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Abstract

We propose that in strategic interactions a player is influenced by self-similarity. Self-similarity means that a player who
chooses some action X tends to believe, to a greater extent than a player who chooses a different action, that other players
will also choose action X. To demonstrate this phenomenon, we analyze the actions and the reported beliefs of players in a
two-player two-action symmetric game. The game has the feature that for “materialistic” players, who wish to maximize their
own payoff, there should be negative correlation between players’ actions and the beliefs that they assign to their opponent
choosing the same action. We first elicit participants’ preferences over the outcomes of the game, and identify a large group
of materialistic players. We then ask participants to choose an action in the game and report their beliefs. The reported beliefs
of materialistic players are positively correlated with their actions, i.e., they are more likely to choose an action the stronger
is their belief that their opponent will also choose the same action. We view this pattern as evidence for the presence of

self-similarity.
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1 Introduction

This paper proposes that in strategic interactions a player’s
beliefs about his opponent’s action are influenced by self-
similarity considerations.  Self-similarity means that a
player who chooses some action X tends to believe, to a
greater extent than a player who chooses a different ac-
tion, that other players will also choose action X. This
effect would contrast with the conventional game-theoretic
approach, which postulates that a player’s beliefs provide
strategic justification for his chosen action, in the sense that
the chosen action is optimal for him with respect to his be-
liefs.

To demonstrate the existence of self-similarity we require
a game in which the effect of self-similarity on beliefs dif-
fers from that of strategic justification. We look for a game
with two actions, A and B, in which strategic justification
requires that choosers of A believe to a lesser extent than
choosers of B that their opponent is likely to choose A. One
such game is the following two-player symmetric game:
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Opponent’s choice
Player’s choice A B
A 30,30 30,70
B 70, 30 0,0

(The two numbers in each cell of the table represent payoffs
for the Player (left) and his Opponent (right).)

In this game, a player can guarantee himself a payoff of
30 by choosing the “safe” action A. Alternatively, he can
take a risk and choose the action B in which case he obtains
a payoff of 70 if his opponent chooses A and a payoff of 0
if his opponent also chooses B.

A “materialistic” player wishes to maximize his own pay-
off. He considers the payoff of his opponent only when
comparing outcomes in which the player himself obtains
the same payoff. Such a player should choose the safe ac-
tion A if he believes that his opponent is sufficiently likely
to choose the risky action B. On the other hand, if he be-
lieves that his opponent is sufficiently likely to choose A,
then he should choose B. The exact threshold for switch-
ing between the two actions is idiosyncratic to the player.
Thus, if the reported beliefs of materialistic players provide
strategic justification for their actions, then the proportion
of materialistic players who choose A should decrease with
the probability that players assign to their opponent choos-
ing A. If we find that the A-choice proportion of materialis-
tic players increases with the probability they assign to their
opponent choosing A, this result would constitute evidence
in favor of the presence of self-similarity.
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However, not all players are materialistic. Some play-
ers also care about their opponent’s payoff even at the ex-
pense of their own. We classify a player as “cooperative”
if he views the outcome (A, A) as best and the outcome
of (B, B) as worst. (An outcome (X,Y’) summarizes the
choices made by the player [ X] and his opponent [Y]). In
the game presented above, such a player is willing to forgo
increasing his payoff by 40 without hurting his opponent
(as revealed by his preference for (A4, A) over (B, A)), and
prefers not to sacrifice 30 in order to “punish” his opponent
for choosing B (as revealed by his preference for (A, B)
over (B, B)). A cooperative player’s dominant strategy (at
least in the weak sense) is to choose A. Therefore, his re-
ported beliefs cannot conflict with strategic justification no
matter what they are.

Participants in our main experiment were asked to play
the game against an anonymous opponent who had been se-
lected randomly from among several hundred individuals.
They first received a description of the game and were then
asked to report their preferences over its four possible out-
comes. Participants were then randomly assigned to one
of two treatments: Treatment 1, in which participants were
asked to choose an action and then report their beliefs about
their opponent’s action and Treatment 2, in which they re-
ported their beliefs and then chose an action.

We find that 74% of the participants are materialistic. In
this group, the proportion of players who chose A increases
significantly with the probability that they assign to their op-
ponent choosing A. This is true in both treatments but the
effect is stronger in Treatment 1, in which players report
their beliefs after choosing an action. Thus, the reported
beliefs of materialistic participants are consistent with self-
similarity and cannot be explained by strategic justification.

A minority of 13% of the participants are cooperative.
Almost all of them chose A. The beliefs of these partic-
ipants are similar to those of the materialistic participants
who chose A. However, unlike in the case of the material-
istic participants, this does not constitute evidence in favor
of self-similarity since every possible belief of a cooperative
player is consistent with strategic justification for choosing
A.

Self-similarity is related to the false consensus phe-
nomenon in non-strategic decision making, whereby indi-
viduals tend to perceive their own choices and judgments
as being more common in the population than they actually
are. The false-consensus effect was first studied by Ross,
Greene and House (1977) and has been documented since
then in a variety of settings and explained by various psy-
chological theories. Marks and Miller (1987) survey this lit-
erature, and Dawes (1989) and Dawes and Mulford (1996)
provide a critical discussion of the effect.

In the context of strategic decision making, Dawes, Mc-
Tavish and Shaklee (1977) and Messé and Sivacek (1979)
report that players in the Prisoner’s Dilemma (PD) game
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tend to attribute their own action to other players. Dawes
et al. (1977) conjecture that either strategic justification or
self-similarity (or both) may explain this finding.

We conducted a separate experiment that illustrates
the unsuitability of the PD game for demonstrating self-
similarity. In the experiment, 184 participants (from the
same pool as in the main experiment) played the following
PD game:

Opponent’s choice

Player’s choice C D
C 50, 50 0, 60
D 60, 0 10, 10

and then reported their preferences over the game’s four out-
comes.

A large group of 36% of the participants reported coop-
erative preferences in which they rank (C,C) as the best
outcome and (C, D) as the worst. Strategic justification re-
quires that the proportion of these participants who choose
C increases with the probability that they assign to their op-
ponent choosing C'. Thus, the fact that such participants as-
sign a higher probability to their opponent playing C' might
be due to strategic justification rather than self-similarity.

Another large group of 39% of the participants reported
materialistic preferences. These participants have a domi-
nant strategy of choosing D, and indeed 83% of them do so.
Their beliefs cannot conflict with strategic justification no
matter what those beliefs are.

Therefore, the PD game is not appropriate for differen-
tiating between self-similarity and strategic justification as
causes for the positive correlation between a player’s ac-
tion and his belief that his opponent will choose the same
action. In contrast, self-similarity operates in the opposite
direction of strategic justification for materialistic players in
our game, thus making it possible to test for the presence of
self-similarity.

2 Method

The didactic site http://gametheory.tau.ac.il served as the
platform for the experiment. Participants were recruited by
email from a pool of current and former students dispersed
among a large number of countries, almost all of whom had
taken an undergraduate course in game theory. The partic-
ipants had used the site previously during their studies and
had agreed to participate in additional online survey experi-
ments.

On the opening screen of the experiment, participants
were told that they are about to play a game against an oppo-
nent who had been selected randomly from among several
hundred people. They received a description of the game
including the following payoff table:
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Your opponent’s choice
Your choice A B
A 30, 30 30,70
B 70, 30 0,0

It was promised that, from among all the pairs of players that
would be playing the game, five would be chosen randomly
to actually receive payment in US dollars according to the
result of their game.

Participants were then asked to answer three questions:

The first concerned their preferences over the outcomes
of the game: “Please rank the four possible results of the
game according to your preferences. Assign 1 to the best
result, assign 2 to the second-best result, and so on. If you
are indifferent between two results, assign the same num-
ber to both of them.” The four possible results of the game
were presented to participants in the form of “You choose
X; your opponent chooses Y.” The order of presentation
was randomized for each participant.

The second question asked the participants to choose ac-
tion A or B.

The third question asked the participants to report their
beliefs about the distribution of choices in the population of
players: “What are your beliefs regarding the distribution
of choices among the several hundred people who are also
playing this game? I believe that % will choose A
and % will choose B.”

In answering these three questions, participants were ran-
domly assigned to either:

Treatment 1: making a choice (question 2) before stating
a belief (question 3)

Treatment 2: stating a belief (question 3) before making
a choice (question 2).

3 Results and discussion

Of 604 respondents, we omitted 12 whose reported beliefs
did not sum up to 99% or 100% and 45 who ranked the
outcome (B, B) as weakly superior to the outcome (A, A).
We were left with 547 participants.

3.1 Ranking of outcomes

There are 81 possible rankings of the four outcomes (allow-
ing for indifferences), but the vast majority of the reported
rankings belong to one of two groups: materialistic or coop-
erative.

About 74% of the participants are materialistic. They
reported one of the three rankings in which the outcome
(B, A) is ranked as the uniquely best outcome and the
outcome (B, B) as the uniquely worst outcome. The
three rankings differ in the comparison between (A, A)
and (A, B). About 35% of the materialistic participants
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Table 1: Reported beliefs in Treatment 1 (/N=204, standard
errors in parentheses).

Action in game: A (N=129) B (N=75)
Average beliefin A 60.4% (1.7) 46.3% (2.5)
Average beliefin B 39.6% 53.7%
Median beliefin A 65% 45%

were indifferent between these two outcomes, 36% pre-
ferred (A, A) to (A, B), and 29% expressed a preference
for (A, B) over (A, A).

About 13% of the participants are cooperative. They re-
ported one of the 8 rankings in which the outcome (A, A) is
one of the best outcomes, the outcome (B, B) is one of the
worst outcomes, and (A, A) is strictly preferred to (B, B).
The three most popular rankings in this group were:

(A,A) - (B,A) - (A, B) = (B, B) as reported
by 44% of the group,

(A,A) - (A,B) = (B, A) = (B, B) as reported
by 20%, and

(A,A) - (A,B) ~ (B, A) = (B, B) as reported
by 17%.

(The symbol > denotes strict preference and the symbol
~ denotes indifference.) Cooperative participants have a
(weakly) dominant strategy of choosing the action A.

The remaining 13% of the participants, who are neither
materialistic nor cooperative, reported 16 different rankings.
For example, 21% of them expressed a preference for max-
imizing the sum of payoffs in the game, i.e., they prefer the
outcomes (A, B) and (B, A) to the outcome (A, A), which
in turn is preferred to (B, B). Given the large number of ra-
tionales for the rankings in this group, we do not report any
additional results about their choices or beliefs.

We now turn to analyzing the responses of the material-
istic and cooperative participants to the remaining questions
by treatment.

3.2 Materialistic participants
3.2.1 Treatment 1 (choice, then belief)

About 63% of the participants in this treatment chose action
A and 37% chose action B. Table 1 summarizes the par-
ticipants’ reported beliefs according to their action. Clearly,
choosers of A tend to believe that other players will also
choose A to a greater extent than choosers of B.

Figure 1 provides a finer description of the data by means
of two Cumulative Distribution Functions (CDFs) of the
likelihood assigned to A, one for choosers of A and the
other for choosers of B. For each group, we plot for every
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Table 2: Proportion choosing A for various reported beliefs on A: actual and logistic regression values in %.

Intervals of belief on A 0-19 20-39  40-59 60-79 8099 100
Number of observations in interval 9 34 53 79 27 2
Actual proportion choosing A 11 44 62 70 85 100
Regression prediction at mid-point of interval 28 44 60 75 85 &9

Figure 1: CDFs of likelihood assigned to A in Treatment 1.
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0 < 2 < 100 the proportion of participants who assigned a
belief weakly less than % to A.

The CDFs differ significantly (the Kolmogorov—Smirnov
test statistic for the equality of the CDFs is 0.28 (p =
0.001)). Furthermore, the CDF for the choosers of A first-
order stochastically dominates the CDF for the choosers of
B. The first-order stochastic dominance reflects the strong
tendency of choosers of A to assign higher likelihoods to
others choosing A than choosers of B.

Table 2 presents the data from a different perspective,
by reporting the proportion of participants choosing A as
a function of their beliefs. The table also includes the
predictions of a logistic regression of “choosing A” on
the “belief that others choose A’. (The regression pre-
dicts that logit(probability of choosing A) = —1.26 +
3.36(belief in A), OR = 28.86, p < 0.001, where the vari-
able “belief in A” is in the [0, 1] interval.) Clearly, the pro-
portion of participants who choose A increases with the be-
lief on A.

To summarize, two equivalent patterns emerge in Treat-
ment 1. First, materialistic players tend to believe that others
behave similarly to them (as shown in Table 1 and Figure 1).
Second, the tendency to choose A increases with the likeli-
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Table 3: Reported beliefs in Treatment 2 (IN=204).

Action in game: A (N=115) B (N=89)
Average beliefin A 58.7% (2.1) 51.0% (2.5)
Average beliefin B 41.3% 49.0%
Median beliefin A 66% 50%

hood that players assign to others choosing A (Table 2).

These patterns are consistent with self-similarity. In con-
trast, they cannot be explained using only strategic justifica-
tion. To see this, let p denote the probability that a player
assigns to his opponent choosing A. A player compares the
sure payoff of 30, which he obtains by choosing A, with
the lottery L(p) = (p)[70] + (1 — p)[0], which he obtains
by choosing B. The belief p provides strategic justification
for the player’s action if the player prefers the lottery L(p)
to the sure payoff of 30. Assume that a player’s beliefs are
independent of his preferences over lotteries. In that case,
expected utility predicts that if two players have the same
preferences and the one with the higher p chooses A, then
the one with the lower p also chooses A. This “single cross-
ing property” holds for any theory of choice under uncer-
tainty that has a measure representation (see Segal (1993))
and, in particular, for any rank-dependent model.

Thus, strategic justification predicts that the proportion of
players who choose A decreases as p increases. Table 2 and
the logistic regression, in contrast, indicate that the opposite
is true: the larger the weight players assign to their opponent
choosing A, the more likely they are to choose A. Thus,
strategic justification cannot explain the patterns in the data.

3.2.2 Treatment 2 (belief, then choice)

Participants in this treatment were asked to report their be-
liefs before choosing an action. Their responses demon-
strate self-similarity but to a lesser extent than in Treatment
1.

Table 3 summarizes the participants’ reported beliefs ac-
cording to their action. Choosers of A tend to believe that
other players will choose A to a greater extent than choosers
of B although the gap is smaller than in Treatment 1.
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Table 4: Proportion choosing A for various reported beliefs on A: actual and logistic regression values in %.

Intervals of belief on A 0-19 20-39  40-59 60-79 8099 100
Number of observations in interval 12 39 36 85 30 2
Actual proportion choosing A 50 36 58 62 63 100
Regression prediction at mid-point of interval 40 47 55 62 68 71

Figure 2: CDFs of likelihood assigned to A in Treatment 2.
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A similar pattern arises in Figure 2, which depicts the two
CDFs of the likelihood assigned to A, one by choosers of
A and the other by choosers of B. The CDFs differ signifi-
cantly (the Kolmogorov—Smirnov test statistic for the equal-
ity of the CDFs is 0.21 (p = 0.020)), and the CDF for the
choosers of A first-order stochastically dominates the CDF
for the choosers of B. Again, the effect is smaller than in
Treatment 1.

Finally, Table 4 reports the proportion of participants
choosing A as a function of their beliefs and the pre-
dictions of the logistic regression. (The regression pre-
dicts that logit(probability of choosing A) = —0.55 +
1.47(beliefin A), OR = 4.33, p = 0.020.) Again, the
proportion of participants who choose A increases with the
belief on A although the increase is less pronounced than in
Treatment 1.

3.3 Cooperative participants

Recall that cooperative participants are those who rank the
outcome (A, A) as one of the best outcomes and the out-
come (B, B) as one of the worst. A participant with such
a ranking should find the action A to be (at least weakly)
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dominant to action B and thus will choose A. Table 5 indi-
cates that this is indeed the case: 68 of the 72 cooperative
participants chose A.

For cooperative participants, action A dominates action
B, so any belief that they express is consistent with strate-
gic justification. The average and median reported beliefs of
cooperative participants who chose A are about 60% in both
treatments, which is remarkably similar to those of materi-
alistic participants.

4 Final comments

We conducted an experiment to test for the presence of self-
similarity in a game with the following three features. First,
a large majority of players in this game rank its outcomes in
a way that makes it possible to differentiate self-similarity
from strategic justification. Second, each action is chosen by
a significant proportion of players, thus enabling the com-
parison of beliefs across actions. Third, the game is simple
and essentially context-free.

The main finding is that choosers of an action tend to
believe that other players will choose the same action to a
greater extent than choosers of the other action. This evi-
dence for self-similarity extends the findings in the psychol-
ogy literature on the false consensus phenomenon in indi-
vidual decision making to the domain of strategic interac-
tions. Researchers in experimental game theory should be
aware of the self-similarity effect when interpreting the re-
ported beliefs of participants in experiments.

4.1 The Chicken game

Prior to the above experiment, we conducted another in
which participants were asked to choose an action in the
following game of Chicken and then report their beliefs (but
we did not ask them about their rankings over outcomes):

Opponent’s choice

Player’s choice| Dove Hawk

Dove 30, 30 20,70
Hawk 70, 20 0,0

The results, which are summarized in Table 6, are similar
to those in Table 1: Players tend to report beliefs that gravi-


https://doi.org/10.1017/S1930297500007270

Judgment and Decision Making, Vol. 11, No. 2, March 2016

Self-similarity in strategic interaction 173

Table 5: Summary statistics of cooperative participants by treatment.

Treatment 1 (N=40) Treatment 2 (N=32)

Proportion choosing A
Choosers of A: Average belief in A
Choosers of A: Median belief in A

93% 97%
60.6% (3.1) 59.7% (3.7)
60% 60%

Table 6: Reported beliefs in Chicken Game (/N=244).

Action in game: Dove (N=162) Hawk (N=82)

Average belief in Dove  59.9% (1.7) 43.3% (2.6)
Average belief in Hawk 40.1% 56.7%
Median belief in Dove  67% 50%

tate toward their own action. However, these results are not
conclusive evidence for the presence of self-similarity, since
we do not know the participants’ preferences over the out-
comes of this game. If the pattern is Table 6 exists among
materialistic participants, then it supports self-similarity, but
if it exists only among cooperative players (who rank (Dove,
Dove) as the best outcome and (Hawk, Hawk) as the worst),
then it does not, since the preference ranking of cooperative
players is such that Dove is a weakly dominant action.

In a separate experiment, we asked 263 participants to
rank the outcomes in the above Chicken game. About 69%
of them are materialistic and about 15% are cooperative.
However, without knowing the link between their prefer-
ences over outcomes, their actions, and their reported be-
liefs, we cannot distinguish self-similarity from strategic
justification. The experimental design in the current paper
takes care of this problem by first asking participants to re-
port their preferences over outcomes and then analyzing the
correlation between actions and beliefs for the group of ma-
terialistic participants.

4.2 Ex-ante versus ex-post beliefs

It is a common practice among experimental game theorists
to refrain from asking participants about their beliefs prior to
choosing their action. This is because the belief elicitation
question might encourage more strategic thinking and less
instinctive thinking (see Costa-Gomes & Weizsicker (2008)
for a discussion), thus influencing participants’ choices.

We asked players about their beliefs before (Treatment
2) and after (Treatment 1) choosing an action. The results
are similar but not identical. First, asking players to report
their beliefs prior to choosing an action reduces the propor-
tion of choosers of A by 5 percentage points, from 68% to
63%. Second, the self-similarity effect is weaker when par-
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ticipants are asked about their beliefs ex-ante.

We speculate that the reason for these differences is that
the safe action A is somewhat more intuitive than the risky
action B. Asking players to report their beliefs prior to mak-
ing a choice encourages them to think about their opponent
more carefully and thus to be more strategic. One possible
line of strategic reasoning is the following: “My instinct is
to choose A. But my opponent is likely to do the same, and
thus it is better for me to choose B”. (Of course, this rea-
soning does not go to the next step of asking whether the
opponent uses the same reasoning.) This line of reasoning,
which is more likely to emerge when participants are asked
to report their beliefs prior to choosing an action, weakens
the self-similarity effect.
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