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It actually turns out that it is not rationality, nor even mutual knowledge of rationality, but com-
mon knowledge of rationality that implies the backward induction outcome. Indeed, Aumann 
(1995) formalizes a notion of rationality in perfect information games that allows him to make 
this statement precise.3 However, he also concedes that common knowledge of rationality “is an 
ideal condition that is rarely met in practice” (18), and further contends that if this condition is 
absent, the backward induction outcome need not emerge. In particular, he stresses that in the 
centipede game even the smallest departure from common knowledge of rationality may induce 
rational players to depart significantly from equilibrium play.

In the next section we review the empirical evidence in this game. Consistent with intuition, 
a number of experimental studies conducted with college students have documented systematic 
departures from the backward induction outcome, typically finding that almost no subjects stop 
at the first opportunity, even after they have played several repetitions of the game. Further, these 
studies often conjecture that various forms of social preferences, limited cognition, or failures of 
backward induction reasoning play an important role in explaining why the equilibrium outcome 
is rarely observed in the lab.

In this paper we depart from previous experimental studies in the subject pool we consider. We 
first identify subjects who are very likely characterized by a high degree of rationality, namely 
expert chess players. These players devote a large part of their life to finding optimal strategies 
for innumerable chess positions using backward induction reasoning. More important, one can 
safely say that it is common knowledge among most humans that chess players are highly famil-
iar with backward induction reasoning. Our purpose is to use these subjects to study the extent 
to which knowledge of an opponent’s rationality is a key determinant of the predictive power 
of subgame-perfect equilibrium in this game. By varying the “closeness” to common knowl-
edge of rationality across different experimental treatments, we design a test that can separate 
the hypothesis of the epistemic literature on rationality from that of social preferences. More 
precisely, social preferences would imply that the results are roughly the same across different 
treatments, while the epistemic approach would suggest the results to be closer to equilibrium 
the “closer” we are to common knowledge of rationality. We investigate this question both in a 
field and in a lab experiment.

Our first experiment takes place in the field, where chess players were matched with each other 
at various chess tournaments. Each chess player participated in the experiment only once, play-
ing only one round of the centipede game. Our second and main experiment takes place in a lab 

3 Using a different formalization, Reny (1993) shows that the backward induction outcome may fail to occur even if 
there is common knowledge of rationality at the beginning of the game. See also Ben-Porath (1997) and Asheim and 
Dufwenberg (2003).
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Figure 1. A Centipede Game
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choice. For the participants holding no chess titles, the proportion is 61 percent. For Federation 
Masters and International Masters the proportions are 73 percent and 76 percent, respectively. 
If we restrict our attention to Grandmasters, the proportion is a remarkable 100 percent. It is 
interesting to note that these proportions increase with the Elo rating of the players. A possible 
interpretation of this pattern is that the ideal condition of common knowledge of rationality is 
more closely approximated as the quality of the chess players increases.

An increase in the implied stop probabilities pi with the rating of the players is also found for 
those Players 2 for whom we observe their behavior. There are 48 players with no title, 3 FMs, 
10 IMs, and 5 GMs who were given the chance to take an action in node 2. Table 3 shows that 
the proportion that stop immediately (that is, in node 2) is 58.3 percent, 66.6 percent, 90 percent, 
and 100 percent, respectively.
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The main conclusions that we can draw from our field experiments are that (i) chess players 
tend to play very differently from college students, and that (ii) a significant majority of chess 
players chose the only action that is consistent with equilibrium.13 These results are consistent 
with the idea that chess players represent a unique subject pool with many levels of mutual 
knowledge of rationality. Further, the fact that their initial responses are so close to equilibrium 
certainly boosts our confidence in a theory that gives a central role to the principles of self-
interested rational economic agents and to their assessments of the rationality of their opponents. 
Motivated by these findings, we turn next to our main experiment.

III. The Laboratory Experiment

The objective of this experiment is to study whether players’ assessments of their opponents’ 
rationality is a key determinant of whether the subgame-perfect equilibrium is a good predic-
tor of behavior. The experiment takes place in a laboratory setting where we match both chess 
players and students with either chess players or students in four different treatments, depending 
on the order of play. The treatment where we match students with students is useful simply to 
replicate the main results obtained in previous experiments. The treatment where we have chess 
players facing chess players is a complement of the initial field experiment studied earlier since, 
by allowing learning and experimentation, one can observe whether chess players converge to 
the equilibrium outcome. The two treatments where we have students face chess players are the 
most important ones. The fact that most people should not be surprised that chess players are 
good at backward induction and that, indeed, as evidenced by the previous section, they tend to 
play according to it, is what renders the matching between students and chess players a powerful 
tool. If knowledge of an opponent’s rationality is an important determinant of one’s behavior, 
then students should alter their behavior compared to the situation where they face another stu-
dent. Likewise, to the extent that chess players may be less confident on the rationality of students 
than on the one displayed by other chess players, they should also alter their behavior relative to 
the situation where they face another chess player.14

13 Equilibrium predictions are about stationary situations, and not about initial responses. Thus, not surprisingly, 
the equilibrium strategies are not best responses to the observed behavior. Player 1’s best response to the population 
frequencies is to continue in the first two nodes, and Player 2’s best response is to continue in his first node and to stop 
in his second node.

14 Although chess players conform rather closely to the equilibrium predictions in the field experiment, it is certainly 
possible that they were playing a different game than the one the experimenter has created. Perhaps they do not intend 
so much to maximize their monetary reward as to “beat” their opponent. That is, chess players may like to win, and 

Table 3—Chess Players: Implied Stop Probabilities at Each Terminal Node

 p1 p2 p3 p4  p5 p6 p7

Grandmasters 1.00 1.00 — — — — —
(26) (5)

International Masters 0.76 0.90 1.00 — — — —
(29) (10) (2) 

Federation Masters 0.73 0.66 1.00 — — — —
(15) (3) (1)

Other chess players 0.61 0.58 0.73 0.80 1.00 — —
(141) (48) (19) (5)  (1)

Note: The number of players observed making a decision (stop or continue) at each node is in parentheses.
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Very few subjects (3 percent) stop immediately, and over 60 percent stop at nodes 3 or 4.17 The 
way that students play, however, drastically changes when they are informed that they are play-
ing against chess players. When they take up the role of Player 1 (Treatment II), the proportion 
of observations ending in terminal node 1 (30 percent) is ten times greater than when they play 
against a student, and even after two moves the implied stop probability, 0.61, is 50 percent 
greater than when they play against students, 0.42. Likewise, when they take up the role of 
Player 2 (Treatment III) the distribution of games across the resulting terminal nodes is stochasti-
cally dominated by the distribution corresponding to the first treatment.

The main observation one can infer from these results is that college students’ behavior depends 
on whether they face a highly rational opponent or a fellow student. This dependence raises the 
question of whether students are unaware of backward induction reasoning. It seems that they 
may or may not subscribe to such reasoning depending on their beliefs about the assessed sophis-
tication and experience of their opponent.

We now turn our attention to the chess players. First, we find that when they play against other 
chess players the aggregate distribution of observations is not much different from what we found 
in the field: about 70 percent of the games end immediately. Yet, chess players, like the students, 
play drastically differently when told that they are playing against a student. The proportion of 
observations ending in the first node in Treatment IV is almost twice that observed in Treatment 
III, and the implied stop probabilities are greater in every node in Treatment IV relative to the 
case when they play against a student (nodes 1 and 3 in Treatment III, and nodes 2 and 4 in 
Treatment II).

The differences in stop probabilities are such that the distributions of the proportion of obser-
vations in both Treatments II and III are stochastically dominated by that in Treatment I, while 
the distribution in Treatment IV is dominated by those in Treatments II and III. Comparing the 
latter two treatments, chess players have a greater implied stop probability than students in three 
of the first four nodes, and the implied stop probabilities tend to increase monotonically with 
the stage of the game in every treatment and, for Treatments II and III, also for a given type of 
player.18 

Table 6 disaggregates the data into “early” plays (games 1–5) and “late” plays (games 6–10).
Consistent with past experiments, we find that for each treatment the distribution of obser-

vations in the early plays stochastically dominates that in the late plays. As in the aggregate 
data, implied stop probabilities tend to increase as we get closer to the last move in each of the 

17 Perhaps not surprisingly, as we use much greater payoffs than in past experiments, the distribution is slightly to 
the left of the corresponding McKelvey-Palfrey (1992) distribution.

18 The one possible exception to this pattern is the second node in the treatment IV, although as it will be noted later 
this is actually the result of aggregating across rounds with very different stop probabilities.

Table 4—Experimental Design for Laboratory Experiment

Subject pool Subject pool Games per Total
Treatment Player 1 (white) Player 2 (black) Session Subjects subject games

I Students Students 1 20 10 100
2 20 10 100

II Students Chess players 3 20 10 100
    4 20 10 100

III Chess players Students 5 20 10 100
6 20 10 100

IV Chess players Chess players 7 20 10 100
8 20 10 100
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number of repetitions to learn to predict other chess players’ behavior correctly and to converge 
to equilibrium. Their behavior, therefore, is not inconsistent with the hypothesis that they satisfy 
the condition of common knowledge of rationality.

Finally, Figure 4 reports the proportion of games that ended in the first node at each round 
and for each treatment. Panel A represents the behavior of students and panel B the behavior of 
chess players.
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