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Abstract

We consider the emotional correlates of activity in the Public Good game when monetary and non-
monetary punishments are available, and when no punishment is possible. In our experiment,
emotions are measured using Face Reading software that tracks the emotional content of facial
expressions in real time. When no punishment is possible, greater anger and more negative
emotional valence correlate with learning that one has contributed more than others. Lower
valence and happiness, in turn, is associated with reducing one’s cooperation in the next period.
When non-monetary punishment in the form of expressed disapproval is possible, positive
emotional valence is associated with cooperation, punishment of free-riders, and an increase in
cooperation from one period to the next. Negative valence, on the other hand, is associated with
the receipt of punishment, suggesting that the expression of disapproval inherent in the non-
monetary punishment was well understood and had an effect on the emotions of the recipient. The
data support the conjecture that the reinforcement that positive emotion provides is what allows
non-monetary punishment to increase cooperation. In contrast, when monetary punishment is
available, emotional correlates are less consistent, suggesting that monetary punishment is less
reliant on emotions to be effective. Instead, it appears to increase cooperation solely by reducing

the monetary incentives to free-ride.
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1. Introduction

The ability of peer punishment to promote cooperation has been one of the most celebrated
findings in experimental economics. Beginning with the work of Yamagishi (1986), Ostrom et al.
(1990) and Fehr and Gaechter (2000), numerous laboratory experiments have shown that allowing
members of a group facing a social dilemma to reduce the earnings of individual other players, at
their own expense, can promote cooperation within the group.! Individuals are very often willing
to pay from their own earnings to punish free riders, and the existence of the possibility of
punishment increases cooperation. These patterns of behavior clash sharply with the subgame
perfect Nash equilibrium, because the threat to punish is not credible. The decision to punish and
its effect on cooperation can be rationalized by assuming that players have social preferences (Fehr
and Schmidt, 1999) or gain utility from punishing others (Carpenter, 2007; Anderson and
Putterman, 2006).2

A number of studies have also argued that specific emotional states accompany the decision
to apply costly punishment against players who behave opportunistically (Bosman and van
Winden, 2002; Casari and Luini, 2009; Dickinson and Masclet, 2015; Drouvelis and Grosskopf,
2016).% In particular, anger has been associated with a willingness to punish others (Xiao and
Houser, 2005; Hopfensitz and Reuben, 2009). An emotion can be defined as "a positive or negative
experience that is associated with a particular pattern of physiological activity.” (Wikipedia entry
for emotions). Perhaps unfortunately for economic analysis, emotions are a concept from
psychology that does not translate well into the traditional economics vocabulary. In this regard,
it is analogous to a word or phrase in a foreign language for which there is no exact translation
into one’s own language. Nevertheless, emotions are clearly concepts with meaning and constitute
real, tangible forces affecting individuals’ choices. A large body of literature in psychology and
management documents that emotional state influences decisions in a wide variety of settings (see

e.g. Lerner et al, 2015). The role of emotions in behavior is also increasingly being acknowledged

! There are limits to this result. Punishment is not effective in increasing cooperation in many cultures (Herrmann et
al., 2008), and if retribution by sanctioned parties is possible (Nikiforakis, 2008; Denant-Boemont et al., 2007).

2 These two studies show that more punishment is assigned when it is cheaper for the sanctioner to reduce the earnings
of the sanctioned party by a given amount. This indicates that the demand for punishment is downward-sloping at
positive prices. This suggests that allocating punishment provides positive utility to the sanctioner at a decreasing rate,
as is traditionally assumed for the utility of most goods under the classical theory of consumption.

3 The notion that there are emotional correlates of behavior is fully compatible with the presence of social preferences
which, like standard models of selfish preferences, are typically silent about emotional states.



in behavioral economics (Elster, 1988; Loewenstein et al, 2001; Battigalli and Dufwenberg, 2022).
We believe that emotional factors are a crucial piece of the puzzle in understanding how it is that

altruistic punishment leads to greater cooperation.

The effect of punishment on cooperation relies only partially on the fact that punishment
reduces the pecuniary return to non-cooperation. Masclet et al. (2003), Noussair and Tucker (2005),
and Mahmood et al. (2022) have shown that even symbolic sanctions that impose no pecuniary
cost on either the sanctioning or sanctioned parties are consistently applied against free-riders and
do have the effect of increasing contributions. The explanation offered by Masclet et al. (2003) for
this effect is that symbolic sanctions communicate disapproval of the actions of the non-cooperator,
and the non-cooperator is swayed by this disapproval (or the mere prospect of receiving
disapproval) to increase their cooperation level. In our view, it is completely plausible that there
are emotional correlates of the decision to contribute and to punish under this system, as well as
emotional reactions to others’ contributions and punishment one receives. However, to our

knowledge, this has not been documented to date.

In this paper, we study the emotional state of participants as they play repeated trials of the
public good game with monetary punishment studied by Fehr and Gaechter (2000), and the
variation with non-monetary punishment of Masclet et al. (2003). We analyze the emotions that
correlate with individuals’ decisions: the levels of contributions and punishment assigned. We also
study the emotional response to learning about others’ contributions and the punishment that one
has received. Additionally, we consider how emotional reactions in one trial of the game influence
decisions in the next trial. We advance a number of hypotheses regarding how happiness and anger,
the two emotions that have been most closely associated with cooperation and punishment,
correlate with various events in the game. We also advance hypotheses about how emotional
valence, a measure of overall net positivity of one’s emotional state, correlates with activity in the

game.

In contrast to previous work in this area, discussed in Section 2, we track the strength of
specific emotions in real time over the course of the experiment. We also employ a new, non-
invasive technology, Face Reading, to acquire emotion data during our experiment. The software

reads participants’ facial expressions and classifies them based on the extent to which they



conform to the profile associated with each of the six basic universal emotions: happiness, anger,

fear, disgust, sadness, and surprise.

The use of FaceReader software to elicit emotions has a number of potential benefits
relative to conventional self-reporting methods. For one, we can measure and track emotional
states at every instance of the experiment without interrupting the main activity. The possibility of
not interrupting the public goods experiment with punishment is particularly crucial as the
literature has suggested that a break, and thus a cooling off period, may reduce punishment (see,
e.g., Dickinson and Masclet, 2015). Thus, we are able to capture more accurate correlations
between a (punishment/contribution) decision and an emotional state. Furthermore, reporting an
emotional state may itself affect emotions, as the explicit elicitation may induce experimenter
demand effects (see, e.g., the discussion in Gross and Levenson, 1995) or be viewed as an
unpleasant task that makes emotions more negative (Kugler et al.,2019). The accuracy of the
software itself in uncovering emotional state has been validated in a number of studies (Bijlstra
and Dotsch, 2011; Den Uyl and van Kuilenburg, 2005; Lewinski et al, 2014; Kuderna-lulian et al.,
2009; Terzis et al., 2010;). Facereader output is highly correlated with psychophysiological
measures of emotional valence (Facial Electromyography, EMG) and arousal (Skin Conductance
Response, SCR) (Ho6fling, 2020).

The approach we take in this paper is to measure correlational, rather than causal,
relationships. Much of the literature on emotions and cooperation has adopted a causal approach
that involves inducing an emotional state at the outset of the session and then comparing decisions
under different emotional states. This approach has the benefit of being able to identify the effect
of an emotional state on behavior. For example, it allows the researcher to ask the question “If
make a group of individuals happier, does cooperation increase?”. There are many important and
interesting questions of this nature that the literature has investigated and will yet explore. Our
approach of tracking emotional state and behavior in real time is well-suited to questions such as
“are people happier as they are cooperating?” or “are people angrier when they are punishing”. In
our view, such correlational relationships, free of experimenter intervention to induce emotional
state, are also important in understanding the interplay between emotions, altruistic punishment,
and cooperation, as well as the mechanism whereby altruistic punishment leads to higher

cooperation.



In section 2, we review the literature. In Section 3, we describe the experimental design.
We present our hypotheses in Section 4. Section 5 contains the reporting of our results and Section

6 provides some concluding thoughts.
2. Literature review

The Voluntary Contributions Mechanism is a workhorse paradigm to measure the extent of
cooperativeness in a group. The level of contribution is readily interpreted as indicating
cooperativeness. In early work, Isaac and Walker (1988) and Andreoni (1988) showed that if the
game is repeated, cooperation begins at an intermediate level and tends to decline over time. This
decline has been attributed to initial errors and confusion (Ledyard, 1995; Houser and Kurzban,
2002; Andreoni, 1995) that decrease as individuals gain experience, and to the interaction of
incomplete conditional cooperators and free riders (Fischbacher et al., 2001; Fischbacher and
Gaechter, 2010).

To remedy this drift over time to greater free riding, peer punishment institutions have been
proposed and studied (Yamagishi, 1988; Ostrom et al., 1990; Fehr and Gaechter, 2000; Fehr and
Gaechter, 2002). In such systems, group members observe the individual contributions of others
and can pay from their own earnings to reduce the earnings of any other individuals. While
punishment behavior and the reaction to it varies by culture (Hermann et al., 2008; Funaki et al.,
2020), in Western cultures there is a tendency to punish free riders and for the presence of a

punishment option to increase cooperation.

Punishment exerts an effect both by reducing the pecuniary return to free riding and by
communicating that the group disapproves of one’s actions. Masclet et al. (2003) show that when
punishment is assigned that imposes no monetary cost to either the sanctioning or sanctioned
parties so that it serves purely as a means of expressing disapproval, cooperation also increases.
Noussair and Tucker (2005), find that allowing both non-monetary and monetary punishment
generates greater cooperation and earnings than either type of punishment alone. Mahmood et al.

(2022) observe that the effect of non-monetary punishment weakens in teams.

It has been argued that in some economic interactions, emotions may play a critical role in
decision-making (Elster, 1998; Loewenstein, 2000; Thaler, 2000). A number of experimental

studies have investigated the relationship between emotions and cooperation. Rilling et al. (2002),



using a correlational approach, find that mutual cooperation in a Prisoner’s Dilemma triggers
activity in the dorsal striatum, an area of the brain strongly associated with reward, after the game
is played. However, the predominant method to study the relationship between emotions and
cooperation has been to induce an emotional state before the beginning of play. Groups are
randomized into different emotional states to allow a causal effect of the emotion on cooperation
to be observed. For example, de Hooge et al. (2007) find that induced guilt yields greater
cooperation while shame has no effect. Bartke et al. (2019) observe that inducing a state of caring
increases cooperation, while anger reduces it. Nguyen and Noussair (2022) find that induced

happiness, disgust, and fear all lead to lower cooperation than a control condition.

A number of authors have proposed emotional underpinnings for the punishment of non-
cooperators. Emotional states, particularly anger, correlate with the decision to punish, albeit in
different paradigms than the one we study here. Xiao and Houser (2005) argue that costly
punishment is used to express negative emotions in ultimatum games. Casari and Luini (2009) find
that punishment is not used instrumentally, but rather purely as a response to the behavior of the
punished individual, and they interpret the punishment behavior as governed by emotions.
Hopfensitz and Rueben (2009) show that anger is a driver of punishment in a modified trust game.
Sanfey et al. (2003) observe that recipients of an unfair offer in an ultimatum game experience
increased brain activity in the anterior insula, which is associated with negative emotional states.
Additionally, the activation is a strong predictor of subsequent rejection of the offer.

Three studies have investigated the emotional correlates of activity in the game with
monetary punishment that we study here. Drouvelis and Grosskopf (2016) induce anger and
happiness before participants play the game once. They find that angry subjects contribute less
than happy ones. They also observe that angry subjects punish more than those who are happy.
Dickinson and Masclet (2015) study the game under four conditions. There is a Baseline condition
which is the same as the Baseline in our study. In their Waiting treatment, designed to attenuate
emotions, players must wait for 5 minutes after learning others’ contributions before they punish.
In the Waiting+Emotions treatment, in addition to waiting 5 minutes, players have the opportunity
to vent their emotions via two avenues. The first is to privately indicate how angry, joyful and
surprised they are at others’ contributions, and the second is to write a message to the other

members of their group, which they know will never be sent. In the Virtual Punishment treatment,



they additionally have the opportunity to assign points of disapproval as in the Masclet et al. (2003)
Non-Monetary Punishment treatment, though the points are not relayed to the recipient. They find
that the more opportunities individuals have to express their emotions, the less monetary
punishment is assigned. This result is interpreted as suggesting that monetary punishment is in part
driven by the desire to express emotions. Joffily et al. (2014) track the arousal and emotional
valence (overall positivity/negativity) of players over the course of the game. They find that the
adverse emotional reaction that individuals experience when others free ride leads them to sanction,
and the negative emotional reaction of those receiving sanctions leads them to subsequently
contribute more. They report that more positive emotions and lower arousal are correlated with

higher contributions.

Our experiment differs from most of the above studies in the following ways. Rather than
inducing emotions at the outset of play, we simply track them over the course of the experiment.
Thus, instead of asking questions such as “does happiness increase cooperation?”” we instead ask
“what emotions are individuals experiencing as they cooperate?” Instead of only tracking arousal,
in the form of skin conductance response, and overall valence of the emotional state, we
additionally study specific individual emotions. The methodology we employ is Face Reading,
which provides real-time tracking of the six basic universal emotions of all players, plus

continuous measures of arousal and overall valence.*
3. Experimental Design and Laboratory Procedures

Our experiment closely follows the design of Masclet et al. (2003), with a few parameter changes
to simplify the experiment to better serve our purposes. Throughout the entire experiment each
participant is videotaped so that emotions in each stage of the experiment can be analyzed
afterwards. In each experimental session, subjects are randomly assigned to groups of four and
participate in a repeated Voluntary Contributions Mechanism (VCM) for 10 periods. The

composition of each group remains fixed for all periods.

4 The six basic universal emotions, as proposed by Paul Ekman and coauthors, are Happiness, Anger, Fear, Sadness,
Surprise, and Disgust. They are considered universal because a face expressing one of these emotions is recognized
to be doing so in all human cultures, have analogues in other primates, and are common between blind and sighted
people, indicating that they are innate rather than learned through social interaction (Ekman, 2007; Matsumoto and
Willingham, 2009).



At the beginning of each period, each agent is endowed with 20 Experimental Currency
Units (hereafter, ECU), which can be converted into New Zealand Dollars at the end of the session
using a predefined exchange rate. Subjects then simultaneously choose a portion of their
endowment to contribute to a group account. Each ECU contributed to the group account yields a
payoff of 0.4 ECU to each of the four members of the group. The remaining portion of the ECU
that is not contributed to the group account goes to the subject’s private account with no additional
payoff to other group members. Hence, the earnings (rr;) of subject i in a period can be expressed

as
T =20—c; + 04X YF_,cp,

where c; is the contribution of subject i. The total individual earnings in the experiment are the
sum of the earnings over all periods. Clearly, individual i’s earnings are maximized at ¢; = 0. If
the game is played once, the dominant strategy is to contribute zero. In a finitely repeated setting,
the unique subgame-perfect equilibrium of the game is for all players to contribute zero in each

period.

There are three treatments in the experiment. The Baseline treatment consists of the Public
Good game described above played repeatedly for 10 periods. At the end of each period, subjects
are shown a summary screen reporting their own contribution, the sum of all contributions, and
their earnings for the period. In both the Monetary Punishment (MP) and the Nonmonetary
Punishment (NP) treatments, the game continues onward to a punishment stage. Each subject is
informed of the contribution levels of each of the other members of their group. We emphasize
that the displayed order of the contribution decisions presented on subjects’ screens is randomized
in each period. This shuffling of positions is intended to force all punishment for behavior in a

particular period to occur in the same period.

After reviewing the contribution decisions of others, subjects are given opportunities to
express their views by assigning punishment points. In particular, in the Monetary Punishment
(MP) treatment, subjects can assign up to 10 punishment points at a cost (1 point =1 ECU) to each
of the three other group members. Each punishment point received by a subject from any other
group members reduces the earnings of the subject by 3 points. Subject i’s earnings in a period in

this treatment equal:



T = (20 — ¢; + 0.4 X Yoy Ck) — Zkri Pik — 3 * Lk P

where P;. is the punishment subject i assigns to subject k in her group, while P; is the
punishment point subject i receives from subject k. The subgame-perfect equilibrium of the 10-
period finitely repeated game is that all players always contribute zero and there is no punishment

at all for any past history.

The Non-monetary Punishment (NP) treatment is identical to MP treatment, except that the
punishment points assigned to a subject have no effect on her final earnings, and these punishment
points are costless to assign. As in MP, subjects have the opportunity to assign between 0 and 10
points to each other group member. In both treatments, the points were presented as indicating a
level of disapproval of a subject’s contribution to the public account in the current period and were
described to the subjects as such. The upper bound of 10 represents the highest level of disapproval
and the lower bound of 0 points the lowest. Under nonmonetary punishment, all subgame-perfect
equilibria for the finitely repeated game involve all players contributing zero regardless of past
history, and any profile of disapproval point assignments, which are cheap talk, is consistent with

an equilibrium,

Subjects’ facial expressions were recorded and analyzed. This was done by videotaping the
participants during their session and analyzing the videotapes later with Noldus FaceReader
software. The software analyses the emotional state as revealed in participants’ facial expressions.
The time periods of interest are (i) before participants decide how much to contribute to the public
account, (ii) after they learn what others have contributed, (iii) before they assign punishment, and

(iv) after they learn the punishment that they have received.

The FaceReader software operates in the following manner. Every 1/10™ of a second, an
algorithm searches for a face in the videotape. When it detects a face, it applies a proprietary
algorithm based on the Facial Action Coding System (FACS). The algorithm maps the vector of
distances between 500+ points on the face to a vector in [0,1]® which indicates a level of conformity
of the facial expression to profiles associated with the six basic universal emotions: Happiness,
Anger, Sadness, Fear, Disgust, and Surprise, as well as Neutrality and Arousal. The weights do
not necessarily sum to 1. It also calculates a measure of emotional Valence from the values of
Happiness, the sole positive emotion, and Fear, Anger, Sadness, and Disgust, the four negative

emotions. Valence takes on a value between -1 and 1, with higher values representing a more

10



positive emotional state. FaceReader has been validated in a number of ways. The software has an
accuracy rate of 90 percent when it rates the intended expressions of actors (Bijlstra and Dotsch,
2011). It correlates highly with self-reported natural unintentional emotions (Den Uyl and van
Kuilenburg, 2005). It classifies human expressions as well as trained human observers (Kuderna-
lulian et al., 2009; Terzis et al., 2010; Lewinski et al., 2014). It has been used in a number of recent
experimental economic studies (Fiala and Noussair, 2017; van Leeuwen et al., 2018; Breaban and
Noussair, 2018; Kugler et al., 2019).

Our experiment was conducted in the Waikato Experimental Economics Laboratory
(WEEL) at the University of Waikato, New Zealand in the year 2016. A total number of 92 subjects
participated. There were two sessions conducted under each of the three treatments for a total of 6
sessions. Both NP and MP consisted of 10 groups and Baseline had 8 groups. Group membership
was fixed for the entire session. Upon arrival, subjects were provided with a document called the
Human Ethics Participation Information Sheet, a consent form and an instruction packet. The
instructions can be found in the Appendix of this paper. The experimenter provided a verbal
introduction, which included a brief welcome, discussion of the video recording process and a
description of the procedures. We then read the instructions aloud and checked participants’

understanding via several control questions.

Figure 1: Timeline of a Period of the Experiment

i End of
Contribution | Feedback Punishment PZric?d
Stage Stage Stage (MP &
NP only) Summary

v

At the beginning of each period, subjects received 20 ECU and were simultaneously asked
to decide how much of the 20 ECU they would like to place in the public account. After all group
members completed their contribution decision, subjects were presented with their individual
contribution, sum of group contributions, and their own earnings. This sequence of activity
constituted a period in the Baseline treatment. In the MP and NP treatments, subjects continued
to a second stage where they could view how much other each group member contributed and had
the opportunity to assign points to each other group member(s) if they wanted to. The period

concluded with a summary screen presenting their own contribution, the sum of contributions in

11



the group, the total amount of points they assigned, their cost of assigning points, the number of
points they received, the reduction in their earnings from points received (this was always zero for
NP), and their overall earnings for the period. Participants repeated the game for 10 periods. At
the end of the session, subjects were called one by one to a private payment room to receive their

earnings. An illustration of the timeline of a period in the experiment is provided in Figure 1.
4. Hypotheses

The hypotheses for the experiment are based on interpretation or extrapolation of findings in the
prior experimental literature. The work of Drouvelis and Grosskopf (2016) suggests that happiness
causes more cooperation, while that of Nguyen and Noussair (2022) finds that happiness works in
the opposite direction. Drouvelis and Grosskopf (2016), Bartke et al. (2019), and Nguyen and
Noussair (2022) all find that anger leads to lower cooperation. Joffily et al. (2014) report that the
valence of emotional state correlates positively with cooperation. Since the balance of the evidence
associates positive emotions with more cooperation, we hypothesize that happiness would
correlate with greater contributions. We also hypothesize that anger would correlate with lower
contributions. As a consequence, emotional valence would correlate positively with contribution

level.

Hypothesis 1: An individual ’s Happiness and Valence level before the contribution decision are
positively correlated with their contribution level. Anger before the contribution decision is

negatively correlated with contribution level.

In the game, the next change in the environment, after the contribution decision, occurs when
individuals are informed of the contributions of others. Joffily et al. (2014) document that learning
that one has contributed more relative to others triggers negative emotional valence, while
contributing less than others leads to a more positive emotional state. We hypothesize that the

same would be true for the specific emotions of the same valence.

Hypothesis 2: The more that others in one’s group contribute compared to one’s own contribution,
the greater one’s Happiness and Valence. The less others contribute relative to one’s own level,

the greater one’s Anger.

Hypotheses 1 and 2 apply to all three treatments. For the MP and NP treatments, we also propose

hypotheses regarding the emotional correlates of punishment behavior. Sanfey et al. (2003), Xiao

12



and Houser (2005), Hopfensitz and Rueben (2009), and Drouvelis and Grosskopf (2016) find that
the specific emotion of anger is linked to the application of punishment. We hypothesize that this
relationship would also hold in our study with our technology for emotion measurement and
generalize to a punishment that is non-monetary. We also predict that punishing improves the

sanctioner’s emotional state, as observed in the brain imaging study of de Quervain et al. (2004).

Hypothesis 3: In both the MP and NP treatments, there is a positive correlation between the level
of Anger an individual expresses after learning about the contribution of others and the
punishment points that they assign. Furthermore, there is a positive correlation between (a) the
changes in Happiness and Valence when the punishment is assigned, and (b) the number of
punishment points that is allocated.

Our final hypothesis concerns the emotional response to the receipt of punishment. Joffily et al.
(2014) find that receiving punishment triggers greater arousal and a more negatively-valenced
emotional state. We hypothesize that it would have the same effect in both our MP and NP

treatments.

Hypothesis 4: There is a positive correlation between the number of punishment points received
and the change in Anger when the punishment is received. There is a negative correlation between

the number of punishment points received and changes in Happiness and Valence.

As a last topic of our analysis, we study whether there are emotional correlates of the decision to
modify one’s contributions between the current period and the next. The next section reports the

results of our experiment.
5. Results
5.1. Contribution and Punishment Patterns

The average individual contribution levels by period in the three treatments are shown in Figure 2.
The figure reveals a number of patterns. In the Baseline treatment, the average contribution is close
to 9 tokens out of a maximum possible of 20 in period 1. Contributions decline over time so that
by period 10, they average approximately 3 tokens. This is highly consistent with previous results
in the literature (Andreoni, 1988; Isaac and Walker, 1988). In the Monetary Punishment treatment,

average cooperation also begins at an intermediate level of roughly 11 and increases over time to

13



the 14 — 15 range. Monetary punishment is effective in generating cooperation, as has been
documented in prior studies (Yamagishi, 1986; Ostrom et al., 1990; Fehr and Gaechter, 2000). The
NP treatment also generates high levels of cooperation, but these begin to decline in period 3, and
by the end of the sessions, contributions in NP lie between those in the MP and the Baseline
treatments. This is also consistent with previous research (Masclet et al., 2003; Noussair and
Tucker, 2005; Mahmood et al., 2022).

Figure 2: Average Individual Contributions by Period in each Treatment

-

Contribution

Aver: g e

Figure 3 shows the average level of punishment a person assigned to each of their group

members in each period in the NP and MP treatments, 2i2 Pij/ Thefigure reveals the following
patterns. Under MP, the average punishment meted out is highest at the outset, at an average of
1.17 points assigned per individual and fluctuates over time around a level of approximately 1
point per period. Under NP, punishment points average about 9 at the outset of play, approximately
30% of the maximum possible level of disapproval. Point assignments increase over time as it
appears that this form of punishment sees its effect erode over time, and individuals express ever
stronger levels of disapproval as contributions decline. Figures 2 and 3, taken together, show that

14



under both punishment processes, there is a strong negative relationship between the change in

contributions in one period and the change in punishment in the same period.

Figure 3: Average Individual Punishment Assigned in Each Period of MP and NP

—— MP

—a— NP

Average Punishment Assigned

J
~J
)
]

5.2. Emotions and Cooperation

We now turn to the emotional correlates of activity in the game. Hypothesis 1 asserted the presence
of a number of relationships between emotional state prior to the contribution decision and the
amount contributed. The relationship between contribution level, and the emotions of Happiness
and Anger, as well as overall Valence, are shown in Figure 4 for each treatment. The figure shows
a positive correlation between Valence and contribution level in MP. Under Baseline and NP,
Happiness is associated with greater contributions. Valence is negative at this stage and typically
remains negative throughout the game®. When interpreting Figure 4 it must be kept in mind that
under Baseline, the bulk of the observations are at contribution levels between 0 and 9, while under

MP and NP most are in the range from 10 to 20.

5 This is a typical pattern observed throughout different experiments that use FaceReader software, such as in
auction experiments (Breaban et al, 2022), asset market experiments (Breaban and Noussair, 2018) or ultimatum
games (van Leeuwen et al, 2018).
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Figure 4: Emotional States Prior to Contribution Decisions, as Correlates of Contribution Level

Baseline MP
2
07
-2
-4
[0,4] [59] [10,14] [15,20] [0,4] [59] [10,14] [15,20]
NP

Intensity of Emotions

T

[0,4] [59] [10,14] [15,20]

Contribution

[ meanof Happy [0 meanof Angry [EEE mean of Valence

Notes: This figure plots the average emotional states of Happiness, Anger, and overall Valence 10 seconds prior to
the contribution decision against the amount contributed. For participants who took less than 10 seconds to decide,
the average is taken over a shorter timeframe. The contribution has been classified into four levels: [0,4]: O to 4; [5,9]:
510 9; [10,14]: 10 to 14; [15,20]: 15 to 20 points.

Table 1 reports the results of a regression analysis that considers how current emotional

state correlates with contribution level, and which relationships are statistically significant.
The following specification is estimated:

¢t = By + BiHappy + B, Angry + B3Sad + B,Scared + BsDisgusted + B¢Surprised +
psArousal + fgPeriod

16



Table 1: Contribution as a Function of Emotions and Valence, By Treatment

Baseline MP NP Baseline WP NP
An -3.036 2678 0.337
B (3.199) (2.441) (3.447)
0.996 9.931¥** 14 BF4=F#
Happy
(5.563) [3.273) (3.770)
sad -0.463 2.507 -0.173
(2.082) [1.683) {3.575)
Surprised 6.113 -4 962 -12.586
o [11.754) {9.063) (14.584)
Scared -8.128 -12.587 -13.496
(11.196)  (13.31%)  (15.507)
Dissusted 1.933 1.806 -1.531
g (2.112) (1.086) (8.140)
Arousal 2124 -2.940 -1.491
(3.714) (3.008) [2.763)
. -0.750%** 0.24g%F** -0.536%%*
Period
(0.131) {0.082) (0.123)
Constant Q. 7E7¥** 13 BO1*F* 1§ 392%%F
{1.432) (1.333) {1.395)
valence 1.347 -0.196 2.256
[2.128) [1.422) [2.724)
. -0.750%** 0.261%%* -0 .499%**
Period
(0.128) (0.073) (0.124)
10.463%** 12 602%*% 16.398%+%*
Constant
[1.398) (0.780) {1.083)

Notes: Entries are estimated coefficients from random effect panel regressions (specification chosen with a Hausman
test). The dependent variable is the level of contribution and the explanatory variables are the average emotions in the
ten seconds before making a contribution. Standard errors, clustered at the individual level, are reported in parentheses:
*** p<0.01, ** p<0.05, * p<0.1.

The estimates show that Happiness and Anger are not significant correlates of contribution

in the Baseline treatment. In the MP treatment, Happiness is a significantly positive correlate, but

Anger is not. The same pattern is observed under NP, with the coefficient of Happiness

significantly positive and that of Anger insignificant. None of the other emotions are significant in
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any of the regressions. Thus, in two of the three conditions Happiness is associated with higher
contributions. The last three specifications consider the correlation between Valence and
contributions. The estimates show that Valence is not significantly correlated with contributions.
The overall time trend, captured by the variable Period, is significantly negative under Baseline
and NP, and significantly positive under MP. Thus, Hypothesis 1 receives mixed support.
Happiness correlates with higher contribution, but only when punishment options are present. We

detect no relationship between either Anger or overall Valence, and contributions.

We now turn to the emotional reaction to learning about the contribution of others. We
focus on the difference between one’s own contribution and the average of others’, which has been
shown to be strongly linked to the punishment that one assigns (Fehr and Gaechter, 2000; Masclet
etal. 2003). Figure 5a illustrates the changes in Happiness and Anger when one learns about others’
average contribution level relative to one’s own, and Figure 5b shows the change in Valence. The
figures reveal a number of patterns. The first is that under Baseline, both Happiness and Anger
increase as one learns that others have contributed less. The pattern is not surprising for Anger,
but it is perhaps counterintuitive for Happiness. A closer look at the data with a scatter plot (not
shown here) and regression results (see below) suggests that this is driven by a small number of
outliers. Under MP, Anger also appears to be decreasing in the difference between one’s own and
the average contribution, but the regression results presented in Table 2 show that this trend is not
significant.
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Figure 5a: Change in Anger and Happiness in Response to Other Group Members’ Contribution
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Notes: This figure plots the average change in the emotional states of Happy and Anger between before and after one
learns others’ average contribution level in the feedback stage. It is calculated as the difference between the average
strength of the emotion 10 seconds after the feedback and 10 seconds before. The horizontal axis shows the relative
contribution, calculated as person i’s contribution minus other group members’ average contribution, and then
categorized into four groups. The largest possible difference is -20 points; this is when person i’s own contribution
was 0 points and everyone else contributed 20 points. Similarly, the largest possible difference is 20. This happens
when person i contributes 20 points and other group members all contribute 0 points.
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Figure 5b: Change in Valence in Response to Learning Other Group Members’ Contributions
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Notes: This figure plots the average change in Valence between before and after one learns about others’ average
contribution level in the feedback stage. It is calculated as the difference between the average Valence 10 seconds
after the feedback and 10 seconds before. The horizontal axis shows the relative contribution, calculated as person i’s
contribution minus other group members’ average contribution, and then categorized into four groups. The largest
possible difference is -20 points; this is when person i’s own contribution was 0 points and everyone else contributed
20 points. Similarly, the largest possible difference is 20. This happens when person i contributes 20 points and other
group members all contribute 0 points.

We also estimate the following specification:

AEf = o + By lcit - Z’—C]tﬂl

n
where AE! is the change in the emotion from the ten seconds preceding receipt of the information
regarding other people’s contribution to the ten seconds immediately subsequent to getting the
information. Table 2 shows the estimates for the dependent variables of Happiness, Anger, and
overall Valence of emotional state. The estimates from the Baseline treatment show that the
difference between one’s own and the group average contribution is significantly positively

correlated with the anger that one subsequently feels. Anger, however, is not significant in either
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of the other two treatments. This lack of the significance of Anger in the punishment conditions
may be a result of knowing that one can punish the free-riding behavior of others in the next stage,
while one feels helpless to do so in the Baseline condition. Happiness is not responsive to
information about others’ contributions. Under Baseline, valence decreases when others contribute
less relative to one’s own contribution, as the higher level of anger reduces the value of the valence

measure. Overall, there is at best partial support for Hypothesis 2.

Table 2: Change in Emotional State as a Function of the Difference between One’s Own
Contribution and the Average Contribution of Others in the Group

Baseline MP MNP Baseline MP MNP Baseline MP MNP
0.002*** -1.40E-04 -0.001
Anger
{0.0007) (0.0007) (0.0006)
. -1.16E-04 -0.001 -2.56E-04
Happiness
{0.0012) (0.0006) (0.0003)
-0.002* -0.001 -2.92E-04
Valence

(0.0009) (0.0020) (0.0009)

Notes: Entries are estimated coefficients of the differences in contribution (own contribution minus the average
contribution of others) from panel regressions. For the MP and NP treatments, a random effect model is employed.
The Baseline data uses a fixed effect model, as suggested by a Hausman test. The dependent variable is the average
change in emotion between the ten seconds before and ten seconds after observing other group members’ contribution
levels. Standard errors, clustered at individual level, are reported in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Entries with E-XX refer to 107*X, thus, 1.16E-04 is 1.16 * 10~

We now consider whether mutual cooperation triggers an increase in Happiness or overall
Valence, over and above any emotional response to the contribution of others alone. To evaluate

this conjecture, we estimate the specification:

X Cizi Y Cizi
AE} = By + By + B, n + Baci ¥ ———

The last term is the interaction of i’s own and the average contribution of others in her group. If
mutual cooperation triggers happiness, the coefficient 55 would be positive when the dependent
variable is Happiness. If mutual cooperation diffuses anger, then coefficient 55 would be negative
when the dependent variable is Anger. As a consequence, 55 would be positive for Valence. The

estimates are shown in Table 3.
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Table 3: The Effect Contribution Decisions on the Change in Emotional State

Baseline Mp NP

Anger  Happiness Valence Anger  Happiness Valence Anger  Happiness Valence

Contribution 0.002  -2.74E-04 -0.004 -0.002 -0.001 0.004 -0.003 -0.001 -0.001
(0.0021) (0.0020) (0.002%) (0.0033) (0.0017) (0.0052) (0.0025) (0.0010} (0.0030)
, N -0.002 -0.001 -0.003 -0.004 0.001 0.009** -0.003 -0.001  1.64E-06

Other's Contribution

(0.0015) (0.0011) (0.0024) (0.0035) (0.0014) (0.0046) (0.0027) (0.0010) (0.0033)
Interaction 1.19E-04 -7.36E-05 -7.27E-05 1.05e-04 6.77E-05 -3.30E-04 1.66E-04 5.08E-05 9.98E-05
(0.0003) (0.0002) (0.0004) (0.0002) (0.0001) (0.0003) (0.0002) (0.0001) (0.0002)

Constant 0.011 0.025  0.078%** 0.061 -0.007 -0.108* 0.060 0.015 0.012
(0.0141) (0.0122) (0.0168) (0.0156) (0.0151) (0.0580) (0.0404) (0.0130) (0.0468)

Notes: Entries are estimated coefficients from panel regressions. For the MP and NP treatments, a random effect model
is employed. Two regressions on the baseline data used a fixed effect model (specifically for the changes of Happiness
and Anger), as suggested by a Hausman test. The dependent variable is the average change in an emotion between ten
seconds before and ten seconds after seeing other group members’ contribution levels. Standard errors are clustered
at the individual level. Standard errors are reported in parentheses: *** p<0.01, ** p<0.05, * p<0.1. Entries with E-
XX denote 10~*X, thus, 1.19E-04 is 1.19 = 10™*.

The estimates show that the interaction term is not significant in any treatment for
Happiness, Anger or Valence. Thus, one’s emotional response to others’ cooperation is Similar
whether one has been cooperative or non-cooperative oneself. We obtain no evidence that there is
a specific emotional response to mutual cooperation. Under MP, higher contributions on the part

of others significantly increases Valence.®

5.3. Emotions and Punishment

We now turn to the emotional correlates of the application of punishment. Figure 6a compares the
level of Happiness and Anger of those who did not punish and those who assigned various levels
of punishment.” Figure 6b compares the Valence among individuals assigning different levels of
sanctions. The figures suggest that greater Happiness and overall Valence are associated with

lower point assignments. Greater Anger accompanies greater punishment in NP.

& Analysis of the changes in each of the other specific emotions involved reveals that the increase in Valence is
primarily taking the form of a decrease in Sadness.

" The different bins into which punishment levels are divided were chosen based on the number of observations,
since the distribution of assigned points is skewed towards low values.
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Figure 6a: Happiness, Anger, and the Punishment Assigned to Others
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Figure 6b: Valence and the Punishment Assigned to Others
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punishment points assigned to others. When participants took less than 10 seconds to decide, the average is taken over
the shorter timeframe available. Each person could assign up to 10 punishment points to each of the other group

members.
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We estimate the following regression specification to consider whether these relationships
are statistically significant and to identify any other emotions that are correlated with the

assignment of punishment.

Pl-tj = By + BiHappy + B,Angry + B3Sad + B Scared + fsDisgusted + f¢Surprised +
B, Arousal + BgPeriod

where Pl-tj is the number of punishment points that player i assigns to j in period t. In some

t
2jClxi

specifications, the independent variable cjt -

(Difference in Contribution) is added, since

the difference between one’s own contribution and the group average is known to be a strong
predictor of the punishment that one assigns (Fehr and Gaechter, 2000; Masclet et al., 2003). The
emotions are averaged over the ten seconds immediately preceding the assignment of points to
other players. The results are presented in Table 4.

The estimates show that under both treatments, Valence is negatively associated with
punishment. Individuals in a more negative emotional state punish more. While Anger and
Happiness are not significant contributors to this effect, Sadness, Fear and Disgust consistently
exhibit positive relationships, significantly so under some specifications, with the amount of
punishment assigned. It appears to be that it is these negative emotions that account for the
relationship between Valence and punishment. As illustrated in Figure 3, punishments increase
over time under NP. The variable Difference in Contribution is positive and significant, indicating
a tendency for individuals to direct punishment to those who have contributed less than they have.

While Hypothesis 3 is supported for Valence, it is not upheld for Anger and Happiness.

As mentioned earlier, it has been proposed that there can be an improvement in emotional
state after one has assigned sanctions to other parties (de Quervain et al., 2004). We consider this
in our data. Figure 7 shows the change in Happiness, Anger and Valence, between the ten seconds
preceding and the ten seconds subsequent to the punishment decision, for different levels of
punishment. The figure gives the impression in both treatments, that the highest punishers have

larger decreases in Anger and increases in Valence than other players.
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Table 4: Quantity of Punishment Assigned and Emotional State Before the Punishment Decision

MP NP MP NP MP NP
1.760 2.322 15939 -0.484
Angry
(1.9948) (4.4749) {1.8282) (4.8311)
-1.829 -2.394 -3.168 -0.110
Happy
(4.8448) (5.3501) {4.1630) (6.2118)
sad 2.621 11.565% 3.2647%F S.044
(1.7461) (5.1744) {1.5917) (5.8953)
. -0.973 0.399 1.029 5.245
Surprised
(6.0253) (10.0308) (4.9611) (9.6778)
3.288 27.385%* 4984 26.022%F
Scared
(8.4517) (12.1319) (7.6521) (12.1670)
R B6.960%* 9.504 B6.165%* 17.438%
Disgusted
(3.0562) (10.2676) (2.7772) (9.0967)
-2.109 -3.103 -1.368 -4.017
Arcusal
(2.4898) (4.71986) (2.2488) (5.0780)
R -0.161%% Q. 774%%= -0.155%% [.759%%*
Period
[0.0761) (0.1517) (0.0691) (0.1582)
Difference in 0.397%%F  [.343%%
Contribution (D.0587) (0.0588)
-1.926 3.664% -2.359%%  4.454%%
Constant
(1.2076) (2.0966) {1.1024) (2.0808)
-2.954%% -g.036%*
Valence
{1.3155) (2.2150)
3 -0.162 0.769%**
Period
(0.0762) (0.1509)
_ ks Hakk
Constant 2.429 4.051
(0.7838) (1.0203)

Notes: Entries are estimated coefficients from random effect Tobit panel regressions for the MP treatment (Tobit is
employed because there is a large number of 0 observations in punishment points assigned in the MP treatment); and
from random effects panel regression for NP. The dependent variable is the number of punishment points assigned

to other people and the explanatory variables are the average emotions ten seconds before assigning punishment

points. Standard errors are reported in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
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Figure 7: Emotional Changes After Assigning Punishment to Others
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Notes: This figure plots the average change in the emotional states of Happiness and Anger between before and after
assigning the punishment points to others. It is calculated as the difference between the average emotion 10 seconds
after assigning the punishment points and 10 seconds before making the punishment decision. When participants took
them less than 10 seconds to decide on the punishment points, the average is taken over the shorter timeframe available.
For the MP treatment, most of the punishment points assigned are 1 or below, and few players (less than 10%) assigned
more than 2 points. This is the reason that the category on the x-axis of the MP figure is different from that of NP.

Table 5: Regressions of the Change in Emotional State After Assigning Punishment to Others

MP NP MP NP MP NP

-0.001 -0.001

Anger
(0.0020)  {0.0009)
" 0.001  4.00E-05
Happiness
(0.0022) (0.0004})
Valence 0.007*  0.002%*

{0.0039) (0.0011)

Notes: Entries are estimated coefficients of the total punishment points assigned from random effect panel regressions
(specification chosen by a Hausman test). The dependent variable is the average change in an emotion from the ten
seconds before to the ten seconds after assigning the punishment points to others. Standard errors, clustered at
individual level, are reported in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
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Regressions of the change in emotional state (between ten seconds after and ten seconds
before assigning the punishment points) as a function of the number of points assigned are shown
in Table 5. We find that there is a positive correlation between the number of punishment points
assigned and the change in Valence in both MP and NP. The relationships between Happiness and

Anger with points assigned are not significant.

We now consider the emotional reaction to receiving punishment. Figure 8 shows the level
of Happiness and Anger, as well as the overall VValence, expressed by those who received various
quantities of punishment points under both MP and NP. Overall the emotional reactions to
punishment seem to be larger in the NP treatment where Valence is decreasing in the number of
points received, while Anger increases sharply for those facing a high degree of disapproval. In
the MP treatment we see that having received no punishment points reduces Anger, and the effect
disappears as punishment points increase, while Valence is more positive for those receiving little
or no punishment. On the other hand, Happiness exhibits a counterintuitive pattern: the increase
in Happiness is larger with the number of points received. We believe that this is due to some low
contributors, those who are receiving more than two punishment points, getting less punishment
than they expected while some others receive more than they anticipated. Those who receive less
than they expected experience an increase in Happiness, while those who receive more have an

increase in Anger.

The regressions reported in Table 6 provide estimates of the impact of being punished on
emotions and establish whether the relationships shown in the figure are significant. The dependent
variables are the changes in emotion from the ten seconds preceding the moment in which a subject
learns of her punishment for the period, and the ten subsequent seconds. The specifications are of

the form:
AEf = o+ fil) PE]
j

The estimates show that under NP, the more punishment one receives, the larger the
decrease in Valence. There is no significant relationship between the number of points received
and the change in Anger and Happiness in either treatment. There is also no relation between the

punishment received and the change in Valence under MP. Other regressions (not shown here)
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demonstrate that the correlation between Valence and sanctions under NP is a consequence of

significantly positive correlations between Sadness and Disgust with punishment received.

Figure 8: Emotional Changes After Receipt of Punishment Points
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Notes: This figure plots the average change in the emotional states of Happiness, Anger and Valence 10 seconds
before receiving the punishment points and 10 seconds afterward. For participants who leave the feedback stage in
less than 10 seconds, the average is calculated over the shorter, available timeframe. The x-axis shows the punishment
points received. One can receive up to 30 points in both treatments. Since individuals assigned fewer punishment

points in MP, the categories are finer.
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Table 6: Impact of Receiving Punishment Points on Changes in Emotions

MP NP MP MNP MP NP
0.003 0.0007
Anger
(0.0033)  (0.00086)
. 0.003  5.00E-04
Happiness

(0.0020) (0.0003)

0.002  -0.001%*
(0.0052) (0.0006)

Valence

Notes: Entries are estimated coefficients of the received punishment points from random effect panel regressions
(specification chosen with a Hausman test). The dependent variable is the average change in an emotion between ten
seconds after and ten seconds before being informed of the punishment points one has received. Standard errors
clustered at individual level are reported in parentheses: *** p<0.01, ** p<0.05, * p<0.1.

5.4. Emotions and Changes in Contributions from Period to Period

In our last analysis, we consider how emotions correlate with the change in behavior from one

period to the next. We estimate the specification:

cf — ¢t = By + BiHappy + B, Angry + BsSad + B,Scared + fsDisgusted +
PeSurprised + B, Arousal

where the emotions are those in the ten seconds after they learn their payoff and how much they

1 z:] ]*l

were punished in period t-1. Additional specifications include ¢}~ (Difference in

t 1
]:L

Contribution) and (Punishment Received) as independent variables. The results are reported

in Table 7.

The estimates show that Valence at the end of period t correlates with increasing contributions in
period t+1 under Baseline and NP, and Happiness does so under Baseline. When there is no
monetary punishment involved, the more positive one’s emotional state at the end of the last period,
the more one contributes. When the difference in contributions between a subject and the average
of their group members is included in the estimated equation, this difference correlates with the
increase in contributions in t+1 and Valence no longer shows a significant relationship. This
means that the relationship between Difference in Contribution and the change in cooperation in

these two treatments is accounted for by the variation in Valence that results from the Difference
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Table 7: Impact of Emotions, Difference in Contribution and Punishment Received on the Change in Contribution from Period t-1 to t

Baseline MP NP Baseline MP NP Baseline MP NP Baseline MP NP
An -2.896 -1.436 -0.562 -0.546 -1.478 0.545
&n (2.2625) [0.8859) (1.1397) (5.1042) {2.0595) (3.1132)
Ha 3.643F%F -0.575 6.043 9.871% 1.215 -0.181
PY  (12125) (3.s58) (4.1733) (5.4261) (4.1249) (6.2618)
Sad -2.761 0.358 -3.338 -1.904 1.734 -5.322
(1.7143) [1.09509) (2.3503) (3.7867) [1.9849) (3.7449)
) -14.359 4,692 -6.144 -8.074 0.535 -3.694
Surprised
(11.6139) [6.9395) (5.9609) (15.3280) (5.6083) (11.4270)
scared 10.552 9.810 -1.167 4,995 17.487 -4.427
(15.3218) (6.9977) (13.5747) (24.8444) (12.1038) (12.3175)
. -1.289 0.590 8.208 -1.270 2.604 -3.858
Disgusted
(1.7423) [1.3809) (5.1120) (4.1031) (3.6861) (8.1356)
Arousal -0.045 4.382% -1.822 -5.931 -0.515 1.516
(3.1104) [2.5681) (2.5210) (4.6595) (3.0828) (3.7607)
Difference in -0.671%*F 0.705%¥F 0. 748%**
Contribution (0.0783) (0.1033) (0.0821)
Punishment 1.841%** 0.282
Received (0.6124)  (0.2268)
0.233 -1.106 0.430 1.659 0.621 0.779
Constant
(0.6985) [0.7821) (1.0339) (1.7142) [0.9387) (1.6210)
Valence 3.549%%F 0.809 1.933%* 4,837 2.172% 0.554
(0.8612) [0.7915) (0.9657) (2.5098) [1.2089) (1.7442)
Difference in -0.668%*F 0.448%¥* 0.a33F*+F
Contribution (0.0774) (0.1102) (0.0916)
Punishment 2.090*** 0.019
Received (0.5509) (0.1838)
0.170 0.565%* 0.022 0.462 0.422 -0.378
Constant
(0.2663) [0.2265) (0.2784) (0.7016) [0.4158) (0.9114)

Notes: Entries are estimated coefficients from random effect panel regressions. The dependent variable is the change in contribution from one
period to the next, (Cont, — Cont,_,), and the explanatory variables are the average emotions during the ten seconds after players learn their
payoff and the amount of punishment points received in period t-1. Standard errors are reported in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
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in Contribution. This also implies that those who contributed below average tend to have higher

Valence.

Under MP, the Difference in Contribution and Punishment Received correlate positively
with an increase in contributions. The relationship between these first two variables and the change
in cooperation is consistent with previous work. Relatively low (high) contributors increase
(decrease) their contributions more, and those who are punished more severely increase their
contribution to a greater extent. Thus, monetary punishment is effective in inducing individuals to
contribute more. Under NP, receiving points does not change contribution level beyond the effect

of the difference in one’s own contribution and the mean.

From the Valence analysis in Table 7, we see that people with higher Valence and those
who received higher punishment points contribute more in MP. However, we do not know yet how
people with different levels of Valence react to the punishment points received. Table 8 reports
the regression analysis that considers the interaction between Valence and punishment points

received for both MP and NP. The specifications are of the form:

2]' Pjt;il
—+ BsValence;_; *

cf — ¢t = By + B1Valence,_; + 3,

%) Pji -1 _ 2t
n tBulci ———)

n

t—1 t—1
t-1 _ 2jCjzi ZjPjzi

where c; = is the difference in contribution, and — is the amount of punishment

points received in the last period. The estimates show that in MP, the interaction term between
Valence and the number of punishment points received at the end of period t-1 correlates with a
decrease in contributions in in period t. This means that the effectiveness of monetary punishment
on amending behavior in the following period depends upon the recipient’s emotional state. That
is, the effectiveness of Punishment decreases for people with higher Valence. If the punishment
points received are sufficiently high, the overall effect may actually be negative and thus backfire.
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Table 8: The Interaction Effects of Valence and Punishment Received on the Change in
Contribution between One Period and the Next

MP NP
4.03*** 0.46
Valence (1.3782) (2.5250)
-0.03 0.03
Punishment Received (1.0243) (0.2036)
-7.02%** 0.06
Valence # Punishment Received (2.5031) (0.6399)
-0.46%** -0.63***
Difference in Contribution (0.0950) (0.0949)
0.90 -0.41
Constant

(0.4100)  (0.9968)

Notes: Entries are estimated coefficients from random effect panel regressions. The dependent variable is the change
in contribution (Cont, — Cont,;_,) and the explanatory variables are the average emotional valence ten seconds after
players learn their payoff, the amount of punishment points received in period t-1, and the difference in contribution
between one’s own contribution and other group members’ average contributions. Standard errors are reported in
parentheses: *** p<0.01, ** p<0.05, * p<0.1.

6. Discussion and Conclusion

In this study, we have measured the emotional correlates of the various decisions taken and types
of information received in an interaction consisting of an opportunity to cooperate and then to
punish others based on their level of cooperation. The behavioral data is consistent with the
previous studies of Isaac and Walker (1988), Andreoni (1988), Fehr and Gaechter (2000), Masclet
et al. (2003) and Noussair and Tucker (2005) and many others. In a treatment in which punishment
IS not possible, cooperation declines over time. When monetary punishment is possible, it is
applied predominantly against relatively low contributors and serves to increase cooperation. The
use of monetary punishment is relatively stable over time as a social norm of contribution at an
approximate level is established. Under non-monetary punishment, sanctions are also assigned to
low contributors, and also increase cooperation, though its effects begin to erode with time. More
and more non-monetary punishment is applied over time, perhaps in an attempt to sustain eroding

cooperation or to express greater disapproval as the group’s cooperation declines.
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We observe a positive correlation between Happiness just before the contribution decision
and the amount contributed in the two punishment treatments. This pattern is similar to that
observed by Drouvelis and Grosskopf (2016) who documented a causal relationship between
Happiness and cooperation and Joffily et al. (2014) who reported a correlation between self-
reported Valence and cooperation. We show here that a similar correlational relationship exists
using a physiological rather than a self-reported measure of emotional state and extends to non-
monetary symbolic punishment. This correlation between Valence and contribution does not
appear in the Baseline treatment, unlike the results observed by Joffily et al. (2014). One possibility
for this lack of a relationship is that when no punishment is possible, attitudes are ambiguous:
some individuals are positively disposed to cooperate and increase group payoffs and this behavior
accompanies a more positive emotional state, while others are more disposed to free ride and earn
greater pecuniary payoffs. This heterogeneity would add up to a lack of overall relationship
between emotional states and cooperation. In the MP and NP treatments, those with a disposition
to cooperate would feel happier when they do so. However, those who are disposed to free ride
would also feel less positive contributing a low amount, as they anticipate the possibility of
receiving punishment. The correlation may also suggest that people are happier when they
contribute more because they expect less punishment later on. This results in a positive correlation

between Happiness and contributions.

Under the Baseline treatment, learning that one has contributed more than others triggers
an increase in Anger and a decrease in Valence, which become larger in magnitude as the positive
difference between one’s own and others’ contributions increases. These correlations would be
anticipated by previous research (see e. g. Joffily et al., 2014) and are not surprising. However,
these relationships do not appear in the MP or NP treatment, and this may be because the upcoming
opportunity to punish free riders serves to reduce the anger at being taken advantage of. The
absence of an opportunity to punish under the Baseline treatment may be the driving force of the
anger that is observed there. While under MP, there is a positive relationship between others’
average contribution and one’s own Valence, we find no evidence that mutual cooperation triggers

a more positive subsequent emotional state.

The decision to assign punishment is also linked to emotional states. Under both MP and

NP, greater application of punishment is correlated with more negative valence. This result is in
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agreement with the prior literature (Sanfey et al. 2003; Hopfensitz and Reuben, 2009). However,
we find that this relationship is not a consequence of a significant correlation between punishment
and either Anger or Happiness. Rather, under both MP and NP, greater Disgust is correlated with
greater punishment. The results suggest that the emotion of disgust may be a powerful driver of
sanctions and it may be the case that in some previous studies negative emotions interpreted as
anger may in fact have been registering disgust.2 Punishment is directed at low contributors, even
when we control for emotional states, indicating that not all punishment has emotional correlates.
This is perhaps not surprising in view of the fact that punishing others instrumentally can be quite
effective in increasing one’s own future payoff through its effect on the sanctioned party’s
contribution. We also find that the more points one assigns, the more the Valence of one’s
emotional state increases, and the effect is significant in NP. This is consistent with the results
reported by de Quervain et al. (2004). We also additionally observe that expressing greater
disapproval of other individuals under MP is also associated with an improvement in one’s

emotional state.

Under MP, receiving punishment is uncorrelated with both changes in Anger and
Happiness. This pattern may reflect the reactions to the difference in the number of punishment
points received relative to one’s prior beliefs about the quantity that they were about to get. Those
who receive more than they expected experience an increase in anger and a decrease in happiness,
while those who receive fewer points than they anticipated exhibit the opposite pattern, and these
effects may offset. Under NP, receiving more punishment points results in a greater decrease in
Valence as the effect of being punished more severely than expected has a stronger adverse impact
than the positive effect of receiving less punishment than anticipated. In this treatment, the
expression of approval or disapproval of others is more salient than in MP, and it appears that

disapproval causes one’s emotional state to become more negative.

We confirm that the change in an individual’s contribution behavior between one period to
the next can be predicted by two variables. The first is the amount she has contributed relative to
the average, with those who have contributed more than the average lowering their contribution

more. The second is the number of punishment points received, with those receiving more points

8 Sanfey et al. (2003) observe that anterior insula activation is associated with rejecting offers in ultimatum games.
Anterior insula activation occurs when an individual is disgusted, as well as when she is angry.
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increasing their contribution more, although this is significant only under MP. These patterns were
documented by Fehr and Gaechter (2000) and Masclet et al. (2003), among others, and we also
observe them here.

If we assume that individuals seek to be in positive emotional states and to avoid negative
states, emotional correlates shed light on the effectiveness of punishment instruments. In the
absence of punishment, the strongest association between emotions and behavior is that anger and
having contributed more than others are correlated. To avoid this anger, a player would seek to
contribute less than or equal to the group average, a process that would tend to erode cooperation
over time. Indeed, a decline in cooperation over time is the principal pattern observed in a Public
Good game when there is no punishment available. When there is no punishment available, there
is no consistent relationship between emotional state and cooperation level. We believe that the
effect of emotional state on contributions is heterogeneous, with different types of individuals
responding in different ways to specific emotions. Parsing out any such relationships must await

larger samples and an accumulation of evidence from future research.

On the other hand, when punishment is available, emotional correlates are strong. Positive
emotions accompany cooperation and thus may serve to reinforce cooperative behavior. Free
riding is associated with relatively negative emotions. We believe that this is because non-
cooperation comes with a risk of being punished, and the anticipation of these emotions may serve
to deter free riding. The increase in cooperation that occurs under MP in response to punishment
does not appear to rely on its effect on the emotions of either the sanctioner or the recipient of the
sanctions. However, the punishment points do have different effects on people with different
emotional states. More specifically, punishment points work less effectively for people who are
in a more positive emotional state. While individuals in a more negative state are more likely to
punish, monetary punishment seems to increase payoffs mainly by changing the relative pecuniary
payoffs between cooperation and non-cooperation, and the sanctioner choosing to pay a monetary
cost to change the terms of this tradeoff. In addition, the sanctioner experiences some emotional

benefit (improved Valence) from punishing.

Under NP, when expressing disapproval is costless, punishing free-riders has the effect of
improving the sanctioner’s emotional state. The boost in the emotional state of sanctioners

encourages the continued use of punishment. Under NP, receiving stronger expressions of
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disapproval has a more negative impact on emotional state. The impact of receiving non-monetary
sanctions on behavior in future periods is indirect. The punishment itself does not influence the
subsequent decision to cooperate, nor do emotional states. However, the punishment does serve as
a signal of disapproval, which is absent in the baseline treatment. This suggests that emotions
have an impact on cooperation in NP by encouraging higher contributions so that the unpleasant
emotions associated with the receipt of sanctions can be avoided. It appears that NP, to the extent
that it is effective, relies on emotional responses more than a monetary sanctioning scheme. An
individual participating in either MP or NP who seeks to maximize the positivity of her emotional

state would be a high cooperator and also punish others.
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Appendix:

Baseline Instructions

You are now taking part in an economic experiment. If you read the following instructions
carefully, you can, depending on your decisions and the decisions of others, earn a considerable
amount of money. It is therefore very important that you read these instructions with care.

During the experiment you will be videotaped with the webcam located on top of your screen.
After reading the instructions, the experimenter will turn on the webcam and a video will be
recorded throughout the entire session. The only purpose of the videotape is research and it will
not be viewed by anyone else other than the experimenter. Your personal information and video
will be confidential.

The instructions we have distributed to you are solely for your private information. Itis prohibited
to communicate with the other participants during the experiment. Should you have any
questions please ask us. If you violate this rule, we shall have to exclude you from the experiment
and from all payments

During the experiment 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 will be converted
to dollars at the following rate:

ECU=$1

Each participant receives a participation payment of $5 at the beginning of the experiment. At the
end of the experiment your entire earnings from the experiment will be immediately paid to you
in cash.

The experiment will consist of 10 periods. Participants are divided into groups of four and the
pairings of these groups will be same for all periods. You will therefore be in a group with the
same three other participants for each of the 10 periods.

At the beginning of each period, each participant receives 20 ECU. In the following we call this
your endowment. Your task is to decide how to use your endowment. You have to decide how
many ECU to contribute to the project by choosing a number between 0 and 20. After choosing
your contribution you must press the ok button. Once you have done this, your decision can no
longer be revised.

After all members of your group have made their decision then you will be presented a summary
screen that will show you the total amount of ECU contributed to the project by each of the four
group members (including your contribution), how many ECU you have earned for the period, and
how many ECU you have earned in total.
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Your income consists of two parts:
1) the ECU which you have kept for yourself

2) the income from the project = 40 percent of the total contribution of all 4 group members to the
project (the total includes your own contribution)

Your income in ECU in each period is therefore:

(20-your contribution to the project)+0.4*(total contributions to the project)

The income of each group member from the project is calculated in the same way, this means that
each group member receives the same income from the project.

For example, suppose the total of the contributions of all group members is 60 ECU. In this case
each member of the group receives an income from the project of 0.4*60=24 ECU. If the total
contribution to the project is 9 ECU, then each member of the group receives an income of
0.4*9=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 rises by one ECU. Your income from the
project would rise by 0.4*1=0.4 ECU. However, the income of the other group members would
also rise by 0.4 ECU each, so that the total income of the group from the project would rise by 1.6
ECU. Your contribution to the project therefore also raises the income of the other group members.
On the other hand you earn an income for each ECU contributed by the other members to the
project. For each ECU contributed by any member you earn 0.4*1=0.4 ECU.

To check your understanding of the experiment, please answer the following questions:

1) Suppose each group member has an endowment of 20 ECU. Nobody (including yourself)
contributes any ECU to the project. How high is:

a) Your income for the period?

b) The income of the other group members for the period?

2) Suppose each group member has an endowment of 20 ECU. You contribute 20 ECU to the
project. All other group members contribute 20 ECU to the project. What is:

a) Your income for the period?

b) The income of the other group members for the period?

3) Suppose each group member has an endowment of 20 ECU. The other three group members
contribute a total of 30 ECU to the project.

a) What is your income if you contribute 0 ECU to the project?

b) What is your income if you contribute 15 ECU to the project?
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4) Suppose each group member has an endowment of 20 ECU. You contribute 8 ECU to the
project.
a) What is your income if the other group members together contribute a total of 7 ECU to the
project?
b) What is your income if the other group members together contribute a total of 22 ECU to the
project?

Monetary Punishment Instructions

You are now taking part in an economic experiment. If you read the following instructions
carefully, you can, depending on your decisions and the decisions of others, earn a considerable
amount of money. It is therefore very important that you read these instructions with care.

During the experiment you will be videotaped with the webcam located on top of your screen.
After reading the instructions, the experimenter will turn on the webcam and a video will be
recorded throughout the entire session. The only purpose of the videotape is research and it will
not be viewed by anyone else other than the experimenter. Your personal information and video
will be confidential.

The instructions we have distributed to you are solely for your private information. Itis prohibited
to communicate with the other participants during the experiment. Should you have any
questions please ask us. If you violate this rule, we shall have to exclude you from the experiment
and from all payments

During the experiment 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 will be converted
to dollars at the following rate:

ECU=$1

Each participant receives a participation payment of $5 at the beginning of the experiment. At the
end of the experiment your entire earnings from the experiment will be immediately paid to you
in cash.

The experiment is divided into periods. In each period the participants are divided into groups of
four. You will therefore be in a group with 3 other participants.

Each period consists of two stages. In the first stage you have to decide how many ECU you would
like to contribute to a project. In the second stage you are informed on the contributions of the
three other group members to the project. You can decide whether or not to reduce their earnings
from the first stage by distributing points to them. The following sections describe the activity in
detail.

At the beginning of each period each participant receives 20 ECU. In the following we call this his
or her endowment. Your task is to decide how to use your endowment. You have to decide how
many of the 20 ECU you want to contribute to a project and how many of them to keep for yourself.
The consequences of your decision are explained in detail below.
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Your endowment in each period is 20 ECU. You have to decide how many ECU to contribute to
the project by choosing a number between 0 and 20. After choosing your contribution you must
press the ok button. Once you have done this, your decision can no longer be revised.

After all members of your group have made their decision then your screen will show you the total
amount of ECU contributed to the project by each of the four group members (including your
contribution). This screen shows you how many ECU you have earned.

Your income consists of two parts:
1) the ECU which you have kept for yourself

2) the income from the project = 40 percent of the total contribution of all 4 group members to the
project (the total includes your own contribution)

Your income in ECU in the first stage is therefore:

(20-your contribution to the project)+0.4*(total contributions to the project)

The income of each group member from the project is calculated in the same way, this means that
each group member receives the same income from the project.

For example, suppose the total of the contributions of all group members is 60 ECU. In this case
each member of the group receives an income from the project of 0.4*60=24 ECU. If the total
contribution to the project is 9 ECU, then each member of the group receives an income of
0.4*9=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 rises by one ECU. Your income from the
project would rise by 0.4*1=0.4 ECU. However the income of the other group members would
also rise by 0.4 ECU each, so that the total income of the group from the project would rise by 1.6
ECU. Your contribution to the project therefore also raises the income of the other group members.
On the other hand you earn an income for each ECU contributed by the other members to the
project. For each ECU contributed by any member you earn 0.4*1=0.4 ECU.

The second stage:

At the beginning of the second stage, your screen shows you how much each of your group
members contributed to the project. In this stage you have the opportunity to reduce or leave
equal the income of each group member by distributing points. You can assign a large number
of points to any member of your group if you disapprove of his or her decision (10 points for
the most disapproval. 0 points for the least disapproval. Each point you distribute to a
particular player lowers his or her payment by 3 ECU.)

The other group members can also reduce your income if they wish to. This is apparent from the
input screen at the second stage, which is shown below. On the screen, you can see how much
each group member contributed to the project at the first stage. Please recall that the same three
people will be in your group for the entire experiment. However, the order of the contribution
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decisions presented on the input screen will be randomly allocated each period, and thus it is very
difficult to track individual contribution decisions from period to period.

Endowment 20 20 20 20

Contributor Ie Other #1 Other #2 Other#3

Mumber of points contributed

Your decision in Stage 2: Me 0] | | 0 | | o

Assign no points: enter 0

Assign points: enter a number

You must decide how many points to give to each of the other three group members. You can
distribute between 0 and 10 points to each group member. If you do not wish to change the income
of a specific group member then you must enter 0. If you decide to distribute points, it costs you 1
ECU for each point you assign to another group member. Your total costs of allocating points are
equal to the sum of the costs of distributing points to each of the other three group members. So,
using points is costly.

Suppose, for example, that you give 2 points to one member. This costs you 2 ECU. If you give 9
points to another member this costs you an additional 9 ECU; and if you give the last group
member 0 points this has no cost for you. In this case your total costs of distributing points would
be 11 ECU (2+9+0). Your total cost of distributing points is displayed on the input screen. As long
as you have not pressed the ok button you can revise your decision.

If you choose 0 points for a particular group member, you do not change his or her income.
However if you give a member 1 point (by choosing 1) you reduce his or her income by 3 ECU,
etc. The amount of points you distribute to each member determines therefore how much you
reduce their income.
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Whether or by how much the income is totally reduced depends on the total of the received points.
If somebody received a total of 3 points (from all other group members in this period) his or her
income would be reduced by 9 ECU. If somebody received a total of 4 points his or her income
would be reduced by 12 ECU. If anybody receives 10 points their income will be reduced by 30
ECU.

Your total income from the two stages is therefore calculated as follows:

Your total payoff for the period (in ECU) =

income from the 1st stage — total points you distribute to others — 3 * total points received from
others

Please note that your income in ECU at the end of the second stage can be negative, if the costs of
the points you distribute and/or the reduction in earnings from the total amount of points received
exceeds your income from the first stage.

After all participants have made their decisions, your income from the period will be displayed on
your screen.

To check your understanding of the experiment, please answer the following questions:

1) Suppose each group member has an endowment of 20 ECU. Nobody (including yourself)
contributes any ECU to the project. How high is:

a) Your income for the period?

b) The income of the other group members for the period?

2) Suppose each group member has an endowment of 20 ECU. You contribute 20 ECU to the
project. All other group members contribute 20 ECU to the project. What is:

a) Your income for the period?

b) The income of the other group members for the period?

3) Suppose each group member has an endowment of 20 ECU. The other three group members
contribute a total of 30 ECU to the project.

a) What is your income if you contribute 0 ECU to the project?

b) What is your income if you contribute 15 ECU to the project?

4) Suppose each group member has an endowment of 20 ECU. You contribute 8 ECU to the
project.
a) What is your income if the other group members together contribute a total of 7 ECU to the
project?
b) What is your income if the other group members together contribute a total of 22 ECU to the
project?

5) Suppose in the second stage of a period, you distribute the following amounts of points to the
other three group members: 9, 5, and 0. What is the total cost of the points you distribute?
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6) What are your costs if you distribute a total of 0 points?

7) By how many ECU will your income be reduced, when you receive a total of 0 points from the
other group members?

8) By how many ECU will your income be reduced, when you receive a total of 4 points from the
other group members?

9) By how many ECU will your income be reduced, when you receive a total of 15 points from
the other group members?
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Non-Monetary Punishment Instructions

You are now taking part in an economic experiment. If you read the following instructions
carefully, you can, depending on your decisions and the decisions of others, earn a considerable
amount of money. It is therefore very important that you read these instructions with care.

During the experiment you will be videotaped with the webcam located on top of your screen.
After reading the instructions, the experimenter will turn on the webcam and a video will be
recorded throughout the entire session. The only purpose of the videotape is research and it will
not be viewed by anyone else other than the experimenter. Your personal information and video
will be confidential.

The instructions we have distributed to you are solely for your private information. It is prohibited
to communicate with the other participants during the experiment. Should you have any
questions please ask us. If you violate this rule, we shall have to exclude you from the experiment
and from all payments

During the experiment 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 will be converted
to dollars at the following rate:

___ECU=$1

Each participant receives a participation payment of $5 at the beginning of the experiment. At the
end of the experiment your entire earnings from the experiment will be immediately paid to you
in cash.

The experiment is divided into periods. In each period the participants are divided into groups of
four. You will therefore be in a group with 3 other participants.

Each period consists of two stages. In the first stage you have to decide how many ECU you
would like to contribute to a project. In the second stage you are informed on the contributions of
the three other group members to the project. You can decide whether or not to register
disapproval of each other group member’s decision by distributing points to them. The following
sections describe the activity in detail.

At the beginning of each period each participant receives 20 ECU. In the following we call this
his or her endowment. Your task is to decide how to use your endowment. You have to decide
how many of the 20 ECU you want to contribute to a project and how many of them to keep for
yourself. The consequences of your decision are explained in detail below.

Your endowment in each period is 20 ECU. You have to decide how many ECU to contribute to
the project by choosing a number between 0 and 20. After choosing your contribution you must
press the ok button. Once you have done this, your decision can no longer be revised.
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After all members of your group have made their decision then your screen will show you the total
amount of ECU contributed to the project by each of the four group members (including your
contribution). This screen shows you how many ECU you have earned.

Your income consists of two parts:
1) the ECU which you have kept for yourself

2) the income from the project = 40 percent of the total contribution of all 4 group members to the
project (the total includes your own contribution)

Your income in ECU in the first stage is therefore:

(20-your contribution to the project)+0.4*(total contributions to the project)

The income of each group member from the project is calculated in the same way, this means that
each group member receives the same income from the project.

For example, suppose the total of the contributions of all group members is 60 ECU. In this case
each member of the group receives an income from the project of 0.4*60=24 ECU. If the total
contribution to the project is 9 ECU, then each member of the group receives an income of
0.4*9=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 rises by one ECU. Your income from the
project would rise by 0.4*1=0.4 ECU. However the income of the other group members would
also rise by 0.4 ECU each, so that the total income of the group from the project would rise by 1.6
ECU. Your contribution to the project therefore also raises the income of the other group members.
On the other hand you earn an income for each ECU contributed by the other members to the
project. For each ECU contributed by any member you earn 0.4*1=0.4 ECU.

The second stage

At the beginning of the second stage, your screen shows you how much each of your group
members contributed to the project. In this stage you have the opportunity to register your
approval or disapproval of each other group member’s decision by distributing points. You can
award a large number of points to any member of your group if you disapprove of his or her
decision (10 points for the most disapproval. 0 points for the least disapproval.)

The other group members can also assign disapproval points to you if they wish to. This is apparent
from the input screen at the second stage, which is shown below. On the screen, you can see how
much each group member contributed to the project at the first stage. Please recall that the same
three people will be in your group for the entire experiment. However, the order of the contribution
decisions presented on the input screen will be randomly allocated each period, and thus it is very
difficult to track individual contribution decisions from period to period.
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Endowment

20

20

20

20

Contributor

Ile

Other #1

Other #2

Other #3

Mumber of ECL) contributed

Your decision in Stage 2:

Ile

Assign no points: enter 0

Assign points: enter a number

You must decide how many points to give to each of the other three group members. You can
distribute between 0 and 10 points to each group member. If you do not wish to register a

disapproval of the decision of a specific group member then you must enter 0.

After all participants have made their decisions, your income from the period will be displayed on

your screen.
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To check your understanding of the experiment, please answer the following questions:

1) Suppose each group member has an endowment of 20 ECU. Nobody (including yourself)
contributes any ECU to the project. How high is:

a) Your income for the period?

b) The income of the other group members for the period?

2) Suppose each group member has an endowment of 20 ECU. You contribute 20 ECU to the
project. All other group members contribute 20 ECU to the project. What is:

a) Your income for the period?

b) The income of the other group members for the period?

3) Suppose each group member has an endowment of 20 ECU. The other three group members
contribute a total of 30 ECU to the project.

a) What is your income if you contribute 0 ECU to the project?

b) What is your income if you contribute 15 ECU to the project?

4) Suppose each group member has an endowment of 20 ECU. You contribute 8 ECU to the
project.
a) What is your income if the other group members together contribute a total of 7 ECU to the
project?
b)What is your income if the other group members together contribute a total of 22 ECU to the
project?
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