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Abstract

Punishment in economic games has been interpreted as “altruistic.” However, it was
shown that punishment is related to trait anger instead of trait altruism in a third-
party dictator game if compensation is also available. Here, we investigated the in-
fluence of state anger on punishment and compensation in the third-party dictator
game. Therefore, we used movie sequences for emotional priming, including the tar-
get states anger, happy, and neutral. We measured the Feedback-Related Negativity
(FRN) and midfrontal theta band activation, to investigate an electro-cortical corre-
late of the processing of fair and unfair offers. Also, we assessed single-trial FRN and
midfrontal theta band activation as a predictor for punishment and compensation. We
found that punishment was linked to state anger. Midfrontal theta band activation,
which has previously been linked to altruistic acts and cognitive control, predicted
less punishment. Additionally, trait anger led to enhanced FRN for unfair offers. This
led to the interpretation that the FRN depicts the evaluation of fairness, while mid-
frontal theta band activation captures an aspect of cognitive control and altruistic mo-
tivation. We conclude that we need to redefine “altruistic punishment” into “costly
punishment,” as no direct link of altruism and punishment is given. Additionally,
midfrontal theta band activation complements the FRN and offers additional insights

into complex responses and decision processes, especially as a single trial predictor.
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Carlo, Hausmann, Christiansen, & Randall, 2003; Rodrigues,
Ulrich, Mussel, Carlo, & Hewig, 2017). Here, altruism was

Altruistic behavior, the voluntary action intended to bene-
fit another person without the expectancy of receiving ex-
ternal rewards or avoiding external punishments (Eisenberg
& Miller, 1987), can have many motives. In order to give a
more specific description of prosocial behavior types, Carlo
and Randall (2002) used a factor analytical approach that
also led to a more narrow definition of altruism (see also

seen as “voluntary helping motivated primarily by concern for
the needs and welfare of another, often induced by sympathy
responding and internalized norms/principles consistent with
helping others” (Carlo, Randall, & Rothenberg, 2010, p. 273).
Following this definition, Rodrigues, Nagowski, Mussel, and
Hewig (2018) provided an account further stressing the as-
pect of “benevolence” in the altruistic act. They propagated
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the definition of altruistic acts for “an action that is voluntary,
intended to benefit another person, driven by this motivation
to help the other person to at least 50% (in order to avoid the
domination of other motives like public reputation, see e.g.,
Carlo & Randall, 2002; Rodrigues et al., 2017) and is benev-
olent, meaning that there is no intention of harming other per-
sons during the process of helping” (Rodrigues, Nagowski,
et al., 2018). Following this more narrow definition of altru-
ism, a behavioral phenomenon that is occurring in third-party

dictator games, that is, the punishment of proposers making
unfair offers (e.g., Brethel-Haurwitz, Stoycos, Cardinale,
Huebner, & Marsh, 2016; Henrich et al., 2006), should not
be labeled as “altruistic punishment” (Fehr & Gichter, 2002)
if the intention to harm the proposer is the driving motive.
Punishment is a costly behavior and has no inherent di-
rect benefits for another person. Based on the aforementioned
definition of altruism, this behavior is not altruistic in a more
narrow sense. However, it has been argued that altruistic pun-
ishment has indirect altruistic side effects by increasing con-
formity to social norms that increase cooperation (Fehr &
Gichter, 2002). But as an inherent benefit for another person
is not given and also the benevolence criterion is violated, the
narrow definition of altruism given by Rodrigues, Nagowski,
et al. (2018) cannot be applied to such a behavior. Giving a
more practical example: If one sees someone pushing a victim
down on the street, one may have different options to react to
it: One could help the victim up (benevolence, direct benefit)
or one could beat the aggressor down (no benevolence, no di-
rect benefit, possibly indirect benefit if the aggressor learns not
to do this again instead of getting more angry and lets his/her
anger go onto less defensive or supported victims). The first
action would fulfill the criteria of an altruistic act in a narrow
sense as defined by Rodrigues, Nagowski, et al. (2018), but the
latter would not. Of course, there might also be a good (or even
prosocial) intention behind the punishment that is provided for
the aggressor, but as already mentioned by Carlo and Randall
(2002) as well as Rodrigues et al. (2017), there are many dif-
ferent motivations and motives to perform prosocial acts and
performing a prosocial act or causing a better outcome for soci-
ety is not a sufficient condition to call the behavior “altruistic.”

1.1 | Punishment and compensation in the
third-party dictator game

In a third-party dictator game, the participants see two other
players: One player (the dictator) divides an amount of money
between these two, but the other (the receiver) has no option to
react to the division. Then, the participant may act with their
own amount of money in order to alter the resulting shares
of the two players. Depending on the task, they might have
the opportunity to punish the dictator and/or to compensate
the receiver. Although punishment behavior has been called

“altruistic” by Fehr and Gichter (2002), the question remains,
whether this is an appropriate term. In the literature, “altruistic
punishment” is still used very often without hesitation, while
an altruistic motive or motivation might be in question due to
current findings. Recently, Rodrigues, Nagowski, et al. (2018)
showed that different personality traits drive punishment and
compensation, respectively, if one is able to perform both be-
havioral options independently in every trial. In this setting,
punishment was linked to trait anger, while compensation was
linked to trait altruism. This finding shed new light on the link
of punishment with anger (e.g., Fehr & Gichter, 2002; Jordan,
McAuliffe, & Rand, 2016; Nelissen & Zeelenberg, 2009;
Pedersen, Kurzban, & McCullough, 2013; Seip, Van Dijk,
& Rotteveel, 2009, 2014). The concept of anger is defined as
“the response to interference with our pursuit of a goal we care
about. Anger can also be triggered by someone attempting to
harm us (physically or psychologically) or someone we care
about. In addition to removing the obstacle or stopping the
harm, anger often involves the wish to hurt the target” (Ekman
& Cordaro, 2011, p. 365). Acting out anger is not a destructive
and negative act per se, but can also be used in a constructive
manner (Ekman & Cordaro, 2011). Nevertheless, acting out
anger is also not to be seen as an altruistic act, as the act of
harming someone definitely is not accompanied by benevo-
lence, although a prosocial result might be achieved by enforc-
ing cooperation rules. Following the relation of compensation
to trait altruism and the link of trait anger to punishment,
we were interested in extending the findings of Rodrigues,
Nagowski, et al. (2018) from differences based on personality
traits to an active manipulation. Therefore, we chose to use the
third-party paradigm in which both punishment and compen-
sation were available in every trial independently of each other
and combined it with a state induction of anger, compared to
neutral and positive mood induction videos.

1.2 | Movie based induction of states
The induction of states via movie sequences has been one of
the most successful induction methods for mood and emo-
tions (Westermann, Spies, Stahl, & Hesse, 1996). Different
types of film sequences were used for the induction proce-
dures over the years. One attempt was to use relevant film
excerpts and scenes of movies (e.g., Davidson, Ekman,
Saron, Senulis, & Friesen, 1990; Schellberg, Besthorn, Klos,
& Gasser, 1990). A validated film set for the purpose of in-
ducing emotions and mood including equivalent neutral clips
was provided by Hewig et al. (2005) and three of these mov-
ies were used to induce the emotions in the present paradigm.
The target emotional state in this paradigm was anger.
In order to get control conditions, also neutral and positive
mood-inducing video sequences were used. Additionally, we
expected a moderating influence of trait anger on the state
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anger induction. This moderation was expected because of
the different personality trait-based ‘““capability” to react to
specific state manipulations that are known in many research
fields (e.g., trait activation theory: Tett & Burnett, 2003,
frontal asymmetry: Coan, Allen, & McKnight, 2006). The
perspective of these theories on the trait-state-moderations is
a theoretical framework in which situational properties may
interact with the personality trait and therefore moderate their
validity. They build upon the well-known principle that situ-
ations vary in their relevance to any given trait and that trait
differences, therefore, will matter to different extents in dif-
ferent situations (e.g., Tett & Guterman, 2000). Combining
these trait activation theories with the differential trait-related
finding of trait anger leading to more punishment and trait al-
truism leading to more compensation in a third-party dictator
game (see Rodrigues, Nagowski, et al., 2018), we were inter-
ested in the state-related activation of the traits and the influ-
ence of the states themselves on the third-party dictator game
behavioral responses as well as on their influence on the elec-
tro-cortical reactions. Hence, we also measured the relevant
traits anger and altruism to investigate the trait-state-interac-
tions of anger and altruism on punishment and compensation.

1.3 | Electrophysiological correlates of
altruistic behavior

In economic games, psychophysiological markers that were
used to link brain activation to behavior are the feedback-re-
lated negativity (FRN) and midfrontal theta band activation.
These components that have been associated with the evalua-
tion of expectancy (e.g., Hewig et al., 2011; Holroyd & Coles,
2002; Polezzi, Lotto, Daum, Sartori, & Rumiati, 2008) origi-
nate in the anterior cingulate cortex (e.g., Debener et al., 2005;
Gehring & Willoughby, 2002; Hewig et al., 2007; Miltner,
Braun, & Coles, 1997). The component can be measured ap-
proximately from 200ms to 400ms after feedback onset (e.g.,
Holroyd, Pakzad-Vaezi, & Krigolson, 2008) and has a negative
deflection, leading to a more negative amplitude if the outcome
is worse than expected (Holroyd & Coles, 2002). More recent
research, however, came to a different perspective concern-
ing this event-related component and introduced the term re-
ward positivity (Rew-P; Baker & Holroyd, 2011) instead of
FRN. Hajcak, Moser, Holroyd, and Simons (2006) found this
Rew-P to be linked to positive feedback and repressed by nega-
tive feedback (Proudfit, 2015). Holroyd et al. (2008) as well
as Baker and Holroyd (2011) could additionally show that the
reactivity to reward is driving differences in the component
complex formally named FRN (see also Hewig et al., 2007).
Having identified the dependence of this electrophysiological
component on reward, yet the importance of the negative feed-
back for negative amplitudes of the component was still found
(e.g., Hajcak et al., 2006; Hewig et al., 2007). However, the
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proposed mechanism leading to this negative deflection was
changed from the negative violation of expectancy (Holroyd &
Coles, 2002) to a global outcome evaluation process (Kujawa,
Smith, Luhmann, & Hajcak, 2013), leading to a higher FRN if
reward and therefore the Rew-P is absent.

In economic games, the FRN was not only used for be-
havioral outcome evaluation, but also for the evaluation of
offers that are given. Boksem and De Cremer (2010) showed
that the context of the perception of fairness was associated
with the magnitude of the FRN, with higher FRNs being re-
corded to unfair offers if fairness was important to the par-
ticipant. Similar findings arose for an active manipulation of
the perceived fairness of agents with previous social exclu-
sion games (Qu, Wang, & Huang, 2013), leading to enhanced
FRN for unfair players. This enhanced FRN for unfair offers
was also found by Mothes, Enge, and Strobel (2016) as well
as Sun, Tan, Cheng, Chen, and Qu (2015) in the third-party
dictator game. These findings further illustrate the mod-
ulation of the FRN by the perception of fairness, although
the participants are not directly affected by the offer as in
an ultimatum game. Boksem and De Cremer (2010) also
argued that in bargaining situations the FRN might not be
driven primarily by the outcome of the participants, but by
the violation of the fairness norm. This claim was bolstered
by the findings of Mothes et al. (2016) as well as from Sun
et al. (2015), as their participants’ monetary outcome was not
linked to the offers in their paradigm, yet they showed higher
FRNs to unfair offers. This stresses the evaluative nature of
the FRN component, as the FRN can be seen independently
of an evaluation of direct personal outcome. But the FRN
could also be used as a predictor for behavior. Cohen and
Ranganath (2007) showed that it is possible to predict subse-
quent binary decisions of playing participants in a strategic
game on basis of the FRN or theta activation. In more com-
plex paradigms based on free choice however, the FRN may
have had some limits due to being derived from trial means.
In order to also use the electrophysiological correlates as a
predictor in the dictator game for subsequent behavioral de-
cisions, midfrontal theta activation has been used to param-
eterize the FRN reaction on basis of single trial (Cavanagh,
Cohen, & Allen, 2009; Cavanagh, Zambrano-Vazquez, &
Allen, 2012; Cohen, Elger, & Ranganath, 2007; Rodrigues,
Ulrich, & Hewig, 2015). This frequency approach can be
used as a reliable measure in single-trial contexts and is,
therefore, an appropriate index for free choice paradigms to
predict behavioral responses. Accordingly, for more com-
plex decisions in the dictator game context, Rodrigues et al.
(2015) found that midfrontal theta predicted fair offers in the
dictator game in participants with high trait altruism.

As we were using a third-party dictator game in this
study with complex non-binary behavioral options, we had
the interesting possibility to disentangle the perception of
an offer as unfair from the actual behavioral response of the
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participants, as they are not personally affected by the fair-
ness of the offer. Thus, a difference in the FRN compared
to midfrontal theta band activation could be possible in the
third-party dictator game: The FRN might be influenced
predominantly by the fairness of the offer, while midfron-
tal theta is more strongly linked to the resulting behavior
and may also reflect the necessary cognitive control to ex-
ecute this behavior (e.g., Cavanagh et al., 2009; Cavanagh
& Frank, 2014; Cohen, 2011; Phillips, Vinck, Everling, &
Womelsdorf, 2014; Polania, Nitsche, Korman, Batsikadze, &
Paulus, 2012). As explained above, we would expect the FRN
to be an evaluative signal concerning the expectancy and per-
ception of fairness (compare Holroyd & Coles, 2002), while
the midfrontal theta band activation may be indicative of al-
truistic behavioral responses (e.g., Rodrigues et al., 2015 for
dictator game offers) or the cognitive control (e.g., Cavanagh
et al., 2009; Cavanagh & Frank, 2014; Cohen, 2011; Phillips
et al., 2014; Polania et al., 2012) that is necessary to execute
this behavior (e.g., Mussel, Goritz, & Hewig, 2013).

But behavioral decisions in economic games are not only
dependent on the perception of offer and situation, but also
on relevant personality traits (e.g., Rodrigues et al., 2015).
Hence, it is also interesting to investigate the relation of both
midfrontal theta and the FRN with personality traits, espe-
cially in the third-party dictator game. As mentioned above,
Rodrigues et al. (2015) found higher midfrontal theta for high
trait altruism while making fair offers in the dictator game,
indicating a higher midfrontal theta band activation if an al-
truistic act is performed. They argue that this midfrontal theta
band activation is related to midcingulate cortex and poste-
rior cingulate cortex activation (see Cohen, 2011; Weiland,
Hewig, Hecht, Mussel, & Miltner, 2012), that indicates a
moral sensitivity or justice sensitivity. As the midcingulate

cortex, as well as the insula, was generally found to be in-
volved in altruistic behavior and empathy (Mathur, Harada,
Lipke, & Chiao, 2010), the neuronal basis of altruistic acts
seen in the dictator game are moderated by trait altruism, en-
hancing the midcingulate activation which can be measured
via theta band in EEG.

Concerning the outcome evaluation, the FRN reaction
that was shown to be linked to unfair offers (e.g., in the ul-
timatum game: Boksem & De Cremer, 2010; Hewig et al.,
2011; Polezzi, Daum, et al., 2008) has also been shown to
be moderated by relevant traits. The underlying neural struc-
tures of the FRN reaction are considered to be the anterior
cingulate cortex (Holroyd & Coles, 2002) and are also found
to be involved in the neural reaction to unfair offers in the
ultimatum game (e.g., Sanfey, Rilling, Aronson, Nystrom,
& Cohen, 2003), Moreover, Wu, Leliveld, and Zhou (2011)
could show that if no reaction is involved, also the FRN re-
action is present to unfair offers and this reaction was also
moderated, in this case by the closeness of the proposing
dictator to the receiver. Boksem and De Cremer (2010)

additionally showed the moderation of the FRN by the con-
cern for fairness. They argue that the importance of social or
moral norms relate to the magnitude of the FRN, because the
subjective importance of following or violating these norms
of society cause different magnitudes of anterior cingulate
cortex reaction. Concerning the task that we are about to use,
Mothes et al. (2016), as well as Sun et al. (2015), found that
the FRN for unfair offers in a third-party dictator game is
modulated by trait altruism or trait empathy, which is closely
related to altruism (Leliveld, Dijk, & Beest, 2012). Sun et al.
(2015) found higher FRN for high altruism while Mothes
et al. (2016) found lower FRN for high empathy. Mothes et al.
(2016) argue that the anterior cingulate cortex activation is
moderated by the sensitivity to fairness norm violations as
Boksem and De Cremer (2010) could show before. They ex-
plain their results by proposing that unfair offers are much
more unexpected if one is not able to be empathic, while Sun
et al. (2015) argue that the higher FRN is linked to a lower
expectancy of unfair offers in persons with high altruism.
But putting together both studies, they both stress that the
expectancy and importance of fairness is a key element of the
resulting FRN and its modulation by traits.

Independent of this fairness expectancy driven FRN mod-
ulation, Angus, Kemkes, Schutter, and Harmon-Jones (2015)
showed that anger leads to higher FRN in a gambling task.
They explain this finding with the motivational properties of
anger, being an approach-related emotional state. As partici-
pants that value the reward of the gambling task are deprived
of their goal that they wanted to achieve, they show an en-
hanced FRN. Hence, anger may lead to an amplification of
the FRN, if an inherent goal (or in our case: a norm, reflected
by the fairness of an offer) is not reinforced but non-rewarded
or the respective norm is violated.

Summing up the findings about the electrophysiological
correlates of unfair offers and related behavioral responses, the
FRN may be an indicator of a personality-related evaluation of
a situation or offer (e.g., Mussel, Reiter, Osinsky, & Hewig,
2015), while midfrontal theta band activation may reflect a
personality-related amount of cognitive control (e.g., Mussel
et al., 2013), resource investment (Mussel, Ulrich, Allen,
Osinsky, & Hewig, 2016) orbehavioral decision process (Cohen
& Ranganath, 2007; Rodrigues et al., 2015). Importantly,
Mussel et al. (2015, 2016) implemented a state-trait
interaction perspective on personality using a trait-inducing
situation and showed that this did indeed strongly influence
the behavioral and electrophysiological results accordingly.

1.4 | Hypotheses

Integrating the recent findings about the relation of trait
anger with punishment and trait altruism with compensation
in the third-party dictator game as well as the findings of the
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evaluative character of the FRN and the predictive value of
midfrontal theta activation in EEG with the state induction,
we had following hypotheses:

On the behavioral level, we expected an influence of
state induction on punishment behavior, with higher levels
of punishment in the anger condition compared to any other
condition. Furthermore, we expected that this effect is mod-
erated by trait anger, with even higher punishment in the
anger condition compared to any other condition for high
levels of trait anger compared to low levels of trait anger.

On the electrophysiological level, we expected a higher
FRN for unfair offers compared to fair offers of the dictator.
This effect should be more pronounced during the anger state
induction compared to any other condition. Additionally, this
effect should be moderated by trait anger, leading to a stron-
ger effect for individuals with high compared to low levels of
trait anger. For trait altruism, we expected a FRN modulation.

Also, we hypothesized that midfrontal theta band activa-
tion measured at the presentation of a dictator offer is pos-
itively related to compensation. For punishment, an inverse
link was predicted. Also, we expected the theta band activa-
tion to be moderated by trait altruism and trait anger, with
higher midfrontal theta in high compared to low altruistic
participants and lower midfrontal theta band activation in
participants with high trait anger compared to low trait anger.

2 | MATERIALS AND METHOD

2.1 | Ethical statement

The study was carried out in accordance with the recommen-
dations of “Ethical guidelines, The Association of German
Professional Psychologists” (“Berufsethische Richtlinien,
Berufsverband Deutscher Psychologinnen und Psychologen™)
with written informed consent from all subjects. All sub-
jects gave written informed consent in accordance with the
Declaration of Helsinki before they participated in the ex-
periment. The protocol was approved by the local ethics
committee of the department of psychology of the Julius-
Maximilians-University of Wiirzburg (Ethikkommission
des Institutes fiir Psychologie der Humanwissenschaftlichen
Fakultdt der Julius-Maximilians-Universitdt Wiirzburg).

2.2 | Participants

We a priori estimated the required sample size with G-power
software (Faul, Erdfelder, Lang, & Buchner, 2007). Assuming
an average effect of » = .36 of anger on altruistic punishment
(e.g., Lotz Baumert, Schlosser, Gresser, & Fechtenhauer,
2011), a = .05 and power (1 — B) = .8 yielded a required
sample size of N = 55. Sixty-four persons participated in this
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study. After raw data inspection, 7 datasets had to be rejected
because of poor data quality. Additionally, one participant
had to be excluded because of the lack of trait recordings.
Hence, 56 participants were included in the analysis (14
male, mean age = 26.16, SD = 8.34, range = 19-60). All
participants were right-handed, had normal or corrected to
normal vision and most of them were students. The partici-
pants were paid 15€ or they received course credits for their
participation.

2.3 | Paradigm

The employed paradigm was a third-party economic game,
in which participants were observing a dictator game (e.g.,
Giith, 1995). Dictators divided an amount of money between
themselves and receivers. The receivers had no option to
react to the offer. Participants were able to perform com-
pensation to receivers and punishment to dictators in every
trial independently. They saw different offers from different
dictators to different receivers in every trial of every block.
Unbeknownst to the participant, the dictator games were sim-
ulated without real participants. They were debriefed about
this deception after the experiment. All trials started with the
alleged offer of a fictive dictator shown for 1.5 s illustrated
as picture of an offer with either 8:0, 6:2 or 4:4 credits (1
credit = 1 Cent) and therefore always leaving at least one half
of the money for the fictive dictators. Then participants had
the opportunity to spend their money on compensating the re-
ceiver and punishing the dictator (5 s for each decision). This
time constraint was imposed because of the cover story and
to keep the experiment time under control, for the free choice
time could lead to very long trials. The amount of money
participants were able to spend on each action was identi-
cal to the money kept by the dictator. It was given to them
in each trial anew. This amount of money was indicated to
the participant via the maximum in the decision displays (see
also example in Figure 1). For example, if dictators kept 8
credits for themselves a maximum of 8 credits could be spent
on compensation, but also 8 credits could be used on punish-
ment. Hence as the money to spend on each behavior was
8 credits in this example the participants got a total amount
of 16 credits to spend. If the dictator kept only 6 credits in a
trial (see example Figure 1), then the decision displays maxi-
mum was not 8 credits per decision (leading to 16 credits
in total for the trial) but only 6 credits per decision (lead-
ing to 12 credits in total for the trial). All money that was
not spent by the participants during a trial was kept by them.
Therefore, a participant could for instance use the maximum
amount for one behavior (half of the total amount of the trial)
for punishment and the dictator would get O credits in any
trial. Concerning the compensation, if a participant used the
maximum amount for one behavior, the receiver would get 8



RODRIGUES ET AL.

MIPSYCHUPHYSIOI.GGY K,

opportunities for compensation

showing the distribution or{depsndigon:condiion)

or (depending on condition)

opportunities for punishment

showing resulting

of dictator allocation
opportunities for punishment opportunities for compensation fixation cross
Money dicator: 4
6 cent 2 cent 012 3 456 7 8 01 2 3 45 6 7 8 Money receiver: 2
DDDDDDDE X DDDDDDDEE Your Money: 10
0 ms
up to up to
1500 ms 1000 ms 3000 ms
5000 ms 5000 ms
T — —= —= —= —= —=]
FIGURE 1 Schematic display of a trial. Note that the participants can only spend as much money as the dictator offers on each behavioral

option (compensation and punishment). Hence, the participants get to spent 2 X 6 credits = 12 credits in this example in total (1 credit = 1 Cent). In

this example, 2 credits were spent on punishment and O credits on compensation. The participants experienced 72 Trial per block. There were three

blocks with an emotion induction video sequence before every block (see Figure 2)

credits in any trial. Thus, the resulting amount of money for
dictator and receiver were kept between the same boundaries
for every trial, being O credits for the dictator and 8§ cred-
its for the receiver if all available money was spent by the
participant for the respective behaviors. We only analyzed
the relative amount of money used, meaning the absolute
amount of money that was spent by the participant, divided
by the amount of money that was available in the respective
trial, in order to correct for the different reference frames.
For example, 8 credits may be less worth if one has 16 credits
to spend in total during the trial versus. 8 credits to spend
in total. The order of the decisions was counterbalanced be-
tween participants, with compensation being first for half of
the participants and punishment being first for the other half
(odd/even split). After having made both decisions or after
the time had passed (5 s for each action) the trial continued
with a display of the resulting allocation for the three parties
for one second. Thereafter, a fixation cross was shown for 3 s
(Figure 1). Each block of the paradigm consisted of 72 trials
(24 trials of each offer by the dictator). Before every block,
a state inducing video was shown (cp. Hewig et al., 2005).
The videos were either neutral (Crimes and Misdemeanors),
anger inducing (My Bodyguard) or positive (An Officer and
Gentleman). The order of the videos was counterbalanced be-
tween participants (see Figure 2).

It was stated clearly to the participants that the offers
displayed to them were made by two other players that had
played the dictator game in a previous session. It was also
stated, that these two players would be paid after the exper-
iment together with the participant, depending on their past
decisions and those of the participant. This cover story was
reinforced by collecting the bank account number of every
participant via written consent at the beginning of the experi-
ment on a separate piece of paper. During the experiment, the
bank account data was still lying on the participants' table.
After the experiment, the participants were debriefed about
the deception, compensated for their participation and then
reminded to take their bank account information with them.

emotional movie sequences

before first block: «
resting EEG:
8 minutes

positive anger
duration: duration:
111 seconds 124 seconds

moVie
sequence

neutral movie duration
g < dependent X

on sequence

after last block:
rating of every
movie sequence
with short recognition

duration:
63 seconds

FIGURE 2 Procedure of the experiment. Three different video
sequences were used for emotion induction. The order of the video
sequences was counterbalanced. The movie sequences were taken
from Hewig et al. (2005). Note that the resting EEG is not included
in the scope of the manuscript and only mentioned in order to give a
complete overview of the procedure

2.4 | Procedure

Before coming to the laboratory, participants filled in a web-
based questionnaire to assess the relevant traits. Also, demo-
graphical data were collected (gender, age and handedness).
The online questionnaire was presented with SoSci Survey
(Leiner, 2016), an online questionnaire platform.

At the beginning of the laboratory session, information
material about the session and the informed consent form
was given to the participants. Then, participants were seated
in front of a 61 cm (24”) widescreen monitor in 50-60 cm
distance and an EEG cap were placed on their head, as well
as electrodes for skin conductance on their left hand and
electrodes for the heart rate on their collarbones and the left
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costal arch. Additionally, headphones were placed on the
head of the participants in order to provide tones during the
paradigms and instructions for an 8 min resting EEG period
that is not included in the scope of this manuscript.

After the resting EEG period, participants played the third-
party economic game, which consisted of three blocks with
72 trials each. Before every block, a neutral, anger inducing,
or positive video was shown. The three different stimuli were
selected because of the target emotion (anger): As anger is
an emotion that can be characterized by having an approach
motivation but not a positive valence (e.g., Harmon-Jones &
Allen, 1998; Harmon-Jones, Sigelman, Bohlig, & Harmon-
Jones, 2003; Hewig, Hagemann, Seifert, Naumann, &
Bartussek, 2004; Rodrigues, Miiller, Miihlberger, & Hewig,
2018), we wanted to incorporate both a neutral comparison
(valence control) and one that incorporates approach motiva-
tion as can be found in positive emotional states (motivation
control). The order of the videos was counterbalanced. At the
end of the session, participants were asked about the movies
concerning their impressions and feelings during the pre-
sentation of the film (see Ratings section below). Then they
were debriefed about the deception of seeing offers of other
players in the dictator game, given back their bank account
information as stated in 2.3 and then they were freed of the
apparatus and given the compensation for the session.

2.5 | Apparatus

2.5.1 | EEG recording

The EEG was measured by Ag/AgCl-electrodes located in an
electrode cap in the following 32 positions: Fpl, Fp2, F3, F4,
C3,C4, P3, P4, 01,02, F7, F8, T7, T8, P7, P8, Fz, Pz, FC1,
FC2, CP1, CP2, FC5, FC6, F9, F10, TP9, TP10, PO9, PO10,
FCz, and Cz (according to the international 10-10 system).
Ground electrode was located on AFz position, the reference
electrode was Cz. An additional electrode to register eye
movements and blinks was put below the left eye.

Electrode impedances were kept below 5 kOhm for the
EEG. Data were recorded with a sampling rate of 250 Hz
and a bandpass filter from form 0.3—70 Hz with BrainVision
BrainAmp Standard and Brain Vision Recorder software.
For further computation, MATLAB and EEGLAB tool-
box (Delorme & Makeig, 2004) were used. Raw data were
inspected automatically using the z-value-based chan-
nel rejection for probability, kurtosis and frequency range
from 1-125 Hz, using the outlier criterion of z = 3.29 (see
Tabachnick & Fidell, 2014) and bad channels were spherical
interpolated automatically. After the raw data segmentation
of the events, ranging from —1.5 to 2.5 s around every dic-
tator offer, the data was filtered with a 1-40 Hz Butterworth
bandpass filter. A first independent component analysis (ICA;
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Makeig, Debner, Onton, & Delorme, 2004) was computed
and bad segments were rejected using IC-based z-value arti-
fact detection with the criterion of z = 3.29 (see Tabachnick &
Fidell, 2014) for probability and kurtosis. After this rejection
of segments, a second ICA was performed and the addons
ADJUST (Mognon, Jovicich, Bruzzone, & Buiatti, 2011) and
MARA (Winkler, Haufe, & Tangermann, 2011) were used
to automatically detect and reject artifact components. Then,
CSD transformation was performed using the CSDToolbox
(Kayser & Tenke, 2006) and the data was segmented from —1
to 2 s around every offer of the dictator with a baseline from
—0.5 to 0 s. For theta band activation, wavelets extraction
from 3.5 to 8.5 Hz was used with log spacing and fixed cy-
cles (4.5). The wavelet extraction script was based upon code
provided by Cohen (2014).

FRN and theta quantification

For the quantification of the FRN and theta band activation,
the electrode position FCz was used after visual inspection
of the topographical trial time course. For peak-analysis
window selection, automatic peak detection was performed
on the grand means during the time window of 200-300 ms
(Yeung & Sanfey, 2004), leading to a peak at 280 ms for the
FRN and a peak at 244 ms for the theta band activation. An
analysis window of 40 ms was used around the peaks from
260 ms to 300 ms for FRN and from 224 ms to 264 ms for
midfrontal theta band activation. Cronbach's o of the FRN
and midfrontal theta band activation can be seen in Table 1.

2.6 | Ratings

The participants were provided with questions about the con-
ditions and paradigms, assessing the concepts of negative
emotions (excluding questions about anger), positive emo-
tions and anger during the different movie conditions with
21 items on a scale from 0-9 (0 indicated not at all and 9
indicated very strong; see Hewig et al., 2005). These ques-
tions were asked in order to check the manipulation via video
sequences and the scales were condensed into scales of nega-
tive emotions, positive emotions, and anger in order to differ-
entiate between negative emotions per se and anger, as well
as positive emotions that may specifically be targeted by the
positive emotion induction. The results of the manipulation
check can be seen in Supporting Information.

2.7 | Trait measurement

The traits were assessed via SoSci Survey online-question-
naire-portal (Leiner, 2016). For prosocial tendencies, the
German version of the revised version of the prosocial ten-
dency measure (PTM-R, Carlo & Randall, 2002, Rodrigues



MIPSYCHUPHYSIOI.OGY

RODRIGUES ET AL.

Dictator
keeping:
Electrophysiological signal Movie 4 credits
FRN Neutral movie .864
FRN Happy movie 791
FRN Anger movie 814
In midfrontal theta band activation =~ Neutral movie 943
In midfrontal theta band activation =~ Happy movie 973
In midfrontal theta band activation =~ Anger movie 967

Cronbach's alpha for the

Dictator Dictator . ) . . )
e electrophysiological signals in the different
6 credits 8 credits

787 .895

754 541

782 812

.964 .966

975 .984

952 .963

et al., 2017, Cronbach's o ism = -621) was used. For
measuring trait anger the trait items of the German version
of the State- trait- anger-expression-inventory (STAXI;
Schwenkmezger & Hodapp, 1991; Spielberger, 1988,

Cronbach's o, = .783) was used.

2.8 | Statistics

2.8.1 | Behavior & EEG

The behavioral reactions, as well as the FRN and midfrontal
theta band activation on electrode position FCz, were ana-
lyzed using 3 X 3 X 2 X 3 general linear models with the within
factors movie (anger/happy/neutral) and money kept by dic-
tator (8/6/4), the between factors order of behavior (pun-
ishment first/ compensation first) and position of the anger
movie (first/second/third) with the z-standardized continuous
predictors trait altruism and trait anger. The traits were in-
cluded because of the finding of Rodrigues, Nagowski, et al.
(2018), where punishment and compensation were predicted
by these variables. Two separate general linear models were
computed for the dependent variables compensation and pun-
ishment, respectively, as well as one for the FRN and one
for the midfrontal theta band activation. P-values of subse-
quent tests to disentangle main effects and interactions were
Bonferroni-Holm corrected. Greenhouse-Geisser correction
factors can be seen in Table S1 in supporting Information.
Midfrontal theta and the FRN were used as a predictor for
subsequent behavior. Hence, models for the criterion relative
punishment (credits used for punishment/ credits available
for punishment) and relative compensation (credits used for
compensation/ credits available for compensation) were com-
puted including either midfrontal theta activation or the FRN
as predictor and therefore leading to four different resulting
models. The proposed multilevel models had the level 1 pre-
dictors Ln(theta) or FRN, movie (anger/happy/neutral), order
of behavior (punishment first/compensation first), position of
anger movie and money kept by dictator (8/6/4). The elec-
trophysiological signals were centered for every participant
on the trial level (level 1) and the grand mean centered mean

participant electrophysiological signal was added on level 2
together with the relevant traits altruism and anger. The in-
clusion of the electrophysiological signal on level 2 and on
level 1 was done in order to address the between effects as
well as the within participant variations (West, Ryu, Kwok,
& Cham, 2011).

All statistical analyses were carried out using R soft-
ware (R Core Team, 2019) with the packages “afex”
(Singmann, Bolker, Westfall, & Aust, 2019) with “Ismeans”
(Lenth, 2016) and “nlme” (Pinheiro, Bates, DebRoy, Sarkar,
& R Core Team, 2018) and SPSS (Version 23). For graph-
ical illustration, the package “ggplot2” (Wickham, 2016)
with “ggstance” (Henry, Wickham, & Chang, 2018) and “gg-
signif” (Ahlmann-Eltze, 2019) was used. For reading in data
in R, “readxl” (Wickham & Bryan, 2019) was used.

3 | RESULTS
3.1 | Behavior

For punishment, a main effect of money kept by the dicta-
tor was significant F(2,96) = 30.33, p < .001, ’75 = .39 lead-
ing to more punishment the more money was kept by the
dictator (s > 3.26, ps < .01, ds > .331, see Figure 4a).
Also, the interaction of the position of the anger movie
with the type of movie was significant F(4,96) = 5.81,
p < .01, ’7; = .19, with higher punishment after the anger
movie if it was shown first to the participants (ts > 3.58,
ps < .01 ds > .689, see Figure 3b). In all other conditions,
this difference was not significant (s < 1.25, ps > .67).
Additionally, higher trait anger led to higher punishment
F(1,48) =4.29, p < .05, 113 = .08, r = .11. Additional mar-
ginal effects can be seen in Table S2 in the Supporting
Information.

For compensation, a main effect of the money kept by the
dictator was also significant F(2,96) = 56.29, p < .001,
;15 = .54 leading to more compensation the more money was
kept by the dictator (rs > 3.30, ps < .01, ds > .335, see
Figure 4a). This effect was modulated by trait anger
F(2,96) = 5.38, p < .05, nf’ = .10. Subsequent tests of the
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correlation of trait anger and the compensation during the
paradigms revealed a significant difference for the dictator
keeping only 4 credits (Ygiciaror kepr 4 = -186) to the dictator
keeping more money (zs > 2.21, ps < .05, yiciaror kepr 8 =
=211, Tiictator kepr 6 = =132 Zictaror kept 6 vs 8 = —1.40, p = .08,
with the relation being more negatively if the dictator kept
more money (Figure 4b).

Additional marginal effects can be seen in Table S2 in the
Supporting Information.

Summing up the behavioral effects, both compensation
and punishment were higher, if more credits were kept by
the dictator. Punishment was higher if the anger movie
was presented as the first movie. Also, compensation was
lower if trait anger was high and the dictator kept many
credits.

3.2 | FRNonFCz

For the FRN on electrode position FCz, no significant
main effect could be found (Fs < 1.68, ps > .20) and only

z-values of trait anger

a marginal effect could be identified for the money kept by
the dictator F(2,96) =2.52, p = .09, n; = .05 (see Figure 5).
However, a significant interaction of the money kept by
the dictator and trait anger could be identified
F(2,96) =3.47, p < .05, ;1; = .07. Subsequent correlation
analyses revealed a more negative relation of the FRN and
trait anger (meaning more pronounced FRN amplitudes for
higher trait anger) if the dictator kept 8 credits (*gicsaror kepr s =
—.213) compared to the conditions if the dictator kept
less credits (z8 = —1.77, p < .05, Fjiciaror kepr 4+ = —-064,
Fdictator kept 6 = -010, Zaiciator kept 6 vs s = 0.84, p = 201, see
Figure 6).

Also the interaction of the position of the anger movie and
the money kept by the dictator was significant F(4,96) = 2.83,
p < .05, ng = .11). Subsequent Bonferroni-holm adjusted
analyses revealed that the FRN was more negative if the dic-
tator was keeping 6 credits than for keeping 4 or 8 credits if
the anger movie was on second position (ts > 2.74, ps < .05,
ds > 45).

Other marginal effects can be seen in Supporting
Information in Table S2.
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FRN on electrode position FCz for the different offers of the dictator (between SE)
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FIGURE 5 Current source density signal on electrode position FCz around the dictator offer and topography of the EEG-signal during

automatically detected time window. Note that the dashed lines mark the automatically detected FRN time window
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FIGURE 6 Feedback related negativity on electrode position
FCz dependent on the money kept by the dictator and the trait anger of
the participant. Shaded areas represent the 95% confidence-interval

Summing up the effects of the FRN analyses, higher
trait anger led to more negative FRN values if the dicta-
tor kept 8 credits. Also, if the anger movie was on second
position and the dictator kept 6 credits, the FRN was more
negative.

3.3 | Single-trial FRN on FCz as a
predictor of behavior

The single-trial FRN was used as a predictor of behavior in
a multilevel model predicting the behavior on a single trial
basis. The model fit determined with corrected Akaike cri-
terion (AICC) was best for the alternative model 1 for rela-
tive compensation as well as for relative punishment (see
Table S3 in Supporting Information). Due to the model fit
criteria and the simpler fixed effect structure, we selected the
alternative model 1 as the fitting results.

The model for punishment behavior revealed a signifi-
cant fixed effect for trait anger, leading to more punishment
if the trait anger was higher (Figure 7, Table 2). Integrating
the main effects of the money kept by the dictator, the pun-
ishment was higher if 6 or 8 credits were offered (Figure 3,
Table 2). Integrating the main effects and interactions of the
type of movie and the anger movie position, the earlier the
anger movie was presented, the higher the punishment, while
this effect was dampened for other movie types (Figure 3,
Table 2).

Additional marginal effects can be seen in Table S5 in the
Supporting Information.

For compensation, the model revealed only fixed effects
for the money kept by the dictator, with higher compensation
if the dictator kept more money (Figure 4a, Table 3).
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Summing up the effects of the single trial FRN anal-
yses, higher trait anger led to more punishment behavior.
Compensation and punishment were higher, if more credits
were kept by the dictator and punishment was higher if the
anger movie was presented as the first movie.

3.4 | Theta band activation on FCz

For the theta band activation on electrode position FCz (see
Figure 8), a significant main effect for the money kept by the
dictator could be found F(2,98) = 23.91, p < .001, 113 = .33,
leading to more midfrontal theta activation if the dictator kept
only 4 credits (s > 5.42, ps < .001, ds > .545). Also, a mar-
ginal effect could be identified for the interaction of money
kept by the dictator and the movie F(4,196) = 2.16, p = .08,
’1;2, = .04, with the previous effect of higher theta activation
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FIGURE 7 Relative punishment depending on trait anger

IPSYGHOPHYSIOI.OGY g || s

for 4 credits being only true for anger (ts > 4.94, ps < .001,
ds > .289) and partly for happy (7 giciator kept 4 vs. 8 (290) = 4.49,
ps <.001, d = .263).

3.5 | Single trial theta band activation on
FCz as a predictor of behavior

The theta band activation [3.5-8.5 Hz] was used as a pre-
dictor of behavior in a multilevel model predicting the
behavior on a single trial basis. The model fit determined
with the corrected Akaike criterion (AICC) was best for
the alternative model 1 for relative compensation as well
as for relative punishment (see Table S3 in Supporting
Information). Due to the model fit criteria and the simpler
fixed effect structure, we selected the alternative model 1
as the fitting results.

The model for the punishment behavior revealed a signif-
icant fixed effect for mid-frontal theta band activation during
the trials with more mid-frontal theta activation leading to
less punishment behavior (see Figure 9, Table 4). Also par-
ticipants with more mean midfrontal theta compared to other
participants punished less (Table 4). Integrating the main ef-
fects of the money kept by the dictator, the punishment was
higher if 6 or 8 credits were offered (Figure 3). Integrating
the main effects and interactions of the type of movie and
the anger movie position, the earlier the anger movie was

TABLE 3 Intercept and significant fixed effects for relative
compensation single trial model with FRN as predictor for behavior
Fixed effects Value SE df t-value  p-value
dictator kept 0.249 0.084 12,186 2973 .003
6 credits
dictator kept 0.366 0.113 12,186  3.240 .001
8 credits

Note: Baseline category: dictator kept 4 credits and the anger movie was
watched at the beginning of the block.

et o oot ot ol P elets Ve | SE 4 el poalue

trial model with FRN as a predictor for (Intercept) 0.200 0.054 12,186 3.678 .000

behavior Dictator kept 6 credits 0.159 0.060 12,186 2.640 .008
Dictator kept 8 credits 0.233 0.097 12,186 2.407 .016
Trait anger 0.034 0.014 52 2.492 .016
Happy movie —-0.167 0.049 12,186 —3.408 .001
Neutral movie —-0.132 0.060 12,186 —-2.195 .028
Position of the anger 0.080 0.023 12,186 3.513 .000
movie X happy movie
Position of the anger 0.067 0.028 12,186 2.414 016

movie X neutral movie

Note: Baseline category: dictator kept 4 credits and the anger movie was watched at the beginning of the block.
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FIGURE 8 Frequency spectrum on Frequency spectrum from 1 to 30 Hz on electrode FCz theta band activitiy from 3.5Hz to 8.5 Hz:
Topography during time window 224 ms to 264 ms

electrode position FCz around the dictator
offer and topography of the theta band
activation during automatically detected
time window
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TABLE 4 Int t and significant
. 1 er.cep an' st lcén Fixed effects Value SE df t-value p-value
fixed effects for relative punishment single-
trial model with theta band activation as (Intercept) 0.240 0.057 12,186 4.200 .000
predictor for behavior Dictator kept 6 credits 0.156 0.059 12,186 2.616 .009
Dictator kept 8 credits 0.240 0.094 12,186 2.548 011
Ln(theta) on FCz —0.030 0.005 12,186 —6.542 .000
(centered in participant)
Mean Ln(theta) of —0.056 0.017 52 -3.209 .002
participant
Happy movie —0.201 0.047 12,186 —4.242 .000
Neutral movie -0.128 0.061 12,186 -2.118 034
Position of the anger —0.063 0.026 52 —2.378 .021
movie
Position of the anger 0.096 0.022 12,186 4.390 .000
movie X happy movie
Position of the anger 0.065 0.028 12,186 2.336 .020

movie X neutral movie

Note: Baseline category: dictator kept 4 credits and the anger movie was watched at the beginning of the block.

presented, the higher the punishment, while this effect was For compensation, the model revealed only fixed effects
dampened for other movie types (Figure 3). Accordingly, the for the money kept by the dictator, with higher compensation
latter two effects were not influenced by theta activation. if the dictator kept more money (Figure 4a, Table 5).
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TABLE 5 Significant fixed effects for relative compensation
single-trial model of theta band activation
Fixed effects Value SE daf t-value  p-value
Dictator kept ~ 0.326 0.070 12,186  4.661 .000
6 credits
Dictator kept ~ 0.464 0.088 12,186  5.283 .000
8 credits

Note: Baseline category: dictator kept 4 credits and the anger movie was
watched at the beginning of the block.

In summary, the single-trial midfrontal theta analy-
sis additionally revealed that more theta activation was re-
lated to less punishment behavior both intraindividually and
interindividually.

4 | DISCUSSION

In this study, we found that punishment behavior was influ-
enced by the money kept by the dictator and the anger induc-
tion as hypothesized. Contrary to our hypothesis, we did not
find a moderation of this effect by trait anger, but a direct in-
fluence of trait anger on punishment. Also, we found a main
effect of money kept by dictator and its interaction with trait
anger on compensation. On the electrophysiological level,
the hypothesized higher FRN effect for unfair offers was only
marginally significant, and the effect was mainly driven by
the fair offers having a substantially lower FRN. This is in
line with the finding that the FRN or Rew-P is dependent on
the best outcome of the trials and not the best outcome that
is available at the moment (Kujawa et al., 2013). Also, a sig-
nificant interaction with the money kept by the dictator and
trait anger was found as presumed, although the postulated
modulation for trait altruism was not detected. Higher mid-
frontal theta band activation was found to be related to less
punishment as hypothesized, although we did not find more
compensation or any trait moderation of this effect that has
been suggested.

The anger induction we tried to achieve via the movie
sequences was successful, as one may see from the ratings
concerning the movie sequences. However, we only found
the predicted effect of higher punishment behavior if the
anger movie was presented as the first movie. This unex-
pected result may be due to the time course of the experi-
ment and the ongoing repetition of the decisions that tend
to lead to a decision strategy if repeated long enough (e.g.,
Andreoni, 1988). As can be seen in Figure 3, punishment
after the anger movie is exceptionally high if the anger
movie is the first movie sequence, leading to differences
from the otherwise established strategy during the later
blocks. If the anger movie is presented in later blocks, the
strategy may have already been formed and thus harder to
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be influenced by states. Also, fatigue may have a dampen-
ing influence on state experience, leading to reduced anger
induction in later experimental blocks. Additionally, this
effect of the anger movie being presented first was biggest
for fair offers, where it still led to a punishment reaction.
This may be a hint that the anger induction was very power-
ful in this case and therefore participants kept on punishing
prior unfair behavior even if the offer was now fair. We also
found an influence of trait anger on punishment, with higher
trait anger leading to more relative punishment, confirming
findings already published by Rodrigues, Nagowski, et al.
(2018). However, we lack to find the predicted interaction
of trait anger with the state anger induction and therefore
we found no evidence in this paradigm for trait activation
by the anger induction (see e.g., Coan et al., 2006). This
lack of interaction could be due to a too strong state induc-
tion (Rodrigues, Miiller, et al. 2018). If an induced state is
very strong, then everyone may react to this state similarly.
An induction with lesser intensity, however, may lead to a
more complex induction result, interacting with the rele-
vant traits and only leading to an effect if the person is able
to recognize and process the relevant information due to
a preparedness in perception for the relevant trait related
signals. Spider phobics, for example, can detect spider pic-
tures better than healthy controls if they are presented for a
short time interval (e.g., Pflugshaupt et al., 2005; Wieser,
Pauli, Weyers, Alpers, & Miihlberger, 2009), but if a giant
spider is put right before the participants, everyone may
detect it. As the movie induction seems to be rather intense,
it may supersede the trait interaction, although the trait has
still an influence as predicted, leading to more punishment
for higher trait anger. This leads to the already risen ques-
tion whether punishment is really altruistic by its nature, as
suggested by the term “altruistic punishment” (e.g., Fehr
& Gichter, 2002). As Rodrigues, Nagowski, et al. (2018)
already showed it is more likely to be driven by trait anger.
In the present research, we add further evidence to this line
of reasoning by showing that experimentally induced state
anger also leads to higher punishment but not to higher
compensation (see also Jordan et al., 2016; Nelissen &
Zeelenberg, 2009; Pedersen et al., 2013; Seip et al., 2009,
2014). We conclude that the term “altruistic punishment”
should not be used for this kind of behavior, and advocate
the use of the term “costly punishment” (e.g., Brethel-
Haurwitz et al., 2016; Henrich et al., 2006), as it does not
include the trait or motivational concept altruism and fo-
cusses more on a pure description of the behavior.
Concerning the electrophysiological reaction to unfair
offers, we found the hypothesized FRN effect to unfair
offers for participants with higher trait anger that was not
present in the midfrontal theta band activation. However,
we did not find any difference in FRN to the anger in-
duction movie sequence. Hence, persons with higher trait
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anger may react to unfair offers with a higher FRN because
of a hypersensitive detection system for stimuli that may
induce anger. As the unfair offer is such a stimulus, the
FRN may be enhanced to this offer independent of the sit-
uation at hand. But as the state induced anger did not alter
the FRN in any way, this leads to the conclusion that the
mere state of anger is not sufficient to enhance electro-
cortical reactions to unfair offers, while it is sufficient to
alter the behavioral response. Thus, additional processes be-
yond the mere evaluation of the offer as fair or unfair contrib-
ute to the behavioral reaction, leading to higher punishment
while showing no differences in the electro-cortical feed-
back response to the stimulus. This stresses also the point
that despite the similar processing on electrophysiological
basis, the subjective experience may differ very strongly, if
emotional valence is brought into play. Angus et al. (2015),
found similar results for the reward positivity (Rew-P),
being independent of the anger induction in their study, too.
Therefore, it is only partly surprising that the FRN was not
influenced by the anger state manipulation, although it ap-
peared to be rather strong for the behavioral results. But the
feedback process underlying the FRN might as well only
evaluate the fairness of the offer and as the participant is
not directly affected, the influence of the emotion induction
might not be as strong as if one would be the victim of the
unfairness of other players (compare e.g., Weil} et al., 2019,
for the ultimatum game). The third-party perspective might
have prevented the influence of the anger induction on the
FRN, as the participants only assess the fairness of the offer
without suffering the consequences from unfair offers them-
selves. Hence, they might just react to the unfair offers in a
more rational manner in contrast to what they would do if
they were the receiver during the game.

For the single-trial midfrontal theta band activation as
a predictor for behavior, we found a negative relation of
midfrontal theta band activation with punishment behavior,
which was not present for the single-trial FRN. This leads
to two different conclusions: First, as midfrontal theta band
activation has been linked to altruistic acts (e.g., Rodrigues
et al., 2015) and punishment is not positively related to it,
the notion that punishment is not linked to altruism is also
given on the electrophysiological level. Besides the behav-
ioral results, this electro-cortical finding strengthens the
point of the punishment in third-party dictator games to be
called “costly punishment” (e.g., Brethel-Haurwitz et al.,
2016; Henrich et al., 2006; Rodrigues, Nagowski, et al.,
2018) instead of “altruistic punishment” (Fehr & Gichter,
2002). The second important point arises from the compar-
ison of the single-trial FRN with the single-trial theta band
activation. In our previous work, we wanted to operationalize
theta band activation as a proxy for FRN on trial-level (see
also Cavanagh et al., 2012 for the relation of FRN with theta
band activation), but the present results reveal a difference

between the two indices. Following the findings of Cohen,
Elger, and Ranagath (2007), we assume that theta band ac-
tivation and the event-related components are two different
approaches to identifying different aspects of perceptional,
motivational, and even behavioral electrophysiological signal
responses. If they are combined, they may lead to a deeper
understanding and distinction of the different processes in a
complex act like decision making. The FRN may hereby be
more of evaluative nature (Holroyd & Coles, 2002), while
midfrontal theta band activation may be more strongly linked
to processes of cognitive control (e.g., Cavanagh et al., 2009;
Cavanagh & Frank, 2014; Cohen, 2011; Phillips et al., 2014;
Polania et al., 2012). Hence the simultaneous use of FRN and
theta band activation allowed for additional insights as we
were able to show a separation of the two approaches to elec-
trophysiological responses: The FRN was identified as the
stimulus-related component of fairness perception concern-
ing the offer of the dictator, while the theta band activation
is negatively linked to the act of punishment. Hence, it is im-
portant to report both metrics of electro-cortical activation,
in order to assess different aspects of responses and decision
processes. The evaluative nature of the FRN is elucidated
by being especially pronounced for unfair offers and being
influenced by trait anger. But the midfrontal theta activation
depicts decision processes that may need more cognitive
control and cognitive effort (e.g., Cavanagh & Frank, 2014;
Jensen & Tesche, 2002; Klimesch, 1999), like fair offers in
a dictator game (see Rodrigues et al., 2015) or compensa-
tion instead of punishment in the third-party dictator game.
As the punishment might follow some gut feeling of anger
and lead to an impulsive decision (Strack & Deutsch, 2004),
the act of not to punish needs to ignore this first feeling of
anger and focus on not harming the unfair dictator (Mussel
et al., 2013). A similar explanation might also be true for the
previous findings of Rodrigues et al. (2015): While being a
dictator, the gut feeling does not primarily lead to fair offers
but rather to executing the power one has in this position, and
accordingly the decision to not exploit the situation will need
cognitive control. Hence, we interpret this difference in theta
band activation for punishment versus. no punishment as a
higher cognitive effort, being an electro-cortical correlate of
an impulsive versus a more empathic or rational decision.

4.1 | Limitations

One great limitation of this study is the shortcoming con-
cerning the induction of anger and its effect on behavior.
Unfortunately, only if the anger movie was presented as
the first movie, a behavioral effect could be detected. In
further studies, one should try a more intense and person-
ally relevant form of priming anger. One possibility would
be to frustrate the participants with some fake information
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about topics like study tuitions or tax rise (e.g., Harmon-
Jones, Sigelman, Bohlig, & Harmon-Jones, 2003). This
more relevant and also money-related induction of anger
may have a more intense impact on behavioral results, al-
though a higher impact on the FRN is not likely (Angus
et al., 2015).

Another limitation of this work is the concentration on
negative feedback, the feedback-related negativity, while one
could also take the perspective of the influence of reward
and therefore focus on the reward positivity (Rew-P, Baker
& Holroyd, 2011). However, as the task does not provide the
participant with the money that is depicted in the offer and
the offers are mostly not fair, the Rew-P framework might not
be perfectly adequate in this case.

Yet another limitation is given by the sample size calcula-
tion. Having calculated the needed sample size only based on
the main effect of punishment, a more complex effect like the
interaction of trait and state anger might not reach sufficient
power to be detected. In further studies, one should estimate
the relevant interaction to calculate an appropriate sample
size for this effect.

One further limitation is the duration of the experiment.
As the participants experienced every movie condition, the
experiment duration could have led to more strategic de-
cisions in later blocks. But in order to achieve a random-
ized within design along with sufficient trials for an ERP
analysis, we had to incorporate that many trials. Further
studies could aim for a simpler design with only two con-
ditions, leading to a less complex and shorter design. A
between design would also be a possible solution, however,
the great inter-individual variances in EEG would also lead
to excessive sample sizes as well as very limited power.
Hence, we would recommend a simpler, within participants
design for further studies, possibly also including other
emotion inductions that are more closely linked to the task
at hand instead of the chosen more global manipulation.
For example, a confederate might pose as dictator or re-
ceiver and briefly interact with the subject in a positive or
negative manner in order to increase or decrease punish-
ment or compensation, respectively. Also in future studies,
a state manipulation of altruism should be used to further
investigate the relation of state altruism with compensation
and punishment.

Finally, one has to take into consideration that the ef-
fect of more punishment after the anger movies was partly
driven by having more punishment in response to fair
offers. Hence, participants might have used the punish-
ment as a coping mechanism for their anger, independent
of the fairness of the dictators' offers (see also Pillutla &
Murninghan, 1996). However, these results would be in
line with our previous point that the punishment is not
driven by altruism but by anger, although the base rate of
punishment is increased.

IPSYCHOPHYSIOI.OGY k

Conclusion

4.2 |

In this study, we showed that punishment in a third-party
dictator game is linked to state anger and it is not related
to trait altruism. Also, we found on electro-cortical level
that midfrontal theta band activation, which has been
linked to altruistic acts previously, is negatively related
to punishment. We interpret this finding as more cogni-
tive control being needed to refrain from punishment, as
punishment might be an impulsive decision. We further
highlighted the importance of the distinction between the
EEG-components FRN and midfrontal theta band activa-
tion, as they may offer different insight into the complex
decision task of the third-party dictator game. The FRN
was interpreted as an indicator of the perceived unfairness
of an offer, while the single-trial midfrontal theta band ac-
tivation was understood as an electro-cortical correlate of
cognitive control and cognitive effort, leading to less im-
pulsive behavior. Integrating these findings, it is vital to
analyze event-related components along with the frequency
response in tasks to get a more detailed view on complex
behavior. Also, one should look at the different strengths
and weaknesses of those two measures, especially if one is
interested in analyzing single-trial EEG and EEG signals
aggregated across conditions.

Furthermore, it is important to redefine the term “al-
truistic punishment” into terms like “costly punishment,”
in order to clearly distinguish the altruistic motive from a
behavioral response that is mostly driven by anger. Support
for this interpretation stems from the findings that neither
the electro-cortical reactions nor the motivation for pun-
ishment is similar to an altruistic reaction in a third-party
dictator game, if the participants are able to execute com-
pensation and punishment behavior independently from
each other.
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