An Experimental Test of Equilibrium Dominance
in Signaling Games

Jordi Brandts and Charles A. Holt

Many economic situations with asymmetric information can be modeled as signaling
games. Even simple signaling games can have sequential equilibria that are considered
"unintuitive". For example, in a well known model due to Michael Spence (1973), workers with
good information about their own ability levels have to decide whether to obtain additional
education or not. An employer, knowing that education is more costly for low-ability workers,
observes the education signal, but not the worker’s ability, prior to deciding on a wage offer.
As shown below, it is possible to construct examples in which all types of workers decide against
the educational investment because the employer will interpret education as a sigoal of
ability, even though the signal is more costly for low-ability workers. Despite the unintuitive
nature of these "out-of-equilibrium beliefs", this equilibrium outcome survives the tests imposed
by all of the commonly used, strengthened versions of the Nash concept. In particular, this
outcome is a sequential equilibrium in the sense of David M. Kreps and Robert Wilson (1982);
it satisfies a backwards induction rationality requirement that decisions be optimal from any non-
terminal stage until the end of the game, given the equilibrium beliefs at that stage.

Despite the fact that unintuitive outcomes can pass the test imposed by a sequential
equilibrium, there is no consensus on exactly how this equilibrium concept should be
strengthened or "refined". The recent debate centers on refinements that place more restrictions
on players’ beliefs about what would happen off of the equilibrium path. Several refinements
have been proposed, each of which is motivated by specific games in which a weaker refinement
permits unreasonable equilibria. For example, In-Koo Cho and Kreps (1987) discuss their
"intuitive criterion”, which is based on a dominance notion that theyezglilibrium dominance
They also discuss a number of stronger refinements, including strategic stability (Elon Kohlberg
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and Jean-Francois Mertens, 1986) and divinity (Jeffrey Banks and Joel Sobel?1983)are
particularly interested in equilibrium dominance, since it is widely discussed and since it is
implied by stronger refinements.

The arguments about which refinement is appropriate are typically based on the author’s
subjective opinion about how reasonable individuals would behave. There is an apparent need
for empirical work that directly tests the validity of these arguments and that could guide the
theoretical debate towards alternative refinements. Although game theory is sometimes used as
anormativetheory about how "rational" agents ought to behave, the theory is also widely applied
in industrial organization and other areas of economics to analyze specific issues. When game
theory is applied in this manner, ipsitive empirical content becomes relevant. In particular,
the discussions of "intuitive" and "unintuitive" equilibria are often in the context of examples that
are directly inspired by market applications, e.g. Grossman (1981). Refinements have been
subsequently used in the theoretical analysis of a variety of issues: corporate finance (Milton
Harris and Artur Raviv, 1985), advertising (Paul Milgrom and John Roberts, 1986), and entry
deterrence (Charles Holt and David Scheffman, 1989).

An appropriate laboratory experiment can provide important insights to complement the
theoretical debate. In an experiment it is possible to use financial rewards to induce players’
preferences in a manner that competing theories give very different predictions about agents’
actions® In fact, it is difficult to imagine a situation arising naturally in the economy that would
enable an outside observer to distinguish a sequential equilibrium from alternatives of interest.

In this paper we present the results of an experiment that is structured to permit an initial
evaluation of equilibrium dominance, a basic intuitive argument that has motivated many of the
refinements of the notion of sequentiality. The experiment involves signaling games with two
sequential Nash equilibria, one of which is precluded by equilibrium dominance, which is

2 Cho and Kreps conclude that strategic stability and similar refinements are probably too strong in the sense that

these theories give predictions (in the context of simple signaling games) that they find to be unintuitive. Sanford J.

Grossman and Motty Perry (1986) have developed the concept of a perfect sequential equilibrium, which is neither more
or less restrictive than strategic stability, and which may not exist in finite, extensive-form games. Cho and Kreps also

discuss the earlier work of John Riley (1979).

®  There are some recent experimental papers that deal with related questions. The sequential Nash concept

organizes the data rather well in multi-stage experimental games with incomplete information reported by Colin Camerer
and Keith Weigelt (1988) and Jeffrey Banks, Camerer, and David Porter (1988). The latter authors find support for
refinements that are stronger than sequentiality. But in other contexts, i.e. sequential bargaining games, the predictive
power of the sequential equilibrium is diminished by concerns for distributional fairness (Jack Ochs and Alvin Roth,
1989).



explained in section 1. The experimental procedures are described in section Il. Section Il
contains results of a treatment based on a slight modification of a signaling game that has been
widely discussed in the refinements literature. Observed decisions roughly correspond to the
intuitive equilibrium for this treatment. A second treatment, which was motivated by an
examination of the adjustment process under the first treatment, is reported in section IV. This
second treatment involves a basic design in which the subjects’ initial behavior can generate a
relationship between signals and players’ types that corresponds to the out-of-equilibrium beliefs
of the unintuitive equilibrium. After gaining experience with different partners in a series of
these signaling games, behavior closer to uhatuitive equilibrium outcome is observed. As
indicated in the final section, we believe that these results constitute a challenge to theorists and
a rationale for further study of out-of-equilibrium adjustment processes.

I. The Equilibrium Dominance Criterion
Cho and Kreps (1987) discuss the ideas behind equilibrium dominance in the context of
signaling games with two players. In this class of games, one of the players can have one of a
number of different preference "types". The second player’'s payoffs can depend on the first
player’s type, but this other player does not know the first player’s type. Given this asymmetry
of information, the first player, who knows his own preference type, sends a message (signal) to
the second player, who then takes an action. In these games, one typically finds many Nash
equilibria due to the existence of many off-the-equilibrium-path beliefs, i.e. many inferences that
the second player could make after observing a message that, in equilibrium, nabblel sent
by the first player. One way to eliminate some of the beliefs is to ask the following questions:
1. Which out-of-equilibrium messages should not "reasonably” be expected when the first
player is of a certain type?
2. Which actions are "unreasonable” as responses to certain out-of-equilibrium messages?
By eliminating combinations of unintuitive messages and responses, we can delete some
of the Nash equilibria. We begin by considering the issue raised in the first question above, i.e.
the elimination of unreasonable out-of-equilibrium messages; the discussion of unreasonable
responses to out-of-equilibrium messages is considered at the end of this section.

Messages
To apply the notion of equilibrium dominance, one concentrates attention on a particular

4 The first experiment pertaining to signaling behavior in markets was conducted by Ross M. Miller and Charles

R. Plott (1985).



equilibrium and the corresponding equilibrium payoff that the first player obtains when he is of
a particular type. According to equilibrium dominance, one can eliminate a combination of a
type and an out-of-equilibrium message if thguilibrium payoff for the player of that type is
larger than thehighestpayoff he could get if he were to send the out-of-equilibrium message
under consideration. The equilibrium under consideration is then ruled out if the beliefs that
support it place positive probability on the preference-type/message combination that was
eliminated in this manner.

Intuitive Equilibrium Unintuitive Equilibrium
Player I of type L Player 1 of type L
(20, 125) D 73] D (60,125) (20, 125)s D 173) D A60,125)
B A B A
(100, 75)% C 140, 75) (100, 75)” C c\(mo, 75)
Player 2 Player 2 Player 2 Player 2
(60,75) D D 0,75 (©0.79) D D (0,75
B A B A
(140,125)/C  Playerlof type H  C (120,125) (140,125)” C  Player 1 of type H  C {120, 125)
(2/3) (2/3)

Figure 1. Two Pooling Equilibria for Game 1
Key: boldfaced line represents the equilibrium decisions
dashed line represents out-of-equilibrium path

The notion of equilibrium dominance can be illustrated by considering a signaling game,
which will be called game 1, in which this refinement rules out one of the two equilibrium
outcomes. The extensive form for this game is reproduced on both sides of figure 1. One of the
equilibria is represented on the left side, and the other is represented on the right. The game
begins with nature’s determination of player 1's type, and the fractions in square brackets indicate
that the type isL with probability 1/3 andH with probability 2/3. The messages for player
1 are denoted byA and B, and the responses for player 2 are denoted®yand D. The
dotted, vertical lines determine player 2’s information sets; he observes the megsawye B,
but not player 1's type,H or L. The payoffs are given in parentheses at each terminal node,
with player 1's payoff listed first.

In this game it is straightforward to verify that there are only two pure-strategy, sequential
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equilibrium outcomes. In the equilibrium shown on the right side of the figure, both types of
player 1 choose messag@d, and player 2 responds t&A with C and to B with D. The
equilibrium strategies for the two players are indicated by the boldfaced lines. The other
equilibrium, shown on the left side of the figure, is one in which both types chd®sand
player 2 responds td8 with C and to A with D.

First consider the incentive of player 2 to deviate from the decisiGn in either
equilibrium. If both types of player 1 choose the same message, then it follows from the
symmetry of player 2’s payoffs thaC is the optimal response, since the common message is
more likely to be sent by a player 1 of typE. The incentive for player 1 to deviate depends
on the anticipated response of player 2, which in turn depends on how player 2 interprets the
out-of-equilibrium message. Each of the "pooling” equilibrium outcomes under consideration is
supported by player 2’s beliefs that a deviant message is more likely to come from a player 1
of type L, so player 2 would respond to a deviation by choosbgwhich deters deviations by
either type of player 1. The belief that a deviant signal is more likely to come from altype-
proponent is represented by the horizontal dashed line. In the equilibrium in which both types
send the messag@, for example, it is apparent from player 2’s payoffs that the best response
to an out-of-equilibrium messagB is D if the probability is greater than 1/2 that this deviant
message was sent by a tyde Player 2's beliefs, that the out-of-equilibrium messaBe is
more likely to come from a player of type L, do not violate the relatively weak
consistency-of-beliefs requirements of a sequential equilibrium.

This equilibrium on the right side of figure 1, in which both types of player 1 send
message A and player 2 responds withC, can be ruled out by applying the notion of
equilibrium dominance, however. As noted above, equilibrium dominance involves an analysis
of out-of-equilibrium beliefs by making a comparison of a player’s equilibrium payoff with the
best payoff that could be obtained by deviating, so we begin by noting that the payoffs in this
equilibrium (with both types choosing messadg are 140 for a player 1 of typd. and 120
for a player 1 of type H. Recall that this equilibrium is supported by beliefs that a deviant
sending messag® is more likely to be of typeL. But if the typeL player were to send the
out-of-equilibrium messagdB, the most he could possibly obtain would be 100 (resulting from
a response ofC), and this payoff is less than the type's equilibrium payoff of 140, which
results from a message of followed by the equilibrium response o€. Thus equilibrium
dominance rules out the possibility that tyde will send the out-of-equilibrium messag8.

Since it can be verified that the out-of-equilibrium messd)ds not equilibrium dominated for
the typeH player 1, player 2 will reason that messaBecan only come from a player 1 of type
H. Thus player 2 would react t& with C in order to obtain earnings of 125 instead of 75.



But then a player 1 of typeH will have an incentive to deviate by sending messdgjesince
this deviation would raise this player’'s payoff from 120 to 140. This breaks the equilibrium.

The other equilibrium outcome, in which both types of player 1 send mesBag@rvives
such a test because the out-of-equilibrium messageis not equilibrium dominated for the
typeL player 1 Therefore, player 2's beliefs, that a deviation is more likely to come from a type
L, are not unreasonable in this equilibrium.

We intentionally discussed the above example in a neutral, non-economic context, so as
to stress the role of the relative payoffs and probabilities in eliminating one of the equilibria.
However, the reader may wish to consider the labor-market interpretation that was alluded to in
the introduction: The worker either has a high skill level (tybe or a low skill level (typel),
and knowing this, must decide whether to make an investment in education (d)ral not
(signal A). Player 2 is an employer who observes the signal but not the worker’s type. The
employer’s payoffs in figure 1 indicate that his objective is to match a skilled worker with the
executive job C) and to match an unskilled worker with the manual j@);(education is not
productive since the employer’s payoffs are unaffected by the signal. Both worker types would
prefer the executive jobC for any given level of education. For a given job assignment, the
skilled, typeH worker obtains a higher payoff with an education, and the unskilled worker
obtains a higher payoff without an education, so education is more costly for thé typeker.

There is no sequential "separating” equilibrium in which the skilled worker obtains an education
and the unskilled worker does not. This is because the unskilled workers would deviate and
obtain an education in order to obtain the jdb that would be assigned to the skilled worker

if there were a separating equilibrium. In the intuitive pooling equilibrium, both worker types
obtain an education, and out-of-equilibrium beliefs that support this equilibrium are that anyone
who does not obtain an education is more likely to be unskilled. But in the unintuitive pooling
equilibrium, neither worker type obtains an education, and the out-of-equilibrium beliefs are that
a deviant with an education morelikely to be an unskilled worker.

It is straightforward to show that the unintuitive equilibrium in this example cannot be
ruled out with the weaker notion of simple dominafiéeBut this equilibrium can be eliminated

® ltis apparent from figure 1 that (simple) dominance would not eliminate the unintuitive Nash equilibrium in which
both types send messag#, because thdéowest payoff that player 1 can get when he is of type L and sends the
equilibrium messageA is 60, which is not greater than tiéghestpayoff, 100, that could be obtained by sending the
out-of-equilibrium message3. Equilibrium dominance arguments are less intuitive than simple dominance arguments.

® This game can also be used to illustrate the difference between equilibrium dominance in the extensive-form
representation and iterated weak dominance in the normal-form representation. The relevant normal form is for a 3-person
game since player 1, knowing his own type, corresponds to two players in the game with incomplete information. This
is because player 1 cannot commit himself to a strategy (a decision to be made by each of his types) before learning
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with theories that generate refinements that are stronger than the refinement resulting from the
application of equilibrium dominance. For example, it is apparent from the discussion in Cho
and Kreps that both the Banks and Sobel notion of divinity and the Kohlberg and Mertens notion
of strategic stability will also rule out the unintuitive equilibrium in this example. Thus
experiments based on the signaling game represented in figure 1 are relevant for the evaluation
of these stronger refinements as well.

Responses

We now consider the elimination of unreasonable responses to out-of-equilibrium
messages; the issue mentioned in the second question at the beginning of this section. In
particular, a dominated response is unlikely to be observed. For example, consider game 1’ that
is constructed from game 1 in figure 1 by adding a third responggor Irrelevant) to each of
player 2's information sets. The payoffs determined by this response are the same as if player
2 had selectedC and given his payoff to player 1. For example, if a typetayer 1 were to
make a decision oB and receive a response &, the payoffs would be (100,75), as indicated
in the appropriate node of figure 1. The payoffs for theresponse to the signaB would be
(175,0), i.e. player 2 "gives" his payoff to the other player. Similarly, theesponse to aB
decision made by a typ-player 1 yields payoffs of (265,0), etc. Since player 2 is sure to
obtain a positive payoff with either of the other decisions, thedecision is dominated and
should not be observed.

Once the "give-away" decision is removed from the game, the analysis is the same as
before; the A,C) equilibrium is broken by an equilibrium dominance argument. But if the
decision is not first pruned, it is no longer the case that a deviatiorBoffrom the @A,C)
equilibrium is equilibrium dominated for the player 1 of type This is because the equilibrium
payoff for the typek player 1 in the A,C) equilibrium is 140, but this is no longer greater than
the highest possible payoff that this player could obtain by deviating when the give-away
decision is included for player 2. Cho and Kreps suggest that the dominated response be pruned
before the equilibrium dominance criterion is applied, in accord with question 2 in section 2
above.

which type is relevant. It is straightforward but tedious to verify that iterated weak dominance cannot eliminate the

unintuitive Nash outcome in the resulting 3-person game in normal form. If the structure of the game permitted player
1 to commit himself to a type-contingent strategy, then iterated weak dominance could be used to eliminate the unintuitive
outcome from the resulting normal form of the relevant 2-person game.
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Il. Procedures and Experimental Design

The signaling game shown in figure 1 was used in the first treatment to be discussed.
The payoffs were made in either Spanish pesetas or U.S. pennies, as noted below. One U.S.
dollar was worth between 110 and 130 pesetas at the time of the experiment (1'9&r&)ps
of subjects were recruited for two-hour sessions from undergraduate economics classes, either
at the Universitat Autonoma de Barcelona (sessions 1-5), or at the University of Virginia
(sessions 6-9). Subjects were told that they would receive an initial payment (1000 pesetas in
Barcelona, $5.00 in Virginia) in addition to all cash earnings obtained during the two-hour
session. The session began with a reading of the instructions in the appropriate language; a copy
of the instructions is available from the authors on request.

In comparison with most other laboratory experiments, ours was not unusually complex,
and the subjects did not appear to be confused by the instructions. Their questions were simple
and easily answered by paraphrasing the relevant part of the instructions. Each two-hour session
involved either 8 or 12 participants, as noted below, and one "monitor”, who was one of the
subjects selected for this task by the throw of dice at the beginning of the session. The monitor’s
role was to throw the die that determined the preference types and to observe and ensure that the
session was being conducted in accordance with the procedures specified in the instructions. The
subjects were placed in two adjoining rooms, with half of them in one room having the role of
player 1, the "proponent”, and the other half having the role of player 2, the "respondent".

The experimental session consisted of a series of matchings, with each subject being
paired with a different partner in the other room in each matching. At the beginning of each
matching the monitor would throw a die in the proponents’ room. The numbers 1 and 2
determined type L for the proponents, and the numbers 3-6 determined tyype Each
proponent then recorded his messade,or B, on the record sheet provided, and this message
was privately communicated to the paired respondent in the other room by writing the
proponent’s message on the respondent’s record sheet. Then each respondent would mark a

" The payoffs in figure 1 were computed by applying an affine transformation to the payoffs in figure 1 in Cho and
Kreps (1987), with the exception that player 1's typgeayoff for the @,C) outcome in our figure 1 is 20% greater than
the payoff obtained from the transformation. This was done to raise player 1's expected payoff for the "unintuitive"
(A,C) equilibrium to the level of the expected payoff for that player in the oti&C) equilibrium. Of course, we had
no reason to believe that subjects were risk neutral. But the previous section’s analysis of these two equilibria is
independent of assumptions about risk preferences. In particular, the symmetry of the respondent’s payoffs implies that
the best response i€ whenever the probability that the observed signal was sent by aHyg®ponent exceeds .5,
as is the case in either pooling equilibrium.

8 Two of the 80 participants were economics graduate students. Few, if any, of the subjects had been exposed to

elementary game theory.



decision, C or D, on his or her record sheet, with the response being communicated to the
appropriate proponent in the other room. Finally, each respondent was informed of the type of
proponent he or she was paired with, and all subjects calculated their earnings with the tables
provided in the instructions.

Each subject’s record sheet indicated the identification number of the subject in the other
room with whom he or she was paired in that matching, and hence, they could see that they
would deal with a different partner in each matching. Subjects were not given any information
about the rotation schedules of other subjects. This was done to preserve the one-period nature
of the games® After four matchings, each subject had been paired with each of the subjects
in the other room, thereby completing the first part, "part a", of the session. Subjects were told
initially that the first part would be followed by a different game, with different subject
identification numbers, and the instructions for a second part, part b, were not distributed until
the termination of part a. The game used for part b was game 1’ with the third, dominated
response, |, as discussed in the previous section. In part b, the subjects who had been
respondents in part a were given the role of proponents, and vice versa, and the nature of the
treatment was disguised by altering the labeling and order of the decisions in the payoff table and
by adding 15 pesetas to each payoff. After four matchings of part b, the instructions for a
different game to be played in the four matchings of part ¢ were distributed, again with new
identification numbers. Part ¢ was the same signaling game that was used in part a, with the
roles of proponent and respondent reversed.

° Subjects were not asked to write explanations of their decisions, except in treatments 3-5, as discussed in footnote
18 below.

10" With rotation information, a proponent could determine whether dealings with the respondent in the current

matching could ever have an indirect effect on the behavior of a (different) respondent to be encountered in a later
matching. Proponent numbeX, for example, could determine whether the respondent with which he or she is paired

in the first matching will meet a particular proponent in the second matching who will meet the specific respondent in
the third matching who is paired with proponenX in the fourth matching. We believe that ignorance of rotation
schedules is sufficient to prevent the possibility of such a cycle from affecting the proponent’s first-matching message.
The cycle requires 4 matchings, so the decisions in the final 3 matchings would not be affected by the possibility of such
a feedback effect.

1 We believed that role reversal would be important, but we did not do the direct reversal of roles in part a, with
no other change in the game structure, until part c. The instructions promised a new treatment after part a, so we added

the third response and changed the labeling of decisions to minimize the similarity between parts a and b.
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Table 1. Experimental Design

treatment 1 treatment 2
sessions 1-4 session 5
part a game 1 game 1
(matchings 1-4) with announcements
part b game 1’ game *
(matchings 5-8) (roles reversed) (roles reversed)
part c game 1 game 1 with announcements
(matchings 9-12) (roles as in b) (roles as in b)
treatment 3 treatment 4 treatment 5
session 6 session 7 sessions 8-9
game 2N game 3N game 3R: matchings 1-6
game 2R game 3R
(roles reversed) (roles reversed)
game 2R game 3R game 3R: matchings 7-12
(roles reversed) (roles rversed) (roles reversed)

The structure of the experiment is summarized in table 1. As indicated in the table, the
treatment 1 that was explained above was used with four 8-subject cohorts, sessions 1-4. The
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other treatments, to be discussed in later sections, are listed across the top row. The games that
correspond to parts a-c are listed in the column below the treatment number. The main structural
change occurs in treatment 5, which only has two parts, one for matchings 1-6 and another for
matchings 7-12. Role reversals are indicated in parenthetical remarks.

lll. Results for Treatments 1 and 2

Table 2 presents the type-contingent signals and the signal-contingent responses for each
matching of treatment 1. The row for matching 1 of part a indicates that there were 8 proponents
of type H, all of whom sent signalB, and 8 proponents of typd., only one of whom sent
signal B.** Signal B was always followed with theC response, and signah was followed
with the D response for 6 out of 7 pairs of subjects in the first matching. In the intuitive
equilibrium that is not ruled out by equilibrium dominance, all proponents of each type send the
B signal, but we observe that, in this first matching of part a, all 8 tyg-oponents sent signal
B. Therefore all A signals were sent by type-proponents, as was the case in subsequent
matchings. This type dependence is consistent with the out-of-equilibrium beliefs that support
the intuitive sequential equilibrium; i.e. beliefs that a deviant sigriglis more likely to be sent
by a typekt proponent.

It is interesting to consider how this type dependence might arise. Notice that if the
proponent (player 1) has typepreferences in figure 1, then decisidh is better thanB if the
respondent choose®, and decision A is also better thanB if the respondent choose€.

This suggests that a typés deviation to decisionA might be motivated by the belief that the
"signal", A or B, will have no effect on the respondent’s decision. These beliefs are
contradicted by the actual decisions of the respondents, sinc8ttsignal is always followed

by a C response, and thé signal is followed by aD response in 6 of the 7 cases. Recall
that, in the intuitive B,C) equilibrium, a deviation toA will generate aD response.

Reading down the rows for subsequent matchings in table 2, we see that type dependence
tends to diminish with experience as tybeproponents continue to send signBl and typek
proponents begin to switch away from signal As can be seen from the summary percentages
at the bottom of theB/L column, the proportion of typ&-proponents that sen@ rises from
21% in part a to 58% in part b and 75% in part c. This is consistent with the observed responses
to signals, a risk-neutral subject would prefer to send sigBalf his beliefs matched the

12" Since there are 4 sessions and 4 pairings in each matching of a session, it follows that there are 16 proponents’

decisions for each matching in part a. In part b, there are only 12 observed outcomes for each matching because the part
b of one of the sessions used a different game (not reported here), which did not involve signaling. There are 16
outcomes for game 1 in each matching of part c.
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Table 2. Type-Contingent Signals and Signal-Contingent Responses for Treatment 1

signals given type:

responses given signal:

part/matching B/H B/L C/B D/A

all 8/8 1/8 9/9 6/7
al2 8/8 2/8 9/10 216
al3 12/ 12 1/4 13/ 13 3/3
al4 12 /12 1/4 13/13 3/3
b/5 12 /12 - 12 /12 -
b/6 4/4 4/8 8/8 4/4
b/7 12 /12 - 12 /12 -
b/8 8/8 3/4 11/11 1/1
c/9 16 / 16 - 16 / 16 -
c/10 12/ 12 3/4 15/ 15 0/1
c/11 414 9/12 12 /13 2/3
c/12 12 /12 3/4 15/ 15 1/1

percent for parta 100 percent 21 percent 98 percent 74 percent

percent for part b 100 percent 58 percent 100 percent 100 percent

percent for part c 100 percent 75 percent 98 percent 60 percent
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observed aggregate distribution of responses, i.e. the proportiorG afiven B and of D
given A in table 2.
Table 3. Data for Treatments 1 and 2 by Part

part a part b part c

Treatment 1:

game 1 game 1’ game 1
C D C D I C D
A 5 14 A 0 5 0 A 2 3
(0,5 (0,14) (0,5) (0,2) (0,3)
B 44 1 B 43 0 0 B 58 1
(39,5) (1,0) (36,7) (44,14) (0,1)

Treatment 2:

game 1 (game *, not reported) game 1
(with announcements) (with announcements)

C D C D

A 6 5 A 3 6
(24)  (23) 03) (15

B 3 2 B 5 2
3,00 (1.1 23 (11

Key: N

(N, N)) indicatesN outcomesN,, with type-H proponents andll, with typed proponents.

In order to facilitate comparisons with the results of subsequent treatments, the outcomes
for each part of treatment 1 are given at the top of table 3. Each entry in the table consists of
the total number of outcomes for the pair of decisions determined by the row and column, with
the breakdown by preference type given in parentheses: (outcomes irHtypatchings,
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outcomes in typé- matchings). Only 7 decision pairs in treatment 1 matched the unintuitive
(A,C) equilibrium, and all but 2 of these occurred in the first part with inexperienced subjects.
The 112 games conducted in parts b and ¢ with experienced subjects provide no support for the
unintuitive equilibrium; 101 of the decision pairs match the othByC) equilibrium, and all but
2 of the proponents’ deviations were followed by th2 response that is consistent with the
beliefs off the equilibrium path that support this other equilibritim.

Having failed to generate a preponderance AfCJ outcomes in treatment 1, we decided
to modify the instructions by adding a suggestion that players use the strategies specified by the
unintuitive equilibrium for the game being used. The setup is summarized in the column for
treatment 2 in table 1; game 1 is used in parts a atid lo. part b, we used a different game,
game *, which is discussed in detail in Brandts and Holt (1989) and will not be reportedfhere.
In each of the three parts, the monitor was asked to read an announcement suggesting that
proponents send signah and that respondents answéx with C and B with D. The
announcement ended with a statement that is translated: "This proposal is only a suggestion, not

13 The deviations cannot be interpreted as the result of the behavior of one or two subjects who were systematically
using the unintuitive equilibrium strategy. There were 5 deviations in part ¢ of the sessions using treatment 1; each was
made by a different subject.

1 In this session and in all subsequent ones to be discussed, the monitor threw the die individually for each

proponent. We thought that this would reduce variability. The equilibrium calculations are not affected.

15 Game * was designed to evaluate the possibility that the results of treatment 1 were not due to equilibrium

dominance considerations, but rather, are due to salient aspects of the payoff structure. For example, although the
expected payoffs for the proponent as well as for the respondent are the same in each equilibrium in gamB,T) the (
outcome maximizes the joint payoff in the most likely state (tyf)e Therefore we constructed game * in such a way

that (A,C) maximizes the joint payoff in either state. In this game, which was called "game 2™ in Brandts and Holt
(1989), the respondent’s payoffs that follow signBl in game 1 were reduced by 40 pesetas, and the respondents’
payoffs that follow signalA were increased by 25. This gives the respondent a strong preference for receiving signal
A, since the respondent’s lowest payoff aftér is larger than his highest afteB. In addition, another minor change

was made to restore a superficial symmetry that was present in the original Cho and Kreps example. These changes do
not alter the difference between the payoffs that the respondent can get for a given signal, nor do they alter the equilibrium
calculations and equilibrium dominance arguments. We ran one session with game * (with no announcements of
suggested play), both with and without the addition of a third, dominated response. In comparison with treatment 1, there
were more D responses to the respondent’s least preferBdsignal, but such "punishments" were not given by
experienced respondents in part ¢, where tBeCY outcome is prevalent. Similar results were obtained in subsequent
session (also reported in Brandts and Holt, 1989) in which the respondent’s payoffs were adjusted to make it less costly
to punish signalB if the proponent turns out to be of typé When game * was run in part b of treatment 2, with an
announcement suggesting the unintuitive equilibrium, the outcomes were equally divided beAwead B signals,

with all C responses.
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a requirement®® The monitor read the announcement in both rooms and told the subjects that
the same announcement was read in both rodma&.single session was conducted under this
treatment 2, and the data are shown in the bottom part of table 3. The most common outcome
in part a is the A,C) outcome, but the relative frequencies of th&,Q) and @,C) outcomes

are reversed between parts a and c. Moreover,Ahsignal was met with theD response in

six of the nine cases in part c. We believe that this experience would have resulted in fewer
A signals if the session had continued with more matchings.

IV. Reverse Type Dependence and "Unintuitive" Results

Behavior in early matchings of treatments 1 and 2 typically does not correspond to any
of the equilibria. The experience gained in subsequent matchings with different players leads to
a process of adjustment in behavior and beliefs. In order to understand this process, it is
necessary to look at the evolution of decisions.

Table 2 reveals a pattern of adjustment for treatment 1, which was also observed for game
* discussed in footnote 14: in the early matchings, the tyg@oponents usually chosA& and
the typeH proponents almost always chod® It is apparent from the first row of table 2 that
respondents seemed to anticipate this type dependence even in the first matching; they responded
to B with C and to A with D. This "punishment" for those who sent th® signal caused
the typeL proponents to switch to theB signal in later matchings, which led to the intuitive
pooling equilibrium. The labor-market interpretation of this type dependence is that only
high-ability workers obtain an education in early matchings, and knowing this, the employer
assigns a worker with no education to the manual job. In order to obtain the preferred job, the
low-ability workers would want to invest in the education signal.

An obvious question is what would happen in a session in which we could somehow
induce a "reverse" type dependence in early matchings, with thelLtypeponents choosing
signal B and the typeH proponents choosing signa\. In the labor-market interpretation, this

16" A translation of the main part of the announcement is: "In my role as monitor, | will read this announcement

in this room and in the room with the other participants. | have been asked to make the following proposal with respect
to the options to be chosen by the participants in the experiment. It is proposed that the proponent alwaysAchoose
regardless of the earnings table which has been selected by the throw of the die. After communicating the choice of
to the respondent with whom the proponent is paired, the respondent will choose, according to this proposal, the option
C. However, the respondent will chood® if the proponent does not chooge In summary, ....Although this proposal
will be communicated to all participants, all of you may take the decisions that you think to be appropriate. This proposal
is just a suggestion, not a requirement."

17 John B. Van Huyck, Anne B. Gillette, and Raymond Battalio (1988) and Jordi Brandts and Bentley MacLeod
(1989) have recently used similar announcements in experiments.
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reversal would mean that only a low-ability worker obtains an education and is, therefore,
assigned to the manual job. This gives a low-ability worker the incentive to signal differently
in order to be pooled with the uneducated, high-ability workers in executive jobs. In this way,
the unintuitive (no-education) equilibrium might be reached after a sequence of matchings. The
designs of games used in treatments 3-5 were motivated by these considerations.

First, consider the decision of a risk-neutral proponent of either type. The optimal
decision will be a function of the proponent’s initial beliefs about the relationship between signals
and responses. LeP(C|A) and P(C|B) denote a proponent’s prior probabilities that signals
of A and B respectively are followed by respongg and let the proponent’s payoffs for the
four possible combinations of signals and responses be denoted,gy UJ,, Ug., and U,
where these payoffs will depend on the proponent’s tyge,or L. Then the optimal decision
for the proponent is to choose sign@l if

(1) P(ClA)UAc + [1 - P(ClA)]UAD > P(ClB)UBc + [1 - P(ClB)]UBD'

A reasonable conjecture is that one would tend to observe reverse type dependence if there is a
"large" set of prior probabilities about respondents’ behavior for which the optimal decisions are
B for typedl proponents andA for typeH proponents.

Treatment 3

The left side of figure 2 contains the extensive form for ganit ®&here the R’
designation is used to indicate that reverse type dependence is expected (as explained below).
In comparison with the baseline game 1 of figure 1, several qualitative changes should be
noticed. First, the differences between the respondent’s payoffs for the pais @nd D
choices have been increased from 50 in game 1 to 100 in g&metfich gives the respondent
a greater incentive to guess the proponent’s type correctly. Secogg> U,, for a typeL
proponent and K}, < U,, for a typeH proponent in gameR where both inequalities have
been reversed relative to the structure of the baseline game 1. By raisjyag fdy typeLl
proponents and lowering it for typd-proponents, we have, in a loose sense, attempted to make
B more attractive for a typé-proponent and to make\ more attractive for a typél, which
increases the likelihood of reverse type dependence. Notice, however, that the two pooling
equilibria indicated by the boldfaced lines in figure 1 are also equilibria for gaRie &
particular, since the proponent is more likely to be of tydethe optimal response i€ when
both types send signaf, and the supporting beliefs that a deviant sigrialis more likely to
be sent by a typé&-proponent are unintuitive in the sense that the equilibrium payoff of 190 for
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Game 23% (reverse type dependence) Game*%ﬁ (normal type dependence)

Player | of type L Player | of type L
(130175)D 173 D (0175  (70178)\ D 173 D_(10175)
100 B A *40 B A
(130,78)” C C ~(190,75) (70,75)” C C ~(190,75)
160 Player 2 Player 2 100 Player 2 Player 2
10750 D 16075 (10752 D _(4075)
B A B A

(190175) C  Playerlof typeH C (160175) (1901750 C  Playerloftype H C (40,175)
(2/3) (2/3)

Figure 2. Signaling Games with Normal and Reverse Type Dependence

a typek proponent dominates all payoffs that this player could obtain with a deviant signal,

The optimal decisions of a risk-neutral proponent for gamReag functions of the prior
probabilities, P(C|A) and P(C|B), that are represented on the horizontal and vertical axes of the
probability box at the left side of figure 3. Using the typgrayoffs from game R (Ug, = 130,

Uge = 130, U, = 10, U, = 190), one can use inequality (1) to show that sigralis optimal

if P(CJA) > 2/3, which corresponds to the area to the right of the dotted, vertical in the interior
of the box on the left side of figure 3. Similarly, a risk-neutral tydeproponent prefers
choosing A if P(C|B) < 5/6, as shown by the horizontal dotted line in the box on the left side
of figure 3.

The two dotted lines in the interior of the probability box for ganke divide this box
into four regions (please ignore the dashed line for now). Both types choose dignalthe
northwest region, which corresponds to the intuitive equilibrium, and both types ch&ose
the southeast region, which corresponds to the unintuitive equilibrium. There is "reverse" type
dependence in the relatively large, southwest region, and there is "normal” type dependence in
the smaller, northeast region. If reverse type dependence were observed by respondents in early
matchings, they would be likely to respond with to a B signal and withC to an A signal,
which could cause the typeproponents to switch fronB signals to A signals. In this sense,
reverse type dependence in the southwest region of the probability box for gawwull lead
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Game 2R Game 2N
P(C|B) 2/3 5/6 P(C|B) 1/3 1/2
1 Intultive !/ H:B 1 ]
5/6 H:B L:iB L:A Intultive normal
reverse Eg type
N x dependence
type H:B
dependence ./ unintul- '
H:A tive L:A
LB H:A ;
LA /6 H:A unintultive
g L:B',’ H:A LiA
1/22/3 1 O 1/6 1/3 1
P(C|A) P(C|A)

Figure 3. Optimal Signals by Type
Key: T:S (optimal signal isS for type-T)

to the unintuitive equilibrium in which theA signals are sent by both types, and prior beliefs
in subsequent matchings may then lie in the southeast part of the left-hand box in figure 3. The
boundaries of the regions in this box would be altered by non-neutral risk attitudes, but the basic
relationships between the areas of the regions would pétsist.

As a control, consider gameN2on the right side of figure 2. The control was obtained
from game R by lowering the typeH payoffs for the AC and AD outcomes from 160 to 40,
and by lowering the typé- payoffs for the BC and BD outcomes from 130 to 70. These
reductions made theA signal much less attractive for the typeproponent and made th&
signal much less attractive for the typegsroponent. As a result, the horizontal dotted line that
divides the decision regions in the right-hand box in figure 3 falls from the original height of 5/6
to a height of 1/6, and the vertical dotted line moves half-way towards the left side of the box.

18 10 analyze the effects of risk aversion on the positions of the lines that divide the probability box, consider the

extensive form for gameRon the left side of figure 2. SignalA involves no risk for a typéd proponent, so an
increase in risk aversion will increase théd:f) area in the probability box on the left side of figure 3. Thus risk
aversion causes the horizontal dotted line to shift upward to levels above a height of 5/6. The analysis of risk aversion
for typeL proponents is similar; since sign@ is more risky than the safe signd, an increase in risk aversion would
expand the I(:B) region, and thereby shift the vertical dotted line to the right for galRe Zo summarize, these
calculations imply that risk aversion would expand the reverse-type-dependence area.

18



Consequently, the area with reverse type dependence is reduced, and the northeast area with the
normal type dependence is enlarged, which is the reason folNthdesignation with the game
number® As before, the control contains two pooling equilibria, and the one involving the

A signals is ruled out by equilibrium dominance.

Treatment 3 was divided into three parts, as indicated in the relevant column of table 1.
Game A was used in part a, while gam®&=2vas used in parts b and c, with payoffs in pennies.
Roles were reversed after each part. The labeling for the different decisions was altered after the
first part?°

The results for treatment 3 are shown at the top of table 4. The summary data for the
control treatment (part a) were roughly consistent with the intuitive equilibrium, as can be seen
from the high incidence of B,C) outcomes in the relevant part of table 4. For thed&sign
used in parts b and c, reverse type dependence was strong, and indeed nearly perfect in part c,
where all typeH proponents chose signal, and 7 out of 8 typd- proponents chose signa.

Notably, the pattern of signals in part ¢ was quite different from the pattern of pddletgnals
predicted by the intuitive equilibrium and observed earlier in treatment 1. But neither was there
a dominant tendency to choosg, the signal consistent with the other equilibrium.

Treatment 4

Treatment 4 was based on gam, Bised in part a, and gamé&3used in parts b and ¢
(with role reversal). Games\Band R are represented by the asterisk change shown in figure
2. In addition, in game I8 all respondents’ payoffs were reduced by 25 from the levels shown
in the figure, and all typé4 proponents’ payoffs were reduced by 20The type dependence

¥ tis straightforward to show that the analogous probability box figure for the game 1 parameters has no

reverse-type dependence area at all, i.e. thene tsombination of P(C|A) and P(C|B) for which the inequality in (1)

is satisfied for typeH but not for type L in game 1. Moreover, the area with normal type dependence covers more
than two-thirds of the probability box for game 1. We found that it is possible to reduce the normal type-dependence area,
but it is not possible to eliminate this area without changing the basic equilibrium configuration.

2 The procedures of treatments 3, 4, and 5 differed from the others in that subjects were asked to record

nonbinding "planned decisions" (type-contingent signals or signal-contingent responses) at the beginning of each
matching. Subjects were told that the Planning Decision Sheets would remain at their desks and would not affect
earnings. Decisions were often inconsistent with plans. In one of the sessions for treatment 5 described below, about
40% of the plans that could have been reversed were reversed. There was no pattern in the nature of reversals, nor was
there a tendency for reversals to diminish over time. Therefore, we do not report planned decisions. A second procedural
difference was that subjects were asked to "explain your objectives" after the experiment ended. Commonly mentioned
objectives were maximization of earnings and minimization of risk.

2L These changes, together with the changes in labeling of decisions on subjects’ decision sheets, were made to

reduce carry-over effects of behavior in gam¢ & the subsequent play in gamB B treatment 4.

19



Table 4. Data for Treatments 3-5 by Part

part a

Treatment 3:

game N
C D
A 2 2
0,2) (0,2)
B 11 1
8,3) (1,0

Treatment 4:

game 3

C D

A 1 1
(0.1 (031)

B 14 0
(11,3)

Treatment 5:
game R

(with 6 matchings)

part b
game R
C D
A 6 2
42) (2,0
)
B 4 4
1,3) (04
)
game R
C D
A 6 3
(6,00 (21
)
B 7 0
(6,1)
game R

(with 6 matchings)

part ¢
game R
C D
8 1
(7,1) (0,1)
4 3
0,4) (0,3)
game R
C D
3 2
(2,1) (2,0
10 1
9,1) (1,0

C D C D
A 35 6 A 49 7
(26,9) (5.1) (36,13 (5,2

) )
B 14 17 B 9 7
(12,2) (8,9) (3.6) (4,3

20 )

N

Key: (N4, N,) indicatesN outcomesN,, with type-H proponents andl, with type-L proponents.



areas are determined by the positively sloped dashed lines in the boxes in figure 3, but the
configuration of intuitive and unintuitive equilibria is unchanged. The data for gavia part

a, which are summarized in table 4, yielded a pattern that is very close to the pattern implied by
the intuitive equilibrium. The results were mixed, and there was some tendency toward reverse
type dependence. The data pattern in the final part of treatment 4 is mixed, but if anything it

seems to be more consistent with the intuitive equilibrium.

Treatment 5

Although the results for treatment 4 were, at best, inconclusive, we were encouraged by
the strong reverse type dependence and disequilibrium behavior observed in parts b and c of
treatment 3. A possible interpretation of the fact that sigialdid not predominate for late
matchings of gameR, as it would in the unintuitive equilibrium, was that the treatment had not
allowed for enough experience with this game. This led to the design of treatment 5, which used
12 subjects in each of the two sessions that were condéct®dith 12 subjects instead of 8,
the number of matchings could be increased from 4 to 6 in each part, as indicated by the right-
hand column of table 1. This treatment consisted of only two parts, both based on Bawieh3
role reversal between parfs.

The summary data for treatment 5 are reported at the bottom of table 4. There was a
tendency toward reverse type dependence, which became stronger in the second part where a
typeL proponent was more than twice as likely as a typproponent to send théB signal.

In the second part, thé\ signal was sent 78% of the time (85% for typeproponents and 62%

for typeL proponents). Therefore, global behavior corresponded more closely to the unintuitive
equilibrium, since A was the predominant signal for both types, and deviations to sidghal
were more likely to be made by tygeproponents.

Although respondents only "punished" ti& signal about half of the time, both types
of proponents had an incentive to choose sigAalwhen faced with the empirical distribution
of responses. In the second part, the empirical proportion<g%) (and (C|B) responses were
.88 and .56 respectively. These proportions can be used in place of the prior probabilities in
inequality (1) to show that a typ-proponent would have earned an expected payoff of 160 by
sending signalA, as opposed to 114 for signd. Similarly, a typek proponent would have

22 We were also encouraged by a referee report that suggested the same design considerations that had motivated

our choice of payoffs for gameR2

2 Therefore, there were 12 matchings as in earlier sessions, but there was not enough time to include a control

(game {).
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earned an expected profit of 168 by sending sighalas opposed to 134 for signaB. The
empirical response proportions for the second part of this treatment are represented by the
asterisk at (.88, .56) in the right-hand box in figure 3.

Although these data do not reveal a perfect convergence to the unintuitive equilibrium,
there is no support for the other equilibrium, i.e. the only one that is not ruled out by equilibrium
dominance.

V. Conclusion

Many recent developments in game theory are motivated by a consideration of what is
reasonable or intuitive in the context of a specific example, and the data from treatments
presented here may serve as a useful supplement to the theorists’ intuition. In each treatment,
subjects were matched with others in a series of two-stage signaling games. Each game has two
sequential equilibrium outcomes, one of which can be ruled out with the Cho and Kreps
equilibrium dominance criterion, or with stronger refinements such as strategic stability. Games
1 and 1’ were variations of the structure of an example used to motivate the Cho and Kreps
(1987) discussion of equilibrium dominance. The observed outcomes generally corresponded to
the "intuitive" equilibrium that is not ruled out by equilibrium dominance, and this
correspondence was striking for matchings in which the players had some experience with
different opponents. In addition, deviant signals were generally made byltygweponents,
which corresponds to the out-of-equilibrium beliefs that support the intuitive equilibrium. The
unintuitive equilibrium could not even be reliably induced with a non-binding announcement that
specified the strategies yielding this outcome.

The theoretical refinements of the Nash concept being discussed here are based on
restrictions of beliefs off of the equilibrium path. After studying the adjustment of decisions to
the intuitive equilibrium in the standard signaling games, we were able to design an alternative
signaling game in which disequilibrium decisions in early matchings tended to be consistent with
the (out-of-equilibrium) beliefs that support thenintuitive equilibrium. The data for this
treatment are much closer to the unintuitive equilibrium with beliefs that, although inconsistent
with equilibrium dominance, are roughly consistent with behavior encountered during the
adjustment phase. There is little or no support for the intuitive equilibrium in this context.

To put these results into perspective, recall that game theory typically does not provide
good predictions of decisions in nontrivial games when subjects have had no experience with
other players in the same game. Therefore, it is natural to consider whether the performance of
the theory will improve when either i) subjects obtain experience with a sequence of different
players, or ii) equilibrium play is suggested to the subjects by a coordinator. The latter case is
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relevant for the design of incentive mechanisms; announcement effects are studied in Brandts and
MacLeod (1989). With one exception, we focus on the former question, which is more relevant
in economic applications where legal restrictions or communication problems preclude a
coordinated effort to implement an equilibrium. Our experimental results indicate that
equilibrium dominance and stronger refinements must be modified if they are to be useful in this
context. The main implication of these results is that a positive theory of equilibrium selection
in games should be based on properties of the adjustment process.
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