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Proof of Lemma 1: 

Sequential game with “outcome unknown” Case 1: 

The two firms’ expected profits can be characterized as follows: 
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By taking the first derivative of the follower’s expected profit w.r.t. the follower’s new marginal cost if 

his implementation is successful, U

Fc , and solving its first order condition, we get 
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, which is the response function of the follower conditioning on 

the leader’s investment level. Then, we substitute the follower’s response function into the leader’s 
expected profit. By taking the first derivative of the leader’s expected profit w.r.t. the leader’s new 

marginal cost if his implementation is successful, U

Lc , and solving its first order condition, we get 
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and with the assumption 1 6kt  , we can show that 
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Then we substitute the leader’s new marginal cost in the event of a successful implementation into the 

follower’s response function and get 
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also check the second order condition, and with the assumption 1 6kt  , we show that 
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We substitute the firms’ new marginal costs in the event of a successful implementation into the 

investment function 2( )U U

i O if k c c   and get the optimal investment levels of the leader and the 

follower 
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The two firms’ expected profits are: 
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We substitute the new marginal costs in the event of a successful implementation to solve for the 

optimal prices, , , ,(2 ) 3U U U
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, ,i j F jx m . Then we can get the expected consumer surplus 
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The social welfare is the sum of the two firms’ profits and the consumer surplus: 
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Q.E.D. 

 

Proof of Lemma 2: 

Sequential game with “outcome known” Case 2: 

The leader’s expected profit can be characterized as follows: 
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And the follower’s expected profit depending on the outcome of the leader’s implementation can be 
characterized as follows: 
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By taking the first derivative of the follower’s expected profits,  ,( )K
F sE   and  ,( )K
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new marginal costs if his implementation is successful, ,
K
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Follower conditioning on the leader’s investment level and implementation outcome. We also check the 

second order condition, with assumption 1 6kt , we show that 
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Then, we substitute the follower’s response functions into the leader’s expected profit. By taking the 
first derivative of the leader’s expected profit w.r.t. the leader’s new marginal cost if his implementation 

is successful, K
Lc , and solving its first order condition, we get 
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with the assumption 1 6kt , we show that 
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substitute the leader’s new marginal cost into the follower’s response functions and get 
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After applying the investment function   2( )U U
i O if k c c , we get the optimal investment levels of the 
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The two firms’ expected profits are: 
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Then we substitute the firms’ optimal investment levels and get the expected consumer surplus 
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“Simultaneous” case: 

Firms’ optimal investment is 
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Q.E.D. 

 

Proof of Proposition 1: 

a) and b) of Proposition 1: 

Note, the following proof is valid for  [0,1] . 
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Since 1

6
kt   , the numerator and the denominator of U S

L Lf f  are positive. Thus,  0U S
L Lf f , and we 

show that the leader’s investment is higher in Case 1 than in the simultaneous game. 
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Since 
1

6
kt  , we have 
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. This means that 

the numerator of U S
F Ff f  is negative, whereas the denominator is positive. Thus,  0U S

F Ff f , and the 

follower’s investment is lower in Case 1 than in the simultaneous game. 

Since the leader and the follower have identical investment levels in the simultaneous game ( S S
L Ff f ), 

the above result shows that the leader’s investment is higher than the follower’s investment in Case 1, 

U U
L Ff f . 
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numerator is positive. We can show that if 1
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kt  , then  
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Thus,   0U S
L L , and the leader’s profit is higher in Case 1 than in the simultaneous game. 
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clear that its denominator is positive. Since 
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6
kt  , we have 
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is negative. Thus,   ( ) ( ) 0U S
F FE E , and the follower’s profit is lower in Case 1 than in the simultaneous 

game. 

Since the leader and the follower have identical profits in the simultaneous move game (  ( ) ( )S S
L FE E ), 

our results show that the leader’s profit is higher than the follower’s profit in Case 1,  ( ) ( )U U
L FE E . 

Note, when  1 , Case 1 and Case 2 become identical. Thus, when  1 ,  U U
L F , U U

L Ff f , and 

 K K
L F , K K

L Ff f . 

c) of Proposition 1: 

When neither of the two firms has the opportunity to invest in IT, they split the market in half and their 

profits are the same,      0, 0 0, 0| | 2
L F L F

U U
L f f F f f t  .  

 

 
   







1 0, 0|

3 1 6
|

2 108 6 1L F

U U
L L f f

t kt

kt kt
. Since 

1

6
kt  , the numerator is negative, whereas the 

denominator is positive. Thus,     1 0, 0| | 0
L F

U U
L L f f , and when IT implementation always succeeds, the 

leader has a lower profit when he invests in IT than when neither of the firms has the opportunity to 
invest in IT. 
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the denominator is positive. Thus,     1 0, 0| | 0
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U U
F F f f , and when implementation always succeeds, 

the follower has a lower profit when he invests in IT than when neither of the firms has the opportunity 
to invest in IT. 

Q.E.D. 

 

Proof of Proposition 2: 

a) part of Proposition 2 
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We can check that since 
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kt  , the numerator and denominator of 





U
Lf  are positive. Thus, 




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U
Lf , 

and the leader’s IT investment always decreases as   decreases. 
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We can check when         1 144 2 9 1 9 0kt kt kt  (approximately 0.22kt ), the numerator is 

negative for  0 1 . Moreover, the denominator of 
 



( )U
LE

 is positive. This implies that when kt  is 

large, or 0.22kt  , 
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. When         1 144 2 9 1 9 0kt kt kt , or when kt  is small, the 

numerator of 
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 can be positive or negative, depending on kt  and  , and we will show it 

numerically in the following specific case. 

See Figure 3. 
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, when  0.881011 , given that 1Oc , 

0.47k  and 0.34t . We show that leader’s profit can change non-monotonically: it first decreases 
and then increases as   decreases. 

b) part of Proposition 2 
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We can check when          1 36 18 1 1 18 1 3 0kt kt kt kt  (approximately 0.26kt ), the 
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that when kt  is large, or 0.26kt  , 
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small, the numerator of 
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U
Ff  can be positive or negative, depending on kt  and  , and we will show it 

numerically in the following specific case. 

See Figure 4. 
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0.34t . We show that the follower’s IT investment can change non-monotonically: it first increases and 
then decreases as   decreases. 
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is positive. Thus, 
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, and the follower’s profit always increases as   decreases. 

c) part of Proposition 2 that U U
L Ff f  and  ( ) ( )U U

L FE E  are proved in the proof for a) and b) of 

Proposition 1.  

Q.E.D. 

 

Proof of Proposition 3: 

a) part of Proposition 3: 
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We can check that since 
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kt  , the numerator of K U

L Lf f  is positive and the denominator of K U
L Lf f is 

positive. Thus,  0K U
L Lf f  and the leader’s IT investment is higher in Case 2 than in Case 1. 
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We can check that since 
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6
kt  , the numerator and the denominator of  ( ) ( )K U

L LE E  are positive. Thus,

  ( ) ( ) 0K U
L LE E  and the leader’s profit is higher in Case 2 than in Case 1. 

b) part of Proposition 3:  
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To find the critical values of   and kt  for   ( ) ( ) 0K U
F FE E , we can reduce the task of finding 

  ( ) ( ) 0K U
F FE E  as to find the critical values of   and kt  of the following equality: 
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b b b
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b b





0

where b kt . It is evident that the solution to this equality is mathematically challenging. Thus, we 

show that  ( ) ( )K U
F FE E  can be positive or negative with respect to   and kt  in the following two 

specific cases. 

See Figure 5.   ( ) ( ) 0K U
F FE E  when 0.956 ,   ( ) ( ) 0K U

F FE E  when 0.956 , given that 1Oc , 

0.47k  and 0.34t . 

See Figure 7.   ( ) ( ) 0K U
F FE E  when 0.3371t ,   ( ) ( ) 0K U

F FE E  when 0.3371t , given that 1Oc , 

0.47k  and  0.95 . 

As these examples show the follower’s profit can be higher in Case 2 than in Case 1 when the probability 
of implementation success is high and the extent of market competition is high. 

Q.E.D. 

 

 

Proof of Proposition 4: 

a) part of Proposition 4: 
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We can show that since 
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 is negative and the denominator of 
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 and the Leader’s investment level always increases as t  decreases in Case 1. 

            

       

 

         


        

 



  

        
 
 

  

        

 












2 35 6 2 4 2 6 6

3

3 3 2 3 3 4 2 4 5 5

35 3 2 4 2 2 3 3

108 1 1 1 1 324 1 15 11 8 34012224
18

23328 5 6 314928 5 2 5 3779136 1 3 2

54 36 972 5832

K
L

k t k t k t
k t

k t k t k p t

kt kt k t k t

f

t

We can show that since 
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t
 and the Leader’s investment level always increases as t  decreases in Case 2. 

b) part of Proposition 4: 

    
         

     

 

       
 





  
     

    

       
   

  

 
 

 

   

 
 






2 4 3

3 2

2 2 2 3 2 3 3 4 4

35 3 2 4 2 2 3 3

1 1 1 2 36 1 1 2
18 2 18 18 1

324 6 2 11664 2 104976 1

54 36 972 5832

U
F

k t
k t kt kt

k t k t k t

kt kt k k

f

t tt

We can show that 




       0.46, 0.96, 0.33| 1.4707 0

U
F

k t

f

t
 and 




      0.46, 0.96, 0.34| 0.1116 0

U
F

k t

f

t
. Thus, the 

Follower’s investment level may increase or decrease as t  decreases in Case 1. 

c) part of Proposition 4: 
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We can show that since 
1
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kt  , the numerator of 
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,
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 is positive and its denominator is positive. Thus, 
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 and the Follower’s investment level if the Leader’s implementation has succeeded decreases 

as t  decreases in Case 2. 
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t
 and the Follower’s investment level if the Leader’s implementation has failed increases as t  

decreases in Case 2. 



Q.E.D. 

 

Proof of Proposition 5: 

The social welfare in the case where firms do not have the opportunity to invest in IT is: 
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The difference between the social welfares in Case 1 and in the case where firms do not have the 
opportunity to invest in IT is: 

no IT invest

5 5 2 2 3

2 3 3 2 4 4

4 2 5

3 2 2 3

ment

3

7558272 162 ( 44 ( 54 (49 24 )))

11664 ( 14 5( 2 ) ) 104976 (17 6 )

36 (4 (9 (10 (7 4 )))) (1 ) (1 )(1 6 )

2 (5832
( )

972

U

t t

t t

k k

E SW SW

kt k k

kt

k k kt t

   

     

        

 

     

      

       



 
 
 


 







 5 2 2 218 (3 2 ))kt   

 

We can show that since 0 1   and 
1

6
kt , the numerator of no IT investment( )UE SW SW is positive, and 

it is easy to see that the denominator of no IT investment( )UE SW SW is positive. Thus, 
no IT investment( ) 0UE SW SW   and social welfare is higher in Case 1 than in the case where firms do not 

have the opportunity to invest in IT.  
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6
kt , the numerator of no IT investment( )KE SW SW  is positive, and 

it is easy to see that the denominator of no IT investment( )KE SW SW  is positive. Thus, 
no IT investment( ) 0KE SW SW   and social welfare is higher in Case 2 than in the case where firms do not 

have the opportunity to invest in IT.  

Q.E.D. 

 

Proof of Proposition 6: 

a) part of Proposition 6: 
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 It is clear that the denominator of ( ) ( )K UE SW E SW  is positive. One can show that the numerator of 

( ) ( )K UE SW E SW  is also positive since 
1

6
kt  . Thus,  ( ) ( ) 0K UE SW E SW  and social welfare is higher in 

Case 2 than in the Case 1. 
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 It is clear that the denominator of ( ) ( )K SE SW E SW  is positive. One can show that the numerator of 

( ) ( )K SE SW E SW  is also positive since 
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6
kt  . Thus,  ( ) ( ) 0K SE SW E SW  and social welfare is higher in 

Case 2 than in the simultaneous game. 

 

b) part of Proposition 6: 
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It is clear that the denominator of         ( ) ( ) ( ) ( )S S K K
L F L FE E E E  is positive. One can show that the 
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L F L FE E E E  is also positive since 
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6
kt  . Thus, 

     ( ) ( ) ( ) ( )S S K K
L F L FE E E E  and the industry-wide profit is higher in the simultaneous game than in the 

Case 2. 
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Thus,   K STotal Investment Total Investment  and the industry-wide investment is higher in Case 2 than 
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One can show that since 
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Thus,   K UTotal Investment Total Investment  and the industry-wide investment is higher in Case 2 than 
in Case 1. 
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It is clear that the denominator of ( ) ( )K SE CS E CS  is positive. One can show that the numerator of 

( ) ( )K SE CS E CS  is also positive since 
1

6
kt  . Thus,  ( ) ( ) 0K SE CS E CS , and consumer surplus is higher in 

Case 2 than in the simultaneous move game. 



Q.E.D. 

 

Note, in all the proofs in Extension 2, we replace F  with F  and L with L . 

Proof of Lemma E2.1: 

Firm i’s decision problem in the Outcome Unknown can be formulated as: 
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. ., [0, ]U

i Os t c c , 

where ,

U

i j  denotes firm i’s payoff given implementation outcome j  in this “outcome unknown” Case 1, 

{ , }i L F , and , , ,j ss sf fs ff . 

The two firms’ expected profits can be characterized as follows: 
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By taking the first derivative of the follower’s expected profit w.r.t. the follower’s new marginal cost if 

his implementation is successful, U

Fc , and solving its first order condition, we get 
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, which is the response function of the follower 

conditioning on the leader’s investment level. Then, we substitute the follower’s response function into 
the leader’s expected profit. By taking the first derivative of the leader’s expected profit w.r.t. the 

leader’s new marginal cost if his implementation is successful, U

Lc , and solving its first order condition, 

we get the leader’s new marginal cost if his implementation is successful
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Then we substitute the leader’s new marginal cost into the follower’s response function and get the 
follower’s new marginal cost if his implementation is successful
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check the second order condition, and with the assumption 1 6kt  , one can show that
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We substitute the firms’ new marginal costs in the event of a successful implementation into the 
investment functions and get the optimal investment levels of the leader and the follower: 
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Q.E.D. 

 

Proof of Lemma E2.2: 

In the Outcome Known case, the leader’s expected profit can be characterized as follows: 
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And the follower’s expected profits depending on the outcome of the leader’s implementation can be 
characterized as follows: 
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the follower conditioning on the leader’s investment level and implementation outcome. We also check 

the second order condition, with assumption 1 6kt , one can show that 
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leader’s expected profit. By taking the first derivative of the leader’s expected profit w.r.t., the leader’s 

new marginal cost if his implementation is successful, K
Lc , and solving its first order condition, we get 
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if his implementation is successful into the follower’s response functions and get the follower’s new 
marginal costs if his implementation is successful
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We substitute the firms’ new marginal costs in the event of a successful implementation into the 
investment functions and get the optimal investment levels of the leader and the follower: 

2 2 2 2 2 2

2 2 2 3 3 2

2 9 (( 1 ) 36 324 )

(( 1 ) 18 ( 2 2 ) 324 (2 ) 58 2
)

)
(

3

K K L F F F

F F L

L O L

F F L F L F L

f k c c
k t k t k t

k t k t k t

   

         

   

       
   , 

2 2
2

, ,

2 2 2

2 2 2 3 3 2

36 (( 1 ) 9 ( 2 ) 162 )

(( 1 ) 1
( )

8 ( 2 2 ) 324 (2 ) 5832 )

F F F L F L

F F L F F L F L F L

K U

F s o F s

k t k t k t

k
f k c

t
c

k t k t

     

         
  

    

       
, 

2
2 2

2, ,

9

( 18 )
( ) FK U

F f o F f

F

k t

k
k c

t
f c




  


. 

Q.E.D. 

 

Proof of Proposition E2.1: 

1) With the following set of parameters, 0.48, 1, 0.35, 0.7O Lk c t     , the first derivative of the 

leader’s investment level with respect to   in Case 1 0
U

Ldf

d

  at 0.0991  . We further check that 

0.01| 0.0523U

Lf    , 0.1| 0.0526U

Lf    , and 0.2| 0.0521U

Lf    . Thus, U

Lf  can increase first and then 

decrease as   increases.  

With the following set of parameters, 0.48, 1, 0.35, 0.5O Lk c t     , the first derivative of the 

leader’s investment level with respect to   in Case 2 0
K

Ldf

d

  at 0.2489  . We further check 

that 0| 0.0218K

Lf    , 0.25| 0.0223K

Lf    , and 0.5| 0.0208K

Lf    . Thus, 
K

Lf  can increase first and 

then decrease as   increases.  

The first derivative of expected profit of leader with respect to    is in Case 1: 
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We can prove that since 0 1   , 0 1L     and 
1

6
kt , the numerator of 

( )U

LdE

d



V

 is negative, 

and it is easy to see that the denominator of 
( )U

LdE

d



V

 is positive. Thus, 
( )U

LdE

d



V

 is negative and the 

leader’s expected profit in Case 1 decreases as   increases. 

The first derivative of the leaders’ expected profit with respect to    in Case 2 is: 
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It is easy to see that the denominator of 
( )K

LdE

d



V

 is negative since 
1

6
kt . Then we can take the third 

derivative of the numerator of 
( )K

LdE

d



V

, and we can show it is positive since 
1

6
kt . Then we evaluate 

the second derivative of the numerator of 
( )K

LdE

d



V

 at 
1

6
kt  , and we can show it is positive. Thus, the 

second derivative of the numerator of 
( )K

LdE

d



V

 is positive for 
1

6
kt  since its third derivative is positive. 

Then we evaluate the first derivative of the numerator of 
( )K

LdE

d
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V

 at 
1

6
kt  , and we can show it is 

positive. Thus, the first derivative of the numerator of 
( )K

LdE

d



V

 is positive for 
1

6
kt  since its second is 



positive. Then we evaluate the numerator of 
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d



V

 at 
1

6
kt  , and we can show it is positive. Thus, 

the numerator of 
( )K

LdE

d



V

 is positive. Therefore, 
( )

0
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LdE

d




V

 and the leader’s expected profit in Case 

2 decreases as   increases. 

2) With the following set of parameters, 0.48, 1, 0.35, 0.91O Lk c t     , the first derivative of the 

follower’s investment level with respect to   in the Case 1 0
U

Fdf

d

  at 0.07  . We further check 

that 0 0.0227|U

Ff   V
, 0.07| 0.0237U

Ff   
V

, and 0.09| 0.0236U

Ff   
V

. Thus, U

Ff  can increase first and 

then decrease as   increases.  

The first derivative of expected profit of follower with respect to    is in Case 1: 
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With the following set of parameters, 0.48, 1, 0.35, 0.86O Lk c t     , the first derivative of the 

follower’s investment level with respect to   in the Case 1 
( )

0
U

FdE

d




V

 at 0.0518  . We further 

check that 0( | ) 0.08647U

FE   
V

, 0.05( | ) 0.08665U

FE   
V

, and 0.13( | ) 0.08603U

FE   
V

. Thus, 

( )U

FE   can increase first and then decrease as   increases.  

 

In Case 2, the first derivative of the follower’s expected profit if leader’s implementation failed with 

respect to   is: 
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In Case 2, the first derivative of follower’s IT investment level if leader’s implementation failed with 

respect to   is: 
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With the following set of parameters, 0.48, 1, 0.35, 0.86O Lk c t     , the first derivative of the 

follower’s investment level with respect to   when leader’s implementation succeeded in the Case 2, 

,
0

K

F sdf

d


V

 at 0.1058  . We further check that , 0 0.02012|K

F sf   V
, , 0.1 0.022 9| 1K

F sf   
V

, and 

, 0.13 0.022 3| 0K

F sf   
V

. Thus, ,

K

F sf  can increase first and then decrease as   increases.  

With the following set of parameters, 0.48, 1, 0.35, 0.77O Lk c t     , the first derivative of the 

follower’s investment level with respect to   when leader’s implementation succeeded in the Case 2, 

,( )
0

K

F sdE

d




V

 at 0.1053  . We further check that , 0( | 0.0812)K

F sE   
V

, , 0.1 0.081( | 7)K

F sE   
V

, 

and , 0.2 0.080( | 9)K

F sE   
V

. Thus, ,( )K

F sE   can increase first and then decrease as   increases.  

3) With the following set of parameters, 0.48, 1, 0.35, 0.7O Lk c t     , 

( | 0.73) 0.13475U

F FE     , ( | 0.73) 0.14233K

L FE     , ( | 0.75) 0.13631U

F FE     ,

( | 0.75) 0.13813U

L FE     . Thus, when 0.73F   and 0.75F   , ( ) ( )U U

L FE E  . 

With the same set of parameters, ( | 0.73) 0.13186K

F FE     , ( | 0.73) 0.1444K

L FE     , 

( | 0.75) 0.13311K

F FE     , ( | 0.75) 0.14036K

L FE     . Thus, when 0.73F   and 0.75F  , 

( ) ( )K K

L FE E  . 

Q.E.D. 

 

Proof of Proposition E2.2: 

a) We first substitute L  and F    . Then we get the first derivative of leader’s new 

marginal cost in the event of a successful implementation in Case 1 with respect to  is: 
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It is easy to see the denominator of 
U

Ldc

d
 is positive. Further, we can prove that since 1/ 6kt  ,  the 

numerator of 
U

Ldc

d
 is negative. Thus, 0

U

Ldc

d
 , and it follows that 0

U

Ldf

d
 . 

With the following set of parameters, 0.48, 1, 0.34, 0.1Ok c t      , 
( )

0
U

LdE

d




  at 

0.8510  .  We further check that 0.7 0.1220( ) |U

LE    , 0.85 0.1116( ) |U

LE     and 

0.9 0.1150( ) |U

LE    . This means ( )U

LE   can first decrease and then increase as   decreases. 

 

b) With the following set of parameters, 0.48, 1, 0.34, 0.1Ok c t      , 0
U

Fdc

d
  at 0.7545  .  

We further check that 0.6 0.7306|U

Fc   , 0.75 0.7014|U

Fc    and 0.8 0.7062|U

Fc   . Thus, U

Fc  can 

increase or decrease when   decreases. Thus, the follower’s investment U

Ff  can first increase and 

then decrease when   decreases. 

With the following set of parameters, 0.48, 1, 0.34, 0.1Ok c t      , 
( )

0
U

FdE

d




  at 0.1135  .  

We further check that 0.05 0.1711( ) |U

FE    , 0.12 0.1713( ) |U

FE     and 0.2 0.1709( ) |U

FE    . Thus, 

the follower’s expected profit ( )U

FE   can first increase and then decrease when   increases.  

Q.E.D. 

 

Proof of Proposition E2.3: 

a) The leader’s new marginal cost in the event of a successful implementation in simultaneous 

investment game is  
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We can prove that since 1/ 6kt  ,  0S U

L Lc c  , which implies that U S

L Lf f .  

The leader’s expected profit in the simultaneous investment game is 
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We can prove that since 1/ 6kt  ,  the numerator of ( ) ( )S U

L LE E   is negative while the 

denominator of ( ) ( )S U

L LE E   is positive. Thus, ( ) ( )S U

L LE E  . 

The follower’s new marginal cost in the event of a successful implementation in the simultaneous 

investment game is  
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We can prove that since 1/ 6kt  , the numerator of 
S U

F Fc c  is positive while the denominator of 

S U

F Fc c  is negative. Thus, 0S U

F Fc c  , and it follows U S

F Ff f .  



The follower’s expected profit in the simultaneous investment game is  
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We can prove that since 1/ 6kt  , the numerator and the denominator of ( ) ( )S U

F FE E   are 

positive. Thus, ( ) ( ) 0S U

F FE E   . 

b) The difference between the leader’s new marginal cost if implementation is successful in Case 1 and 

Case 2: 
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We can prove that since 1/ 6kt  , the numerator and the denominator of U K

L Lc c  are positive. Thus, 

0U K

L Lc c  , and it follows K U

L Lf f .  

The difference between the leader’s expected profits in Case 1 and Case 2: 
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We can prove that since 1/ 6kt  , the numerator of ( ) ( )U K

L LE E   is negative while the 

denominator of ( ) ( )U K

L LE E   is positive. Thus, ( ) ( )U K

L LE E  . 



c) With the following set of parameter values: 0.48, 1, 0.34Ok c t   , we compare the followers’ 

expected profits in Case 1 and Case 2 when the follower 

2( | 0.91, ) 0.0 9 05.U

F L FE       and 7( | 0.91, ) 0.0 9 04.K

F L FE      . Thus, the follower’s 

profit in Case 1 can be higher than that in Case 2. 

0( | 0.985, 0.975) .0031U

F L FE       and 0( | 0.985, 0.975) .0039K

F L FE      . Thus, the 

follower’s profit in Case 2 can be higher than that in Case 1. 

Q.E.D. 

 

Extension 5 

One can show that when n is large enough, or 
2 3

6

kt
n

kt


 , the market is not fully covered without IT 

investment. 

LEMMA E5.1: 

Firm i’s decision problem in the Outcome Unknown case can be formulated as: 

 2 2
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. ., [0, ]U

i Os t c c , 

where ,

U

i j  denotes firm i’s payoff given implementation outcome j  in this “outcome unknown” Case 1, 

{ , }i L F , and , , ,j ss sf fs ff . 

The two firms’ expected profits can be characterized as follows: 
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By taking the first derivative of the follower’s expected profit w.r.t. the follower’s new marginal cost in 

the event of a successful implementation, U

Fc , and solving its first order condition, we get 
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, which is the 

response function of the follower conditioning on the leader’s investment level. Then, we substitute the 

follower’s response function into the leader’s expected profit. By taking the first derivative of the 

leader’s expected profit w.r.t. the leader’s new marginal cost if his implementation is successful, U

Lc , 

and solving its first order condition, we get the leader’s new marginal cost if his implementation is 

successful
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check the second order condition, and with the assumption 1 6kt  , one can show that 
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 . Then we 

substitute the leader’s new marginal cost into the follower’s response function and get the follower’s 

new marginal cost if his implementation is successful 
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We also check the second order condition, and with the assumption 1 6kt  , one can show that 
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LEMMA E5.2: 

In the Outcome Known case, the leader’s expected profit can be characterized as follows: 
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And the follower’s expected profit depending on the outcome of the leader’s implementation can be 

characterized as follows: 
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leader’s implementation is successful; 
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 if the 

leader’s implementation is unsuccessful.  

By taking the first derivative of the follower’s expected profits,  ,( )K
F sE   and  ,( )K

F fE  w.r.t. the follower’s 

new marginal costs in the event of a successful implementation, ,
K
F sc  and ,

K
F fc , and solving its first order 

conditions, we get 
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, which are the response 

functions of the follower conditioning on the leader’s investment level and implementation outcome. 

We also check the second order condition, with assumption 1 6kt , one can show that
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. Then, we 

substitute the follower’s response functions into the leader’s expected profit. By taking the first 

derivative of the leader’s expected profit w.r.t. the leader’s new marginal cost if his implementation is 

successful, K
Lc , and solving its first order condition, we get
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Then check the second order condition, and with the assumption 1 6kt , one can show that
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. Then we substitute the leader’s new marginal cost into the follower’s response functions and get the 

follower’s new marginal costs if his implementation is successful.
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Proof of PROPOSITION E5.1: 

With the parameter sets, 0.48, 1, 0.4, 1.35, 0.5, 1.5Ok c t U w n      , firms’ profit without IT 

investment is 
    

   

2

2

1 2 2
0.0625

2 1 4 2

Ow t U c w

w t ntw

  


 
; the leader’s profit  is ( | 0.6) 0.0677U

LE      

and the follower’s profit is ( | 0.6) 0.0675U

FE      in the outcome unknown case; the leader’s profit  

is ( | 0.6) 0.0678K

LE      and the follower’s profit is ( | 0.6) 0.0675K

FE      in the outcome 

known case. Thus, the firms’ profits can be higher than when they do not invest in IT. 

Q.E.D. 

 

Proof of PROPOSITION E5.2: 

a) With the following set of parameters, 0.48, 1, 0.4, 1.35, 0.001, 1.5Ok c t U w n      , the 

leader’s profit’s first derivative with respect to probability of success in the Case 1 
( )

0
U

LdE

d




  at 

0.9291  . We further check that 0.5 0.184805( ) |U

LE    , 0.8 0.16524( ) |U

LE    , 

0.93 0.15997( ) |U

LE     and 0.98 0.161761( ) |U

LE    . Thus, ( )U

LE   can decrease first and then 

increase as   decreases.  

b) With the following set of parameters, 0.48, 1, 0.4, 1.35, 0.001, 1.5Ok c t U w n      , the first 

derivative of the follower’s marginal cost in the event of a successful implementation with respect to 

probability of success in the Case 1 0
U

Fdc

d
  at 0.8495  . We further check that 0.5 0.81416|U

Fc   , 

0.7 0.7507|U

Fc   , 0.85 0.72836|U

Fc    and 0.9 0.73268|U

Fc   . Thus, U

Ff  can increase first and then 

decrease as   decreases.  

Q.E.D. 

 

Proof of PROPOSITION E5.3: 

a)  

The difference between the expected profit of the leader and that of the follower in Case 1 is: 
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Since 1/ 6kt  , and by assumption, the market is sufficiently large so that it is not fully covered without 

IT investment (or 
2 3

6

kt
n

kt


 ), one can show that the numerator and the denominator of 

( ) ( )U U

L FE E   are positive. Thus, ( ) ( ) 0U U

L FE E   and the leader’s expected profit is higher than 

the follower’s expected profit in Case 1.  

 

b) 

With the parameter sets, 0.48, 1, 0.34, 1.35, 0.001, 1.6Ok c t U w n      , the follower’s profit 

( | 0.9) 0.0571U

FE      and ( | 0.975) 0.0067U

FE      in the outcome unknown case; and the 

follower’s profit ( | 0.9) 0.0519K

FE      and ( | 0.975) 0.0071K

FE      in the outcome known 

case. Thus, the follower’s profit can be higher in Case 1 than in Case 2, or it can be higher in Case 2 than 

in Case 1. 

Q.E.D. 

 

LEMMA E1.1: 

Firm i’s decision problem in the Outcome Unknown Case 1 can be formulated as: 
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i Os t c c . 

where , , 1

U

i k t  denotes firm i’s payoff given leader’s implementation outcome k  after the leader’s 

implementation completes but before the follower’s implementation completes, and , , 2

U

i j t  denotes firm 

i’s payoff given both firms’ implementation outcome j  after the follower’s implementation completes, 

{ , }i L F , ,k s f , and , , ,j ss sf fs ff . 



The two firms’ expected profits can be characterized as follows: 
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By taking the first derivative of the follower’s expected profit w.r.t. the follower’s new marginal cost in 

the event of a successful implementation, U

Fc , and solving its first order condition, we get 
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, which is the response function of the 

follower conditioning on the leader’s investment level. Then, we substitute the follower’s response 

function into the leader’s expected profit. By taking the first derivative of the leader’s expected profit 

w.r.t. the leader’s new marginal cost if his implementation is successful, U

Lc , and solving its first order 

condition, we get the leader’s new marginal cost if his implementation is successful
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Then check the second order condition, and with the assumption 1 6kt  , one can show that

   

  

 
 

4

2

2

2

2 4

2

2 1 4 1
2 36

1 181 18
0

)

1

(

8

U

L

U

L

e e e
kt

e kte kt

t

E

c









  




    
  

  


 
 . Then we substitute the leader’s 

new marginal cost into the follower’s response function and get the follower’s new marginal cost if his 

implementation is successful 

         
           

2 2 2 2

23 3 2 2 3 2 2 2

3 1 18 2 1 1 2 1 324

5832 324 3 2 1 1 1 18 1 3 2 1

U

F O

e t kt e e e k t
c

k t e k t
c

e e e kt e e

     

    

        

          
 


. We also 

check the second order condition, and with the assumption 1 6kt  , one can show that
2

2

18
0

(

9

)U

F

U

F

E

c

e kt

t

  



  
 . 

 

LEMMA E1.2: 

In the Outcome Known case, the leader’s expected profit can be characterized as follows: 
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And the follower’s expected profits depending on the outcome of leader’s implementation can be 

characterized as follows: 
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if the leader’s implementation is successful; 
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unsuccessful.  

By taking the first derivative of the follower’s expected profits,  ,( )K
F sE   and  ,( )K

F fE  w.r.t. the follower’s 

new marginal costs if his implementation is successful, ,
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K
F fc , and solving its first order conditions, 
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functions of the follower conditioning on the leader’s investment level and implementation outcome. 

We also check the second order condition, with assumption 1 6kt , one can show that
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leader’s new marginal cost if his implementation is successful, K
Lc , and solving its first order condition, 
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substitute the leader’s new marginal cost if his implementation is successful into the follower’s response 

functions and get the follower’s new marginal costs if his implementation is successful
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Proof of PROPOSITION E1.1: 

Note, when 0e  , we have the baseline setup where the two firms’ implementations complete at the 

same time. 

We take the first order derivative of the Leader’s profit in Case 1 with respect to e . 
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It is easy to see that the denominator of 
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 and the leader’s profit in Case 1 in this 

extension ( 0e  ) is higher than in the baseline setup ( 0e  ). 

 

We take the first order derivative of the Leader’s profit in Case 2 with respect to e . 
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 It is easy to see that the denominator of 
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( )K
LE

e
 is positive, and since 1/ 6kt ,  0 1  and  0 1e , 

the numerator of 
 



( )K
LE

e
 is also positive. Thus, 

 




( )
0

K
LE

e
 and the leader’s profit in Case 2 in this 

extension ( 0e  ) is higher than in the baseline setup ( 0e  ). 

We take the first order derivative of the Leader’s IT investment in Case 2 with respect to e . 
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One can show that the since 1/ 6kt ,  0 1  and  0 1e , 



 0

K
Lf

e
. Thus, the Leader’s investment 

in Case 2 in this extension ( 0e  ) is lower than in the baseline setup ( 0e  ). 

 



With the parameter sets, 0.48, 1, 0.34, 0.2Ok c t e    , the leader’s profit without investing in IT is 

/ 2 0.17t   . We can check that the leader’s profit ( | 0.8) 0.17123U

LE      in the outcome 

unknown, and ( | 0.8) 0.17354K

LE      in the outcome known case. Thus, the leader’s profits can 

be higher in Case 1 and Case 2 than in the case where firms do not invest in IT. 

Q.E.D. 

 

Proof of PROPOSITION E1.2: 

a) The first derivative of the leader’s investment level with respect to the probability of success is 
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One can prove that the numerator and the denominator of 
U

Ldf

d
 are positive since 1/ 6kt  . Thus, 

0
U

Ldf

d
 . 

With the parameter sets, 0.48, 1, 0.34, 0.01Ok c t e    , in the outcome unknown case the first 

derivative of the leader’s profit with respect to probability of success 
( )

0
U

LdE

d




  at 0.846  . 

Further, we can check that ( | 0.7) 0.1449U

LE     , ( | 0.85) 0.1393U

LE     , and 

( | 0.9) 0.1416U

LE      in the outcome unknown case. Thus, the leader’s profit can first decrease 

and then increase when probability of implementation success decreases. 

b) The first derivative of the follower’s profit with respect to the probability of success is  
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First we can show the denominator of 
( )U

FdE

d




 is negative since 

1

6
kt . Then we can take the fourth 

derivative of the numerator of 
( )U

FdE

d




, and we can show it is positive since 

1

6
kt . Then we evaluate 

the third derivative, the second derivative, and the first derivative of the numerator of 
( )U

FdE

d




 at 



1

6
kt  , and we can show they are positive. Then we evaluate the numerator of 

( )U

FdE

d




 at 

1

6
kt  , and 

we can show it is positive. Thus, the numerator of 
( )U

FdE

d




 is positive. Therefore, 

( )
0

U

FdE

d




  and the 

follower’s expected profit increases as   decreases. 

 

With the parameter sets, 0.48, 1, 0.34, 0.01Ok c t e    , in the outcome unknown case the first 

derivative of the follower’s investment level with respect to probability of success 0
U

Fdf

d
  at 

0.777  . Further, we can check that 0.6| 0.0228U

Ff   , 0.78| 0.0301U

Ff   , and 0.9| 0.0210U

Ff    

in the outcome unknown case. Thus, the follower’s investment level can first increase and then decrease 

when probability of implementation success decreases. 

Q.E.D. 

 

Proof of PROPOSITION E1.3: 

a) The difference between the leader’s investment level and the follower’s investment level in Case 1 is: 
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It is easy to see that the dominator of U U

L Ff f  is positive. Since 1/ 6kt  , the numerator of U U

L Ff f  

is also positive. Thus, U U

L Ff f  and the leader’s investment level is higher than the follower’s 

investment level in Case 1. 

The difference between the leader’s expected profit and the follower’s expected profit in Case 1 is: 
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It is easy to see that the dominator of ( ) ( )U U

L FE E   is positive. Since 1/ 6kt  , the numerator of 

( ) ( )U U

L FE E   is also positive. Thus, ( ) ( )U U

L FE E   and the leader’s expected profit is higher than 

the follower’s expected profit in Case 1. 



b) 

The difference between the leader’s investment levels in the outcome known case and in the outcome 

unknown case is 

       
      

    

       
      

 

2
22 2 2 2 2

2
23 3 2 2 3

2

2
22 2 2 2 2

23 3 2 2 3 2

9 324 36 1 1 1 1

5832 324 3 2 1 1 1

18 1 3 2 1

9 324 36 1 1 1 1

5832 324 3 2 1 1 1

18 1

K U

L Lf

k

kt k t e kt e e

k t e k t e e

e kt e e

kt k t e kt e e

k t e k t e e

e

f

   

  

 

   

  

        

          
 
  



    

        

      









 

   

2

2 23 2 1t e e 

 
 
 
 
 
 
 
 
 
 
 
  

 
 
  









 

We can prove that since 1/ 6kt  , 0K U

L Lf f  . 

The difference between the leader’s expected profits in the outcome known case and in the outcome 

unknown case is 
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We can prove that the numerator and the denominator of ( ) ( )K U

L LE E   are positive since 1/ 6kt  . 

Thus, ( ) ( ) 0K U

L LE E   . 

c) With the parameter sets, 0.48, 1, 0.34, 0.01Ok c t e    , the follower’s profit 

( | 0.9) 0.0576U

FE      and ( | 0.975) 0.00781U

FE      in the outcome unknown case; and the 

follower’s profit ( | 0.9) 0.0527K

FE      and ( | 0.975) 0.00788K

FE      in the outcome known 

case. Thus, the follower’s profit can be higher in Case 1 than in Case 2, or it can be higher in Case 2 than 

in Case 1. 

Q.E.D. 

 


