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What is a social dilemma in formal terms? 
 

A non-cooperative normal form game is a social dilemma if there is a  
rationalizable pure strategy profile which is (weakly) Pareto inefficient.  

[Implications] 

[Problem]  

[Proposal] 

Despite the importance of social dilemmas, a single unified and well-accepted formal definition 
of social dilemma has yet to be presented.  

With this definition we argue that social dilemmas should be perceived as social settings prone 
to conflict instead of settings in which conflict is certain. Furthermore, we hold that situations in 
which long-term social inefficiency can arise in the pursuit of the short-term best interest of 
both the individual and society should be considered social dilemmas.  

We contend that a non-cooperative normal form game is a social dilemma if there is a 
rationalizable pure strategy profile which is (weakly) Pareto inefficient. By proposing this definition 
we are applying the broadest and most well-accepted notion of collective rationality and the 
less stringent requirement for the exercise of individual rationality. 
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The Definition of Social Dilemma Through Time	

1975   1983                1996    

“So we should probably identify as the generic 
problem not the inefficient equilibrium of the  
``prisoner's dilemma" or some further reduced 
subclass, but all the situations in which 
equilibria achieved by unconcerted or 
undisciplined action are inefficient - the 
situations in which everybody could be made 
better off or the collective total made larger by 
concerted ... decisions.” (Schelling, 1973)  

 
“The social dilemma, then, is 
that we would always be better 
off collectively if we could avoid 
playing this kind of negative sum 
game, but individuals may make 
gains by forcing such a game on 
the rest of us.” (Tullock, 1974) 

 

"situation in which actions that are 
individually rational can lead to 
outcomes that are col lect ive ly 
irrational." (Heckathorn, 1996). The 
use of the verb ``can'' denotes the 
possibility but not the certainty of the 
inefficient outcome in social dilemmas. 

The revised definition of Liebrand extended the set of social dilemmas from 
the prisoner's dilemma to stag hunt and the chicken games. Liebrand’s 
admission of the stag hunt and chicken games as social dilemmas is a 
consideration shared by a considerable number of scholars such as Wit and 
Wilke (1992), Kollock (1998), Macy and Flache (2002), Akiyama and 
Kaneko (2002), Hauert et al (2006), Kummerli et al (2007) and Samieh and 
Wahba (2007) and Izquierdo et al (2008).  

The game is a social dilemma when 
D(m) > C(m+1)  
D(0) < C(N) 
with D(x) as the payoff of a defector 
and C(x) as the payoff of a cooperator 
when x players cooperate 
(Dawes, 1975) 

The stability of the inefficient 
outcome is referred by some 
authors such as Kollock 
(1998), Towry (2003) and 
Holt and Roth (2004) as a 
central property of social 
dilemmas.  

 
“A social dilemma is defined as a situation in which (1) 
there is a strategy that yields the person the best 
payoff in at least one configuration of strategy choices 
and that has a negative impact on the interests of the 
other persons involved and (2) the choice of that 
particular strategy by all persons results in a inefficient 
outcome.” (Liebrand, 1983) 

 

Difficulty in finding a formal definition for social dilemma stems from the fact that, even though it is commonly accepted that a social dilemma arises when there can be 
a conflict between individual and collective interest, authors seem to differ in the formalization of the notions of individual and collective interest.  

Formalizing the concept of social dilemma	

 
A normal form non-cooperative game is a 
social dilemma if there is a profile composed of 
pure rationalizable strategies which is 
(weakly) Pareto dominated by another pure 
strategy profile. 
	


DEFINITION: Non-cooperative one-
stage social dilemma 

Individual 
Rationality: 
Rationalizability as 
the less stringent 
requirement.  

Collective 
Rationality: 
Weakly Pareto 
efficiency as the 
most authoritative 
and broadest 
optimality definition.  

Why rationalizable profile of 
pure and not mixed strategies? 
A rationalizable profile of mixed 
strategies must forcibly have a 
support set of rationalizable pure 
strategies.	


Why the Pareto dominance by a 
pure strategy outcome and not a 
mixed or correlated profile? 
Pure strategies  are the only ones 
with a positive probability to occur 
in a one-stage game. 

 
A repeated or iterated non-cooperative game is 
a social dilemma if its representation as a 
one-stage game is a social dilemma. 

DEFINITION: Non-cooperative  social 
dilemma 

C
 
D
 
C
 
D

2,2 16,-2 

-2,16 0,0 

9,0 9,0 

-1,8 -1,8 

0,9 8,-1 

0,9 8,-1 

1,1 7,7 

7,7 1,1 

C
 
D
 
D
 
C

CC     DD     CD     DC 

A repeated or iterated non-cooperative game is 
a social dilemma if it its one-stage version is 
a social dilemma. 

PROPOSITION 

 
An iterated non-cooperative game is a social dilemma if in its 
one stage version there is a rationalizable profile which is (weakly) 
Pareto dominated by a mixed strategy. 
 

PROPOSITION 

In some social dilemmas the 
postulate of individual rationality 
and the one of collective 
rationality may prescribe a 
course of action in the short run 
which may not yield in the long 
run the best possible outcome 
for society! 
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Iterated Deadlock 


