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The methodological question being addressed 

Social interaction and its underlying roots in social cognition are thought to be disrupted 

in a variety of psychiatric conditions, including Autism Spectrum Disorder. Adaptive 

cooperation and the underlying theory of mind abilities that enable it may be particularly 

critical, but quantitative measures in this area are still in their infancy. Here we use 

computational methods (namely, Monte Carlo simulation) to characterize a classic 

neuroeconomic paradigm, the coordination game, to understand whether such 

assessments may be suitable for deployment into clinical trials. Our results indicate that 

the coordination game may offer promise for clinical trials relevant to social cognition, 

insofar as a recursive reasoning-based analysis of coordination game behavior analysis 

can be highly sensitive to longitudinal changes in theory of mind. 

Introduction 

To participate in adaptive social interactions, individuals must be capable of inferring others’ 

goals based on observed behavior. This ability, often termed Theory of Mind, is impaired in 

conditions like Autism Spectrum Disorder (ASD) and may be an appealing intervention target. 

One emerging method to quantify theory of mind as a function of intervention involves the use of 

a classic neuroeconomic game: the coordination game (Skyrms, 2004). In this game, each 

player must decide whether to cooperate for a high payoff or to defect for a lower payoff.  

Intriguingly, coordination game behavior is altered by the administration of the autism-relevant 

neuropeptide vasopressin (Brunnlieb et al 2016), and behavior in this game differs as a function 

of autism diagnosis (Yoshida et al 2010) and autistic traits (Craig et al 2017). However, the 

sensitivity of current methods to changes in game behavior over time remains unknown. 

Methods 

We implemented an iterated matrix version of the classic neuroeconomic coordination game 

(Skyrms, 2004). In our implementation, which we call “Treasure Hunt,” the position of both the 



large reward (the treasure) and the small rewards (the coins) remain fixed on a 5×5 board (as in 

Craig et al. 2017). We deployed two different recursive learning agents to this game, to 

investigate their ability to detect changes in coordination behavior (Craig et al, Yoshida et al. 

2008). Whereas the “ToMPlan” agent (Craig et al. 2017) uses reinforcement learning to train an 

Actor-Critic -like model on the value associated with every possible action-state pair in the 

game, the alternative “k-ToM” agent (Yoshida et al 2010) learns only the sophistication level of 

the opponent by leveraging pre-computed value tables for multiple levels of sophistication (k). 

We evaluated the agents’ abilities to properly estimate the strategy of an opponent and changes 

in that strategy over time.  

Results 

Our simulations show the “k-ToM” agent correctly predicts the strategy order of an opponent 

82.5% of times after only 10 games played. Negative changes in strategy order are predicted 

correctly at 90% after ~25 games. Positive changes are slightly harder to detect, with 40 games 

being needed to correctly identify the change 85% of times. In contrast, the ToMPlan agent 

needs up to 400 games to learn both the behaviour of an opponent and to detect changes in 

behaviour. 

Conclusion 

Computer simulations show that it is possible to use the Treasure Hunt game with a learning 

agent to estimate cooperative behaviour and to estimate change of cooperative behaviour of a 

participant. In addition, our results show that the Yoshida “k-ToM” agent is more suitable to 

detect changes in behaviour as it requires fewer games to be played to adapt to the participant’s 

strategy.  The task is now being deployed as a smartphone assessment, using the k-ToM agent, 

into clinical trials of ASD to determine the feasibility of this approach for the remote assessment 

of theory of mind abilities. 
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