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Abstract

This paper presents and examines, as a Bayesxa,n ga.me, the Dlrty Faces problem-

discussed by Littlewood (1953). The equlhbnum predlctlon of beha.vwr in thxs ga.me :
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makes extreme assumptions on the rationality of the play(;rs and on their beliefs con-
cerning the rationality of others. Common knowledge of rationality among the players
is required for the éolution to arise in the general form of the gaﬁxe. The exact number
of steps c;f iterated rationality necessary for equilibrium to arise, however, depends on

the number of players of a particular type.

An experiment is used to test the actual behavior 6f subjects. While behavior at the
group level is inconsistent with the game-theoretic pifediction, individual level behavior |
shows a greater degree of consistency with theory. Three models that incorpora.te error
into players’ actions all do better than the standard theory in predicting behavior.
Fina,lly, a second Set of experiments find support for the hypothesis that learning

occurs with experience.

1 Introduction

It is often the case that standard game theory makes unrealistic predictions concerning the
behavior of players in a game. Support for this observation comes from the extensive ex-
perimental wofk on games. Instead of behaving according td theoretical pre&ictions in these
situations, it is frequently the case that subjects rely on other aspects of games or modify
their selection principles according to unprescribed rules. For example, subjects’ behavior

may be affected by the way in which a game is framed or presented,! by other principles such

1See, for example, Schotter, Weigeft and Wilson (1994) and Bacharach and Bernasconi (1997). Further-
more, Cooper, DeJong, Forsythe and Ross (1993); Giith, Huck, and Rapoport (19952 and 1995b); Rapoport
and Fuller (1995); and Camerer, Knez and Weber (1996), all show that differences in timing of a game may
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as fairness or altruism,? or by a lack of common knowledge of complete rationality among

the players. It is with the latter of these cases with which this paper is primarily concerned.

Common knowledge of perfect rationality among the players in a game is important in
much of equilibrium analysis. For example, iterated strict dominance, rationalizability, and
backward induction rely on the assumption that it is commonly known that players are ra-

tional and will not play dominated strategies.?

This paper studies the Dirty Faces Game, a variant éf an example originally developed by
Littlewood (1953), in which players’ knowledge and common knowledge of an event result in
different equilibrium outcomes, similarly to Rubinstein’s (1989) electronic mail game. More-
over, this equilibrium also relies on the presence of common knowledge of rationality among
the players. The purpose of this study is to examine the behavior of actual participants in

this game and compare it to the behavior predicted by the theory.

The paper is organized as follows. The next section discusses experiments similarly in-
tended to address the question of whether or not common knowledge of rationality is satisfied

in the laboratory. Immediately following, the Dirty Faces Game will be discussed in detail

affect play even without the usually assumed differences in information. These results are striking in that
the timing of moves alone is generally considered inconsequential.

2McKelvey and Palfrey (1992) find support for this hypothesis in experimental tests of the centipede
game. Furthermore, there is much evidence for this idea in the results of ultimatum and dictator games.
The results of studies on these games are discussed extensively in Camerer and Thaler (1995).

3See Bernheim (1984), Pearce (1984), and Aumann (1995).



and the experiinental design used to test the game will be presénted. The final sections will
present the results of two sets of experiments and provide a discussion of these as well as

possibilities for future research.

2 Previous experiments on common knowledge of ra-
tionality

It is surprising that, in spite of the importance of common knowledge of rationality in game
theory and the close relation between this field and experimental economics, more labora-
tory work has not been conducted to test this assumption. This section reviews the existing

experimental work.

McKelvey and Page (1990) experimentally tested their previous result (McKelvey and
Page, 1986) concerning the use of an aggregate statistic to convey information concerning

individuals’ posterior probabilities of an event and the convergence of these probabilities.

Their results show that, while participants in the experiment used the publicly announced

“In the earlier paper, McKelvey and Page (1986) showed that results by Aumann (1976) and Geanakoplos
and Polemarchakis (1982) concerning the equivalence of posterior probabilities under common knowledge can
be maintained when only an aggregate statistic of the posteriors becomes common knowledge. This statistic
need only satisfy stochastic regularity (which, for example, is satisfied by a statistic given by the mean of the
posterior probabilities). Nielsen, Brandenburger, Geanakoplos, McKelvey and Page (1990) further extend
this result to show that it holds not only for the conditional probabilities of an event, but equally for the
conditional expectations of a random variable. This result is also proven to hold when an aggregate statistic
of the conditional expectations become common knowledge.



- mean to update their beliefs, they did not do so in a manner consistent with the perfect

Bayesian updating that the model suggé;sts._*” '

Stahl and Wilson (1994 and 1995) used a series of games with varying properties to
estimate the level of rationality for each. of the participants, using their actioﬁs in the ex-
periment. According to the models on which the experiments are based, players’ types are
determined by their action selection. process and by their beliefs of the types of others. In one
of these models, Level-0 type players simply randomize among their strategies, Level-1 type
players assume that all other players are Level-0 types and respond accordingly, and Level-2
types believe that all other players are Level-0 and Level-1 types. A final type of players
is described as behaving according to Nash equilibrium theory. Their results indicated that
the number of Level-0 types in the experiment was negligible and that participants generally
behaved as though they belonged to the higher types. They found support for the existence

of a large percentage of sophisticated Nash types in the population.

In ongoing research, Costa-Gomes, Crawford, and Broseta (1998) use Mouselab technology®

to record which payoff information subjects access when playing several two-player normal

SHanson (1996) points out flaws in McKelvey and Page’s design, which invalidate the proof that the
claimed Bayes-Nash equilibrium to the game is, .in fact, such an equilibrium. Moreover, Hanson indicates
that the fact that the Bayes-Nash equilibria to the game are not known mva.hdates the comparison between
actual and predicted behavior.

$Mouselab is a computer interface in which payoff information is concealed from subjects until they use
the mouse to reveal it. Thus, the experimenter can control the amount of information revealed to a subject
at one time and, more importantly, can record the patterns in which subjects look up information. For more
information on Mouselab, see (Camerer, et al. (1993).



form games, and then use this information and subjects’ decisions to determine their level
of sophistication. While the analysis of the data generated by viewing patterns has not been
completed, the strategy choices of subjects indicate that no more than two steps of iterated

dominance are being satisfied.

In perhaps the most clever design addressed at measuring the level of rationality of pl_ay-
ers, as well as their beliefs concerning the rationality of others, Nagel (1995) studied a game
previously discussed by Moulin (1986).” In these experiments, subjects were asked to select
a number between 0 and 100. The average of these numbers was then computed, as well as
a target number. The.target number was the mean of the participants’ choices multiplied
by a constant, 0 < p < 1, and the participant whose number was closest to this target
number would then win the game and a predetermined prize. The unique Nash solution to
this game, under the assumption that there‘is common knowledge between the participants
of perfect rationality among the players, is for everyone to pick 0. The game is such, how-
evér, that if this necessary common knowledge assumption is not satisfied, it may no longer
be optimal to behave according to the Nash prediction.® Nagel finds that it is never the
case, for different values of p, that all subjects pick the equilibrium in the first play of the

game. Instead, choices tend to be significantly higher, indicating that subjects are either not

perfectly rational themselves, or are not certain that the infinite hierarchy of knowledge of

TA variant of this game has also been studied by Ho, Weigelt and Camerer (1998).

8Note that it may be the case that all of the participants are aware of the unique equilibrium. However,
if they are not sure that everyone else is aware of it, or that everyone else is aware that everyone is aware of
it, then the failure of the Nash prediction may still occur.



rationality among the players is satisfied.

A further if;teresting aspect of Nagel’s experiments, however, is that they make it possible
to measure to what extent the hierarchy of subjects’ beliefs over the rationality of other play-
ers-is satisfied. For example, a choice greater than 100p indicates that a particular subject is
not behaving rationally, since the target number can never be above this value. Furthermore,
only a subject who does not believe that everyone else is rational would choose a number in
the range (100p?, 100p), since this implies the belief that at least one of the other subjects
will choose a valug greater than 100p. Hencé, every choice greater than zero violates some
form of the iterative process necessary to arrive at common knowledge of rationality. Nagel’s
results indicate that, while the majority of subjects do not exhibit violations of rationality
in the first period, they only proceed through the above iterative process to two or three

steps. Nonetheless, repeated play leads to adjustment towards the equilibrium in all cases.

One concern with interpreting this adjustment, however, is that a decrease in subjects’
choices across periods may not represent an attainment of a higher level of iterative ratio-
nality. It may instead be the case that subjects are using a simple heuristic to guide their
adjustment. For example, using a simple rule such as “choose p times the previous period’s
target number” will lead to convergence towards the Nash equilibrium in a manner similar
to that observed in Nagel’s experiments. However, it is hard to argue that such conver-

gence indicates that more steps of the iterative process are being performed or that common
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 knowledge of rationality is being approximated.

As the. abeve expemneuta.l results md:cate, certam aspects of the analysm unelerlymg
; 'f»standard game theory may be unrea.hstlc m tha.t commen knowledge Of ratlonahty among

players may be not be present, at least mltlally, m an asctual settmg where games are played v

’The game Wthh thlS paper concentrates on is one whlch is frequently present m ) the d1scus-
| sxon of common knowledge and lteratxve reasomng Littlewood (1953) presents the problem‘

as follows

i Three ladles A,B,Cina rallway carnage ell have dlrty feces and are all laughing.
~ VIt suddenly ﬂashes on A: why doesn’t B reallze Cis laughmg at her?-Heavens!

‘ ‘I must be laugha.ble (Formally if I A, am not laughable, B Wlll be argumg if
1, B, am not laughable, C has nothmg to laugh at. Smce B does not so argue, 1,

‘A, must be laughable) B

9While this problem is present in much of the hterature in several forms and under dxfferent names (see,
-for instance, Binmore and Brandenburger (1988) and Geanakoplos (1993)), this paper models it as a game
in a manner sumlar to the way it is presented in Fudenberg and T:role (1993) .




e But further, what has not got into the books so far as I know, there is an
extension, in principle, to n ladies, all dirty and all laughing. There is an induc-
tion: in the (n+1)—situatio_n A argues: if I am not laughable, B, C, ... constitute

an n-situation and B would stop IaUgh}ing‘,“bu/t‘ does not.

The game can include any finite number of players, n. Each player’s face is either “dirty”
or “clean”, as determinéd by nature. Players are aware of the states of the faces of other
players, but not of their own face. In the situation, then, where all of the players have an
incentive to choose a certain action when and only when they are certain that their face is
dirty, an equilibrium can arise where, if all of the players’ faces are dirty, they all act after
exactly n periods, and no one acts before that time. As will be explained in mOre detail
subsequently, however, this result ‘relies signiﬁéantly on the presence of comrﬁon knowledge

about the fact that at least one face is dirty and on common knowledge of rationality.

Formally, let N = {1,---,n}. Assume that, for each player, i € N, z; € {X, O} represents
that _player’s} type as determined by chance according to a commonly known probability p.
That is, with probability p, nature draws a player’s type to be X, and with probability 1 —p
the player is determined to be of type O. Each player’s type is thus determined identically

and independently of the types of the other players.

Assume next that the game consists of up to 7' > n periods, in which each player chooses

one of two actions, {U, D}, and that the game is over after any period in which any player



s _f;,fv_chooses"D. Further assume that players are faced with thefollowmg payoff table ineach ©

period of the game:

-/T‘y'pe :

X 0
Action U|0 0

Table 1: Genericrpaydff table for dlrty faces game.

Hence, for a and 8 such that"’pa <(1-p)B,a player will act when and only when she is

. certain that her fyﬁ'e is X 10

In fhe game ipresented abo‘fre, if at the end>kof each period all players ob"serve the actions
of all ofhers, no player can learn anYthing about her own type in any period and should,
~therefore, never choose D, even when all then players are of type X. This is because of the
indépendence of player types kand is true as long as the infdrm’étion each’k player receives at
the’beginning of the game is only the types of the other n— 1 players. ’,Thus, the equilibrium

to the above gaine-is for all players to select U in all periods.

Assume now, however, that a public announcement is made to the entire 'group of n
players at the beginning of the game. In this announcement, all players are informed of
whether there is at least one player whose type is X. Looking again at the case where all of

the players are of type X, this announcement does not provide any of the players with new

mAssuming, not unreasonably, that she is either risk-neutral or risk-averse. This will be discussed in more
detail later. '
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information, since they could already observe that everyone else is of type X and, there- -
fore, that there is at least one individual whose type is X. What this announcement does
accomplish, however, is to make this previously known fact common knowledge to all of the -

participants.!!.

Following the announcement, players now should be able to determine their own true
type by the actions of the other players. Specifically, let k be the number of players of type
X and let K C N be the set of all players of type X. Then, for any n and k such that
0 < k < n, in the unique Nash equilibrium to the game s; = U in all periods for which t < k

and, in periodt =k, s; =U foralli ¢ K and s; = D for all j € K12

To see why this is true, remember that if £ > 1, the announcement makes this common
knowledge at the beginning of period 1. It is also true that, V¢, if at the beginning of the
period it is common knowledge that k > t, then if k = ¢, every player i € K will know that
her type is X (since they see the k — 1 other players of type X) and will select D while
all the players not in K will choose U. If, on the other hand, k > t, then all the players
will observe at least ¢ other players of type X, everyone will choose U, and this will make it

commonly known that & > ¢ at the end of the perioéi. Thus, everyone will choose U in all

1175 Littlewood’s example, the announcement is replaced by the fact that all three women are laughing.
Hence, since the laughter is observable by all of the women, who can in turn observe that they can all observe
the laughter, it is commonly known that there is at least one person whose face is dirty when at least one
person laughs out loud. In this example, the action D corresponds to ceasing to laugh, which any of the
ladies would do immediately when she realized that her face was dirty.

12In the case where k = 0, the announcement will make it common knowledge that there are no players of
type X and all players will select U in every period.
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periods ¢, such that t < k, and in period t =k, s; = D Vi € K and sj=UVj € K.

An important considération, however, is that common knowledge of rationality among
the players is 6verwhelmingly important in the above analysis. Otherwise, for example, the
failure of any player to choose D in Period 1 (when k > 1) might be attributed to a lack
of rationality rather than to the fact that no player observes two players of type O. In this
case, the next step in which it is commonly known that there are at least two players of type

X is not reached.

As an illustration of this point, consider the case where N = {1,2} and let w = X X.

Further, define the events

R = Everyone is rational;

Everyone knows that everyone is rational;

]

K'(R)
K?*(R) = Everyone knows that everyone knows,

that everyone is rational,;

and so on, so that K!(R) corresponds to [ iterations of the knowledge process. Now, if R

holds, then it will be the case that each of the two players will choose D in Period 1 if and

12



only if ‘they‘ observe the type of the’ ot}"x_er':p_layer to be O. However,' this is nOﬁ sufficient
) for the above equilibtiu?n to hold. In ‘orde'r.'.fo'r it t6 then become common knowledge that
both players are of type X , 1t muét Ee the case that the event R&K? (R) is tfﬂe. cherwise,
the fact that the other player did not c‘heqse D ,_might Be attributed to a lack of rationality.
However, if R&ICI(R) is satisfied, then this isl-Suﬁicient’for- both. players to become aware of

the true state and choose D in Period 2.

The three player case proceeds similarly. Assume, as before, that the true state is
w = XXX. Then, if R is true, playérs will choose D if and only if they observe two
players of type O. As long as R&K(R) is also true, given that everyone chose U in Period
1, it will be known by everyone that there are at least twb players whose type is X. Thus,
since R holds, each player will choose D if and only if they observe one player of type X
and one player of type O. Note, however, that in order for everyone to know that everyone
knows that there are at least two players of type X, it is hecess}éry that R&K(R)&K?(R)
be true. Theréfore, this must also be the case if, after observing that everyone chose U,
it is to be knoWn by all players that ’the true state is XX X. It must be the case that
R&K(R)&K?(R) is satisfied in order for the predicted equi’liBrium to arise when the true

state is X X X.

This result can be generalized, by induction, to the case where there are n players and

all of them are of type X. In order for the correct equilibrium to arise in this case, it is

13



sufficient that R&K(R)& - - - &KP-? (R) is true.

Note, hoWever, that fhe above statemeht need not be true in order for the equilibrium
outcome to arise in other'c‘a;sesf For example, in the n = 3 case, all that is nécessary when
we {X 00,0X0, OOX }is tha@ R hold. Thﬁs, if everyone is rational, the one player who
observes two players of type O will know her own type and choose D in the ﬁrstfperidd and
the other two players will select U, regardless of whether they think the other players are
rational or not. Furthermore, if the true state is in the set {XXO, XOX,0X X}, then all

that is necessary is that R&X?*(R) be true.

Moré genefally, regardless of n, in the case where there are exactly k players whose type is
X, what is sufficient for the correct equilibrium to arise is that R&K*(R)& - - - &KkL(R).13
Nonetheless, the complexity of the problem is not the same in all situations where k is equal.
To see this, compare, using n = 2 and n = 3 as examples, the case where k¥ = 2 and the
true states are XX and XXO. In the two player game, the following are necessary: 1) 1
is rational, 2) 2 is rational, 3) 1 knows that 2 is rational, and 4) 2 knows that 1 is rational.
However, in the case where there are three players, it must be true that: 1) 1 is rational, 2)
2 is rational, 3) 3 is rational, 4) 1 knows that 2 is rational, 5) 1 knows that 3 is rational, 6) 2
knows that 1 is rational, 7) 2 knows that 3 is rational, 8) 3 knows that 1 is rational, and 9) 3

knows that 2 is rational. In both cases, however, it is only the condition R&K(R) which is

131n the trivial case where n = 1, this is still true since all that is necessary is R so that when the
announcement is made, the single player will immediately know her type and will act accordingly.
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being satisfied. Therefore, the number of conditions which mulstvbe satisfied in the problem

grows exponentially in the number of players.*

~This paper tests the behavior of actual subjects playing thé dirty faces game. A couple of
hypothesesare examined. First is the hypbth-esis that subjects will conform to the theoreti-
cal prediction above. If this is not supported, two additional questions arise: 1) do subjects
exhibit learning in repeated play of the game? and 2) what kinds of theories best describe
the behavior?. Finally, the previous paragraph discusses how the number of conditiqns that
need to be satisfied is affected by varying the group size — holding k (the number of players
of type X) constant. Conducting .‘ex_p.eriments with different group sizes allows a test of

whether subjects’ behavior is across group sizes when k is the same.

4 Experiment 1: Behavior in the dirty faces game

4.1 Experimental Design

In order to test the situations where the necessary iterated levels of knowledge are the fewest,
experiments were conducted using the n = 2 and n = 3 cases. The choice of parameters a, 5,

~and p proved to be a more difficult decision. This was because the condition pa < (1 - p)B

1 However, if you consider the fact that players can ignore completely the actions (and rationality and
knowledge) of players which they observe to be of type O, then the problems are identical in complexity. In
the X X O case, for example, Players 1 and 2 can ignore Player 3 since it is only the assumptions about the
other player of type X which are significant. If Player 3 is not rational, however, it could still be possible
for her to choose D, leading to a non-equilibrium outcome.

15



had to be satisﬁed while it was also a. goal to maximize pin (’)rder‘ to produce the most
‘ instances of the case where all players are of type X and to :minimize the occurrénCe of the
trivial situatibﬂ where no players are of type X.!® Furthermore, o had to be made large
enouéh so'k thét subjects would stand ‘toearh a significant, or at least reasonable, sum'by
choosing ‘D once they knew that their type Was X. However, increasin:g\a also meant that 3
had to be increased so that the above inequality would hold. Since it was not desirable to
have the possibility of negative earnings for the experiment fdr’any subject!®, the value of 8

could not be increased unboundedly.

These congiderations resulted in the choice of parameters being p = 0.8, o = $1.00, and
B = $5.00, and the resulting payoff table presented in Table 2. It was decided that the pos-
sibility of negative earnings in an experiment would be compensated for by a participation

bonus.

The expected monetary value of an uniformed selection of D, therefore, was -$0.20, while
choosing U would always yield $0.00. While this difference does not appear large, the be-
lief that this gamble will not be taken by many participants finds further support in the

extensive results indicating that subjects choose according to a value function which places

131t could be argued that the case where only one player is of type X is also trivial, since this player, upon
hearing the announcement is immediately aware of her type and should therefore choose D. This Tequires,
however, that the player be rational, which is a testable assumption.
16K ahneman and Tversky (1979) show that the behavior of subjects’ preferences over losses is substantially
 different from that of preferences over similar gains. Furthermore, implementing negative participant earnings
in an experiment would have created additional design problems.
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greater weight on losses than on gains, and which is concave for gains.!”

Thus, since increasing the diﬁ'erem;e would have to be accompanied either by a decrease
in p or by a higher participation bonus, the difference created by these parameters was judged

to be sufficient.

The random determination of players’ types according to p was implemented using a ten-
sided die. A roll of the die -resﬁlt.ihg in 1 or 2 nieant that a player was of type O, while the
remaining fa.cesk corresponded to the type X. Thus, in the two player case, the probabilities:
of obtaining the situation where there are 0, 1, and 2 players of type X were, 0.04, 0.32,
and 0.64, resgéctively, while for the three player case, the probabilities of having 0, 1, 2,
-~ and 3 playeis of type X were 0.008, 0.096, 0.384, and 0.512, respectively.- Hence, for both
treatments, the desired outcome was the most likely and the expected occurrence of th‘e

trivial problem was minimized.

: Type
X 0
Action U | 0.00 0.00
~ D100 -5.00

Table 2: Payoffs for Experiment 1

In order to convince the subjects that the process by which types were determined was

17See Kahneman and Tversky (1979). Moreover, Kahneman and Tversky (1992) construct and estimate
parameters for value and weight functions for lotteries Using their parameter estimates, the gamble under
consideration in this experiment has a certainty equivalent of -$1.78.

17
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- not controlled py the expenmentér and posmbly predetermmed a momtor was randomly
- selected from among the pa.rt1c1pants ThlS ‘was done by having each spbject roll the same
| die whlch would later be used to determine the types of the partlmpants and selecting the
partlplpant who rolled the highest number. In this way, subjects Were also giyen the oppor-

tunity to observe rolls of the die.

Each Session’ consisted of three rounds, where each round correspOnded to a new game
and a new draw of player types. Each rpuhd consisted of n + 1 periods. The first round was
labelled as a practice round, ‘intended to familiarize the éubj’eét's wit»hv the procedure of the
experiment. For this round the payoffs were d1v1ded by 5 and no annpuncement was made

regardmg the players types

An interesting design problem arose in selectingkthe procedure by whbiph to inform sub-
jects of the types of the_ other players. The original problem as presented by Littlewood
considers the situation where a player’s face is either dirty or clean and, therefore, this state
can be observed by eyeryone in the room other than the player herself. From an éxperimental
standpoint, howpver, such a design implies that subjects, in observing each other, might be
able to determine their own type by observing non-verbal cues obtained from other subjects,

such as a look of astonishment. Therefore, the following design was used.

In order to prevent subjects from observing the identity of those they were playing with,

18



each sessiop consisted of at least two groups and the identity of subjects in a particular
group was not revealed.. Before the first round, subjects were randomly assigned a partic-
ipant number" which indicated to them their group, denoted by a letter, and their player
number within the group. Thus, subjects Were only made aware of the participant numbers
of the other players in their group, and not of their identity.

At the beginning of each round, the monitor rolled the die to determine thé type of each
participant while hidden from the other participants behind a screen. For each round the
monitor was given a new Type Sheet, which contained all of the participant numbers along
with a blank.box next to each number. After each roll, the lﬁonitor would record either
an “X” or an “O” in the box corresponding to that participant. The sheet would then be
placed inside of a simple display box. The display box consisted of a cardboard box and
a cardboard sheet with flaps. The Type Sheet was placed face up inside the box and the
cardboard sheet was placed over it. In this manner, each of the flaps could then be raised to
show only the type of any desired subject. In the two experimental rounds, the experimenter,
z;t this point, rﬁade one of two possible announcements at the front of the room for each
group. In the case where, say for Group A, all of the participants were of type O, the exper-
imenter would announce, “There are no participants bf type X in Group A”. Otherwise, the
announcement would be, “There is at least one participant.of type X in Group A”. Thus,

common knowledge about this important piece of information was established for each group.
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Following the announcements, the experimenter then prdceeded to each sub ject and lifted
‘the flaps so that they could observe the types of the other one or two participants in their
| group. Each subject then recorded this information on their Record Sheet for that round.

Following that, the experiment proceeded to the first period.

In each period, every subject would select one of two actions, either “Up” or “wan”.
The subject recorded this choice on a Reporting Sheet. Each subject, following the deter-
mination of participant numbers, was given a stack of Reporting Sheets, each one of which
contained the participant’s number, as well as three boxes which could be checked. The first
two boxes were for the action choices of Up or Down. The third box was labelled “Round
Over” and subjects were instructed to only check this box once any of the participants in
their group had chosen Down in a previous period. This was implemented to prevent par-
ticipants from learning the identity of others in their group by their failure to mark on their
Reporting Sheet in a period. The Reporting Sheets were then torn from the stack and col-

lected by the experimenter.

Once all of the Reporting Sheets were collected and sorted, the entire set of actions was
written on the board at the front of the room and read out loud twice by the experimenter.

- Subjects where ﬁhen instructed to record the actions of the -other players in their group on

their Record Sheet for that round and proceed to the next period.
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One more period than necessary was included in both treatments so that the number
of periods would not serve as a cue for the desired behavior. Thus, both treatments were
conducted with n + 1 periods. Once the game arrived at Period n + 1, behavior could no

longer be consistent with the theoretical prediction.

At the end of the last period, the experimenter removed the Type Sheet from the display
and proceeded to publicly display the entire sheet to all participants. At this time, subjects
were instructed to record their own type as well as to verify that the information that‘ they
received at the beginning of the round, concerning the types of the other players in their
group, was correct. After everyone calculated their earnings for that round, the experiment

proceeded to the next round.

Upon the completion of the third round, participants were privately paid, in cash, their
earnings in all three rounds plus an $11 participation bonus. This bonus guaranteed that no
participant could finish the experiment with a negative total. Thus, the possible earnings
in the experiment ranged from $0 (which would only occur if a subject was of type O in
all three rounds and picked Down all three times) to $13.20. Each session typically lasted

about one hour in both the n = 2 and n = 3 treatments.

The experiments were conducted in March and April 1996 using as subjects graduate

and undergraduate students at the California Institute of Technology with little or no formal
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training in game theory.!® Thése subjects do not necessarily représent a typical population
in terms of quanﬁtative. and reasoning ability. For this ﬁarticular study, howevér, this does
not present a drawback since the stﬁdy is inteﬁded to analyze whether seemingly extreme
predictions about fhe rationality within a’population can be supported By laboratory results.
Failure by subjects from this population to behave accordingvto the theoretical prediction,
therefore, would indicate thﬁat.this failure of the normative prediction would apply equally,

if not more strongly, to a majority of other populations.

4.2 Results
4.2.1 Group Behavior

The complete results for both the n =2 and n =3 expérimental rounds are given in Tables
3 and 4. There are a total of 13 and 14 groups for the two- and three-player treatments,
respectively. The first row for each round indicates the type of each player as determined by
the roll of the die. Subsequent rows contain the actions selected by eacil player, U for Up

and D for Down.?

18Instructions are available in the appendix. ,

19 A reporting error was committed by the experimenter in the second round for the second group in Set 4
of the 2 player game. At the end of the second period, the experimenter erroneously reported that one of the
two participants had selected Down when, in fact, both subjects had.chosen the action Up. Furthermore,
neither of the two participants indicated that they realized this error had occurred and instead recorded
that the other participant had chosen Down. Although the round was thus prematurely terminated for
that group, both subjects had failed to behave according to the equilibrium prediction and, therefore, their
third period actions would not have been informative. Furthermore, since the error occurred at the end of

-the second round and the experiment ended immediately following the conclusion of this round, there is no
possibility that the reporting error affected subsequent actions.
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Ses. 1 (3 groups) ' , Ses. 2 (4 grdupé) _
Round | Player | AT A2[B1 B2[CI C2[ A1 A2[Bl B2[ClI C2|Di_D2]
I TType[X X[X X|X O] X X|X X|X X[X O
1 1 U U|U U|D U|U D[JU U[U U[D U
2 U D|U D U U|D U '
3 - o U U
0 X [ X X X X X[X O
U U0 U U|D U
D|D U U
B D U
Round | Player || A1 A2 | Bl B2 A1 A2]Bl1 B2]Ci C2]|Di D2 |
I Type [ X XX OfX X|X X[X X]|X X|
1 U U|D UJJU U[|D U|D U|U U
2 U D | D D D U
3 :
I [Type [ X O]X X[ X O]X X|[|X X]|X X
1 D U[U U|D UJ|U U|D ©|U U
2 U D| U U D D
3 * %

Table 3: Results for two player game

The first, and perhapé most striking observation is the extent to which subjectskover-
play the strategy Down when they have no information, beyond their prior, indicating their
type.?’ This uniformed action ‘by the participants results in that, for the n = 2 condition,
only 14 of 18 cases where there are two players of type X reach the second period. Even

more surprisingly, none of the three player groups reaches the third period, even though

20This is also true in the initial practice round, the results of which are not reported in the tables. In this
round, since no announcement was made, expected payoff maximizing subjects should never have chosen
Down. However, 12 out of 26 subjects in the n = 2 condition and 20 out of 42 subjects in the n =
condition chose Down in some period. This result, stronger than in later rounds, can be in part attributed
to the payoffs being considerably small in the first round and to the fact that subjects were able to end the
round by choosing Down.
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Ses. 1 gs Erougs) Ses. 2 ﬁ roups)
Round | Player [ A1 A2 A3 1 3 | C1 C2 - C3 || A1 A2 A3 Bi B2 B3 | C1_ C2 ©3

Round | Player || Al A2 A3 2 3101 €2 C3 | AT A2 A3 | BI B2 B3 |

| : Ses. b (3 groups) -
_Round | Player || A1 A2 A3 | Bl B2 2i B3] Ci_Ci_ G3]
T Type X X 0T X X XTX 0 0
1 U U U D U U T D D U
2 D u U - : )
3 .
— .4 . . ]
T Type 0O X X X X X ]
1 U D U U 3] U U D U
2. D D D
3
4

Table 4: Results for three player game

there are 12 cases where all players are of type X.

This result may be due to several reasons. First of all, it may be unlikely that subjects
calculate the expected payoff, but instead focus on the prior pr(;bability of 0.8. That is, par-
ticipants in the experiment may view the uniformed decision as having an 8 out of 10 chance
of a “good” payéﬁ” and‘a 2 out of 10 chance of a “bad” payoﬁ" and, therefore, ignore the sizes
of the payoffs. This may be particularly true since, in someone else in their group selects
Down before they do, the participant will not be able to realize any payoffs. Additionally, it

is likely the case that the subjects view the additional time involved with additional periods

24



as having negative ﬁtility. Therefore, as long as at least one person in each group does so,
choosing Down guarantees that the round will end more qulckly Moreover, it may be the
case that subJects do not view the determination of types for each participant as bemg inde-
| pendent of the types of the other participants. There is some support for this in that, for the
3 player condition, over-playing Down is more frequent when subjects observe two players of
type X as opposed to‘on.e player of each type. This provides weak evidence that participants
are behaving as though the types within a group are positively correlated. Furthermore,
over-playing the action Down is considerably more frequent in the n = 3 condition, where
subjects play D when they have no information about their type 30 percent of the time, com-
pared to 8 percent of the time in the n = 2 case. This‘perhaps impiies that more subjects
are randomizing in the 3 player game, where the solution is less transparent. Finally, there
is weak evidence that the over-playing decreases across rounds. For n = 2 the decrease is
from 12 percent in the first round/to 4 percent in the second, while for n = 3 the decrease is
from 33 percent to 26 percent. Similarly to the previous explanation, this observed decrease
also implies that the cause of the over-playing may be confusion which leads more piayers to
randomize both in earlier periods and in a more confusing situation (the three player game).
While the above are all possible explanations for the observed result, it is most likely that a

combination of these is responsible for the subjects’ behavior.

Tables 5 and 6 provide some summary results for the two conditions. The left side of

each table reports the occurrence of each composition of types within a group. Since the
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i game 1s symmetnc no dlstmetlon is made between part1c1pants in a group Therefore the

i y,ca.se where subject A1 is of type X and subject A2 is of type O is 1dent1cal to the s1tuatlon

where Al s type is O a.nd A2 s type is’ X The frequencxes of the dlfferent draws indicate

. that the results of the random process approxxmated the expected frequencies Furthermore

the modal outcome in both condltlons occurred as expected Where all of the players are of

2 type X Also note that it was always the case that there was at least one player of type D

in a group. The’refore,-the announcement ‘was 'always that there is at least one player of type

X in the ‘groul) for all groups.

-~ Types | n | Predicted | Actual
| | Behavior | Behavior
oo (o I ]
- XO | 8 | (DU) 17 (088)|
XX |18 | (UU)YDD) | 4 (0.22)
~Total | 26| 1111 (0.42)

~ Table 5: Summary of group results for n = 2

Types | n | Predicted , Actual

- | | Behavior Behavior
000 |0 | T |

X00 | 6 | (DUU) 3 (0.50)

XXO |10 (UUU)(DDU) 1 (0.10)

XXX_| 12 | (UUU)(UUU)(DDD) [0 (0.00)

TTotal [28] |4 (0.14)

”,Tabl‘e 6: Summary of group results for n = 3

On the right hand side of Tables 5 and 6, a summary of the behavior across .groilps is
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provided, aggregating between the two experimental rounds. The column Predicted Behavior
refers to the expected behavior of the group given its composition. For example, in the XX
case for n = 2, ((UU)(DD)) indicates that both players should choose Up in the first period
and Down inA the second. The next column provides the actual number of groups which
behaved according to this prediction, as well as the corresponding frequencies. Note that
while the number of groups whose behavior corresponds to the theoretical prediction.is low
in both conditions, this is particularly true for the three player game. In fact, while for the
two player case 42 percent of the groups behave according to what is predicted, this is true
of only 14 percent of the groups when n = 3. Additionally, none of the 12 groups in the
XXX situation behave according to the theory. More surprisingly, the predicted behaviorA
occurs in only 50 percent of the groups with types XOO, where only one of the players knows
her type and should choose Down. The results in the tables indicate quite convincingly that

group behavior does not conform to the predicted play in either of the games.

An interesting question is whether or not the failure of groups to behave according to
theory differs systematically between rounds and across the two games. In the two player
game, for instance, 31 percent of the groups in the first round behave as predicted, while
for the second round, this isv true of 54 percent of the groups. Similarly, for the three player
game, 7 percent of the groups in Round I and 21 percent in Round II behave accordingly.
These differences, however, are not significant. A Fisher exact test of the null hypothesis

that behavior is the same across rounds produces p-values of 0.218 and 0.298 for the 2 and 3
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player games, respectively. There is a difference, however, bétxlaveen groups in the two condi-
tions. In the two player game, groups behave according to the theory 42 percent of the time,
while this is true for only 14 percent of the observations in the .3 player game. This difference
is significant in both a Fisher exact test (p = 0.022) and a Chi-Square Test (p < 0.05).%! In
summary, the results provide weak evidence for effects of both group size and experience on

whether or not groups behave according to what is predicted.

Returrﬁng to the situation in the three player game where the types are XOO and the
player of type X, therefore, knows her type, it is worthwhile to re-examine the result that
- the groups behaved according to the prediction’ only one half of the time. Although this is
surprising since the solution appears to be obvious, it is true that in each of these cases the
player who knew her type did choose Down in the first period. The failure of the groups to
behave according to the theory, then, is the result of the previously observed over-playing of
the action Down by other members of the group, and does not imply that the player who
knew her type behaved irrationally. For this reason, it seems appropriate to further examine

behavior on an individual, rather than group, basis.

2'However, the significance levels are possibly exaggerated since both tests rely on the independence of
the observations, which is not present in this sample across two rounds. Despite this limitation, pooling data
within groups is necessary for the tests to have power and, furthermore, common in practice.
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4.2.2 Individual Behavior

In order to examine individual behavior, and whether it corresponds to predicted behavior,
it is nece‘sSary to consider the information held by players when they make their choice.
Thus, a player choosing an action at any time may or rhay not be behaving accor(iing to the
theory, -depending on what this player has pr‘evioosly observed with regard to the types and
actions of other players. Tables 7 and 8 present the behavior of players conditional upon
their information. The second column presents each action, Up or Down, along with the
possible information a player received about the types of the other subjects in her group.
Hence (D,X) in the two player case corresponds to the situation where a participant observed
that the other player was of type X and, subsequently, chose Down. The next set of columns
contain the number of participants with the given information who took that action, and
the frequencies expected probabilities of that behavior. Behavior for each period is reported
separately. The data is provided for both rounds, as well as for the aggregate of the two

rounds. =

Note that; at the individual level, adherence to the equilibrium prediction is considerably
greater than for the groups. For example, looking at the first period in the two player case,
88 percent of subjects behave according to the equilibrium prediction in the first round,

while 92 percent do so in the second round. In the second period, 50 percent of the subjects

in Round I and 56 percent in Round IT behave as predicted.
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Period 1 Period 2
L n- freq. pred. | n freq. pred.
"RoundI (U,0) [ 0 0.00 0.00
(D,0) | 3 1.00 1.00
(UX) |20 087 100} 7 050 0.00
(DX) | 3 013 000| 7 050 1.00
Total Agreements 23 0.88 {7 0.50
Total Violations 3 0.12 7 0.50
Round II  (U,0) 1 020 000 {1 100 0.00
(D,0) 4 08 100 {0 000 100
(UX) |20 095 1.00 | 6 040 0.00
0. X) 1 005 000} 9 060 1.00
Total Agreements 24 0.92 9 0.56
Total Violations 2 0.08 . 7 04
Total (UO) |1 013 000 | 1 100 0.0
(D,0) 7 087 100 | 0 0.00 1.00
(UX) {40 091 1.00 {13 045 0.00
(D,X) 4 009 0.00 |16 055 1.00
Total Agreements 47 0.90 116 0.53
Total Violations 5  0.10 14 047

Table 7: Summary of individual behavior in two player game

* Both players chose U in Period 1

The results are similar for the three player case, where the first period percentages are
71 and 81, respectively, for Rounds I and II. In the second period, subjects behave according

to the theory 67 percent of the time in both rounds.

Noticing again that the percentages differ by group size and by round, the tests from
- the previous section were repeated using individual data. The data used in these tests are
reported in Table 9. This table again reports a player’s observation of the types of the other
players and the predicfed behavior. In this case, however, the beh(avior is not by periods
but across periods. Hence, if a participant observed XO, the predicted- behavior is that she

would select Up in the first period and Down in the second. This table reports the numbers
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J I=’eriold 1 Period 2*

S n  freq. pred. | n freq. pred.
"RoundI (U,00) [ 0 0.00 0.00
. (D,00)| 2 100 1.00
(UXO0) {11 079 100 | 3 038 0.00
DX0)| 3 021 0005 062 1.00
(UXX) |17 065 100 | 5 0.71 1.00
(DXX)| 9 035 0002 029 0.00
Total Agreements 30 0.71 .10 - 0.67
Total Violations 12 0.29 5 0.33
“RoundII (U,00) | 0 0.00 0.00 \
- (D,00) | 4 100 1.00
(UX0) |15 083 100} 1 025 0.00
dbX0)| 3 017 0.00 | 3 075 1.00
(UXX) |15 075 100 | 5 062 1.00
(DXX)| 5 025 000|3 038 0.00
Total Agreements 34 0.81 8 0.67 ‘
Total Violations 8 0.19 4 033
Total (U,00) [ 0 0.00 0.00
(D,00) | 6 1.00 1.00
(UXO0) |26 081 100 | 4 033 0.00
(D)X0)| 6 019 000} 8 067 1.00
(UXX) 132 070 1.00 |10 0.67 1.00
(DXX){14 030 000 | 5 033 0.00
Total Agreements 64 0.76 18 0.67
Total Violations 20 0.24 9 033

Table 8: Summary of individual behavior in three player game

* Both players chose U in Period 1

and frequencies of agreements and violations in each case, and for each tounjd. Although the
hypothesis- that experience reduces the number of violations is supported for both games,
that is, the second round produces a higher frequency of agreements for both games, this
difference is not significant at any reasonable levels in a Cbi-Square Test. ’}‘he hypothesis
that violations are more frequent in the n = 3 condition is also not supported by these data;
neither of the differences is significant and, in fact, it is in the wrong direction for Round II

Thus, there is no support for this hypothesis and only weak support for the former one.

31



Number | | Agreements
_of Players | Round | Obs. | Pred. | n freq.

2 1 0 D [3 1.00
X | UD |13 057
Total 16 0.62

I O | D 4 0.80
X | UD |14 067
Total | 18 0.69

3 I 00 D 2 1.00
XO UD | 8 ~0.57
XX |UUD |15 0.58

Total 25  0.60

II OO0 | D 4 1.00
X0 UD |14 0.78
XX |UUD |12 0.60

Total 30 071

Table 9: Individual Behavior Across Periods

It is also possible to use individual behavior to test the validity of models which give
predictions as to the behavior in these games. Tables 10 and 11 prbvide tests of and com-
parisons between alternate models for the two and three player games respectively. In both
taBles, the models are estimated separately for Rounds I and II as well as for the aggregate
daté of both rounds. For each model, the table presents the predicted probabilities of play-
ing Up, given a player’s information about the types of the other ﬁlayer or .players. Hence,
P(Uy, X) represents the probability of i)laying Upin the first period after obs_\erving that the
other player is of typé ‘X in the two plajfer game and P(Ug,kX O) repfesents the probability

of playing Up in the second period after observing one player of type X and one of type
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O in the three player gaume.f22 The probabilities are only given for the information sets for
which there is data and, hence, the models are only compared with respect to their predic-

tions for these probabilities. In addition, the observed frequencies in each case are also given.

Some of the models include a parameter which determines the resulting predicted prob-
abilities from a correspondence of probabilities. This parameter is given, where applicable,

in the second to last column. Finally, the log-likelihood for each set of probabilities is also

reported.
Round Model | P(U,,0) P(U,,X) P({U;,X) P(U,,0) [ param. | LL |
I Nash* 0.000 1.000 0.000 ‘ ~—00
Rand. 0.500 0.500 0.500 -27.73
NNM 0.250 0.750 0.250 0.500 | -22.49
QRE 0.321 0.820 0.324 3.155 | -20.90
PIM 0.170 0.830 0.394 0.660 | -19.62
Actual 0.00 0.87 0.50
1I Nash* 0.000 1.000 0.000 0.000 , —-00
Rand. 0.500 0.500 0.500 0.500 ' -29.11
NNM 0.214 0.786 0.214 0.214 0.572 | -21.82
QRE 0.340 0.862 0.303 0.070 3.677 | -20.77
PIM 0.142 0.858 0.345 - 0.142 0.716 | -19.72
Actual 0.20 0.95 0.40 1.00
Aggregate | Nash* 0.000 1.000 0.000 0.000 —00
' Rand: | 0.500 0.500 0.500 0.500 -56.84
NNM | 0.232 0.768 0.232 0.232 0.536 | -44.39
QRE 0.328 0.838 0.315 0.088 3.360 | -41.74
PIM 0.156 0.844 0.370 0.156 | 0.689 | -39.43
Actual | 0.13 0.91 0.45 1.00

Table 10: Comparisons between predictions of behavior in two player game

22[; the latter case, the participant also has the information that both of the other players chose Up in
the first period. :
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Round Model | P(U1,00)  P(U,,X0) P({U,,XX) P(U,;,XO) P(Us,XX) | param. | LL
I Nash* 0.000 1.000 1.000 0.000 1.000 ' -00
Rand. 0.500 0.500 0.500 0.500 0.500 -39.51
NNM 0.298 0.702 0.702 0.298 0.702 0.404 | -34.73
QRE 0.220 0.691 0.652 0.324 0.803 2.199 | -34.54
PIM 0.270 0.730 0.730 0.518 0.730 0.460 | -34.97
Actual 0.00 0.79 0.65 0.38 0.71
I Nash* 0.000 1.000 1.000 0.000 1.000 —00
Rand. 0.500 0.500 0.500 0.500 0.500 -37.43
NNM 0.222 0.778 0.778 0.222 0.778 0.556 | -28.60
QRE 0.223 0.744 0.728 0.274 0.854 2.553 | -29.61
PIM 0.206 0.794 0.794 0.448 0.794 0.558 | -28.96
Actual 0.00 0.83 0.75 0.25 0.62
Aggregate | Nash* 0.000 1.000 1.000 0.000 1.000 —00
Rand. 0.500 0.500 0.500 0.500 0.500 -76.94
NNM 0.261 0.739 0.739 0.261 0.739 0.478 | -63.76
QRE 0.220 0.714 0.684 0.301 0.828 2.357 | -64.40
PIM 0.237 0.763 0.763 0.487 0.763 0.525 | -64.22
Actual 0.00 0.81 0.70 0.33 0.67

Table 11: Comparisons between predictions of behavior in three player game

Five different predictive models are compared with each other. The first two of these are
an approximation of the Nash equilibrium and a model where players act entirely in error
and, therefore, choose each action with equal probability in all cases.2> We also estimate a
simple model, labelled the Noisy Nash Model (NNM), which determines a choice probability
correspondence as a function of a parameter, v.2¢ In this model players make probabilistic
errors which are ignored by all players. The predicted probabilities in this model consist of
all points which lie along the linear combination between the Nash equilibrium and random

play. The parameter v, therefore, is estimated from the interval [0,1] and, for a given value -

23 An approximation is used rather than the pure strategy equilibrium itself for the reason that, since the
predictions are in pure strategies, the log-likelihood at the Nash equilibrium is undefined. Therefore, the
reported value is the limit as the probabilities approach the equilibrium.

24This approach is similar to that of Smith and Walker (1993).
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of v, a player will choose correctly only with probability 0.5(1 —v) + 1y = 0.5+ 0.57. Thus,
when 7 = 0, the model ‘predicts random play, and for values of v close to 1, the prediction

~ approximates the Nash equilibrium.

Similarly to the above model, the logit specification of McKelvey and Palfrey’s Quantal
Response Equilibria (1998) produces, as a correspondence of a parameter ), a progression
from random play to the Nash Equilibrium. The QRE model incorporates error into the
best response of players in a game, so that better responses are more likely to be played, but
in this case the behavior of players is in equﬂibrium and they take into account the error in
everyone’s choices. The parameter A, which is inversely related to error, measures precision
in that when A = 0 players are acting entirely in error while high values of A correspond, in

the limit, to the Nash equilibrium.?.

Finally, a simple model called the Probabilistic Information Model (PIM), which incor-
porates the possibility that players probabilistically ignore the actions of other players is
included in the estimation. This model incorporates the principal aspect of the NNM, that
players make probabilistic errors and fail to realize that such errors occur, and develops it
one step further. In all cases where only R, or rationality, is necessary to make a decision,

such as in the first period, behavior is identical to that under the NNM, with the parameter

%5The calculations for the results reported in these tables were conducted using the GAMBIT Command
Language (McKelvey, et al., 1996). For a formal and more detailed description of Quantal Response Equi-
libria for extensive form games, see McKelvey and Palfrey (1998)
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here labelled p. However, when R&K(R) is necessary, players may also ignore information’ |
they have receivéd with probability p. Hence, in the two playéf case where both players are
of type X, each player will seleét Up with ‘probability 0.5 + 0.5p in v1’;he first period. Under
the staﬁdard assumptions, however, if the game reaches the second pe;iod, then each player
should now be aware of her own type. Using the same parameter, p, in this rﬁodel, the player
probabilistically either fails to realize or ignores this information, and, hence, selgcts Down
in the second peridd only with probability p(0.5+0.5p)+ (1 — p)(0.5 —;0.5p) = 0.5-0.5p+ p%.
This is similarly extended to the three person case when a player reaches the second period
and observes types X and O. Here, the subject will again choose den with probability

0.5 — 0.5p + p?, rather than 1.26

Looking at Tables 10 and 11, it can be seen that both the Nash approximation and ran-
domness predictions do significantly worse than all three one-parameter models with error.
Of the three error models, none performs consistently better than the others. In the two-
player game, PIM performs best across rounds, while for the three-player game the NNM

(which performs worst for the two-player case) does best.?”

An interesting observation is that, for all three models and in both games, the measure of

?6This model can be extended to the third period in the three person case, where the probability of
misperception by another player in the second period is included in the decision probabilities. Since there is
no data for the third period, however, this is irrelevant to this analysis.

2"The significance of these differences is not performed for two reasons. First, since the relative perfor-
manc of the models differs across treatments and rounds, it is unreasonable to test the hypothesis that one
outperforms the others. Second, since the models are non-nested, standard likelihood-ratio tests can not be
used.
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precision (7, A, p) is always higher in the secbnd round than in the first. The consistency of
this observation again provides some support for the idea that learning, or at least a decrease

in error, is taking place across rounds.?®

In'sum, while all three models-do a better job of predictihgﬁbehavit)rf than the Nash or
randomness predictions, none éonvincingly outperforms a,nykof‘ the others in both games.
‘In addition, the increase in precision in all three models provides modest support for the
hypothesis of learning. While there is some support for the hypothesis that learning occurs
a'cross periods, it is impossible to determine whether any learning is taking place without
examining behavior over more periods. A second set of experiments was conducted to ad-

dress this concern.

5 Experiment 2: Learning in the dirty faces game

5.1 Experimental Design

Additional experiments were conducted to address the issue of whether learning would take
place with more experience. Group sizes of both 2 and 3 were again used. The experiments

were conducted similarly to those above with a few minor exceptions.

- ?®However, individual tests of the restrictions vy = 71, A; = Aqr, and py = pyy fail to reject, at any
reasonable levels, the constrained models where the parameter is the same for both rounds,
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First, the game was played for more rounds to allow any learning to take place. Subjects
played the game for 9 rounds. Before the first round, there was again a practice round in
. which payoffs were smaller and in which no announcement was made. Instead of being paid
their eamings; in all rounds, subjects were now paid according to a lottery procedure at the
end of the experiment that randomly selected two out of the nine experimental rounds. Their
earnings for the experiment were determined by their earnings in these two rounds plus a

$29 participation bonus.?°

Second, the game was changed slightly in order to attempt to reduce the extent to which
subjects over-played the action ”Down” in experiment 1. The value of p was changed from
0;8 to 0.67 (%) and the payoffs associated with outcomes in each round were changed to
the values in Table 12. Therefore, a subject choosing D without any additional information

-about her type faced an expected value of -$2.33.30

Finally, subjects in these experiments consisted of both UCLA and Caltech graduate and
undergraduate students with little or no formal training in game theory. While the inclusion

of UCLA subjects complicates the possibility of making direct comparisons with the results

29The lottery procedure was used because paying subjects for each experimental round would have required
a much higher participation bonus since there is the possibility that a subject could lose a substantial amount
of money in every round. While paying subjects according to this lottery procedure might have an effect
on behavior compared to experiment 1, the purpose of these experiments was not such a comparison, but
rather simply to examine whether learning takes place with experience.

301f we consider that each round was selected to be one in which payoffs mattered with probability 2, then
the expected value is -$0.52. This is still greater in magnitude than the associated expected value (-$0.20)
in experiment 1.
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- Type -~

, X 0 |
Action U [0.00 0.00
D350 -14.00

- Table 12: Payoffs fdii‘»yExperirkxyiént 2

of experiment 1, such a comparison is not the goal of these experiments. Instead, the goal

is simply to examine whether or not learii_ing takes place when the game is played repeatedly.

5.2 Results |

The experiments were conducted in May and June of 1997 at UCLA and Caltech. Three
sessions were conducted for each treatment resulting in 10 groups for the two-p;la.y‘er treat-
ment and 9 groups for thé three-player treatment. “The aggregate data for these experiments
is repofted in the appen'dix; Table 13 repbrts individual level data for each‘ round similar to
the data reported in Table 9 for experiment 1. Each entry in ‘the table presents the number
of times (and the corresponding frequency) that a subject who obséxjvekd a particular set of
other players’ types b'ehaved ~coﬁsistently with the théorétical pfediction. The total number
of observations for each round is not constant for either treatment because the table omits

all cases in which all players were of type O.%!

Notice first the high frequency of compliance across treatments with the predicted be-

31 )] players selected U for all periods in these cases, as expected.
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Number of players
2 : , 3
Obs. 0] X Total 00. X0 XX Total
Pred. D UD D UD UuUD
Round : Agreements: n (freq.)
I 3(1.00) b5(0.39) 8(0.50)] 2(1.00) 4(0.50) 2(0.12) 8 (0.30)
I | 5(1.00) 10(0.77) 15(0.83) | 4 (1.00) 9(0.56) 4 (0.57) 17 (0.63)
Il | 3(1.00) 10(0.67) 13(0.72)| 1(1.00) 1(0.17) 6(0.35) 8 (0.33)
IV | 4(1.00) 10(0.71) 14(0.78)| 2(1.00) 6(0.75) 7(0.50) 15 (0.63)
V | 4(1.00) 9(0.75) 13(0.81) | 1(1.00) 5(0.63) 5(0.28) 11 (0.41)
VI | 4(1.00) 10(0.83) 14 (0.88) | 2(1.00) 5 (0.63) 10 (0.59) 17 (0.63)
VII | 5(1.00) 9(0.69) 14(0.78) | 4(1.00) 13 (0.81) 5(0.71) 22 (0.82)
VII | 3(0.75) 11 (0.79) 14 (0.78) | 4(1.00) 12(0.86) 5(0.56) 21 (0.78)
IX 3 (0.75) 6 (0.75) 9(0.75) | 2(1.00) 7 (0.58) 8 (0.62) 17 (0.63)
Agg. | 34 (0.94) 80 (0.70) 114 (0.76) | 22 (1.00) 62 (0.65) 52 (0.44) 136 (0.574)

Table 13: Individual Behavior Accross Periods in Experiment 2

havior in the simplest case when there is only one player of type X (i.e., a player observes O
or OO and knows there is at least one player of type X). In every instance of this but two,
players correctly inferred their own type and selected D in the first period. Moreover, both
of the exceptions can be accounted for by one group in which social utilities — rather than a
lack of rationality — appears to be the source of the ”irrational” behavior.3? Therefore, the

corresponding frequencies are high for both treatments (0.94 and 1.00).

As before, the frequency of behavior consistent with the theoretical prediction decreases

32In the last two rounds of one session in the two player treatment (Group A in the UCLA 5/9/97
experiment reported in Appendix B), a player observed O but selected U, even though she had selected
D both previous times she had encountered the same observation. This caused the other player to select
D incorrectly in the next period and sustain an (expected) loss. That this subject was behaving spitefully
and not merely making a mistake can be supported by two pieces of evidence. First, as mentioned before
the subject had behaved "rationally” in the same situation previously. Second, in the following period, she
observed X and, instead of selecting U and then D (as she had done before), selected U in the first two
periods. It seems she correctly inferred that the other player was attempting to extract revenge.
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as the problem becomes more complicated. In the two-player treatment, the pooled fre-
quency for all nine rounds is 0.94 for the simplest case and 0.70 for the case that requires
one step of i%cerated rationality. In the three-player treatment, the frequency is 1.00 when
only rationality is required, 0.65 when one step of iterated rationality is required, and 0.44
when two steps are required: Also as in experiment 1, the frequency of agreements seems
to be consistent across group sizes, holding the difficulty of the problem ﬁxed. In béth
treatments, the frequency of agreements in the simplest case (O or OO) is close to 1. When
players observe one other player of type X, the frequency of agreements is 0.70 in the two-

player treatment and 0.65 in the three-player treatment.

Finally, note that there is clear evidence of learning across rounds. The frequency of
total agreements in the n = 2 treatment rises from 0.50 to 0.75 between the first and last
rounds. This frequency similarly rises from 0.30 to 0.63 in the n = 3 treatment. This is in
sbite of the fact that there is one group in the n = 2 treatment (as noted above) in which
both subjects’ behavior in the last round and one subject’s behavior in the second to last
round is counted as ”irrational” even thdugh they both behaved consistently with the theory
in previous rounds an appear instead to be motivated by social utilities in Rounds 8 and 9.
If this group is eliminated from the analysis, the fredﬁencies for the last two rounds become
0.82 and 0.90. Comparing the difference in total number (;f agreements and disagreements

in the first four rounds (1 through 4) with the last four rounds (6 throvugh 9),3 results in

33Choices in the above group for the last two rounds were omitted from the analysis.
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~ a«diiference signiﬁcdnt'at the p <0.08 level':foi” n =2 and at the p < 0.01 level for n = 3,

using a one-tailed Fisher eyxacrt test.

The results of :this‘ éxpei‘iment support the 'hy‘pothésis that learning takes place across
rounds. Taken together with the consistent — though‘n‘ot statistically significant — results
from experiment 1, there is considerable evidence that repeéted' play leads to greater consis-
tency with the »theoretical prediction. However, the frequency of this consistency does not

reach one.

6 Discussion

The equilibrium in the Dirty Faces Game makes extreme predictions concerning both play-
ers’ behavior and their a.ssum’ptions about oiher players. As the above results and» analysis
indicate, the be}iavior of actual players in the game does not approximate the t}ieoretical
prediction. The results may be somewhat compromised by the fact that subjects routinely
bver-play the action Down, which, in order f(ir the equilibrium to arise, should be played
only when a participant is aware of hei" owri type. Nonetheless, that a significant part of
individual behavior is conéisient, or at least fails to violate, the predicted behavior indicates
that plaf is not entireiy i'andom. Hence,-models of pléiy which specify and introduce some
error perform much better than either the Nash prediction or randomness in expiaining the

data. Nonetheless, the predictive ability of these models does not approach perfection, indi-
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cating that a better model can still be found.

The obsex%vation that error appears to be decreasing across rounds in both treatments
indicates that subjects may be able to “learn” to play the correct equilibrium. Experiment
2 tests and finds support for this hypothesis. The results of these experiments indicate that
including more rounds leads to improved play relative to the prediction. However, after nine
rounds, there was still a considerable amount of behavior inconsistent with the standard
prediction, indicating that learning may not be sufficient to arrive at the equilibrium. In
fact, an examination of the experiment 2 data reveals several instances in which subjects who

' had previously behaved according to the prediction stopped doing so in subsequent rounds.>*

Finally, there is also evidence that behavior is the same across group sizes, holding the
difficulty of the problem consant. Therefore, when players observe one other player of type
X, the extent to which they conform to the theoretical prediction is independent of whether

they are in a two- or three-player game.

The goal of this paper is to address the question of whether predicted play is consistent

34Some of this appears to be due to the introduction of social utility. However, another part of it appears
in groups where players behaved according to theory initially but stopped doing so after observing that other
players in their group were not behaving according to theory. Since in order for the equilibrium to arise
it is necessary that players not only behave rationally but also that they believe others will, there exists
the possibility that subjects may believe that the actions of others are random and therefore uninformative,
possibly resulting in a myopic ”equilibrium” in which everyone behaves according to the prediction only
when they don’t have to trust the behavior of other participants (i.e., when there is only one player of type
X).
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w1th actual behawor in the Dlrty Faces Game The results from the experlments indicate
~ that subjects do not satlsfy the common knowledge of ratlonahty assumptxon necessary for
o ethbnum behavmr to occur W ith repeated play, behavmr converges towards - but still

' falls short of the theoretlcal predxctlon
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7 Appendix A: Instructions
N Initial Instructions

- This is an experiment in decision making, and you will be paid for your participation in
cash. Different participants may earn different amounts. What you earn depends partly on

your decisions and partly on the decisions of others.

During the course of the experiment, all interaction between participants will take place
through the experimenter. It is important that you not talk or in any way try to communi-
cate with other participants during the experiment. If you disobey the rules, we will have

to ask you to leave the experiment.

If you have any questions during the instruction period, raise your hand and your ques-
tion will be answered so that everyone can hear. If you have any further questions after the

experiment has begun, raise your hand, and an experimenter will come and assist you.

At‘ this time, one of the participants will be randomly selected as the monitor for the
experiment, The monitor will assist in conducting the experiment and will be paid a fixed
sum. Each participant will ;’oll a die at the front 6f the room and the participant who rolls
the highest number will be the monitor for the experiment. Ties will be resolved by another
roll. Please note that each participant has an equally likely chance of being selected to be
the monitor for the experiment.
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The remainiﬁg participants will. each be ’r;—indomlyy assigned a participant number by
selecting an é’nvelope from the experinienter. Please select an envelope now as the eXper—
imenter passeé, afon‘nd the room. Inside the envélbpe you have Selecte&, fﬁgre is an index
cérd ’with youf ﬁarticipant number on it. This Wm be yoﬁ'r participanf number for ‘t’he entire

experiment.

Thére will bve four gro'ups; each containing twd participants. Each pai'ticipant will inter-
act only with the other participant in "1_1,'is or her group. The groups will be labeled A, B,
C, and D. The pa.rficipan‘tS in each g.roup' will aléo have a number which will identify which
participant they are within the group. This numbér will be either 1 or 2. Therefore, the
following will be the participant numbers for the experiment: Al, A2, B1, B2, C1, C2, D1,
and D2. Please note that the participant numbers are private and should not be shared with

anyone during the eﬁperiment.

The experiment will consist of three rounds, Round I, Round II, and Round III. Each
round will consist of up to 3 periods. At the beginning of Round I, the monitor will roll
the die to determine the typé of each parti;:ipant,‘ beginning with Al. The type of each
participant will be either ”X” or ”O”. If the monitor rolls a value of 1 or 2, then this par-
ticipant will be of type ”O”. If the monitor rolls a value of 3,4,5,6,7,8, 9, or 10, then the

participant will be of type ”X”.
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When this process is ’dcy)n‘e,’ all of the partiéipa.nts will be of either type ” X’f or type 7O”.
Note that each paftii:ipant has ka;n 8 out of 10 chénce of being a type "X” and a 2 out of
« ‘1(0 cha.m_:e of béing a ’type"’r‘O;’,andv. that the type of each par'ti'cipant i_§” ;ndepéndent of the
types.of all other partiéipax;ts, Each participant’s type will remaiﬁ the same for the entire

round. -

While the monitor is determining tﬁe type of each participant, he or she will not be
visible to any of the other participants. The outcome of the rolls will therefore not be known
by any of the participants. The monitor will record the type of each participant on a sheet
identical to rth"e one at the front of the room labeled Type Sheeﬁ. Once the monitor has
recorded each participant’s type on the sheet, it will Be placed inside the cardboard display

at the front of the room.

The experimenter will then show each participant the type of the other participant in
his or her group by lifting the corresponding flap on the cardboard display. When the ex-
perimenter comes to you, please record the type of the other participant in your group on
the sheet labeled "Round I Record Sheet”. The flap corresponding to the participant who
is currently viewing the display, however, will remain closed. Thus, every participant will
know only the type of the other pafficipant in their group. No participant, however, will be

aware of his or her own type. Note that it is the same sheet which is being shown to everyone.
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For example, participant Al will now know the type of participant A2, but will not
know the types of participants Al (him or herself), B1, B2, C1, C2, D1, and D2. Likewise,
participant B2 will now know the type of participant B1, but will not know the types of

participants B2, A1, A2, C1, C2, D1, or D2.

At the end of the round, the experimenter will hold up the Type Sheet for Round I at
the front of the room so that each participant can observe the types of all the participants

and verify that the information received at the beginning of the round was correct.

Once every participant has recorded the type of the other participant in their group, then
the first period of Round I will bégin‘ In each period, you will have the opportunity to earn
or lose money. Please look at Table 1 now, it describes how your payoffs for each period will
be determined. In each period, you will choose between one of two actions: Up or Down.
Your earnings in each period Will be determined by the action you choose and by your own
type. Looking at Table 1, you can see that if you choose Up, then you will earn 0 cents,
regardless of Whether your type is ”X” or "O”. If you choose Down and your type is ”X”,
thén you earn 20 cents. Finé,lly;v if you choose Down and your type is "O”, then you lose
1 dollar. Please note that the type of thé yather person in y'our group does not affect your

earnings in each period.
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Round I will continue for each group until either participant selects Down in any period,
or until three periods have passed. That is, if in any period one of the two participants in a

group selects Down, then Round I will end for that group after that period.

I will now describe what happens in each period. At the beginning of each period, each
participant will place a mark in one of the three boxes on their Reporting Sheet for that
period. If you wish to choose an action of Up in that period, then place a check in the box
corresponding to that choice. Similarly, if you would like to choose Down, then you should
place a check in that box. Finally, if you or the other participant in your group has previ-
ously chosen Down, then you 'should place a check in the box labeled "Round Over”. This
box should only be checked in periods where the experimenter has instructed participants
in that group to do so. Participants should also record their choice of action for each period

on their Round I Record Sheet.

Once you have placed a check in one of the three boxes, then tear the Reporting Sheet
for that period off and place it face down on you desk. The experimenter will come by to

collect the Reporting Sheets for all participants once they have all done so.

Once the experimenter has collected all of the Reporting Sheets, he will write the actions
selected by each participant, referring to them only by their participant number, on the

board at the front of the room. Once this is done, all of the participants should record the
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action selectéd’?by the other parfviéipant in théif group Oh tﬂei’f Round I ‘Rétk:Ord‘iSheetk. After
k‘allvv pa;r'gifcipants'have~ dqifxe S0, t’heje:;pgr"imentWill proceed to fhé ’next' peﬁod. ‘Once three
periods ha;ve paSSed,_,Round I 'willken'cvl #nd we will proceed to Round IL After Round HI,
you will b_’e paid, in priVate, the total you hé,ve earned in all three rquncis plus an $11 partic-
ipation bonus. Nok other person will be told how much cash you earned in the experiment.

* You need not tell any other'participanté how much you earned.
Are there any questions before we begin Round 7

I there are no further questions, we will now begin with the experiment by selecting the
monitor. If there are any pfoblems’ or questions from this point on, raise your hand and an

experimenter will come and assist you.

Inter-Round Instructions (After Round I)

Round I is now completed. I will now place the Type Sheet for Round I at the front
of the room. Please record your type on your Round I Record Sheet. Using your typé for
Round I, please calculate your earnings for this round and record this amount at the bottom

of youf. Round I Record Sheet. Once everyone has done that, then we will begin Round IL

Rounds II and III will proceed in exactly the same manner as in Round I except for two
différehces. First, the payoffs will be different from those used in Round I. Please look at Ta-
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xble 2 Whleh the experlmenter handed to you ’Wlth these mstructmns Notice that the payoffs
‘a,re d;fferent from those in Table 1. Your earnmgs m‘ each penod w1ll agam be determmed
by the actxon you choose and by your own type Lookmg at Table 2, you can see that if you
choose Up, then you will earn 0 cents regardless of whether your type is” X” or” O” If you
choose Down and your type is ” X” then you earn 1 dollar Fmally, 1f you, choose Down and
your type is 707, then you lose 5 dollars Please note that the type of the other person in

your group does not affect‘your earmngs in each period.

| Second, once the type of each pa.rti,cipant»ha_s been de_termi‘nedﬁ, the eXperimenter will
rnake an announcement for e&eh_ group, indicating whether it is the case | that there is at
- least one player of type "’)"(”f in thdt particular group. For example, if it is jthe case that no
participants in group D are of type ”X”, then the experimenter will e.nnounce, ”There are
no participants of tyoe X’ in‘group D”. Otherwise, the experimenter will announoe, ”There

is at least one participant of type 'X’ in group D”.
Are there any questions before we begin Round II?
If there are no further questions, we will now begin with Round II. If there are any prob-

lems or questions from this point on, raise your hand and an experimenter will come and

assist you.
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Inter-Round Iﬂst’mc’cions (After Rourr d II)'_"’:"

Round II is now completed I wrll now place the Type Sheet for Round II at the front
of the room. Please record your type on your Round II Record Sheet Usmg your type for
Round 1I, please ca.lculate your ea.rmngs for this round and record thrs amount at the bottom

- of your Round II Record Sheet'., O’uce everyone has done that, then we will begin Round, III.

Final Instructions

Round III is now completed 1 will now place the Type Sheet for Round IIT at the front
of the room. Please record your type on your Round III Record Sheet Usmg your type
for Round III, please calculate your earnings for, tlns round and record this amount at the

bottom of your Round III Record Sheet.

After your are done, add together your Round I total, Round IT total, Round III total,
and the $11 participation bonus to get your final payoff for the experiment. Please record
this on your Experiment Earnings sheet along with your name, social security number,, and
today’s date.b Please wait until after you have received payment to write your signature. If

there are any problems or questions, please raise your hand.

After you are done calculating your earnings for the experiment, please remain seated.
You will be paid at the front of the room one at a time in the order indicated by the exper-
imenter. Please bring all of your things with you when you come to the front of the room.

56



You can leave the experiment as soon as you are paid.

Please refrain from discussing this experiment while you are waiting to receive payment
so. that privacy regarding individual choices and payoffs may be maintained. Please place
all of your experiment materials, except for the Experifnent Earnings sheet, inside of the

envelope which you were given at the beginning of the experiment.

Thank you all very much for participating in this experiment.
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8 Appendix B: Data for Experiment 2
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