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Abstract.
Experimentalists frequently claim that human subjects in
the laboratory violate game-theoretic predictions. It is here argued that this
claim is usually premature. The paper elaborates on this theme by way of
raising some conceptual and methodological issues in connection with the very
definition of a game and of players’ preferences, in particular with respect to
potential context dependence, interpersonal preference dependence, backward
induction and incomplete information.
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1. Introduction
An important development in economics is the emergence of experimental economics,
and Werner Güth has been one of its pioneers. Moving from arm-chair theorizing
to controlled laboratory experiments may be as important a step in the development
of economic theory as it once was for the natural sciences to move from Aristotelian
scholastic speculation to modern empirical science.1
The first experiments in game theory were carried out in the early fifties. However,
a new wave of game experiments began in the mid seventies, and Güth, Schmittberger
and Schwarze (1982) pioneered experimental work on so-called ultimatum bargaining
situations. For surveys of such experiments, and for introductions to experimental
game theory more generally, see Güth and Thietz (1990), Bolton and Zwick (1995),
∗
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Kagel and Roth (1995), Zamir (2000), the special issue of the Journal of Economic
Theory in 2002 devoted to experimental game theory, and the Camerer (2003) book.
The present note discusses some methodological and conceptual issues that arise
when non-cooperative game theory is used for positive analysis of human strategic
interaction. In particular, in the experimental literature, it has many times been
claimed that certain game-theoretic solutions - such as Nash equilibrium and subgame
perfect equilibrium - have been violated in laboratory experiments.2 While it may
well be true that human subjects do not behave according to these solutions in many
situations, few experiments actually provide evidence for this. Especially in the early
literature, experimentalists did not make any eﬀort to elicit the subjects’ preferences,
despite the fact that these preferences constitute an integral part of the very definition
of a game. Instead, it has been customary to simply assume that subjects care only
about their own material gains and losses. In later studies, subjects’ preferences were
allowed to also depend on the “fairness” of the resulting vector of material gains and
losses to all subjects. However, recent experiments, discussed below, suggest that
even this is sometimes too restrictive – subjects’ ranking of alternatives may depend
on other parts of the game form, a phenomenon here called “context dependence.”
In applications of non-cooperative game theory, the game is not only meant to
represent the strategic interaction as viewed by the analyst, but also as viewed by
the players – it is even frequently assumed that the game is common knowledge to
the players. Indeed, a variety of epistemic models have been built in order to analyze
the rationality and knowledge assumptions involved in game-theoretic analysis –
under the classical interpretation that the game in question is played exactly once by
rational players. The extent and exact form of knowledge assumed on behalf of the
players varies across game forms, solutions, and on the epistemic model in question,
see Tan and Werlang (1988), Reny (1993), Aumann and Brandenburger (1995), Aumann (1995), Ben-Porath (1997) and Asheim (2002). Being deductive, such epistemic
models of games can of course not be empirically falsified as such, only their assumptions, which are known to be strong idealizations. So what can then be tested? One
can test whether the theoretical predictions are at least approximately correct in environments which approximate the assumptions. Such testing is important, because
this is the way game theory is used in economics and the other social sciences.3
This essay is somewhat discursive and philosophical, and contains no theorems.
I hope, though, that it sheds some light on the very definition of a non-cooperative
game, on the empirically relevant possibilities of context dependent preferences and
2
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interpersonal preference dependence, on backward induction and on incomplete information modelling. The interested reader is recommended to read Levine (1998),
Sprumont (2000), Ray and Zhou (2001) and Binmore et al. (2002) for other discussions of some of these, and related, issues (connections to these earlier studies are
briefly commented below).
The discussion is organized as follows. Section 2 pins down some terminology and
notation. In particular, a notion of “game protocol” is introduced. Section 3 applies
this machinery to a class of very simple ultimatum bargaining situations. Section 4
discusses backward induction more in general, in particular how to reconcile it with
context-dependent preferences. Section 5 discusses briefly interpersonal preference
dependence. Section 6 shows how the model in Levine (1998) can be used to address
the issues discussed in the two preceding sections, and section 7 concludes.
2. Games and game protocols
The present discussion is focused on a slight generalization of finite games in extensive
form, as defined in Kuhn (1950,1953).4 Such a game is a mathematical object that
contains as its basic building block a directed tree, consisting of finitely many nodes
(or vertices) and branches (or edges). A play τ of the game is a “route” through
the tree, starting at its initial node and ending at one of the end nodes ω. A node
k0 is a successor of a node k if there is a play that leads first to k and then to k0 .
Moreover, each end-node is reached by exactly one play of the game, and each play
reaches exactly one end-node. Let Ω denote the set of end-nodes and T the set of
plays. We then have |Ω| = |T | < +∞.
The set of non-end nodes is partitioned into player subsets, and each player subset
is partitioned into information sets for that player role. In each information set, the
number of outgoing branches from each node is the same, and the set of outgoing
branches from an information set is divided into equivalence classes, the moves available to the player at that information set, such that every equivalence class contains
exactly one outgoing branch from each node in the information set. A choice at an
information set is a probability distribution over the moves available at the information set. In games with exogenous random moves, one of the players is “nature,”
and all information sets for this “non-personal” player are singleton sets with fixed
probabilities attached to each outgoing branch.
A pure strategy for a personal player role is a function that assigns one move to
each of the role’s information sets. The outcome of a strategy profile is the probability
distribution induced on the set Ω of end-nodes, or, equivalently, on the set T of plays.
Since humans sometimes exhibit social preferences, that is their choices are in part
4
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driven by concerns for others, it is useful to allow for the possibility of passive players
(or dummy players), that is, player roles with empty player sets, but where the player
may be aﬀected by the choices made by other, active, players. Relevant examples
are the so-called dictator games, where one player is active and one is passive. More
generally, an active player may be passive in certain subgames and yet influence active
players’ preferences in the subgame.
The ingredients described so far together make up a game form.
2.1. Games. A game form becomes a game when the (personal) player roles are
endowed with preferences. More exactly, in standard non-cooperative game theory,
each player i = 1, 2, ..., n is assumed to have preferences over the unit simplex


|Ω|


X
|Ω|
∆ (Ω) = ∆ (T ) = p ∈ R+ :
pi = 1


i=1

of lotteries over end-nodes, or, equivalently, plays, satisfying the von NeumannMorgenstern axioms.5 Hence, for each player i there exists a real-valued function
πi with domain Ω, or T , such that player i prefers one lottery over another if and
only if the expected value of the function πi is higher in the first lottery than in the
second. Such a function πi : Ω → R (unique up to a positive aﬃne transformation)
will here be called the Bernoulli function of player i. The number πi (ω) is usually
called the payoﬀ to player i at end node ω.6 If Φ is a game form, then the pair
Γ = (Φ, π), where π denotes a combined Bernoulli function π : Ω → Rn , constitutes
a finite extensive-form game.

2.2. Game protocols. In virtually all applications of game theory, including
laboratory experiments, each play results in well-defined material consequences for
the players. In applications to economics, and in most laboratory experiments, these
material consequences are monetary gains or losses, in which case these are usually
called monetary payoﬀs – not to be confounded with game theorists’ definition of
payoﬀs as Bernoulli function values.
In order to facilitate discussions of the eﬀects of changed material or monetary
payoﬀs, it is useful to introduce a name for game forms with specified material consequences. Hence, by a game protocol is here meant a pair (Φ, γ), where γ is a function
that maps end-nodes ω ∈ Ω (or, equivalently, plays τ ∈ T ) to material consequences
5
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c ∈ C, for some set C rich enough to represent relevant aspects of the material consequences in question. If the material consequences are monetary gains and losses to
the n players in the game form, then we may thus take C to be a subset of Rn .7
The formal machinery of non-cooperative game theory does not require that a
player’s payoﬀ value πi (ω) at an end node ω be a function of the material consequences
at that node. Indeed, two plays resulting in the same material payoﬀs to all players
may well diﬀer in terms of information sets reached, choices made and not made
along the play, etc. – aspects that may be relevant for players’ preferences and
hence influence their Bernoulli functions. Standard game theory only requires the
existence of a Bernoulli function πi for each (personal) player i. Indeed, several
laboratory experiments have convincingly – though perhaps not surprisingly for the
non-economist – shown that human subjects’ preferences are not driven only by
their own monetary payoﬀs.8
3. Mini ultimatum protocols
A class of game protocols that have been much studied in the laboratory are those
associated with ultimatum bargaining protocols. These two-player game protocols
represent strategic interactions where the subject in role A, the proposer, makes a
suggestion to the subject in role B, the responder, for how to split a fixed sum of
money. The responder may accept or reject the proposal. If accepted, the sum is
split as proposed. If rejected, both subjects receive nothing.
Figure 1shows the extensive form of such a simplified strategic interaction, a
mini ultimatum protocol, where 100 tokens are to be divided between two parties,
a proposer and a responder. The proposer has only two choices, either to keep x
tokens for herself, her outside option, or to oﬀer the responder 100 − y tokens. In the
latter case, the responder has a binary choice, whether to accept or reject the division
(y, 100 − y). In case B rejects, both players receive zero tokens. Hence, the game
form has three plays: T = {τ1 , τ2 , τ3 }. In play τ1 , A chooses the division (x, 100 − x)
and play stops at end node ω1 . In play τ2 , A proposes the division (y, 100 − y), B
accepts this and play stops at end node ω2 . In play τ3 , A proposes (y, 100 − y), B
rejects this and play stops at ω3 . The numbers x and y are fixed and given, and
known by the player subjects, where 0 < x < y < 100. At the end of the experiment,
tokens are exchanged for money, at a pre-set exchange rate.

7
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Figure 1: A mini ultimatum game protocol.
In the early experimental literature it was presumed that the payoﬀ values πi (ω)
to the subjects are monotone functions of their own monetary payoﬀs. Hence, in
strategic interactions like this, it was claimed that non-cooperative game theory predict play τ2 , namely, that A will propose the division (y, 100 − y) and that B will
accept this. This is of course the unique subgame-perfect equilibrium of the game
that defined by such preferences. The implicit hypothesis in this early literature is
fivefold:
(H1) the responder prefers play τ2 over play τ3 ,
(H2) the responder is rational in the sense of playing optimally, according
to his or her preferences,
(H3) the proposer knows that H1 and H2 hold (or at least believes that
they hold with a suﬃciently high probability),
(H4) the proposer prefers τ2 over τ1 , and
(H5) the proposer is rational in the sense of acting optimally, in accordance
with his or her knowledge and preferences.9
9
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A large number of laboratory experiments with more complex ultimatum bargaining situations of this sort have shown that many proposer subjects instead oﬀer
sizable shares to the responder, and that many responder subjects reject small shares
if oﬀered. In the present mini ultimatum game protocol, this corresponds to play
τ1 . Such findings were initially interpreted as rejections of the subgame perfection
solution concept. What was rejected was the combined preference-cum-knowledge
hypothesis H1-5 given above. This is not surprising, since neither hypothesis H1 nor
H3 is true for all subjects.
In the present example, let ºA be a proposer subject’s preferences over the set
∆ (Ω), and let ºB be a responder subject’s preferences over the same set. For example, suppose x = 50 and y = 90. A subject in player role A may then have
the preference τ2 ÂA τ1 ÂA τ3 , and the subject in role B may have the preference
τ1 ÂB τ3 ÂB τ2 .10 Indeed, such preferences are consistent with many subjects’ behavior in laboratory experiments. All games in the associated game class (that is, with
compatible Bernoulli functions) have the 50/50 split, that is, play τ1 , as the unique
subgame perfect outcome.
In an experimental study of a variety of mini ultimatum protocols slightly more
complex than the one in figure 1, Falk et al. (2003) found that the responder rejection
rate (across 90 subjects) depends not only on the current oﬀer they faced, but also
on the “outside option” available to the proposer.11 In the context of the present
example: B’s ranking of plays τ2 and τ3 may well depend on the material consequences
of play τ1 .
As indicated above, this observation has implications for backward induction arguments: a change in one part of a game protocol may change players’ preferences in
another part of the game protocol, even if the first part cannot be reached from the
second. This issue is addressed in the next section.
4. Backward induction
In a given game form Φ, let K0 be the subset of nodes k such that (i) k is either a move
by nature or {k} is an information set of a personal player, and (ii) no information
set in Φ contains both a successor node and a non-successor node to k. Each node
k ∈ K0 is the initial node of a subform, a game form Φk . For any such node k, let
the associated subprotocol be defined as the game protocol (Φk , γk ), where γk is the
restriction of γ to the subset Ωk ⊂ Ω of end nodes that succeed node k. So far,
all well. The subtlety arises when we are to define subgames, since for any given
subprotocol there are two distinct candidates claiming that name.
10
11
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First, there is the following definition of a subgame: if Γ = (Φ, π) is a game and
k ∈ K0 , then the subgame at k is the game Γk = (Φk , π̃), where π̃ is the restriction
of π to the subset Ωk . In other words, the Bernoulli-function values in Γk coincide
with those in Γ at all end-nodes in Ωk . This is the context-dependent definition of a
subgame. In this definition, players’ preferences in the subgame, represented by π̃,
may depend on parts of the full game protocol (Φ, γ) outside the subprotocol (Φk , γk )
in question. For example, π̃ may depend on choices available at along the unique
play leading up the node k and/or on material payoﬀs at end-nodes not in Ωk . This
approach treats the full game protocol as the relevant context for all players’ decisions
at all points in the game protocol.
A second candidate for the title of “subgame” at a node k ∈ K0 is the game
o
Γ = (Φk , π o ) that is obtained if the subprotocol (Φk , γk ) is played in isolation, that
is, beginning at node k as the initial node and without the “context” of the rest of
(Φ, γ). We will call Γo = (Φk , π o ) the isolated subgame at k.
As an illustration of this distinction, consider the subform in figure 1 beginning at
the node k where player B has to accept or reject the proposal (y, 100 − y). Viewed
in isolation, this is a one-player game protocol, where the unique active player (B)
has a binary choice of either (a) receiving 100 − y tokens while y tokens are given to a
passive player A, or (b) no tokens to any of the two players. I guess an overwhelming
majority of subjects in this isolated game protocol would choose the first option.
However, we know that many subjects in player role B in the full game protocol in
figure 1 choose the second option. Taking their behavior as their revealed preference,
this means that π̃ 6= π o . Indeed, it is an empirical question whether π o = π̃. The
above-mentioned observations in Falk et al. (2003), if taken as revealed preferences,
show that π̃ 6= π o . Hence, the distinction between subgames and isolated subgames
may be critical.
Since the full game protocol is supposed to represent the relevant decision context
for the players’ decision making, it is this author’s opinion that backward induction
should be applied to the full game protocol, with all players’ preferences defined in this
protocol. In particular, when applying subgame perfection, one should use the above
definition of a subgame, and not that of an isolated subgame. Formally, a subgame
perfect equilibrium is then a strategy profile that induces a Nash equilibrium on every
subgame Γk = (Φk , π̃).
However, much of the game-theoretic literature seems to ignore this distinction.
For a recent example, see Ray and Zhou (2001), where it is implicitly assumed that
π̃ = π o .12 However, other researchers have provided experimental evidence against
12
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backward induction when carried out in terms of the isolated subgames, that is by
using π o instead of π̃, see Binmore et al. (2002). Hence, what they reject is the
combined hypothesis that the subjects’ play is compatible with backward induction,
as described here, and that their preferences satisfy π̃ = π o .
Note that the suggested approach – to base backward induction (and all other
analysis) on the preferences in the full game protocol – is not a critique of “Kuhn’s
algorithm,” the usual way of solving finite games of perfect information by way of
successively replacing each final decision node in the game tree by an end node with a
payoﬀ vector that equals the expected payoﬀ vector achieved by some optimal move
by the player at the decision node in question. All that is suggested here is that the
payoﬀs should then be Bernoulli function values as defined from players’ preferences
in the full game protocol.
Context-dependence in preference formation may have many causes. It may be
that human subjects in player roles have opinions about actions taken and not taken
on the way to the information set in question, with or without regard to the possible
intentions behind those actions. It may also be that players have social preferences
that depend on options available to others outside the subprotocol in question. However, for the purposes of game-theoretic analysis it does not matter what the causes
are, as long as players’ preferences in the full game protocol are well-defined. The
analyst’s task to elicit the preferences of subjects in player roles of a given game protocol is in general not easy. It is particularly diﬃcult if subjects have interpersonally
dependent preferences, that is, if their rankings of outcomes depend in part on their
expectations of other player subjects’ rankings of outcomes, which depend on those
other subjects’ expectations of the others’ rankings etc. – the topic of the next two
sections.
5. Interpersonal preference dependence
The elicitation of players’ preferences raises a fundamental issue in the very definition of a game, namely whether a player’s preferences may depend on (knowledge
of, or beliefs about) another player’s preferences, which in its turn may depend on
(knowledge of, or beliefs about) the first player’s preferences etc. Such potential
interpersonal preference dependence is disturbing since it makes the domain of preferences unclear – the game protocol is then not an exhaustive representation of the
interactive situation – and yet such interdependence might realistically exist in some
interactions.
in the reduced game in which these subsets are the full strategy sets.

10

Testing game theory

5.1. Example. In order to illustrate this possibility, consider the game protocol
in Figure 2 below.13 There, a mini “dictator game” form follows upon the tossing of
a fair coin deciding who of the two players should be the “dictator.” The game form
has four plays: τ1 , where A is the dictator and decides that they get 50 tokens each;
τ2 , where A is the dictator and decides that she will get 70 tokens while B will get
only 10, τ3 where B is the dictator and decides that they will get 50 tokens each;
and, finally, τ4 , where B is the dictator and decides that he will get 70 tokens while A
will get only 10. (The token sum is thus 100 in the even splits and 80 in the uneven
splits.)

(50,50)
A
1/2

(70,10)

(50,50)

0
1/2
B

(10,70)

Figure 2: A mini random dictator game protocol.
Suppose there is one subject in each of the two player roles, and the experimentalist wants to elicit their preferences in order to identify the game they are playing.
Suppose the experimentalist is able to find out each subject’s ordinal preference ranking of the four plays in the above game protocol. Suppose the subject in player role
A ranks play τ1 (being dictator and splitting 50/50) highest, while the subject in role
13
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B ranks τ4 first (being the dictator and keeping 70 for himself). Can the experimentalist then conclude that if the game (or more precisely, game class) were known by
both subjects, the subjects would play according to their stated preferences? Not
necessarily. Suppose for instance, that the subject in player role A, when learning
about B’s “selfish” preference, changes her own ranking and now prefers to keep 70
tokens for herself if called upon to act as dictator.
Suppose now that the experimentalist anticipates this possibility of preference
interdependence, and therefore instead proceeds as follows: the experimentalist asks
subject A to state her ordinal ranking of the four plays for each of the 24 possible
(strict) ordinal rankings that B may have, and likewise for subject B. Having done
this, the experimentalists looks for matching preference orderings, that is a pair of
orderings such that each subject’s ordering applies to the other subject’s ordering.
This way, the experimentalist may end up with no matching pair, one matching pair,
or several matching pairs. For instance, subject A may rank play τ1 (being dictator
and splitting 50/50) highest if B prefers play τ3 (being dictator and splitting 50/50)
over play τ4 , and likewise for subject B. Presumably, two such subjects would not
change their own ranking even when told the other’s. However, the same two subjects
may also have another matching pair of rankings, such as A ranking play τ2 (being
dictator and keeping 70 tokens for herself) highest if subject B prefers play τ4 (being
dictator and keeping 70 tokens for himself) over play τ3 , and likewise for subject B.
This corresponds to a behaviorally distinct class of games, so the experimentalist has
ended up with two distinct game classes for one and the same game protocol and pair
of subjects.
5.2. Games of incomplete information. Can this kind of preference interdependence be avoided by way of modelling the interaction as a game of incomplete
information, and using the Harsanyi approach of transforming that game into a “meta
game” of complete but imperfect information, with a common prior? The feasibility
of this program seems to be an empirical question, for two reasons. First, it is an
empirical question if such a game exists for given subjects in the player roles of a
given game protocol, since interpersonal preference dependence may arise also in the
resulting meta game of imperfect information: subjects may alter their own rankings
of outcomes once the learn about the others’ rankings.14 Secondly, it is doubtful if
human subjects will understand the so constructed meta game, since such a game
is usually quite abstract, nor is it clear that they will agree on a common prior (or
even understand what a prior is). In view of these diﬃculties, the game theorist may
abandon direct preference elicitation, and work under the (falsifiable) hypothesis that
14
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the subjects act as if they were players with hypothesized preferences in such a meta
game. The subsequent section illustrates that route by way of applying the simple
and yet rich incomplete-information model of interpersonal preference dependence
suggested by David Levine (1998). As will be seen, a certain form of individual
preference elicitation is possible even in that setting.
6. Altruism-driven interpersonal preference dependence
In a two-player game protocol, such as those in figures 1 and 2, let xA (ω) and xB (ω)
be the monetary payoﬀs to the two players, A and B, at each end-node ω ∈ Ω.
The players are drawn from one and the same population (of, say, subject in an
experiment). The type space is a subset Θ of R, and players’ types are i.i.d. draws
from a c.d.f. F : Θ → [0, 1].15 In the game protocol of the associated meta game,
where “nature” first chooses the two players’ types, an end node is a triplet (ω, a, b) ∈
Ω × Θ2 , where a and b are A’s and B’s types and Ω is the set of end nodes in the
underlying, or “basic,” game protocol that neglects nature’s draws (as in figures 1
and 2).
The Bernoulli functions of players A and B in this meta game, when A is of type
a and B is of type b, are taken to be of the form
πA (ω, a, b) = xA (ω) + W (a, b) xB (ω)

(1)

πB (ω, a, b) = xB (ω) + W (b, a) xA (ω)

(2)

and
where W : Θ2 → R is a function that attaches a relative weight to the other player’s
material payoﬀ (as compared with the unit weight attached to the player’s own material payoﬀ). A positive weight thus represents altruism towards the other player
while a negative weight represents spite. Levine (1998) uses the following functional
form:
θ + λθ0
W (θ, θ0 ) =
(3)
∀θ, θ0 ∈ Θ
1+λ
where λ ∈ [0, 1] is a parameter that reflects interpersonal preference dependence: the
weight W (θ, θ0 ) placed on the other player’s material payoﬀ depends non-negatively
on the other player’s type θ0 and is more sensitive to the other player’s type the larger
λ is.
6.1. Mini ultimatum games. Let us first apply this approach to the game protocol in figure 1, for 0 < x < y < 100. Suppose thus that “nature” first chooses the
two players’ types and reveals each player’s type privately to the player in question.
15
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In the notation of figure 1, an outcome in the meta-game protocol is a triplet (ω, a, b),
where ω ∈ {ω1 , ω2 , ω3 }, a is A’s type and b is B’s type.
Let λ ∈ [0, 1], and let F : R → [0, 1] be a c.d.f. with finite mean value θ̄. Player
A’s Bernoulli function is then
πA (ω1 , a, b) = x +

a + λb
(100 − x)
1+λ

(4)

a + λb
(100 − y)
(5)
1+λ
and πA (ω3 , a, b) = 0 for all a and b. Player B’s Bernoulli function is similarly defined:
πA (ω2 , a, b) = y +

πB (ω1 , a, b) = 100 − x +

b + λa
x
1+λ

(6)

πB (ω2 , a, b) = 100 − y +

b + λa
y
1+λ

(7)

and πB (ω3 , a, b) = 0 for all a and b.
Note, however, the informational asymmetry in the two player’s expectation formation at their respective decision nodes in figure 1. While player A forms an unconditional expectation of B’s type b when making her choice, player B, when making his
choice, conditions his expectation of A’s type on the observation that A has chosen
not to take her outside option (x, 100 − x). The above description specifies a meta
game of complete but imperfect information, defined by the following data: x, y, λ
and F .
Suppose that we have laboratory data for given monetary payoﬀs x and y, and for
human subjects who have been randomly and anonymously matched to play the two
player roles. Let p = (p1 , p2 , p3 ) ∈ ∆ ({ω1 , ω2 , ω3 }) be the empirical outcome in the
underlying game protocol, that is, the observed population frequencies of the three
plays of the game protocol in figure 1.16 For the sake of clarity of exposition, suppose
p1 < 1, that is, at least one proposer subject has chosen not to take the outside
option. What such outcomes p are consistent with play of a sequential equilibrium
in the meta game?
In order to answer this question, first note that “reject” is sequentially rational
for player B if and only if
µ
¶
100
b ≤ − (1 + λ)
− 1 − λEB [a] ,
(8)
y
16

The subsequent equilibrium analysis would seem relevant if all subjects have had many learning
rounds first, where they get familiar with the rules of the game and where they can learn about
aggregate behaviors in the subject pool.
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where EB [a] is B’s conditional expectation of A’s type a ∈ Θ. A necessary condition
for p to be compatible with sequential equilibrium is thus
·
µ
¸
¶
100
p3
F (1 + λ) 1 −
,
(9)
− λEB [a] =
y
1 − p1
that is, the equilibrium probability of rejection should equal the empirical rejection
frequency.
Secondly, it is sequentially rational for player A to forego the outside option
(x, 100 − x) if and only if
a ≤ (1 + λ)

y − x − yq
− λEA [b] ,
y − x + (100 − y) q

(10)

where q is the equilibrium probability that B will reject the oﬀer (y, 100 − y). Hence,
another necessary condition for the outcome p to be compatible with sequential equilibrium is
·
¸
(1 + λ) (y − x − yq)
F
− λEA [b] = 1 − p1 ,
(11)
y − x + (100 − y) q

where q = p3 / (1 − p1 ). In other words, the equilibrium probability that A will not
take the outside option should equal the empirical frequency of this event.
Thirdly, the consistency condition in the definition of sequential equilibrium requires that player A’s expectation of B’s type should equal the unconditional meanvalue under the type distribution F ,
EA [b] = θ̄,

(12)

and that B’s expectation of A’s type, when called upon to make a move, should equal
the conditional mean-value under F , given that A’s type a satisfies (10):
·
¸
(1 + λ) (y − x − yq)
EB [a] = G
− λθ̄ ,
(13)
y − x + (100 − y) q
where G : R → R is the truncated mean-value function associated with F , defined by
Z t
1
sdF (s) .
(14)
G (t) =
F (t) −∞

Indeed, given the meta-game data x, y, λ and F , the four equations (9) and
(11)-(13) are together necessary and suﬃcient for an outcome p in the underlying
game form to be compatible with sequential equilibrium in the meta game (granted
0 < x < y < 100 and p1 < 1).
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As claimed above, this model is rich enough to allow for the possibility that the
rejection rate q depends on the outside option. The game-theoretic link is that the
outside option may influence B’s attitude to A, if A chooses not to take the outside
option. To see this, note that equations (9) and (13) together imply
·
µ
¶¸
100 − y
(1 + λ) (y − x − qy)
q = F − (1 + λ)
− λG
− λθ̄ ,
(15)
y
y − x + (100 − y) q
a fixed-point equation in q. Given the meta-game data, the right-hand side defines
a non-decreasing function of q that maps the closed unit interval into itself. Hence,
by Tarski’s fixed point theorem, there exists at least one fixed point. Moreover, we
see in (15) that if the equilibrium rejection rate q is unique, then it is non-decreasing
in x (and non-increasing in y), since, at any given value of q, the right-hand side of
the equation is increasing in (1 − q) y − x.17 In particular, if the outside option is
made “less generous” (x is increased), then the rejection probability increases. This
monotonicity is in qualitative agreement with the empirical findings in Falk et al.
(2003). In a slightly more complex game protocol, they find that the rejection rate to
a given oﬀer (y) decreases when the proposer’s outside option (x) is decreased.18 The
fixed-point equation is illustrated in figure 3 below, drawn for λ = 0.5 and y = 90
when types are uniformly distributed on (−1, +1). The straight line is the left-hand
side of (15), and the curves represent the right-hand side for x = 20 (the lowest
curve), x = 50 (the middle curve) and x = 70 (the highest curve).
By varying the material payoﬀs x and y and recording the associated rejection
rates, q̃ (x, y), equation (15) can be used to pin down λ and F for a given subject pool
– under the hypothesis, of course, that the model is valid. In this sense, indirect
aggregate preference elicitation is possible.

17

The same comparative static property holds also for all “stable” equilibria in the case of nonuniqueness, where a fixed point is called “stable” if the right-hand side, as a function of q, intersects
the diagonal from above.
18
In Falk et al. (2002), the oﬀer was y = 80, and the proposer’s “outside options” (in their setting
also subject to the responder’s approval) were x = 50 and x = 20, respectively. They also found low
rejection rates when x ≥ y, a case not analyzed here.
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Figure 3: The fixed-point equation for the rejection rate.
However, also certain individual preference elicitation is possible. To see this,
suppose estimates λ̃ and F̃ have been obtained as mentioned above. If records of
individual subjects’ actions have been kept, then further estimation and testing of the
model at an individual level can be done by way of inequalities (8) and (10). For this
purpose, let θ̃ denote the mean value associated with F̃ and let G̃ be the associated
truncated mean-value function. According to the model and these estimates, a subject
j of type θj , when in the proposer role, does not take the outside option (x, 100 − x)
if and only if
³
´
y − x − y q̃ (x, y)
θj ≤ 1 + λ̃
− λ̃θ̃,
(16)
y − x + (100 − y) q̃ (x, y)
and, when in the responder role, rejects the oﬀer (y, 100 − y) if and only if
´
³

³
´ 100 − y
1 + λ̃ (y − x − y q̃ (x, y))
− λ̃G̃ 
− λ̃θ̃ .
θj ≤ − 1 + λ̃
y
y − x + (100 − y) q̃ (x, y)

(17)

For each subject j, Let Θj ⊂ Θ be the subset of parameter values θj that satisfy
these conditions for subject j, for all values of x and y in the experimental data.
The set Θj is either empty or a non-empty interval (determined by j’s choices for
diﬀerent values of x and y). If Θj = ∅ for some subject j, then the model together
with its estimates (λ̃ and F̃ ) is empirically rejected. If, however, Θj 6= ∅ for all

17
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subjects j, then interval-valued estimates of all subjects’ types have been obtained.19
In the latter case it would be interesting to see whether such individual estimates
have predictive power for the same subject’s behavior in other game protocols.
6.2. Mini random dictator games. Turning to the game protocol in figure
2, suppose that “nature” not only chooses who will be the dictator, but also both
players’ types. In the notation of figure 2, an outcome in the meta-game protocol is
thus a triplet (ω, a, b), where ω ∈ {ω1 , ω2 , ω3 , ω4 }, a is A’s type and b is B’s type.
Let λ ∈ [0, 1], and let F : R → [0, 1] be a c.d.f. with finite mean value θ̄. Player A’s
Bernoulli function is then defined by
πA (ω1 , a, b) = πA (ω3 , a, b) = 50 + 50
a + λb
1+λ
a + λb
πA (ω4 , a, b) = 10 +
70
1+λ

πA (ω2 , a, b) = 70 + 10

a + λb
1+λ

(18)
(19)
(20)

and analogously for B.
Suppose, first, that both players’ types are common knowledge. Then player A,
if selected to be the dictator, will choose 50/50 if and only if a + λb ≥ (1 + λ) /2.
Likewise, player B, if selected to be the dictator, will choose 50/50 if and only if
b + λa ≥ (1 + λ) /2. Hence, each player’s decision will depend in part on the other’s
type. In the context of the present example, it seems reasonable to constrain players’
types to lie between zero and one, that is, Θ = (0, 1). Figure 4 shows how the
unit square Θ2 is divided into four regions by the two player’s indiﬀerence lines (the
diagram has been drawn for λ = 1/2). Note, in particular, that there are type
combinations (a, b) for which one player will choose 50/50 when selected to be the
dictator, despite the fact (known by that player) that the other player, if called upon,
would have chosen 70 for him- or herself. (These are the regions NW and SE of the
intersection of the two indiﬀerence lines.)

19

One further test is to see whether this collection of interval estimates, one for each subject, is
consistent with F̃ in the sense that, for every θ ∈ Θ, the number of subjects j with intervals Θj that
intersect (−∞, θ] approximates N F̃ (θ), where N is the total number of subjects in the experiment.
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Figure 4: Players’ indiﬀerence lines in the space of type pairs.
Secondly, suppose that each player’s type is his or her private information. In
sequential equilibrium, any of the two players, if selected to be the dictator, will
choose 50/50 if and only if his or her own type θ is at least (1 + λ) /2 − λθ̄, where θ̄
is the the mean-value under F . If λ = 0, then this condition is independent of the
other’s expected type, while for positive λ, the condition depends on the other’s type
and it is easier met the higher is the other’s expected type.
7. Concluding remarks
The methodological issues discussed here are relevant for an array of other game protocols than the few examples discussed here. For instance, one may ask if prisoners’
dilemma game protocols indeed are prisoner dilemma games for all pairs of human
players. For instance, in the light of the many experiments based on such protocols,
it is not excluded that some individuals actually prefer the play (C, C) to the play
(D, C) even in the role of player 1, although their own material payoﬀ then is lower.20
A related empirical question is whether a repeated game protocol results in a
repeated game, since the latter requires that preferences over plays are additively
separable in the material payoﬀs in each round – a stringent requirement on preferences. Suppose, for example, that a prisoners’ dilemma protocol is repeated ten
20
Empirical support for this hypothesis has been found in preliminary experimental work by M.
Kosfeld, E. Fehr and the author.
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times in a laboratory setting and that the subjects are paid the sum of their material
gains, after the last round. Will they behave as if they strived to maximize the sum
of their material gains, even if they would exhibit such preferences in the one-shot
prisoners’ dilemma protocol?
It was shown above how Levine’s (1998) model allows for certain interpersonal
preference dependence in game protocols. In particular, it can explain why responders’ rejection rate in ultimatum game protocols may depend on the proposer’s outside options. While players’ preferences in this approach are driven by altruism and
spite, there may well be other reasons why some subjects reject small oﬀers. A responder subject may, for example, want to punish the proposer’s action, irrespective of
the proposer’s possible motives, because the action violates some “norm” supported
by the responder. This would not be a case of interpersonal preference dependence,
but of context-dependent preferences, as discussed in section 4. Indeed, Fehr and
Gächter (2003) reported empirical evidence, in the context of a public-good provision
game protocol, that suggests such explanations. Further analysis of preferences of
this type seems highly relevant for our understanding of many social behaviors.
An even more basic issue, not discussed here, but yet of great importance for
the relevance of game theoretic analysis for predictive purposes, is whether human
subjects reason in a way that is consistent with any form of backward induction.
Johnson et al. (2002) provide evidence that a significant fraction of human subjects
in laboratory experiments do not even care to inform themselves of the material
consequences in distant parts of the game protocol, although such information would
be necessary for backward induction reasoning (and despite the fact that the subject
can inform themselves at no other cost than that of touching a computer key).21 (See
Costa-Gomes et al. (2001) for similar evidence concerning normal-form games.) Such
behaviors are clearly at odds with current game theory – another major challenge
for future research.
To sum up: I would like to thank Werner Güth for his pioneering experimental
studies of the predictive power of non-cooperative game theory. For economic theorists, the huge amount of experimental work done in the last two decades should be
good news: although many theoretical presumptions have been challenged, new theoretical ideas can now be tested in the many laboratories around the world, hopefully
leading us to better models of economic behavior.
21

Indiﬀerence to material consequences at distant nodes makes sense if a subject does not care at
all about material payoﬀs, or holds beliefs that they diﬀer so little across plays that it is better to
save eﬀort by not hitting the computer key than to find out these material payoﬀs.
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