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O U T L I N E

    INTRODUCTION 

   Many influential economists have pointed out that 
people not only care about their own welfare but also 
for the well-being of others, and that this may have 
important economic consequences; these include one 
of the founding fathers of economics, Adam Smith 
( Smith, 1976 ), and Nobel Prize winners such as Gary 
Becker ( Becker, 1974 ), Kenneth Arrow ( Arrow, 1981 ), 
Paul Samuelson ( Samuelson, 1993 ), Amartya Sen ( Sen, 
1995 ) and Reinhard Selten ( Selten, 1998 ). Throughout 
most of its history, however, mainstream economics 
has relied on the simplifying assumption that mate-
rial self-interest is the  sole  motivation of  all  people, 
and terms such as  “ other-regarding preferences ”  were 
simply not part of economists ’  vocabulary. The term 

 s0010  s0010 

 p0150  p0150 

 “ social preferences ”  was occasionally used to discuss 
the problem of assigning a preference to an aggregate 
entity such as a whole group or society. The question 
here was a problem of aggregation – how to derive the 
preference of a whole group of people (the  “ social ”  
preference) from the individual group members ’  
preferences. 

   One reason for the prevalence of the self-interest 
hypothesis in economics is that it has served the pro-
fession quite well because self-interest is without 
doubt one important motivational force and some 
people indeed display very self-interested behaviors. 
In some domains, such as competitive experimental 
markets, models based on the self-interest hypoth-
esis even make very accurate quantitative predictions 
(       Smith, 1962, 1982 ). However, in strategic interactions, 
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   Formalization brings rigor to science. Therefore, econ-
omists have developed formal models of social prefer-
ences that describe motivational forces precisely and 
transparently. Almost all models are based on a utility 
functions of the form  U x v xi i i

j
jj

� � ⋅∑ ,     where 
 U i   is the utility of player i,  x i   is the material payoff of 
player i, and the summation is over all j  �  i. The term  
vi

j     measures player i’s valuation of player j’s payoff. If  
vi

j     is negative, j’s payoff is valued negatively so that i is 
willing to incur costs to reduce j’s payoff, If  vi

j       is posi-
tive, j’s payoff is valued positively so that i is willing to 
incur costs to increase j’s payoff.  vi

j     is always zero for 
selfi sh players. Below are presented four important for-
malizations of social preferences, each of which high-
lights one aspect of other-regarding motives. Evidence 
in favor and against the different approaches is given in 
 Fehr and Schmidt, (2003 ). 

   In theories of reciprocity,  vi
j     depends on j’s kindness 

to i, while it depends on the payoff difference between 
i and j in theories of inequity aversion. More for-
mally, in the case of reciprocal preferences,  U i   is given 
by  U x v xi i i i

j
jj

� � ( ) ,κ ⋅∑     and the term  κi
j     measures 

player j’s kindness towards player i. In case of inequity 
averse preferences,  κi

j     is determined by the prevailing 
difference in material payoffs between i and j. 

   Menu-based reciprocity  ( Rabin, 1993 ). In menu-based 
models, j’s kindness is determined by the actual choice 
of j in comparison to the alternatives (the available 
menus). Let  Ai

j     denote the set of available alternatives, 
which determine the possible payoffs available to player i 
depending on player j’s choice. Let     Ai

j  be the lower 
payoff limit of  Ai

j     and  πi
H    the upper limit of  Ai

j    . We 
defi ne the fair payoff as  π π πi

F
i
H

i
L� �( ) 2 .     Let  πi

A     be 
the payoff of player i given the actual choice of player j. 
The kindness  κi

j     of player j toward i is defi ned as 0 if 
 π πi

H
i
L�     and as  2( ) ( )π π π πi

A
i
F

i
H

i
L� �     otherwise. This 

expression is always between  � 1 and  � 1. The evalua-
tion function in this model is simply the multiplication 
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   BOX 15.1     

  F O R M A L  T H E O R I E S  O F  S O C I A L  P R E F E R E N C E S    

 b0010  b0010 

of  κi
j     with an individual reciprocity parameter   ρ  i    �  0, 

which measures the weight of the reciprocity motive. 
The utility of player i in the two-player case is therefore 
defi ned as  U x xi i i i

j
i� � ρ κ     which is determined by 

the actions and the beliefs of the players. A reciprocity 
equilibrium is then defi ned as a combination of actions 
and beliefs in which, fi rst, all players choose a strategy 
to maximize their utility and, second, beliefs match the 
actual behavior.

    Outcome-based fairness . In this model,  κi
j

i jx x� �     
and the evaluation function is given by 

 

v
n if

if
n if

i i
j

i i
j

i
j

i i
j

( )
( )

,
/( )

κ
β κ

κ
α κ

�

� � �

�

� � �

1 0
0 0

1 0

⎧

⎨

⎪⎪⎪⎪

⎩
⎪⎪⎪⎪⎪    

   where  n  represents the number of players and   α  i          >   0,   β  i        >     0 
for a fair player. The above model mimics reciprocal fair-
ness, i.e. j’s payoff is valued positively if j is worse off, 
and negatively if j is better of than i. Based on this defi -
nition, outcome-based reciprocal fairness can be trans-
formed into inequity aversion by assuming a utility 
function  U x v x xi i i i

j
j ij

� � �( ) ( ),κ ⋅∑     which is the 
function stipulated by  Fehr and Schmidt (1999)  if one 
imposes the parameter restrictions   α  i        �        β  i        �      0 and   β  i       �       1. 
Note that  v i   no longer weights the other player’s pay-
off but inequality, and   α  i   measures the disutility from 
being worse off (envy) while   β  i   measures the dis-utility 
of being better off (compassion). In the two-player case, 
this utility function simplifi es to  U x x xi i i j i� � �α ( )     
if j is better off than i, and  U x x xi i i i j� � �β ( )     if i is 
better off than j.   

    Personality-based reciprocity  ( Levine, 1998 ). Assume 
that players differ in how altruistic they are and that 
their degree of baseline altruism can be captured by the 
parameter   α  i  . Personality-based theories assume that 
people predict other individuals ’  altruism parameter. 
They respond with altruistic rewarding or altruistic 
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where individuals ’  actions typically have a direct 
impact on other individuals ’  payoffs, the self-interest 
hypothesis often fails to predict correctly ( Fehr 
and Gächter, 2000 ;  Camerer and Fehr, 2006 ). These 
predictive failures of the self-interest model gave rise 
to the development of social preference models (see 
 Box 15.1   ). 

   A  “ social preference ”  is now considered to be a 
characteristic of an individual’s behavior or motives, 
indicating that the individual cares positively or neg-
atively about others ’  material payoff or well-being. 
Thus, a social preference means that the individual’s 
motives are other-regarding – that is, the individual 
takes the welfare of other individuals into account. 
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punishment, depending on their prediction of others ’  
altruism parameters. More formally, the utility payoff of 
such players is given by 

 
U x xi i

i i j

i
j

j

� �
� 

�

α λ α

λ

⋅
∑ 1

   

   where   α  i   captures player i’s altruistic motivation (and 
obeys  � 1       �       α  i       �       1) and the reciprocity parameter   λ  i   
measures player i’s preference for reciprocation (and 
obeys 0      �        λ  i        �      1). Here kindness  κi

j     is defi ned by 
player j’s altruism parameter   α  j  . The valuation function 
 v i   is given by  v i

j
i i i

j
i i i j( ) ( ) ( ) ( )κ α λ κ λ α λ α� � � � �1     

( ).1 � λi This model has two key properties. First, the 
higher   α  i  , the more player i values the other players ’  
payoff. If   α  i       �       0, player i is even spiteful, i.e., he prefers 
reducing the other player’s economic payoff. Second, 
the higher the altruism parameter of the other player j, 
the more a reciprocal player i (with  λ   i       �       0) values player 
j’s economic payoff. In a public goods game, players 
with a suffi ciently high   α  i   will cooperate. Furthermore, 
if all else is equal (reciprocity parameter   λ  i   and belief 

   BOX 15.1     (Cont’d)

about the other players), players with the   α  i   cooperate 
at a higher level. Therefore, players who have contrib-
uted little or nothing will be identifi ed as less altruistic. 
Suffi ciently reciprocal players weigh the payoff of these 
players negatively and, if punishment is possible, they 
punish the defectors.   

    Rawlsian preferences and preferences for the 
group’s overall payoff  ( Charness and Rabin, 2002 ). This 
approach combines preferences for the group’s overall 
material welfare ( “ effi ciency ” ) with a Rawlsian version 
of inequity aversion ( Rawls, 1972 ) in which a player 
cares only for the worst-off player’s payoff. The utility 
function in this case is given by 

      U x min x x xi i n j� � � �γ δ δ[ , ( ].,⋅ ) ⋅{ } 11 … Σ

   where   γ       �       0 and 0       �       δ       �      1.  δ   is a parameter refl ecting 
the weight that is put on the worst-off player’s welfare, 
while (1       �       δ  ) measures the weight that is put on the 
group’s overall material payoff   Σ x j.   

 p0070  p0070 

 p0080  p0080 

There is now a large body of experimental evidence in 
economics and psychology ( Fehr and Schmidt, 1999 ; 
 van Lange, 1999 ;  Camerer, 2003 ) indicating that a sub-
stantial percentage of people are motivated by other-
regarding preferences and that neither concerns for the 
well-being of others nor for fairness and reciprocity can 
be ignored in social interactions. In fact, social prefer-
ences in strategic interactions may play a decisive role 
for aggregate social and economic outcomes ( Fehr and 
Gächter, 2000 ). However, the evidence also shows that 
there is considerable individual heterogeneity in social 
preferences: some people display little or no concern 
for their interaction partners, while others show strong 
social preferences. This heterogeneity in the strength of 
social preferences is a key reason why, in certain com-
petitive environments, all individuals behave  as if  they 
were purely self-interested (       Smith, 1962, 1982 ), while in 
strategic games the vast majority of individuals often 
deviate strongly from self-interested behavior. It is one 
of the great successes of social preference models ( Fehr 
and Schmidt, 1999 ;  Bolton and Ockenfels, 2000 ;  Falk 
and Fischbacher, 2006 ) that they provide a parsimoni-
ous explanation of these puzzling facts. 

   The existence of social preferences does not mean 
that individuals make other-regarding choices no 
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matter what costs they must bear. Rather, social pref-
erences should be considered one important compo-
nent in individuals ’  utility functions, implying that 
individuals with social preferences trade off other-
regarding behavior with selfish goals: the more costly 
other-regarding behaviors are, the less likely it is that 
individuals will display such behaviors ( Andreoni 
and Miller, 2002 ;  Anderson and Putterman, 2006 ; 
 Carpenter, 2007 ). 

   The fact that individuals are typically willing to 
trade off other-regarding actions with actions that max-
imize their material payoff is important because it ena-
bles us to model other-regarding behavior in terms of 
preferences or utility functions. This modeling further 
enables us to derive the implications and the limits of 
the impact of other-regarding preferences in interactive 
situations by means of game theoretic modeling. 

    BEHAVIORS AND MOTIVES  

   The main tools for eliciting social preferences are 
simple  one-shot  games such as the dictator game, the 
ultimatum game, or the third-party punishment game 
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(see  Box 15.2   ) that involve real monetary stakes and 
are played between anonymous interaction partners. 
A game is played  one-shot  if repeated play among 
the same two players is ruled out – that is, if the two 
players play the game with each other only once. In 
essence, an individual displays social preferences if he 
is willing to forgo is own material payoff for the sake 
of increasing or decreasing another individual’s mate-
rial payoff. For example, if an impartial observer (a 
 “ third party ” ) in the third-party punishment game is 
willing to punish a greedy dictator who gives nothing 

to the recipient (see Box 17.2), and if the punishment 
is costly for the third party, his actions imply that he 
has a social preference. 

   Anonymity is important because it provides the 
conditions under which a baseline level of social pref-
erences is observable. It is likely that face-to-face inter-
actions change the strength and the pattern of social 
preferences, but this change can only be documented 
relative to the baseline. Moreover, a skeptic might 
argue that because face-to-face interactions inevita-
bly involve an individual’s reputation, the observed 

 p0220  p0220 

   Experimental games enable measurement of how 
much players are willing to sacrifi ce of their own eco-
nomic payoff to increase or decrease the payoffs of oth-
ers ( Camerer, 2003 ;  Fehr and Fischbacher, 2003 ). They 
provide a solid collection of empirical regularities from 
which the study of neural activity can proceed. 

   In a  “ dictator ”  game ( Mikula, 1972 ;  Kahneman  et al ., 
1986 ), one player – the dictator – is given a sum of money 
which he can allocate between himself and another 
player, the recipient. The dictator game measures 
a positive concern for the recipient’s material payoff 
that is independent of the recipient’s behavior, because 
the recipient can take no actions. Dictator allocations are 
a mixture of 50% offers and 0% offers (i.e., the dictator 
keeps everything), and a few offers in between 50 and 
0%, but the allocations are sensitive to details of how 
the game is described ( Camerer, 2003 ), the dictator’s 
knowledge of who the recipient is ( Eckel and Grossman, 
1996 ), and whether the recipient knows that he is part of 
a dictator game ( Dana  et al. , 2006 ). 

   In an ultimatum game, the recipient can reject the 
proposed allocation ( Güth  et al ., 1982 ). If he rejects it, 
both players receive nothing. Rejections are evidence of 
negative reciprocity ( Rabin, 1993 ), the motive to punish 
players who have behaved unfairly, or inequity aver-
sion ( Fehr and Schmidt, 1999 ), which is a distaste for 
unfair outcomes. The amount a recipient loses by reject-
ing a proposed allocation serves as a measurement of 
the strength of these motives. Offers of less than 20% are 
rejected about half the time; proposers seem to antici-
pate these rejections, and consequently offer on average 
approximately 40%. Cross-cultural studies, however, 
show that across small-scale societies the ultimatum 
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   BOX 15.2     

  M E A S U R I N G  S O C I A L  P R E F E R E N C E S  W I T H  A N O N Y M O U S LY 
P L AY E D  O N E - S H O T  G A M E S    

 b0020  b0020 

offers are more generous when cooperative activity and 
market trade are more common ( Henrich  et al ., 2001 ). 

   In a third-party punishment game, two players, the 
dictator A and the recipient B, participate in a dictator 
game ( Fehr and Fischbacher, 2004 ). A third player, the 
potential punisher C, observes how much A gives to 
B; C can then spend a proportion of his endowment 
on punishing A. This game measures to what extent 
 “ impartial ”  and  “ unaffected ”  third parties are willing to 
stick up for other players at their own expense, enforc-
ing a sharing norm by punishing greedy dictators. 
Between 50% and 60% of the third parties punish selfi sh 
deviations from the equal split, suggesting that giving 
less than 50% in the dictator game violates a fairness 
norm. In principle, the third-party punishment option 
can be used to measure economic willingness to punish 
violation of  any  social norm (e.g., a violation of etiquette, 
breaking a taboo, or making a linguistic slur). In  Fehr 
and Fischbacher (2004) , for example, the third-party 
punishment game was used to document the existence 
of a  “ conditional cooperation ”  norm which prescribes 
cooperation conditional on others ’  cooperation. 

   In a trust or gift-exchange game, two players, A 
and B, each have an initial endowment. A fi rst decides 
whether to keep his endowment or to send it to B. Then 
B observes A’s action and decides whether to keep the 
amount he received or send some of it back to A. In a 
trust game ( Camerer and Weigelt, 1988 ;  Berg  et al ., 1995 ), 
the experimenter doubles or triples A’s transfer, whereas 
the back-transfer of player B is doubled or tripled in the 
gift-exchange game ( Fehr  et al ., 1993 ). Due the multipli-
cation of A’s transfer or of B’s back-transfer, both players 
are better off collectively if A transfers money and B 
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behaviors represent a combination of social prefer-
ences and  instrumental reputation-seeking . The desire to 
acquire a reputation that is profitable in future interac-
tions is a purely self-regarding motive that has noth-
ing to do with social preferences, i.e., it represents a 
confound. Therefore, the one-shot character and the 
anonymity in simple social preference experiments 
are crucial for the clean documentation of social pref-
erences. Repeated interactions and a lack of anonym-
ity are confounds that need to be eliminated if one is 
seeking a clean measure of social preferences. 

   A clean demonstration of social preferences also 
requires that an individual’s action be independ-
ent of his belief about the opponent’s action, because 
such beliefs affect behavior and therefore represent a 
confound. For this reason, the simultaneously played 
prisoners ’  dilemma (PD) game, which has often been 
used in the past to provide a measure of social pref-
erences, is not appropriate for this purpose. The 
simultaneously played PD is a special case of a public 
goods game (see  Box 15.2 ), and it is well known that 
many people are willing to cooperate in this game if 
they believe that their opponent will cooperate as well 
( Fischbacher  et al ., 2001 ); however, if they believe that 
their opponent will defect, they will do so as well. 
Thus, defection in a simultaneous PD game does not 
necessarily indicate the absence of social preferences; 
it may merely be the result of pessimistic expectations 
about the other player’s behavior. 

 p0230  p0230 

   Several theories of social preferences have been 
developed in the past 10–15 years ( Andreoni, 1990 ; 
 Rabin, 1993 ;  Levine, 1998 ;  Fehr and Schmidt, 1999 ;  van 
Lange, 1999 ;  Charness and Rabin, 2002 ;  Dufwenberg 
and Kirchsteiger, 2004 ;  Falk and Fischbacher, 2006 ). 
All of these theories assume not only that subjects ’  
utility functions contain their own material payoff 
as an argument, but also that non-pecuniary payoff 
elements, such as a concern for fairness, reciproc-
ity, equality, or efficiency, enter into subjects ’  utility 
functions (see  Box 15.1 ). In theories of  reciprocal fair-
ness  ( Rabin, 1993 ;  Dufwenberg and Kirchsteiger, 2004 ; 
 Falk and Fischbacher, 2006 ), for example, players 
are assumed to positively value other players ’  kind 
intentions, while negatively valuing their hostile 
intentions. Thus, if player A reduces B’s payoff to 
his own benefit, a reciprocal player B will punish A, 
whereas if bad luck leads to a redistribution of income 
from B to A, a reciprocal player B will not punish 
( Blount, 1995 ). If, in contrast, a player is motivated by 
 inequity aversion  ( Fehr and Schmidt, 1999 ), i.e. a dis-
like of unequal outcomes  per se , bad luck will induce 
player B to take action to redistribute income ( Dawes 
 et al ., 2007 ). Likewise, some theories postulate an indi-
vidual’s desire to increase the economic welfare of the 
group they belong to ( van Lange, 1999 ;  Charness and 
Rabin, 2002 ), to experience a  warm glow  from altruistic 
giving to worthy causes ( Andreoni, 1990 ), or to main-
tain a positive  social image  ( Benabou and Tirole, 2006 ). 

 p0240  p0240 

   BOX 15.2       (Cont’d)

sends back a suffi cient amount. This situation mimics 
a sequential economic exchange in the absence of con-
tract enforcement institutions. B has a strong incentive 
to keep all the money and send none to A; if A antici-
pates this behavior, however, there is little reason to 
transfer, so a chance for mutual gain is lost. Empirically, 
As invest about half of their endowment in the trust 
game and Bs repay about as much as player A invested 
( Camerer, 2003 ). Player As invest less than they do in 
risky choices with chance outcomes, however, indicat-
ing a pure aversion to social betrayal and inequality 
( Bohnet and Zeckhauser, 2004 ). 

   In a public goods game ( Ledyard, 1995 ), players 
have a token endowment they can simultaneously 
invest in any proportion to a private project or a public 
project. Investment into the public project maximizes 

 p0140  p0140 

the aggregate earnings of the group, but each indi-
vidual can gain more from investing into the private 
rather than the public project. Typically, players begin 
by investing half their tokens on average (many invest 
either all or none). When the game is repeated over 
time, with feedback at the end of each decision period, 
investments decline until only a small fraction (about 
10%) of the players invest anything. The prisoners ’  
dilemma (PD) game is a special case of a public goods 
game, with two players and only two actions (cooperate 
or defect) for each player. When players are also allowed 
to punish other players at a cost to themselves, many 
players who invested punish the players who did not 
invest, which encourages investment and leads players 
close to the effi cient solution in which everyone invests 
( Fehr and Gächter, 2002 ). 

BEHAVIORS AND MOTIVES
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   Social preferences have also been observed in 
experiments with relatively high stake levels ( Hoffman 
 et al ., 1996 ;  Slonim and Roth, 1998 ;  Cameron, 1999 ; 
 Fehr  et al ., 2002 ). Surprisingly, an increase in the 
amount at stake had no or only small effects on sub-
jects ’  behavior. For example,  Cameron (1999)  con-
ducted ultimatum games in Indonesia where subjects 
in the high-stake condition could earn the equivalent 
of three months ’  income in the experiment. She 
observed no effect of the stake level on proposers ’  
behavior, and a slight reduction in the rejection prob-
ability when stakes were high. 

   Research has also documented only relatively small 
cross-cultural differences in social preferences in stu-
dent populations from diverse Western countries 
( Roth  et al ., 1991 ). However, large cross cultural dif-
ferences have been observed across different small- 
scale societies, indicating that large variations in the 
cultural and institutional features of societies might 
lead to very different social preferences (       Henrich  et al ., 
2001, 2006 ). 

   There is surprisingly little evidence, however, on 
the intra-personal stability of social preferences. The 
most convincing evidence comes from van Lange and 
co-authors ( van Lange  et al ., 1997 ;  van Lange, 1999 ), 
who measured the social value orientation of a large 
number of subjects in a series of Dictator games – 
a technique which became known as the ring test 
( McClintock and Liebrand, 1988 ), where the data 
enable a graphic representation of social preferences 
on a circle ( “ ring ” ). He found a relatively large intra-
personal stability, but more studies on intra-personal 
stability would certainly be desirable. Such replica-
tion is important in view of the current tendency to 
bring genetics to social preferences research ( Wallace 
 et al ., 2007 ). Research on the genetics of social prefer-
ences will require persuasive demonstrations of intra-
personal stability.  

    ANTICIPATING OTHERS ’  SOCIAL 
PREFERENCES 

   Individuals with social preferences behave differ-
ently compared with those who only care about their 
material payoffs. Many individuals, however, are also 
aware of other people’s social preferences. Even com-
pletely egoistic subjects often know that other people 
have social preferences, and this knowledge may 
cause them to change their behavior significantly. This 
fact is nicely illustrated in a recent paper by  Spitzer 
 et al.  (2007) , in which the same individuals played 
the proposer in a dictator game and the proposer in a 
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punishment game similar to the ultimatum game. In 
both games, the proposer was given 100 money units 
and could transfer as much as he wanted to the recipi-
ent (responder). It is well known that the social norm 
in such games requires transferring half the money 
to the recipient ( Fehr and Fischbacher, 2004 ). The 
crucial difference between the two games is that the 
responder can punish the proposer for unfair transfers 
in the Punishment game, while no punishment is pos-
sible in the dictator game. In the punishment game, 
the responders strongly punished transfers below 
the equal split; this led to a strong increase in average 
transfers, but there was considerable heterogeneity in 
response to the punishment threat (see  Figure 15.1   ). 
Many proposers anticipated responders ’  punishment 
behavior and made much higher transfers in the pun-
ishment game right from the beginning, while some 
proposers first had to experience punishment before 
they increased their transfers relative to the dictator 
game. Moreover, individual differences in the transfer 
increase across conditions correlate with 0.5 with indi-
viduals ’  Machiavelli score, a measure of selfishness 
and opportunism. The score is based on a question-
naire ( Christie and Geis, 1970 ) in which the subjects 
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 FIGURE 15.1           Behavioral changes induced by the punishment 
threat . The figure documents each proposer’s average behavior in a 
dictator and in a punishment game. Each data point represents one 
individual. All 24 subjects transfer on average a higher amount to 
the recipient in the punishment game, indicating that all of them 
seem to be aware of the punishment threat. Eight of the 24 subjects 
even give zero or close to zero in the dictator game, indicating that 
they care only for their own payoff, but they transfer substantial 
amounts in the punishment game, suggesting that they anticipate 
that the recipients ’  social preferences give rise to a credible punish-
ment threat. In fact, transfers below 50% were strongly punished, 
rendering such transfers unprofitable. A quarter of the subjects 
give on average even slightly more than 50% to ensure escaping 
punishment.    
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indicate their degree of agreement with statements 
such as  “ It’s hard to get ahead without cutting corners 
here and there ”  and  “ The best way to deal with people 
is to tell them what they want to hear ” . 

   The anticipation of punishment driven by social 
preferences has also been shown to strongly increase 
cooperation in public good games ( Fehr and Gächter, 
2002 ) and contract enforcement games ( Fehr  et al. , 
1997 ). If the members of a group or the contracting 
partners are given a costly punishment opportunity, 
compliance with cooperation norms and contractual 
obligations is much higher. Typically, the increase in 
compliance occurs immediately after the subjects are 
given punishment opportunities, indicating that some 
subjects anticipate the punishment threat instantane-
ously. However, some subjects have to learn the hard 
way – they only increase their compliance after having 
actually experienced punishment by others. 

   In situations involving trust, anticipation of the 
partner’s social preferences is equally important 
because subjects with preferences for, say, reciprocity 
are more likely to repay trust. However, social prefer-
ences also influence the trust decision itself. This has 
been nicely demonstrated by Bohnet and Zeckhauser 
( Bohnet and Zeckhauser, 2004 ;  Bohnet  et al. , 2008 ), 
who conducted binary trust games in which they elic-
ited subjects minimum acceptance probability (MAP). 
In their trust game, the trustors could either chose a 
sure option that gave both players a payoff of 10, or 
they could trust, which involved the risk that the trus-
tee would not honor their trust. The trustee could 
reciprocate trust, giving both players a payoff of 15, or 
the trustee could defect, resulting in a payoff of 8 for 
the trustor and 22 for the trustee. 

   Bohnet and Zeckhauser elicited a trustor’s MAP, 
which is the minimum probability for which the 
trustor is willing to make the trusting move, in two 
different conditions: (1) the trust game; (2) a risky 
dictator game identical to the trust game except that 
a computer mechanism forces a decision upon the 
trustee. Thus, in the risky dictator game the compu-
ter decides, according to an unknown predetermined 
probability p*, whether the trustee’s trust is honored, 
but a human  “ trustee ”  collects the resulting earn-
ings. In the trust game, the distribution of the trus-
tees ’  actions determines p*; it is also unknown to the 
trustors. Announcing a MAP that is below p* is tan-
tamount to choosing  “ trust ”  in the trust game with a 
randomly assigned trustee, while if the MAP is above 
p* the subject prefers the sure payoff S. The same pro-
cedure applies to the risky dictator game, except that 
the experimenters predetermine p*. 

   Interestingly, the trustors ’  MAPs are substantially 
higher in the trust game compared to the risky dictator 
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game, indicating that the source of the involved risk 
affects the decision to trust ( Bohnet  et al. , 2008 ): if the 
trustee’s choices determine the risk, the trustor is less 
willing to  “ trust ” , indicating more than just aversion 
against risk; also aversion against being betrayed by 
another human being. Bohnet  et al . call this phenom-
enon  “ betrayal aversion. ”  While they document that 
betrayal aversion is a robust feature across several 
different cultures, including the US, the United Arab 
Emirates, and Turkey, they also find substantial cross-
cultural differences, with Brazil and China exhibiting 
much less betrayal aversion than the US or Turkey.  

    EXPLORING THE NEURAL CIRCUITRY 
OF SOCIAL PREFERENCES – 

METHODOLOGICAL CONCERNS 

   The rapid development of non-invasive brain-
imaging and brain-stimulation methods now makes it 
possible to examine the neural networks involved in 
behavioral expressions of social preferences in humans. 
The combination of neuroscientific methods with inter-
active games in an attempt to study the neural proc-
esses behind social preferences categorically requires 
the use of games which actually allow the researcher 
to measure these social preferences. Games in which 
an individual interacts repeatedly with the same part-
ner – a repeated PD, for example – are clearly inap-
propriate tools, because the behaviors in such games 
incorporate much more than just social preferences. 
Strategic sophistication plays a role in these games, 
and it is never clear whether a player responds to his 
opponent’s past behavior or if he wishes to affect the 
interaction partner’s future behavior. It is impossible to 
infer the players ’  motives cleanly using these games. 

   The best method for studying social preferences is 
to confront the experimental subject with a series of 
one-shot games in which the subject faces a different 
partner in every trial. In addition, the game should 
NOT be a simultaneous move game (e.g. the simul-
taneous PD), but should be played sequentially with 
the target subject being the second-mover who is 
informed about the first mover’s choice. The second-
mover knows the first mover’s choice in the sequen-
tially played PD, for example, and thus has no need 
to form expectations about the first mover’s behavior. 
If the second mover makes a cooperative choice in 
response to the first-mover’s cooperative action, this 
is a clean expression of a social preference because the 
second-mover gives up material payoff in order to 
cooperate, and beliefs about the first mover’s possible 
actions do not confound the choice. 
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   However, the implementation of a series of one-
shot interactions poses a serious problem, because 
each subject in the brain scanner or under transcra-
nial magnetic stimulation (TMS) needs to face a large 
number of other subjects. The temptation to deceive 
the subjects and to confront them with fabricated 
choices is therefore quite strong in this case – a strat-
egy that may backfire in the medium or long run, 
because it undermines the experimenter’s reputation. 
It is not always sufficiently acknowledged that one of 
the most important assets of a laboratory is its cred-
ibility and its reputation for being honest with the 
subjects. If subjects come to an experiment with the 
suspicion that the experimenter says  “ A ”  but in fact 
does  “ B, ”  the experimenter loses control. To illustrate 
this point, suppose that subjects in a dictator game 
don’t believe that the recipient in fact exists – that is, 
they believe that any money given to the recipient 
goes in fact to the experimenter. It is highly likely that 
suspicious subjects will behave more selfishly, and 
therefore the behavioral data will overstate the extent 
of selfishness. A possible way out of this dilemma is to 
confront the subjects in the scanner with choices that 
the interaction partners made in previously played 
identical games. This strategy has been implemented 
in  de Quervain  et al.  (2004) . In this study, the subjects 
in the behavioral pilot for the scanning study were 
asked at the end whether their choices could again be 
 “ used ”  for another study, and if they were used then 
the subjects indeed received the payments associated 
with their choices a second time. Thus, this strategy 
avoids deceiving the subjects in the scanner about the 
existence of their interactions partner and still allows 
the conduct of many one-shot games in the brain 
scanner. 

   Another solution to this problem is possible in the 
case of direct current stimulation (tDCS). tDCS induces 
changes in cortical excitability by means of a weak 
electrical field applied transcranially, which de- or 
hyperpolarizes neuronal membranes to a sub-threshold 
level. Anodal tDCS increases, while cathodal tDCS 
decreases, excitability ( Nitsche and Paulus, 2001 ). It 
has been demonstrated that the neurophysiological 
and functional effects of tDCS are fairly restricted 
to the area under the electrodes (       Nitsche  et al ., 2003, 
2007 ). A key feature of tDCS is that it is inexpensive 
and can be simultaneously applied to many subjects 
who interact in a laboratory environment ( Knoch 
 et al ., 2007 ). Thus, in principle, tDCS can be applied to 
a group of, say, 20 subjects simultaneously, with each 
of them playing one one-shot game with the other 
19 subjects. Therefore, tDCS could prove to be a non-
invasive brain stimulation method that revolution-
izes neuroeconomics because it greatly enhances data 
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collection efficiency and enables brain stimulations in 
whole groups of interacting subjects. 

   Another problem concerns the inferences that can 
be drawn from neuroimaging data in social preference 
tasks. In principle, subjects ’  choices in simple inter-
active games reveal social preferences if they deviate 
from the choices that maximize a subject’s monetary 
payoff in particular ways – for example, by sending 
back money to the trustor in a one-shot anonymous 
trust game. The neural network activated during 
such choices thus reveals the neural circuitry of social 
preferences. We are frequently tempted, however, to 
reverse the inference process by inferring motivation 
and cognitive mechanisms from neuroimaging data. 
Our trust in such reverse inferences is justified if there 
is prior knowledge about the selectivity of the brain 
activation ( Poldrack, 2006 ): if existing research has 
documented that the activated brain area used to infer 
the cognitive process is typically active when these 
cognitive processes occur, we can have more trust in 
such reverse inferences. Furthermore, trust in reverse 
inferences is higher if additional data, such as data, on 
mood, satisfaction, or response-time data, are avail-
able to bolster the reverse inference. For example, if 
activation in the ventral striatum is taken as evidence 
for expected rewards, it is important to have addi-
tional data available that support the hypothesis that 
subjects had a rewarding experience. Likewise, if acti-
vation in the amygdala is taken as evidence for fear, it 
is necessary to have other measures (such as skin con-
ductance measures, self-report measures of fear, etc.) 
that support the fear hypothesis.  

    THE NEUROBIOLOGY OF 
OTHER-REGARDING PUNISHMENT 

BEHAVIOR 

    The Role of Prefrontal Cortex and the 
Anterior Insula 

   The readiness to reduce other people’s income is a 
key feature of social preferences. This readiness may 
be triggered by the desire to punish unfair intention, 
to punish unfair people, or to re-establish equality 
in payoffs. The first neuroeconomic study of punish-
ment behavior examined the responder in a series 
of one-shot ultimatum games with fMRI during the 
decision phase of the experiment ( Sanfey  et al ., 2003 ; 
see also Chapter 6 of this volume). This study reports 
activation of bilateral dorsolateral prefrontal cor-
tex (DLPFC), bilateral anterior insula (AI), and the 
ACC in the contrast between  “ unfair – fair ”  offers. 
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In addition, the higher the activation of right AI, the 
more likely a subject is to reject an unfair offer, sug-
gesting that AI activation may be related to the 
degree of emotional resentment of unfair offers. Due 
to the proposed role of ACC in conflict monitoring 
( Botvinick  et al ., 2001 ), ACC activation in this task 
may reflect the motivational conflict between fairness 
and self-interest when facing unfair offers. Finally, 
DLPFC activation may represent the cognitive con-
trol of the emotional impulse to reject unfair offers. 
A second fMRI ultimatum game study ( Golnaz  et al ., 
2007 ) found increased AI activation (relative to a rest-
ing baseline) during trials with rejected unfair offers. 
However, this study did not find AI activation in the 
contrast between unfair – fair offers; instead, in a 
comparison of trials with unfair rejected offers with 
unfair accepted offers, these authors found increased 
left AI activation. In addition, the right VLPFC was 
more activated (relative to a resting baseline) when 
unfair offers were accepted, which may indicate that 
this region down-regulates the resentment associated 
with unfair offers. Consistent with the hypothesis that 
right VLPFC down-regulates AI, the study also found 
a negative correlation between activity in right RVPFC 
and left AI during trials in which unfair offers were 
accepted. 

   The two studies mentioned above are consist-
ent with the idea that right DLPFC and VLPFC are 
involved in the cognitive control of the impulse to 
reject unfair offers. If this view is correct, an exoge-
nous down-regulation of DLPFC activity reduces the 
control of this impulse and should therefore increase 
the rejection rate.  Knoch  et al . (2006a)  examined this 
hypothesis by reducing the activation in right and 
left DLPFC with low-frequency TMS. Contrasting 
with the hypothesis, however, this study found that 
TMS of right DLPFC increases the  acceptance  rate of 
unfair offers relative to a placebo stimulation (from 
9% to 44%) and relative to an active stimulation of left 
DLPFC, which left acceptance rates unaffected (see 
 Figure 15.2   ). Another study ( van  ‘ t Wout  et al ., 2005 ) 
also report’s a tendency for right DLPFC stimulation 
to increase the acceptance rate of unfair offers relative 
to a sham stimulation. Low-frequency TMS of right 
DLPFC did not have a significant effect in this study, 
but this may be due to the small number of subjects 
(Seven) and the fact that the authors implemented a 
within-subject design. It is well known that TMS, in 
particular TMS of the PFC, can be irritating for sub-
jects, while sham stimulation is not. There is therefore 
a high probability that in a within-subject design the 
participants know whether they are receiving sham 
stimulation or real stimulation. Further evidence for 
a causal role of right DLPFC in responder behavior 
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comes from a study that uses direct current stimula-
tion (tDCS) to reduce DLPFC activity (Knoch  et al ., 
under review). This study found a substantial and sig-
nificant positive effect of tDCS on the acceptance rate 
for unfair offers. 

   These findings suggest that right DLPFC activity is 
crucial for the behavioral implementation of fairness 
motives (i.e., rejection of unfair offers), and not for 
the implementation of selfish choices, as the previous 
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studies hypothesized. The facts in  Knoch  et al . (2006a)  
further support this interpretation. If a computer-
generates low offers, the effect of TMS to the right 
DLPFC is strongly mitigated and insignificant. It is 
known that computer-generated low offers are viewed 
as much less unfair ( Blount, 1995 ) than if a human 
proposer makes low offers, i.e., the fairness motive 
for rejecting a low offer is weaker for a computer-
generated offer. Therefore, if the implementation of a 
fairness motive requires activation in the right 
DLPFC, a weaker fairness motive is likely to be asso-
ciated with a lower recruitment of DLPFC, and thus 
a lower chance of disrupting the implementation of the 
fairness motive with TMS. 

   Two different phenomena could cause the lower 
ability to implement the fair choice. First, subjects ’  
fairness judgments may have changed due to the 
disruption of right DLPFC, meaning that they may 
no longer view low offers as unfair and therefore will 
be less likely to reject them. Second, subjects may still 
view low offers as unfair, but may no longer be able 
to resist the selfish temptation to accept unfair offers. 
The evidence is consistent with the second hypothe-
sis, because TMS to the right DLPFC (see  Figue 15.2 ) 
failed to affect subjects ’  fairness judgments. Thus, 
they continue to view low offers as very unfair but 
nevertheless accept them at a much higher rate. 
Response-time data further support the hypothesis 
that TMS to the right DLPFC reduces the ability to 
resist selfish temptations. If subjects face a fair offer, 
there is no conflict between self-interest and fair-
ness, and it takes them on average slightly more than 
3 seconds to accept the offer. If subjects face an unfair 
offer and receive sham stimulation or TMS to the left 
DLPFC, it takes them roughly 6 seconds to accept an 
unfair offer, indicating that the conflict between self-
interest (acceptance) and fairness (rejection) delays 
the decision. If, however, subjects face an unfair offer 
and receive TMS to the right DLPFC, they accept 
unfair offers as quickly as they do fair offers. Thus, in 
terms of response time, subjects behave as if there is 
no longer a conflict between self-interest and fairness, 
consistent with the hypothesis that they are no longer 
or less able to resist the selfish temptation. 

   What role does the AI play in this interpretation? 
The AI was linked to the emotional representation of 
the cost of purchasing a consumer product in a recent 
paper ( Knutson  et al ., 2007 ). In this study, higher 
insula activation in response to cost information corre-
lated with a reduction in the probability that subjects 
would subsequently buy the consumer product. The 
AI activation has been linked to the emotional resist-
ance to accept an unfair offer in the ultimatum game, 
or, in other words, to the neural representation of the 
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emotional cost of accepting an unfair offer. Perhaps 
the disruption of right DLPFC reduces a subject’s 
ability to process this cost information or to integrate 
this cost information with the monetary benefits that 
are associated with the acceptance of unfair offers. 

   Previous research suggests that the ventromedial 
prefrontal cortex (Brodman areas BA 10, 11) is involved 
in the integration of separate benefits and costs in 
the pursuit of behavioral goals ( Ramnani and Owen, 
2004 ). Support for this view also comes from the study 
of  de Quervain  et al . (2004) , which reports BA 10 and 
11 activation in the contrast between a costly punish-
ment condition and a costless punishment of trustees 
who defected in the trust game. Further corroboration 
is found both in an fMRI study of charitable donations 
( Moll  et al ., 2006 ), which documents VMPFC activation 
(BA 10, 11, 32) in the contrast between altruistic deci-
sions involving costs and no costs, and in a purchas-
ing task where VMPFC activity seems to integrate the 
value of consumer products and their costs ( Knutson 
 et al ., 2007 ). In fact, VMPFC in the purchase task is 
positively correlated with subjects ’  assessment of the 
 net value  of the product (i.e. value  �  price), which pro-
vides nice support for the  “ integration hypothesis. ”  
More generally, recent evidence indicates that the 
VMPFC is involved in emotional processing and 
moral judgment ( Moll  et al ., 2005 ;  Koenigs  et al ., 2007 ); 
lesions to VMPFC are associated with poor choices in 
various situations ( Damasio, 1995 ;  Bechara  et al ., 1997 ) 
which require integrating costs and benefits. These 
studies suggest a general role of VMPFC in integrating 
emotional feelings about costs and benefits, regard-
less of whether these choices involve economic con-
sumption goods or  “ non-economic ”  goods such as the 
subjective value of rejecting an unfair offer. 

   In view of the important role of VMPFC in emo-
tional processing and in integrating emotional feel-
ings about costs and benefits, it seems possible that 
low-frequency TMS of right DLPFC induces an 
impairment in the integration of the emotional cost of 
accepting an unfair offer. Such an impairment could 
be caused by possible network effects of TMS that 
diminish the functioning of the VMPFC. Network 
effects of TMS have been shown in several studies 
( Wagner  et al ., 2007 ); a recent PET study ( Eisenegger 
 et al ., 2008 ) shows that low-frequency rTMS of right 
DLPFC increases blood flow in the right DLPFC  and  
the right VLPFC if subjects perform no task during 
PET. Of course, these network effects should ideally 
be studied during the task under consideration – in 
our case, the responders ’  decision in the ultimatum 
game – because the TMS effects are likely to be dif-
ferent depending on whether a brain area is recruited 
during a task or not.  
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    Social Preferences and Reward Circuitry 

   Social preference theories assume that material 
payoffs are transformed into subjective payoffs that 
give rise to the altruistic, fairness, and reciprocity 
related behaviors described in  Box 15.2 . While this 
idea also has a long tradition in psychology ( Thibaut 
and Kelley, 1959 ), psychologists rarely developed 
precise formal theories, such as those presented in 
 Box 15.1 , that could be plugged into game theoretic 
models. Although social preference theories do not 
make assumptions about the hedonic processes asso-
ciated with these behaviors (because they rely on 
inferred decision utilities), a plausible interpretation 
of these theories is that subjects in fact derive higher 
hedonic value from the mutual cooperation out-
come. Indeed, questionnaire evidence (M. Kosfeld, 
E. Fehr, and J. Weibull, unpublished) supports the 
view that mutual cooperation in social exchanges has 
special subjective value, beyond that associated with 
monetary earnings ( Fehr and Camerer, 2007 ). An obvi-
ous question is therefore whether we can find neural 
traces of the special reward value of the mutual coop-
eration outcome. A neuroimaging study ( Rilling  et al ., 
2002 ) reports activation in the ventral striatum when 
subjects experience mutual cooperation with a human 
partner compared to mutual cooperation with a com-
puter partner. Despite the fact that the monetary gain 
is identical in both situations, mutual cooperation 
with a human partner is associated with higher stri-
atal activity, consistent with the reward hypothesis, 
given that substantial evidence from other studies 
with primary and secondary rewards indicates that 
the anticipated award activates the striatum. 

   Social preference theories also predict that subjects 
prefer punishing unfair behavior, such as defection 
in public good and PD games, because leaving an 
unfair act unpunished is associated with higher dis-
utility than bearing the cost of punishing an unfair 
act. In this view, it is natural to hypothesize that the 
act of punishing defection involves higher activation 
of reward circuitry. A study using PET ( de Quervain 
 et al ., 2004 ) examined this hypothesis in the context 
of a trust game in which the trustor had a punish-
ment opportunity after he had observed the trustee’s 
choice. This study showed that the dorsal striatum 
(caudate nucleus) is strongly activated in the con-
trast between a real punishment condition (in which 
the assignment of punishment points hurt the defec-
tor in economic terms) and a symbolic punishment 
condition (in which the assignment of punishment 
points did not reduce the defector’s economic payoff). 
In another study ( Singer  et al ., 2006 ), subjects first 
played a sequential PD with (confederate) fair and 
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unfair opponents. The focal subjects were then scanned 
(using fMRI) when a slight pain – an electrical shock – 
was administered either to themselves or to confeder-
ate partners who behaved fairly or unfairly. Both men 
and women exhibited empathic responses in anterior 
cingulate and AI when the fair partner received pain. 
However, only men report a higher desire for revenge 
against unfair partners, while also exhibiting activa-
tion in the nucleus accumbens (NAcc) and orbitofron-
tal cortex (OFC) when unfair partners are shocked. 
Male revenge-desire ratings across subjects are also 
correlated with the estimate of NAcc activity, consist-
ent with the view that there is reward value for men 
in observing the punishment of unfair partners. 

   If the punishment of unfair behavior is reward-
ing, why did the authors of the first fMRI ultima-
tum game study ( Sanfey  et al ., 2003 ) fail to observe 
reward-related activity in the striatum? The answer 
to this question is informative, because it highlights 
the role of experimental designs and the contrasts 
that they permit to be computed. In brief, this study 
was not designed to measure reward-related activity. 
In order to do so, similar treatment conditions to those 
in the DeQuervain study would have been necessary – 
a condition where a rejection reduces the proposer’s 
payoff to zero, and one where a rejection only slightly 
reduces the proposer’s payoff or does not do so at all. 
The contrast between these two conditions provides 
information about the encoding of rewards through 
punishment in the striatum. 

   Further evidence that decisions involving social 
preferences are associated with activity in reward 
circuitry comes from fMRI studies of charitable dona-
tions ( Moll  et al ., 2006 ;  Harbaugh  et al ., 2007 ; see also 
Chapter 19 of this volume) and reaction to offers in 
an ultimatum bargaining game ( Golnaz  et al ., 2007 ). 
Both ventral tegmental (VTA) and striatal areas are 
activated by receiving money and non-costly dona-
tions, indicating that  “ giving has its own reward ”  
( Moll  et al ., 2006 ). Across subjects, those who made 
more costly donations also had more activity in the 
striatum. Decisions to donate, whether costly or not, 
activate the subgenual area, a region densely con-
nected with mesolimbic, dopaminergic, and seroton-
ergic pathways, and implicated in social attachment 
mechanisms and in regulating the release of the neu-
romodulator oxytocin via the anterior hypothalamus. 
In  Harbaugh  et al . (2007) , subjects faced two condi-
tions – a forced donation and a voluntary donation 
condition. In the former, subjects passively observed 
that money was transferred either to their account or 
to the charities account. In the voluntary condition, the 
subjects could decide whether to accept these mon-
etary transfers. Subjects reported higher satisfaction 
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in both the forced and the voluntary condition if they 
themselves received more money and if the charity 
received more money (controlling for the subject’s 
cost of this transfer). Moreover, activations in dor-
sal and ventral striatum in both conditions positively 
correlated with the money that went to the charity and 
to the subjects themselves. A recent ultimatum game 
study ( Golnaz  et al ., 2007 ) provides evidence suggest-
ing that the fairness of a bargaining offer – controlling 
for the absolute size of the monetary gain – is asso-
ciated with activations in the ventral striatum. The 
same dollar bargaining offer of, say, $5 elicits higher 
striatal activation if the offer represents a fair share 
(say, 50%) of the amount being bargained over, 
compared to when that dollar offer represents a 
small share (say, only 15%). Finally, a recent paper 
( Fliessbach  et al ., 2007 ) provides evidence that social 
comparison of monetary rewards is associated with 
reward-related activity in the human ventral striatum. 
Controlling for a subject’s own absolute income level, 
this study shows that variations in the comparison 
subject’s income lead to variations in ventral striatum 
activity. This finding is interesting, as several social 
preference theories (e.g. the theory of  Fehr and 
Schmidt, 1999 ) are based on the assumption of social 
comparison processes. 

   In view of the above results, a comparison of activa-
tions in the striatum when subjects themselves expect 
or receive rewards to when they obtain social rewards 
through altruistic, fairness, or reciprocity related 
behaviors is informative.  Figure 15.3a    shows typical 
activations in case of own material rewards, while 
 Figure 15.3b  illustrates the activations observed in 
studies of social rewards. These figures clearly show a 
substantial overlap between these areas of activation, 
consistent with the hypothesis that social preferences 
are similar to preferences for one’s own rewards in 
terms of neural activation. 

   The above evidence is consistent with the view 
that both costly pro-social acts of charitable donation 
and punishment of unfair behaviors are rewarding. 
However, the hedonic interpretation of social prefer-
ence theories also implies that such acts occur  because  
they are rewarding. Evidence for causality is also 
important for moving from correlation to causality, 
and because some studies suggest that a unitary 
system, centered on the striatum, might fully proc-
ess both monetary gains  and  losses ( Seymour  et al ., 
2007 ;  Tom  et al ., 2007 ). If the striatum is generally 
more active for positively  and  negatively valued 
goods, the mere fact that studies show higher fMRI 
BOLD responses for costly altruistic acts may indi-
cate a costly experience rather than a rewarding one. 
But if it could be shown that higher activations in the 
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striatum  imply  a higher willingness to act altruisti-
cally, the case for the reward interpretation would be 
strengthened considerably – since it is implausible to 
observe this relation between striatum activation and 
altruistic acts if striatum activation represents the cost 
of the act rather than its reward value. 

   While neuroimaging data do not allow causal 
inferences, it is possible to move towards causality 
by using neural activity in one treatment to predict 
choice behavior in another ( “ out of treatment ”  fore-
casting). In DeQuervain  et al . (2004), for example, indi-
vidual differences in caudate nucleus activation when 
punishment is costless for the punisher predict how 
much individuals will actually pay for punishment 
when it is not costless. Likewise, in  Harbaugh  et al . 
(2007) , individual differences in striatal activity in the 
condition in which donations are forced predict sub-
jects ’  willingness to donate money to charities in the 
condition where donations are voluntary. Moreover, 
individual differences in the extent to which social 
comparison affects activity in the ventral striatum 
predict subjects ’  willingness to reciprocate kind or 
unkind acts ( Fliessbach  et al ., 2007 ). These results 
further support the reward interpretation of social 
preferences, which in turns provides support for the 
hypothesis of a common neural currency of socially-
preferred and other primary and secondary rewards 
( Montague and Berns, 2002 ).  

    How Does the Brain Anticipate Social 
Punishment? 

   While several neuroeconomic studies already 
examine the brain circuitry of punishers, very little 
work has been conducted on the brain circuitry of 
those who face the possibility of punishment for 
unfair behaviors. A recent study ( Spitzer  et al ., 2007 ) 
compared subjects ’  behavioral and brain responses 
in a punishment game and in a dictator game. The 
behavioral results in this study were discussed above 
and illustrated in  Figure 15.1 . In terms of brain acti-
vation, the study was based on two hypotheses. First, 
previous work ( Kringelbach, 2005 ) strongly suggests 
that lateral OFC is involved in processing of punish-
ing stimuli that can induce behavioral changes. When 
self-interest tempts subjects to violate a fairness norm 
while facing the threat of punishment, they are in 
exactly this situation: they face a punishing stimulus 
if they violate the norm, and they subsequently have 
the chance to comply with the norm in response to 
punishment. Second, the TMS and tDCS results of 
       Knoch  et al . (2006b Knoch  et al ., under review)  sug-
gest that the right DLPFC is involved in the control of 
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self-interested impulses. Thus, if subjects ’  immediate 
self-interest tempts them to violate a fairness norm, it 
seems plausible to hypothesize that the right DLPFC 
is recruited in order to control this impulse in the 
service of a subjects ’  enlightened self-interest, which 
includes the goal of avoiding punishment for norm 
violations. 

   The brain-imaging results in  Spitzer  et al . (2007)  
support both hypotheses – bilateral OFC and bilateral 
DLPFC are more strongly activated during subjects ’  
choices in the punishment game compared to the 
dictator game. In addition, individuals with stronger 
activation in the right DLPFC and the left OFC, in 
the decision phase show stronger increases in norm 
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(Bhatt and Camerer, 2005; Delgado et al., 2003; Knutson et al., 2001a; Knutson et al., 2001b;
O'Doherty J, 2004; Preuschoff et al., 2006; Tricomi et al., 2004)

(a)

 FIGURE 15.3          Parallelism of rewards for oneself and for others: Coronal and sagittal representation of brain activations in (a) a sample 
of seven studies of monetary reward processing and (b) seven studies of social reward. Coronal sections: All activations are projected onto 
Tailarach coordinate y      �      15; voxels of peak activation in original studies range from y      �      4 to y      �      24. Sagittal sections: All activations are 
projected onto Talairach coordinate x        �      16; voxels of peak activation in original studies range from      x       �         �      26 to      x       �      26. Pictures are constructed 
by Christoph Eisenegger.      

 f0030  f0030 

(De Quervain et al., 2004; Fliessbach et al., 2007; Harbaugh et al., 2007; Moll et al., 2006;
Rilling et al., 2002; Rilling et al., 2004; Singer et al., 2006;)

(b)

THE NEUROBIOLOGY OF OTHER-REGARDING PUNISHMENT BEHAVIOR
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compliance when they face the punishment threat, 
lending further support for a crucial involvement 
of these brain areas in norm compliance. The social 
nature of the punishment threat also modulates acti-
vations in both the right DLPFC and the left OFC, 
because the activation in these brain areas is stronger 
if the responder can punish compared to a situation 
where subjects face a punishing computer. Finally, the 
contrast between social punishment and computer 
punishment shows activation in the right insula and 
the left STS, suggesting that the brain makes differ-
ent computations if subjects face punishment from the 
victim of a  social  norm violation compared to punish-
ment  “ by nature ”  (in this case, a computer). 

   The above results might be useful in the study 
of people with antisocial personality disorder who 
have been shown to display deficient lateral OFC 
and insula activation in fear-conditioning paradigms 
( Veit  et al ., 2002 ;  Birbaumer  et al ., 2005 ). The experi-
mental paradigm in  Spitzer  et al . (2007)  could be used 
simultaneously to study the behavioral responses 
of  “ psychopaths ”  together with their brain responses 
in situations involving the temptation to violate a 
social norm.   

    THE NEUROBIOLOGY OF TRUST 
AND TRUSTWORTHINESS 

   Social preferences models predict that trusting 
other individuals by making investments that may 
not be repaid is not just a decision involving monetary 
risk. Reciprocal and inequity-averse subjects derive 
a special dis-utility from betrayal of trust, along with 
the associated economic loss; this is consistent with 
behavioral studies ( Bohnet and Zeckhauser, 2004 ) 
indicating a pure aversion to social betrayal. The first 
evidence that the brain distinguishes between social 
trust and monetary risk-taking came from  Kosfeld 
 et al . (2005) , who infused the synthetic neuropeptide 
oxytocin (OT) intranasally to players in a trust game. 
OT-infused players were more trusting than a placebo 
control group, although their beliefs about the chances 
of being repaid were not higher and OT did not affect 
risk-taking in a pure risk condition. Thus, OT seems 
to limit the fear of betrayal in social interactions, con-
sistent with animal evidence that it inhibits defensive 
behavior and facilitates maternal behavior and pair-
bonding ( Insel and Young, 2001 ). The hypothesis that 
oxytocin’s dampening effect on the fear of betrayal 
might be due to a reduced activation of the amyg-
dala is consistent with a study ( Kirsch  et al ., 2005 ) 
showing that OT dampens amygdala activity and its 
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connections to the brainstem if subjects view emo-
tionally arousing pictures. Amygdala involvement 
has been shown to occur in assessing the trustworthi-
ness of faces ( Winston  et al ., 2002 ;  Adolphs  et al ., 2005 ) 
and in the processing of ambiguous events ( Hsu  et al ., 
2005 ), both of which have social implications. 

   Since trust decisions are also likely to involve 
perspective-taking, they should also activate areas 
implicated in theory-of-mind tasks, such as the parac-
ingulate cortex and the posterior superior temporal 
sulcus (pSTS) ( Frith and Frith, 2003 ). One of the ear-
liest neuroeconomic studies ( McCabe  et al ., 2001 ) 
reported activation of the paracingulate cortex in a 
trust game when subjects played against another per-
son compared to a computerized opponent. Another 
study found that  p STS is activated simply by showing 
the faces of intentional cooperators compared to non-
intentional agents ( Singer  et al ., 2006 ). 

   In repeated trust games, a player learns about 
his opponent’s choices, meaning that the opponent 
acquires a reputation. In game theory, this reputation 
is defined as the subjective probability that the oppo-
nent is the type of player who prefers to reciprocate 
trust. In this approach, players ’  preferences and their 
subjective beliefs are distinct concepts, and a rational 
player’s beliefs are not colored by his preferences or 
his emotions towards the opponent. It is interest-
ing to examine whether the brain also makes this 
distinction – i.e., whether the neural networks 
involved in hedonic preferences and emotional 
processing are distinct from those involved in assess-
ing the opponent’s reputation, or whether there is 
substantial overlap in these neural networks. 

   Preliminary evidence suggests that the latter is 
likely to be true. In one study ( Singer  et al ., 2004 ), play-
ers faced a series of cooperative and non-cooperative 
opponents in a sequential PD game. The authors 
found that simply displaying the faces of coopera-
tive partners (relative to neutral faces) in a subsequent 
gender-assessment task activated striatal and emotion-
related areas such as the amygdala, the insula, and the 
putamen. This suggests that a trustworthy person’s 
face automatically triggers emotions and reward 
expectations, as if simply seeing another person’s face 
activates its representation as a future exchange value. 

   Three other studies have demonstrated the impor-
tance of the striatum in learning the opponent’s trust-
worthiness. In  King-Casas  et al . (2005) , the activity 
in caudate nucleus signals whether the other player 
reciprocates an earlier move. A further study using the 
same trust-game paradigm showed specializations in 
the cingulate for encoding others ’  and own decisions 
( Tomlin  et al ., 2006 ). In  Delgado  et al . (2005) , trus-
tors repeatedly faced three partners whose (fictional) 
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profiles made them seem morally good, bad, or neutral 
(instilling a prior belief about trustworthiness). By 
design, all three fictional partners in the trust game 
repaid with the same frequency. During the outcome 
phase, the caudate nucleus activated more strongly 
for repayment outcomes from the neutral partner, but 
not from the other partners, presumably because the 
neutral partner represents unpredictable outcomes, 
and there is more to learn. 

   While several neuroimaging studies have exam-
ined the trustor, no work to date has studied the brain 
circuitry involved in the decision to repay trust. This 
represents an important research opportunity, because 
repaying trust truly involves social preferences if 
the game is played on a one-shot basis.  Kosfeld  et al . 
(2005)  showed that oxytocin has no effect on the trus-
tor’s decisions, suggesting that the neural circuitry 
of trusting differs from the circuitry involved in repay-
ing trust. The study paper by  King-Casas  et al . (2005)  
examined the trustee’s brain activations, but used 
a repeated trust game in which the same partners 
interacted for ten periods. Thus, the trustee’s decisions 
in this game can always be interpreted as a response 
to the trustor’s previous choices or to the trustee’s 
expectations about the trustor’s future choices. It 
is therefore not possible to infer something about 
the neural networks specifically associated with the 
trustor’s other-regarding preferences. Likewise, the 
simultaneously played PDs examined in        Rilling 
 et al . (2002, 2007)  do not enable us to isolate the brain 
networks specifically involved in the processing of 
other-regarding choices, because it is unclear whether 
the PD players respond to their beliefs about the other 
player’s likely behavior in the current period or to the 
other’s previous choices.  

    CONCLUSIONS 

   Behavioral experiments show that many people 
exhibit other-regarding behaviors. Economists have 
developed precise mathematical theories that model 
concerns for reciprocal fairness, inequity aversion, 
and the whole group’s material welfare. The preci-
sion of these mathematical models provides a deeper 
understanding of the motivational forces at work, 
enables researchers to derive aggregate implications 
of these forces in interactive games, and facilitates the 
design of new experiments that help in discriminating 
between models. Social preference theories and the 
knowledge about the relative strength of the different 
motivational forces in different environments can also 
be useful in interpreting neural data. 
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   One emerging theme of the studies reviewed above 
is that social reward activates circuitry that overlaps, 
to a surprising degree, with circuitry which anticipates 
and represents other types of rewards. These studies 
reinforce the idea that social preferences for donat-
ing money, rejecting unfair offers, trusting others, 
and punishing those who violate norms are genu-
ine expressions of preference. The social rewards are 
traded off with subjects ’  economic self-interest, and 
the dorsolateral and ventromedial prefrontal cortex 
are likely to be crucially involved in balancing com-
peting rewards. Treatments like oxytocin infusion and 
TMS disruption can also alter these processes, actually 
changing behavior in ways that are consistent with 
hypotheses derived from fMRI. 

   However, the knowledge about the neural net-
works involved in social preferences is still quite 
limited. In addition, very little is known about the 
causal impact of emotions (and the associated neural 
circuitry) on social preferences. Emotions must be 
induced experimentally in order to study their causal 
impact. Thus, improving the methods of emotion 
induction, in particular with respect to their power to 
affect behavior and their specificity, is an important 
task. Film clips used for emotion induction, for exam-
ple, are a rather imprecise and non-specific method 
of emotion induction because films that, say, induce 
anger often also induce disgust. Moreover, I have 
yet to see a convincing induction of complex emo-
tions such as guilt or shame; inducing these emotions 
would seem to be particularly important in the realm 
of social preferences. 

   We also know relatively little about why face-to-face 
communication – and the implicit emotional commu-
nication which occurs in face-to-face interactions – 
shapes other-regarding behaviors. For example, the 
equal split is offered in about 90–100% of the cases in 
face-to-face one-shot ultimatum games, as opposed 
to less than 50% in anonymous games. In a similar 
vein, I expect very high trust levels and very high 
back-transfers in one-shot trust games played face-
to-face. Why does face-to-face interaction have such a 
power ful effect on other-regarding behaviors or beliefs 
about other-regarding behaviors? Standard economists 
may have an easy answer to this question. Face-to-face 
interactions inevitably remove anonymity, thus increas-
ing the importance of reputation incentives. 

   However, I consider it highly unlikely that instru-
mental reputation-seeking alone can explain the vast 
behavioral changes induced by face-to-face interac-
tions. Instead, I believe that subtle forms of emotional 
communication and anticipated emotional responses 
take place that change our social motives or put 
constraints on our selfish motives. Also, instrumental 
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reputation-seeking – that is, the higher future material 
payoff conferred by a good reputation – is only one 
reason why humans care about reputation. Perhaps 
equally important, maybe even more so, is the fact 
that humans care about their reputation  per se . Losing 
one’s reputation is  per se  averse. 

   Research on the emotional underpinnings of social 
preferences, and the neural networks involved in 
 “ social preference emotions, ”  may also be useful for 
economics, because it helps us to understand when 
social preferences are likely to affect behavior and 
when not. Such research may also help us gain deeper 
insights into the reasons for interindividual differences 
in social preferences. In this context, studies examining 
whether social preferences are stable attributes of indi-
viduals or stable attributes of situations are important. 
To date, very few studies examine the intra-individual 
stability of social preferences – a topic that is of great 
importance for economics. If social preferences are 
stable personality traits, it makes sense for organiza-
tions to invest resources into the screening of people; 
however, if social preferences are mainly an attribute 
of the environment, it makes sense to shape them, 
designing the environment appropriately. 

   Finally, I would like to argue strongly in favor of 
using a mix of methods in future neuroeconomic 
experiments. The previous almost exclusive empha-
sis on neuroimaging – unconstrained by computa-
tional models – is likely to yield sharply decreasing 
returns. We need a combination of methods that ena-
ble insights into the causes of behavior; TMS, tDCS, 
pharmacological interventions, and techniques such 
as Dynamic Causal Modeling of neuroimaging data 
are crucial for future advances.  
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