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Abstract 

This paper tests whether strategic uncertainty employs circuits in the brain that encode 
risk and utility, or circuits that are involved in Theory of Mind (ToM). We compare 
participants’ decisions in a stag-hunt game with an equivalent choice between Bernoulli 
lotteries where the probabilities are equal to the mixed Nash equilibrium of the stag hunt 
game. Behavioral data suggests that most participants are more willing to choose the 
payoff-dominant option in a stag-hunt game than the equivalent lottery. Neuroimaging 
shows activations in the regions of the brain traditionally associated with ToM are 
correlated with a participant’s propensity to choose payoff dominant while activations in 
region associated with encoding utility are correlated with a participant’s propensity to 
choose the risk dominant. This suggests that individuals who mentalize the other person 
are more likely to be cooperative than those who do not.    

Introduction:   

 The gains from cooperation are immense, but individuals often fail to take 
advantage of opportunities that require cooperation, even when it is the best option for 
both parties involved. Why some individuals are able to profit from these activities while 
others do not has been a riddle for economists. Although both laboratory and field 
experiments have been conducted with cooperative games, the behavior of participants 
does not reveal the motivations behind the cooperation. By using brain imaging to open 
the “black box” of the brain, we can further our understanding of cooperation and, more 
importantly, why it fails.     

Rousseau’s stag hunt story warns us that cooperation can fail, even when it is in 
our best interest. In his story, two hunters set out to hunt a deer. Each man must take 
and keep a post in order to capture a deer. While one hunter is manning his post, a hare 
passes in front of him. At this point the hunter is faced with a decision: continue to man 
his post or attempt to chase the hare. Both hunters would rather have the deer than the 
hare; the deer provides the greatest amount of food for both hunters. The only reason 
for the hunter to chase the hare is if he believes the other has abandoned his post in an 



 

 

attempt to capture smaller game. In other words, if one hunter fears that the other will 
chase a hare that runs across his path, then it is in his best interest to also chase a hare 
(Skyrms 2001). 

What is puzzling in Rousseau’s story, which is the inspiration behind the stag 
hunt game, is there is no payoff incentive for either party to be uncooperative. Unlike the 
prisoner’s dilemma game, in which it is profitable to be uncooperative; uncooperative 
behavior in the stag hunt game is a consequence of mistrusting the other player’s 
motivations. Cooperating in the hunt for the stag has the greatest payoff, both socially 
and individually; but the mistrust of each other’s motives leads the players to forgo the 
optimal outcome in return for a sure outcome. This kind of uncertainty of the other 
player’s choice is considered strategic uncertainty, and has been a topic of interest to 
theorists and experimentalists alike (Harsanyi & Selten 1988; Van Huyck et al. 1997). 

In game theory, the stag hunt game is a simultaneous game with complete 
information that can be expressed in matrix form (figure 1a), where (stag,stag) and 
(hare,hare) are both Nash equilibria in pure strategies. One of these equilibria (stag, 
stag) is preferred or payoff dominant, which means that both players are better off if this 
equilibrium is reached as compared with the alternative.  In addition, there is an 
equilibrium in mixed strategies.  Behaviorally, since the game has multiple solutions, 
and the payoff structure of the game does not provide a clear prediction of players’ 
behavior, game theorists have resorted to a mixed Nash equilibrium to resolve the 
ambiguity. However, both economists and game theorists argue that the mixed Nash 
equilibrium’s assumptions of human behavior are impractical due to its reliance on 
individuals’ ability to randomize (Radner & Rosenthal 1982; Aumann 1987; Van Huyck 
et al. 1997; Rubinstein 1991). With respect to the pure strategy equilibria, one would 
expect that rational players would choose the payoff dominant equilibrium (stag, stag), 
yet this choice is risky. Indeed, Harsanyi and Selten (1988) introduced an alternative 
solution, the risk dominant, which in the context of the above game would be (hare, 
hare).  

 The payoff dominant equilibrium expresses a player’s desire to maximize his 
payoffs. Since (stag, stag) has the greatest payoff, players who seek to maximize their 
own payoff will attempt to coordinate on the (stag, stag) Nash equilibrium. The risk 
dominant equilibrium expresses a player’s desire to play it safe or minimize the cost of 
failing to coordinate on one of the two Nash equilibria.  Consider the game in Figure 1. 
The payoffs are such that A>C≥D>B and a>c≥d>b.  If the column player unilaterally 
chose to move from (stag, stag), the row player would pay a greater opportunity cost 
than if he were to unilaterally move from (hare, hare). As such, the cost of failing to 
coordinate on (stag, stag) is greater than the cost for failure to coordinate on (hare, 
hare). If a player is unsure of the other player’s motives, he risks less by choosing hare 
than by choosing stag. Therefore, the hare option is the risk dominant equilibrium.  



 

 

 The choice of risk dominance over payoff dominance is attributed to strategic 
uncertainty, but it is unclear if strategic uncertainty is a matter of risk preferences or 
strategic mistrust of the other player’s actions. Straub (1995) has argued the strategic 
uncertainty is strictly different from risk preferences, but it is possible that players 
convert the uncertainty of the other player’s decision into a game against nature or a 
lottery. If this is the case, the mechanisms used by individuals to evaluate random 
events can be applied to games with strategic uncertainty.   

 Although there are several experimental studies of the stag hunt game (Van 
Huyck et al. 1997; Straub 1995; Rankin et al. 2000; Battalio 2001) behavioral data 
cannot determine which mechanism individuals use to evaluate the game. In this 
situation, neuroscience can help resolve the question. By observing which parts of the 
brain are active during a decision, we can determine which mechanism an individual 
employs to make this type of decision. 

Neuroscientists have argued that there are innate cognitive mechanisms that 
facilitate prediction of others’ actions (Baron�Cohen 1989; Corcoran et al. 1995) 
Commonly known as the theory of mind (ToM), these mechanisms help individuals to 
create a mental model of another person. With this mental model, an individual can 
perceive a situation from the point-of-view of another person, whether she is involved in 
a strategic game or a false belief task. False belief tasks and economic game 
experiments have shown that several regions of the brain are commonly involved in 
mentalizing another person. These areas include the medial prefrontal cortex (MPFC), 
superior temporal sulcus (STS), temporal poles, fusiform gyrus, and both the anterior 
cingulate cortex (ACC) and the posterior cingulate cortex (PCC) (Vogeley et al. 2001; 
McCabe et al. 2001; Gallagher & Frith 2003; Rilling et al. 2004; Völlm et al. 2006; 
Tomlin et al. 2006) Autism research has also implicated the fusiform gyrus, in particular 
the fusiform face area (FFA), as part of the system used to mentalize others (Schultz et 
al. 2003; Dalton et al. 2005; Gobbini et al. 2011).  

 Other studies have shown that the encoding of risk and utility is regional as well. 
The ventral striatum has been shown to encode the magnitude of a monetary reward in 
both random and non-random outcome experiments (Breiter et al. 2001; B Knutson et 
al. 2001; O’Doherty et al. 2004; Abler et al. 2006). When varying the probability of an 
outcome, the ventral striatum also encodes the likelihood of a particular outcome 
occurring (Kuhnen & Knutson 2005; Dreher et al. 2006; Abler et al. 2006). These results 
are generalizable to primary rewards, such as food (Pagnoni et al. 2002; McClure et al. 
2003). Similarly, the VMPFC has been implicated in encoding the magnitude of random 
events when a reward was given, but was unexpected (B Knutson et al. 2001; Ramnani 
and Owen 2004).    



 

 

From these prior neuroimaging studies, we hypothesize that if a player of the 
stag-hunt game is using a mental model of the other person to make her decision, then 
the ToM regions should be active while playing the game.  On the other hand, if she 
processes strategic uncertainty as random events, then we hypothesize that circuits in 
the brain that are traditionally associated with evaluating risk and utility will be active 
(ventral striatum and VMPFC).. To determine which mechanisms are employed in the 
stag-hunt, we designed an experiment which compares decisions made in the stag-hunt 
game with those made in an equivalent gamble. Using functional magnetic resonance 
imaging (fMRI) we tested if the ToM regions are more active in the stag-hunt game than 
in an equivalent gamble, or whether risk and utility regions are more active. 

Methods: 

Game: 

To study how the brain processes strategic uncertainty and risk1, we developed 
an experiment where participants make decisions in strategic games and comparable 
gambles. In the stag-hunt game, players are faced with a payoff dominant choice and 
risk dominant choice. In the payoff dominant choice, the player can maximize his 
earnings if their partner coordinates with them, but they receive the lowest payoff 
otherwise. In the risk dominant choice, the player receives less than the maximum of 
the payoff dominant choice, but receives more than the worst outcome regardless of 
their partner’s decision. If the player trusts their partner to coordinate with them, then 
her best option is to choose the payoff dominant option. If she is unsure of the partner, 
then her best option is to choose the risk dominant option. Unlike the prisoner’s 
dilemma game, there is no direct incentive not to choose payoff dominant.  Thus, the 
choice of risk dominant must be related to a player’s uncertainty of the other player’s 
choice.   

In these gambles the players faced the exact same payoffs as in the stag-hunt 
game, but the outcome of their decisions was determined by a random draw, not 
another person’s choice.  

Treatments: 

We used a 2 x 2 factorial design. In the first factor, the participant was either 
playing a strategic game (S) or a lottery (L) with the same payoffs for each possible 
outcome. In strategic treatments, the participants were shown a standard normal-form 
game matrix (figure 1b). In the matrix, the participant’s payoffs were the values to the 
left of the comma within each cell (A), while the other player’s value was to the right of 

                                                            
1 Risk as defined in Knight (1921) 



 

 

Figure 1

Figure 1.  A: Standard normal-form stag-hunt game where A>C≥D>B and 
a>c≥d>b. Blue circles indicate the Nash equilibria. B: Game matrices 
presented in each treatment. The probabilities (p) in lottery treatment are 
the mixed Nash equilibrium probabilities from the equivalent strategic 
treatment. Note that the strategic treatment can invoke ToM networks, risk 
and utility circuits, or both; while the lottery only invokes the risk and utility 
circuits. C: Screen shots of game played in scanner. Jitter was a blank 
screen present for 2-6 seconds uniformly distributed. Decision screen 
lasted until the subject responded. The review screen, which highlights the 
decision, had a duration of 2 seconds.  

the comma (a). The participant was always player 1 and had the choice of Up or Down. 
The player 2’s decisions were registered by another participant before the experiment 
began.  

In the lottery treatments, participants could choose between two lotteries, rather 
than playing a strategic game. The lotteries were displayed as a matrix with an up or 

down decision (figure 
1b). The Up decision 
was a lottery with 
outcomes A or B and 
the Down decision 
was a lottery with 
outcomes C or D. The 
probability of each 
outcome was 
displayed at the top of 
the columns. These 
probabilities were 
based on the mixed 
Nash equilibrium 
probabilities from the 
equivalent strategic-
game matrix. The 
outcome of the 
chosen lottery was 
determined by dice at 
the end of the 
experiment. 

The second 
factor was whether 
the participant was 
provided with all the 
information regarding 
the other player’s 
payoffs. When there 

was full information (F), participants were given the payoffs of the other player in the 
strategic treatment and the probabilities of each outcome in the lottery treatment (Figure 
1b). When there was missing information (M), a “?” was substituted for the payoffs of 
the other player in each cell during the strategic treatment or the probabilities at the top 
of the column in the lottery treatment.  



 

 

In total there were 4 treatments: strategic game with full information (SxF), 
strategic game with missing information (SxM), lottery with full information (LxF), and 
lottery with missing information (LxM). Each treatment contained the same 56 game 
matrices. Within a treatment, we varied payoff incentives.  That is, we tried to make the 
payoff-dominant and risk-dominant more attractive in some trials and less attractive in 
others.  In addition, we included both symmetric and asymmetric payoffs, and varied 
matrices with respect to the mixed Nash equilibrium probabilities. We varied the 
matrices to ensure the robustness of our findings. 

Procedures: 

We recruited 30 participants from Emory University (M: 12 F: 18 age: 18-58). 
Each participant provided written consent and was given written instructions with a 
verbal overview. Participants had an opportunity to practice the task with the input 
device2 while in the scanner.  

Following the practice, participants completed 4 runs, each consisting of 56 trials. 
In each run, there were 8 blocks of 7 trials. All trials within a block had the same 
treatment. Each block of a particular treatment was repeated twice per run and each 
treatment block was separated with a block of another treatment. This ensured that the 
observations were balanced in each run.  Each game matrix was repeated in each of 
the treatments, but each matrix was only displayed once per run.   

In each trial, there were three phases. The first phase displayed the game matrix 
to the participant (Figure 1c). The participant was then given the option to choose up or 
down. Payoff dominant and risk dominant choices rotated such that the Up choice was 
not always payoff dominant and the Down choice was not always risk dominant. In the 
second phase, once the participant had made her decision, the row of her choice was 
highlighted for 2 seconds (Figure 1c). In the third phase, a blank screen was shown for 
a length of time between 2-6 seconds randomly chosen from a uniform distribution. 
Following the jitter screen, the next trial began.  

Once all runs were completed, participants were randomly assigned one of the 
trials for which they were paid. Dice were used to randomly select the trial for which the 
participant is paid. If the trial was strategic, participant’s choices were compared with a 
set of preregistered decisions and the participant was paid based on the matrix of both 
players’ decisions. If the trial was a lottery, the participant rolled a die to determine 
which of the two outcomes they received.  

fMRI data acquisition and analysis:   

                                                            
2 Standard 4‐button box  



 

 

Functional imaging was performed with a Siemens 3 T Trio whole-body scanner.  
T1-weighted structural images (TR = 2600 ms, TE = 3.02 ms, flip angle = 8°, 240 × 256 
matrix, 176 sagittal slices, 1 mm3 voxel size) were acquired for each subject prior to the 
four experimental runs.  For each experimental run, T2*-weighted images using an 
echo-planar imaging sequence were acquired, which show blood oxygen level-
dependent (BOLD) responses (echo-planar imaging, TR = 2000 ms, TE = 30 ms, flip 
angle = 73°, FOV = 192 mm × 192 mm, 64 × 64 matrix, 33 3.5-mm thick axial slices, 
and 3 x 3 x 3.5 mm voxels). 

fMRI data were analyzed using SPM8.  Data were subjected to standard 
preprocessing, including motion correction, slice timing correction, normalization to an 
MNI template brain, and smoothing using an isotropic Gaussian kernel (full-width half-
maximum = 8 mm). A standard 2-stage random-effects regression model was used for 
statistical inference.  

To test the hypothesis that a strategically uncertain game employs ToM regions 
of the brain, we first separated the payoff and risk dominant decisions into different 
imaging models. By separating the decisions, we avoided the issue of missing 
observations in particular treatments. In the first imaging model, which we call the payoff 
dominant model, trials were categorized into separate conditions for each of the four 
treatments in which the participant made the payoff dominant decision. A nuisance 
regressor for all risk dominant decisions, regardless of treatment, was added to account 
for the remaining decisions. 

In the second model, which we call the risk dominant model, was based on a 
similar structure as the first. Instead of categorizing trials when the participants chose 
payoff dominant, the trials were sorted into the four treatment conditions when the risk 
dominant choice was made. Similarly, the nuisance regressor in the second model was 
for all payoff dominant decisions regardless of treatment.  

Each trial began when the participant was shown the game matrix and ended 
when they completed their decision. Task regressors were convolved with a standard 
canonical hemodynamic response function.  Six motion regressors were added to 
compensate for participant movement: 3 position and 3 rotation variables. The task 
regressors, modulated regressors, and motion variables along with a constant were 
generated for each run. Runs with missing observations were removed from the model. 
None of the runs were removed from the payoff-dominant model, while 6 of the runs 
were removed from the risk-dominant model. 



 

 

Figure 2

Figure 2.  Box plot of the number of times payoff dominant is chosen 
by each participant by treatment. Sample size is 30 participants. T-
test shows that LxF, SxM, and LxM treatments are statistically the 
same (p<0.05). SxF treatment is statistically different from all others 
(p<0.05). 

In order to absorb within-subject variation due to matrix-specific incentives, each 
condition was modulated3 by a payoff-index. The index was based on the matrix 
payoffs, which reflected the relative incentives to choose the payoff dominant option. 

The index was a modified Nash product for a normal form game: . Since there 

were no payoffs for the other player in the lottery treatments, we removed the elements 
of the equation that are part of the other player’s payoffs.  

To test the hypothesis that ToM underlies coordination, we used predefined ROIs 
for the following regions:  ACC, PCC, STS, temporal poles, mPFC, and fusiform gyrus.  
To test the alternative hypothesis that strategic uncertainty is processed similarly to risk, 
we used predefined ROIs in the ventral striatum and vmPFC.  Regions were defined 
based on the Wake Forest University pickatlas.  We extracted regression coefficients in 
each ROI for both the payoff dominant model and the risk dominant model.  

Results:  

 We begin by 
examining participant’s 
preference for the payoff 
dominant choice in the 
four treatments. On 
average, participants in 
the SxF treatment chose 
payoff dominant option 44 
out of 56 different 
matrices. This was 
significantly larger than the 
other three treatments, 
which had averages 
almost half that of the SxF 
treatment (figure 2). LxF, 
SxM, and LxM were 

statistically 
indistinguishable from 
each other. Although most 
participants showed a 
stronger preference for the 

payoff dominant choice in the SxF treatment than the other, there were individuals who 
did not differentiate between treatments or differentiated differently across treatments.  
                                                            
3 See Rajapakse et al. 1998 for explanation of statistical methodology. 



 

 

Table 1

Table of Pearson correlations between a participant’s change in 
activations for each region of interest (ROI) and the change in their 
behavior. The payoff dominant model (PF), on the left, correlates the 
change in activations for each region during a payoff dominant 
decision with the change in the number of times the participant 
chose the payoff dominant option. The risk dominant model (RD), on 
the right, correlates the change in activations for each region during 
a risk dominant decision with the change in the number of times a 
participant chose the risk dominant option. Change in activations 
were calculated by extracting the beta values from the ROI in the 
strategic with full information > lottery with full information (SxF-LxF) 
contrast. Change in behavior was calculated from the difference in 
the number of payoff dominant (risk dominant) decisions made in the 
strategic full information (SxF) treatment and those made in a lottery 
with full information (LxF) treatment.  

 The extent to which a participant differentiates between the treatments may be 
indicative of how they view the other player. Those who showed no behavioral change 
between the strategic and lottery treatments (i.e., the number of times they chose payoff 
dominant was the same in both treatments) may not have differentiated between the 
two types of decisions. If this were the case, it is likely that there would be no difference 
between how the brain processes strategic uncertainty in a game and a lottery, and the 
participant viewed the strategically uncertain game as a lottery. On the other hand, if an 
individual behaved markedly different in each treatment (i.e., there was a large 
difference between the strategic and lottery treatments in the number of times payoff 
dominant was chosen) then it is more likely there would be differences in brain activity 
between the two treatments, and the participant viewed the other person as something 
different than a lottery.  

Imaging Results: 

Due to the lack of 
statistical difference in the 
behavioral data between 
the LxF, LxM, and SxM, we 
restricted our analysis of 
the brain images to the 
differences between SxF 
and LxF, which had 
significant behavioral 
differences.  When we 
extracted the regression 
coefficients for the 
predefined ROIs, we found 
that, on average, none of 
the regions had significantly 
different activations 
between the two treatments 
for either the payoff- or risk-
dominant models. 
However, as noted above, 
it is unlikely that all 
participants viewed the 
other player the same.  

The heterogeneity of 
behavior between the 



 

 

participants could have been due to differences in brain mechanisms used during the 
task. For example, those who chose payoff dominant more often in the strategic than 
lottery treatments would be expected to show greater activity in strategic treatments 
when compared to participants who did not show any behavioral differences across 
these treatments. Any regions showing this pattern would be likely candidates for 
mediating the processing of strategic uncertainty differently than risk. Therefore, if the 
difference between activations in the strategic and lottery treatments in ToM regions is 
correlated with the difference between treatments in frequency of payoff dominant 
choices, i.e. the number of times payoff dominant is chosen, then it is likely that ToM 
regions are being employed when a payoff dominant decision is made.      

When we examined the differences in number of times a participant chose the 
payoff dominant option in SxF and the LxF treatment in the payoff dominant model, we 
found that four of the seven ToM regions correlated with the behavior. Using Pearson 
correlations, we found that PCC and the fusiform gyrus were the most significantly 
correlated with behavior (Figure 4). The ACC and the STS were weakly, but significantly 
correlated as well. None of the risk and utility regions were correlated with the 
subjectwise differences in behavior in the payoff-dominant model.   

 We repeated this analysis for the risk dominant model, but instead of using the 
difference in payoff dominant choices, we used the differences in risk dominant choices 
between the SxF and LxF treatment. In this case, none of the ToM regions correlated 
with behavior, but one of the risk and utility regions, the ventral striatum, was 
significantly correlated with behavior (Figure 3).  



 

 

We explored several alternative models. This included a model which pooled 
both payoff dominant and risk dominant decisions into the task variable. This model 
yielded significant activations, but failed to show significant correlations with behavior. 
We also developed a single model with a separate regressor for treatment and choice. 
For example, the SxF payoff dominant regressor and the SxF risk dominant regressor 
were used in the same model, but due to too many missing observations, this model 
had insufficient power. We explored all models without the index modulator, but none of 
the ROIs showed signficant effects, likely due to the variability of matrix specific 

incentives. 

 

Figure 3 

Figure 3.  Scatter plots of change in behavior (x axis) and the change in activations (y axis). Change in 
behavior  is the difference  in the number of time payoff dominant (PD)  is chosen  in the strategic with 
full  information  (SxF)  treatment  and  the  lottery  with  full  information  (LxF)  treatment.  Change  in 
activations are the regression coefficients from the ROI of the payoff dominant model in the strategic 
with  full  information >  lottery with  full  information  constrast  (SxF‐LxF). ROI mask used  in extracting 
coefficients, to the left of scatter plot, with aggregate activation of all participants. A: Plots of posterior 
cingulate cortex  (PCC), top  left, and the fusiform, bottom  left. Both curves had a Pearson correlation 
coefficient  greater  than  0.60  (see  figure  3)  and  are  significant  (p<0.001).  Correction  for  multiple 
comparisons  (bonferroni, n=8) did not  change  the  significance. B: Plots of  anterior  cingulate  cortex 
(ACC), top right, and superior temperal sulcus (STS), bottom right. Both curves have a Pearson correlate 
greater than 0.40 (see figure 3) and are significant (p<0.05). When correcting for multiple comparisons 
(bonferroni, n=8), STS was no longer statistically significant. 



 

 

Discussion: 

 The present study seeks to explain the motivations behind a risk dominant 
decision in a strategically uncertain game where the optimal outcome for both players is 
the payoff dominant choice. As other behavioral experiments have shown (Straub 
1995), we found that participants played a mixture of risk and payoff dominant decisions 
in a stag-hunt game. In comparison, participants were more likely to choose risk 
dominant in a choice between Bernoulli lotteries with payoffs and probabilities 
equivalent to a stag-hunt game. Moreover, when the payoffs of the other player were 
hidden, participants were equally likely to choose the payoff dominant option as the 
lottery, which was significantly less than the stag-hunt with payoffs. Our behavioral data 
suggests that the choice of payoff dominant in a stag-hunt game is more than a decision 
of risk and utility. In addition, the payoffs of the other player are necessary to increase 
payoff dominant decisions, which suggest that participants are using the payoffs to 
generate a prediction of the other player’s actions.      

To help explain the behavioral differences between the stag-hunt game and the 
lottery, we examined the difference between fMRI activation during a stag-hunt game 
and lottery decision, both with full information. When participants made payoff dominant 
decisions, we found that activations in four of the six regions associated with Theory of 
Mind (ToM) functions were correlated with a participant’s propensity to choose payoff 
dominant, while none of the risk and utility regions correlated with behavior. The 
increased activation in these four regions: ACC, PCC, STS, and fusiform; suggest that 
participants who mentalize the other player are more likely to attempt to coordinate on 
the higher-payoff, higher-risk equilibrium. When participants made a risk dominant 
decision, we found that none of the ToM regions were correlated with a participant’s 
propensity to choose risk dominant, but activations in the ventral striatum, which is 
associated with encoding value, was correlated with this behavior.  

 Even though a majority of ToM regions were correlated with behavior, the 
temporal poles and MPRC were not. The lack of significance in the temporal poles, can 
be explained by the design of the experiment. Galloghar and Firth (2003) have argued 
that the temporal poles are primarily for recognition and recall of an individual. Since the 
experiment used an anonymous partner and provided no feedback after each trial, there 
was no need for recognition or recall. The lack of significance in the MPFC, which is the 
most consistently activated during ToM tasks (Carrington & Bailey 2009), is more 
puzzling. However, there is evidence that the MPFC is equally employed in a lottery 
(Wu et al. 2011). 



 

 

 Although we found significance in the STS for the payoff dominant model and the 
ventral striatum for the risk dominant model, they were relatively weak (p<0.05, 
uncorrected for multiple comparisons). When we corrected for multiple comparisons4, 
these regions were no longer significant, but the ACC, PCC, and the fusiform gyrus 
remained significant in the payoff dominant model. Nevertheless, the disparate sorting 
of the regions into their hypothesized category at lower criteria for significance suggests 
the validity of the uncorrected tests, even for the STS and ventral striatum. For example, 
none of the ToM regions were significant in the risk dominant model, and none of the 
risk and utility regions were significant in the payoff dominant model. Moreover, all other 
treatment contrasts did not yield significant (p<0.05) correlations between activations 
and behavior for either model. Therefore, the failure of those regions to survive a 
multiple comparison test is more likely an effect of a limited sample size, rather than a 
false positive in the uncorrected tests. 

 Our initial hypothesis was that if individuals in strategically uncertain games see 
the other player as a person, ToM regions should be correlated with the presence of the 
other player. Although we found that behavior is correlated with activations in these 
regions, this connection only emerged when accounting for the heterogeneity of 
participants. The continuum of greater preferences for payoff dominant in a strategic 
game over a lottery suggests that it is specific to the individualand may not be 
generalizable to every person.  

 It is also possible that the increase in frequency of choosing payoff dominant was 
a reflection of increased activation in the ToM regions. Just as Knutson et al. (2008) 
found that stimulating the nucleus accumbens in males increased their preference for 
risk, stimulating the ToM regions my also increase an individual’s propensity to choose 
the payoff dominant option. As such, activities and treatments that promote mentalizing 
the other player may help to increase cooperative behavior.   

 The findings that activation in ToM region was correlated with a propensity to 
choose payoff dominant have particular implications in economic development as well. 
Since the choice of risk dominant is both an individual and socially inferior solution, 
there are Pareto improvements when individuals prefer the choice of payoff dominant 
(Harsanyi & Selten 1988). The results of our experiment suggest that mentalizing the 
other player is an important part of the decision to choose the payoff dominant option. 
As such, activities which stimulate mentalizing others can lead to Pareto improvements 
in the economy as a whole. 

                                                            
4 Bonferroni correction with n=8 for both the payoff dominant model and the risk dominant model. Significance 
threshold of 0.05 becomes 0.006.  



 

 

An example of such Pareto improvements can be found in bargaining. In legal 
arbitration, all parties are better off if a deal can be struck outside the formal legal 
system. If one party mistrusts the other, then he is better off hiring a lawyer rather than 
risking inadequate representation. Much like the stag hunt, both parties would like to 
bargain outside of the legal system, but mistrust make bargaining outside the legal 
system difficult (Baird et al. 1998). Face to face meetings, which will help both parties 
mentalize the other, may be an important tool for facilitating an agreement outside the 
law. Therefore, requiring a plaintiff to have face to face meetings with defendants my 
reduce the need for trials and demand for court resources.     

 It is possible to argue from these findings that societies who view the economy 
as a set of personal interactions should have higher productivity and wealth than 
societies that view the economy as a set of gambles. Such an argument creates a 
conundrum: why do the formal, impersonal institutions of the West outperform the 
informal, personal institutions elsewhere (North 1981; Greif 2006)? The framework of a 
two person game limits the generalization to bilateral interaction and should not be 
applied to societal interaction. N-person stag hunt games, or threshold games, are more 
suitable for describing societal interaction. As such, future research of more social 
assurance games will help to resolve such a question.  
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