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1 | INTRODUCTION

When an agent enters a one-shot two-player game, an interesting
question is whether the same agent would prefer to become the first
or the second mover. A second question, when knowing the prefer-
ences of agents as concerning moves, is what the outcome of such a
game will be. In this paper, the above questions are discussed in a sim-
ple model based on the seminal works by Gal-Or (1985) and Bulow,
Geanakoplos, and Klemperer (1985). Both works have introduced
concepts that now are well-established in the literature concerned
with strategic choices. Gal-Or (1985), considering a model with
two identical players (symmetric games) moving sequentially (leader-
follower), analyzes the situation where the decision of the follower is
positively related to the decision of the leader (positive cross-partial
derivative of the payoff functions) and when the decisions are
negatively related (negative cross-partial derivatives of the payoff
functions). The first case means upward sloping reaction functions
while the second implies downward sloping response functions. In
Bulow, Geanakoplos, and Klemperer (1985), decisions are denoted as
strategic complements for the case of upward sloping reaction
functions while they are strategic substitutes for downward sloping
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We introduce games consisting of two players where each player's payoff might be
differently affected by changes in the decision variable of the rival. The games are
classified into three categories: The high-conflict category is characterized by both
players having a first mover advantage, the medium-conflict category by (at least)
one player having a first mover advantage, and, the low-conflict category by (at least)
one player having a second mover advantage. The categories give rise to different
equilibria in a prior game where the players are supposed to commit themselves to

draw as early or as late as possible.

reaction functions. The main findings of Gal-Or (1985) is that (i) the
leader makes a higher payoff than the follower, if the players' reaction
functions are upwards sloping (strategic complements); thus, both
players have a first mover advantage; and (i) the follower makes a
higher payoff than the leader, if the reaction functions are downward
sloping (strategic substitutes); thus, both players have a second mover
advantage. The work by Gal-Or (1985) has inspired analyses on
various types of duopoly markets when firms might be heterogenous.
For instance, in a seminal work, Hamilton and Slutsky (1990) discuss
the existence of equilibria and properties of the different equilibria
when introducing endogenous timing of actions in Cournot-
Stackelberg games. Inspired by this work, Amir and Stepanova (2006)
are analyzing first and second mover advantages and commitment
incentives in a Bertrand duopoly game.!

In this work, we generalize the works by Gal-Or (1985), Hamilton
and Slutsky (1990), and Amir and Stepanova (2006) by considering
the allocation of first and second mover advantages for a wide range
of asymmetric sequential games.? As proposed by Hamilton and
Slutsky (1990), being inspired by Singh and Vives (1984), the introduc-
tion of asymmetry introduces a variety of one-shot nonsimultaneous
games. Our intention is to provide a complete and systematic
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overview over such games that might be useful when applying game-
theoretic frameworks to analyze possible interactions between two
actors. An overview places particular applications in a wider perspec-
tive and provides a deeper understanding of mechanisms at play
based on the actors' preferences. Furthermore, asymmetric payoff
games might be a better fit into data in many real life examples. In
undertaking our analysis, we search for possible subgame perfect
equilibria, and we assume that the order of moves does not affect
payoffs conditional on the strategies (decisions). Besides its theoreti-
cal appeal, a systematic overview might make it easier to analyze sev-
eral situations in models within industrial economics and to arrive at
policy-relevant insights. Game theory is also highly relevant for study-
ing possible interactions besides those within industrial organization,
for instance for actors meeting in road traffic, for understanding
strategical moves in pay-for performance games and in explaining
players' position in bilateral lobbying games (see for instance
Pedersen, 2003, Bergland & Pedersen, 2019, and Grepperud &
Pedersen, 2020).

We find that the introduction of asymmetry allows the sign and
significance of the cross-partial derivatives of the payoff functions to
differ across players implying reactions functions with different
slopes. Using the terminology of Bulow, Geanakoplos, and
Klemperer (1985), this means that the decisions can be strategic com-
plements (substitutes) for one player at the same time as they are
strategic substitutes (complements) for the rival. Second, the various
distributions of the preferred order of moves across players depend
on the sign of the cross-partial derivative of the payoffs for each
player (the slopes of each reaction function) and the significance and
sign of the marginal payoffs with respect to the rival's decision.® Third,
the combinations of these signs define games that are classified into
three different conflict categories each producing a particular
allocation of first and second mover advantages (outcomes). Fourth,
asymmetry, in contrast to many symmetric games, might produce sub-
game perfect equilibria where one player has a first mover advantage
and the rival a second mover advantage. Fifth, introducing asymmetry
among the players opens for various Nash equilibria in an ex ante
simultaneous commitment game prior to the choice of actions. Games
that we term as “high conflict games,” defined by both players having
a first mover advantage, give unambiguously simultaneous draws in
such a commitment game, while games termed “medium conflict
games,” characterized by at least one player having a first mover
advantage, meaning that the player always having the first mover
advantage moves first. Moreover, games termed “low conflict games,”
defined by situations where at least one player has a second mover
advantage, are seen to produce several possible Nash equilibria
following from a commitment game prior to the choice of actions.

Section 2 gives a short introduction to the simple model con-
sisting of two players where each of them makes one decison. We
use this model to identify the various games that may occur and sort
them into three conflict categories. In Section 3, we look into each of
the conflict categories, and, inspired by the work of Hamilton and
Slutsky (1990) and Amir and Stepanova (2006), we discuss possible

consequences on commitment incentives. In particular, we look into

asymmetric games by proposing a stylized example of an advertising

game. Finally, Section 4 summarizes our findings.

2 | THE MODEL AND THE DISTRIBUTION
OF ADVANTAGES

Suppose two players that meet in a one-shot game where each player
makes one decision (action) that affects own payoff and the payoff of
the rival. The payoff (profit or utility) function of player 1 (also termed
she) is given by

U=U(xy) &y

where x > 0 is the action made by player 1 and y > 0 is the action
made by player 2. Analogously, player 2's (also termed he) payoff
function is given by;

V=Vixy) 2

The U- and the V-functions are supposed to be strictly concave for all
x and y, respectively, that is, Uy <0 and V,, <0. Moreover, player 1's
payoff might be increasing or decreasing with the level of the action
variable chosen by player 2, that is, U, > (<)0 (the indirect marginal
payoff of player 1). Analogously, player 2's payoff might increase or
decrease as player 1 steps up her choice of x, that is, V, > (<)0 (the
indirect marginal payoff of player 2).* By assuming that both indirect
marginal payoffs are strictly positive or negative, the players affect
each other payoffs, and possible interactions exist thus defining a
“classic” noncooperative game situation. Moreover, it is assumed that
a player's marginal utility is either strictly increasing or decreasing in
the other player's action, that is, Uy, 2 (<)0 and V,, 2 (<)0.

Suppose players that move simultaneously.’> Then the Nash

equilibrium is defined by
Ux(xs,ys):O and Vy(xs,ys):o (3)

where (xs,ys) denotes this type of equilibrium in the simultaneous
case. In the case where player 1 is leader, and player 2 the follower,
we let y =y(x) denote player 2's reaction function. It follows that %:
Y= —5—3 2 (<)0 as Vyy 2 (<)0. Hence, the case where player 1 is leader
(L) and player 2 follower (F) is given by

Ue (x5 yF) + Uy (X )y (xH) =0 and V, (x,yF) =0 (4)

where (xL,yF) symbolizes the subgame perfect equilibrium where
player 1 is leader and player 2 follower.® In the opposite case (player
2 as leader and player 1 as follower), we let x=x(y) define the reac-
tion function of player 1, where g,—’y‘:xy = —5—Z 2 (<)0 as U,y 2 (<)0. Fur-

thermore, we get

Ue(xF,yt) =0 and V, (xF,y1) + Vi (xF,y5)x, (yH) =0 (5)
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where (xF,yt) symbolizes the subgame perfect equilibrium where
player 2 is leader and player 1 follower.” In the discussions below,
we identify the payoffs and quantities (x and y) for different
order of moves, and we apply the following notation: U°=
U(XS,yS)’VS _ V(x5 yS)' Ut = U(XL’YF)’ VF— V(XL yF), UF = U(XF'YL)
and V! = V(xF,yh).

Based on 4 and 5, denote the situation where both players have a
first mover advantage as a situation where U* > UF and V* > V*. More-
over, a situation where player 1 has a first mover advantage and
player 2 a second mover advantage is defined by U" > U" and V* < VF,
and the case where player 1 has a second mover advantage and player
2 a first mover advantage is given by U' < UF and Vt > VF. Finally, the
situation where both have a second mover advantage is defined by
Ut<UFand VE<VFE

Based on the above assumptions, it is possible to discuss and
compare what happens to player 1's (player 2's) choice when becom-
ing the leader and player 2's (player 1's) choice when becoming the
follower, compared to the simultaneous case. Such comparisons
reveal what happens when player 1 (player 2) moves from being the
leader (follower) to becoming the follower (leader). From 3-5, it fol-
lows that the answers to our questions rely on the sign and signifi-
cance of (i) the slopes of both players' response functions, that is, y,
and xy, and (ii) what happens to player 1's (player's 2) payoff when
player 2 (player 1) increases his (her) action, measured by U, (Vy). As
concerning the slopes of the reaction functions, unlike the symmetric
model of Bulow, Geanakoplos, and Klemperer (1985), the response
functions, given asymmetry, must be defined contingent upon the
identity of each player. Here, we apply the following definition:

When x, 2 (<)0, the actions are strategic complements (substi-
tutes) for player 1, as she will respond by increasing (decreasing) x as
y becomes higher. Moreover, when y, > (<)0, the actions are strategic
complements (substitutes) for player 2, as he will respond by increas-
ing (decreasing) y as x becomes higher.

Before presenting the various games under asymmetry, we first
describe the games defined by identical actors considered by
Gal-Or (1985) within the framework presented in 3-5. Given payoff
functions, U and V, being the same, that is, U =V = z, Gal-Or ana-
lyzes the following two situations: (i) the actions being strategic com-
plements for both players, that is, 7., = ,x > 0, combined with strictly
positive indirect marginal payoffs, that is, =, =z, >0; and (ii) the
actions being strategic substitutes for both players, that is, z,, =

v <0 combined with strictly negative indirect marginal payoffs, that

TABLE 1

The actions are strategic
complements for player 2; V,, >0

is, 7, =m < 0. In addition to the two games described above, there
exist two additional ones for identical actors that are not discussed by
Gal-Or, presumably because her focus was at two particular duopoly
markets being widely discussed in the literature (Stackelberg-Cournot
competition and nonsimultaneous Bertrand competition, respec-
tively).”0

Given asymmetry, the number of possible games, defined by the
slopes of the reactions functions and the signs of the indirect marginal
payoffs for both players, is substantial. To limit the number, we
restrict ourselves to consider games where the cross-partial deriva-
tives of the payoff functions differ from zero, that is, x, > (<)0 and
¥x > (<)0, meaning that both players react either positively or
negatively to changes in the action of the rival.1* Furthermore, we rule
out the possibility of multiple equilibria, no equilibria and unstable
equilibria; that is, all the identified possibilities fulfill the conditions for
stationary Nash equilibria. Sufficient conditions are strictly monotonic
reaction functions, y(x) and x(y), combined with the slopes, in
absolute values, being less than 1, that is, |y,| < 1 and |x,| < 1.

Using 3-5, in combination with the properties of the payoff func-
tions, it is possible to compare the simultaneous case with the cases,
where player 1 is leader (follower) and player 2 follower (leader). In
Appendix A, we have, based on 3-5, ranked the x and y and the values
of U and V that belong to these specific cases (the results are summed
up in Table A1 in Appendix A). These rankings, for all combinations of
signs with respect to Uy, Uy, Vi, and V,,, define various games as
functions of combinations of signs. Table 1 presents the distribution
of advantages related to the order of moves (outcomes). Generally,
the games in Table 1 produce different distributions of first and
second mover advantages across players (outcomes). For game A, FF,
LF, and FL (see line 1, column 1 in Table 1) represent the three possi-
ble outcomes. Given FF, both players prefer to act as followers (both
have a second mover advantage), given LF, player 1 prefers to be
leader while player 2 prefers to be follower (player 1 has a first mover
advantage and player 2 a second mover advantage), while for FL,
player 1 prefers to be follower while player 2 prefers to be leader
(player 1 has a second mover advantage and player 2 a first mover
advantage).

Table 1 is designed in such a way that it makes the various games
symmetric around the diagonal. For instance, the type described by
line 2 and column 1 (game C) has its counterpart in the game
described by line 1 and column 2 (game B). Following the cases along
the diagonal, the assumptions regarding the payoff functions of the

The distribution of first mover and second mover advantages (outcomes) across games

The actions are strategic
substitutes for player 2; V,, <0

Vx>0
The actions are strategic complements u,>0 (A) FF, LF, and FL
for player 1; Uy, >0 U, <0 L
The actions are strategic substitutes for u,>0 () LL and LF
el A W < 0 U, <0 (K) LL and FL

V<0 Vx>0 V<0

(B) LL (E) LL and FL (F)LL and LF

(D) FF, LF, and FL (G) LL and LF (H) LL and FL

(J) LL and FL (M) LL (N) FF, LF, and FL
(L) LL and LF (O) FF, LF, and FL (P) LL
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players are symmetric in the sense that the outcomes identified for
player 1 (player 2) now are valid for player 2 (player 1). Furthermore,
each of the four symmetric games is part of one of the games
described along the diagonal starting in cell 1 (games A, D, M, and P).}2

It is observed that quadrants 1 (games A-D) and 4 (games M-P)
of Table 1 consist of two possible outcomes. First, for games B, C, M,
and P, both players have unambiguously first mover advantages (LL).
In the following, these four games are termed as high-conflict games
since representing a high conflict of interests among the players with
respect to x and y. This is seen by drawing the reaction functions and
the indifferent curves in an xy diagram where x is measured along the
horizontal axis while y is measured along the vertical axis. Looking into
such a diagram makes evident that when one of the players prefers
moving to the north-west, the rival prefers moving to the southeast,
and when one of the players prefers moving to the northeast, the rival
prefers moving to the south-west.

The four remaining games of quadrants 1 and 4 (games A, D, N,
and O) are characterized by at least one player having a second mover
advantage (FF, LF, and FL). These games are in the following denoted
as low-conflict games. By drawing the reaction functions and the indif-
ferent curves in an xy diagram, it follows that the preference direction
for the two players in this category is (almost) the same. Game A is
characterized by a north-east preference direction for both players,
game D by a south-west preference, game N by a north-west
preference, while game O is characterized by a south-east preference
direction.*

It is observed from Table 1 that all high-conflict and low-conflict
games are characterized by actions with similar strategic properties
(both players consider the actions to be either strategic complements
or to be strategic substitutes). For high-conflict games, the signs of the
indirect marginal payoffs are opposite for strategic complements but
similar for strategic substitutes, while for low-conflict games, the signs
are the same for strategic complements but opposite for strategic
substitutes.

For the eight games belonging to quadrants 2 (game E-H) and
3 (game [-L), in the following termed medium-conflict games, the
common factor is that at least one of the players has a first mover
advantage (LL, LF, and FL). Games in this category exhibit a moderate
conflict of interest as concerning x and y since their preferences for
one, of the two actions, goes in the same direction. For games | and H,
both players prefer to go in a northern direction for one action while
their direction preferences differ for the other action. For game |,
player 1 prefers north-west and player 2 north-east, while for game H,
player 1 prefers north-east and player 2 north-west. For games E and
L, both players have a common interest in going in a southern direc-
tion; for games F and J, both have an interest in going west; while for
games G and K, both have an interest in going east. All these games
are characterized by one player perceiving the actions to be strategic
complements (strategic substitutes) while the rival consider them to
be strategic substitutes (strategic complements). Additionally, the
signs of the indirect marginal payoffs include all possible combina-
tions. Furthermore, it follows that when U, and V, have the same sign,

the player having an unambiguously first mover advantage perceive

the actions as being strategic substitutes, while when U, and V have
opposite signs, the player with an unambiguously first mover
advantage perceives the actions as being strategic complements.'> A
final conclusion is that symmetric games cannot be part of the

medium-conflict category.

3 | ACLOSERLOOKAT CONFLICT CATEGORIES AND
COMMITMENT GAMES (ENDOGENOUS TIMING OF
ORDER OF MOVES)

In this section, we study in more detail games that belong to each of
the conflict categories. This is done by focusing on a selection of
games from each category and by discussing an application (stylized
example) to provide economic insights. The application can be
thought of as a simple advertisement game described by two profit-
maximizing firms competing in price regulated markets for substitut-
able goods. The firms are supposed to decide on advertisement inten-
sities (x and y), where the advertisement intensity impacts own costs.
In order to keep this as simple as possible we have in these examples
restricted us to discuss cases where it is asymmetry, i.e. we consider
games where a higher advertisement intensity from firm 1 increases
the total market demand. Hence, a more intense advertisement from
firm 1 will increase the market demand for both firm 1's and the rival's
products (V, >0). The advertisement intensity of firm 2, on the other
hand, is assumed to have no market expansion effect (e.g., given mar-
ket size), thus making a higher advertisement intensity from firm
2 advantageous for firm 2 but disadvantageous for the rival (U, <0).
Furthermore, a higher advertisement intensity is allowed to affect the
rival's marginal profit both positively and negatively. This last assump-
tion implies that the advertisement model contains four of the asym-
metric games (games C, G, K, and O) presented in Table 1 (see
Appendix B for a formal setup). These four games only differ with
respect to how the two firms perceive the strategic properties of the
advertisement intensities.

Most of the applications using the concepts of first and second
mover advantages are concerned with analyses of quantity and price
competition using either Cournot or Bertrand models (or both). Fur-
thermore, such analyses are typically restricted to symmetry cases. An
exception is Hamilton and Slutsky (1990) discussing the case where
one of the duopoly firms acts in price setting and the other chooses
quantity. Their discussion, being inspired by Singh and Vives (1984),
compares the outcomes following from quantity and price competi-
tion and shows that the action variables might become strategic substi-

tutes for one player while being strategic complements for the rival.

3.1 | High-conflict games

We start out with focusing on the high-conflict category. This category
contains only outcomes where both players have a first mover
advantage (significant preemptive incentives). Game P, here chosen to

represent high-conflict games, assumes actions that are strategic
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substitutes for both players (Uy, <0 and V,, <0) in combination with
each player having a decreasing payoff in the other player's action
(Uy<0 and V,<0). The first mover advantages follow from the
following rankings of actions: xF<x5<xt and yF<yS<yl (see
Appendix A). Based on the two rankings and the assumed
properties of the payoff functions for this particular game, we get
U(xFyt) <UE,y®) <U(S,y°) <U(xE,yF) < U(xt,yF). The first and third
inequalities follow from increasing the rival's action, the second from
optimizing player 1's action for a given value of the rival's action, and
the fourth from optimizing player 1's action given the new value of
the rival's action. The same ranking holds for the rival, that is,
V(xtyF) <V (xS,yF) <V(xSy%) <V(xF,y®) < V(xF,yt).  The intuition
behind the rankings is simple. The player, being the first mover, knows
that the rival's best response is to react in a defensive manner, and
such a response will increase the payoff of the leader. This means that
being the leader is preferred to the case of simultaneous draws by
both players, which again is preferred to the most unfavorable posi-
tion, the position as follower.

One of the two games with identical actors considered by
Gal-Or (1985), that is, ny=mx<0 and =,=m,<0 (Cournot-
Stackelberg competition) fulfills the assumptions that are valid for
game P (strategic substitutes for both players and strictly negative
indirect marginal payoffs); consequently, this case belongs to the high-
conflict category. This implies that for less restrictive assumptions, rel-
atively to those that define Cournot-Stackelberg competition, will still
produce situations for games of type P where the only possible
outcome is that both players have a first mover advantage. A game
similar to case P is analyzed by Hamilton and Slutsky (1990).¢

Similar conclusions, despite different assumptions, are relevant
for the three remaining games belonging to the high-conflict category
(games M, B, and C). For game M, the actions are still strategic substi-
tutes for both players, but now the payoffs are increasing with the
rivals' action, that is, Uy, <0, V,, <0, U, >0, and V, > 0.1 Games B and
C, on the other hand, are defined by actions that are strategic comple-
ments for both players (Uy, >0 and V,, >0), in combination with one
player having a decreasing payoff in the other player's action, while
the rival has an increasing payoff in the other player's action.'® Game
C, since assuming U, <0 and V, >0, represents one of the four
possible advertisement games (see above) where the advertisement
intensities are perceived as being strategic complements by both
firms. For this game, we have the following rankings of the advertise-
ment intensities: xt < x5 < xF and yF <y® <yl (see Appendix A). For this

game, we get U(x",yt) <U(xF,y*) <U(x5,y%) <U(x%,yF) <U(x-,yF) and
V(xhyF) <V, yF) <V (x8,y%) < V(xF,y%) < V(xF,yt). Hence, there is a
first mover advantage for both firms. Upward sloping reaction func-
tion for firm 2 means that firm 1 (as leader) has an incentive to choose
a low advertisement intensity (since U, < 0) to “force” firm 2 to
choose a low intensity. Upward sloping reaction function for firm
1 implies that firm 2 (as leader), on the other hand, since V, >0, has
an incentive to choose a relatively high advertisement intensity to
“force” firm 1 to choose a relatively high x.

To further characterize high-conflict games, we discuss the possi-
bility of the players, prior to the game of choosing their actions (x and
y), being able to commit themselves to play Early or Late regarding
their actions. Table 2 represents the normal form of such a simulta-
neous game. In constructing the outcomes of this game, we suppose
that if both choose Early or both choose Late, the simultaneous out-
come occurs.r® For all four high-conflict games, it follows that the
Nash subgame perfect equilibrium unambiguously is simultaneous
draw (Early, Early). Furthermore, both players now obtain the payoff
level ranked as the second best, and none of the alternative outcomes
represent a Pareto improvement relatively to simultaneous draw
(Early, Early). For the relevant advertisement game (game C), this
means that Early draw describes “a race to become the leader” that

results in a simultaneous Nash equilibrium.

3.2 | Low-conflict games

Next we focus at games belonging to the low-conflict category. These
games are characterized by (at least) one player having a second
mover advantage which implies that both players have a second
mover advantage (FF) or that player 1 (player 2) has a second mover
advantage and player 2 (player 1) a first mover advantage, FL (LF).
From this category, we discuss game A, that is characterized by
actions being strategic complements for both players (Uy, >0 and
V,y>0), in combination with the payoffs of both players being
increasing with the opponent's action (U,>0 and V,>0). The
following three rankings are possible: (R1) x° <xF <xt and y® < yF <yt,
(R2) xS<xt<xf and yS<yF<yl, and (R3) x<xf<xt and
yS <yt <yF(see Appendix A). Using the same logic as above, R1
implies — U(x*,y*) <U(X°,yF) <U(xt,yF) <U(x-yH) <U(XFyt)  and
V(xS,y5) <V(xF,y%) < V(xF,yt) <V (xtyt) <V(xtyF); that is, both
players have a second mover advantage (FF).

TABLE 2 The normal form of the commitment games (simultaneous game of timing)

Player 2
Early Late
Early Vs vF
us Ut
Player 1 Late VL Vs
uf Us
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The second case analyzed by Gal-Or (1985), nonsimultaneous
Bertrand competition for identical actors, belongs to game A when R1
is valid. From this, we can conclude that asymmetric players per-
forming Bertrand competition might lead to R2 or R3, hence deviating
from the outcome where the last mover undercuts the price set by
the rival (both players have a second mover advantage). For game
A and R2, we get U(x°,y®) <U(x°,yF) <U(xtyF) <U(xt,yb) <U(XF,yt)
and V(x%,y°) <V(xt,y®) <V(xt,yF) <V (xF,yF) <V (xF,y!); thus, player
1 has a second mover advantage and player 2 a first mover advantage
(FL). This situation may arise if the impact on each other's actions dif-
fers significantly across players.2° If this is the case, player 2 (as leader)
has the power to “force” player 1 (as follower) to set a value of x,
higher than player 1 would have done if being the leader. Turning to
the example of nonsimultaneous Bertrand competition, if R2 holds,
player 2 (as leader) will set a relatively high price so that player 1 will
raise her price, thus ending up in a situation being advantageous for
both. This situation might occur if player 2 can increase his price
significantly, for a small increase in the price of player 1, without a
significant loss of own profits, while player 1 will increase own price
marginally, in response to a small increase in player 2's price, without
having a significant impact on her profits. Finally, when R3 is valid, the
roles of the two players become exactly opposite of the ones identified
for R2; thus, player 1 has a first mover advantage while player 2 has a
second mover advantage (LF). The cases that follow from rankings R2
and R3 are discussed in Amir and Stepanova (2006). A game similar to
case A is analyzed by Hamilton and Slutsky (1990).%*

From Table 1, we observe that the set of outcomes identified for
game A is also relevant for the three remaining low-conflict games
(games D, N, and O). First, for game D, being defined by actions being
perceived as strategic complements for both players (U,, >0 and
Vx >0), in combination with both payoffs being decreasing in the
opponent's action (U, <0 and V< 0).22 Second, game N is defined by
actions being strategic substitutes for both players (Uy, <0, Vy, <0), in
combination with the payoff of player 1 being positively affected by
the rivals' action and player 2 being negatively influenced by the rival's
action (U, >0 and V, <0). The final game, game O (U, <0 and V, >0),
mirrors an advertisement game defined by the advertisement intensi-
ties being perceived as strategic substitutes by both firms, that is,
Uy <0 and V,, <0. In this game, firm 1 as leader has an incentive to
choose a high advertisement intensity in order to “force” firm 2 to
choose a low intensity. Firm 2, being the follower, may find this situa-
tion favorable, compared with being the leader, since a high advertise-
ment intensity from firm 1 stimulates the demand also in his market.
On the other hand, firm 2 as the leader has an incentive to choose a
low advertisement intensity to “force” firm 1 to choose a high inten-
sity. Firm 1, being the follower in this situation, may find this position
as leader to be advantageous since a relatively low advertisement
intensity from firm 2 does not reduce her demand as much as in the
situation where she acts as leader. The analysis shows that at least
one of the firms prefers being the second mover to being the leader,
possibly both.

We now consider low-conflict category games when the players

take part in a commitment game prior to the game of choosing x and

y. First, from Table 2, it follows that the outcomes (Early, Late) and
(Late, Early) represent subgame perfect equilibria for all three rankings.
Second, both equilibria represent Pareto improvements relative to the
other outcomes (Early, Early) and (Late, Late). Third, when one of the
players has a first mover advantage (defined by ranking R2 and R3
above), the subgame perfect equilibrium characterized by the player
having the first mover advantage draws Early, and the player having
the second mover advantage draws Late, will Pareto-dominate the
other subgame perfect equilibrium.

All games belonging to the low-conflict category, where both
players have a second mover advantage (R1), mirror the “battle of the
sexes” in which both players have ambitions of reaching a coordinated
solution but disagree about the preferred candidates. For such games,
given the existence of two subgame perfect equilibria, both consid-
ered as reasonable outcomes, it might be interesting to consider the
Nash equilibrium in mixed strategies. Using Table 2, defining p as the
probability that player 1 chooses Early and q is the probability that
player 2 chooses Early, the equilibrium values of these probabilities
are given by the following.

ut-u°
[

Vi VS

———  and =
| VA VAR V. VAl a

p= (6)

From 6, it is now seen that the lower the increase in the payoff
obtained by player 1, from being a leader relatively to drawing simul-
taneously, that is, the lower U — U®, and the higher the increase in the
payoff by player 1, obtained from being follower relatively to drawing
simultaneously, that is, the higher U™ — U®, the less is the probability
q for player 2 committing to draw Early. A similar reasoning related to
player 2's payoff gains for the different outcomes holds for player 1's
probability of choosing to commit to draw Early, that is, the value of p.
Generally, as also discussed by Amir and Stepanova (2006), when con-
sidering Bertrand competition, the existence of several equilibria
where neither Pareto-dominates the others means that it is not obvi-
ous what will be the outcome of a commitment game belonging to
the low-conflict category (both players have a second mover advan-
tage).2® Hence, surprisingly, low conflict games, defined by players
having (almost) the same preference direction, lead to various types of
equilibria in a commitment game prior to the choice of actions. Only
in the case where one of the players has a first mover advantage
within this category, the equilibrium where this player moves first and
the other second, this Pareto-dominates the others, and hence, this

equilibrium is likely to become the outcome.

3.3 | Medium-conflict games

Finally, we study the games that belong to the medium-conflict cate-
gory. Such games are characterized by (at least) one of the players
having a first mover advantage meaning that (i) both players have a
first mover advantage (LL), or (i) player 1 (player 2) has a second
mover advantage while player 2 (player 1) has a first mover advantage,

FL (LF). Up to now, all games being discussed are defined by actions
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that either are strategic substitutes or strategic complements for both
players. However, for games belonging to the medium-conflict cate-
gory, they are defined by actions that are perceived as being strategic
substitutes by one player while being considered as strategic
complements by the rival. Furthermore, for these games, there exist
two possible rankings for one of the two actions, while there is only
one possible ranking for the other action (for details, see Appendix A).
For games E, H, J, and K, the two possible rankings are related to the
action of player 1 (x), while for games F, G, |, and L, the two possible
rankings are related to the action of player 2 (y). A game similar to
case F is analyzed by Hamilton and Slutsky (1990).24

In the following, we choose game L as the representative of the
medium-conflict category (Uy, <0, V,, >0, U, <0, and V,<0). The fol-
lowing two rankings are possible: (R4) xt <xF <x5 and yF <yS <yl or
(R5) xF < xt < x5 and yF < y5 <y (see Appendix A). Note that the ranking
of the actions taken by player 1, y, is the same across R4 and R5. For
player 2 (as leader), both for R4 and R5, we arrive at a level of y that is
higher than the level of y given by simultaneous moves that again is
higher relatively to the situation where player 2 acts as follower. The
ranking of x, however, differs across R4 and R5. The highest value of
X, in both cases, follows from simultaneous moves, the lowest value of
x follows for R4, when player 1 acts as leader, while the lowest value
of x follows for R5, when player 1 is the follower. Hence, for R4,
we get  U(XF,yb) <U(XFy°) <U(xy%) <U(x°yF) <U(x,yF) and
V(x,y%) <V(xF,y*) < V(xF,yt) < V(xtyt) < V(xt,yF). This means that
R4 implies a first mover advantage for player 1 and a second mover
advantage for player 2 (FL). Given ranking R5, the ranking of the pay-
off for player 1 is the same as for R4, while the ranking for player
2 changes to V(x%,y°) <V(xt,y*) < V(x4 yF) < V(xF,yF) < V(xF,y!); that
is, both players now have a first mover advantage (LL). Player 1, since
the actions are strategic substitutes for her, responds to a high y by
reducing x, while player 2, since the actions are strategic complements
for him, responds to a higher x by increasing y. At the same time, we
know that the payoff of player 1 decreases in y, while the payoff of
player 2 decreases with x. The remaining games that belong to the
medium-conflict category (games E-K) are similar to game L, in the
sense that the strategic properties of the actions are considered to be
opposite across the two players and because they produce the same
distribution of possible outcomes (one player has a first mover advan-
tage and the other a second mover advantage, or both have a first
mover advantage).

Let us now consider the two remaining advertisement games
both belonging to the medium-conflict category (games G and K). In
game G, firm 1 considers the advertisement intensities to be strategic
complements while firm 2 considers them as strategic substitutes.
First, suppose firm 1 is the leader. Firm 1 will now choose a relatively
high advertisement intensity in order to “force” firm 2 to choose a rel-
atively low intensity. Firm 2, being the follower, might gain by this
choice since the advertisement intensity from firm 1 stimulates the
demand for own product as well as the demand for the rival's product.
In the opposite situation, firm 2 as leader, will choose a relatively high
advertisement intensity in order to stimulate firm 1 to increase her

advertisement intensity. This situation is unequivocally worse for firm

1 relatively to her being the leader; however, it might be advanta-
geous for firm 2 compared to the situation where he is the follower.
This situation implies that (i) both firms have a first mover advantage
(LL), or (ii) firm 1 has a first mover advantage while firm 2 has a second
mover advantage (LF).

In game K, firm 2 considers the advertisement intensities to be
strategic complements, while firm 1 considers them as strategic sub-
stitutes. First, suppose that firm 2 is the leader. Firm 2 will now
choose a relatively low advertisement intensity to “force” firm 1 to
choose a relatively high intensity level. Firm 2, being the leader, might
benefit from this choice since a more intensive advertisement inten-
sity by firm 1 will stimulate the demand for own product as well as
the demand for the rival's product. In the opposite situation, firm 1, as
leader, will choose a relatively low advertisement intensity in order to
stimulate firm 2 to reduce his advertisement intensity. This situation is
unequivocally worse for firm 2 relatively to the case where firm 2 acts
as leader; however, it might be advantageous for firm 1 relatively to
the situation where she acts as follower. This situation implies that
(i) both firms have a first mover advantage (LL) or (ii) that firm 2 has a
first mover advantage and firm 1 a second mover advantage (FL).2®

Next, consider the commitment game for the medium-conflict cat-
egory. It follows from Table 2 that for all eight games that belong to
this category, the unambiguous subgame perfect equilibrium is
defined by the player having the first mover advantage will choose
Early while the rival, both when having a first mover advantage and
when having a second mover advantage, will choose Late. This means
that games F, G, I, and L produce (Early, Late) while games E, H, J, and
K produce (Late, Early). Hence, all games that are part of the medium-
conflict category have a unique subgame perfect equilibrium charac-
terized by the player, having an unambiguous first mover advantage,
as the first mover, and the rival as the second mover. Additionally, it
should be noticed that if we have the situation where the player,
possibly having either a first mover advantage or a second mover
advantage, prefers to be the follower (as is the case for R4), the
subgame perfect equilibrium Pareto-dominates the other possible
outcomes.

As concerning the two advertisement games belonging to the
medium-conflict category, the commitment games produce a unique
equilibrium being (Early, Late) for game G and (Late, Early) for game K.
For game G, this means that firm 1 as leader chooses a relatively high
advertisement intensity, which implies that the advertisement inten-
sity chosen by firm 2, as follower, will be relatively low. For Game K,
this means that firm 2 as leader will, given his leading position, choose
a relatively low advertisement intensity that, in turn, induces firm 1 to
choose a relative high intensity. Furthermore, the assumptions made
for game K seem to be the most realistic ones compared with the
other three advertisement games. Here, the utilities and the marginal
utilities of the firms are assumed to be affected in the similar direc-
tions (i.e., U, <0 and Uy, <0) at the same time as V, >0 and V,, >0.
This means that firm 1, experiencing a reduction in own demand as
firm 2 increases his advertising intensity, also will experience a lesser
market effect from own advertising, as firm 2 increases his advertise-

ment intensity. Firm 2, experiencing an increase in own demand as
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firm 1 increases her advertisement intensity, experiences a higher
return from own advertising as firm 1 increases her advertisement
intensity. Finally, it should be noted that the two advertisement
games belonging to the cases in G and K differ from the other two
advertisement games since for the high-conflict advertisement game
(game C), the subgame perfect equilibrium was defined by simulta-
neous draws (Early, Early), while for the low-conflict category (game O),
we ended up with two possible Nash equilibria in pure strategies

(Early, Late and Late, Early).

4 | CONCLUSIONS

Our study has shown that the distribution of first and second mover
advantages primarily depends on the significance and slope of the
two reactions functions (whether the decisions are strategic comple-
ments or substitutes) and the significance and sign of the marginal
payoffs with respect to the rival's decision. Furthermore, allowing the
players to differ with respect to the properties of the payoff functions
has led to a need for a further clarification of concepts. Now, the
strategic properties of the decision variables have to be defined con-
tingent upon each player (player-specific). When a player responds by
increasing her value of the decision variable, as the other player
reduces (increases) his decision variable, the decisions become strate-
gic substitutes (complements) for this particular player.

The games considered are classified into three categories
according to the degree of conflicting preference interests between
the actors as concerning the decision variables (conflict categories).
For games being characterized by (i) decisions being perceived as
being strategic complements by both players combined with each
player's payoff function being affected in opposite ways by a change
in the decision of the rival and (ii) decisions being perceived as strate-
gic substitutes by both players combined with the payoffs of the
players being affected in the same way by a change in the decision of
the rival, belong to the high-conflict category. Games that belong to
this category produce the possibility of a first mover advantage for
both. For these high-conflict games, a commitment game will result in
a subgame perfect equilibrium where both players commit themselves
to act as early as possible, that is, (Early, Early), resulting in simulta-
neous draws that provide both with the second best payoff of the
obtainable ones.

For games that are characterized by either (i) decision variables
being strategic substitutes for both players, combined with payoffs
being affected in the opposite directions for changes in the rival's
decision, and, or (ii) decision variables being strategic complements for
both players, combined with payoffs being affected in the same
directions for changes in the rival's decision, belong to the low-conflict
category. Games that belong to this category produce several possible
outcomes. One possibility is that both players have a second mover
advantage, and another possibility is that one player has a first mover
advantage while the rival has a second mover advantage. Low-conflict
games analyzed as commitment games will result in two subgame per-

fect equilibria where the players are choosing either to commit as

soon as possible or as late as possible. Thus, the equilibria are charac-
terized by leader-follower solutions. In the case where one of them
has a first mover advantage, the equilibrium where this player moves
first, and the other moves second, will Pareto-dominate the other
equilibrium. However, when both players have second mover
advantages, there is a coordination problem like in “the battle of the
sexes,” and the outcome from such situations is not obvious.

Games being part of the medium-conflict category are character-
ized by decisions being perceived as strategic substitutes for one
player while being strategic complements for the other. This category
of games has not been given the same attention in the literature as
the symmetric ones (high-conflict and low-conflict games). These
games are characterized by (at least) one of the players having a first
mover advantage. For this category, introducing a commitment game,
where the players choose whether to commit as early or late as possi-
ble to specific actions, results in a unique subgame perfect equilibrium
where the player always having a first mover advantage moves Early,
and the other moves Late. In the case where the second player has a
second mover advantage, such an outcome Pareto-dominates all
other possible outcomes in these games.

As an example of games particularly addressing first and second
mover advantages in the cases of asymmetric players, we have
discussed possible interactions in advertising behavior between firms
supplying substitutes and that compete in price-regulated markets.
Generally, firms being asymmetric with respect to how they are
influenced by the other firm's advertisement intensity may lead to
games of all three conflict categories. However, if the utilities and
marginal utilities are affected in the same direction for each firm, and
such effects are opposite across firms, the firm with a first mover
advantage will choose a relatively low advertisement intensity, while
the rival as follower will choose a relatively high advertisement inten-
sity that again stimulates the demands and payoffs for both firms. We
believe that this example shows the value of sorting actual game situ-
ations into conflict categories when identifying possible outcomes
and equilibria.

In Hamilton and Slutsky (1990), we find games that belong to
each of our three conflict categories. Their game that corresponds to
our case P is a high-conflict game where it generally is impossible to
reach Pareto superior outcomes relatively to the simultaneous equilib-
rium. Moreover, their game corresponding to our case A belongs to
the category of low-conflict games, while their game corresponding to
our case F belongs to medium-conflict games. For both these games,
reaching a Pareto superior outcome, relatively to the simultaneous
equilibrium, is possible. As follows from our analysis and from Hamil-
ton and Slutsky (1990), games of type A, and the other games belong-
ing to the low-conflict category, a portion of both reaction functions is
located in the Pareto superior area. However, for case F, and the other
games belonging to the medium-conflict category, only the reaction
function of the firm that is likely to draw late in the commitment game
is located in the Pareto superior area.

Generally, our reasoning has showed that sorting one-shot two
player games into low, medium, and high-conflict games makes it easier

to answer the question as to whether it will be preferable for a player
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to draw first or last and what will be the likely outcome in a commit-
ment game prior to the choice of actions. By applying the conflict cat-
egories in combination with the characteristics of the players' utility
functions, our systematic overview facilitates the characterization of
games as well as identification of first and second mover advantages
among players. Our analyses are relevant for all situations where each
player's payoff is depending on the actions taken by rivals.
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ENDNOTES

1 Related to these works, many researchers have recently been engaged
in analyzing possible first and second mover advantages for various
market situations. In particular, different applications of Bertrand and
Cournot games (See Yano and Komatsubara, 2018 and Madden and
Pezzino, 2019 and the references therein).

N

By symmetry in this paper is meant that the signs of the derivatives of
payoffs with regard to the rival's action are the same and that the
actions are either strategic substitutes or complements for both; that is,
it does not necessarily mean identical players as is the case in
Gal-Or (1985).

Consequences of having different signs on first and second order deriv-
atives of the payoff functions for actors, with regard to the other
player's decision variable, are discussed in entry deterrence games. For
example, Fudenberg and Tirole (1984) show that the incumbent might
find it advantageous to commit to “overinvest” and “underinvest” in
order to deter the potential market intruder, depending on how the
payoff functions and the marginal payoff functions are affected by the
other player's decision variable. However, unlike our analysis,
Fudenberg and Tirole (1984) restrict their discussions on entry deter-
rence to cases where the action variables are either strategic substi-
tutes or strategic complements for both firms.

w

4 Amir (1995), using a counterexample, shows that one of conclusions of

Hamilton and Slutsky (1990) is invalid if not including that each payoff
is strictly monotone in the other player's action. We are indebted to
one of the referees for directing our attention to this work.

G}

In contrast to Gal-Or (1985), we describe the simultaneous game since it
(more easily) enables us to rank the actions and payoffs of the two players
for the various type of games that are presented below. The study of com-
mitment games also makes the simultaneous case relevant.

o

The second order condition for the leader's maximization problem is
UXX+2Unyx+Uyyyf+UyyXX<0 that is supposed to be satisfied. It is
seen that this means further restrictions on the U- and V-functions
additional to the concave assumptions.

~

The second order condition for the leader's maximization problem in
this case is Vi, + 2V, x, + Vxxx§ + Vyxyy <0, that is supposed to be satis-
fied. It is seen that this means further restrictions on the U- and V-func-
tions, additional to the concave assumptions and the restriction in
footnote 6.

10

11

12

13

14

15

18

8 Gal-Or (1985) definition of first and second mover advantages are as
follows—there are first (second) mover advantages in a sequential-move
game if the leader obtains more (less) payoff than the follower. Here,
since allowing for heterogeneous players, the definitions of first and
second mover advantages must change. We follow the definitions
suggested by Amir and Stepanova (2006) where player i has a first (sec-
ond) mover advantage if its equilibrium payoff in the game where acting
as leader (follower) is higher than the equilibrium payoff in the game
where acting as follower (leader).

The two games with identical actors not considered are 7z, =x >0 in
combination with 7, =7,<0 and my =<0 in combination with
wy =nx>0.

Gal-Or (1985), in the general set up, does not explicitly refer to duopoly
markets; however, the assumptions made are in line with standard
Stackelberg-Cournot competition and nonsimultaneous Bertrand com-
petition. Furthermore, she provides an example with a linear demand
and consider two different games: one where the players choose prices
as strategies and one where they choose output levels. Other early con-
tributions that compare quantity and price competition in duopoly mar-
kets include Singh and Vives (1984) and Cheng (1985).

It is easily seen from 4 that when y, =0, x- =x°, and y* =y®, and from
5, it follows that when x, =0, xf =x> and y-=y°. Moreover, when
Yx =0,y > (<)y® as Vyx, > (<)0, and x* >x° when x, >0 and y* >y* and
when x, <0 and y* <y®, and x" <x5 when x, <0 and y* >y and when
x,>0 and y' <yS. In the opposite case, when x, =0, xt>(<)x° as
Uyyy>(<)0, and yF >y> when y, >0 and xt >x> and when y, <0 and
x-<x%, and yF <y° when y, <0 and x >x° and when y, >0 and xt <x°.
However, we do not compare cases where x, and/or y, are equal
to zero.

From Table 1, we observe that in total, 16 cases are identified; how-
ever, the table could be simplified by ignoring those cases that are
redundant due to symmetry, for example, by blanking the upper off-
diagonal part of the table.

More accurately, game B is characterized by preference orders where
player 1's utility is increasing as one moves north/north-east, while
player 2's utility is increasing as one moves west/south-west. For game
C, the preference order for player 1 is south/south-west and east/
north-east for player 2; for game M, the preference order is north/
north-west for player 1 and east/south-east for player 2, and finally for
game P, the preference order is south/south-east for player 1 and
west/north-west for player 2.

However, for all these games, the preference orders for the players will
be slightly different. For instance, in game B, the utility for player 1 is
increasing when moving along her reaction function in the direction of
north/north-east, while player's utility is increasing when moving along
his reaction function in the direction of east/north-east. The same type
of nuances applies for games D, N, and O.

This finding is similar to a result by Amir and Stepanova (2006). They
assume that U, and V, always are positive and find that the player with
a downward-sloping reaction function always has a first mover
advantage.

16 See Fig. 5a at page 40 (Hamilton & Slutsky, 1990).
17

Such a game is discussed in a model analyzing traffic behavior (see
Pedersen, 2003).

Bergland and Pedersen (2019) present a game concerned with traffic
safety having such properties.

1% A similar assumption is made by Amir and Stepanova (2006).

20 The symmetric case assumes that the impact on each other's actions is

the same, thus producing ranking R1.

21 5ee Fig. 5b at page 40 (Hamilton & Slutsky, 1990).
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22 Bergland and Pedersen (2019) present a game concerned with traffic
actions having such properties.

23 Games within the low-conflict category are defined by having a (almost)
common preference order related to the decision variables x and y. It
may seem surprising that Bertrand duopoly, normally discussed and
characterized as “fierce competition,” is belonging to this category.
However, this stems from the fact the leader-follower solutions in price
competition make it possible for higher prices compared to the situa-
tion of simultaneous moves, surely gaining both firms. It should be
noticed, however, that even when the players agree on which direction
one should move in the xy diagram, they could end up disagreeing on
which of the two possible equilibria they will prefer. Hence, in the case
of price competition, there is no disagreement that both prices should
be high, even though the firms may prefer different equilibria.

24 see Fig. 5¢ at page 40 (Hamilton & Slutsky, 1990).
2

v

Grepperud and Pedersen (2020) present a game on lobbying and
campaigning games having the same properties as case K.
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APPENDIX A.

Based on 3-5, and the properties of the payoff functions, it is possible
to compare the quantities arrived at in the simultaneous game with
the games where player 1 is leader (follower) and player 2 follower
(leader). First, comparing (x°,y%) with (xt,yF), it follows that:

When U, >0and V,y >0 itfollows thatxt > x> and yf > y®
When U, >0and V,y <0 itfollows thatxt < x*and y* >y®

Al
When U, <0and V,y, >0 it follows thatx- < x° and yF <y® (A1)
When U, <0and V,, <0 it follows thatx- > x° and yF <y®
Secondly, by comparing (x°,y°) with (x,y*), it follows that:
When V, >0and Uy, >0 itfollows thaty" > y°* and x" > x>
WhenV, >0and U, <0 itfollows that yt<ySandx" >x° (A2)

When V, < 0and Uy, >0 itfollows thaty* < y° andx" < x°
When V, < 0and Uy, <0 itfollows thaty" > y° and x" < x°

From the above comparisons, it is seen that U, <0, Uy, <0, V<0, and
V,, <0 gives the following unambiguous rankings: x" <x°<x! and
yF <y® <yl (see P in Table Al). It also follows that for U, >0, Uy, <0,
Vx>0, and V,, <0 (see M in Table A1), we get the following unambig-
uous rankings: xt <x><xF and yt <yS <yf while for U, <0, Uy, >0,
Vx>0, and V,, >0 (see C in Table A1), we get the following unambigu-
ous rankings: xt <x> <xF and yF <y® <yl. Moreover, for U, >0, Uy, >0,
Vx <0, and V,, >0 (see B in Table A1), we get the following unambigu-
ous rankings: xF <x® <xt and yt <y® <yF. Finally, for games belonging
to the high-conflict category, there exists an unambiguously ranking of
payoffs (see B, C, M, and P in Table A1), which is defining a first mover
advantage for both players, that is,

UF <P <U andVF <V <Vt (A3)

(for the reasoning behind A3, see the main text.) For the remaining
12 combinations of payoff function properties, there exist no unique
rankings of payoffs and x and y for the two leader-follower solutions.

Now, by going systematically through all remaining combinations
of signs for Uy, Uy, Vi and V,y, using the information already
obtained in Al and A2, it is seen that for 8 games (E-H and I-L in
Table A1), two possible quantity rankings appear. For games E, H, J,
and K, the two possible rankings are related to the values of x, while
for F, G, I, and L, the two possible rankings are related to the values of
y. Moreover, when using the payoff functions, it is seen that the two
possible rankings of x lead to analogous possible ranking of the pay-
offs for player 2, while the two possible rankings of y lead to analo-
gous rankings of the payoffs for player 1 (see Table A1l).
Consequently, at least one player will have a first mover advantage in
these cases, possibly both; see the reasoning in Section 3 for further
details.

An analogous procedure, based on Al and A2 for games A, D, N,

and O, leads to four possible outcomes. However, one of these, the

one that expresses a first mover advantages for both players, is not
consistent with our prior assumptions. An alternative approach for
studying the possible rankings of the two leader-follower solutions
for games A, D, N, and O is to consider the consequences from moving
from a situation, where player 1 is follower and player 2 leader, to the
opposite situation. Differentiating Equations 4 and 5, defining
Ax=xt—xF, Ay=yF —yt, G:fuy%, and ﬂ:fvngg, considering @

and u as sufficiently small differences in 4 and 5, we get

Ax

-V,,0-U
=77 20 and Ay =
o

Usxpt + V0 (Ad)
c

where ¢ =UxV,y — Uy, Vy, >0 (fulfilled by prior assumptions). From
A4, it is seen that the signs from changes in x and y, as player 1 moves
from being the follower to becoming the leader and player 2 moves
from being the leader to becoming the follower, are determined by
the signs of the numerators in A4. Using the definitions of 8 and y in
these numerators gives the following:

Vx(ny)z .. .
N =—-Vy,0—Ugu=U,V,, U determining the signof Ax
XX

=xt—xF

(AS)

Uy (V)

Ny = Uupt 4+ Vyy0 = =V Uy, — VV determining the sign of Ay
yy

—yF oyt
(A6)

As seen from A5 and Aé, the quantitative changes in x and y, when
player 1 moves from being the follower to becoming the leader, and
player 2 moves from being the leader to becoming the follower, con-
sist of two terms. The first term in A5, U,V,,, represents a direct
effect on player 1 as she becomes the leader instead of being the fol-
lower, while the second term in (A5), %V)z represents an indirect
effect, capturing that the follower no longer acts as a leader. The same
interpretation is relevant for the two terms in Aé. For games A, D, N,
and O, the two terms in both A5 and Aé have opposite signs. Now, by
going systematically through the combinations of signs for U, Uy, V,
and V,,, we get for games A, D, N, and O that the direct effects lead
to xt > xF and yt > yF for A, xt <xF and y* <yF for D, xt <xF and y* > yF
for N, and xt > x" and y* < yF for O. Given identical players (symmetric),
the direct effects, measured by the first term in both A5 and A6, will
always dominate the indirect ones measured by the second term in
both A5 and A6, that is, when U, =V, and Uy =V,, xt —xf =
UyUxy (1 —xy) /o, and yt—yF = V,V, (1 —vy,)/o. This is the result
arrived at by Gal-Or (1985), leading to second mover advantages for
both players (see A). This conclusion also holds for game D. Returning
to the general case of heterogeneous players related to case A and D,
that also fits the asymmetric cases N and O; suppose now that the
indirect effect dominates the direct effect for one of the players
(player 1). Using game A as an example, this means that

U, Vyy +%V>z < 0. Multiplying by the negative value L% gives



2 | WILEY

Uy >0

Uy <0

U, >0

U, <0

u,>0

U, <0
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Vyy >0 V<0
Vx>0 V<0 V>0 V<0
(A) (B) (E) (F)
x5 < xF<xt xF<xS<xt xt<xS<xF xt<xF<x5
yS <yF <yt yh<y® <yf ys <yF <yt yt<y® <yf
US<Ut<UF UF<US < U US<Ut<UF UF<US<U*
Vo<Vt <VF VF<VS <Vt (VARRVARAVE Vo<Vt <VF
or or or
x5 < xF<xt xt<xS <xF xF<xt<xs
yS <yt <yF yS <yl <yF yh<y® <yF
U <Uf<Ut U <UF <Ut UF<U° < U
Vo<Vt <VF VF<VS <Vt Vo<V <yt
or
x5 <xt<xF
yS<yf <yt
U°<U < UF
VS <VF <Vt
(@) (D) (G) (H)
xt<xS<xF xt<xF<xS x5 <xF<xt xF<xS<xt
yF<yS <yt yL<yF<ys yF<yS <yt yh<yF<yS
UF<Us < U US<Ut<UF UF<Us<U US<Ut<UF
VP <V <Vt Vo<Vt <VF Ve <Vt <VF (VARRVARAVE
or or or
xt<xF<xS x5 <xt<xF xF<xS<xt
yFeyt<y® yF ey <yt yF<yt<y®
U <UF<U U< <U U <UF<Ut
VS <Vt <VF VS <VF <Vt VF<vS <Vt
or
xF<xt<x5
yt<yf<y?
U <U<UF
VS <VF <Vt
1) 0) (M) (N)
x5 < xF<xt xF<xS<xt xt<xS <xF xt<xF<x5
yh<y® <yF y* <yf <yt yh<y® <yF ys<yf <yt
UF <U° < U US<Ut<UF UF < <U US<U-<UF Vo<V <VF
Vo<Vt <VF VF <V <Vt (VARRVARAVE or
or or xF<xt<x®
x5 <xt<xF xF<xS<xt yS<yF <yt
yL<y5<yF y5<yL<yF US<UL<UF
U <Us < U U <UF<U Vo< VF <t
VS <VF <Vt VF<vS <Vt or
xt<xF<x5
yS <yb<yF
US<Uf < U
VS <VEt<VF
(K) (L) (0) (P)
xt< x5 <xF xF<xt<xS x5 < xF<xt xF < xS <xt
yh<yF <y yF<y® <yt yh<yF <y yF<ys <yt
Us<U-<UF UF<Us < U US<Ut<UF UF <U° < U
VF <V <Vt Vo<Vt <VF VS <Vt <VF VF<Vs <Vt
or or or
xt< x5 <xF xt<xF<x’ x5 < xF<xt
yF<yt<y® yF<ys <yt yF<yt<y®
U <UF <U UF << U U <UF<U
VF<vS <Vt Vo< VF <Vt VS <Vt <VF
or
x5 <xt < xF
yh<yF<y®
US<Ut<UF

Vo< VF <Vt

TABLE A1 Possible payoff and
quantity (x and y) rankings across games
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Uy (VXY)Z UnVyy S

ViU
ot Vyy UV

0 (A7)

Now, if the indirect effect for player 2 dominates the direct effect, it
follows from A6 that:

UV(VXY)Z

VU + v,

<0 (A8)

Now, we use the assumption that ¢=UwV,, — UV, >0, that is,
% > 1, which with necessity leads to the conclusion that conditions
A7 and A8 cannot be satisfied; that is, both indirect effects could be
dominating at the same time. The same conclusion follows for games
D, N, and O. Hence, as identified in Table A1, there are three possible
rankings of x and y for each game. For game A, these three rankings
are (a) x> <xF <xt and y5 <yF <yL, (b) x5 <xt <xF and y® <yF <yt, or (c)
x5 <xF <xt and y® <yt <yF. Moreover, for game D, the three possible
rankings are (d) xt<xF<x*® and yt<yF<y’, (e) xt<xf<x* and
yF <yt <ys, or (f) X <xt <x® and y* <yf <y°. The rankings of games
N and O are determined in the same way (see Table A1). The common
feature for games A, D, N, and O is that they all lead to three possible

distributions of first and second mover advantages (outcomes).

APPENDIX B.

The advertisement example presented in Section 3 is defined by the

following payoff functions (profit functions)
U(xy) =R(x,y) = C(x) andV(xy) =Q(x,y) — D(y) (B1)

where R is the revenue of firm 1, C is advertising costs for firm 1, Q is
the revenue of firm 2, and D is the advertising costs of firm 2. Due
to the example given in the text, it is supposed that
R«>0,C,>0,Q,>0,D,>0,R,<0,Q,>0,R<0,Q,, <0,C;x20 and
Dy, 2 0. Before proceeding, it should be remarked that R,, =U,, and
Qy = V. Then it follows that:

For game C, the following assumptions hold in addition to the

assumptions made related to B1:

Ry >0 andQ,, >0 (B2)

In this case, firm 2's marginal revenue with regard to its own advertis-
ing becomes higher as x is increased (Qy, >0), and the higher the
advertising originally is for firm 1, the less is the reduction in its
demand and revenue following from an increased advertising from
firm 2 (R,, >0).

For game G, the following assumptions hold in addition to the

assumptions made related to B1:

Ry >0 andQy, <0 (B3)

In this case, firm 2's marginal revenue with regard to its own advertis-
ing becomes lower as x is increased (Qy, <0), and the higher the
advertising is originally for firm 1, the less is the reduction in its
demand and revenue following from an increased advertising from
firm 2 (Ry, > 0).

For game K, the following assumptions hold in addition to the
assumptions made related to B1:

Ry <0 andQ,, >0 (B4)

In this case, firm 2's marginal revenue with regard to its own advertis-
ing becomes higher as x is increased (Qy, >0), and the higher the
advertising is originally for firm 1, the more significant is the reduction
in its demand and revenue following from an increased advertising
from firm 2 (R,, <0).

For game O, the following assumptions hold in addition to the

assumptions made related to B1:

Ry <0andQ,, <0 (B5)

In this case, firm 2's marginal revenue with regard to its own advertis-
ing becomes lower as x is increased (Qy, >0), and the higher the
advertising is originally for firm 1, the more significant is the reduction
in its demand and revenue following from an increased advertising
from firm 2 (R, < 0).
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