding to the failure of the investment is (1 )ap . Then, the FL observes the 

FM’s action and acts according to the information it holds. The FL may decide to enter ( )E  or not 

to enter in the market (E). In the first situation, it can either to invest in R&D or to imitate directly 

the FM’s technology; while in the second situation, there are no strategic interactions in the game 

and its payment is zero because the FM has monopoly position. In these situations, the FL has more 

strategies than the FM. A strategy is defined as a combination of choices (actions) that the firm 

made throughout the course of the game.  

From the rule of the game defined previously, our purpose is to determine the payments 

corresponding to the rational choice of each firm and thus to deduce the sub-game perfect Nash 

equilibria. Firms are considered to be rational in the sense that they take actions to maximize their 

payments. 

2.2  Selection of Variables 

The model is formalized by using variables depending on the firms’ actions. Action is 

considered as a move between the different possibilities of choice. Variables are written as follows. 

1 1

FM
 

 and 1 1

FL
 

 are respectively the FM’s and the FL’s profits when they obtain an innovation.    

1 1

FM
 

 and 1 1

FL
 

 are respectively the FM’s and the FL’s profits when they have both invested    

                       in R&D but only the FM obtains an innovation.  

1 2

FM


 and 1 2

FL


 are respectively the FM’s and the FL’s profits when the first obtained an   

                       innovation which is imitated by the last.  

1 0m

FM


 is the FM’s profit in monopoly position when the FL does not enter in the market.  

1 1

FM
 

 and 1 1

FL
 

 are respectively the FM’s and the FL’s profits when they invest in R&D but 

                        only the FL obtains an innovation.  

1 1

FM
 

 and 1 1

FL
 

 are respectively the FM’s and the FL’s profits when they both invest in R&D 

                       but do not obtain an innovation. 

1 2

FM


 and 1 2

FL


 are respectively the FM’s and the FL’s profits when the first does not obtain an 

                       innovation and the last enters in the market but do not invest. 

1 0m

FM


 is the FM’s profit in monopoly position when its investment fails and that the FL does   

         not enter in the market.  



Journal of Contemporary Management 

~ 51 ~ 
 

21

FM


 and 21

FL


 are respectively the FM’s and the FL’s profits when the first does not invest  

                      and that the last obtains an innovation. 

21

FM


 et 21

FL


 are respectively the FM’s and the FL’s profits when the first does not invest and 

                     that the last do not obtain an innovation.  
22

FM  and 22

FL  are respectively the FM’s and the FL’s profits when they both does not invest  

                    but the FL imitates the FM’s old technology.  

2 0m

FM  is the FM’s profit in monopoly position when the FL does not invest in R&D.  

From these variables, we attempt to determine the sub-game perfect Nash equilibria. A strategy 

profile is a sub-game perfect Nash equilibria if it induces a Nash equilibria of every sub-game. 

From the different combinations of strategies, there are twelve different pairs of payments. These 

pairs of payments, represented successively by (a), (b), (c), (d), (e) (f) (g) (h) (i), (j), (k) and (l), are 

corresponding to the terminal node of the decision tree. These combinations of payments are 

developed in the following way: 
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Each pair of payment is composed by the FM’s and the FL’s profits. In order to determine the 

Nash equilibria, three hypotheses are successively proposed:   

Hypothesis 1: If the FM and the FL obtain innovation at the end of stages 2 and 5, their 

respective profits are higher than that corresponding to the state of technological continuity. This 

assumption is made intuitively because innovation brings a higher level of profit than the situation 

where the firm prefers a technological continuity.  

The previous hypothesis will be maintained to calculate the optimal strategies of each firm. As 

the game takes place under complete information, the method used to obtain the sub-game perfect 

Nash equilibria is backward induction. The FL’s and the FM’s rational choices will be analyzed 

successively. 

3. Nash Equilibria in Normal Form 

To identify the sub-game perfect Nash equilibria, the traditional method used is the normal 

form. This approach, represented by a matrix, is used to determine the strictly dominated strategies 

and their corresponding payoffs. Nash equilibria is a situation with which both firms have 

maximized their profits so that any deviation will decrease the profit of at least one of the firms. 

Nash equilibria with mixed and pure strategies are successively determined. 

3.1 Nash Equilibria with Mixed Strategies 

Pure strategies are an assignment of a probability to each pure strategy. This allows for a firm 

to randomly select a pure strategy. Each firm maximizes its expected profit by using the expected 

profit of the rival firm. To determine the Nash equilibria, the situations considered are only these 

with strategic interaction between firms. From this point of view, there is a choice between pure 

http://en.wikipedia.org/wiki/Probability
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strategies and mixed strategies. In the one hand, the FM obtains an innovation, the pure strategy is 

noted by 1a . Conversely, if there is no success for the FM’s investment, the pure strategy is noted 

by 2a . In the other hand, the FL obtains an innovation with a pure strategy noted by 1b . Conversely, 

if the FL chooses to imitate the FM’s technology, pure strategy is notes by 2b . Mixed strategies 

associated to pure strategies are noted by ap  and (1 )ap  for the FM, and by bp  and (1 )bp  for 

the FL. These parameters are represented by Table 1. With this table, it is possible to determine the 

Nash equilibria. By using the terminal nodes of each strategy, the pairs of payment are specified by 

( )a , ( )c , ( )e  and ( )g . 

Table 1 Normal form of the payoffs 

                                                                   Follower 

                                              1b  (To invest)               2b (To imitate) 

   
1a    (To invest) 

First Mover 

 2a
 
 (Not to invest)             

        

1 1 1 1( , )FM FL 
   

 
1 2 1 2( , )FM FL 
 

 ap  

 

(1 )ap  1 1 1 1( , )FM FL 
   

 
1 2 1 2( , )FM FL 
 

 

            bp
    

(1 )bp  

Table 1 allows to define the matrix of payment according to each firm’s strategy and 

framework of analysis (pure or mixed) in which it is located. For example, the pair 
1 1 1 1( , )FM FL 
   

 

refers to the payment of the FM and the FL respectively with pure strategies ( 1a , 1b ) or with mixed 

strategies ( ap , bp ). This table will be used to calculate the expected profit of each strategy with the 

possibility of different combinations of pure strategies and mixed strategies. As Nature is introduce, 

it seems more appropriate to conduct a comparative analysis of the expected profits in a situation of 

mixed strategies.  

By introducing the minimax method to obtain the best response for each firm, strategic 

interaction is also taken into account. In our model, minimax method can be applied to calculate the 

best move when firm will choose an action. With a no repeated game, the result of  Wen (1994, 

2002) allows to conclude that, the FL’s expected profit is higher than that of the FM. Tellis and 

Golder (1996) posit in the same way by considering that the sub-game perfect Nash equilibria is 

more advantageous for the second mover than for the first mover in the Stackelberg’s analysis. 

However, the introduction of Nature may lead in opposite way (Hoppe, 2000). 

3.2 Nash Equilibria with Pure Strategies  

Pure strategies determine the move a firm will make for any situation it could face. In this way, 

we keep the same strategies as those used previously. Basing on the FL’s decision nodes, only the 

situations where it enters the market are considered. This reasoning leads to eliminate all pairs of 

strategies for which the FM has a monopoly position. In doing so, it remains to consider four pure 

strategies for the FL. With the parameters of the model, these strategies are designated by 1 1b b , 1 2b b , 

2 1b b , 2 2b b . 

In particular, the strategy 1 1b b  means that the FL has to play 1b  (to invest) if the FM invests, 

and keep the same strategy if the FM adopts technological continuity. At the same time, the strategy 
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2 1b b  means that the FL has two strategies: it imitates the technology of the FM and invests if the 

FM adopts technological continuity.  

With the strategic form of the game, we consider the strategy of a firm as the set of actions 

taken from a decision node. Thus, the FM’s action is a function that makes the action FL’s action 

depending to that of the FM. Using the classical representation of the matrix, the strategic form of 

the game is represented by Table 2. 

Table 2 Strategic form of the game 

   1 1b b
             1 2b b

     2 1b b
   2 2b b

  

1a
 

2a  

1 1 1 1( , )FM FL 
   

 1 1 1 1( , )FM FL 
   

 
1 2 1 2( , )FM FL 
 

 

1 2 1 2( , )FM FL 
 

 

1 1 1 1( , )FM FL 
   

 
1 2 1 2( , )FM FL 
 

 
1 1 1 1( , )FM FL 
   

 
1 2 1 2( , )FM FL 
 

 

Table 2 is determined from the combination of decision nodes of each firm in a given stage of 

the game. Into a consideration that firms are rational in their choices, it is possible to determine the 

sub-game perfect Nash equilibria. In this context, the pair of strategies 1 2 1( , )a b b  is seen as the only 

combination that satisfied the conditions for perfect sub-game perfect Nash equilibria. 

However, we may consider the pair of strategies 1 2 1( , )a b b  with which each firm is probably 

considered to be rational. Indeed, the reasoning of the FL is, first, to imitate the FM’s technology 

and, secondly, to invest in the situation with which FM adopts technological continuity. In this case, 

the FL’s action is perfectly rational by comparison with other combinations of strategies. This is 

due to the fact that the FM is irrational by maintaining technological continuity. The reasoning is 

based on the situation where the FM cannot obtain an innovation. Therefore, the FM is to posit at 

the top row pairs of strategies of Table 2 corresponding to all combinations of strategies made from 

the action 1a . 

By convention, the representation in numerical form of the matrix made by each firm, or 

obtained by each player in general, is arbitrary to understand a specific case. The example of 

prisoner’s dilemma illustrates the importance of this analytical framework by replacing the 

parameters with actual data.  

4. Nash Equilibria in Extensive Form  

An extensive form of the game is considered as a specification (game tree) allowing a 

representation of the sequencing of the players, their possible moves and the choice of each player 

at every decision point. Considering the possible perfect or imperfect information, each player 

moves according its payoffs for all possible game outcomes before taking a decision. An extensive 

form with complete information, represented in the following figure, is only taking into account 

because in a situation of incomplete information the perfect sub-game perfect Nash equilibria are 

not determined. 

4.1 The FL’s Rational Strategies  

In a situation of complete and perfect information, the FL observes the FM’s action before 

acting. From this point of view, the FL chooses among pairs of payments that give a high profit. 

With backward induction method, the FL gets a higher profit in the situation where investment in 

R&D leads to innovation (hypothesis 1). However, the FL’s action depends directly on the FM’s 

action.   
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Figure 1 Extensive form of the game 

The reasoning of the backward induction method is as follows. Firstly, the FL’s rational actions 

are determined at each sub-game implanted by the decision nodes A, B and C. Secondly, the FM’s 

rational actions are determined according to the FL’s reasoning. It should be noted that the FL has 

six possibilities to choose an action on the game, while the FM did only has one possibility at the 

beginning of the first stage of the game. If the FM invests at the first stage, there are two possible 

scenarios. With first one, the FM obtains an innovation and the FL chooses to imitate. In this case, 

the game ends to terminal node (c). With second one, the FM does not obtain an innovation and the 

FL chooses to invest in R&D. In this situation, innovation allows the FL to have a higher profit than 

that of the FM. If the FM does not invest in R&D, the FL invests automatically. In this situation the 

game ends into terminal node (i). Therefore, we can eliminate terminal nodes with which the pairs 
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bp  bp

 

1 ap  

1 bp  

(a) (b)   (c)   (d)  (e)   (f)   (g)   (h)   (i)     (j)    (k)    (l) 

E  ¬E E  E  ¬E ¬E 

bp  1 bp  1 bp  

FL 

FL A B C 

FL 

FL 

FL 



Journal of Contemporary Management 

~ 55 ~ 
 

of profits are the following: (a), (b), (d), (f) (g) (h), (j) (k) and (l). These pairs of payment will not 

be chosen because the corresponding terminal nodes are not efficient in terms of rationality. 

However, the previous classical reasoning does not take into account the probability of success 

or failure of investment. Therefore, the FL compares at each decision node the expected profit when 

it invests in R&D and the profit taking from the imitation strategy (Katz and Shapiro, 1987). To 

compare the profit corresponding to each terminal node, the FL arbitrates for the different decision 

nodes. 

 Decision node A 
 At decision node A, the FL compares its expected profit taking from investment in R&D, i.e. 

1 1 1 1(1 )b FL b FLp p 
   

   and the profit taking from imitation, i.e. 1 2

FL


.  

 If 1 2 1 1 1 1(1 )FL b FL b FLp p  
    

   , the FL chooses to imitate the FM’s technology. 

 If 1 2 1 1 1 1(1 )FL b FL b FLp p  
    

   , the FL chooses to invest in R&D because the expected 

profit obtained by investing is higher than the profit obtained with imitation strategy. 

Decision node B 
 At decision node B, the FL compares its expected profit taking from investment in R&D, i.e. 

1 1 1 1(1 )b FM b FLp p 
   

   and the profit taking from imitation, i.e. 1 2

FL


.  

 If 1 2 1 1 1 1(1 )FL b FM b FLp p  
    

   , the FL chooses to imitate the FM’s old technology. 

 If 1 2 1 1 1 1(1 )FL b FM b FLp p  
    

   , the FL chooses to invest in R&D because the expected 

profit obtained by investing is higher than the profit obtained with imitation strategy. 

Decision node C 
  At decision node C, the FL compares its expected profit taking from investment in R&D, i.e. 

21 21(1 )b FL b FLp p 
 

   and the profit taking from imitation, i.e. 22

FL .  

 If 22 21 21(1 )FL b FL b FLp p  
 

   , the FL chooses to imitate the FM’s old technology. 

 If 22 21 21(1 )FL b FL b FLp p  
 

   , the FL chooses to invest in R&D because the expected 

profit obtained by investing is higher than the profit obtained with imitation strategy. 

We can further simplify the three previous cases by considering that there is a need to have a 

rational choice of the FL in situations where the FM does not obtain an innovation or does not 

invest in R&D. This leads to propose the following hypothesis. 

Hypothesis 2: When the FM has not obtained an innovation or does not invest in R&D, the 

FL’s expected profit (with investment) is higher than the profit obtained by imitating the FM’s old 

technology.  

 

Thus, the cost of R&D ensues from imitation strategy is lower than the cost of R&D ensues 

from innovation strategy. This cost is defined as the necessary amount that permits to realize the 

investment project. This hypothesis leads the FM to eliminate the terminal nodes (g) (h), (k) and (l). 

Similarly, the profit obtained by the FL when it decides to not enter in the market will have any 

impact on the FM’s payoff. Therefore, the terminal node (d) may also not be taken into account in 

the choice of the FM.  
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The previous reasoning leads to maintain the terminal nodes (c), (e) and (i) for the FL. Thus, the 

result arises from the previous hypothesis is that the FL prefers to imitate if the FM obtains an 

innovation and to invest if the FM does not obtain an innovation. The terminal node (c) is a 

situation with which the FM’s technology is imitated by the FL. The terminal node (e) corresponds 

to the situation with which the FL chooses to enter in the market and invests considering that the 

FM does not get an innovation in the second stage of the game. The terminal node (i) corresponds 

to the situation with which the FL chooses to enter the market and invest in R&D given that the FM 

has not invested at the first stage of the game. These terminal nodes correspond to the rational 

choice of the FL. 

4.2 The FM’s Rational Strategies 

The FM’s rational strategies depend on the FL’s actions at the third stage of the game. With 

hypothesis 2, the FM’s strategies are limited to terminal nodes (a), (b), (c), (e), (f), (i) and (j). If the 

FL chooses to enter the market ( )E  and invests, the uncertainty on the result of investment affects 

the FL’s and the FM’s payoffs. In this situation, it became interesting to calculate the FM expected 

profit when the action is to invest in R&D. This expected profit depends on two variables: the 

expected profit taking from an innovation and the expected profit taking from the absence of an 

innovation. This profit is noted as follows: 

1 2 1 1 1 1(1 ) (1 )      (1)a bp p

FM a FM a b FM b FME p p p p  
    

     
 

 

The expected profit represented by equation (1) corresponds to the situation with which the FM 

chooses the action R&D. If the FM chooses to not invest in R&D, we consider only the sub-game 

implanted in the decision node C. The probability to obtain an innovation for the FL has an impact 

on the FM’s profit. Then, the FM compares the expected profit when the FL invest, i.e. 
21 21(1 )b FM b FMp p 

 

   and the profit with which the FL imitates its old technology, i.e. 
22

FM . With 

hypothesis 2, we obtain 
21 21 22(1 )b FM b FM FMp p  

 

   . The FL’s expected profit when it invests is 

higher than the FL’s profit when it decides to imitate the old technology of the FM. Thus, taking 

into account the strategies E  and &R D  of the FL, the FM’s rational choice is to invest in R&D.  

With backward induction method, firms are rational because the FM chooses a strategy to 

maximize its profit according to the choice of the FL. By eliminating the successive decision nodes 

C and B, the sub-game perfect Nash equilibria obtained by backward induction is the terminal node 

(c) with which the FM invests and the FL imitates. 

5. Comparison and Extension 

The Nash equilibria analysis in the extensive form is more relevant than that of the normal 

form. This is due to the fact that this approach is analyzed with the Stackelberg’s hypothesis. Thus, 

to determine the characteristics of the Nash equilibria the Kuhn-Tucker’s multiplier can be used. 

This multiplier allows to give or not to the Nash equilibria the characteristics of symmetry or 

asymmetry. Nash equilibria is asymmetric if the pair of payment is obtained by two different 

strategies. Conversely, if the pair of payment is composed by two identical strategies, a Nash 

equilibria is symmetric. We attempt to demonstrate that the Nash equilibria of the game between the 

FM and the FL is asymmetric. For example, if the FM invests and obtains an innovation, the FL has 

an incentive to imitate the FM technology. Conversely, if the FM invests and does not obtain an 

innovation, the FL has an incentive to invest in R&D. This extension attempts to demonstrate that 

with the principle of rationality, the strategy for each firm in equilibria cannot be identical. Indeed, 

this method allows to demonstrate that the asymmetrical Nash equilibrium is due to the existence of 

two constraints: the equality constraint and the inequality constraint. Equality constraint is justified 



Journal of Contemporary Management 

~ 57 ~ 
 

by the respect of the law of probability associated with two strategies which define the two actions 

of each firm. Inequality constraint corresponds to the inclusion of non-empty events in the game. In 

other words, the choices of actions are exhaustive in the sense that each firm always chooses an 

action in the game.  

In the framework of the game between the FM and the FL, strategic interactions are located at 

two levels. The first level corresponds to the strategies “to invest and obtain an innovation” and “to 

imitate” for the FM and the FL respectively. The second level corresponds to the strategies “to 

invest and not obtain and innovation” and “to invest” for the FM and the FL respectively. These two 

levels correspond to sub-games implanted by decision nodes A and B.  

Table 3 Matrix of payoffs 

                                       Follower 

                                                               
1b  (To invest)               

2b (To imitate) 

1a    (To invest and innovate) 

First Mover 

 
2a
 
(To invest and not innovate)              

                     

1 1 1 1( , )FM FL 
   

 
(0,0)  

ap  

 

(1 )ap  (0,0)  1 2 1 2( , )FM FL 
 

 

             bp
    

(1 )bp  

 

Table 3 illustrates that the payment corresponding to the two equilibria of the game implanted 

in decision nodes A and B are equal to zero. If we consider that the two firms receive an innovation 

(terminal node (a)), the FM can be considered to have an advantage because it is already in the 

market. Similarly, the FM retains in a favorable position when it does not innovate and that the FL 

imitates his old technology (terminal node (e)). In this case, even if the FM’s innovation enters in 

public domain, its impact can be seen as less important than the situation with which innovation has 

been introduced on the market. Both situations can be summarized by the following inequalities: 

 
1 1 1 1

1 2 1 2
2

FM FL

FM FL

 

 

   

 

 




  

Previous inequalities allows to justify that with terminal nodes (a) and (e), the FM has an 

advantage on the FL.  

To calculate the Kuhn-Tucker’s multiplier, the probability corresponding to the situation with 

which the FM does not innovate (1 )ap  and the probability corresponding to the situation with 

which the FL imitates the FM (1 )bp  are replace by  ap  and bp  respectively. With this 

reasoning, it is possible to analyze the maximization problem that each firm must solve using the 

first order conditions (FOC). For the FM, the maximization problem is as follows: 

 

1 1 1 2

( , )
max 0 0

1

 0 3

0

a a

a b FM b a b b FM
p p

a a

a

a

p p p p p p

p p

such as p

p

 
  

     
   

  







 

This function is called “objective function” for the FM. Either ,   and a a
    the Kuhn-Tucker 

multipliers associated with previous constraints such as the Lagrangian has the following form: 
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 1 1 1 2 ( 1) -   4FM a b FM a b a a a a aa
p p p p p p p p     

  

       

To maximize this function, FOC is used, in one hand, with ap  and, in other hand, with bp . We 

obtain: 

 

1 1 1 1

1 2 1 2

0

0   5

FM b a FM b a

a

FM b FM ba a

a

p p
p

p p
p


     


     

   

 


      




      



 

As we already know the solutions of pure strategies, it should be considered only the cases 

0ap   and 0ap  . Complementary conditions between actions involve 0a a
   . The 

maximization rule of the FM when 1a ap p   is the following: 

1 2

1 11 1 1 2

1 2

1 1

    (6)

1 0       (7)
1

FM
b b

FMFM b FM b

b b FM
b b

FM

p p
p p

p p
p p



 







   



 




  
 

     



 

By taking the case where the FM obtains an innovation, equation (7) allows to write 
1 1

1 1 1 2

FM
b

FM FM

p


 

 

  



. By replacing the expression of bp  in equation (6), we obtain, finally, 

1 1 1 2

1 1 1 2

FM FM
b

FM FM

p
 

 

  

  



. Thereafter, bp  and bp  will be replace in the “objective function”. This method 

allows obtaining the expected profit of each firm in mixed strategy. This result has two 

consequences: either the absence of a maximum or the existence of two identical maximum in the 

same “objective function”. As the absence of maximum is not appropriate for our interpretation, we 

focus on the second maximum represented by 

1 1 1 2

1 1 1 2

FM FM

FM FM

 

 

  

  


. With this reasoning, the Nash 

equilibria for the FM, noted by FMS , and that of the FL, noted by FLS ,  are given by 

1 1 1 2

1 1 1 2
, FM FM

FM a

FM FM

S p
 

 

  

  

  
  

  

 and by 

1 1 1 2

1 1 1 2
, FL FL

FL b

FL FL

S p
 

 

  

  

  
  

  

 respectively. Therefore, the two Nash 

equilibria can be represented with a couple of strategy as follows:  

1 1 1 2 1 1 1 2

1 1 1 2 1 1 1 2
, ; ,         (8)FM FM FL FL

a b

FM FM FL FL

S p p
   

   

     

     

  
  

   

 

With this demonstration, the probability to obtain an innovation for the FM and the probability 

to imitate for the FL are equal to the average profits of two competing firms. The two Nash 

equilibria represented by relation (8) aim that the sub-game perfect Nash equilibria are asymmetric 

because ap  and bp  are different. Hoppe (2000) adopts the same position and considers that when 

the game is characterized by a bimorphic strategies, i.e. each player has two possible strategies, the 

Nash equilibria is always asymmetric. 
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Basically, non-cooperative games theory is based on the assumption of high rationality of 

players. This hypothesis considers that players act in their best interest. The traditional analysis of a 

few standard models allowed to demonstrate this hypothesis and to determine the players’ rational 

choices. Based on classical models, the Nash equilibrium is the strategies of innovation and 

imitation for the FM and the FL respectively. If the game is non repeated with sequential moves, the 

Nash equilibrium is more advantageous for the FL than for the FM. Our theoretical analysis, based 

on the variable R&D, is identical to the results obtained by Ono (1978, 1982), and Boyer and 

Moreau (1987, 1988).  

Furthermore, if the reaction functions are introduced into our model, there is a parallelism 

between the firm’s rational position in game theory and that obtained with the firm’s reaction 

function. When the firms’ reaction functions are increasing, the FM’s profit is lower than that of the 

FL. However, when the reaction functions are decreasing, the FM obtains a higher profit than that 

of the FL (Glazer, 1985). Therefore, taking into account the results obtained with the method of 

minimax value (Wen, 1994, 2002), our model is identical to the situation with which reaction 

functions are increasing. Therefore, the sub-game perfect Nash equilibrium with which the FM 

invests and the FL imitates is more profitable for the FL than for the FM. 

However, the analysis provided in this paper involves two types of limits. The first limit 

concerns the assumption of high firms’ rationality. This assumption can be challenged by the weak 

rationality of players because high rationality is not always verified. Prisoner dilemma is used to 

demonstrate this limit. The second limit concerns the resolution of multiple equilibria. Thus, to 

overcome these limits, a perspective is to introduce an evolutionary approach in strategic 

interactions (Mailath, 1998; Lansing and Cox, 2011).  
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