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1 INTRODUCTION

How can we test whether play in a game is consistent with the outcome as predicted by any equilib-

rium concept, when we cannot observe the players’ preferences? One possible answer is that we can

observe a data set and extend the lessons of revealed preference theory for individual choice to different

concepts of equilibrium in games. In revealed preference theory, as applied to individual constrained

utility maximization, data sets are created by observing different consumption choices that result as

a consumer is presented with different prices and incomes. A natural analog to formulate revealed

preference tests for game theory is thus to posit data sets that are created by observing different out-

comes as the players are presented with game forms that vary in a structured way. For example, for

a normal game form, data sets can be created by having players play the normal game form and all

its non-trivial reduced normal game forms, where these reduced game forms are created by deleting

strategies from the original game form. This is indeed the line of research analyzed in a recent liter-

ature (Sprumont 2000, 2001; Ray and Zhou 2001; Bossert and Sprumont 2002, 2003, 2013; Carvajal

et al 2004; Bachmann 2005, 2006; Galambos 2005; Zhou 2005; Xu and Zhou 2007; Penalva and Ryall

2008; Demuynck and Lauwers 2009; Carvajal 2010; Carvajal et al 2012; Carvajal and González 2012;

Lee 2012).

Sprumont (2000) provided necessary and sufficient conditions for a data set from normal game

forms to be rationalizable as Nash equilibria while Ray and Zhou (2001) (henceforth, RZ) considered

extensive game forms with complete information and provided necessary and sufficient conditions,

Acyclicity of the Base Relation, Internal Consistency, and Subgame Consistency (henceforth, AC, IC,

and SC, respectively), for subgame-perfect rationalization. The literature however is so far silent about

the observable differences between Nash and subgame-perfect behavior in extensive game forms with

complete information. To understand the issue clearly, consider a particular data set from a game tree

(and all its reduced forms) as shown in Figure 1.

The tree has two choice nodes; player 1 moves at the first node and has two choices,  and .

Player 2 moves at the second node (after player 1 moves ) and also has two choices,  and . There

are three possible (non-trivial) reduced game forms as shown in Figure 1.

Insert Figures 1 and 1 here

The corresponding normal game form has a 2× 2 structure as shown in Figure 1. There are four
possible (non-trivial) reduced normal forms. Clearly, if we observe the outcomes in the trees , 1,

2, and 3, we do not observe player 2’s choice of action when player 1 chooses to play  in the

corresponding normal game form 4.
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It is indeed possible to observe data in extensive game forms that are not rationalizable by subgame-

perfect equilibrium, yet can still be rationalized as Nash behavior. Consider for example, the following

two distinct data sets, as described in Figures 2 and 2, on the same game trees as in Figure 1.

Insert Figures 2 and 2 here

Neither of these data sets can be rationalized as a subgame-perfect equilibrium as is obvious from

the outcomes in , 1, and 2. The data in Figure 2, however, can be rationalized as a Nash

equilibrium. The choice of player 1 to play  in the game form  can be justified as a Nash behavior

on his part that assumes that player 2 would play  (although actually, player 2 plays  when given the

choice).1 The data in Figure 2, however, cannot be rationalized even by Nash equilibrium as there is

no choice of player 2 that could justify player 1’s choice of playing  in the game form .

This paper contributes to the literature on revealed preferences in game theory by considering

observable differences between Nash and subgame-perfect behavior in extensive game forms with com-

plete information. As in RZ’s work, we proceed under the assumption that the outcomes of all exten-

sive game forms are observable,2 but strategies are not. This assumption about observability makes

Sprumont’s conditions not directly applicable. Sprumont’s conditions are defined over observed pure

strategy choices in normal game forms, as outcomes and strategies are equivalent. A data set for an

extensive game form has missing observations compared to the data set for the corresponding normal

game form. The purpose of our work is to break down the conditions required for subgame-perfect

rationalization (as in RZ) into two conditions, one for Nash rationalization and the other to get to

subgame-perfection from Nash.

We maintain the set-up of the existing literature of -person extensive form games with perfect

information, including the assumption that only one outcome is observed in each of all possible reduced

game forms.3 Note that under these assumptions, one can only hope to characterize conditions for

weak Nash rationalization, as a (reduced) game may possess multiple Nash equilibria. For example,

notice that, under the (revealed) preferences that rationalize the outcomes in Figure 2, the game 

has multiple Nash equilibria; there is a Nash equilibrium (indeed, subgame-perfect) outcome (, ) in

the game, which may not be observed.

1This is precisely the case of “incredible threat” often used to show the difference between Nash equilibrium and

subgame-perfect equilibrium in extensive form games.
2 In this work, outcomes of all reduced game forms are observed. Galambos (2005) considered “closed” and “arbitrary”

domains and found necessary and sufficient conditions for rationalization.
3We here observe only one outcome that leads to the unique subgame-perfect equilibrium, as in RZ. Penalva and

Ryall (2008) studied situations in which empirical distributions of outcomes are observed from a game for which the

structure is not known. Xu and Zhou (2007) and Bossert and Sprumont (2013) considered choice functions defined on

subsets of alternatives without fixing the number of players or the grand game form.
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In this paper, we first provide a necessary and sufficient condition, called Extensive Form Consis-

tency (XC ) for weak Nash rationalization; i.e., we rationalize the data in each reduced game form as

one of the possibly multiple Nash equilibria. We then provide a condition, Subgame-Perfect Consis-

tency (SPC ) that, together with XC, tests whether the outcomes are consistent with not only Nash

but also with subgame-perfect behavior.

One possible criticism of our tests for Nash and subgame-perfect behavior could be that, unlike

the RZ conditions, the restrictions are described over both observable outcomes and unobservable

strategies. We first note that the set of unobservable strategies that is consistent with an observed

outcome is finite. Thus, the tests we derive can always be carried out in finitely many steps for a

given data set. Tests of this form have been used in the previous literature. For example, Diewert and

Parkan (1985) developed nonparametric tests that require checking whether there exists a real solution

to a (linear) programming problem defined over observed and unobserved variables.

However, the above argument involving finiteness also applies to any other test, including checking

Nash-rationalizability from its first definition. The fact that our environment is finite implies that

the number of possible preference orders is also finite; so, in principle, it is possible to apply a “brute

force” method of simply checking all possible strategies against the observed outcomes in finitely many

steps as well. However, in defense of our result, we observe that our condition (XC in particular)

requires consideration of only a “small” subset of all reduced games (namely, those with only two

terminal nodes, as opposed to all reduced games) and thereby we offer arguments to show real gains

in computations using our conditions over checking rationalizability directly, later in this paper.4

2 SET-UP

We study n-person extensive form games with perfect information. The structure is identical to that

in RZ.5

An extensive game form (simply put, a game form, henceforth) is a finite rooted tree with a set of

nodes, , a distinct initial node 0, and a precedence function  : \0 → . If () = , then  is

called an immediate predecessor of . In turn,  is called an immediate successor of . Let () and

() respectively denote the set of immediate successors and the set of all successors of .

A node  is called a terminal node, or an outcome, if there exists no  ∈  such that () = .

The set of all terminal nodes is . A path  is a finite sequence of nodes: ( :  = 0    ) where

4We would like to thank an anonymous referee for suggesting this line of argument.
5The terminologies in this subsection are similar to those in RZ; however, we differ in (some of the) notations. We

would like to thank an anonymous referee for suggesting these new notations that proved to be more efficient than those

in RZ, particularly for presenting the new concepts and the conditions in this paper.
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 = (+1) for each  and  is a terminal node. A path leading to a terminal node  ∈ , (),

can be uniquely identified.

The set of non-terminal nodes, \, are partitioned into  subsets (12 ) where ,

called the player ’s partition, is the set of nodes at which player  moves; player ’s moves determine

one  ∈ () for each  ∈ .

A pure strategy  for player  specifies a unique choice  ∈ () at each node  in . The set of

pure strategies available to player  is . A strategy profile  = (1     ) determines an outcome

Ω() =  ∈ , where Ω : Π → .

2.1 Notations

Given any game form with the set of nodes  and the set of terminal nodes , a reduced game form

is identified by a non-empty subset  of terminal nodes ( ⊆ ,  6= ∅). Any  uniquely refers to a

game form with the (sub)tree () consisting of all the nodes that belong to () for any  ∈ , that

is, () = ∪∈().
() is partitioned into player-partitions ( ) for player , given by ( ) =  ∩(). The

set of all possible reduced game forms of a game form is therefore 2\∅.
Given any reduced game form  and any non-terminal node , the subgame form beginning at 

is the reduced game form identified by the (sub)set of terminal nodes ( ) =  ∩ ().6

Each player  has a strict preference ordering ∗ over  (that we do not observe). Let the players

play reduced games for every . Let  : 2\∅→  be the outcome function such that () ∈ . It

is assumed that only one outcome is observed for each reduced game form. We observe () ∈  and

hence the unique path (()) for every . We do not observe strategies; thus, the players’ intended

moves off the path cannot be observed.

An outcome function  is weakly rationalized by Nash equilibrium in strict preferences if for all ,

there exists a strict preference ordering  over  such that () coincides with a Nash equilibrium

outcome of the game () for every . Similarly, an outcome function  is fully rationalized by

subgame-perfect Nash equilibrium in strict preferences if for all , there exists  over  such that

() coincides with the unique subgame-perfect equilibrium outcome of the game () for every .

2.2 Definitions

Definition 1 Player  is active in any reduced game form  if ( ) is non-empty with at least one

node  ∈ ( ) such that |()| ≥ 2.
6The subgame form ( ) is thus the reduced game form consisting of the path from 0 to  and the subgame

below the node .
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The set of pure strategies available to any (active) player  in the game form  is  ( ). A pure

strategy for player  in  specifies, at each node  in ( ), a unique choice  ∈ () ∩( ).
Clearly, although  ⊆ ,  ( ) may not be a subset of . However, note that in any game form

, for any strategy profile  ∈ Π ( ) (with appropriate restriction of the domain), Ω() ∈ . With

this fact in mind, we introduce the following definitions.

Definition 2 For any given  and  ⊆  ( ),  6= ∅, for all , the strategy-reduced game form is

the image of Π under Ω and is identified by the reduced game form with terminal nodes ( ()).

A strategy-reduced game form is obviously a reduced game form (of the original game form).7

Starting from any  and a fixed strategy profile, we now look at strategy-reduced game forms in which

the other players’ strategies are fixed, while varying the set of strategies for a player , keeping the

fixed strategy of player  as one of the feasible strategies.

Definition 3 For any given , any player , any strategy profile  ∈ Π ( ) and  ⊆  ( ) such

that  ∈ , the individually-strategy-reduced game form is the image of  × Π6={} under Ω and
is identified by the reduced game form (   ).

Definition 4 For any ,  and , if  is such that
¯̄
(   )

¯̄
= 2, then the individually-strategy-

reduced game form (   ) is called binary.

For any given ,  and , let us denote the set of all binary individually-strategy-reduced game

forms by (  ).

2.3 Conditions

Our first goal is to find a condition for (weak) rationalization of Nash equilibrium play. The following

condition, XC, compares outcomes of reduced game forms to the outcomes of the binary individually-

strategy-reduced game forms. As will be proved in Theorem 1, this condition turns out to be necessary

and sufficient for (weak) Nash rationalization.8

Condition 1 Extensive Form Consistency (XC): For any given , there exists a ∗ ∈ Π ( ) such
that (i) Ω(∗) = () and (ii) for all , for all binary individually-strategy-reduced extensive game

forms e ∈ (  ∗), ( e) = ().

7Another way to look at a strategy-reduced game form is to consider the corresponding normal form representation.

Formally, from a reduced game form one can uniquely define a normal game form and then a reduced normal game form,

given (sub)sets of strategies. Subsequently, from such a reduced normal game form, one can then uniquely define the

corresponding strategy-reduced game form.
8Once again, we would like to thank an anonymous referee for suggesting the formulation of our conditions.
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Clearly, as indicated in the Introduction, satisfaction of XC does not imply that play is consistent

with Nash equilibrium in every subgame of every reduced game form of the data set. The following

condition is needed in addition to XC for subgame-perfect rationalization.

Condition 2 Subgame-perfect Consistency (SPC): For any given  and any given non-terminal node

 ∈ (()) with  ∈  for some player , for all non-terminal nodes  ∈ ()\(()) such that there
exists one active player  6=  in the reduced game ()∩, we have ((() (()∩))) = ().

3 RESULTS

Given an outcome function , following RZ, one can construct an incomplete preference relation for

players over the terminal nodes. Consider the paths that lead to two different terminal nodes 1 and 2.

Take the player  who has to play at the node where these two paths diverge. Player ’s preference over

1 and 2 can be determined by his choice in the reduced game form  which has only two terminal

nodes, 1 and 2. This incomplete relation, , for player , is known as the revealed base relation.

Formally, 12 if and only if 1 = () and  ∈ , where  = (1 2) and  is the non-terminal

node at which the paths to 1 and 2 diverge.

We first observe that our condition XC implies acylicity of the revealed base relation.9

Lemma 1 If XC is satisfied, then the revealed base relation for each player  is acyclic.

Proof. Suppose we have a cycle in the revealed base relation for some player  involving the terminal

nodes 1, 2, ...,  such that 12    1. Consider the reduced game form  = (1 2     ).

 is a game form where only player  is active (by definition of the revealed base relation) and chooses

among the nodes in .

Without loss of generality, suppose, () = 1. Let’s now apply XC on . XC implies that

the outcome in the individually-strategy-reduced game form consisting only of 1 and  is 1, which

contradicts 1.

Hence, we cannot have a cycle in the revealed base relation.

We also observe the following which is a known result in this literature.

Lemma 2 An acyclic base relation can be extended to a strict preference ordering on  for each player

.

We are omitting the proof here as it can be proved by a routine argument using induction.10 We

are now ready to prove our characterizing results.

9Ray and Zhou (2001) took acyclicity as one of their conditions.
10 See also the first part of the proof of the main theorem in RZ that uses Zorn’s lemma and Szpilrajn (1930)’s extension

theorem (cf. Richter 1966, Theorem 1).
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Theorem 1 XC is necessary and sufficient for weak Nash rationalization in strict preferences.

Proof. Necessity is straightforward and hence we will only prove sufficiency.

From Lemmata 1 and 2, we first observe that if XC is satisfied, we can define a strict preference

ordering  on , for all , that is consistent with the base preference relation .

We will now show, for each game form , there exists a strategy profile such that the outcome

corresponding to the profile is the observed outcome () and also that the strategy profile is a Nash

equilibrium of the game ().

We know, for each game form , there exists a ∗ = (∗1     
∗
) with ∗ ∈  ( ) for all  and

Ω(∗) = () satisfying XC. If every player follows this strategy, then the outcome is () = , say.

Let us now show that these strategies indeed constitute a Nash equilibrium for every . Suppose

any player  deviates and plays any other strategy e to induce a different outcome e. By XC, the
outcome of the binary individually-strategy-reduced game form e = (e ) is . Hence, by the revealed
base relation, e implying e. Therefore player  cannot deviate and be better off.
To understand XC, consider again the data set in Figure 2 (as in the Introduction). There are

two strategies consistent with the given outcome in the game form , namely, ( ) and ( ); if we

fix player 2’s strategy at either  or , we see that player 1 plays , from the outcomes of the reduced

games 2 and 3. XC is not satisfied here and  cannot be rationalized as Nash behavior in game .

On the other hand, in the data set in Figure 2, XC is indeed satisfied and the outcome in game 

can be rationalized using the strategy profile ( ), as player 1 plays  rather than  in 3.

Theorem 2 XC and SPC together are necessary and sufficient for full rationalization by subgame-

perfect Nash equilibrium in strict preferences.

Proof. Once again, necessity is straightforward and hence we will only show sufficiency.

From Theorem 1, we know that there exists a strict preference ordering  consistent with the base

preference relation , for all , such that for each game form , there exists a ∗ = (∗1     
∗
) with

∗ ∈  ( ) for all  and Ω(∗) = () that constitutes a Nash equilibrium for the game (). We

will now prove that under SPC (and XC ), these outcomes coincide with the subgame perfect Nash

equilibrium outcome for every game ().

Suppose this is not true. Then, there must exist a reduced game  in which there exists a node

 such that these outcomes do not constitute a subgame perfect equilibrium for the subgame form

beginning at , ( ), but they do for (), for all  ∈ (). This is because, if such an  does

not exist, we would be able to find an infinite sequence of nodes {} with  = (+1), for each ,

which contradicts the assumption that the game always ends.

Without loss of generality, assume player  is active in ( ) and  ∈ ( ) with |()| ≥ 2.
As play at ( ) is not subgame-perfect but is for all subgames succeeding , then it must be true
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that, given , player  can deviate at  from the outcome path (()) and obtain an outcome that

he prefers to (). If  ∈ (()) then player  cannot change the outcome by deviating at . So, let

us assume  ∈ (()). Suppose now player  deviates and moves to a successor  ∈ () such that

 ∈ (()).

We now consider three possible cases based on this .

Case 1: Suppose  is a terminal node. Then, consider the binary individually-strategy-reduced

game form e = (() ). By XC, the outcome of this binary individually-strategy-reduced game

form is ( e) = (). Hence, by the revealed base relation, player  cannot deviate and be better off.

Case 2: Suppose  is a non-terminal node, however the subgame ( ) has player  as the only ac-

tive player. Then, consider the binary individually-strategy-reduced game form e = (() (( ))).
Again by XC, ( e) = () and hence, by the revealed base relation, player  cannot deviate and be

better off.

Case 3: Finally, suppose  is a non-terminal node and the subgame ( ) has at least one active

player other than . Then, by SPC, ((() (()∩))) = (). Therefore, again by the revealed

base relation, player  cannot deviate and be better off.

The proof is thus complete (like RZ’s proof), appealing to the one deviation property (as in Lemma

982 of Osborne and Rubinstein, 1994) which is a necessary and sufficient condition for subgame-perfect

equilibrium.

As mentioned in the Introduction, the data set in Figure 2 can not be rationalized as a subgame-

perfect equilibrium. In this data set, player 2 is active in 1, which is a proper subgame of , and is

observed to move ; under this circumstance, we know from 2, player 1 plays  rather than . Thus

the outcome  in  violates SPC.

A little further discussion to explain the distinction between our conditions (XC and SPC ) and the

RZ conditions (AC, IC, and SC ) is in order. We have already proved that XC implies AC (Lemma

1). SC is clearly a condition relating to subgame behavior; thus, one would not expect (weak) Nash

rationalization to imply SC, and indeed we observe XC does not imply SC (the data set in Figure 2

satisfies XC but not SC, for example). A more subtle point is that AC and IC together do not imply

(weak) Nash rationalization, nor does (weak) Nash rationalization imply IC. The data set in Figure

2 shows an example in which AC and IC are both satisfied, yet XC is not. To see why XC does not

imply IC, consider the following game form with four outcomes.

Insert Figure 3 here

The outcomes in  and 1 here imply that IC is violated. However, one may check that XC is still

satisfied in this data set. Finally, note that our SPC is similar to RZ’s SC. However, unlike RZ’s SC,
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our SPC implies no restrictions in our condition when (i)  ∈ ()\(()) is a terminal node, and
when (ii)  is the only active player in () ∩ . It is easy to check that these two cases are covered
by our XC.

We should also mention that our Theorem 1 is closely related to Theorem 3 in Sprumont (2000)

which provides a necessary and sufficient condition for Nash rationalization in normal game forms.

4 REMARKS

In this paper, we provide separate testable restrictions for Nash and subgame-perfect equilibrium

behavior. Our two conditions (XC and SPC ) together are equivalent to RZ’s three conditions (AC, IC,

and SC ) for subgame-perfect rationalization. Our condition XC is necessary and sufficient for (weak)

Nash rationalization, while there is no subset of the RZ conditions that is necessary and sufficient for

Nash rationalization. Thus, the advantage of our conditions is that they can be used to test for Nash

behavior alone and also to distinguish between Nash and subgame-perfect behavior.

4.1 Observations

As mentioned in the Introduction, it is important to determine the precise gain in computational steps

involved in our tests over those in a “brute force” method of simply checking all possible strategies

against the observed outcomes. Because the games we consider are finite, one could always use such a

brute method to determine in finite time whether a data set was consistent with Nash equilibrium or

not. One would simply posit a possible preference profile, use that profile to compute the equilibria in

each reduced game, check the set of equilibrium outcomes against the data at hand, and then repeat

this algorithm until a preference profile consistent with Nash is found. Thus, the improvement in

computational time would be a function of the number of possible preference profiles.

For example, consider a class of game forms in which each of the  players moves once and only

once, with 2 choices at each of their possible choice nodes: player 1 moves “Left” or “Right”, followed

by player 2, who moves “Left” or “Right” (regardless of player 1’s choice), followed by player 3, who

moves “Left” or “Right”, etc. The number of terminal nodes will be 2 with (2!) many possible

strict preference profiles; for example, with 3 players, there will be 8 terminal nodes and (23!)3 =

65548320768000 many strict preference profiles. In the worst-case scenario, one would check each one

of those preference profiles against the data at hand.

The primary computational benefit of our method is that we do not have to compare the outcomes

of reduced game forms with three or more nodes to each other. Our tests are set up so that the outcome

of each reduced game form with three or more nodes only needs to be compared to the outcomes of a

set of reduced game forms with two nodes each.
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The fundamental improvement XC offers is due to the fact that its computational time is dependent

on the number of off-equilibrium-path strategies consistent with the observed outcomes of the reduced

game forms. This number will grow exponentially, but not as fast as the number of preference profiles.

For example, in the game form just discussed above with 3 players, suppose the observed outcome of

the full game form corresponds to the terminal node resulting when all three players choose to move

“Left”. Now consider all possible strategy profiles consistent with this outcome: player 1 must choose

“Left”, player 2 chooses “Left” when player 1 goes “Left” but could go either “Left” or “Right” had

player 1 chosen “Right” and player 3 chooses “Left” when both players 1 and 2 go “Left”, but could

choose “Left” or “Right” at any of the other 3 choice nodes. Thus, there is one possible strategy

player 1 could have played, 2 possible strategies player 2 could have played, and 8 possible strategies

player 3 could have played, giving rise to a total of 16 possible strategy profiles that are consistent

with this outcome. Checking our condition XC would involve going through these strategy profiles

and comparing the outcome to the outcomes of the binary individually-strategy-reduced game forms

associated with each one. In this example, there are 3 such game forms associated with each strategy.

This process of comparing outcomes of binary game forms would be repeated for all of the other

reduced game forms of 3 or more terminal nodes in the data set; as the number of terminal nodes is

reduced, so are the number of strategies consistent with the outcome. It is thus clear that for such

a 3-player game, the computational complexity is greatly improved with our XC compared to the

“brute force” method described earlier. This argument also suggests that the improvement can be

achieved in any -player game. An important area of future research should be precise comparisons of

the computational efficiency of different tests for subgame-perfect behavior.

4.2 Multiple Rationales

Our conditions are also constructed in such a way that violations of these conditions refer specifically

to players and nodes. Checking these conditions can help to identify the players and the nodes where

subgame-perfect or Nash behavior are not observed. Thus, even though the data come from a collective

choice situation of a multi-player game, we can recover information about individual rationality.

Consider again the data sets in Figures 2 and 2. In Figure 2, play is not consistent with subgame-

perfect or Nash equilibrium, as condition XC is violated. It is the play of player 1 at the first node that

leads to the violation of XC ; player 1’s choice in game  to play  is not consistent with the outcomes

of games 2 and 3, where player 1 plays . Thus, we can unambiguously identify player 1 as the

“inconsistent player” of this game. On the other hand, in Figure 2, player 1 is playing optimally in

game  by playing  if he believes that player 2 is playing , and condition XC is satisfied. The play

is not subgame-perfect however. Here, we cannot unambiguously define an “inconsistent player”; in
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the game , either player 1 or player 2 is playing in a way that is not consistent with our observations

of 1 and 2.

These observations could be relevant to obtain results to rationalize observed outcomes using other

notions of rationality such as multiple rationales. For example, one can rationalize the data set in

Figure 2 by assigning two preference orderings for player 1 (with one ordering for player 2). There

are however two ways to implement different rationales to justify the data set in Figure 2. One can

assign two preference orderings for player 1 (with one ordering for player 2) or two preference orderings

for player 2 (with one ordering for player 1). It would of course be interesting to find general results

analogous to Kalai, Rubinstein and Spiegler (2002) in this context.

12



5 REFERENCES

1. Bachmann, R. (2005), “Testable implications of Pareto efficiency and Pareto optimality,” Eco-

nomic Theory, 29, 489-504.

2. Bachmann, R. (2006), “Testable implications of coalitional rationality,” Economics Letters, 93,

101-105.

3. Bossert, W. and Y. Sprumont (2002), “Core rationalizability in two-agent exchange economies,”

Economic Theory, 20, 777-791.

4. Bossert, W. and Y. Sprumont (2003), “Efficient and non-deteriorating choice,” Mathematical

Social Sciences, 45, 131-142.

5. Bossert, W. and Y. Sprumont (2013), “Every choice function is backwards-induction rationaliz-

able,” Mimeo.

6. Carvajal, A. (2010), “The testable implications of competitive equilibrium in economies with

externalities,” Economic Theory, 45, 349-378.

7. Carvajal, A., R. Deb, J. Fenske and J. K.-H. Quah (2012), “A revealed preferences analysis of

the Cournot model,” Mimeo.

8. Carvajal, A. and N. González (2012), “On refutability of the Nash bargaining solution,” Mimeo.

9. Carvajal, A., I. Ray and S. Snyder (2004), “Equilibrium behavior in markets and games: testable

restrictions and identification,” Journal of Mathematical Economics, 40, 1-40.

10. Demuynck, T. and L. Lauwers (2009), “Nash rationalization of collective choice over lotteries,”

Mathematical Social Sciences, 57, 1-15.

11. Diewert, W. E. and C. Parkan (1985), “Tests for the consistency of consumer data,” Journal of

Econometrics, 30, 127-147.

12. Galambos, A. (2005), “Revealed preference in game theory,” Mimeo.

13. Kalai, G., A. Rubinstein, and R. Spiegler (2002), “Rationalizing choice functions by multiple

rationales,” Econometrica, 70, 2481-2488.

14. Lee, S. (2012), “The testable implications of zero-sum games,” Journal of Mathematical Eco-

nomics, 48, 39-46.

15. Osborne, M. J., and A. Rubinstein (1994), “A course in game theory,” MIT Press, Cambridge,

MA.

13



16. Penalva, J. and M. D. Ryall (2008), “Empirical implications of information structure in finite-

length extensive-form games,” B. E. Journal of Theoretical Economics (Contributions), 8, Article

2.

17. Ray, I. and L. Zhou (2001), “Game theory via revealed preferences,” Games and Economic

Behavior, 37, 415-424.

18. Richter, M. (1966), “Revealed preference theory,” Econometrica, 34, 635-645.

19. Sen, A. K. (1971), “Choice functions and revealed preference,” Review of Economic Studies, 38,

307-317.

20. Sprumont, Y. (2000), “On the testable implications of collective choice theories,” Journal of

Economic Theory, 93, 205-232.

21. Sprumont, Y. (2001), “Paretian quasi-orders: the regular two-agent case,” Journal of Economic

Theory, 101, 437-456.

22. Szpilrajn, E. (1930), “Sur l’extension de l’ordre partiel,” Fundamenta Mathematica, 16, 386-389.

23. Zhou, L. (2005), “The structure of the Nash equilibrium sets of standard 2-player games,” Eco-

nomic Theory, 26, 301-308.

24. Xu, Y. and L. Zhou (2007), “Rationalizability of choice functions by game trees,” Journal of

Economic Theory, 134, 548-556.

14



 

17 
 

 
 
 
 
 
 
 
 
                               1      1            1      1  
        

        L           R      L             L           R     L      R 
 
 2           2       2             2 
        
    l           r            l           r         l                   r 
 
 

 Z           Z1                    Z2       Z3 
 

 
 

Figure 1a 
 
 
 
 
 
 
 

 
 

 
l 

 
r 

 
L 

 
 

 
 

 
R 

 
 

 
 

 
     Z 

 

 
 

       Z1 

 

 l R 

L   

 

 
      Z2 

 

 l 

L  

R  

 

 
      Z3 

 

 r 

L  

R  

 
 

 
 

      Z4 

 
 
l 

 
r 

R 
 
 

 
 

 
 
 
 

Figure 1b 
 
 



 

18 
 

 
 
 
 
 
 
 
 
                               1      1            1      1  
        

        L           R      L             L           R     L      R 
 
 2          2      2            2 
        
    l           r            l           r         l                   r 
 
 

 Z           Z1                    Z2        Z3 
 
 
 
 

Figure 2a 
 
 
 
 
 
 
 
 
                               1      1            1      1  
        

        L           R      L             L           R     L      R 
 
 2          2      2            2 
        
    l           r            l           r         l                   r 
 
 
 

 Z           Z1                    Z2        Z3 
 
 
 
 

Figure 2b 
 
 



 

19 
 

 
 
 
                                   1         1      1    1   
 

                   L            R         L              L                 R         L   R          
 
                   2   2           2                  2       
        

   l           r       l             r     l              l         r           
          1            1         1               1      
 
λ  ρ   λ          ρ           λ               ρ                 λ              
 
 
 

Z           Z1          Z2        Z3          
 
 
                                   1         1      1   1            
 

                   L            R         L               L                    L  R            
 
                    2   2           2         2       
        

 l                 l             r    l            l                                  
         1                      1                 1       1      
 
λ     λ                     λ               ρ             ρ 
 
 
 

Z4   Z 5               Z 6        Z 7           
 
 
 
                                   1         1      1    
 

                   L            R         L              L                R     
 
                    2   2           2                
        

   l           r       l             r       r 
          1            1                 
 
  ρ              ρ          
 
 
 

Z 8   Z 9                        Z 10 
 
 

Figure 3 
 


	04-14R cover
	04-14R Paper
	irssmarch2013
	newnashspfig



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (\(Based on 'Creo PDF Export Style'\))
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


