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Abstract

An assumption underlying current models of learning in games is that learning takes plac
through repeated experience of outcomes. This paper experimentally tests this assumptio
Nagel’s (1995, Amer. Econ. Rev. 85, 1313–1326) competitive guessing game. The expe
consists of several periods of repeated play under alternative feedback conditions, includ
feedback conditions in which players receive no information between periods. If learning
place only through reinforcement resulting from experienced outcomes, choices in the no-fe
conditions should not converge towards the Nash equilibrium. While less than under full inform
there is convergence towards the equilibrium prediction in the no-feedback conditions. Va
priming given to subjects between periods does not affect the results.
 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

The study of learning in games has recently received considerable attention.
behavior in experimental studies of games changes with experience, the goal of
of this research has been to model this learning process. Several models hav
proposed that map feedback on outcomes and payoffs into subsequent choices. L
in these models takes place only when players receive feedback on prior perfor
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before choosing again. However, much economic activity takes place with delayed o
feedback concerning performance.1

This paper explores the possibility that a different form of learning may take place
repeated experience. This type of learning occurs when individuals receive no fee
on prior performance before performing a task again, yet still improve their perform
None of the current models of learning in games predict this change in behavior
players receive no new information.

There are many different models of learning in games. Examples include: lea
direction theory (Selten and Buchta, 1994), choice reinforcement learning (Ere
Roth, 1998), weighted fictitious play (Cheung and Friedman, 1997), experience-we
attraction (Camerer and Ho, 1999) and rule learning (Stahl, 2000). In all of these m
players’ choices are revised only through their observation of previous outcomes. S
example, in choice reinforcement learning models such as Erev and Roth’s a p
propensity to play a particular strategy is updated by the payoff experienced whe
strategy is played. In weighted fictitious play and experience-weighted attraction, o
other hand, the propensities are also affected by the foregone payoffs of strategies th
not selected. In Stahl’s rule learning model, a rule is a response to observed outcom
rules are updated using their expected payoff given the actual distribution of other pl
choices.2

One method for testing the competing models is to vary the information rec
by subjects concerning outcomes. For instance, choice reinforcement models a
that players only use information about the payoffs to their chosen strategies in m
subsequent decisions. Therefore, according to these models, taking away infor
concerning payoffs to strategies not selected should have no effect on behavior in re
play. In other models, such as weighted fictitious play and experience-weighted attr
players use the information on payoffs not received and therefore these models
that eliminating it will have an effect. This test was performed by Mookherjee and So
(1994) and by Van Huyck et al. (2001) who found that reducing such payoff inform
did have an effect on observed learning paths, which contradicts an important assu
of choice reinforcement learning. A similar study was conducted by Duffy and Felto
(1999), who found that giving players information on the actions and payoffs of other
of players as well on as their own outcomes affected repeated play in the ultimatum
This phenomenon of “observational learning” also provides evidence against simple
reinforcement models.

While the above models all show that learning can take place when subjects r
feedback on payoffs and the actions of other players, they ignore the possibilit
learning may take place in the absence of this information. Therefore, these mod
not account for the possibility that people may learn simply through repeated expe
with an environment. For instance, repetition and experience with a set of procedures

1 Any activity in which a task has to be performed repeatedly prior to obtaining feedback satisfie
description. An example is preparing several proposals (or papers, projects, etc.), one after another, wh
take some time for review. Another example is whenever accurate performance feedback can only be
from a supervisor’s evaluation, which may occur infrequently.

2 For detailed discussion of these models and others, see Camerer (2003, Chapter 6).
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lead people to obtain insights concerning how best to perform a task, even when they
receive any feedback. This paper tests whether or not this type of learning from rep
without feedback can take place in a strategic environment.

The experiment in this paper is similar to previous studies in that it examine
extreme case of payoff information manipulation. This manipulation tests the assum
in all of the above models that learning in games takes place only through reinforc
by the observation of outcomes and payoffs. Using Nagel’s (1995) competitive gue
game (see also, Ho et al., 1998), an experiment is conducted in which players rec
information on the actions of other players or on their own payoff. In these no-feed
treatments, all of the above models predict that no systematic change in behavior
take place with repeated play. Any convergence towards the Nash equilibrium
indicate that learning does not only take place through experienced payoffs and ob
outcomes, but is also affected by experience with an environment and procedures
repeatedly thinking about a game.

In addition to the main no-feedback manipulation and to explore how learnin
the absence of feedback is determined by the extent to which subjects repeatedl
about strategic aspects of the game—even when they do not find out what others a
did—the no-feedback treatments varied in the extent to which subjects received cu
performing this type of strategic thinking. Specifically, subjects in different no-feed
conditions received different degrees of priming about strategic aspects of the ga
learning without feedback results from insights obtained by repeatedly thinking
and experiencing play of the game, then this priming should lead to higher leve
convergence towards the equilibrium.

The next two sections discuss the game used in the experiment and the exper
design. Section 4 presents the results. The paper ends with conclusions and a discu
possibilities for future research.

2. The game

The game used in this experiment is one first studied experimentally by Nagel (19
determine the number of steps of iterated reasoning being satisfied by subjects. In th
each ofN subjects simultaneously chooses a number in the interval[0,100]. The average
of all the players’ choices is then computed and multiplied by a parameterp to determine
a target number. The player whose number choice is closest to this target number
fixed amountX and all other players receive nothing. If more than one player choose
number closest to the target number, the amountX is divided equally among the winner
While Nagel uses several values ofp (including values greater than one), the experim
in this paper usesp = 2

3, which is one of the values studied by Nagel.
It is easy to see that the unique equilibrium in the game wherep = 2

3 is for everyone to
choose 0. For any average of all players’ choices,µ, the best response for all players is
choosepµ, resulting in a new average, and this process has a unique fixed point at z
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Nagel conducted four sessions withp = 2
3 in each of which the game was repea

four times.3 At the end of each period, subjects were informed of the choices of all
participants, the average, the target number, and the winning choices. There were 1
subjects in each session. No subjects chose the equilibrium strategy of 0 in the first
The average in the first play of the game was 36.73 and several subjects chose n
greater than 6623, violating weak dominance.

With repeated play, the choices converged towards the Nash equilibrium. The a
choice was 24.17, 16.14, and 9.52 in periods 2, 3, and 4, respectively. Thus, sub
Nagel’s experiment appeared to learn since their choices reflected a best respons
average in the previous period. The question this study asks is whether similar conve
toward the equilibrium prediction is observed when subjects receiveno feedback on
payoffs or outcomes. If so, this points to a kind of learning not captured by the cu
models.

3. Experimental design

In this study, Nagel’s game withp = 2
3 andX = $6 was used in an experiment wi

four information conditions. In each session, the game was repeated ten times with
players.

In the control condition (C), the experimenter wrote the average, target number
participant number(s) of the winner(s) on a board at the front of the room at the e
each period. This treatment serves to replicate, with feedback, Nagel’s results.

In the no-feedback no-priming condition (NP), the game was played ten times,
subjects received no feedback at the end of each period. Instead, after the exper
recorded each subject’s choice at the end of periodt , he simply stated: “This conclude
period t . We will now move on to periodt + 1. Please make your choice by writing
on your record sheet.” At the conclusion of the tenth period, subjects were informed
average, target number, and participant number of the winner or winners for all ten pe

In the no-feedback low-priming condition (LP), subjects again received no feedb
at the end of each period. However, in this treatment, at the end of each perio
experimenter told subjects that he had calculated the average and target numb
determined who the winner or winners were. The participants were informed th
experimenter had done this,but were not told the results, and were then asked to ma
a choice for the next period.

The final treatment was the same as the LP condition, with one exception. In thno-
feedback high-priming condition (HP), subjects were also given no feedback until the
of the session, but after the experimenter calculated the average in each period, part
were instructed to write down their guess of the value of the average. While this gue
not provide subjects with any new information and their earnings were not affected

3 Nagel’s results have been replicated by Ho et al. (1998) usingp = 0.7. For a detailed survey of existin
research using this game, with varying parameters and payoffs, see Nagel (1998).
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accuracy of their guess, it was introduced to aid participants in thinking about the fa
they wanted to best respond to their expectation of the average.4

The experiment was conducted using graduate and undergraduate students
California Institute of Technology with little or no formal training in game theory. At
end of each session, subjects were privately paid their earnings in all ten periods
$7 participation bonus. Three sessions were conducted for each treatment (n = 30 in NP,
n = 28 in both HP and LP, andn = 26 in C). Each session lasted 30 to 45 minutes.

Under the null hypothesis that learning does not take place without feedback,
should be no change in subjects’ behavior across periods in the no-feedback trea
but we should see convergence towards the equilibrium prediction in treatment C. O
other hand, if learning does take place by subjects simply gaining experience wi
environment and having to think repeatedly about the game, we should see conve
towards 0 in all three no-feedback treatments. Finally, if priming subjects to think a
strategic aspects of the game leads them to perform better the iterative reasoning r
for equilibrium behavior to arise, even in the absence of feedback, then conver
towards the equilibrium in the no-feedback treatments should be greatest in th
treatment and lowest in the NP treatment.

4. Results

Table 1 presents the mean and median choice by period for each treatment; the m
are also represented in Fig. 1.5 In period 1, subjects’ choices are very similar in all th
no-feedback treatments (NP mean= 33.4, LP mean= 31.0, HP mean= 31.6) and there
is no significant difference in behavior between the three conditions (NP–LP:t56 = 0.49,
NP–HP:t56 = 0.34, LP–HP:t54 = 0.12).6 The period 1 choices in the control condition a
lower than in the other three treatments (mean= 24.6), but this difference is not significan
for both the LP and HP treatments (t52 = 1.35 for both C–LP and C–HP comparisons) a
only marginally significant for the NP treatment (t54 = 1.70,p < 0.10).

Figure 2 displays the cumulative frequency of first period choices in all four condit
There is no significant difference between the frequencies using a two-tailed Kolmog
Smirnov test.7 Thus, while initial choices differ slightly between treatments, th
differences are not significant.

In all four treatments, the mean and median choices decreased between periods 1
As expected, the greatest decrease was in treatment C (decrease in mean= 18.1 (74%);

4 The author originally conducted sessions with only treatments C, LP, and HP. Based on these result
indicated more “learning” in condition HP than in condition LP, an anonymous reviewer suggested cond
the NP condition. As the results will indicate, this additional treatment does not alter the main result ass
with the presence of learning without feedback, but does affect the interpretation of the role of priming.

5 The full data set of subject choices and instructions are available from the author’s web site: http:
andrew.cmu.edu/user/rweber/.

6 Note that these results are similar to, but slightly lower than, Nagel’s first period results (mean= 36.7).
7 The relevant test statistics are: C–LP:D26,28 = 0.28; C–HP:D26,28 = 0.28; C–NP:D26,30 = 0.19; LP–HP:

D28,28 = 0.18; LP–NP:D28,30 = 0.15; HP–NP:D28,30 = 0.20.
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Fig. 1. Medians across periods.

Fig. 2. Cumulative choice frequency—All treatments (period 1).

decrease in median= 20.2 (88%)).8 Choices also decreased in the three no-feedb
treatments, though not as much as in treatment C. In fact, the magnitude of the de

8 The failure of the mean and median to decrease monotonically in treatment C was due to strategic b
on the part of at least one subject in each session. Following a rapid initial convergence towards zer
subjects made high choices (usually 100) in an attempt to cause other subjects to respond with choices
too high in the following period. That this was the reasoning behind this behavior was determined in in
debriefing at the end of the session. However, the success of this strategy is questionable since no su
chose 100 had the winning choice in the following period.
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Fig. 3. Cumulative choice frequency—All treatments (period 10).

across 10 periods in the no-feedback treatments was roughly the same as the dec
one period with feedback. Among the no-feedback treatments, the greatest decrea
observed in treatments HP (decrease in mean= 17.2 (54%); decrease in median= 17.9
(56%)) and NP (decrease in mean= 17.1 (51%); decrease in median= 15.5 (56%)).
However, Fig. 1 reveals that the difference between these two treatments and tre
LP (decrease in mean= 8.8 (28%); decrease in median= 12.0 (40%)) is due mainly to
differences in the final few periods.9

Figure 3 presents the cumulative frequency of choices for period 10 in all condi
Comparing Figs. 2 and 3, the distribution of lower choices is greater in period 10 th
period 1 for all four conditions, indicating that subjects are revising their choices tow
the equilibrium prediction even when they do not receive any feedback. Howeve
frequency of lower choices is higher in treatment C than in the other two treatm
and these differences are significant using a one-tailed Kolmogorov–Smirnov test (
X2(2) = 15.54, p < 0.001, C–LP:X2(2) = 27.30, p < 0.001; C–HP:X2(2) = 21.72,
p < 0.001). Comparisons between the three no-feedback treatments indicate that n
the differences in tenth period choices are significant.

Additional evidence that subjects’ choices are decreasing between periods 1
can be seen in Table 2. Table 2 presents, for each condition, the number of subjec
changed their choices between periods 1 and 10 in each direction. For instance, b

9 Analysis of the standard deviation of choices is complicated by a few subjects’ choices of 100.
these choices are excluded, the standard deviations generally decrease across periods in all four treatm
decrease in the three no-feedback conditions is from about 18–20 in periods 1 and 2 to 12–14 in periods
When choices of 100 are excluded for treatment C, the decrease in standard deviation is from 18 in pe
about 3 in the final two periods. Thus, while the dispersion of choices also decreases in all four treatme
convergence is not surprisingly greater with feedback.
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Table 1
Summary of outcomes by treatment

Period C NP LP HP

Average Median Average Median Average Median Average Med

1 24.6 22.9 33.4 27.5 31.0 30.0 31.6 31.1
2 16.4 10.0 32.6 23.0 27.2 24.0 28.8 24.4
3 6.7 5.0 23.7 19.0 24.4 21.0 28.3 24.0
4 6.2 1.2 22.6 18.8 19.6 20.5 22.4 18.0
5 12.1 2.2 21.6 22.1 22.5 23.0 22.1 20.5
6 5.4 5.0 24.1 21.5 18.4 17.5 17.4 16.5
7 9.6 2.0 20.7 15.5 18.2 17.0 17.1 14.6
8 11.2 2.8 18.0 16.0 18.0 18.5 17.3 13.0
9 8.4 6.0 17.3 16.5 19.0 20.0 15.7 12.0

10 6.5 2.7 16.3 12.0 22.2 18.0 14.4 13.3

diff. (P1− P5) 12.5 20.7 11.8 5.4 8.4 7.0 9.5 10.6
diff. (P1− P10) 18.1 20.2 17.1 15.5 8.8 12.0 17.2 17.9

Table 2
Direction of changes in subjects’ choices between periods 1 and 10

C NP LP HP

Choice increased 3 11.5% 2 6.6% 8 28.6% 0 0.0%
Choice unchanged 1 3.8% 3 10.0% 1 3.6% 4 14.3%
Choice decreased 22 84.6% 25 83.3% 19 67.9% 24 85.7%

periods 1 and 10, eight subjects in the LP condition increased their choices, 19 dec
their choices, and one subject chose the same number. Using a sign test, the null hyp
that the underlying distribution of choices in condition LP is unchanged can be rej
(p < 0.03). The changes observed in the other three no-feedback conditions are eve
extreme. No subjects in the HP treatment increased their choices between periods 1
while 24 subjects decreased their choices. In the NP treatment, only 2 subjects inc
their choices and 25 lowered their choices (both significant atp < 0.001). Finally, as
expected more subjects in treatment C also lowered (22) than increased (3) their c
(p < 0.001).10

The above results indicate that convergence towards equilibrium occurs in al
conditions.11 This convergence is greater in the feedback control treatment than i
three no-feedback conditions, indicating that while behavior resembling learning doe
place without feedback, the process is stronger when outcomes are revealed.

10 While it is surprising that any subjects increased their choices in treatment C, two of the three inc
were by subjects who initially chose zero. The other increase was by a subject who chose 100 in the fina
possibly out of frustration at not having won in previous periods.

11 Figure 1 clearly indicates that choices in none of the conditions appear to be likely to reach exact
with more repetition. Therefore, the phrase “convergence towards zero” does not imply that choices are
reach the equilibrium with more repetition, but rather that play across ten periods indicates that choices
the direction of zero.
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The second question this experiment addresses is whether or not priming su
to think about the strategic aspect of the game increases the convergence towa
equilibrium. While there is some evidence that “learning” occurs to a greater extent
high-priming condition than in the low-priming condition, the effect of priming is rever
when comparing low-priming and no-priming. Moreover, there is no consistent signi
difference in convergence between the three no-feedback conditions and the diffe
between treatment LP and the other two no-feedback treatments appear to result on
behavior in the final few periods. As the comparisons from Fig. 3 indicate, choices
final period do not differ significantly between the three conditions. In addition, whe
direction of change in Table 2 is limited to decrease vs. no decrease, there are no sig
differences between any of the four conditions in a Fisher Exact test (also providing f
support for the main hypothesis of learning without feedback).

5. Conclusion

The experiment reported in this paper addresses whether convergence towards
rium behavior can occur in repeated play of games withoutany feedback between period
The results from all three no-feedback treatments provide strong support for this hy
sis, pointing to a form of learning not captured by the models in the literature. In all
conditions, choices decreased with repeated play. While the convergence was gre
treatment C, in which subjects received feedback, the fact that it took place at all
other treatments indicates that learning can take place in the absence of informatio
outcomes and payoffs.12

A second question was whether priming (such as announcing that the mean ha
calculated or requiring subjects to write down a guess of the value of the mean)
increase convergence towards the equilibrium. The results provide little support fo
hypothesis.

These results show that something resembling learning can take place when s
play games repeatedly, even when they receive no feedback on payoffs or the c
of other players. These results are important because they reveal the possibility t
majority of the current learning models are misspecified in that they only take into ac
learning through adaptation. Since these models ignore the kind of learning that take
in the absence of feedback, parameter estimates for “feedback learning” might be b

An interesting question meriting further study is to what games this result ca
extended. The game used in this experiment has a unique solution on the boun
the strategy space which is the only strategy to survive iterated deletion of dom
strategies. It is not clear whether similar convergence toward equilibrium behavior w
take place in games without this property. In particular, this result might be more diffic
extend to games with multiple equilibria requiring coordinated behavior—such as B

12 One possible concern is that the no-feedback phenomenon might be unique to Caltech students. H
two sessions(n = 14) were conducted at Stanford using the LP treatment. Mean (median) choices in
sessions also decreased by 18.4 (22.5), indicating that the phenomenon is not unique to the populatio
study.
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of-the-sexes or pure-coordination games.13 On the other hand, subjects may learn to p
the equilibrium without feedback in a large number games that require some insi
careful thought to determine the solution, such as the Dirty Faces game (see Webe
or variants of the Monty Hall problem (see Friedman, 1998).

Another important question has to do with how to model the “learning” taking place
stated above, the results of the experiment raise the possibility that models that acco
learning only through response to feedback concerning outcomes—which is the ca
current models of learning—might be misspecified in the extent to which they attr
learning to adaptation to previous outcomes when part of this learning takes plac
when outcomes are not revealed.14 One possibility is that players may be using their o
actions as an estimate of what other players may be doing, and may then best respon
estimate. Such a model of “false consensus” learning, rooted in social psychology
et al., 1977; Dawes, 1990), would predict the type of learning observed in this exper
However, this approach would be proven incorrect if no-feedback learning occurs
no such reinforcement is possible. Instead, it might be the case that subjects are
finding it easier to solve for equilibrium behavior with repeated experience.15 For instance
repeated exposure to the game (and the environment in which the game is pre
may lower the cognitive costs of figuring out the equilibrium. While modeling this
of adjustment appears difficult, the above results indicate that it is necessary to do s
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