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                    Abstract
Game theory is a formal approach to behavior that focuses on the strategic aspect of situations. The game theoretic approach originates in economics but has been embraced by scholars across disciplines, including many philosophers and biologists. This approach has an important weakness: the strategic aspect of a situation, which is its defining quality in game theory, is often not its most salient quality in human (or animal) cognition. Evidence from a wide range of experiments highlights this shortcoming. Previous theoretical and empirical work has sought to address this weakness by considering learning across an ensemble of multiple games simultaneously. Here we extend this framework, incorporating artificial neural networks, to allow for an investigation of the interaction between the perceptual and functional similarity of the games composing the larger ensemble. Using this framework, we conduct a theoretical investigation of a population that encounters both stag hunts and prisoner’s dilemmas, two situations that are strategically different but which may or may not be perceptually similar.
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                    Notes
	These assumptions are also relaxed by the consideration of games of incomplete information, which we will discuss later.


	The choice of 10 features is a balance between a desire for gradations in perceptual similarity, requiring more features, and a desire for agents with smaller neural networks and hence less computational cost for simulations. Although binary and real valued features are both compatible with artificial neural networks, we have chosen binary perceptual features here as they are readily interpretable either at the lowest sensory level as the spiking of a single sensory neuron, or at a more complex cognitive level as the presence or absence of some learned perceptual feature. Such high level features might be, for example, whether a green light is on, whether a con-specific is present, or whether someone has mentioned the word risk in recent conversation.


	The selection of this cooling regime is critical to the results of these simulations. This particular regime was chosen as roughly the quickest cool-down that still allowed for some discrimination in the case where perceptual similarity as created by method 3 and where there are an equal number of stag hunts and prisoner’s dilemmas in the environment. A quicker cooling rate entails less exploration and hence less discrimination, whereas a slower cooling rate entails more exploration and hence more discrimination. The particular choice of cooling regime is unimportant for the demonstration of our point that perceptual similarity is important in determining the outcomes of learning in a multi game environments.


	The intermediate level of cooperation observed when 0.3 of the games encountered are prisoner’s dilemmas is the result of the population converging on always cooperating in some simulations, and converging on always cooperating in other simulations. This is to be expected. When 0.3 of the games encountered are prisoner’s dilemmas and initially the population plays cooperate and defect with equal probability, the expected value of playing cooperate and defect are very close, 1.5 and 1.45 respectively, making these particular simulations very sensitive to initial stochasticity.





References
	Axelrod, R., & Hamilton, W. D. (1981). The evolution of cooperation. Science, 211(4489), 1390–1396.
Article 
    
                    Google Scholar 
                

	Bednar, J., & Page, S. (2007). Can game (s) theory explain culture? the emergence of cultural behavior within multiple games. Rationality and Society, 19(1), 65–97.
Article 
    
                    Google Scholar 
                

	Binmore, K. (2005). Natural justice. Oxford, USA: Oxford University Press.
Book 
    
                    Google Scholar 
                

	Brewer, M., & Kramer, R. (1986). Choice behavior in social dilemmas: Effects of social identity, group size, and decision framing. Journal of personality and social psychology, 50(3), 543.
Article 
    
                    Google Scholar 
                

	Cason, T. N., Savikhin, A., & Sheremeta, R. M. (2012). Behavioural spillovers in coordination games. European Economic Review, 56, 233–245.
Article 
    
                    Google Scholar 
                

	Cronk, L. (2007). The influence of cultural framing on play in the trust game: A maasai example. Evolution and Human Behavior, 28(5), 352–358.
Article 
    
                    Google Scholar 
                

	Enquist, M., Arak, A., Ghirlanda, S., & Wachtmeister, C.-A. (2002). Spectacular phenomena and limits to rationality in genetic and cultural evolution. Philosophical Transactions of the Royal Society of London Series B, 357(1427), 1585–1594.
Article 
    
                    Google Scholar 
                

	Enquist, M., & Ghirlanda, S. (2005). Neural networks and animal behavior. Princeton: Princeton University Press.

                    Google Scholar 
                

	Enquist, M., Hurd, P., & Ghirlanda, S. (2010). Signaling. In F. David & C. W. F. Westneat (Eds.), Evolutionary behavioral ecology (pp. 266–284). Oxford: Oxford University Press.

                    Google Scholar 
                

	Eriksson, K., & Strimling, P. (2010). The devil is in the details: Incorrect intuitions in optimal search. Journal of Economic Behavior Organization, 75(2), 338–347.
Article 
    
                    Google Scholar 
                

	Fudenberg, D., & Levine, D. K. (1998). The theory of learning in games. Massachusetts: MIT Press.

                    Google Scholar 
                

	Gale, J., Binmore, K. G., & Samuelson, L. (1995). Learning to be imperfect: The ultimatum game. Games and Economic Behavior, 8(1), 56–90.
Article 
    
                    Google Scholar 
                

	Ghirlanda, S., & Enquist, M. (2003). A century of generalization. Animal Behaviour, 66(1), 15–36.
Article 
    
                    Google Scholar 
                

	Gick, M., & Holyoak, K. (1980). Analogical problem solving. Cognitive Psychology, 12(3), 306–355.
Article 
    
                    Google Scholar 
                

	Grafen, A. (1984). Natural selection, kin selection and group selection. Behavioural ecology: An evolutionary approach, 2.

	Grimm, V., & Mengel, F. (2012). An experiment on learning in a multiple games environment. Journal of Economic Theory, 147(6), 2220–2259.
Article 
    
                    Google Scholar 
                

	Hamilton, W. D. (1963). The evolution of altruistic behavior. American Naturalist, 97(896), 354–356.
Article 
    
                    Google Scholar 
                

	Harsanyi, J. C. (1967). Games with incomplete information played by bayesian players, I–III part I. The basic model. Management science, 14(3), 159–182.
Article 
    
                    Google Scholar 
                

	Harsanyi, J. C. (1968a). Games with incomplete information played by bayesian players part II. Bayesian equilibrium points. Management Science, 14(5), 320–334.
Article 
    
                    Google Scholar 
                

	Harsanyi, J. C. (1968b). Games with incomplete information played by’bayesian’players, part III. The basic probability distribution of the game. Management Science, 14(7), 486–502.
Article 
    
                    Google Scholar 
                

	Henrich, J., Boyd, R., Bowles, S., Camerer, C., Fehr, E., Gintis, H., & McElreath, R. (2001). In search of homo economicus: Behavioral experiments in 15 small-scale societies. American Economic Review, p. 73–78.

	Hofbauer, J., & Sigmund, K. (2003). Evolutionary game dynamics. Bulletin of the American Mathematical Society, 40(4), 479–519.
Article 
    
                    Google Scholar 
                

	Huck, S., Jehiel, P., & Rutter, T. (2011). Feedback spillover and analogy-based expectations: A multi-game experiment. Games and Economic Behavior, 71(2), 351–365.
Article 
    
                    Google Scholar 
                

	Jäger, G. (2007). The evolution of convex categories. Linguistics and Philosophy, 30(5), 551–564.
Article 
    
                    Google Scholar 
                

	Levin, I. P., Schneider, S. L., & Gaeth, G. J. (1998). All frames are not created equal: A typology and critical analysis of framing effects. Organizational Behavior and Human Decision Processes, 76(2), 149–188.
Article 
    
                    Google Scholar 
                

	Mengel, F. (2012). Learning across games. Games and Economic Behavior, 74(2), 601–619.
Article 
    
                    Google Scholar 
                

	O’Connor, C. (2013a). The evolution of vagueness. Erkenntnis, 79(4), 707–727.

                    Google Scholar 
                

	O’Connor, C. (2013b). Evolving perceptual categories. Pre-print.

	Rumelhart, D. E., Hintont, G. E., & Williams, R. J. (1986). Learning representations by back-propagating errors. Nature, 323(6088), 533–536.
Article 
    
                    Google Scholar 
                

	Schuster, P., & Sigmund, K. (1983). Replicator dynamics. Journal of Theoretical Biology, 100(3), 533–538.
Article 
    
                    Google Scholar 
                

	Skyrms, B. (2002). Signals, evolution and the explanatory power of transient information*. Philosophy of Science, 69(3), 407–428.
Article 
    
                    Google Scholar 
                

	Skyrms, B. (2004). The stag hunt and the evolution of social structure. Cambridge: Cambridge University Press.

                    Google Scholar 
                

	Skyrms, B., & Zollman, K. J. (2010). Evolutionary considerations in the framing of social norms. Politics, Philosophy Economics, 9(3), 265–273.
Article 
    
                    Google Scholar 
                

	Smith, J. D., Coutinho, M. V. C., & Couchman, J. J. (2011). The learning of exclusive-or categories by monkeys (macaca mulatta) and humans (homo sapiens). Journal of Experimental Psychology, 37(1), 20–29.

                    Google Scholar 
                

	Taylor, P. D., & Jonker, L. B. (1978). Evolutionary stable strategies and game dynamics. Mathematical Biosciences, 40(1), 145–156.
Article 
    
                    Google Scholar 
                

	Tversky, A., & Kahneman, D. (1986). Rational choice and the framing of decisions. Journal of Business, 59(4), S251–S278.
Article 
    
                    Google Scholar 
                

	Von Neumann, J., & Morgenstern, O. (2007). Theory of games and economic behavior (commemorative edition). Princeton: Princeton University Press.

                    Google Scholar 
                

	Weibull, J. W. (1997). Evolutionary game theory. Massachusetts: MIT Press.

                    Google Scholar 
                

	Yabuta, S. (2008). Evolution of cross-contextual displays: The role of risk of inappropriate attacks on nonopponents, such as partners. Animal Behaviour, 76(3), 865–870.
Article 
    
                    Google Scholar 
                

	Yamagishi, T., Mifune, N., Li, Y., Shinada, M., Hashimoto, H., Horita, Y., et al. (2013). Is behavioral pro-sociality game-specific? Pro-social preference and expectations of pro-sociality. Organizational Behavior and Human Decision Processes, 120(2), 260–271.
Article 
    
                    Google Scholar 
                

	Zollman, K. J. (2008). Explaining fairness in complex environments. Politics, Philosophy Economics, 7(1), 81–97.
Article 
    
                    Google Scholar 
                


Download references




Acknowledgments
All authors gratefully acknowledge the support of the Swedish Research Council, grants 2009-2390 and 2009-2678, and the constructive comments of four anonymous reviewers. DC is also grateful for support from the John Templeton Foundation.


Author information
Authors and Affiliations
	School of Biology, University of St Andrews, Fife, UK
Daniel Cownden

	Center for the Study of Cultural Evolution, Stockholm University, Stockholm, Sweden
Kimmo Eriksson & Pontus Strimling

	School of Education, Culture and Communication, Mälardalen University, Västerås, Sweden
Kimmo Eriksson

	Stockholm Institute for Future Studies, Stockholm, Sweden
Pontus Strimling


Authors	Daniel CowndenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kimmo ErikssonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pontus StrimlingView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Daniel Cownden.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Cownden, D., Eriksson, K. & Strimling, P. The implications of learning across perceptually and strategically distinct situations.
                    Synthese 195, 511–528 (2018). https://doi.org/10.1007/s11229-014-0641-9
Download citation
	Received: 28 November 2013

	Accepted: 17 December 2014

	Published: 07 January 2015

	Issue Date: February 2018

	DOI: https://doi.org/10.1007/s11229-014-0641-9


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Game theory
	Learning
	Multiple games
	Bounded rationality
	Framing effects
	Artificial neural networks








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					18.212.236.187
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    