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Abstract:  We use skin conductance responses and self-reports of hedonic valence to study 
the emotional basis of cooperation and punishment in a social dilemma. We show that the 
availability of sanctions activates a "virtuous emotional circle" that accompanies cooperation. 
Emotional reaction to free-riding leads cooperators to apply sanctions. In response, and in 
addition to the monetary consequences of receiving sanctions, the negative emotions 
experienced by the free-riders when punished lead them to increase their subsequent level of 
cooperation. The outcome is an increased level of contribution that becomes the new norm. 
Therefore, emotions sustain both the use of altruistic punishment and cooperation.  
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1. INTRODUCTION 

Understanding how cooperation arises in social dilemmas is a longstanding focus of 

research in social sciences, and particularly in experimental economics.  The most widely used 

arena for the investigation of cooperation in social dilemmas is the voluntary contributions 

mechanism (VCM, hereafter) that permits measurement of the extent of self- versus group-

interested behavior (e.g., Marwell and Ames, 1979). In this setting, a group of individuals are 

each presented with an opportunity to allocate an endowment between two uses. The first use 

is a private account, which benefits only the individual.  The second is a group account, which 

benefits all group members. The payoffs are specified so that it is a dominant strategy for each 

individual to place his entire endowment in his private account, but attaining the social 

optimum requires all individuals to allocate their full endowment to the group account.   

Some studies have identified modifications to the VCM game that may potentially increase 

cooperation. In particular, a number of scholars have argued that the existence of punishment 

opportunities aids in sustaining cooperation in social dilemmas (Homans, 1961; Coleman, 

1990; Elster, 1998; Bowles and Gintis, 2001). In a VCM with opportunity of punishment, a 

second stage is added to the game in which each subject, after observing each group members’ 

contribution, has an opportunity to reduce the earnings of others, at a cost to himself (Fehr and 

Gächter, 2000, 2002). In the unique subgame perfect equilibrium to the game, individuals do 

not punish in the second stage and do not contribute in the first stage. Over the last 15 years, a 

huge literature has been devoted to explaining the main overall patterns observed in VCM 

experiments that contrast with theoretical predictions. The first pattern is that in absence of 

punishment opportunities, initial contributions are substantial but decline as the game is 

repeated and cooperation converges to a negligible level in the long run (Andreoni, 1988; 

Ledyard, 1995). The second pattern is that when punishment is available, participants exhibit a 

willingness to punish others, and the punishment opportunity increases contributions markedly 

(Yamagishi, 1986; Fehr and Gächter, 2000, 2002; Masclet et al., 2003; Carpenter, 2007; 

Noussair and Tucker, 2005).1 

                             
1 If altruistic sanctions increase cooperation, a debate has developed with regard to their impact on efficiency. 
Some authors emphasize the waste of resources from costly sanctions (Houser et al., 2008; Milinski and 
Rockenbach, 2008; Herrmann et al., 2008). Others show that in the long run the availability of costly punishment 
increases surplus through its strong positive effect on cooperation (Gächter et al., 2008).  This is especially the 
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Several hypotheses have been proposed to explain why subjects over-contribute in comparison 

with the Nash equilibrium even in absence of punishment opportunities. These explanations 

rely on strategic motives (Kreps et al., 1982) non-strategic motives that involve notions of 

fairness (Rabin, 1993; Falk and Fischbacher, 2006) or moral principles (e.g., Croson, 2007). 

Studies investigating the rationale behind altruistic sanctions also evoke both strategic and 

non-strategic motives. Negative reciprocity leads people to react to unfair intentions by 

sacrificing a part of their payoffs to punish others, even when there are no reputation gains 

from doing so (Rabin, 1993). The role of distributional concerns, leading to the use of 

punishment to reduce payoff inequality aversion has been also suggested  (Fehr and Schmidt, 

1999).  

The present paper investigates another possible effect sustaining both cooperation and 

punishment behavior: the role played by emotions individuals experience when making 

decisions, and when learning the decisions of their group members. This interpretation in 

terms of emotions is complementary to the other motives mentioned above. For instance, one 

can plausibly argue that individuals may be willing to punish those whose decisions generated 

unfair payoff differences, because such interpersonal comparisons evoke strong negative 

emotions. Indeed, emotions might lead to punishment in response to selfish actions, even in 

cases when individuals cannot reduce inequality (e.g. Masclet and Villeval, 2008). Studying 

the role of emotions in decision-making may contribute to a better understanding of human 

behavior (Damasio, 1994), particularly in economics (Loewenstein, 1996; Elster, 1998; 

Bosman and van Winden, 2002; de Quervain et al., 2004; Ben-Shakhar et al., 2007; Glimcher 

et al., 2009; Hopfensitz and Reuben, 2009; Coricelli et al., 2010; Meshulam et al., 2012).  

Specifically, we study the role of emotions in the emergence and maintenance of cooperation. 

We measure emotions at different stages of a standard VCM game with and without sanction 

opportunities. Emotions may play a role in a number of ways in the game we study. First, 

emotions may support cooperation. This may be the case if contributing to the public good 

raises positive feelings such as warm-glow. In a sense, individuals would experience a kind of 

                                                                                                                                                    
case when punishment can operate, in conjunction with reputation, in a setting in which the same players interact 
repeatedly (Milinski and Rockenbach., 2006; Rand et al., 2009).  
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trade-off between the monetary incentive to free ride and the pleasure of doing good.2 

Furthermore, some individuals may be willing to contribute to the public good to avoid  

disutility that arises from deviating from their "morally ideal contribution level" (Andreoni, 

1990; Nyborg, 2000; Brekke et al., 2003; Rege and Telle, 2004; Croson 2007).3 Second, 

emotions may also play a role when observing others’ contributions. If the free riding of other 

group members generates negative emotions, the experience of such feelings may increase the 

cooperators’ willingness to pay to punish. Third, the decision to punish may also be affected 

by the anticipation of emotions. In particular, the punisher may incur an emotional gain from 

punishing deviators, which may compensate for the monetary cost of punishment (de 

Quervain et al., 2004). Finally, negative emotions experienced when being punished, coupled 

with the monetary impact of sanctions, may potentially affect the decision to change one’s 

contribution in subsequent periods.  

While emotional processes have already been evoked as a potential determinant in the 

decision to cooperate and/or punish in the context of a VCM (see Fehr and Gächter, 2000), 

direct evidence in the literature remains sparse. This is probably due to the difficulty of 

measuring emotions in such a context. Most previous studies have focused on two-person 

interactions. For example, functional Magnetic Resonance Imaging (fMRI) studies in 

neuroeconomics have revealed that the striatum, a brain area whose level of activation 

typically correlates with pleasant stimuli and the processing of rewards, exhibits increased 

activation from mutually cooperative behavior in prisoner’s dilemma games (Rilling et al., 

2002; 2004). As for the decision to punish, it has been found that when observing 

opportunistic behavior, anterior insula activation, which is typically associated with aversive 

stimuli, correlates with an individual’s subsequent decision to punish another subject (Sanfey 

et al., 2003). This is congruent with studies that have identified that anger accompanies the 

application of costly punishment in two-person interactions (Bosman and van Winden, 2002; 

Ben Shakhar et al., 2007). These studies measure emotions by means of self-reports and also, 

in the case of Ben Shakhar et al. (2007), by using electrophysiological measures of emotional 

arousal (see also Meshulam et al., 2012). Moreover, a study using positron emission 

tomography has revealed that the costly punishment of social norm violators in a trust game 
                             
2 Frijda (1986) illustrates well the role of emotions in this trade off. In the words of Frijda (1986), emotions 
appear to be a hypothesis to explain behavior that has neither sufficient nor adequate external purpose reason. 
3 In this current study we do not attempt to disentangle these two motives.  
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also activates the dorsal striatum, in the anticipation of the satisfaction derived from punishing 

those who abuse one’s trust (de Quervain et al., 2004). However, the link between being 

punished and subsequent contribution decisions remains almost unexplored. To our 

knowledge, only Hopfensitz and Reuben (2009) have studied the importance of (self-reported) 

moral emotions (guilt and shame) in the decision to cooperate in a two-period game involving 

two players. 

Our paper differs from these previous studies on several aspects. We investigate the 

relationship between emotions and behavior at several stages of interaction, including the 

contribution and punishment decisions in the context of a four-player public good experiment. 

Our design allows us to measure emotional states at all key moments of the interaction. We 

can thereby study the dynamic interplay between emotions and cooperation. Specifically, we 

study the emotional responses related to the level of cooperation an individual exhibits and to 

the observation of others’ cooperation levels. When sanctions are possible, we consider the 

emotions that accompany the decision to punish, as well as the receipt of punishment. Lastly, 

we study the relationship between the emotional response to sanctions received and 

subsequent changes in cooperation. We measure emotional states along two dimensions: i) the 

level of physiological arousal, and ii) the hedonic valence of feelings, pleasant vs. unpleasant. 

The skin conductance response (SCR, hereafter) is used as a metric of the physiological 

arousal associated with emotional states (Boucsein, 1992; Bradley et al. 2001a; Critchley et 

al., 2000). Unfortunately, SCR is ambiguous with regard to the valence of emotions, that is, 

whether the emotional state is positive or negative. Therefore, self-reports of experienced 

emotion, on a Likert scale, are used to measure the valence of the emotional experience.4  

                             
4 Multivariate analyses of verbal reports of emotional stimuli (see for example Russell, 1980) have shown that 
most of the variance in emotional reports can be explained by two main factors: valence (varying from negative 
to positive) and arousal (varying from low to high). According to this perspective, judgments of pleasure or 
displeasure indicate which motivational system is active, and judgments of arousal indicate the intensity of 
motivational activation (Bradley et al, 2001a). Other theorists (Barrett and Russell, 1999; Reisenzein, 1994) have 
argued that verbal reports of arousal and the intensity of experienced emotion are not necessarily equivalent 
measures. Nevertheless, traditional perspectives widely agree that physiological responses play an important role 
in the generation of emotion (Gross and Barret, 2011). Self-reports of valence and the arousal dimensions have 
been correlated with autonomic and somatic responses to emotional stimuli (Bradley et al., 2001a). While facial 
electromyography and heart rate are correlated with the emotional valence, SCR positively correlates with 
emotional arousal, independently of valence. 
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Our main findings are that lower arousal and more positive valence are associated with higher 

contributions. Learning that one has made lower contributions than others triggers higher 

arousal especially in the sanction treatment.  Regarding the punishment decision, we find that 

for a given deviation in contribution levels, greater physiological arousal and experiencing 

more negative emotions when learning others’ free riding increase the likelihood of punishing 

others. We also observe some emotional satisfaction from sanctioning free-riders, the 

anticipation of which may influence the sanctioning decision. We find that greater punishment 

received leads to higher arousal and more negative emotions, which in turn leads to a greater 

increase in contributions in the subsequent period. These patterns characterize a “virtuous 

emotional circle” showing that emotions play an important role in the emergence of 

cooperation.   

The remainder of the paper is organized as follows. Section 2 presents our experimental 

design. Section 3 develops the theoretical predictions of the model. The results are detailed in 

section 4. Finally, section 5 discusses the results and concludes.     

2. THE EXPERIMENT 

2.1. Experimental design  

 Our experiment consists of two treatments of a public good game, the Baseline treatment 

and the Sanction treatment. The design is largely based on Fehr and Gächter (2000). Only one 

treatment was in effect in each session, and no subject participated in more than one session. 

The twelve participants that attended each session were assigned to groups of four with fixed 

membership. The four members of each group interacted repeatedly but anonymously for 20 

periods under a “partner” matching protocol.   

In each period of the Baseline treatment (see instructions in Appendix A), each participant 

received an initial endowment of 20 ECU (Experimental Currency Units, 100 ECU = 2 Euro). 

Players then simultaneously chose an amount between 0 and 20 ECU to contribute to their 

group account, and the remainder would be placed in their private account. Within each group, 

contributions were totaled, multiplied by 1.6, and redistributed equally among the members of 

the group. This means that each group member received 40% of the total amount the group 

assigned to the group account, in addition to the amount he assigned to his own private 

account. The payoff function in this treatment is: 
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with ci, the individual contribution to the group account. At the end of each period, 

participants were informed on the total amount contributed to the public account and on the 

individual contributions of each group member that were listed in random order. The 

identification number of each member was rematched at each new period. 

In the Sanction treatment, a second stage was added to each period. In this second stage 

participants could punish the other members of their group. After being informed of the 

contribution of each of the three group members, a participant could assign between 0 and 10 

punishment points to each member. Sanctioning was costly to both the punisher and his target. 

Each point assigned to an individual reduced the recipient’s earnings by 10 percent, with a 

maximum possible reduction of 100 percent. The cost of punishment points for the participant 

who assigned them was discrete, but convex in the number of points. The cost function for the 

assignment of punishment is given in Table 1. 

Table 1. The cost of sanctions to the punisher and to the target 
 

 Number of punishment points 1 2 3 4 5 6 7 8 9 10 
Cost to the punisher 1 2 4 6 9 12 16 20 25 30 
Percentage reduction of target's payoff 10 20 30 40 50 60 70 80 90 100 

 
The payoff function at the end of the second stage in this treatment can be written as follows: 

    π i
2 = 20 − ci + 0.4 ∗ cj
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n
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10

− C Pij( )
j≠i
∑                                       (2) 

where Pij  is the number of points assigned by i to j, and C Pij( ) is the cost to i of assigning the 

points to j. Sanctioning decisions were made simultaneously and anonymously, so that it was 

not possible for a participant to identify who had punished him. Indeed, the rematching of 

identification numbers at each new period aimed at avoiding retaliation between two subjects. 

2.2. Skin Conductance Response acquisition and valence elicitation 

In this study, we measure emotions using both skin conductance responses and hedonic 

valence elicitation. We interpret skin conductance responses as a measure of physiological 

arousal associated with an emotional state. SCR was continuously and simultaneously 
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recorded for each of the 12 participants present until the end of the session. The sessions took 

place in a noiseless laboratory with a stable temperature set to 21o C.5 Skin conductance was 

analyzed in response to four events of interest. (a) The first is during the time interval in which 

the contribution decision is made. Each participant was allowed to make her contribution 

decisions at her own pace.  After the last participant had made his decision, an 8 second 

interval was imposed before all participants were requested to report the valence of their 

feelings regarding their own contribution decision. (b) The second event of interest is the time 

of receipt of information about each other group member's contribution to the public account. 

This information was displayed on the screen for 8 seconds, and participants were 

simultaneously requested to report the valence of their feelings toward each other player’s 

contribution. There were two more events of interest in the Sanction treatment, during which 

SCR was analyzed. The first of these was (c), the time interval during which participants 

decided whether and how much to punish other members of their group. The punishment 

decision was also self-paced. An interval of 8 seconds was imposed between the decision time 

of the last participant and the request to all participants to report their feelings regarding their 

own punishment decisions. Finally, (d) the punishment received from others was displayed on 

each participant’s screen for 8 seconds, and it was followed by a request to participants to 

report the valence of their feelings toward the total sanction they received. 

The subjects were required to report how they felt on a 10-point Likert scale of hedonic 

valence, which ranged from “extremely unpleasant” to “extremely pleasant”. A level of 5 is 

interpreted as a neutral sentiment, since 0 is the most unpleasant, and 10 is the most pleasant 

possible evaluation. As indicated above, this reporting occurred just after each event (a)–(d). 

When evaluating the contribution of others at time (b), subjects were asked to evaluate 

separately each of the three other players’ contributions. Similarly, at time (c), a separate 

evaluation was requested for each assignment of points to the three other group members.  

SCR were analyzed within specific time windows corresponding to events (a)-(d), as indicated 

in Figure 1. The analysis windows started 1 second after the onset of each event, to account 
                             
5 SCR was recorded with a BIOPAC MP150W system and two TEL100C telemetry modules (BIOPAC Systems, 
EU). Two Ag/AgCl electrodes filled with 0.5% saline in a neutral base paste were placed on the subject’s distal 
phalanges of the middle and the index fingers of the non-dominant hand, after the attachment site had been 
cleaned with a neutral soap (Dawson et al., 2000). A constant voltage of 0.5V was applied between the 
electrodes. For its analysis, the skin conductance signal was amplified (x2000) and low-pass filtered (30Hz) 
before being sampled at 125Hz. 

8 
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for the SCR latency. The analysis window’s duration varied by event. Events (a) and (c) had 

variable analysis window durations since decisions were self-paced. These are labeled as T1 

and T2, respectively, in Figure 1. Events (b) and (d) had fixed durations of 7 and 2 seconds, 

respectively, to comply with the amount of information displayed on the screen at each 

moment. The data analysis is based on the SCR magnitude.6 

 
 

Fig. 1. Timing of events in the Baseline and Sanction treatments within a period 
 
2.3. Procedures 

The experiment consisted of four sessions. These sessions were conducted at the 

Groupe d’Analyse et de Theorie Economique (GATE), Lyon, France.  48 subjects (of whom 

41.67% were males) were recruited by means of the ORSEE software (Greiner, 2004) from 

undergraduate courses in the local business and engineering schools. The experiment was 

computerized using the REGATE program (Zeiliger, 2000). Because there were four 

                             
6 The raw data were preprocessed as follows. The skin conductance signal was low-pass filtered at 0.5Hz offline, 
using a 5th order Butterworth low-pass digital filter. The onset and peak of the SCR were automatically detected 
when the first derivative of the filtered signal changed sign with a routine written in Matlab (The MathWorks 
Inc., USA). Onsets were identified by a negative to positive zero crossing, while peaks were identified by a 
positive to negative zero crossing. The SCR amplitude was calculated as the difference between the signal 
amplitude at the peak and the onset times. It was thresholded at 0.02 µS.  The whole signal was visually inspected 
prior to further analysis and ectopic response was removed. The SCR magnitude analysis takes into account all 
periods and assigns zero amplitude to those without a measurable response (see Dawson et al., 2000). 
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individuals in each group, and group membership remained the same for the entire 

experiment, there were twelve independent observations at the group level (six per treatment).7  

Upon arrival, each subject drew a tag from an opaque bag indicating his designated computer. 

Next, after washing his hands with a neutral soap, each subject was allowed to enter the 

laboratory and sit in front of his computer. Then, an assistant put electrodes on the non-

dominant hand. Participants were required to keep the electrodes on until the end of the 

session. After checking the quality of the signal recording, the instructions for the experiment 

were distributed and read aloud. These instructions remained at the disposal of the subjects 

throughout the session. Understanding of the rules of the game was checked with a 

questionnaire. Subjects’ questions were answered in private. At the end of the session, the 

participants were required to complete a demographic questionnaire.  They were informed at 

the beginning of their session that a person who was not aware of the content of the 

experiment would disburse their earnings. On average, a session lasted 75 minutes and 

participants earned €15.45 (S.D.=2.54), including a €5 show-up fee. 

3. PREDICTIONS  

3.1. Standard predictions for rational and selfish players 

In this section, we derive the predictions from our treatments under the assumptions of 

common knowledge of rationality and selfishness. In the Baseline treatment, if the game is 

played one-shot, there is a dominant strategy to contribute zero. Since each ECU kept in his 

private account yields an individual 1 ECU, whereas his return from each ECU contributed to 

the project is 0.4 ECU, a player’s dominant strategy is to allocate his entire endowment to his 

group account. If the game is finitely repeated, the only subgame perfect equilibrium of the 

game is also for all players to contribute zero in each period. However, the maximum feasible 

group payoff would be attained only if each player contributes his full endowment to the 

group account. This would yield each group member 32 ECU. The average level of 

contribution to the group account is taken as a measure of cooperation. Classical game-

theoretic reasoning produces an unique subgame-perfect equilibrium to the two-stage game of 
                             
7 The number of twelve participants per session was imposed by the availability of twelve pairs of electrodes to 
measure SCR. A potential risk of a small number of subjects per session is that some people may know each 
other. By inviting a large number of participants from different schools, and with the rule ‘first registered, first 
in’, we attempted to minimize the likelihood that several participants knew each other. 
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the Sanction treatment. Since punishment is costly, no group member ever uses the 

opportunity to punish, for any history of play. Thus, facing a threat that is not credible, each 

player places her entire endowment in his own private account. If the game is finitely 

repeated, the same strategy profile played every period, regardless of previous history, is the 

unique subgame perfect equilibrium. 

3.2. Behavioral hypotheses 

We can relax some of the above assumptions and assume that individuals may have 

some non monetary incentives to contribute to the public good. Indeed, the previous literature 

has shown that initial contributions are substantial in repeated games and decline over time. A 

first motive generally mentioned to explain why subjects contribute in the initial rounds of the 

game relies on strategic play based on the idea that players take into account future 

interactions when choosing both their contribution and punishment decision (Kreps et al., 

1982).8 Reciprocal actions, choosing to cooperate depending on previously observed decisions 

of others or on beliefs about their decisions (e.g. Rabin, 1993; Falk and Fischbacher, 2006), 

are widely documented. Another non strategic motive is based on the idea that agents target a 

morally ideal contribution (Croson, 2007) and make unconditional commitments to contribute 

(Nyborg, 2000; Brekke et al., 2003; Figuieres et al., 2012).  

In this study we consider the emotional substrates of contribution decisions. Our conjecture is 

that contributing to the public good increases positive feelings such as warm-glow. Therefore, 

some individuals may experience a trade-off between the monetary incentive to free ride and 

the pleasure to do good. Similarly, some individuals may incur an emotional cost by 

contributing less than their morally ideal contribution level. The operation of positive 

emotions in this manner would serve  to increase contribution levels. That this pattern would 

be observed is our first hypothesis (H1). 

H1. Positive emotions are correlated with greater contributions.  

                             
8 This hypothesis relies on "strategic play" based on the idea that players take into account future interactions 
when choosing both their current contribution and punishment decision (Kreps et al.,1982). The justification of 
the strategic hypothesis is based on the "crazy player" assumption (Kreps et al., 1982), or equivalently on the lack 
of common knowledge of rationality. If (rational) players believe that there is a crazy irrational player in the 
group who contributes positively in period 1, it becomes rational for them to play a trigger strategy in early 
periods and to mix over the strategy space as the repeated game approaches the final period. Therefore, in early 
periods they have an incentive for establishing a cooperative reputation, by making a large contribution.  

11 
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Our second conjecture concerns the role of emotions experienced when observing the 

contribution of others and when comparing it with one’s contribution. Observing that others 

have made high contributions may induce positive emotions in the anticipation of higher wn 

payoffs. In contrast, observing others’ free riding may induce negative emotions. At the same 

time, in the Sanction treatment free-riders may experience both anticipatory emotions when 

evaluating the risk associated with the reaction of others and anticipated emotions when 

anticipating how bad they may feel if punished.9 Therefore, emotional arousal should be 

higher in the Sanction treatment and other things equal, the valence of free-riders’ feelings 

should be lower than in the Baseline when learning others’ cooperation as the risk of receiving 

sanctions mitigates the pleasure of higher expected payoffs. This is stated in H2.  

H2  Emotional valence in response to learning other group members’ contributions increases 
in the level of others’ contributions.) In the Sanction treatment, the emotional arousal in 
response to learning others contributions is greater and the valence is less positive than in the 
Baseline. 

Two non-strategic motives are generally evoked in the literature to explain why subjects are 

willing to sacrifice payoffs to punish others: a reaction to unfair intentions and distributional 

concerns. These two motives presumably have emotional underpinnings. We conjecture that in 

the Sanction treatment, individuals who have been more emotionally aroused, and more 

negatively so, when learning of others’ low contributions may be more willing to punish free-

riders. We also conjecture that punishing norm violators generates emotions with positive (on 

the “sweet taste of revenge”, see de Quervain et al., 2004). This valence of emotions 

experienced when sanctioning free riders is possibly all the more positive that the valence at 

the time of feedback was negative. Consequently, the decision to sanction may result from the 

trade-off between the monetary cost of punishing a free rider and the substantial emotional 

benefit of reciprocating negatively to free riding. Our predictions are summarized in H3. 

H3. a) The more individuals were (negatively) emotionally aroused when learning the free 
riding of others, the more punishment points they assign. b) The more punishment points they 
assign to free riders, the larger the increase of valence of punishers’ emotions compared to 
the valence of emotions at the time of feedback. 

                             
9 As defined by Loewenstein et al. (2001): “Anticipatory emotions are immediate visceral reactions to risks and 
uncertainties. Anticipated emotions are typically not experienced in the immediate present but are expected to be 
experienced in the future (…) anticipated emotions are a component of the expected consequences of a decision.” 
(p. 268). See Coricelli et al., (2010) for a study of emotions in tax evasion. 

12 
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Our last conjecture concerns the emotional impact of the receipt of sanctions. We anticipate 

that being punished induces emotional costs in addition to monetary costs. Previous studies 

have shown that the individuals who have been punished, even without any monetary 

consequence, tend to increase their contribution in the next period (Fehr and Gächter, 2000; 

Masclet et al., 2003). We conjecture that individuals are willing to avoid future punishment, 

with both its monetary and emotional costs, by increasing their contributions in the subsequent 

period. This effect is described in H4. 

H4. a) The more severely an individual is punished, the more he is emotionally aroused, as 
reflected in her SCR. b) Being punished is associated with negative emotional valence. c) For 
a given number of punishment points received, the more negative the emotions that are 
experienced, the more an individual increases her contribution in the subsequent period. 

4. RESULTS 

Table 2 displays summary statistics on contributions, sanctioning behavior and 

emotions, measured by the SCR magnitude and the valence of feelings. These statistics are 

discussed in the following sub-sections. 

Table 2. Summary statistics 

Treatment Baseline Sanction 
Contribution 9.32 (7.77) 19.17 (2.96) 
Punishment  points  
assigned / received 

- 0.37 (1.19) 

Emotions – SCR   
when contributing 
when learning others’ contributions 
when assigning sanctions 
when assigning no sanction 
when receiving sanctions  
when receiving no sanction 

0.26 (0.35) 
0.21 (0.34) 

- 
- 
- 
- 

0.27 (0.39) 
0.25 (0.49) 
0.35 (0.51) 
0.26 (0.44) 
0.21 (0.39) 
0.14 (0.37) 

Emotions – Valence   
when contributing 
when receiving feedback on others 
when assigning sanctions 
when assigning no sanction 
when receiving sanctions  
when receiving no sanction 

5.85 (2.48) 
5.12 (3.30) 

- 
- 
- 
- 

7.81 (2.13) 
8.99 (1.93) 
6.09 (2.88) 
8.09 (2.44) 
3.89 (2.41) 
8.99 (1.54) 

Note: The numbers displayed are mean values. Standard deviations (S.D., hereafter) are in parentheses.  
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4.1. Contribution behavior and associated emotions  

We first consider whether measuring SCR and eliciting the valence of emotions may 

affect behavior. The same qualitative patterns are observed as in previous studies (Fehr and 

Gächter, 2000; Masclet et al., 2003; Noussair and Tucker, 2005). The mean level of 

contribution is significantly higher in the Sanction treatment (19.17) than in the Baseline 

(9.32) (see Table 2). Figures 2a and 2b display the evolution of the average individual 

contribution over time in the Baseline and Sanction treatments respectively, by group. A value 

of 20 ECU corresponds to the social optimum with full cooperation. A value of 0 corresponds 

to the Nash equilibrium with zero contribution. Figure 2a shows a large dispersion of 

contributions across groups in the Baseline treatment, with positive levels of cooperation in 

early periods and a decline over time to levels close to zero by the end of the sessions. In 

contrast, Figure 2b indicates that in the Sanction treatment mean contributions converge to 

near the social optimum of full contribution of 20 units after a few periods (with an end-game 

effect in one group).10 

 

  

 

 

 

 

 

a. Baseline treatment                                                   b. Sanction treatment 
Figures 2. Average contribution by group and by treatment  

We examine now the role of emotions in the contribution decisions. Our main findings are 

summarized in Result 1.  

Result 1.  a) Higher contributions are correlated with a more positive self-reported emotional 
state. b) Greater arousal is correlated with lower contributions. 

Support for Result 1. Our data indicate that the mean self-reported valence increases with the 

individual contribution level. In the Baseline treatment, the average self-reported valence is 

                             
10 In the Baseline, the mean contribution is 13.04 ECU (S.D.=3.09) in period 1, 8.58 (S.D.=3.95) in period 10, 
and 3.46 (S.D.=3.55) in period 20. In contrast, in the Sanction treatment, the mean contribution is 13.83 ECU 
(S.D.=0.43) in period 1, 19.04 (S.D.=0.22) in period 10, and 19.17 (S.D.=0.21) in period 20. 
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5.40 (S.D.=3.09) for contributions less than 6 ECU (which is very close from the neutral level 

of 5), 5.87 (S.D.=1.58) for contributions between 6 and 15 ECU and 6.56 (S.D.=2.18) for 

contributions above 15 ECU. In the Sanction treatment, the corresponding mean values are 

7.33 (S.D.=2.16), 6.67 (S.D.=2.14), and 7.90 (S.D.=2.11). In the Sanction treatment, if one 

excludes as outliers the 6 observations with contributions below 6 ECU, then the more group 

members cooperate, the more positive the feelings they report. Individuals feel more positive 

on average in an environment where sanctions are available than in a setting with no 

possibility of sanctions (see Table 2). 

To provide a more formal analysis, we estimated an ordered Probit model with robust standard 

errors and clustering at the group level, in which the dependent variable is the self-reported 

valence of emotional state at the time of contribution (N=960) (not reported here but available 

upon request). The independent variables include the subject’s contribution, his contribution 

interacted with a dummy variable for the Sanction treatment, a time trend, and the subject’s 

gender.11 The coefficient associated with the contribution is borderline significant and positive 

(coeff.=0.025, p=0.105). When this variable is interacted with the Sanction treatment, its 

coefficient becomes highly significant (coeff.=0.034, p=0.001). An interpretation is that in the 

Sanction treatment, the satisfaction of contributing is less mitigated by the risk of others’ free 

riding than in the Baseline, as subjects learn quickly that the norm is to fully contribute.  

In contrast with valence, the SCR magnitude when contributing decreases with the 

contribution. In the Baseline, the average SCR is 0.298 (S.D.=0.425) for contributions less 

than 6 ECU, 0.260 (S.D.=0.312) for contributions between 6 and 15 ECU and 0.184 

(S.D.=0.253) for contributions above 15. In the Sanction treatment, the corresponding values 

are 0.588 (0.621), 0.264 (0.368), and 0.266 (0.391). We estimated a random-effects Tobit 

model in which the dependent variable is the SCR magnitude the subject exhibits when 

making his contribution decision (N=960).12 The independent variables are the same than in 

                             
11 We control for gender because of the widely held belief that males and females differ in their emotional 
responses. There is a strong stereotype of females being more emotional than males. Scientific evidence is, 
however, mixed. Studies based on self-reports show that females are more emotionally responsive than males 
(Fujita et al., 1991; Bradley et al., 2001b), but this may also result from stereotyping. Controlling for 
stereotyping, the effect is not robust (Barrett et al., 1998). Studies based on physiological responses to emotional 
stimuli provide also contradictory results (see McRae et al., 2008). In most of our regressions gender is not 
significant.  
12 The Tobit specification is used because of the left-censored dependent variable.  Subject-specific random 
effects account for the fact that the same subjects make repeated decisions. We also estimated a Tobit model with 

15 
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the previous model. The contribution variable receives a significant and negative coefficient 

(coeff.=-0.007, p=0.039), with no additional effect in the Sanction treatment (coeff.<0.001, 

p=0.972). This indicates that SCR magnitude is higher for individuals who cooperate less, 

perhaps in the anticipation of making higher earnings if others cooperate. Individuals feel, 

however, less aroused over time (coeff.:-0.014, p<0.001), which is likely due to a habituation 

effect. 13  

Consistent with hypothesis 1 (H1), these findings regarding the valence of feelings suggest 

that participants in a social dilemma face a trade-off between the monetary incentive to free 

ride and the satisfaction to contribute. In contrast, the negative link between arousal and 

contribution could suggest the presence of anticipatory feelings in free riders associated with 

the expectation of higher earnings depending on others’ contributions. The fact that the 

Sanction treatment has no additional effect on SCR indicates that when deciding to free ride 

subjects are not more aroused by the expectation of sanctions.  

4.2. The emotional impact of observing other group members’ contributions 

 In this section we investigate the emotions experienced at the moment of observing 

contributions of others and when discovering differences between one’s and others’ 

contributions. Our findings are summarized in Result 2, The findings support H2 in most 

respects. 

Result 2. a) Individuals are more aroused and experience less positive emotions if they learn 
that others free ride. b) Learning that one contributes more than others affects valence 
negatively. It triggers arousal in the Sanction treatment. c) Contributing less than others 
triggers both greater arousal and more positive feelings. 

Support for Result 2. Table 3 analyzes the determinants of the self-reported valence (model 

(1)) and the SCR magnitude (model (2)) at the time of observing other group member’s 

contribution. Model (1) uses an ordered Probit specification with robust standard errors and 

clustering at the group level. The independent variables include the other group member's 

contribution, the value of any positive difference between one's own contribution and another 
                                                                                                                                                    
clustering of standard errors at the group level, but without random effects. The estimates are qualitatively similar 
to all the results reported here. 
13 We checked whether SCR was correlated with valence by estimating separate regressions of SCR for subjects 
reporting negative feelings (a valence lower than 5) and for those reporting neutral or positive feelings. This 
shows that the negative link between contribution and SCR holds only for the subjects who hold neutral or 
positive feelings. No link is found for the subjects who report negative feelings. 
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group member's contribution (i.e., one contributes more than the other), and the absolute value 

of the negative difference between one's own contribution and another group member's 

contribution (i.e., one contributes less than the other). Each of these variables is interacted 

with a dummy variable for the Sanction treatment to measure whether differences from others’ 

contributions induce different emotions when sanctions are possible. Lastly, the regression 

includes a time trend and the subject's gender. Model (2) reports the results of a random-

effects Tobit regression, in which the SCR magnitude registered at the time of receipt of 

feedback about others' contributions is the dependent variable. The independent variables are 

the same as in model (1), except that we consider the differences between one’s own 

contribution and the mean contribution of the other group members. 

Table 3. Determinants of SCR and valence of emotions when being informed about other 
group members’ contributions  
 Self-reported 

valence  (1) 
SCR  
(2) 

Contribution of the other group member cj 

Mean contribution of other group members c-i  
Value of positive difference from other’s 
contribution (max{0, ci – cj}) 
Value of positive difference from other’s 
contribution (max{0, ci – cj})*Sanction treatment 
Absolute value of negative difference from other’s 
contribution (max{0, cj – ci}) 
Absolute value of negative difference from other’s 
contribution (max{0, cj – ci})*Sanction treatment 
Value of own positive difference from the average: 
(max{0, ci -c-i}) 
Value of own positive difference from the average: 
(max{0, ci -c-i})*Sanction treatment 
Absolute value of own negative difference from the 
average: (max{0,c-i - ci}) 
Absolute value of own negative difference from the 
average: (max{0,c-i - ci})*Sanction treatment 
Time trend 
Male 
Constant 

0.036*** (0.006) 
- 

-0.098*** (0.027) 

-0.141*** (0.045) 

0.081*** (0.014) 

-0.052** (0.026) 

- 

- 
 
- 
 
- 
 

-0.032 ***(0.012) 
-0.194 (0.164) 

- 

- 
-0.013 ***(0.007) 

- 

- 

- 

- 

0.004 (0.008) 

0.035* (0.019) 
 
0.021*** (0.008) 

0.011 (0.015) 
 

-0.014*** (0.004) 
0.118 (0.093) 
0.139 (0.126) 

N 
Left-censored obs. 
Log-likelihood / Log pseudo-likelihood 
Pseudo R2 

2880 
- 

-4084.411 
0.255 

960 
414 

-747.749 
- 

Notes: Model (1) is an ordered Probit model with robust standard errors (in parentheses) and clustering at the 
group level. Model (2) is a random-effects Tobit model. *, **, and *** indicate statistical significance at the 0.10, 
0.05, and 0.01 level, respectively 
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Model (1) shows that the more another group member contributes, the more positive the 

valence in response, with a greater positive effect in the Sanction treatment. When observing 

that one contributes more than the other party (a positive difference between one's own 

contribution and the other's contribution), valence is negatively affected, compared to a 

situation in which both players contribute the same amount. This effect is  much stronger in 

the Sanction treatment, suggesting that a deviation from the norm is judged worse in this 

environment, where almost all players contribute their full endowment. On the other hand, 

observing that the other contributes more than oneself increases the valence of emotions, 

probably due to the expectation of higher earnings. This effect is, however, reduced in the 

Sanction treatment. This may result from the risk of sanctions, but more likely arises from the 

fact that the valence is already very high when the group members contribute the same amount 

(see Figure 3 that relates the difference between one’s own and the other’s contributions and 

the valence of emotions). It should be noted that the coefficient associated with a positive 

difference is higher, and considerably so in the Sanction treatment, than the coefficient 

associated with a negative difference.  

    

Figure 3. Average self-reported valence of emotions when being informed of another player’s 
contribution, as a function of the difference between the other's contribution and one's own 

contribution (cj - ci) 
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The estimates of the model (2) show that when there is no possibility of sanctions, the subjects 

are more physiologically aroused when learning that the others contribute low amounts in the 

absolute and when they contribute less than the average themselves. Indeed, the coefficient of 

the absolute value of the negative difference from the average is highly significant. In the 

Sanction treatment, the physiological impact of the others’ contribution is offset and there is 

no additional effect of learning that one contributes less than the average. This suggests that 

free-riders do not anticipate being punished or, alternatively, that the anticipation of sanctions 

generates no physiological reaction. In contrast, learning that one contributes more than others 

produces a significant physiological arousal in the Sanction treatment but not in the Baseline. 

A possible interpretation is that the cooperators feel anticipatory emotions associated with the 

perspective of sanctioning the free-riders. 

In summary, the cooperators are more emotionally aroused and evaluate more negatively the 

contribution of free-riders in the Sanction treatment than in the Baseline. In contrast, free-

riders are not more emotionally aroused when sanctions are possible. This suggests that the 

availability of sanctions affects the emotional reaction to the observation of free-riding of the 

cooperators much more than it affects the emotions of the free-riders.14 

4.3. Emotions and punishment behavior 

We now examine the role of emotions in the decision to punish and the emotions 

experienced when sanctioning others. On the first dimension, our findings are stated in Result 

3 and provide strong support for hypothesis 3. 

Result 3. Punishment behavior is predicted by both greater physiological arousal and 
negatively-signed emotions when learning the contribution of others.   
Support for Result 3. As shown in figure A in Appendix B, there is a strong tendency for i to 

punish j more, the less that j contributed compared to i, as usually observed in VCM games. 

There is also a modest tendency for i to punish j more, the more j has contributed compared to 

i (anti-social punishment). A small difference (where a negative number denotes how much 

                             
14 We have also run separate regressions of the SCR for individuals who report a valence below 5 and for 
individuals who report a valence at least equal to 5 (available upon request). In the first sub-sample, the SCR 
increases in the difference between one’s contribution and the mean contribution of others when the subject 
contributes more than the others but only in the Sanction treatment. In the second sub-sample, the SCR increases 
in the difference between one’s contribution and the mean contribution of others when the subject contributes less 
than the others, but with no additional effect of the sanction treatment. 

19 
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more the sanctioner contributes than the target), between (-2,+2), triggers on average 0.04 

punishment point. The corresponding number of points is 1.04 for the range (-3, -8), 1.56 for 

the range (-9,-14), and 2.43 for (-15, -20). In the regressions reported in Table 4, we test 

whether a greater arousal and more negative emotional valence lead to more punishment for a 

given difference in contributions.  Model (1) estimates the probability of sanctioning another 

group member by means of a random-effects Probit model. Marginal effects are reported into 

brackets. Model (2) estimates the number of points assigned to the group member j by means 

of a random-effects Tobit model. In both models, the independent variables include the 

valence of feelings and SCR when contributing and at the time of learning the contributions of 

others, the average contribution of others, and the difference between i’s and the average 

contributions of others in the group. In model (2), we also include two variables capturing the 

positive difference between j’s and the average contributions and the absolute value of the 

negative difference between j’s and the average contributions.  

Table 4. Emotions and the decision to punish  
 Probability of 

sanctioning another 
group member  (1) 

Severity of sanctions 
on a group member j 

 (2) 
Physiological arousal when contributing 
 
Physiological arousal when being informed 
of others' contributions 
Valence of emotions when contributing 
 
Valence of emotions when receiving 
feedback about others’ contributions 
Average contribution of others (c-i) 
 
Difference between i’s and the average 
contribution of others (ci - c-i) 
Value of positive difference between j's and 
the average contribution (max{0, cj -c }) 
Absolute value of negative difference 
between j's and the average contribution 
(max{0, c - cj }) 
Time trend (t) 
 
Male 
 
Constant 

-0.103 
(0.243) )[-0.017] 

0.281* 
(0.159)[0.047] 

0.076 
(0.059) [0.013] 

-0.424*** 
(0.090) [-0.071] 

-0.088* 
(0.050) [-0.015] 

0.047 
(0.030) [0.008] 

- 
 
- 

 
-0.069*** 

(0.019)[-0.012] 
-0.133 

(0.269) [-0.022] 
4.311*** 
(0.806) 

0.502** 
(0.241) 
0.113 

(0.179) 
0.116* 
(0.063) 

-0.584*** 
(0.064) 
0.054 

(0.054) 
-0.024 
(0.031) 
0.061 

(0.070) 
0.088*** 
(0.033) 

 
-0.100*** 

(0.024) 
-0.184 
(0.430) 
0.998 

(1.001) 
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N 
Left-censored observations 
Log-likelihood 

480 
- 

-140.563 

1440 
1327 

-340.121 
Notes: Model (1) is a random-effects Probit model. Marginal effects are in brackets. Model (2) is a random-
effects Tobit model. *, **, and *** indicate statistical significance at the 0.10, 0.05, and 0.01 level, respectively. 
Model (1) shows that the probability of punishing another group member is predicted by 

greater physiological arousal and negatively-signed emotions when learning others’ 

contribution. The more negative the emotions experienced when the individual receives 

information about his group members' contributions, the greater his probability of assigning 

punishment. Once this and other variables are controlled for, a higher SCR at the time of 

observing others’ contributions also increases the probability of allocating punishment. Model 

(2) indicates that physiological arousal and the experience of more positive feelings when 

making one’s own contribution increase significantly the severity of punishment assigned. 

One punishes more severely a group member who contributes below the average and whose 

contribution has generated a more negative feeling.  

We now investigate the emotional impact of sanctioning decisions. Our findings are stated in 

Result 4.  

Result 4. The more punishment points an individual assigns, the more he is physiologically 
aroused and the more positive is his reported valence. 

Support for Result 4. The average valence of emotions increases from 4.96 to 6.09 when 

subjects assign punishment points, compared with the moment when they learn others’ 

contributions. This indicates that punishing others increases the satisfaction of the subjects 

who have been hurt by learning the contributions of others. In contrast, the subjects who do 

not sanction experience a slight deterioration of their emotional state. They report an average 

valence of 9.33 at the time of being informed of others’ contributions and 8.09 at the time of 

the sanction decision. The average SCR magnitude is 0.26 µS when no sanction is assigned, 

0.31 µS when one is assigning one or two points, and 0.44 µS when one assigns more than 

two points in total to the other group members.  

We estimated two models that are reported in Table 5. Model (1) is an ordered Probit model 

with robust standard errors and clustering at the group level in which the dependent variable is 

the valence of feelings reported when making a sanction decision for each other group 

member. The independent variables include the self-reported valence when the sanctioner was 
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informed of the targeted player’s contribution, the number of punishment points assigned to 

this player and a dummy variable indicating anti-social punishment, which occurs when the 

target contributes more than the punisher. Model (2) is a random-effects Tobit model in which 

the dependent variable is the SCR magnitude when assigning punishment points. The 

independent variables include the SCR of the subject when informed of the contributions of 

other members, the total number of punishment points assigned and a dummy variable for 

anti-social punishment. A time trend and the sanctioner’s gender are included in both models.   

Table 5. Determinants of the physiological arousal and the valence of emotions when 
assigning sanctions 

 Valence (1) SCR (2) 
SCR when receiving feedback about 
others’ contributions 
Valence of emotions when receiving 
feedback about others’ contributions 
Punishment points assigned to group 
members 
Punishment points assigned to 
cooperators 
Punishment points assigned to j 
Punishment points assigned to j  
if j is a cooperator 
Time trend (t) 
Male 
Constant 

- 
 

0.335*** (0.056) 
 
- 
 
- 

 
0.339** (0.134) 
-0.806* (0.469) 

 
0.006 (0.009) 

-0.928** (0.395) 
- 

0.068 (0.055) 
 
- 
 

0.072*** (0.023) 
 

-0.111 (0.115) 
 
- 
- 
 

-0.003 (0.005) 
0.421*** (0.156) 

-0.065 (0.107) 
N 
Left-censored observations 
Log-likelihood (pseudo) 
R2 (pseudo) 

1440 
- 

-2181.851 
0.108 

480 
174 

-348.209 
- 

Notes: Model (1) is an ordered Probit models with robust standard errors (in parentheses) and clustering at the 
group level.  Model (2) is a random-effects Tobit model. *, **, and *** indicate statistical significance at the 
0.10, 0.05, and 0.01 level, respectively.  

Controlling for the valence of emotions when being informed of another individual’s 

contribution, model (1) shows that a more severe punishment is associated with more positive 

emotional valence. This suggests that the valence of emotions experienced when sanctioning 

is influenced both by the negative feelings associated with the free-riding of a group member 

and by the satisfaction of punishing the free-rider. Punishing reduces the disutility experienced 

when learning about others’ free-riding. This finding supports our hypothesis H3, according to 

which individuals trade off the monetary cost of sanctions and the emotional benefit of 

punishing free riders. It is also consistent with previous neuroeconomic findings (de Quervain 

et al., 2004). In addition, model (2) indicates that the greater the number of points assigned, 
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the greater the physiological arousal, with no additional effect of punishing a cooperator. 

Additional regressions (available upon request) show that this relationship is significant only 

for subjects who report neutral or positive feelings (≥5). 

4.4. Emotional and behavioral impact of the receipt of sanctions 

Receiving punishment triggers negative emotions. It also motivates people to revise upward 

their future contribution levels. This is stated precisely in Result 5. 

Result 5. a) The more strongly an individual is punished, the greater is his SCR and the less 
positive his reported valence. b) The individuals are incited to increase their contribution to 
avoid both the monetary and emotional cost associated with sanctions. 

Support for Result 5. The valence of emotions, when informed about the sanctions one is 

receiving, is 8.99 when the individual is not punished (S.D.=1.54) and 3.89 when he is 

punished (S.D.=2.41). The average SCR is 0.14 (S.D.=0.365) when a participant is not 

punished and 0.21 (S.D.=0.389) when he is punished.  

At the individual level, we estimated two models (see Table A in Appendix C). Model (1) is 

an ordered Probit model in which the dependent variable is the valence of feelings when 

informed on receiving sanctions (N=480, log pseudolikelihood=-711.863). Model (2) is a 

random-effects Tobit model in which the dependent variable is the SCR magnitude during this 

feedback (N=480, log-likelihood =-331.579). In both models, the independent variables 

include the number of punishment points received, the number of points received when the 

subject contributed more than the average, a time trend and gender. Model (1) indicates that 

the number of punishment points a person receives exerts a strong negative impact on the 

valence of his emotions (coeff.=-0.520, p<0.001). This effect is reinforced when punishment is 

anti-social (coeff.=-1.100, p<0.001). Moreover, model (2) shows that the physiological arousal 

is positively related to the number of points received (coeff.=0.065, p = 0.051), with no 

additional effect of anti-social punishment (p=0.260).15  

As observed in previous studies (Fehr and Gächter, 2000; Masclet et al., 2003), the change in 

contributions from one period to the next depends on the number of punishment points the 

individual received in the previous period. Indeed, a participant who was not sanctioned in the 

                             
15 Separate regressions of SCR for subjects who report a valence below 5 show a significant positive effect of the 
number of points received (p=0.032), but not the regression for those whose valence is equal or higher than 5 
(p=0.254). A higher SCR when receiving a feedback on sanctions is associated with negative feelings. 
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previous period, decreases his contribution in the current period by on average -0.12 ECU 

(N=388; S.D.=1.47); receiving one or two points increases contribution by 1.11 ECU (N=47; 

S.D.=3.74); receiving three points or more increases it by 5.76 (N=21; S.D.=8.35). To measure 

how the emotions experienced during various stages of the game influence subsequent 

cooperation levels, we estimated four random-effects GLS models with robust standard errors 

and clustering at the group level in which the dependent variable is the change in individuals’ 

contributions between periods t-1 and t.16 In Table 6, models (1) is for the Baseline and 

models (2) for the Sanction treatment. The regressions are conducted separately for the 

subjects who contributed an amount greater than or equal to the group average (“high 

contributors”) and those who contributed less than the average (“low contributors”). The 

explanatory variables include the SCR magnitude and the valence of emotion when 

contributing in period t-1, in addition to the difference between the subject’s contribution and 

the mean contribution of group members in t-1. In the Sanction treatment, the regressions also 

take into account the number of points received, as well as the SCR magnitude and the 

associated valence when informed about sanctions in t-1.   

Table 6. Emotions, punishment, and the change in contribution between periods t-1 and t  
Dependent variable: Change in 
contribution between t-1 and t  

Baseline treatment (1) Sanction treatment (2) 

High 
contributors 

Low 
contributors 

High 
contributors 

Low 
contributors 

Difference between own 
contribution and the average 
contribution in t-1, (ci − c− i )

t−1  
Physiological arousal when 
contributing in t-1 
Valence of emotions when 
contributing in t-1 
Punishment points received  
in t-1 
Physiological arousal at the time 
of receipt of sanctions in t-1 
Valence of emotions at the time 
of receipt of sanctions in t-1 
Time trend (t) 
 
Male 
 

-0.750*** 
(0.088) 

 

-0.535 
(0.611) 

0.248*** 
(0.077) 

- 
 
- 
 
- 
 

0.007 
(0.056) 
-1.028 
(1.025) 

-0.523*** 
(0.149) 

 

0.738 
(1.450) 
-0.204 
(0.238) 

- 
 
- 
 
- 
 

-0.041 
(0.068) 
-0.767 
(1.632) 

-0.065 
(0.050) 

 

-0.216 
(0.228) 
0.013 

(0.033) 
-1.258*** 

(0.397) 
0.266 

(0.270) 
-0.170** 
(0.078) 
-0.029 
(0.021) 

-0.458** 
(0.212) 

-0.800*** 
(0.056) 

 

0.204 
(1.348) 
0.199 

(0.227) 
0.377*** 
(0.107) 
3.391** 
(1.677) 
0.086 

(0.288) 
-0.013 
(0.027) 
0.058 

(0.859) 

                             
16 We have also estimated our models with fixed effects and conducted Hausman tests. The results of the tests are 
not significant. These findings indicate that it is therefore safe to use random effects models.  
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Constant -0.899 
(1.085) 

2.524 
(1.652) 

1.882* 
(0.979) 

-3.040*** 
(1.158) 

N 
R2 

260 
0.237 

196 
0.104 

411 
0.103 

45 
0.729 

Notes: All the models are random-effects GLS models with robust standard errors (in parentheses) and clustering 
at the group level. *, **, and *** indicate statistical significance at the 0.10, 0.05, and 0.01 level, respectively. 

In the Baseline but not in the Sanction treatment, the more positive the emotions when 

contributing in t-1, the more the high contributors increase (or rather the less they decrease, 

since on average the change is negative) their contribution in the current period.  The sanctions 

received, the SCR magnitude, and the valence of emotions when being informed of the 

quantity of sanctions received are strong predictors of changes in behavior. Receiving 

sanctions results in low contributors increasing their contribution, whereas the high 

contributors adjust it downward in response to sanctions. Controlling for this direct effect of 

sanctions, the more physiologically aroused the low contributors were when informed about 

how much they have been punished, the greater the upward adjustment of contribution. The 

valence of feelings exerts no significant influence. While SCR magnitude does not predict the 

high contributors’ decisions, the less negative their self-reported feelings when being informed 

about the sanctions they receive, the lower the upward adjustment of their contribution. In 

addition to the monetary consequences of sanctions, individuals dislike being punished and 

they adjust their behavior accordingly. 

5. DISCUSSION AND CONCLUSION 

We consider the emotional patterns associated with behavior in the Voluntary Contributions 

Mechanism. We record two measures of emotion, skin conductance response and self-reported 

valence of emotional state, as our subjects choose how much to cooperate, observe others’ 

levels of cooperation, sanction others, and are themselves sanctioned.  

We observe a number of patterns. First, we find that higher contributions are associated with 

more positive self-reported emotions and less arousal on the part of the contributor. Second, 

individuals are more aroused and report less positive emotions if they learn that other players 

have not cooperated. After controlling for the contribution of others, learning that one 

contributes more than another group member affects the valence of feelings negatively, while 

learning that one contributes less increases it. Third, a higher arousal and more negative 

feelings when learning the difference between one’s own and others’ contributions predict the 
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punishment behavior in the Sanction treatment. For a given difference in contributions levels, 

the emotions experienced by an individual contribute to his decision to sanction another 

subject. Sanctioning non-cooperators mitigates and partially relieves the negative emotions 

associated with others’ free-riding.  Lastly, we find that receiving punishment is associated 

with an emotional arousal and an adverse emotional state. Those who are more emotionally 

aroused when receiving sanctions have a stronger tendency to modify their subsequent 

behavior in the direction of greater cooperation.  

Emotions, therefore, appear to play a role in the emergence and maintenance of cooperation. 

The emotional responses of group members are, however, not sufficient on their own to allow 

the group to attain a cooperative outcome. Appropriate institutions must be in place to allow 

emotions to express themselves in behavior that can be communicated to other parties 

(Ostrom,1990). Emotions cannot make cooperation emerge when no sanctions or other forms 

of communication are available, as the Baseline treatment shows. In the Sanction treatment, 

the mechanism whereby emotions induce cooperation operates in conjunction with the ability 

to punish free-riders. The application of punishment can then set in motion a "virtuous 

emotional circle" that promotes cooperation. Cooperators experience positive feelings, which 

become even more positive if they learn that others are also cooperating. When they find 

themselves in groups with free-riders, they relieve negative emotions when they punish free 

riders. The free-riders experience negative emotions in response to punishment, and increase 

their subsequent level of cooperation. Thus, both positive and negative emotional 

reinforcement, in conjunction with the availability of sanctions, encourages cooperation.  

While our view is that the measures of emotional state that we have studied here help in 

understanding economic decision-making, we acknowledge that they have some limitations. 

The SCR and the self-reports on hedonic valence are two separate measures of emotions. At 

some specific moments in our experiment, these two measures are correlated, especially when 

assigning sanctions and when receiving sanctions. But at some other moments, they are 

independent: for example, when subjects decide on their contribution level, those who are 

more physiologically aroused are not those who report the most pleasant or the most 

unpleasant feelings. In such cases the interpretation of the emotional state is more difficult. 

However, despite limitations, these measures of emotions provide useful information for 

explaining the dynamics of cooperation and the influence of altruistic sanctions in social 
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dilemmas. This suggests that further research should be developed on the role of emotions on 

decision-making in groups  
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Appendix A. Instructions to participants 
 

The following are the instructions, translated from the original French, for the Sanction treatment.  The 
instructions for the Baseline treatment are a subset of those printed here. The instructions describe the 
timing of decisions, the decision rules, and the process of payoff determination.  Subjects had to 
answer several control questions at the end of the instructions to ensure that they understood the rules 
of the game.   

--- 
Text of Instructions 

 
Thank you for taking part in this experiment during which you can earn money. Your earnings depend 
on your decisions and on the decisions of the other participants with whom you will interact.  
 
All of the transactions during the experiment and your entire earnings will be calculated in ECU 
(Experimental Currency Units). At the end of the experiment the total amount of ECU you have earned 
during the session will be converted to Euros and paid to you in cash in a separate room by somebody 
who is not aware of the content of the experiment, according to the following rules: 

q Your final payoff in ECU consists of the total of your payoffs in each of the 20 periods 
comprising this session. 

q This final payoff in ECU will be converted into Euros at the rate: 100 ECU = 2 Euros. 

q In addition, you will be given a show-up fee of 5 Euros.  
 
At the beginning of the session, the participants are divided into groups of four. You will therefore 
interact with three other participants. During the 20 periods, you will interact with the same 
persons. You will never be informed of the identity of these persons. 
 
The four participants belonging to a group can participate in a project, by contributing to a group 
account that will be shared among them. The amount of this group account is determined by the sum of 
the individual contributions of the four members of the group.  
 
Description of each period  
 
Each period consists of two stages.  
 
First stage. At the beginning of each period each participant receives an endowment of 20 ECU. 
 
You, as well as the three other members of your group, simultaneously decide how much of your 
endowment you will contribute to the project, by indicating a number between 0 and 20, inclusive.  
 
After all group members have made their decision, your screen will show you the total amount of ECU 
contributed to the project by the members of your group (including your own contribution). You are 
also informed of the amount contributed by each of the three other members of your group to the 
project. Note: the order in which each contribution is displayed is changed randomly in each period (in 
other words, the number that appears first on your screen does not always correspond to the decision of 
the same player).  You are also informed about your first-stage payoff . 
 
Your income consists of two parts: 
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Ø the amount of your endowment which you have kept for yourself (that is, 20 – 
your contribution to the project), 

Ø the income from the project: this income represents 40% of the total 
contribution of all four group members to the project    

 
 

Your income in ECU in the first stage of each period is therefore: 
 

(20-your contribution to the project) + 40%*(total contributions of the group to the project) 
 
The payoff of each group member is calculated in the same way, which means that each group member 
receives the same income from the project.  
 
Suppose the total of the contributions of all group members is 60 ECU. In this case each member of the 
group receives an income for the first stage from the project of 40% (of 60 ECU) = 24 ECU. If the total 
contribution to the project is 9 ECU, then each member of the group receives an income of 40% (of 9 
ECU) = 3.6 ECU from the project. 
 
For each ECU that you keep for yourself you earn an income of 1 ECU. For every ECU you contribute 
to the project instead, the total contribution to the project increases by one ECU. Your income from the 
project will increase by 40% (of 1 ECU) = 0.4 ECU. The income of the other group members will also 
rise by 0.4 ECU each, so that the total income of the group from the project rises by 1.6 ECU. This 
means that your contribution to the project also increases the income of the other group members.  
 
On the other hand you will earn money from each ECU contributed by other members to the project. 
For each ECU contributed by any member you earn 40% (1) = 0.4 ECU. 
 
Second stage. You can, if you like, indicate your disapproval of members of your group by assigning 
points that reduce their first-stage payoff. You can assign a particular number of points to a member of 
your group to express a level of disapproval (10 points for the highest disapproval, 0 points for no 
disapproval). Each point assigned reduces her first-stage income by 10%. Similarly, your income can 
be modified if the other members of your group wish to do so.  
 
You decide how many points to give to each of the other three group members to reduce their income 
or leave it unchanged. You must enter a value for each member, between 0 and 10 points. If you do not 
wish to change the income of a specific member, then you must enter 0. 
 
If you distribute one point to a member, you reduce his first-stage payoff by 10%; if you assign two 
points, you reduce his payoff by 20%, etc. The number of points you assign determines by how much 
you are willing to reduce his first-stage payoff. 
 
If you assign points, you pay a cost in ECU that depends on the number of points you distribute to each 
subject. The more points you give to any subject, the higher your costs. Your total costs are equal to 
the sum of the costs of distributing points to each of the other three group members. The following 
table illustrates the relationship between points distributed to a subject and the cost of doing so in 
ECU: 

 
 Number of punishment 
 points 

0 1 2 3 4 5 6 7 8 9 10 

 Cost to the punisher 0 1 2 4 6 9 12 16 20 25 30 
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 Percentage of reduction of 
 the target's payoff 

0 10 20 30 40 50 60 70 80 90 100 

 
If you assign two points to one group member, this will cost you 2 ECU; if you assign 9 points to 
another member, this will cost you 25 ECU more; if you give the last subject no points, this does not 
cost you anything. In this example, the total cost of the assigned points is 27 ECU (2+25+0). These 
costs will be displayed on your screen. 
 
Your final income in ECU in each period is calculated as follows: 
 

If you received less than 10 points: 
final income = (income from the 1st stage) )*[(10 - number of received points)/10] – cost of points you 

assigned 
 

If you received 10 or more points: 
final income = - cost of points you assigned 

 
The maximum number of points received that can count against you in a period is 10. For example, if 
you received 3 points from other group members your first-stage payoff will be reduced by 30%. If you 
received 4 points from other group members your first-stage payoff will be reduced by 40%. If you 
received 10 points or more, you will lose 100% of your first-stage payoff.  In this case, you make a loss 
if you have assigned points to other members of your group. The amount of the loss equals the cost of 
the assigned points. 
 
Therefore, your income in ECU at the end of the second stage can be negative, if the costs of the points 
you distribute exceed your income from the first stage. You can, however, avoid such losses with 
certainty through your own decisions. 
 
Additional questions 
 
Several times during each period, we will ask you to describe your feelings. You report your feelings 
on a scale scoring from 1 (extremely unpleasant feeling) to 10 (extremely pleasant feeling). 
 
You are not paid based on the answers to these questions. They have no influence on the remainder of 
the session. We do, however, ask you to answer these questions sincerely and with care. 
 
Summary: You receive an endowment. You decide how much you are willing to contribute to a 
project. You are then informed of the total amount the group contributed, the contribution of each other 
group member, and your income. You can assign points to express your disapproval. Several times 
during the period, you answer questions regarding your feelings at the time.    
 
At the end of each period, the next period begins. You receive a new endowment of 20 ECU and you 
choose your contribution.  
 

* * * 
Thank you for answering the questionnaire on your understanding that has been distributed to you. If 
you have any questions about these instructions, please raise your hand. We will answer your questions 
in private. 
Communicating with the other participants during the experiment is strictly forbidden at the risk of 
being excluded from the session and from receiving your payment. 
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Appendix B. Assignment of punishment points 

 

 

  

Fig.A. Number of punishment points assigned to j by i as a function of the difference 
in contribution between j and i 

Figure A shows the average number of punishment points assigned by player i to player j. The 
observations are classified based on the difference between the contributions of players j and i in the 
current period.  The horizontal axis is the difference in contributions, which, because each individual 
has 20 tokens, ranges from – 20 to + 20.  The vertical axis indicates the average assignment of points, 
which can range from 0 to 10.   
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Appendix C – The receipt of sanctions 
 
Table A. Determinants of the physiological arousal and the valence of emotions when receiving 
sanctions 
 
Dependent variable Valence  (1) SCR  (2) 
Punishment points received 
Punishment points received by a subject 
contributing more than the group average  
Time trend 
Male 
Constant 

-0.520*** (0.054) 
-1.100*** (0.315) 

 
0.015 (0.022) 
-0.107 (0.341) 

- 

0.065** (0.033) 
0.309 (0.275) 

 
-0.022*** (0.007) 

0.292* (0.156) 
-0.300** (0.125) 

N 
Left-censored observations 
Log-likelihood (pseudo) 
Pseudo R2  

480 
- 

-711.863 
0.100 

480 
320 

-331.579 
- 

 
Notes: Model (1) is an ordered Probit model with robust standard errors (in parentheses) and clustering at the 
group level. Model (2) is a random-effects Tobit model. *, **, and *** indicate statistical significance at the 0.10, 
0.05, and 0.01 level, respectively 
 
 
 


