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We study the determinants of efficient behavior in stag hunt games (2×2 symmetric 
coordination games with Pareto ranked equilibria) using data from eight previous 
experiments on stag hunt games and a new experiment that allows for a more systematic 
variation of parameters. We find that subjects do not necessarily play the efficient action 
(stag), stressing the importance of strategic uncertainty in coordination games. While the 
frequency of playing stag is greater when stag is risk dominant, there is still large variation 
in behavior that cannot be explained by risk dominance. Part of this variation is explained 
by the risk arising from strategic uncertainty that we measure with the size of the basin 
of attraction of stag. We also explore the importance of other determinants of efficient 
behavior and we show that the results are robust to paying subjects using the lottery 
method in an attempt to induce risk neutral preferences.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

The study of coordination games has a long history as many situations of interest present a coordination component, 
for example: the choice of technologies that require a threshold number of users to be sustainable, currency attacks, bank 
runs, asset price bubbles, cooperation in repeated games, etc. In such examples, agents may face strategic uncertainty; that 
is, they may be uncertain about how the other agents will respond to the multiplicity of equilibria, even when they have 
complete information about the environment.

A simple coordination game that captures the main forces present in the previous examples is the well-known stag 
hunt game: a two-player and two-choice game with Pareto ranked equilibria. That game features two Nash equilibria in 
pure strategies in which either both players select stag, or both players select hare; with stag being socially optimal (payoff 
dominant). Such a simple game allows the study of conditions that lead people to coordinate on the efficient equilibrium.

The first experimental study of the stag hunt game, Cooper et al. (1992), focuses on a stag hunt game in which hare is 
risk dominant (that is, hare is the best response to the belief that the other player is randomizing 50-50 between stag and 
hare). They find that, absent communication, an overwhelming fraction of choices are in line with the risk dominant choice 
of hare. This is consistent with the idea that people may coordinate on the action most robust to strategic uncertainty. 
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Table 1
Stag hunt game - row player’s payoffs.

Original Normalized

hare stag

hare P T

stag S R

hare stag

hare P−P
R−P = 0 T −P

R−P = 1 − �

stag S−P
R−P = −λ R−P

R−P = 1

Relatedly, experiments on the minimum effort game, starting with Van Huyck et al. (1990), find a strong tendency for be-
havior to quickly settle on the minimum effort, where strategic risk is minimized (as opposed to the maximal effort—payoff 
dominant—equilibrium). Despite other studies that followed with mixed results, see for example Straub (1995), Battalio et 
al. (2001) and Schmidt et al. (2003), these early results created a strong notion that risk dominance was the key determinant 
of behavior in such coordination games.

In this paper, we return to stag hunt games for a systematic assessment of the determinants of efficient behavior (playing 
stag) using two data sets. First, we study behavior in the metadata from eight previous experiments on stag hunt games. 
However, as will become clear, those studies show a surprisingly limited amount of treatment variations. Second, we study 
behavior from a new experiment that allows us to easily explore more parameter combinations than in the previous experi-
ments. In each round of this experiment, subjects participate in sixteen simultaneous stag hunt games with different payoff 
parameters, allowing us to explore many payoff combinations efficiently. Moreover, in some sessions we use the lottery pro-
cedure introduced by Roth and Malouf (1979) in an attempt to affect risk preferences and explore their impact on behavior. 
Third, we conduct additional experiments aimed at understanding whether playing 16 simultaneous games affects choices.

We find that people do not necessarily coordinate on the efficient equilibrium. In fact, for some treatments, only a very 
small minority plays stag. The fact that payoff dominance is not used by the subjects as an equilibrium selection criterion 
suggests that strategic uncertainty may be important in coordination games. As such, one may believe that agents would 
choose actions corresponding to the equilibrium most robust to strategic uncertainty, that is, the risk dominant action 
(Harsanyi and Selten (1988)). While we find that stag is more prevalent, on average, when it is risk dominant; it is not 
always the case that a majority of people coordinate on the risk dominant equilibrium. Risk dominance, on its own, leaves 
much variation in behavior unexplained. We find that part of this variation can be explained by a continuous measure of 
the risks arising from strategic uncertainty. This measure is the size of the basin of attraction of stag, which is the maximum 
probability of the other player choosing hare such that playing stag is still a best response. The greater this number, the 
more robust playing stag is to strategic uncertainty.2 We find that the share of subjects choosing stag increases in the size of 
its basin of attraction. We also show the importance of other determinants of behavior studied in the literature such as the 
optimization premium (Battalio et al. (2001)) and hare’s relative riskiness (Dubois et al. (2012)). Furthermore, these results 
hold whether we pay subjects for points accumulated or via the lottery method, suggesting that either risk preferences may 
not be an important driver of behavior in this application or that the lottery method did not affect risk attitudes.

Interestingly, although the effect of the size of the basin of attraction of stag on efficient behavior is found both in the 
metadata from the previous literature and in the experiments using our new design, the exact relation is different. The 
prevalence of stag for intermediate sizes of the basin of attraction of stag is lower in the new experiment than in the earlier 
experiments. This suggests that behavior in a coordination game may depend not only on the parameters of the game, but 
also on whether subjects participate in several games simultaneously or only one game at a time. We provide evidence that 
this difference is due to subjects displaying more noise in choices when they participate in multiple games simultaneously.

2. Theoretical background

The stag hunt game is a two-player game with two actions, stag and hare, with the payoffs as shown in Table 1 (Original) 
with the constraint on payoffs that T < R > P > S . Note that (stag, stag) is a Nash equilibrium given that T < R , but 
(hare, hare) is also a Nash equilibrium given that S < P . Given that R > P , the former equilibrium results in higher payoffs 
than the latter one. Following Harsanyi and Selten (1988), we say that (stag, stag) is the payoff dominant (or Pareto efficient) 
equilibrium and stag is the payoff dominant action. There is also a mixed strategy Nash equilibrium in which subjects play 
hare with probability 1

1+ P−S
R−T

.

Any stag hunt game with four parameters R, S, T , P as in the left panel of Table 1 can be normalized by linear trans-
formation of payoffs to a game with only two parameters, � and λ, as in the right panel of Table 1 (Normalized). The 
parameter � denotes the loss arising from an unilateral deviation from the efficient equilibrium, while the parameter λ

2 There is a connection here with the study of cooperation in repeated prisoner’s dilemma games. If the infinitely repeated game is suitably simplified, 
by focusing on a cooperative strategy (grim) and a defecting strategy (always defect), it can be reduced to a stag hunt game. Thus, one can identify 
parameters for which cooperation can be supported as part of a risk dominant and payoff dominant equilibrium versus others where only defection can 
be risk dominant, see Blonski and Spagnolo (2015). Dal Bó and Fréchette (2011) and Dal Bó and Fréchette (2018) show that variation in cooperation rates 
is related to the size of the basin of attraction of the strategies in the simplified game. It has also been found that the basin of attraction is an important 
determinant of behavior in other games, see Healy (2016), Calford and Oprea (2017), Embrey et al. (2017), Vespa and Wilson (2017), Kartal and Müller 
(2018), and Castillo and Dianat (2018).
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Table 2
Stag hunt games - row player’s payoffs.

Example 1 Example 2

hare stag

hare 0 −1

stag −1 1

hare stag

hare 0 −1

stag −100 1

denotes the loss arising from an unilateral deviation from the inefficient equilibrium. This normalization will allow us to 
compare behavior across stag hunt experiments while keeping track of only two payoff parameters, � and λ, instead of the 
four original parameters.3

How should we expect people to behave in the stag hunt game? Previous authors, see for example Luce and Raiffa (1957), 
Schelling (1960), and Harsanyi and Selten (1988), have theorized that people would coordinate on the efficient equilibrium, 
in this case (stag, stag). This is quite intuitive for a game as the one shown in the left panel of Table 2 (example 1), but may 
be less so in the game shown in the right panel (example 2). For the game on the right, even a small amount of uncertainty 
about the action of the other player can make stag a sub-optimal choice. In other words, (stag, stag) is not very robust to 
strategic uncertainty in the second example.

The robustness to strategic uncertainty of the equilibrium (stag, stag) can be measured by the maximum probability of 
the other subject playing hare that still makes stag a best response. This number is provided by the probability of hare in the 
mixed strategy Nash equilibrium and is usually referred to as the size of the basin of attraction of stag. Under normalized 
payoffs, the size of the basin of attraction of stag is equal to �

�+λ
. Note that, intuitively, this number is decreasing in λ

and increasing in �.4 Following Harsanyi and Selten (1988), we say that stag is risk dominant if its basin of attraction 
is greater than one half. If that is the case, (stag, stag) is more robust to strategic uncertainty than (hare, hare). Harsanyi 
and Selten (1988) proposed risk dominance as an alternative equilibrium selection criterion. The idea that people may 
coordinate on the risk dominant equilibrium received support from evolutionary theories (see Kandori et al. (1993) and 
Young (1993)).

While the previous experimental literature on coordination games has shown that subjects do not necessarily coordinate 
on the efficient equilibrium (see Cooper et al. (1990), Van Huyck et al. (1990), and Cooper et al. (1992)), the literature has 
not yet provided a clear answer to the issue of when people would coordinate on the efficient equilibrium. In particular, 
we seek to answer the following questions. Is it the case that people are more likely to play stag if it is risk dominant? 
Does the prevalence of stag depend on how robust it is to strategic uncertainty (that is, the size of its basin of attraction)? 
Are there other determinants of efficient behavior? Moreover, are the answers to these questions different when we use the 
lottery method in an attempt to induce risk neutrality?

3. Determinants of efficient behavior: previous experiments

We have identified nine published articles with previous stag hunt experiments that are amenable to be analyzed jointly; 
of which we were able to obtain the data from eight of them.5 The collected data satisfies the following conditions: (1) 2×2
stag hunt game, (2) no pre-play communication, and (3) using non-fixed matching across periods.6

We refer to this data set as the metadata for simplicity, even though it is a collection of raw data sets rather than a 
collection of aggregated data sets as in a typical metadata.

Table 3 summarizes the treatments in the previous experiments that satisfy the conditions described above. Some of the 
papers have treatments that do not fit our criteria, e.g., treatments with pre-play communication or with fixed matching 
throughout the experiment, and those treatments are not included in our analysis. We have data from eight articles, involv-
ing 18 different treatments (combinations of the four payoff parameters T , R , P , and S), with 90 experimental sessions and 
970 subjects. The vast majority of treatments are such that hare is risk dominant (14 out of 18 treatments) and in only 
two treatments stag is risk dominant. That is, in most treatments from previous articles there is a tension between payoff 
dominance and risk dominance.

We study behavior in period 1 as well as in period 8. The latter period is the largest period with observations in every 
treatment, as the experiment with the smallest number of periods is Schmidt et al. (2003) with 8 periods. Focusing on 
period 8 allows us to study behavior across treatments after subjects have gained some experience.

3 Such normalization is common in game theory, but we have not encountered it in experimental papers on the Stag Hunt game. This may in part explain 
why, as we will see later, there is very little variation in normalized parameters across experiments.

4 An alternative measure of the robustness of (stag, stag) to strategic uncertainty is R = ln λ
�

—see Selten (1995) and Schmidt et al. (2003). This measure 
ranks games as the size of the basin of attraction of stag but the metric is different.

5 The eight articles for which we have data are Cooper et al. (1992), Straub (1995), Battalio et al. (2001), Clark et al. (2001), Duffy and Feltovich (2002), 
Schmidt et al. (2003), Dubois et al. (2012), and Feltovich et al. (2012). The data from Charness (2000) is no-longer retrievable.

6 In particular, Clark et al. (2001), Schmidt et al. (2003), and Straub (1995) use the perfect stranger matching. In Cooper et al. (1992), subjects play 
against every other player twice: once as a row player and once as a column player. Battalio et al. (2001), Dubois et al. (2012) and Feltovich et al. (2012)
use random matching across periods. In Duffy and Feltovich (2002), subjects are assigned to the role of a row or a column player which remain fixed 
throughout the experiment and play with every other subject of the opposite role.
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Table 3
Treatment parameters in prior experiments.

� λ Basin of stag Sessions Subjects Periods

Battalio et al. (2001) 24 192
0.091 0.364 0.2 8 64 75
0.2 0.8 0.2 8 64 75
2 8 0.2 8 64 75

Clark et al. (2001) 5 100
0.333 2.333 0.125 2 40 10
1 4 0.2 2 40 10
3 9 0.25 1 20 10

Cooper et al. (1992) 1 4 0.20 3 30 22

Dubois et al. (2012) 24 192
0.091 0.364 0.2 8 64 75
0.375 1.5 0.2 8 64 75
0.375 1.5 0.2 8 64 75

Duffy and Feltovich (2002) 1 3 0.25 3 60 10

Feltovich et al. (2012) 10 186
1 2.2 0.313 6 90 20
2 1 0.667 4 96 40

Schmidt et al. (2003) 16 160
0.5 1.5 0.25 4 40 8
1 1 0.5 4 40 8
1 1 0.5 4 40 8
1 3 0.25 4 40 8

Straub (1995) 5 50
0.2 0.4 0.333 1 10 9
1 0.5 0.667 1 10 9
1 1 0.5 1 10 9
1 3 0.25 1 10 9
1 4 0.2 1 10 9

Total 90 970

First, we consider the effect of payoff and risk dominance. Second, we consider the role of strategic uncertainty as 
measured by the basin of attraction of stag. Third, we study other determinants of behavior such as the optimization 
premium (Battalio et al. (2001)) and hare’s relative riskiness (Dubois et al. (2012)), and impacts of experimental design 
features (such as the use of the lottery method for payments). However, we note that the treatment of each of these 
questions in the meta analysis is brief, because the first finding is that despite many varied stage games having been 
studied, there is surprisingly little systematic variation in some of the studied determinants of behavior. In particular, while 
the basin of attraction of stag goes from 1

8 to 2
3 across treatments, there is actually very limited variation in this dimension 

as 72% of treatments have a size of the basin of stag in a small interval (between 1
5 to 1

3 ).

Payoff dominance: Across all papers and all treatments, 67% of subjects chose stag in period 1 while 55% do so in period 
8. Fig. 1 shows the distribution of the prevalence of stag at the session level (separating treatments depending on whether 
they are risk dominant or not). We see that, by period 8, there are sessions going from 0% of stag to 100%, showing that 
people do not necessarily coordinate on the payoff dominant equilibrium.

It is interesting to note that there are differences across articles in the observed prevalence of stag which led them to 
reach different conclusions with respect to the importance of payoff dominance. For instance, the treatments in Cooper et al. 
(1992) resulted in 23% of stag in period 8 and only 3% in their last period, which leads them to conclude that “coordination 
failures always occur.” Instead, the treatments in Schmidt et al. (2003) resulted in 66% of stag in period 8 (the last period 
in that experiment). This led to their conclusion that “our results could be seen as supporting Harsanyi and Selten’s original 
assertion that players should trust one another to play the payoff dominant equilibrium.”

Risk dominance: As Fig. 1 shows, subjects are significantly more likely to choose stag when it is risk dominant. In period 
1, there is 64% of stag when it is not risk dominant versus 91% when it is risk dominant (p-value < 0.01).7 In period 8, 
there is 50% of stag when it is not risk dominant versus 96% when it is risk dominant (p-value < 0.01). However, there is 
great variation in behavior for treatments in which stag is not risk dominant: the prevalence of stag varies between 0% and 
100% across sessions in period 8 (see Fig. 1).

7 We compute significance from a probit analysis of choices with clustering at the article level. This is meant to account for potential correlations between 
observations of a given article that could result from uncontrolled elements such as the specific instructions, the interface, or other.
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Fig. 1. Meta-analysis: distribution of the prevalence of stag by session.

Fig. 2. Meta-analysis: Relation between the prevalence of stag and the size of the basin.

Strategic uncertainty (beyond risk dominance): We study whether the observed variation in the prevalence of stag 
across treatments can be accounted for by the robustness of the efficient equilibrium (stag, stag) to strategic uncertainty 
in addition to risk dominance. As discussed in Section 2, we measure robustness to strategic uncertainty by the size of the 
basin of attraction of stag, which is equal to �

�+λ
.

Fig. 2 shows the prevalence of stag in each treatment and article in the metadata for periods 1 and 8 as a function of 
the size of the basin of attraction of stag. The dashed line is the predicted prevalence resulting from estimating a simple 
probit of stag on the size of the basin.

Overall, the prevalence of stag is positively correlated with its basin of attraction: as the basin of attraction increases, the 
prevalence of stag also increases. This relation is present from the onset, but becomes more pronounced with experience 
(see columns 1 and 2 in Table 4).
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Table 4
Meta-analysis. Determinants of stag (probit analysis—marginal effects).

Period 1 Period 8 Period 1 Period 8 Period 1 Period 8

Stag RD (d) 0.19*** -0.08 0.06 -0.45*** 0.09 -0.42*
(0.043) (0.162) (0.099) (0.146) (0.092) (0.224)

Basin of Stag 0.28 1.82*** 0.51** 2.47*** 0.62*** 3.08***
(0.246) (0.602) (0.229) (0.545) (0.155) (0.787)

OP -0.01** -0.03 -0.02*** -0.04***
(0.005) (0.019) (0.004) (0.010)

Hare’s RR 0.26 0.56*** 0.09 0.06
(0.158) (0.120) (0.161) (0.228)

Lottery (d) 0.02 0.10 0.05 0.20*
(0.072) (0.110) (0.067) (0.105)

# Interactions 0.01*** 0.04***
(0.003) (0.013)

Observations 970 970 970 970 970 970

(d) denotes dummy variable, effect of change from 0 to 1 is reported.
OP denotes Optimization Premium (� + λ). Hare’s RR denotes hare’s relative riskiness ( |1−�|

1+λ

)
.

Lottery denotes Roth-Malouf lottery was used.
# Interactions denotes the expected number of interactions with the same subject.
Standard errors clustered at the article level in parentheses. * p < 0.10, ** p < 0.05, *** p <
0.01.

Fig. 2 also suggests that the size of the basin of attraction on its own cannot account for all of the observed variation, as 
the prevalence of stag amongst treatments with a basin of stag of 0.2, for example, varies from 5% to 77% in period 8. This 
leads to the study of additional determinants of the prevalence of stag.

Other determinants: We study two sets of determinants of the prevalence of stag. First, we study two other determinants 
which are functions of the payoff parameters: the optimization premium (Battalio et al. (2001)), and hare’s relative riskiness 
(Dubois et al. (2012)). Second, we study whether elements of the experimental design may have affected behavior.

Battalio et al. (2001) show that, in treatments when stag is not risk dominant, subjects are more likely to play stag when 
the incentives to choose a best response are smaller (in their terminology, that is when the optimization premium is small). 
Using our normalization, the optimization premium can be expressed as � + λ. Consistent with the results of Battalio et al. 
(2001), Table 4 shows in columns 3 to 6 that the optimization premium has a negative and mainly significant effect on the 
prevalence of stag.8

Dubois et al. (2012) show that the relative riskiness of hare (measured by the ratio of the payoff ranges of the two 
actions) is positively related to the prevalence of stag. Using our normalization, hare’s relative riskiness can be expressed as 
|1−�|
1+λ

. Consistent with the findings in Dubois et al. (2012), Table 4 shows in columns 3 and 4 that hare’s relative riskiness 
has a positive effect on the prevalence of stag. However, this effect is only significant in period 8, and is not robust to the 
inclusion of controls for experimental design characteristics in columns 5 and 6.9

Part of the observed variation in behavior for a given basin of attraction may be explained by differences across previous 
articles in experimental design. For example some of the previous articles used the lottery method in an attempt to induce 
risk neutral preferences, and this may have affected behavior.10 The use of the lottery method is not significantly related 
to the prevalence of stag in the specifications shown in columns 3 and 4 of Table 4, however, the effect is significant in 
period 8 when we include another control (see columns 5 and 6 in Table 4). This lack of robustness suggests that additional 
experiments are needed to study the impact of the lottery method on behavior in stag hunt games.

Different design implementations resulted also in differences in the number of times the same pair of subjects was 
expected to play together (as a function of the matching protocol and the total number of periods in a session). We find 
that this variable is statistically significant (see columns 5 and 6 in Table 4). This seems to explain part of the observed 

8 Given the small number of treatments in the metadata in which stag is risk dominant, we are not able to test whether the impact of the optimization 
premium differs when stag is risk dominant.

9 We have also studied whether the normalization of payoffs to only two parameters discards information that is relevant to explaining behavior. We 
find that the constant and multiplicative coefficients used to normalize payoffs do not have a significant effect on behavior. Hence, our normalization of 
payoffs seems appropriate.
10 Among the articles included in our metadata, Cooper et al. (1992), Straub (1995), and Duffy and Feltovich (2002) use the lottery method. Cooper et 

al. (1992) reports having also run experiments without the lottery method and finding that this method does not affect behavior. Studying whether the 
lottery method proposed by Roth and Malouf (1979) to induce risk neutral preferences affects behavior offers a window to study whether risk preferences 
are an important determinant of behavior. Finding that the lottery method affects behavior would suggest that risk preferences play an important role. 
Note, however, that there is disagreement on whether the lottery method affects risk preferences. Some studies find that it shifts behavior in line with 
theory while others find that it does not (see Harrison et al. (2013) and Kirchkamp et al. (2021) for recent examples of each case). As such, finding that 
this method does not affect behavior does not provide conclusive evidence that risk preferences do not matter, it could also be that the lottery method did 
not sufficiently affect risk preferences.
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Table 5
Stag hunt game - row player’s payoffs.

Original Normalized

hare stag

hare 60 T

stag S 90

hare stag

hare 0 1 − �

stag −λ 1

variation in behavior for the treatments with a basin of attraction equal to 0.2, with higher rates of stag in experiments in 
which the expected number of interactions for the same pair of subjects was higher.11 Take for example, the games with 
lowest and highest prevalence of stag with a basin of attraction of 0.2. The former has an expected number of interactions 
of one and stag is selected 5% of the time, while the latter has an expected number of interactions of 10.71 and 65% play 
of stag. Based on the estimated probit model presented in the last column of Table 4, changing the number of interactions 
from 1 to 10.71 for the game with the lowest prevalence of stag would result in an increase of 32 percentage points in 
the prevalence of stag. If we also change the values of the optimization premium and hare’s relative riskiness to those 
for the game with the high prevalence of stag, then the predicted prevalence of stag increases another 20 percentage 
points, to explain 52 percentage points of the observed 72 percentage point difference between the two games. That is, 
the determinants of behavior studied in this section can explain a large part of the observed difference in behavior among 
games with the same basin of attraction of stag.

It is important to note that the inclusion of these other possible determinants of play of stag into the analysis does not 
reduce the magnitude nor the significance of the impact of the size of the basin of attraction on the prevalence of stag 
(Table 4).

As already mentioned, the main limitation of the experiments conducted so far is that, although the original (non-
normalized) payoffs are quite different across previous experiments, they hide a surprising degree of similarity with respect 
to the degree of strategic uncertainty. Most of them are in a narrow range for the basin of attraction of stag. Moreover, there 
are differences in experimental design that affected behavior and may confound the results. Therefore, to study the deter-
minants of efficient coordination more systematically, we turn to a new experimental design that provides more variation 
in the variables of interest while keeping experimental methods constant.

4. The new experimental design

The main design innovation is to allow many more comparisons across parameters by presenting multiple stag hunt 
games simultaneously on the subjects’ screen. More specifically, each session consists of 15 periods in which subjects par-
ticipate anonymously through computers in the coordination games presented in Table 5.12 Parameter T take values in the 
set {25, 45, 65, 85} and parameter S take values in the set {10, 20, 30, 40}. The relevant T and S for each stage games are 
known to subjects.13 This results in 16 stag hunt games in each period.14

These games were displayed always in the same order, with S increasing across rows and T increasing across columns—
see the decision screen in Figure 13 of the Appendix (which is available online).15

The set of possible values of T and S are selected to achieve two objectives. First, we want to have large and systematic 
variation in the parameters of the games. In particular we want to have large variations in the size of the basin of attraction 
of stag. The new experiments have the size of the basin of stag going from 0.091 to 0.765, with many intermediate values 
as shown in Table 6.16 Second, we want to have many treatments for which stag is risk dominant so as to be able to study 
if that condition is sufficient for subjects to coordinate on the efficient equilibrium. Half the treatments have stag being risk 
dominant in the new experiment.

Subjects were randomly matched in each period to another subject, with the same pair not matched twice (perfect 
strangers). At the end of each period subjects received feedback on their own actions and the actions of the subject they 
were paired with for that period (see Figure 14 in the Appendix). Subjects could access information on the past outcomes 
of the games in which they had participated (see Figure 15 in the Appendix).

11 Note that given the limited number of studies, we cannot disentangle the role of the rematching protocol from the expected number of interactions.
12 The actions were simply described as “1” and “2” in the experiment.
13 In terms of normalized payoffs, the 16 games have � in the set { 1

6 , 56 , 32 , 13
6 } and λ in the set { 2

3 , 1, 43 , 53 }.
14 This experimental design is related to the strategy method as subjects need to simultaneously decide what they would do under alternative circum-

stances. A possible issue with the strategy method is that it may affect behavior. Hoffman et al. (1998), Gueth et al. (1998), and Brosig et al. (2003) report 
evidence that the strategy method may affect behavior while Brandts and Charness (2000) find that it does not. See Brandts and Charness (2011) for a 
review of the literature. We address this issue in Sections 7 and 8.
15 Ex-ante it is difficult to know if the order of presentation should help or hinder subjects from making choices consistent with some rule. However, the 

order of presentation to subjects is designed such that only picking rows or columns would not be consistent with a basin of attraction based choice rule. 
In the end, as indicated in the learning model (see Section 8), it seems to make it more challenging (noisier).
16 These 16 stag hunt games also result in 11 values of the optimization premium (going from 0.83 to 3.83) and 15 values of hare’s relative riskiness 

(going from 0.063 to 0.7).
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Table 6
Size of basin of attraction of stag.

� λ

2/3 1 4/3 5/3

1/6 0.2 0.143 0.111 0.091
5/6 0.556 0.455 0.385 0.333
3/2 0.692 0.6 0.529 0.474
13/6 0.765 0.684 0.619 0.565

Note: bold font denotes stag is risk dominant.

Fig. 3. Baseline: distribution of prevalence of stag by session and game.

Subjects were paid based on the points earned in one randomly chosen game for one randomly chosen period. We have 
two main treatments, Baseline and Lottery, which differ by how points are transformed into payments. In Baseline, points 
are exchanged into dollars at the rate of $35 per 100 points. In Lottery, points are the chances of receiving $35. In addition, 
in both treatments, subjects are paid a $5 participation fee and a $5 show-up fee. Note that for any given outcome of the 
game, the expected payoff is equal across the two treatments, thus facilitating comparisons.

The experiment was programmed using z-Tree (Fischbacher, 2007). We conducted four experimental sessions for each of 
these two treatments with a total of 140 subjects. See Table 11 in the Appendix for the number of subjects per session and 
treatment. The experimental sessions lasted less than an hour. The subjects were Brown University undergraduates recruited 
through advertisement in university web pages, leaflets, and signs posted on campus. Subjects earned $34.35 on average, 
with a minimum of $10 and a maximum of $45, including the participation fee and the show-up fee of $10.17

5. Aggregate analysis of the determinants of efficient behavior

We start this section by focusing on the Baseline treatment and studying the conditions under which subjects choose the 
efficient action (stag).

Payoff dominance: Averaging across games, 61% of subjects chose stag in period 1 and 51% in period 15. Hence, it is not 
the case that subject coordinate on stag regardless of the payoff matrix. Fig. 3 shows the distribution of the prevalence of 
stag for each session and game. We see that the prevalence of stag goes from 0% to 100% in period 15, showing again that 
people do not necessarily coordinate on the payoff dominant equilibrium. A similar conclusion is reached if we focus on the 
average behavior by game. Note that in period 1, a majority of subjects chooses stag in only 11 of the 16 games and this 
number is reduced to 7 in period 15—see Fig. 4.

17 The minimum of $10 and the maximum of $45 were both reached in the Lottery treatment. In the Baseline treatment the minimum and maximum 
earnings were $17 and $41.50.
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Fig. 4. Evolution of behavior in Baseline and Lottery.

Risk dominance: It is the case that the prevalence of stag is significantly higher in games in which it is risk dominant—
see Fig. 3. In period 1, there is 50% of stag when it is not risk dominant versus 74% when it is risk dominant (p-value <
0.01).18 In period 15, the prevalence of stag is 30% and 81% respectively (p-value < 0.01). However, even after controlling 
for risk dominance there are large variations in the prevalence of stag as shown in Fig. 3. Note that for treatments in which 
stag is risk dominant, the prevalence of stag goes from 15% to 100% in period 15. For treatments in which stag is not risk 
dominant, the prevalence of stag goes from less than 5% to 75%. There is a large variation of behavior that remains to be 
explained.

Strategic uncertainty (beyond risk dominance): We study now whether, beyond risk dominance, the prevalence of stag 
is correlated to the robustness of the efficient equilibrium to strategic uncertainty, as measured by the size of the basin of 
attraction. Fig. 5 shows the prevalence of stag as a function of the basin of attraction for periods 1, 8, and 15. As with the 
metadata, the correlation between the size of the basin and the prevalence of stag is positive and increases with experience 
in the new experiment as well. The first 3 columns in Table 7 show that the size of the basin of attraction of stag has a 
small effect on behavior if stag is not risk dominant, while it has a large and significant effect if stag is risk dominant. This 
is consistent with the findings regarding the effect of the size of the basin of attraction of Always Defect on cooperation in 
repeated games—see Dal Bó and Fréchette (2018).

Other determinants: As we did in the meta-analysis, we study now if the prevalence of stag is affected by the optimiza-
tion premium (Battalio et al. (2001)) and hare’s relative riskiness (Dubois et al. (2012)).

The last 3 columns in Table 7 show that the optimization premium has a negative and significant effect on the prevalence 
of stag: the larger the incentives to best respond to the actions of others, the lower the share of subjects attempting 
to coordinate on the efficient equilibrium. This is consistent with what we found in the meta-analysis and with Battalio 
et al. (2001). Note that this effect is similar regardless of whether stag is risk dominant or not. The significant negative 
effect of the optimization premium when stag is risk dominant is somewhat surprising, as one would expect that a greater 
optimization premium would facilitate coordination on the efficient equilibrium in that case.

Consistent with Dubois et al. (2012), Table 7 shows that hare’s relative riskiness has a positive impact on the prevalence 
of stag (the impact is statistically significant in periods 8 and 15).

We next study the relative importance of the different determinants of behavior that we have studied in this section. We 
take the estimates from column 6 in Table 7 and measure the predicted change in the prevalence of stag when we allow 
one variable to go from the minimum to the maximum of its values in the experiment while keeping the other variables 

18 We compute significance from a probit analysis at the individual level clustering standard errors by session (see Fréchette (2012) for a discussion).
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Fig. 5. Relation between the prevalence of stag and the size of the basin.

Table 7
Baseline: determinants of stag (probit analysis - marginal effects).

Period 1 Period 8 Period 15 Period 1 Period 8 Period 15

Stag RD (d) -0.48*** -0.93*** -0.97*** -0.36** -0.70** -0.40*
(0.108) (0.077) (0.034) (0.155) (0.312) (0.237)

RD × Basin 1.30*** 3.33*** 3.99*** 1.18*** 2.70*** 2.82***
(0.212) (0.679) (0.480) (0.185) (0.813) (0.197)

Not RD × Basin 0.10 0.35* 0.24 0.54*** 1.30*** 1.74***
(0.086) (0.200) (0.181) (0.153) (0.212) (0.172)

Not RD × OP -0.12*** -0.17*** -0.23**
(0.039) (0.010) (0.093)

RD × OP -0.06** -0.12*** -0.23**
(0.026) (0.041) (0.114)

Hare’s RR 0.08 0.42*** 0.78***
(0.109) (0.131) (0.242)

Observations 1120 1120 1120 1120 1120 1120

(d) denotes dummy variable, effect of change from 0 to 1 is reported. Basin denotes the size 
of the basin of stag. OP denotes the optimization premium (� + λ). Hare’s RR denotes hare’s 
relative riskiness 

( |1−�|
1+λ

)
.

Standard errors clustered at the session level in parentheses: * p < 0.10, ** p < 0.05, *** p <
0.01.

at their average value. We find that the shift of the size of the basin of attraction of stag from its lowest to its highest 
value increases the predicted prevalence of stag by 93 percentage points, while the change is 65 percentage points for the 
optimization premium and 17 percentage points for hare’s relative riskiness.

The calculations of the different determinants of behavior studied here are done assuming that subjects are risk neu-
tral, which may not be the case.19 The Lottery treatment allows us to study whether our reliance on the assumption of 
risk neutrality may be problematic. Finding that the lottery method affects behavior would suggest that risk preferences 
are a determinant of behavior in stag hunt games. However, given the disagreement on whether this method affects risk 
preferences (see footnote 10), finding that the lottery method does not affect behavior could be attributed to either risk 
preferences not being an important determinant of behavior or the lottery method not affecting risk preferences in our 
experiment.

Fig. 4 displays the evolution of the prevalence of stag for all games for the Lottery treatment in addition to the Baseline
treatment. It is clear that both the levels and evolution of behavior are very similar in these two treatments. In period 

19 Büyükboyacı (2014) elicits risk preferences and finds no correlation between those and behavior in stag hunt games. For related games, Cason et al. 
(2012) find no significant relationship between elicited risk preferences and behavior in minimum effort games, while Heinemann et al. (2009) find a 
relationship between elicited risk preferences and behavior in threshold public goods games.
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Fig. 6. Distribution and fit of estimated thresholds.

1, behavior is significantly different at the 5% level in three out of 16 games, and there are no significant differences by 
period 15. Moreover, as shown in Appendix Table 13, the results on the impact of risk dominance and the size of the basin 
of attraction on behavior are robust to including the Lottery treatment with no significant differences between Lottery and 
Baseline. As discussed above, this result is consistent with risk preference not playing an important role in this experiment 
but it is not conclusive, as we have not directly measured whether the lottery method affects risk preferences in our 
experiment.

6. Analysis of individual behavior

The new experimental design allows us to study the determinants of behavior in stag hunt games by looking at the data 
at the individual level. In particular, we study if subjects’ choices appear consistent with decision rules based on the size of 
the basin of attraction. We also study the evolution of such decision rules over time and differences across subjects.

We assume that each subject follows a threshold decision rule such that the subject chooses stag if the basin of attraction 
of stag for that game is greater than the threshold. For each subject and period, we compute the threshold that best 
corresponds to the subject’s choices in that period across the 16 games: that is the threshold that minimizes the number of 
errors.20 Given the finiteness of the data (we observe behavior in 16 games with different basins of attraction), the best we 
can do is to estimate in which interval of possible values a threshold may fall. For example, if we observe a subject playing 
stag for all games with basin of attraction equal or greater than 0.2 in the experiment, then we know that the threshold that 
best explain this behavior must be between 0.2 and the next lower available basin of attraction in the experiment (0.143). 
For a simple presentation of results, we identify each possible interval of thresholds with the middle of each interval.21

Also note that there may be more than one threshold that minimizes the number of errors (this happens when the 
observed realization of behavior is non-monotonic in the basin of attraction). In 70% of the cases there is a unique estimated 
threshold, two thresholds in 24% of the cases, and three thresholds in the remaining cases. For simplicity, in what follows we 
choose the minimum threshold when multiple ones are available for a subject; results are similar if we use the maximum 
one. The fit of the estimated threshold is tight as the estimated thresholds explain behavior in more than 90% of the actions 
in every period.

Fig. 6 displays the CDF of the estimated thresholds for periods 1 (left panel) and 15 (right panel). This figure also shows 
the predictive power (rate correct) of the estimated threshold based rule for each subject (the ratio of decisions that are 
explained by the estimated rule). The hollow circles indicating rate correct are jittered to help distinguish the coordinates 
with multiple points. The high average values of rate correct displayed in Fig. 6 show that a threshold based choice rule 
accounts for a significant fraction of choices for most subjects (the average value of rate correct is 0.9 for period 1 and 0.93 

20 As in Rankin et al. (2000) who also estimate threshold decision rules in stag hunt games, Levine and Palfrey (2007) who estimate threshold decisions 
rules in voting turnout, and Fréchette et al. (2020) who estimate receiver’s decision rules in a communication game.
21 Results are very similar if we focus on either the maximum or the minimum of the intervals. The size of the interval is on average 0.06.
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for period 15). The grey lines in the figure indicate the linear fit of rate correct with respect to thresholds. Interestingly, the 
quality of the fit does not noticeably increase with experience or across the estimated thresholds.

Regarding the estimated thresholds, we observe a large distribution of thresholds in period 1 with the most prevalent 
one being the lowest possible threshold (play stag in every game), and the second most prevalent one being 0.54. We 
observe a convergence towards middle thresholds with the most popular threshold being 0.54 in period 15.

To help describe the patterns of behavior the figure reveals, it is useful to divide thresholds into low (< 1
3 ), medium 

(between 1
3 and 2

3 ), and high (≥ 2
3 ). In period 1, most thresholds are low (44% of cases; i.e. subjects mostly select stag), 

followed by thresholds in the middle tercile (39%). However, by period 15, medium thresholds compose the vast majority 
(74%). This increase in popularity of the medium thresholds comes mostly from subjects abandoning low thresholds (29% 
of the data moves from a low to a middle threshold). This includes an important decrease in subjects whose choice rule is 
best described by the lowest possible threshold (play stag in every game), going from 33% of subjects in period 1 to below 
9% in period 15. However, a movement in the opposite direction also occurs: 10% of the subjects go from high thresholds 
to medium thresholds.

Consistent with this movement toward central thresholds, there is an increase in subjects best described as following risk 
dominance (those with one of their estimated thresholds intervals including 0.5). Only 9% of subjects can be best described 
as following risk dominance in period 1, and this number increases to 16% by period 15. However, this does not seem to 
be a very stable choice pattern, as few subjects fit the risk dominant choice pattern repeatedly. In fact, the one subject that 
most often chooses in a way most consistent with risk dominance does it in 12 of the 15 periods (80%). No other subjects 
chooses in a way most consistent with risk dominance in more than 50% of the periods.22

7. Is the new experimental design neutral?

The design novelty in the new experiments presented in this paper is to let subjects participate in several coordination 
games simultaneously in each period. This allows us to gather data on a greater number of games than it would be possible 
if subjects only played one game per period and it also allows us to study behavior across games at the individual level. But 
is this design neutral? Is it possible that behavior is affected by subjects playing several games simultaneously?

To answer these questions we present results from two additional treatments that differ from Baseline in that subjects 
play only one stag hunt game in every period. One of the treatments considers the stag hunt game with � = 3

2 and λ = 1
(in the non-normalized payoffs seen by the subjects that is T = 45 and S = 30), and the other treatment considers the stag 
hunt game with � = 5

6 and λ = 4
3 (T = 65 and S = 20). These two treatments, One Game 3

2 &1 and One Game 5
6 & 4

3 allow us 
to compare behavior with the same games in the Baseline treatment.23

We conducted four experimental sessions for each of these treatments with a total of 134 subjects. See Table 11 in the 
Appendix for the number of subjects per session and treatment. The experimental sessions lasted less than an hour. Subjects 
earned $36.20 on average, with a minimum of $17 and a maximum of $41.5, including the participation and the show-up 
fee of $10.

As can be seen in Fig. 7, behavior is quite different between the Baseline treatment and the One Game treatments. 
For � = 3

2 and λ = 1, the prevalence of stag is greater under One Game than under the Baseline in period 1 (but this 
difference is not statistically significant at the 10% level). The difference increases after the first two periods and remains 
statistically significant at the 1% level until the end. For � = 5

6 and λ = 4
3 , the prevalence of stag is greater under One 

Game than under the Baseline in period 1 (p-value < 0.05). The difference increases after the first period and becomes 
statistically significant at the 1% level until the end. We find a similar pattern if we compare the One Game and the Lottery
treatments.

The differences between our One Game treatments and the Baseline are consistent with the differences in behavior be-
tween the Baseline and prior studies (in which subjects also played one game at a time) for intermediate values of the 
basin of attraction of stag. As such, the comparison across treatments and papers shows that choice frequencies in stag hunt 
games may depend on whether subjects play one game in isolation or several games simultaneously. However, regardless 
of this difference, the comparative statics are robust: the prevalence of stag increases with its robustness to strategic un-
certainty, as measured by the size of its basin of attraction, whether the subjects only play one game at a time or many. 
This is also the case for the impact of the optimization premium and, to a lesser degree, for the impact of hare’s relative 
riskiness. As it is not clear whether playing each game in isolation or playing several simultaneous games is more realistic 
or relevant for applications, we believe that focusing on results that are robust to the details of the experimental design is 
of importance.

22 In period 1, only 3% of the subjects choose actions that are perfectly consistent with risk dominance, in period 15 no subject does that.
23 We also considered an alternative design to test the neutrality of having subjects participate in 16 simultaneous games: have two treatments in which 

subjects participate in two different, but overlapping, subsets of the 16 games considered in the Baseline treatment. This would have allowed us to directly 
measure spillover effects across games by comparing behavior in the overlapping games. We opted for the design presented in this section as it allows a 
direct comparison of the Baseline treatment with the more standard design in which subjects participate in one game at a time.
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Fig. 7. Evolution of behavior in all treatments.

8. What explains the non-neutrality of the new design?

In this section, we investigate some possible reasons for the differences in behavior between One Game treatments and 
the two treatments with several games per period introduced in this paper (Baseline and Lottery treatments). In particular 
we consider: 1) the effect of neighboring games when they are presented simultaneously (spillover effects); 2) the effect of 
the number of possible strategies; and 3) the effect of the number of simultaneous games on the level of noise in decision 
making.

Spillover effects: Playing several simultaneous games may affect behavior due to spillover effects across games when 
played simultaneously.24 We show here that such spillover effects exist in the Baseline and Lottery, but that they cannot 
explain the observed difference in behavior with the One Game treatments.

We study the existence of spillover effects in the Baseline and Lottery treatments by using the characteristics, in terms 
of the size of the basin of attraction, of neighboring games on the screen with 16 games to explain behavior. We construct 
two measures of the characteristics of the neighbors. First, we focus on the four neighbors (left, right, top, and bottom) of 
each game and calculate their average size of the basin of attraction of stag.25 Second, we focus on the eight immediate 
neighbors surrounding the game in consideration.26

As shown in Table 8, regardless of the definition of neighbors, it is the case that the larger the average size of the basin 
of attraction of stag for the neighbors, the greater the share of subjects choosing stag. The effect is statistically significant 
for the first period but not for the last one. Note, however, that the magnitude of the effects does not decrease significantly 
as subjects gain experience.

While finding these spillover effects is of interest on it own, as it shows that behavior in coordination games may 
depend on elements beyond the payoff structure of that coordination game considered in isolation, they cannot explain 
the difference in behavior between the multiple games and one game treatments. The reason is that the two games we 
use to compare the two experimental designs do not have neighboring games in the Baseline and Lottery treatments with 
drastically different basins of attraction than their own: the average basin of attraction of the eight neighbors is 0.59 (as 
opposed to 0.6) for the game with � = 3

2 and λ = 1 and 0.34 (vs 0.385) for the game with � = 5
6 and λ = 4

3 . In fact, if we 
compute the predicted rates of stag replacing the value of the neighboring games with the basin of the actual game (thus 
nullifying the spillover effect), the effect is very modest and the predicted prevalence of stag is far below what is observed 

24 Bednar and Page (2007), Huck et al. (2011), and Bednar et al. (2012) study simultaneous spillover effects, and Cooper and Kagel (2008), Cooper and 
Kagel (2009), and Rick and Weber (2010) study sequential spillover effects, or order effects. Relatedly, Rankin et al. (2000) and Kendall (2020) study 
behavior in a sequence of different stag hunt games. Rankin et al. (2000) find a high prevalence of stag while Kendall (2020) does not. The difference may 
be due to the fact that the latter focuses on games where stag is not risk dominant while the former does not. Van Huyck and Battalio (2002) use a similar 
experimental design to study behavior in bargaining games.
25 For games on the border of the combinations of S and T , this may consist of the average of only two or three numbers.
26 For games on the border of the combinations of S and T , this may consist of the average of only three or five numbers.
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Table 8
Effect of neighbors’ size of basin of attraction on stag (marginal effects 
from probit - Baseline and Lottery).

Period 1 Period 15 Period 1 Period 15

RD (d) -0.40*** -0.93*** -0.40*** -0.94***
(0.061) (0.104) (0.063) (0.088)

RD × Basin 0.98*** 3.14*** 1.08*** 3.57***
(0.107) (1.074) (0.120) (0.988)

Not RD × Basin 0.04 -0.00 0.13* 0.27**
(0.089) (0.190) (0.067) (0.119)

4 Neighbors’ Basin 0.25*** 0.58
(0.072) (0.488)

8 Neighbors’ Basin 0.16** 0.15
(0.072) (0.408)

Observations 2240 2240 2240 2240

Marginal effects; Standard errors clustered at the session level in paren-
theses.
* p < 0.10, ** p < 0.05, *** p < 0.01.

Table 9
Five action games - row player’s payoffs.

�=3/2, λ=1 (T=45, S=30) �=5/6, λ=4/3 (T=65, S=20)

hare A B C stag
hare 60 56 53 49 45

A 53 68 64 60 56
B 45 60 75 71 68
C 38 53 68 83 79

stag 30 45 60 75 90

hare A B C stag
hare 60 61 63 64 65

A 50 68 69 70 71
B 40 58 75 76 78
C 30 48 65 83 84

stag 20 38 55 73 90

for the One Game treatment.27 While there are spillover effects, they cannot explain the difference in behavior between 
treatments with one game per period and those with several games per period.

The number of strategies: An alternative candidate to explain the observed difference between One Game and Baseline
and Lottery treatments comes from the literature on the determinants of cooperation in infinitely repeated games exper-
iments. As we pointed out in the introduction, the basin of attraction has been found to predict behavior in infinitely 
repeated prisoner’s dilemma games. Interestingly, the relation between the basin of attraction of the cooperative strategy 
and the rate of cooperation found in that literature is very similar to the one observed for stag and its basin in Baseline and 
Lottery: the prevalence of the efficient behavior is low for intermediate values of the basin of attractions—see Dal Bó and 
Fréchette (2018).

One possible factor that could explain why the relation is similar for the Baseline and Lottery treatments and infinitely 
repeated prisoner’s dilemma games, but different for the One Game treatments, is that the impact of strategic uncertainty 
may be mediated by the number of possible strategies the subject must choose from. There are an infinite number of 
possible strategies in an infinitely repeated game, and there are 162 possible combinations of choices (or strategies) in a 
period of the Baseline and Lottery treatments as a subject needs to choose between two action in 16 games. If the number 
of possible strategies affects coordination, we expect that changing the number of possible actions in a coordination game 
would affect behavior. To explore this possibility, we conduct two additional treatments using the One Game paradigm, but 
with a more complex game in that each game has five actions. Table 9 represents the payoff matrices for a game with five 
actions which extends the payoff matrix used in the One Game 3

2 &1 and One Game 5
6 & 4

3 treatments.
Our aim was to make the payoffs of the five action games as close to those of the corresponding games with 2 actions. 

As presented in Table 9, hare and stag are placed in each corner of the table so that the salience of hare and stag is only 
minimally affected.28 For these additional treatments, Five Actions 3

2 &1 and Five Actions 5
6 & 4

3 , the experimental design differs 
from that of the One Game treatments only in the different payoff matrices.

We conducted four experimental sessions for each of these two additional treatments with a total of 142 subjects. See 
Table 11 in the Appendix for the number of subjects per session and treatment. The experimental sessions lasted less than 
an hour. Subjects earned $38.56 on average, with a minimum of $17 and a maximum of $41.5, including the participation 
and the show-up fee of $10.

27 If we focus on the probit analysis presented in the second column of Table 8 (which estimates the strongest spillover effects), replacing the average 
size of the basin of attraction of the neighbors with the one from the actual game changes the predicted prevalence of stag by less than 2 percentage 
points. Moreover, the predicted prevalence is far from the observed one under the One Game treatment even if we replace the average size of the basin of 
attraction of the neighbors with the maximum one in the experiment.
28 The actions were simply described as “1” to “5” in the experiment.
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Table 10
Learning model estimates.

� = 3
2 &λ = 1 � = 5

6 &λ = 4
3

Base. One Base. One

σ 16.08 7.58 8.59 2.71
(0.103) (0.096) (0.077) (0.234)

β
Stag
0 1.36 3.78 2.79 34.67

(0.048) (0.030) (0.110) (5.151)

βHare
0 1.57 4.61 4.65 68.22

0.050 (0.055) (0.114) (8.843)

θ 0.9
(0.001)

Standard errors clustered at the session level in paren-
theses.

Fig. 7 shows the evolution of behavior in the One Game and Five Actions treatments and the corresponding games in the 
Baseline and Lottery treatments. For the games with five actions, the prevalence of stag is computed by the relative frequency 
over hare and stag.29 It is clearly the case that the additional treatments with five actions reveal a pattern of behavior that 
is similar to the one observed for the One Game treatments with two actions. This suggests that the number of possible 
strategies the subject must choose from is unlikely to be the driving force for the difference between our Baseline and One 
Game treatments.

The number of simultaneous games and noise: While the subjects must make one choice per period in the One Game
and Five Actions treatments, they must make choices in 16 games per period in the Baseline and Lottery treatments. The 
requirement to make more simultaneous choices and to absorb feedback about 16 games, rather than one, could plausibly 
increase noise in choices. To explore this possibility, we consider whether a simple belief based model that allows for 
different levels of noise can reproduce the differences observed, and show that the complexity that arises from playing 16 
simultaneous games increases noise affecting both the level and evolution of behavior.30

Belief based learning models have been estimated in the context of coordination games, see for instance Crawford (1995), 
Cheung and Friedman (1997), and Battalio et al. (2001). The specific belief based model we consider is a version of the ones 
estimated in Fréchette (2009), Dal Bó and Fréchette (2011), and Embrey et al. (2017).31 The model specifies that agents 
maximize expected utility, which is determined by material payoffs, beliefs that the other player will select each of her 
or his actions, and an unobserved idiosyncratic term. The beliefs are determined as the ratio of weights attached to each 
choice: β Stag

i,t and βHare
i,t . The unobserved idiosyncratic shock εi,t is distributed according to an extreme value distribution 

with parameter σ determining its variance. The weight on each choice updates as a function of experience. Agents put more 
weight on choices they observe other players using. Specifically, βk

i,t+1 = θβk
i,t + 1{a−i,t = k} where a is the action taken and 

θ ∈ [0, 1] controls the importance of past weights relative to the last observed choice. At one extreme, θ = 0, the model 
corresponds to Cournot learning, and the other, θ = 1, the model allows for fictitious play. Also, beliefs at any period are 
more correlated with the beliefs in the first period when the βk

i,0’s are larger.

For the estimation we use the Baseline and One Game treatment games � = 3
2 &λ = 1 and � = 5

6 &λ = 4
3 .32 The weights 

and variance of the error term are estimated separately by game and treatment. For simplicity, θ is assumed to be the same 
in both games and both treatments. Hence, 13 parameters are estimated, four estimates for β Stag

0 , βHare
0 , and σ ; and one 

for θ .
Results of the estimation are presented in Table 10. The estimated noise in decision making (σ ) is smaller in the One 

Game treatment than in the Baseline treatment for both games. This difference is jointly significant at the 10%, however, 
when doing the test for specific games, it is not significant for � = 5

6 &λ = 4
3 (and it is at the 5% level for the other). These 

estimates suggest that subjects are more responsive to expected utility when they participate in one game at a time. The 
differences in estimated β ’s on the other hand are not statistically different when considered jointly (and neither when 
considering specific games). However, the estimates are smaller in the Baseline treatment than in the One Game treatment 
for both games. As such, the estimates of the β ’s are consistent with subjects having stronger priors when participating in 
one game at a time. Furthermore, for both games, the Baseline results imply beliefs closer to 50-50 when subjects participate 
in several games simultaneously (specifically a prior on Stag of 54% and 55% in the Baseline treatment versus 63% and 66%
in the One Game treatment). Both stronger priors in the One Game treatment and priors closer to 50% in the Baseline are 
consistent with subjects expecting others to be noisier in the Baseline.

29 Only a minority of subjects chose actions besides stag and hare. The distribution of actions is shown in Figure 12 in the Appendix.
30 In the context of infinitely repeated prisoner’s dilemma, where a coordination element is present, Proto et al. (2021) show that noise plays a role in 

the evolution of play.
31 Dal Bó and Fréchette (2011) and Embrey et al. (2017) estimate parameters for each subject. Here, as in Fréchette (2009), where we have few data 

points per subject and treatment, we pool the data and account for heterogeneity by allowing for within session correlation in the error terms.
32 We do not include data from the Lottery so that we have a similar number of observations for treatments with several games per period and one game 

per period.
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Of particular interest is seeing if the estimated initial weights and noise levels can generate comparative statics similar 
to what is observed in the data across the Baseline and One Game treatments. For this we simulate the evolution of behavior 
in 100 sessions per game and treatment based on the estimated parameters reported in Table 10. Fig. 7 presents the average 
observed prevalence of stag in these simulations. As the figure makes clear, the simple model with treatment-specific noise 
and priors can capture the small increase in rates of stag in both treatments for the game in the left panel (� = 3

2 &λ = 1), 
while generating diverging trends across treatments for the game in the right panel (� = 5

6 &λ = 4
3 ). For the game in the left 

panel, the initial beliefs fall in the basin of attraction of stag for both treatments. As such it is a best response for subjects 
to play stag. Given the difference in noise across treatments, the prevalence of stag is greater for the treatment with lower 
noise (One Game) but in both treatments subjects tend to update priors in favor of stag increasing the incentives to choose 
it as they gain experience. For the game in the right panel of Fig. 7 the beliefs fall in the basin of attraction of stag for 
the One Game treatment and in the basin of attraction of hare for the Baseline treatment. In addition, behavior is closer to 
50% in the latter. The initial beliefs together with the initial distribution of behavior put the two treatments on different 
trajectories.

9. Conclusions

We use the metadata from previous experiments and data from a new experiment to study the determinants of efficient 
behavior in stag hunt games. We find that subjects do not necessarily play the efficient action (stag), stressing the impor-
tance of strategic uncertainty in stag hunt games. Consistent with that idea, we find that subjects are significantly more 
likely to choose stag when it is risk dominant. However, risk dominance leaves much variation of behavior to be explained. 
We show that other determinants of behavior help explain this variation. We find that the optimization premium and hare’s 
relative riskiness are also part of the explanation. Tightly connected with the idea that strategic uncertainty matters, we find 
that the prevalence of stag increases with the robustness of the efficient equilibrium to strategic uncertainty: as the basin 
of stag increases, the prevalence of stag tends to increase. The importance of the size of the basin of attraction as a deter-
minant of behavior is validated by exploiting within-subject variation of behavior in our new experiment. Most subjects can 
be described as following a monotonic decision rule (play stag if its basin of attraction is greater than a given number).

However, the exact relation between the size of the basin of attraction of stag and its prevalence depends on the number 
of games subjects play in a given period. For intermediate values of the size of the basin of attraction of stag, the prevalence 
of stag is higher when subjects play only one game per period than when they play 16 games simultaneously as in our 
new experimental design. We provide evidence that this difference can be explained by subjects displaying greater noise in 
decision making when they are playing several games simultaneously.

Our findings reveal a strong and stable qualitative relationship that is independent of the details of the experimental 
design: as the size of the basin of attraction of stag increases and the optimization premium decreases, subjects become 
more likely to choose the efficient action.

Appendix A. Supplementary material

Supplementary material related to this article can be found online at https://doi .org /10 .1016 /j .geb .2021.08 .010.
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